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OVERVIEW 

The SAS-081 Symposium on “Analytical Support to Defence Transformation” took place in Sofia, 

Bulgaria in the period 26-28 April 2010. It brought together 90 participants from 19 NATO and partner 

countries. The symposium final programme featured 33 presentations, structured around five main 

themes: General topics; Defence planning; Acquisition; Concept development and experimentation; and 

Analysis of current operations. 31 of the scheduled presentation, including two keynote presentations were 

made, each followed by a vigorous discussion.  

This Technical Evaluation Report summarises core ideas, identifies trends, good practice and gaps in 

analytical support of defence transformation. It provides an overview of the discussions and presents 

recommendations to NATO and national authorities and the leadership of their analytical organisations. 

1.0 INTRODUCTION 

The symposium addressed the contribution of analysis to defence transformation. It provided a forum for 

military and civilian officials to express their transformational needs to the analytical community, to share 

information amongst analysts, and to stimulate new ideas and initiatives on how analysis can enhance 

transformation. Practitioners and analysts were able to discuss experiences from the implementation 

methods and tools and latest research results in support of transformation. The symposium facilitated the 

enhancement of the body of knowledge of related concepts, methodologies, methods, and tools, the 

implementation of objective, rational decision-making frameworks, and the identification of key 

implementation challenges and priority research areas. 

This report preserves the structure of the symposium programme, with slight reformulation of the main 

topics to reflect the actual presentations and highlights of the discussion. Thus, the following five sections 

of the report reflect the themes of the five symposium sessions. Section 2 presents general analysis issues 

with focus on main transformation areas and their intersections, including the role of partnerships, and the 

interaction between analysts and decision makers. Section 3 outlines the main challenges in providing 

analytical support to current and future defence planning. Section 4 treats the analytical challenges in 

providing for efficient and well coordinated development of main capability components, while Section 5 

looks at the advances in concept development and experimentation. Section 6 treats current challenges in 

providing analytical support to ongoing operations, including the enhancement of lessons learned 

processes. The final section presents an attempt to formulate some enduring challenges to the provision of 

analytical support. The report concludes with selected recommendations to leadership of the defence 

establishments and senior members of the NATO analytical community that, in the opinion of the author 

of this report, may serve to organise future studies in support of transformation. 
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2.0 GENERAL ANALYSIS ISSUES 

This section presents recent senior views on defence transformation, the main transformation areas and 

linkages among them, roles of the analytical community, and some recommendations on shaping OA 

research programmes. 

2.1 Transformation Challenges 

There is no single, generally accepted definition of defence transformation. Contributors to the symposium 

used different definitions, referring to NATO’s new missions, operational concepts, capability 

requirements, organisational structures, training and force development approaches. 

The 2010 edition of the NATO Glossary of Terms and Definitions defines transformation as a “continuous 

and proactive process of developing and integrating innovative concepts, doctrines and capabilities in 

order to improve the effectiveness and interoperability of military forces” [1]. In a recent discussion on the 

new NATO Strategic Concept, Secretary General Rasmussen said that the Alliance transformation is about 

improving NATO’s working methods and preparing better for the future: 

We must face new challenges. Terrorism, proliferation, cyber security or even climate change will 

oblige us to seek new ways of operating. And in a time of financial and budget constraints, we 

need to maximise our efficiency within limited resources. [2] 

During the same discussion, Dr. Madeleine K. Albright—leader of the group of experts that prepared a 

report to the North Atlantic Council with analysis and recommendations on the new NATO Strategic 

Concept—emphasised that NATO must adapt to the changing times: 

NATO can neither slow the pace of change nor ameliorate the quick-silver quality of modern 

events. But if Allies are truly dedicated to their shared tasks, it can be a reliable and predictable 

means for coping effectively with unpredictable threats. [2] 

Uncertainty is also emphasised by US Secretary of State Hillary Clinton, stating in February 2010 that 

“we face a new strategic landscape. New technologies, new adversaries, and new ideologies threaten our 

security. And once again, there is little certainty about the future” [2]. 

Reviewing some historical examples, Roger Forder emphasised in his plenary report that the current wave 

of transformation is not as unique as it may seem [P 02]. On many occasions, leaders—utilising new 

technologies, innovative strategies, or combination of the two—have been able to achieve dramatic 

improvements in the face of novel threats or to take advantage of emerging opportunities. Accepting that 

as a historical fact, for the purposes of the current report we emphasise three features of the current wave 

of defence transformation: 

The first feature is agility. In the face of uncertainty, alliances, nations and defence establishments have to 

become more agile, to be able to adapt quickly to changing security requirements and resource constraints, 

to exploit technological opportunities, to take advantage of new business models. Agility turns into a 

capability of its own right. Defence establishments face the challenge of introducing capability planning 

and development processes, resource allocation norms, and organisational culture that enhance the ability 

of the organisation to adapt to changing circumstances.   

The second feature is efficiency. It is not enough to demonstrate that military forces are effective, i.e. that 

they are able to conduct successfully the range of operations envisioned in alliance and national defence 

policies. Parliaments and the public have to be convinced, that the resources allocated to defence are 

utilised in the most efficient manner. Defence establishments are under constant pressure to streamline 
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organisational processes, to introduce novel business models, to benchmark their performance in the 

development of all capability components to best practice, doing all that in a way that is fully transparent 

to decision makers in government and parliament. On the other hand, decision making processes in 

democracies may be rather complex, thus posing an additional challenge to achieving agility of defence 

establishments, in particular in times of budget cuts as in the current economic and financial crisis. 

Third is the role of cooperation and partnerships. NATO nations cooperate in various formats, in some 

cases including also partner nations, in procuring defence capabilities. Also, NATO interacts with partner 

countries in operations in many hot spots around the globe. Thus, interoperability remains a challenge, and 

that includes terminology, decision making principles and processes, operating procedures, technical 

standards, organisational culture, etc. In addition, what matters are not only the operational capabilities, 

but also the institutional capacity of partners willing to share with NATO the responsibilities for their own 

security, for enhancing regional security and, in some cases, addressing global security challenges. 

2.2 Transformation Areas and Main Analytical Links 

NATO nations, as a rule together with partners, are involved in diverse operations. The most prominent 

among them are the operations to counter terrorist networks, potentially with a global reach. The 

understanding of these operations evolves, and that is seen in designations like “irregular warfare,” 

counterinsurgency (COIN) operations, “hybrid warfare,” Stability, Security, Transition, and 

Reconstruction (SSTR) operations, etc. Both policy makers and operational planners understand well that 

the desired end state in such operations cannot be achieved with kinetic effects alone. To be successful, the 

military forces, cooperating in a network manner with other government agencies, international, non-

governmental and business organisations, have to address root causes and provide certain effects on the 

opponents, their support base, and the population. Hence, two concepts attract the prevailing attention of 

decision makers and analysts – effects based approach to operations and network enabled capabilities. 

Both concepts impact the operations planning process. They also drive the capability planning process, 

and the capability requirements review in particular. Operational concepts impact—albeit indirectly—the 

processes of delivering capabilities through coordinated management of organisational structures and 

processes, people, materiel, infrastructure, and training. Finally, these and other supporting concepts are 

refined, tested, and eventually validated in the process of Concept Development and Experimentation 

(CD&E). 

All these were addressed by symposium participants as stand alone issues, but also in their interaction. 

The symposium also addressed the technological aspects of transformation, going beyond the analytical 

challenges of procurement and R&D management. New technologies are the most frequent driver of 

defence transformation, although it is not the only one nor is it sufficient. Of particular current interest is 

the topic of non-lethal weapons (NLW), defined in the 1999 NATO NLW policy as weapons “explicitly 

designed and developed to incapacitate or repel personnel, with a low probability of fatality or permanent 

injury, or to disable equipment, with minimal undesired damage or impact on the environment.” Analysts 

agree that the challenges and opportunities created by NLW technologies are most appropriately studied 

within context change, e.g. through alternative futures analysis, as well as along with relevant changes in 

concepts, organization or technology, e.g. implementing ideas from trend analysis and game theory [P 28]. 

2.3 Roles of the Analytical Community and Interactions with End Users 

The symposium participants agreed that the field of Operational Analysis (OA) can be considered to 

include those professionally trained analysts that are experts in applying rigorous, structured, scientific 

methods to understand complex problems to assist decision-makers within the military domain with 

independent advice [P 35]. This analytical community has a role in addressing all transformation 

challenges. It not only supports the respective decision-making processes, but also serves as a pool of 
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knowledge and experience and a conduit of ideas, critical evaluation and good practice across 

transformation areas. For example, on the practitioners’ side, the communities of operations planners, 

capability planners, acquisition, infrastructure, programme managers, trainers and experimenters are rather 

distinct, and the military officers are assigned in respective positions for a relatively short period. On their 

side, and in addition to traditional decision support roles, analysts are often assigned for longer terms, they 

are used to exchange information with peers from national OA/OR organisations and internationally, to 

benchmark experience and facilitate the introduction of best practice. 

Notwithstanding these advantages, the interaction with end users—primarily decision makers—is 

particularly challenging. Often analysts do not have the luxury of intense observation and undisturbed 

contemplation. Instead, they have to tailor ruthlessly the analysis to the time scales and method of work of 

the decision maker. And that is particularly important for advice in theatre. Roger Forder calls this 

‘tyranny of time’, noting that the utility of the analytical tool is tied to time. As a result, advice is often 

sub-optimal. Even so, based on his rich experience he counsels that “a timely advice is better than no 

advice” [P 02]. 

For years analysts have been able to learn from the experience of their professional community – what 

works, what does not, how to interact with decision makers, and so on. One observation from the 

symposium discussion raises concerns in that respect – recent organisational changes in NATO HQs lead 

to dispersion of operational analysis and may not guarantee the professional standing and development of 

adequate OA practices [P 35]. 

Han de Nijs from ACT emphasises that there is a large and established body of people whose profession is 

the application of scientific and structured analysis to support decision-making in various fields in 

defence. NATO and nations can benefit from a well established professional community with the 

following main goals [P 35]: 

• Promote a professional identity that is recognised by customers and self-identified;  

• Education, training and professional development; 

• Networking; 

• Collaboration on a project basis; 

• Technical development, to include identification and definition of shared theories and concepts; 

best practices and setting technical, ethical standards and values; and mechanism to share (and 

validate) work of common interest to members of the community;  

• Identification of issues of future importance; 

• Community support to include representation, moral and social support, rewarding and 

recognising achievement. 

2.4 Enhancing NATO Partnerships 

The community of analysts within NATO and nations may serve as an efficient conduit of good practice 

and other know how to more recent NATO members and to willing partner countries. The exchange of 

information and experience facilitates the increase of interoperability within the alliance and with partners 

through better understanding of context, terminology, methods, measures, and implementation challenges. 

That encompasses all main areas of analytical support, including support to operations, lessons learned, 

capability planning, capability development, concept development and experimentation. Particularly 

important for new NATO members is the learning experience of how to organise OA research and to 

provide analytical support. 
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Interactions of analysts help to set the stage for multinational capability development and R&D projects 

among NATO and other partner networks, thus increasing efficiencies and alleviating the impact of 

shrinking defence budgets in the current economic and financial crisis. 

Norway provides an example of analysts assisting the establishment of analytical capacity in support to 

defence planning in partner countries. Such efforts improve communication, contribute to defence 

institution building in partner countries, and may prove to be a very cost efficient contribution to the 

increase of interoperability of partner forces and their contribution to NATO operations. 

This is just a sample of examples, showing that the analytical community contributes to all main areas of 

the Alliance transformation. 

2.5 Shaping OA Research Programmes 

Symposium presentations and the discussion facilitate the understanding of how to shape an OA research 

programme. One recurring topic was the search for adequate definitions and taxonomies. According to 

Sue Collins and Simon Purton, NATO definitions are frequently ambiguous and vague, derived through a 

consensus among parties with different views [P 08]. This has hindered, inter alia, the analysis of 

requirements for expeditionary operations in the SAS-075 study. The authors of the report have used 

General Morphological Analysis as a method to structure this ‘wicked’ problem and to consider potential 

solutions. They have created an interactive, dynamic tool based on a Morphological Table to capture 

expert opinion. Then they eliminate non-valid combinations of scalars in the table that may result from 

logical contradictions, empirical inconsistencies, or normative constraints. Data mining techniques, i.e. a 

classification tree, and standard statistical analysis software are used to identify predictors and build rule 

sets that model different problem definitions or solutions to the research question. This method is 

considered of potentially wide utility within NATO and national capability development domains [P 08], 

thus increasing the transparency within NATO. 

Anton Minkov from Centre for Operational Research and Analysis at Defence Research and Development 

Canada provided another example of analytical support to increasing transparency of national and Alliance 

planning [P 05]. The author presented an analytical framework for assessing security and regime stability 

that is based on a correlation between several demographic stress factors and accounts for GDP per capita 

and unemployment rates, as well as for the presence of ethnic or sectarian tension. Studying open source 

data for 15 Middle East countries, the author assesses the probability of demographic growth to result in 

regime changes or democratic reforms based on a correlation between the strength of the youth cohort and 

the regimes’ ability to retain power [P 05]. This can be seen as an example how rigorous analytics can 

make planning assumptions and scenarios—planning situations, alternative futures, or both— and thus the 

defence planning process more transparent. 

The symposium discussion increased the understanding of analytical requirements. OA research managers 

and senior analysts need to understand current and anticipate future requirements in order to shape 

national OA research programmes. One trend is the increasing demand for soft OA support, addressed 

briefly in section 7 of this report. In addition, they need to keep a picture of the potential contributions of 

the analysts vis a vis the currently available analytical capabilities [P 02]. Given that demand for analytical 

support usually exceeds the available capacity, a better understanding of gaps in analytical capability 

could lead to an increase of the exchange among peers from allied and partner nations and the 

international cooperation in OA/OR programmes and projects.   

3.0 ANALYTICAL SUPPORT TO DEFENCE PLANNING 

The presentations and the discussions during the symposium supported the thesis that Capability-Based 

Planning (CBP) has already turned into a “gold standard” for the defence planners in NATO, NATO 
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nations, and many of the partner countries. CBP is already solidly situated at the core of national force 

development processes. In all presented instances, CBP approaches utilise scenarios,1 or “planning 

situations” in the official NATO language, attempt to distinguish between capability requirements and 

respective organisational and/or material solutions, and seek the answers within more or less strict 

resource constraints framework with understanding of risks. This trend was boosted with the introduction 

of the new NATO Defence Planning Process (NDPP), its methods, tools, and terminology.2 

This section of the report draws heavily on Dr. Alan Campbell’ report [P 09], summarising the findings of 

the workshop on the Analytic Implications of the NATO Defence Planning Process, conducted by the 

SAS-081 Specialist Team at the NATO Consultation, Command and Control Agency in The Hague, The 

Netherlands, 2–4 March 2010. 

3.1  The Use of Scenarios 

The use of scenarios is already recognised as being indispensible in capability-based planning. Scenarios 

serve three main purposes. 

First, through scenarios defence policy makers and planners make explicit various assumptions underlying 

national—as well as allied—security and defence policies and high-level guidance. Typically, high-level 

guidance defines roles and missions of the armed forces and provides broad description of future security 

environment, without explicitly defining defence planning scenario sets. Scenario sets are developed 

subsequently to span the spectrum of roles and missions of the armed forces, as defined in high-level 

policy or guidance [P 09]. 

Second, the use of scenarios enhances the credibility of the planning effort. It provides a framework that is 

considered adequate for exercising military judgement, offers a quantification tool, and maximises 

analytical rigour and traceability [P 09]. 

Third, scenarios provide a common framework for planning across different defence domains, or 

capability components, and enhance the understanding of interactions among capabilities. Thus, the use of 

scenarios is helpful in penetrating organisational boundaries and overcoming service biases. 

This feature is potentially important in a broader security setting, and attempts have already been made to 

utilise it. One application area is the allocation of requisite capabilities and the coordination of capability 

development among national security sector organisations [5]. Likewise, in operations with the military in 

a lead role, such as the ongoing operations in Afghanistan, the use of common scenarios in the planning 

phase provides for better understanding of requirements to and by all contributors involved in the 

operation, including international organisation, aid and other non-governmental organisations, and private 

security companies.   

Nations with well established defence planning processes recognise the advantage of using generic 

scenarios to reduce political sensitivity and potential security classification. Nevertheless, the benefits of 

scenario-based assessments are maximised with the use of real-world scenarios, thus increasing fidelity, 

avoiding the need to justify fictitious settings and assumptions, and assuring greatest degree of military 

credibility. That allows also increase in the level of realistic detail in design to a degree that turns planning 

scenarios into pseudo-operational scenarios [P 09]. 

                                                      
1
 The CBP process of France is possibly one notable exception [3].  

2
 In particular the transition from “Defence Requirements Review” (DRR) to “Capability Requirements Review” (CRR) 

process [P 02], [4].  



Technical Evaluation Report 

RTO-MP-SAS-081 T - 7 

 

 

However, even though both the design and the selection of planning scenarios are based on intelligence 

assessments and foresight, the use of real-world scenarios may fixate the planners on current challenges. 

In its origins, the use of scenario sets has been intended to help planners deal with uncertainty. There is a 

growing understanding that that may not suffice in a force development environment characterised by 

“deep uncertainty.”3 Therefore some countries investigate a concept with two levels of scenarios – 

scenarios describing alternative futures at the upper level and one or more ‘point case’ planning scenarios 

on the lower level corresponding to each alternative future [7], [P 01], [P 22]. Solid methodological 

approaches to support the implementation of this concept are still in the making, while it has been reported 

that in the 2010 Quadrennial Defence Review the US planners have used multiple sets of planning 

scenarios in order to avoid optimizing for a single future [8]. It is possible to witness a similar impact of 

the Multiple Futures Project [9] and related developments on the NATO Defence Planning Process.   

There is a continuing tension between the scope of the scenario set, i.e., the need to span the problem 

space, and the constraints on time and effort analysts can afford to spend on the design and the analysis of 

scenarios. In addition, significant efforts are required to maintain currency of scenario data and 

assumptions, as well as to trace the potential impacts or consequences of policy options and/or changing 

policy on the scenario set used in the defence planning process. Therefore, only large national defence 

establishments and NATO have the capacity to analyse several dozens of planning scenarios. 

The identification of a minimum but sufficient scenario set is still a challenge. The main issue in this 

respect is how to span the envelope of roles and missions of the armed forces without making the costs of 

analysis prohibitive. Formal analytical techniques to assess the coverage of the scenario set are under 

development, along with some innovations like the use of ‘stressors’ in analysing deviations from point 

scenarios with significant impact on capability requirements. Another enduring challenge is the practical 

incorporation of low probability events with potentially catastrophic effects in the planning process. As a 

consequence, nations that endeavour to do capability-based planning, but have limited OA capacity may 

explore fully only a few scenarios, and rely on NATO and allies for the design and the analysis of 

common scenarios. 

3.2 Derivation of Capability Requirements 

As yet, there is no generally agreed definition of capability. Nevertheless, practically all definitions refer 

to capability as the ability to solve an assigned task under specified conditions. The planning scenarios 

describe the respective conditions and also serve to derive tasks to be performed within the assigned 

mission or for the implementation of a specified strategy, and then to identify and quantify the capabilities 

required to solve the tasks. 

Hence, analysts are required first to decompose the assigned mission to tasks, or—in other words—to do 

“mission-to-task decomposition.” The level of formalization in this respect varies across nations [P 09]. 

While analysts have devised tools to assist this decomposition, it still requires solid military understanding 

and judgement. The military officer decomposes the mission or the strategy with an explicit or implicit 

concept of operations in mind. Effects-based operations and network-centric warfare have been the 

prominent concepts of operations in the current wave of transformation [10]. At this point, their 

incorporation in the capability-planning process has not been fully formalized. Section 5 of this report 

provides more detailed examination of advanced concepts of operations. 

Capability-based planning is a term that is already soundly established. Nevertheless, reflecting on the 

impact of novel concepts of operations on the planning process, the type of defence planning currently 

practiced is more accurately described as policy-driven, concept-led, scenario-based, capabilities-oriented 

planning. 

                                                      
3
 Uncertainty referred to as deep, massive and ubiquitous [6].  
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In order to formalize the description of capabilities, the nations that practice capability-based planning 

have designed their own capability partitions, or taxonomies. Two broad approaches have been used to 

structure the defence capabilities: 

• Partitioning along operational environments; 

• Partitioning along broad military functions. 

Attempts have been made also to structure defence capabilities along supporting technologies and 

systems. That approach, however, is considered ineffective by default, since it runs counter to the 

foundations of CBP, i.e. the clear distinction between defining capability requirements first and the 

follow-on identification of organisational and material solutions. 

The first of these approaches better fits the experience and the anticipation of military planners. It allows 

using existing planning instruments, such as “universal task lists” and, through the task lists provides for 

smooth interaction between defence planning, operations planning, and training. For example, the U.S. 

defence establishment uses joint, army, air and naval task lists at four levels – strategic national, strategic 

theatre, operational, and tactical [11]. Other countries, such as Canada and Australia, use three levels of 

joint tasks—strategic, operational, and tactical—and the tasks within each level are further disaggregated 

into two additional layers of sub-tasks, with each layer becoming more detailed and specific [12]. 

Along with its advantages, this approach has two main drawbacks. First, partitioning—and respective 

capability requirements—along operational environments almost directly translates to organizational 

structures, i.e. Land Forces, Air Force and Navy, and thus it does not directly contribute to the resolution 

of the persisting problems of organisational stovepipes, the related sub-optimal, service specific capability 

solutions, and the potential interoperability problems. Secondly, the maintenance of coherent sets of task 

lists, capability partitions and other related methodological tools, as well as the re-use of various products 

of the planning process, may be very challenging even for nations with mature defence planning 

arrangements and solid analytical capacities.4 Countries that attempt to introduce capability-based 

planning through replication of this approach are often overwhelmed by its analytical and organizational 

requirements. An attempt to deal with these challenges through a less granular capability taxonomy was 

presented at the symposium [P 01]. It utilises a single structured list of capabilities (not a hierarchy) that 

can be visualised at different levels of detail. 

The latter of the two approaches is used by the defence planning communities of Canada, The 

Netherlands, and seemingly France. We are not aware of comparative studies of the effectiveness and the 

efficiency that can be attributed to one or another partition. Both approaches may benefit from using 

descriptions of capability categories that are easily translated into effects that a capability can deliver.   

All nations implementing CBP then conduct quantitative capability analysis to derive requirements from 

the planning scenarios. A range of operational analysis techniques are applied to enable quantification. 

That includes use of simulation modelling, linear programming, spreadsheets and other purpose-built 

tools, while military expertise and judgement continue to be recognised as a vital component of the 

analysis [P 09]. 

The service oriented approach is particularly powerful in capturing command and control (C2) and 

intelligence, surveillance, and reconnaissance (ISR) capability requirements. It utilises a definition of 

architectures, describing “how the elements within a system/organization interrelate and interact to 

perform tasks and hence achieve required objectives and effects” [P14]. It further provides a systematic 

way to derive a comprehensive set of requirements, can be scaled and adjusted to the problem at hand. It is 

important to underline that, once designed, architectural models can be used across planning and analytical 

communities for variety of purposes. 

                                                      
4
 For example, the 2002 U.S. Universal Joint Task List is a 784-page document. 
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3.3 Meeting Capability Requirements 

The design of solutions to capability requirements involves coordination of organisational, doctrinal, 

human, materiel, and information resources, individual and collective training. Nations use different 

models to describe capabilities, e.g. the Australian ‘Fundamental Inputs to Capability’ (FIC) [13], the 

Canadian PRICIE [P 10], the U.K. TEPID OIL [P 02], etc. This difference is more one of traditions than 

of substance. The DOTMLPF model, used initially by the U.S. military and then—with the addition of ‘I’ 

for Interoperability—adopted by NATO as DOTMLPFI,5 seems to be adequate in capturing all possible 

ingredients of a defence capability. 

Hence, the issue is not one of standardising capability models, but rather one of paying due attention to all 

components of defence capabilities, and not focusing on personnel numbers and weapon platforms, as it 

happens just too often. The report by Phil Guy [P 16], for example, shows how important is the impact of 

guided munitions stockpiles both on costs and on capability levels. Guy shows that the use of robust 

numerical methods, combined with scenario analysis, is the most suitable approach to quantitative 

planning of strategic munitions stockpiles within the overarching capability-based planning framework. 

He reasons that a strategic munitions planning model has to account for existing stockpiles, munition 

costs, platform survivability, minimum deployable quantity, target interdependence, target range, platform 

availability and time constraints, inter-service conflicts, false targets (the limited ability to identify targets 

correctly, either because of skilful deception or bad weather), other enemy actions, losses onboard lost 

platforms, the eventual need to expend some munitions to ‘zero-in’ on targets, logistics allowance, 

technical failure, environmental factors such as weather, terrain, temperature, humidity, dust, etc., non-

doctrinal usage, and geographical location. Guy presents analysis of recent conflict that generally confirms 

the need to consider all these factors, telling us at the same time that against an ill-defined, militant, non-

conventional, regenerating opposing force it is more challenging to define both target lists and criterion for 

its defeat. Nevertheless, the author still follows a primarily target-oriented methodology. Analysing 

results, he formulates policy recommendations, related to standardization and multi-national procurement 

of strategic munitions. 

The “capability portfolio” is emerging as a dominant concept in the search of answers to the defence 

planning task. Implementing the concept of a portfolio, defence planners seek comprehensive solutions, 

examining all types of required capabilities at one point in the planning process. Planners identify gaps 

and redundancies in the current set of capabilities, monitor and analyse emerging technologies and their 

impact, design capability options and seek synergies. 

Rigorous prioritization of capability requirements or of capability gaps further assists the identification of 

solutions that decision makers would find acceptable. A methodology, presented at the symposium [P 15], 

prioritises capability gaps based on their “relative importance” calculated as an average of their weight, 

added utility, and urgency. In the calculation of the weight analysts process expert judgements on the 

relative importance of one scenario vis a vis other scenarios in the set of planning scenarios, using a nine 

degree Saaty scale.6 Then they calculate coefficients of ‘participation’ (based on the number of scenarios 

which require the respective capability), of ‘risk’ (the potential impact on operational objectives if the 

capability requirement is not met), and of ‘correlation’ (to account for the mutual influence among 

capabilities in an operation). At the next steps analysts use an exponential utility function in processing 

military assessments of the potential increase of capability levels. The authors provide an example and end 

with a claim that, compared to the ACT methodology [15], this one adds content and clarity to a 

commander’s strategic vision and enhances the quality of information available to decision makers. 

                                                      
5
 Doctrine, Organization, Training, Materiel, Leadership, Personnel, Facilities, and Interoperability.  

6
 That approach differs from the one in the 2004 CBP Guide [14] where the selected set includes plausible scenarios, and no 

distinction of their relative importance is made.  
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In this and other studies of prioritization, the definition of priorities includes—either implicitly or 

explicitly—assessment and understanding of planning risks. By its design, the portfolio approach makes 

assessment of risks explicit. Practically, in defining the capability portfolio, planners attempt to 

minimize—with different degree of rigour—some integral criterion of planning risks.7 Thus, the portfolio 

approach directly supports the institutionalization of risk management and related frameworks in the 

defence planning process. 

The presentations and the discussions during the symposium outline a trend towards increased coverage of 

the capability portfolio planners are trying to come up with. First, most planners already include in the 

portfolio various support capabilities. In Canada, for example, capabilities of supporting defence 

organisations are included in the portfolio through the “Generate” domain [P 10]. In a second example, 

Bulgarian analysts envision further expansion of the capability portfolio in an attempt to incorporate 

efficiently national defence strategies, to capture the full costs of defence capabilities and to be able to 

match it to anticipated budget levels. Thus, it was suggested to add four domains to the traditional six 

“operational capabilities.”8 These four domains are [P 01]: 

• Generating capabilities and maintaining readiness; 

• Strategic management; 

• Shaping regional security environment; and  

• Strategic adaptability and organizational agility. 

A third direction of expansion of the capability portfolio reflects the comprehensive approach to 

operations and supports the implementation of concepts like 3D (Defence, Diplomacy, Development aid) 

and Whole-of-Government approach to operations. A variety of organisations and not just the military 

develop and provide requisite capabilities to operations such as the ISAF operation. Respectively, the 

planning methodology needs to be adapted, e.g. through expansion of capability portfolios under 

examination, or adapting the capability taxonomy. 

A variation of that expansion relates to the extension of CBP to other security domains. For example, the 

U.S. Department of Homeland Security (DHS) implements a planning methodology that is almost a direct 

reflection of the capabilities-oriented methodology used by defence planners. DHS uses a set of planning 

scenarios, a universal task list, and a target capabilities list, forming “the basis for coordinated federal 

planning, training, exercises, and grant investments needed to prepare for emergencies of all types” [17]. 

Eventually, the CBP approach may be applied to support holistic, rigorous and transparent decision 

making on the development of national security sectors, e.g. in the implementation of concepts of security 

sector reform or security sector transformation [P 11]. Attempts have already been made to extend the 

CBP methodology for that purpose [5]. At least in one case, in the Netherlands, the CBP has been applied 

in a government-wide national security planning process [18]. It may turn out that the challenge is not 

primarily analytical: the fact that DHS relies on a rather straightforward application of the capability-

oriented defence planning methodology indicates that CBP is in fact transferable to other security 

domains. Most likely, the main challenges lie in the need to coordinate distinct bureaucratic processes and 

to de-conflict different organisational cultures. The defence analytical community is in position to initiate 

a study on the applicability and to promote a holistic capability-based planning framework for national 

security sectors, thus contributing to the effectiveness and the efficiency of the response to security 

challenges within ever stricter budgetary constraints. 

                                                      
7
  The 2008 defense strategy of the United states calls these risks “Future challenges risks” [16]. 

8
 NATO and several nations use variations of the following six domains: Effective Engagement; Effective Intelligence; 

Deployability and Mobility; Command and Control; Logistics Support; Survivability and Force Protection.  
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Once a realistic portfolio of defence capabilities has been defined, some nations turn to balance of 

investments studies [19], thus providing a clear linkage between capability requirements and investment 

decisions, with the respective translation of priorities. 

3.4 The Search for End-to-End Solutions 

Several presentations and the following discussion during the symposium provide grounds to identify 

another trend – the search for ‘end-to-end’ solutions in capability-based planning. J-DARTS 9 is seen as a 

promising tool to provide such solution on a national level [P 13]. Norway is ahead among NATO nations 

in adapting J-DARTS to provide efficient support to capability-based planning for the needs of the 

country’s defence establishment. 

In order to present and elaborate on plausible execution of defence missions, Norwegian planners and 

analysts use J-DARTS to develop concrete situations with defined geography, actors and time lines. These 

situations, or scenarios, are then used to decompose each mission type into objectives, tasks and sub-tasks, 

and to determine the type and level of capabilities required for each sub-task. Further, Joint Activity Trees 

and respective ‘Capability Assignment Logic’ are used to quantify generic, potential solutions to ‘Key 

Tasks’. All capability requirements from all scenarios are aggregated into so called ‘benchmarks’, 

corresponding to specified levels of ambition. A Mixed Integer Programme employing the CPLEX 

optimization algorithm is used to match forces to benchmarks and scenarios and to suggest a future force 

structure at the lowest possible cost. In addition, J-DARTS serves as repository of data and analysis 

results, thus allowing re-use and increase in efficiency in follow-up planning cycles. 

The tendency to search for and implement end-to-end analytical support tools may be strengthened with 

the use of J-DARTS in support of the new NATO defence planning process, as well as by attempts of 

other NATO nations to use J-DARTS to guarantee the transparency of allied planning or for their national 

defence planning purposes, or both. 

While initially used by Norway to support defence reviews, conducted in a four-year cycle,10 J-DARTS is 

currently seen as “one of the main tools underpinning the new continuous planning process … 

implemented by the Norwegian MoD” [P 13]. Mr. Mark Rempel from the Centre for Operational Research 

and Analysis – Defence Research and Development Canada (DRDC) presented another example of 

comprehensive analytical support to a continuous capability development process [P 10] in support of the 

finding that “some nations are transitioning from a cyclical to a continuous model for their defence 

planning” [P 09]. 

In the second generation strategic decision-making process for the Department of National Defence 

(DND) and the Canadian Forces (CF), the capability-based planning is an integral part of the Canadian 

force development process, which in turn is incorporated in the CF/DND strategic decision-making 

governance structure [P 10], [20]. Planners combine in one phase of the planning process “capability 

planning, management, and integration” that, in combination, produce two key products: the strategic 

capability roadmap (or “Defence Capability Plan”) and the investment. Through two key feedback 

loops—between the ‘Capability Based Planning’ and ‘Strategic Guidance’ components and between the 

‘Key Products’ and ‘Capability Based Planning’ components—planers continuously update the key 

planning products, thus keeping the force development process adequate to the evolving force 

development environment. 

                                                      
9
  The Joint Defence Planning Analysis and Requirements Tool Set (J-DARTS) has been continuously developed and enhanced 

by the NATO Consultation, Command and Control Agency (NC3A) since 2001. It has been provided to several NATO 

nations, willing to use it for national planning purposes.  

10
  And the 2007 Defence Study in particular.  
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To support the planning process, DRDC has developed and supports the implementation of five analytical 

methods and two subject matter expert analyses (risk outlook and alternative to project mapping) [P 10]. 

The five methods are: 

• The CATCAM method is used to evaluate and prioritize the capability framework elements within 

force planning scenarios through subject matter experts assessing each of six standardized mission 

effects with respect to their required frequency and the consequence if the effect is not created 

within each scenario; it produces a numeric score for each capability element across effects;  

• The Scenario Capability/Capacity Requirements Assessment and Outlook Tool (SC2RAT) is used 

to process capability element scores, existing and future programmed operational force structure, 

and force element rotation ratios and to generate a capability outlook that effectively describes the 

health of the CF capabilities over time for each force planning scenario; 

• The Concurrency method is used to investigate the force element requirements of concurrent 

scenarios; 

• The Optimization component of the CBP analytical process is used in the exploration of the 

solution space for non-dominated sets of solutions that best address the identified capability 

deficiencies; a solution is comprised of a set of capability investment alternatives;  

• The Cost Sensitivity method is applied to investigate the risk of delivering alternative solutions 

due to cost risk, assuming a triangular distribution of equivalent annual costs for each alternative. 

The work of the analysts from Defence Research and Development Canada provides one example of a 

planning and force development process that is getting away from the comfortable regularity of review 

and planning cycles with clear cut delineation of long-, mid- and short term planning horizons. Several 

other countries are also transitioning to a process of continuously seeking to balance security 

requirements, defence objectives, capability development plans, and affordability considerations. To this 

purpose policy makers and planners, supported by analysts, introduce a feedback loop from the assessment 

of performance and results, i.e. the level of capabilities achieved and the efficiency in utilising limited 

resources. Lately, this continuous cyclic process has been referred to as “strategic defence management” 

[19], [P 01]. 

3.5 Credibility of Defence Planning and Plans 

Notwithstanding the level of analytical effort and rigour in designing force structures and proposing force 

development plans, investment plans, recruitment targets, etc., no analyst would suggest that defence plans 

represent an objective, scientific ‘truth’ [P 13]. Nevertheless, analysts are expected to provide a 

transparent, auditable decision-making process that thoroughly explores solution spaces and allows to deal 

with uncertainty. 

First, the rationale for decisions has to flow transparently through all phases of the decision making 

process. A decision maker would most probably not be able to follow all details, but needs to maintain a 

strategic level view throughout the process. DRDC relates to this analytical support challenge as 

“enhancing the Command View” and lists the design and development of an adequate interface between 

senior decision-makers and the CBP process among the main development thrusts for the next generation 

analytical support [P 10]. 

Second, with a certain increase of the analytical effort, planners can explore both the problem and the 

solution spaces more systematically. Further methodological efforts are necessary to guarantee that the set 

of planning scenarios used in CBP span the space of relevant security challenges reasonably well (from 

the point of view of decision makers), without making the analysis cost prohibitive. Likewise, the solution 

space needs to be fully explored, with account for capabilities and their respective organizational and 
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material ‘providers’ to be maintained and those to be divested. While traditional optimization methods and 

tools preserve their value, recent advances in the field of genetic algorithms also prove beneficial in 

increasing the planers’ confidence in the quality of the solutions [P 10]. 

Third, even best efforts in designing and selecting the set planning scenarios represent the planners’ 

understanding of the future world and may prove in error in the face of deeper uncertainty. According to 

Colin S. Gray, a contemporary strategist, “most efforts to anticipate the future have been seriously in error. 

There has usually been somebody who got it right enough at the time, but at the time people had no way of 

knowing who that person was” [21]. Hence, one seemingly promising way to represent such uncertainty is 

not to anticipate a single vision of the world, but to envision multiple futures, each of which can be 

represented in the planning process with its own set of scenarios 11 [9]. Attempts to formalize the concept 

for defence planning purposes have already been made [7], [P 01], but so far the issue of traceability has 

not been rigorously addressed. 

Fourth, planners cannot provide credible solutions if the data they use is not reliable. One apparent area of 

concern is costing. Reliability of capability costing can be increased with the use of proven cost models 

[22], including models of life cycle costs [23], systematic accumulation and validation of cost data. Both 

stochastic and deterministic models of assessing future costs of capability alternatives have been used in 

capability-based planning [P 10]. Benchmarking studies of both models and costs can further enhance the 

confidence in national approaches, as well as the understanding among allies of the costing aspects of 

defence planning. 

The analysis of sensitivity of planning solutions to main assumptions and human estimates, albeit heavy in 

terms of workload, also contributes to the credibility of the analytical work. 

Finally, planners and analysts are expected to maintain an audit trail that can be used to trace the flow of 

the decision making process from the guidance to decisions on capabilities, force structure, and investment 

projects. The analytical community should avoid trend extrapolation and wishful thinking and try to keep 

alive a long-term planning and study process, including alternatives, adding to that critical assessment of 

today’s capabilities and assessments by simulation and gaming [P 04]. 

3.6 On the Efficiency of the Defence Planning Effort 

Capability-based planning in its already traditional form [14] is highly analytically demanding, in 

particular when a higher number of planning scenarios is included in analysis. The demand for analytical 

support increases radically with the transition to a continuous planning model, the introduction of rigorous 

sensitivity analysis and the representation of deeper uncertainty through multiple sets of planning 

scenarios. 

The increase of efficiency of analytical support is expected to parallel the increase of analytical demand if 

we do not want to see the cost of analytical support escalating. One approach to increase efficiency is to 

seek compatibility and higher degrees of standardization of capability partitions, models, generic units, 

etc., used by defence analysts of NATO and NATO nations. That will have important side effects in 

providing compatibility of national defence planning process and increasing the transparency of NDPP. 

The RTO SAS panel has and will continue to play an important role in that respect through sharing of 

information, experience, and benchmarking studies. 

A complementary trend involves implementation of advanced IT systems and tools. Advanced geographic 

information systems, database and content management systems increase the efficiency of planning in 

variety of ways, e.g. allowing for re-use of scenarios designed for different purposes [P 13], re-use of 

                                                      
11

 Obviously, there will be an overlap among the sets of planning scenarios. 
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analysis results, etc. A drive to implement a CBP knowledge management system is also expected to 

contribute to the efficiency of analytical support [P 10]. 

4.0 ANALYTICAL SUPPORT TO THE CAPABILITY DEVELOPMENT 

PROCESS 

Effective and efficient capability delivery is based on coordinated development of human, material, 

information components, training and interoperability, described in NATO by the DOTMLPFI model. Of 

these, the symposium discussed the analytical challenges of acquisition and personnel management and 

touched on logistics issues. 

4.1 Analytical Support to Personnel Management 

Capabilities cannot be delivered without adequately educated, trained and motivated people. And yet, the 

number of such people, willing to serve in the armed forces, is subject to policy decisions, often having 

long-term impact on the process of recruitment and retention. Analysts can contribute to the understanding 

of trends and drivers, as well as to the definition of “capability-oriented” personnel policy and 

programmes. The study on personnel attrition rates by Manchun Fang and Paul Bender from the 

Department of National Defence of Canada, Director General Military Personnel Research and Analysis, 

is informative in that respect [P 17]. Fang and Bender present a model of quantifying demographic and 

behaviour effects on changes in attrition rate. The model is applied to identify policy changes—in the 

process of personnel selection, remuneration, and others—that have caused particular effects on attrition 

rates. The lessons from the study, as well as the developed model, can be used to support future 

development of targeted retention initiatives. 

4.2 Analytical Support to Acquisition Management and Logistics 

Thomas Ekström from FOI took the most comprehensive view to the ongoing transformation of defence 

procurement and logistics [P 19]. Driven by the post-Cold war changes in security requirements, the 

opportunities created by new information and communications technologies and the impact of new 

business concepts, the Revolution in Military Logistics (RML) paralleled the Revolution in Military 

Affairs (RMA), and now the process of defence transformation. A previously rather straightforward 

military supply chain turned into an increasingly complex and fragmented supply and support network, 

with many actors and roles and responsibilities that are not entirely clear. Respectively, during the Cold 

war analysts focused on scenario techniques, war-gaming, modelling and simulation, cost-effect or cost 

benefit analysis, and problem structuring methods, such as morphological analysis. Mr. Ekström identifies 

a number of areas currently in need of analytical studies and support, such as: 

• Design and management of supply and support chains and networks; 

• Supply and support chain risk management; 

• Identification and evaluation of potential business models for defence acquisition and logistics in 

the entire spectrum from public provision to outright privatization; 

• Development of Decision Support Systems (DSS), decision trees, decision mechanisms, and other 

support to decisions regarding what to make, what to buy, and how to buy; 

• Evaluation of efficiency, effectiveness and performance, including definition of measures of 

effectiveness (MOEs) and measures of performance (MOPs); 

• Moral and ethical issues associated with outsourcing, in particular in hostile environment; 

• Defence acquisition culture, organisation, and competencies. 
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Włodzimierz Miszalski and Szymon Mitkow from the Military University of Technology in Warsaw 

presented an original, comprehensive approach to support the process of defence acquisition, starting from 

the definition of capability requirements through selection of a material solution all the way to 

optimization of the respective logistics support [P 18]. The authors use the AHP (Analytic Hierarchal 

Process) method in solving the multicriteria problem of selecting a capability solution among a number of 

alternatives. The following criteria are used by decision makers: combat ability, cost, technological 

feasibility, time (time required for delivery, time in service), availability on the defence equipment market, 

logistics requirements, and versatility (is the capability applicable across tasks). Once the class of a 

material solution has been defined, analysts turn to the selection of a product from that class. The authors 

create a benchmark—an ‘ideal’ solution having the best features among the features of interest of all 

available products—and then rank the products according to the distance from the benchmark.12 Thus, 

while admitting that political and economic considerations often come into play, the analysts put the 

product that is closest to the benchmark on top of the list of possible material solutions. 

Robert Murphy and Scott D. Beach from Lockheed Martin Aeronautics presented another comprehensive 

decision-making framework, setting procurement decisions within the strategic planning process, i.e. the 

top-down process of developing scenarios, defining, developing and deploying a strategy [P 20]. 

Identification of metrics is part of the step of developing the strategy. Identification of capability solutions 

and analysis of alternatives, including effectiveness, cost and risk analysis, are all part of the “deploy the 

strategy” step. The Force Matrix Model
 TM

 (FMM) developed by Lockheed Martin supports rigorous 

analytical studies of the whole process, including evaluation of effectiveness, cost, and risk of identified 

solutions by using multi-attribute value theory (MAVT) which includes Analytical Hierarchy Process 

(AHP) and utility curves. Seen as an alternative to expensive and time consuming modelling and 

simulation, MAVT uses [P 20]: 

• Criteria or Measures of Performance developed for each capability and then prioritised using the 

AHP process; 

• An AHP process that uses a pair-wise comparison of capabilities and then ranks them using an 

arithmetic or geometric mean;  

• Utility curves for determining the value of a solution; using s-curves, FMM mimics the way 

people make decisions and most often represent this thought process by allowing the decision 

maker to define the “preference” curve. 

The final result is a weighted average (or normalized ranking) of the capabilities rolled up into a single 

overall value. 

5.0 ANALYTICAL SUPPORT TO CONCEPT DEVELOPMENT AND 

EXPERIMENTATION (CD&E) 

The CD&E process affirms its role in the capability development process of NATO, NATO nations and 

partner countries. Capability development is understood to encompass “strategic analysis, identification of 

capability requirements, solution identification and solution implementation”, while CD&E enables 

“structured development of creative and innovative ideas into viable solutions” [P 21]. That does not come 

quickly. CD&E, and innovation in general, involves not only technologies and processes, but also the 

people in the organisation. A process of continuous learning accelerates innovation, as eloquently 

summarised by John J. Garstka: 

One factor complicating military transformation is the need to demonstrate the potential operational 

effectiveness of a new concept. In the case of inter-war carrier aviation and mechanised warfare, the 

                                                      
12

 Including in the ‘distance’ also a measure of the dispersion of the features. 
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initial operational concepts and associated technologies failed to perform as well as existing 

capabilities. Few appreciated the potential impact that the operational concepts and technologies 

would have as they matured. In both cases, the ability to conduct a mutually reinforcing series of 

experiments, exercises and war-games was critical to enabling visionary leaders to accelerate learning 

rates and obtain evidence to support investing in emerging capabilities. In the case of mechanised 

warfare, a critical mass of individuals in the German Army was able to learn about how mechanised 

forces could be employed much faster than their peers in the British, French or Polish armies [24]. 

This section of the report is structured in three sub-sections, reflecting symposium discussions on recent 

developments of the CD&E process, the proper understanding of “analytical rigour” in experimentation, 

and the roles of the analytical community. 

5.1 Towards a Common Understanding of CD&E and CD&E Project Management 

Recent developments within NATO have contributed to the clarification of the role of CD&E and to the 

common understanding of the phases of the CD&E process, its financing, tracking, and quality assurance. 

In September 2009, the NATO Military Committee has approved the Alliance policy for Concept 

Development and Experimentation [25]. The symposium participants generally agreed that this NATO 

policy is in line with the “Guide for Understanding and Implementing Defense Experimentation” 

(GUIDEx), developed by the Joint Systems Analysis Group in the framework of The Technical 

Cooperation Program, involving defence experimentation experts from Australia, Canada, the United 

Kingdom and the United States [26]. 

CD&E plays an important role in finding conceptual solutions to capability shortfalls and gaps that were 

identified in the processes of defence planning, lessons learned, or as urgent operational requirements. It 

also contributes to capability development through the introduction of capabilities not anticipated 

previously. They may result from new ideas, “out of the box” thinking or systematic R&T efforts [P 21]. 

CD&E is the process of structured development of innovative ideas into viable solutions. This is an 

iterative process leading, eventually, to an approved concept. Concept development provides the 

framework within which a solution may be developed, and solutions may (or may not) be refined through 

experimentation [P 21]. Experimentation reduces uncertainty as to the maturity of the concept or its 

component parts. 

Although CD&E is a concurrent, iterative and spiral process, in which Concept Development and 

Experimentation are closely interlinked, for project management purposes it is useful to distinguish four 

phases [P 21]: 

a) Preparation, Initiation and Structuring;  

b) Concept Development Planning; 

c) Concept Development and Refinement; and 

d) Assessment and Validation. 

Each of these phases poses specific challenges to analysts, which will be examined in more detail below. 

While the NATO CD&E policy provides a benchmark for a comprehensive, disciplined management of 

CD&E projects, it may be beneficial to take a look at the process from a different perspective. Another, 

“civilian” perspective from the experience of the business world was introduced by Dr. Venelin Georgiev, 

who drew parallels between the CD&E process and the process of innovation. Sound innovation 

management supports the decision making process through exploration of the decision space and the use 

of scenarios, and reduces the associated technical, technological, financial, and planning risks. Georgiev 

showed how that the decision process becomes more rational, transparent and accountable [P 24]. 
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Another report in the CD&E session addressed organisational effectiveness in coalition HQs conducting 

non-article 5 crisis response operations, presenting interim results of a RTO HFM study group [P 27]. The 

authors show that in order to implement the concept of NATO Network Enabled Capabilities (NNEC), the 

military organisation needs to be agile, flexible, joint and interoperable. Such organic organisational 

structure has the following attributes: it is decentralised; the authority to make important decisions is 

delegated to persons at all levels of the hierarchy; it stimulates flexibility, so that employees can innovate 

and quickly adapt to changing circumstances, and take responsibility to make decisions when necessary; 

roles are loosely defined; organisational members with different functions work together to solve problems 

and are involved in each other’s activities; a high level of integration enables organisational members to 

share information quickly and easily; rules and norms emerge from the ongoing interaction between 

organisational members; and interaction between organisational members is horizontal as well as vertical. 

The study group came up with the following basic characteristics of an effective Coalition HQ: 

• Political-military decision making: Able to achieve its goals; Establishing priorities; 

• Internal processes management: Learning organisation; Stimulating information sharing; The HQ 

is willing to adapt its structures to the ever-changing conditions where necessary; Processes 

improvement strategies implementation to facilitate information sharing, social networking and 

top leaders’ commitment to achieving HQ goals; Making efficient use of the available resources; 

• People: Able to take initiative; The leaders are able to make fast and timely decisions; Existing 

flexible human resources management system to guarantee high motivation, cohesion, 

organisational and interpersonal trust;  

• Cultural differences: Openness to diverse cultures; development of intercultural competences; 

Using common language and terminology; Using common formats/standardization of different 

procedures; Using common doctrine and concepts. 

They also show that for the NATO HQ to be able to attain its goals of effective and timely sharing of 

information, quick and timely decision making, and improved shared awareness of tasks and 

responsibilities, its terminal cultural values must reflect flexibility and agility in its processes, but stability 

in the organisational structure, and its instrumental cultural values should include trusting each other, 

being open to diversity, and having an improvement orientation. 

5.2 How Rigorous Can Be the Experiment? 

Describing Swedish experience in defence transformation, Jan Foghelin underlined the need to take into 

account new ideas and concepts. At the same time, he emphasised that even if new concepts “are 

immediately seducing, they should not be a substitute for studies – should be transferred to tangible 

solutions and then tested in several dimensions …” [P 04]. In his presentation in the CD&E session, Han 

de Nijs also supported this point, stating that analysis activities along the CD&E process are necessary to 

accumulate evidence in order to determine and demonstrate the validity of proposed solutions and the 

increase of effectiveness. Analytical rigour is important to increase confidence in a conceptual solution 

and reduce the risk involved with its implementation [P 21]. 

But how rigorous can be an experiment in the context of defence transformation? 

There is no simple answer to this question. One needs to delve into the foundation of science to find an 

adequate answer. Generations of scientists, in particular in the fields of natural sciences and engineering, 

have been educated in the paradigm of “positivism”, where “theory corresponds to the only one, true, 

objective reality” [P 25]. In studying that reality, e.g. through experimentation, analysts attempt “to be 

objective,” i.e. to “ensure that no bias, subjective influences or value considerations disrupt our view of 

the true reality” [P 25]. 
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Andy Williams and Simon Purton show that while this scientific method is appropriate in many cases of 

defence experimentation, it may be counterproductive in experiments that bring together political 

sensitivities, divergent stakes and viewpoints, and different cultures. In such cases, the paradigm of 

“constructivism” is more appropriate [P 25]. (The table below outlines the main differences between the 

two paradigms.) Analysing their experience, that includes an experiment on the newly developed strategic 

and operational planning process, the authors of the report make several observations that can sharpen the 

understanding of both analysts and decision-makers of such specific cases: 

• “Truth” is a matter consensus among informed and sophisticated constructers (it is not just ‘out 

there’); 

• “Facts” have no meaning except within some value framework, therefore there cannot be 

“objectivity”; 

• “Causes” and “Effects” do not exist except by imputation and all interacting parties are 

responsible; 

• Phenomena can only be understood within the context of study; no generalisation is possible; 

• Treatments are not stable; they will be affected as much as the “dependent” variables; 

• Experiment analysis produces data in which facts and values are inextricably linked;  

• Researchers/analysts are subjective partners with stakeholders/ audience/ customer in the literal 

creation of data. 

Notwithstanding all these features of experimentation, researchers/ analysts still have a special role to 

play.   

Table 1: Competing Paradigms and ‘Rigorous’ experimentation. 

Positivism Constructivism 

What is reality? (“ontology”) 

 Objective, independent from the observer  Subjective, dependent upon the observer 

 Only one  Continuously constructed 

How to know reality? (“epistemology”) 

 Subject-object duality  Knowledge is a process of creation between 

research and the researched 
 Exclude values from influencing  

Methodology 

 Control confounding variables and values  Iterative process 

 Converge on truth   Values, beliefs, biases are included 

 Accumulate validity   Findings ‘emerge’ from joint construction 

of reality  

5.3 Roles of the Analysts 

Thomas Ekström from the Swedish Defence Research Agency (FOI) identifies four types of players in the 

CD&E process, intentionally exaggerating certain features of some typical attitudes [P 23]: 
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• “Artistic freedom” of the concept developer, who does not really want a CD&E method, a CD&E 

process or any other form of CD&E structure, relying instead on creativity and inspiration; 

• “Timely order” for the experimenter, who focuses on schedule and resource management, and not 

on the questions of interest to the concept developer; 

• “Military relevance” considerations for the manager of the experimental platform – usually a 

senior officer who has to make sure that the scarce resources at his or her disposal are being used 

to develop the concepts in an effective and efficient manner; 

• “Analytical structure” considerations for the analyst, who looks that alternatives are explored, the 

maturity of the concept is tested, that decision makers receive relevant information at regular 

intervals, that concept developers are given opportunities to create support among colleagues 

outside the CD&E community through the dialogue that tests like seminars, workshops, and war-

gaming. 

Han de Nijs examines in detail the respective roles of the analyst along the phases of a CD&E project, 

with the overall purpose of bringing “structure and rigour in the definition of problems, in methods and in 

results.” This may involve quantitative or qualitative methods. Most importantly, “analysis brings 

meaning by making better sense of the world,” even when dealing with wicked problems [P 21]. 

De Nijs further suggests that the whole CD&E community, as well as other stake holders, would benefit 

from a common concept maturity model, analogous to the technology readiness levels used currently in 

R&T management, a proposes a scale with ten grades of concept maturity [P 21]. 

6.0 ANALYSIS OF CURRENT OPERATIONS 

The symposium session on current operations addressed the effects-based approach to operations, 

intelligence data management requirements, the concept of tribe building, the factors contributing to, or 

hindering, coalition team performance, and lessons learned—all at least to an extent—in the context of the 

ongoing operations in Afghanistan. 

Analysts continue to address the implementation challenges of the Effects-based Approach to Operations 

and to develop respective decision support tools. Johan Schubert from FOI presented the Collaboration 

Synchronization Management Tool (CSMT) used in effects-based planning and continuous evaluation and 

refinement of the plans [P 33]. A Capability Impact Matrix (CIM) is used to represent the influence of 

activities of supporting effects, of supporting effects on “decisive conditions”, and finally of decisive 

conditions on military end state. The tool allows evaluating and representing alternatives, as well as the 

consistency and the stability of each instance of the operations plan. The method takes subjective 

judgments about the activities as input data and to calculate assessments of all other plan elements. When 

a piece of evidence lacks credibility, it is ‘discounted’ in the same analysis framework. Thus, planners are 

able to identify not only decisive influences from activities, but also to “find any weaknesses and all 

strengths of the plan as described by the cross impact matrix before the effects-based execution phase” 

[P 33]. 

To assess potential effects, however, planners need reliable intelligence. Experienced practitioners insist 

on revising the intelligence process to support effectively Irregular Warfare (IW) and Stability, Security, 

Transition, and Reconstruction (SSTR) operations, as well as to reach decision makers [27]. Practitioners’ 

suggestions have been critically examined by analysts and presented to the symposium in a report by 

Michael J. Baranick and Stuart H. Starr [P 29]. The authors explore the data needs of analysts in support 

of decision makers and call for a substantial role of the analytical community in the intelligence data 

management process. That focus is supported by the finding of the US Training and Doctrine Command 

Analysis Center (TRAC) that 34 of 35 major gaps in analysis support to IW can be attributed to lack of 
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credible data. Several major questions still wait resolution, and further studies may be required to support 

the respective decisions: 

• How to come to data standards (e.g., metadata) and a structure in transforming qualitative into 

quantitative data? 

• How to provide for a multidisciplinary, ‘Whole of Society’ discovery when needed data are 

widely distributed? 

• Shall there be a central organisation to take responsibility for the data needed to support analysis 

and for developing needed ontologies, metadata, and pedigree?  

• How to provide efficient verification and validation of data? 

• Should a Federated IW Data Repository be mandated? 

• What are the suitable Measures of Merit? 

While complex adaptive systems define an emerging paradigm in studying irregular warfare and 

counterinsurgency operations, practitioners need more tangible tools. Nicolas Israël and Thomas Peugeot 

search for a formalised operational concept drawing from human sciences, and the anthropology in 

particular. Their studies suggest that tribe building can serve as such concept to enable, inter alia, 

intelligence collection and data organisation and modelling and simulation efforts [P 30]. Tribe building is 

seen as a set of practices supporting the smooth growth of modern value spaces endorsed by traditional 

authorities, and a rejection of totalitarian forces. Such practices should be performed with great care due to 

the difficulty of knowing a priori which modern space should be developed first, who the traditional 

authorities are or what the level of endorsement is. In line with the findings of practitioners [28], the 

authors reason that a successful strategy should be based on stabilization of tribes to enable state 

legitimization and not the opposite. Studying the interaction between individual and group behaviour and 

values, they conclude that restoring the traditional fabric of society is the best way to achieve peaceful 

transitions toward democracy. 

Another study, presented at the symposium, addresses team efficiency in coalition settings [P 34]. 

Applying the PRISM (Performance, Role interdependence, Information Sharing) model, the analysts study 

the factors influencing information sharing, collaboration, and ultimately the performance of coalition 

teams. They also draw on the model of Inter-organisational Collaborative Capacity (ICC) [29]. ICC is the 

capability of organizations (or a set of organizations) to enter into, develop, and sustain inter-

organisational systems in pursuit of collective outcomes. ICC provides a framework for understanding 

individual and organizational factors brought to a newly formed team, and likely to influence team 

collaboration. The authors apply the model to study the factors influencing the performance of U.S. and 

Bulgarian teams training together at the Novo Selo range, Bulgaria. The study is expected to enhance the 

means of assessing coalition team effectiveness, or likelihood of success in future NATO missions. This 

research could be utilised to develop a method of assessing the readiness of coalition team members prior 

to beginning a mission and to target training to address areas in need of improvement [P 34]. 

Two symposium reports presented Lessons Learned (LL) approaches and experience respectively of 

Bulgaria [P 03] and Norway [P 31]. The LL process benefits strongly from inclusion of analysts in 

operational units. Lessons learned is seen as a process going beyond absorption of operational experience 

to encompass lessons from exercises, gaming, and experimentation, as well as from capability 

development experience. It is recognised that people learn, not “organisations” [P 31]. Therefore, while 

LL does require the creation of databases and implementation of advanced IT, experts in organisational 

culture and psychology are also needed for effective and efficient operationalisation of experience. 



Technical Evaluation Report 

RTO-MP-SAS-081 T - 21 

 

 

7.0 MAJOR OA THEMES IN A PROCESS OF CONSOLIDATION 

There are several transformation-related analytical themes that cover two or more areas in the symposium 

programme. Some emerged fairly recently, but are already solidly placed on the agenda of both analysts 

and users of analytical support. Hence, this section of the report takes another look at effects-based 

approach to operations, networks, and organisational development under uncertainty. 

7.1  Effects-Based Approach to Operations 

It is blatantly clear, that it is not possible to achieve the end state in a counter-terrorism or counter-

insurgency operation by capturing a country’s capital, its territory, or killing a handful of terrorists/ 

insurgents. We need to be able to tackle the influence, i.e. the “hearts and minds” problem. To that 

purpose analysts should assist decision makers in relating military resources—and the way in which they 

are used—to the outcome of peace support and counter-insurgency operations. That requires 

understanding (modelling) human perception and behaviour and the ways by which they—individuals, 

crowds, military units, factions, régimes, populations, etc.— can be influenced, keeping in mind that there 

is an infinite variety of humans with their experience, beliefs, priorities, as well as a wide variety of 

unobservable contextual variables. In addition, chance events and outcomes also come into play [P 02]. 

While traditional, or ‘hard’, OA techniques still have their place, in particular when the problem at hand 

can be quantified based on physical data or assessment by an adequate number of experts [P 16], we need 

to enhance the capabilities for ‘soft’ operational analysis [30]. In the U.K. experience, Dstl Strategic 

Analysis Group is widening the analytical discipline base by including psychologists, anthropologists, 

sociologists [P 02]. Further, Roger Forder recommends that the analytical community needs to: 

• Keep in touch with possibly applicable theoretical approaches, such as complex adaptive systems; 

• Widen the use of historical/ current operational data, including broad conclusions about factors 

affecting success of counter-terrorism/COIN operations and factors affecting public support, as 

well as striving to achieve pull-through from current operations; 

• Use gaming to provide participants with sufficient ‘wrapping’ to enable them to play out of their 

own personality and culture [P 02]. 

The need to enhance ‘soft’ analytical power is confirmed by other studies as well. For example, in 

studying intelligence data gaps, it was concluded that 20 of the 35 identified gaps required at least some 

“soft science” solutions [P 29]. 

Such findings are of benefit to the operations planning process, to capabilities-based planning, CD&E, and 

training among the areas of highest importance to defence transformation. 

7.2  Effective Networking 

The effect-based approach has to be applied comprehensively in dealing with the opponents, their support 

base, and contextual factors, as well as own support base. The principle of comprehensiveness applies also 

to the use of all available means to resolve a particular crisis situation, whether they are ‘owned’ by 

military forces, intergovernmental organisations, NGOs, private security companies or other businesses, 

that act in a theatre as a network. 

Comprehensive approach is not just a concept, but a practical challenge that requires design and 

application of adequate concepts, methodologies and tools. Concepts like 3D (Defence, Diplomacy, 

Development aid), Whole of Government approach and other, developed by policy experts, are finding a 

way into the security and defence planning communities. The experience of the U.S. Department of 

Homeland Security shows that best practice in capability-based planning can be amended and modified to 
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the needs of other security sector organisations, and the approach has been found of utility by other non-

defence actors such as the World for Food Programme [19]. 

The challenge of transferring effects-based, capability planning and capability delivery models and 

methods to other actors in the network is not one of hard analytics. Since there is no single planning 

‘centre,’ ‘soft’ approaches would contribute to finding suitable arrangements in planning the response—

both in preparing and maintaining ‘capabilities’ and in the coordination of in-theatre activities. ‘Social 

media’-type of platforms, accompanied by adequate soft analysis methodologies and tools may prove the 

usefulness of the analytical community in an inter-agency and broader international setting. 

7.3  Organisational Development Under Uncertainty 

The third, and final theme addressed in this report is how to manage the evolution of defence 

organisations, including the military, in the face of uncertainty. One emerging approach calls for making 

defence organisations agile by design, i.e. to make them responsive and able to adapt quickly to changing 

threats, new types of operations, technological opportunities, funding levels, shifts in socio-demographic 

environment, etc. On the other hand, it takes years to fully develop most types of defence capabilities, and 

the decision making process in NATO and its member nations, being under the scrutiny of parliaments and 

society, is rather slow compared to the dynamics of change we currently witness. This dilemma of 

Stability versus Agility of defence organisations has yet to be resolved, but some promising ideas are 

already put forward to the symposium discussion. 

8.0 CONCLUSION AND RECOMMENDATIONS 

The symposium brought together 90 analysts, decision makers and military officers from 19 NATO and 

partner countries to discuss the major transformation themes of capability planning, capability 

development, concept development and experimentation, counter-terrorism/ counter insurgency operations 

and lessons learned. One important topic, however, was missing from the symposium agenda – the 

analytical support to advanced training. 

A number of other topics were also addressed repeatedly by presenters, as well as during the discussion. 

The following were among them: 

• What are the appropriate roles of the analyst in the current wave of defence transformation? 

• What is necessary to make the exchange between analysts and decision makers effective? 

• What are the best ways to organise the analytical support? 

• How to make alliance and national defence planning processes transparent, traceable, and 

auditable?  

• How to arrive at a common lexicon, e.g. on capability, lines of development, capability taxonomy, 

task lists, generic units, etc.? 

• How to define good measures of effectiveness and efficiency? 

• How to make cost- and performance-related benchmarking studies more effective and efficient? 

• What are the appropriate methodologies for managing knowledge related to defence 

transformation? 

• How the analytical community can contribute to enhancing integrity and reducing corruption risks 

in defence?  

• How to make defence organisations sufficiently agile in the face of contradicting requirements? 

• Are there emerging transformation themes that require new types of analytical expertise? 
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In addition to the suggestions made throughout the text of this report, we can make several 

recommendations, the implementation of which would enhance the analytical support to defence 

transformation. A number of studies may be beneficial in that respect: 

• Organisational development under uncertainty. How to deal with the contradicting requirements 

of decision-making processes in democracy and long lead times for defence systems, on one hand, 

and the need to react quickly to unforeseen changes in the force development environment? 

• Analytical support to training. How to make joint and multi-agency training more effective and 

efficient?  

• Taxonomy of OA ‘technologies’ (approaches, methods, and tools). What is the spectrum of 

analytical methods and tools applicable to defence issues? A taxonomy that is commonly used by 

the NATO analytical community would facilitate benchmarking studies, potential role 

specialisation among nations (just like the capability specialisation of the armed forces of NATO 

nations) and cooperation among nations, thus contributing to the efficiency of analytical support 

to defence transformation. 

To contribute effectively to defence transformation and receive recognition, the analytical community of 

NATO, NATO nations and committed partners needs to focus on providing organisational agility, proving 

the efficiency of defence organisations, and of analytical support itself, and strengthening partnerships. 
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ABSTRACT


The development of operational research and analysis has depended both on the demands generated by a changing defence environment and on the availability of relevant expertise, tools and techniques from within the contemporaneous scientific environment.  On the demand side, defence transformations have often figured prominently in stimulating analytical developments.  However, despite the current availability of a wide-ranging tool-set built up over many years, some important challenges remain for analysts seeking to support the current transformational process within NATO and the nations.     


1.0
Introduction

In preparing this paper, I was very happy to accept the Symposium Committee’s suggestion that I should spend a little time looking back over the history of operational research and analysis
 to review where our current tool-set came from.  In fact, my thesis will be that advances in operational analysis have often been stimulated by periods of defence transformation, or at least substantial strategic change.  I will then suggest a few of the challenges that still face us in supporting the current defence transformation within NATO.


There are several official definitions of transformation used by NATO and the nations, but they all seem rather too specific to the current, post-Cold-War environment.  For the purposes of this paper, the following more generic alternative is suggested:

“A defence transformation is a major change in a nation’s or alliance’s defence posture that substantially affects all or most defence lines of development”


‘Defence lines of development’ (DLoD) is the UK terminology  -  broadly equivalent to the US DoD’s DOTMLPF  -  for the set of generic elements that have to be brought together to generate a defence capability, namely:


· Training


· Equipment


· Personnel


· Information

· Doctrine (and concepts of operation)


· Organization


· Infrastructure


· Logistics


The order here is not necessarily a logical one, but generates the useful mnemonic acronym TEPIDOIL.  Actually, a ninth  -  interoperability  -  is sometimes added, although this is really an aspect that needs to be considered in the context of each of the others, rather than as something separate.  My suggestion that, by definition, defence transformations substantially affect all or most of these elements is intended to distinguish transformations from, for example, just a major re-equipment programme (although even this would invariably have an impact beyond simply the equipment DLoD).


Although the term ‘defence transformation’ seems to have come into use specifically to describe the far-reaching changes to national and NATO’s defence postures set in motion by the end of the Cold War, transformations that fall within the definition proposed above have, in fact, been fairly common over the centuries.  Many of the great national leaders and great commanders have carried them through, as indeed have some of those on whom the verdict of history is less favourable.    


2.0
DEFENCE TRANSFORMATIONS: AN HISTORICAL PERSPECTIVE


2.1
Alfred the Greats’ Defence Transformation

As far as the history of my own nation is concerned, the first recorded defence transformation is that instigated by Alfred the Great, who was king of the Anglo-Saxon Kingdom of Wessex from 871 to 899.  Although he never himself ruled the whole of what is now England, he can be regarded as the godfather of the English nation.  His reign was much troubled by the Danish Vikings, who were not only already in control of lands in the east of England, including London, but were still making attacks across the North Sea with further conquests in mind.  In response, Alfred made major changes to his defence capability both on land and at sea [1].

At sea, he ordered the construction of a fleet of longships that were much larger than anything the English had possessed up to that point and twice the size of Viking warships.  The idea was to intercept raiding fleets before they landed, which  -  odd as it may seem to us  -  had never been tried before.  On land, he made major changes in organization.  Up to that point, the only land forces he had available were those raised locally and temporarily in each county, which could only be used in that county.  He changed all that and organized a permanent, mobile field army that could be used across the kingdom.  Finally, he ringed Wessex with some thirty fortified and garrisoned towns.  These could act as secure bases from which to harry the Danes; or if the Danes attacked, they could hold out until the new cavalry arrived.  Taken as a whole, Alfred’s initiatives involved major changes in organization, doctrine, personnel, equipment and infrastructure and no doubt logistics as well.  In general, it worked, at least in the medium term:  the Danes were halted, the tide was turned and their boundaries driven back.   


2.2
Demand and Supply in Operational Analysis

So, defence transformations are not new.  However, we can be fairly certain that, despite being a very progressive monarch, Alfred did not call on the services of any operational analysts.  This may seem a rather obvious, indeed facetious, statement.  However, it does bring home the point that for OA to be employed, there needs to be a source of supply as well as demand.  The situation can be summed up as in Figure 1, which posits that the employment, nature and achievements of OA are a function of

· the demand for its services, as generated by the culture, people, policy and priorities of the prevailing defence environment (and these may well, of course, include the needs of a defence transformation process);


· the contemporaneous scientific environment (culture, people, methods and tools) that can supply those services.
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Figure 1:  Supply and demand in operational analysis


For Alfred, the defence need was there but the scientific environment that could support it was not.  In what follows, therefore, the evolution of the supply side will be examined as well as changing defence needs.  


2.3
World War II:  The Origins of Operational Research

Whilst, over the centuries, it is possible to point to isolated instances where talented individuals have thought about military operations in a way that we would now recognise as operational research, we need to move forward to the late 1930s before we come to any institutionalised applications within the official defence community.


It is well documented [2][3] that operational research, both as a term and as a recognised discipline, first came into use in the UK during the run-up to World War II, when radar scientists became involved in the analysis of air defence exercises, a major aim of which was to investigate the use and value of the new technology that they had been developing.  This activity then drew them into issues of overall system design, operating procedures and tactics which had hitherto been the preserve of the military.  This involvement was seen as highly beneficial and, when war broke out, a small team of these scientists was seconded to HQ Royal Air Force Fighter Command and the world’s first OR group was born.  


Now, it is certainly possible to argue that the situation at the beginning of World War II represented the result of a defence transformation, probably in several respects.  One of the most notable was the way in which air power had come of age.  In particular, the bomber was now the most feared weapon of war and one that was expected to give a future conflict a quite different character from anything that had gone before.  The evolution of the Royal Air Force since its establishment in 1918 had involved major efforts along every line of development, and during the 1930s the provision of capabilities to counter the bomber threat had become top priority.  For some years, the prospects of genuinely effective air defence had seemed slim, and emphasis had been placed on deterrence through the threat of retaliatory action.  However, the advent of radar offered fresh hope, if only the new technology could be turned into an operational system.  


Air power as a threat and air power as defence were therefore major new factors in warfare.  OR came about initially to support air defence and, although it spread quickly to all the Services, its most effective area of application was still in air power, or defence against air power, in all its manifestations  -  in RAF Fighter Command, in the Army’s Anti-Aircraft Command, in RAF Bomber Command and in RAF Coastal Command’s crucial contribution to the Battle of the Atlantic against the U-boats [4].  It can therefore be argued that the defence transformation represented by the advent of serious air power in the 1930s helped to spawn OR. 


But what about the supply side of the equation:  the scientific environment?  What was that in the late 1930s?  Well, to start with, there was a scientific environment.  For the first time in history, science was now an established profession with a critical mass of professional scientists, including a significant number in government service.  In the UK, at least, this was a result of the substantial government support of science that had been put in place since World War I, in both the civilian and defence environments.  The qualified people, with the right mental outlook, were there to invent OR and apply it.  There weren’t, of course, any specialised ‘OR methods’, but the universal stock-in-trade of the scientist  -  the basic scientific approach supported by the common tools of mathematics, particularly statistics  -  was enough at this stage.  So when the need for support and the availability of that support coincided, OR was born.  


2.4
The Early Cold War Years

By the end of World War II, the important role of science in war was now recognised as never before, and OR was a small but undisputed part of the success story, having spread rapidly during the early 1940s from the UK to other Allied nations.  OR organizations became a permanent part of the defence establishment both in the UK and US.  New areas of activity were opened up;  for example, the US Army had not really embraced OR during the war but established an Operations Research Office in 1948 [5].  In Canada, an OR activity was slowly reconstituted after the return of many wartime staff to civilian life [6].   


All this seemed very natural.  But where did it leave the characterisation of OR groups as described by Patrick Blackett, the most prominent of the UK pioneers [7]:


“The main field of their activity is clearly the analysis of actual operations, using as data the material to be found in an operations room, e.g. all signals, track charts, combat reports, meteorological information, etc.”  ?


With the war ended, so, to a large extent, had operations.  So what was the role of OR?  Obviously, there was a vast quantity of wartime data that could still be analysed to extract useful insight into tactical and equipment issues relevant to traditional types of warfare.  But these issues were not the most pressing ones.  Almost as soon as the war ended, we found ourselves in what might well be considered another defence transformation, initiated by the advent of atomic and then thermonuclear weapons.  


These weapons dominated thinking in the late 1940s and the 1950s.  A whole new ‘strategic theology’ was established, codified in the early 1960s by writers such as Herman Kahn [8], bringing together the ideas of deterrence, mutually assured destruction, first and second strikes, and so on.  In the US, the priorities were to put in place its own nuclear delivery systems and to evolve some sort of defence, as far as it was possible, against those of the enemy.  It was very much a cross-DLoD effort:  organization, equipment, people, training, infrastructure, logistics.  All this was the stimulus and the seedbed of the next major development in OR.  Rather than making sense of real, day-to-day operations, analysts now had to be concerned with hypothetical circumstances;  hypothetical enemy reactions;  and the pros and cons of equipment as yet unprocured, perhaps even undeveloped.  Some sort of major paradigm shift would have to happen.  


What was the scientific environment?  Well, science was now big, much bigger than it had ever been.  Science had helped win the war, now it was going to help win the peace.  It was natural for the military to turn to science and analysis, even though the context was quite different from wartime OR.  There were plenty of new ideas around and new techniques were providing inspiration:  for example, linear programming, game theory and Monte Carlo methods
.  However, it was probably at the RAND Corporation in the US where it all came together for the first time, and it happened under a new label: ‘systems analysis’ [9][10].  Although wartime OR was certainly one of the inspirations for systems analysis, there were others:  for example, general systems ideas, such as, systems engineering, with its focus on the whole as more than the sum of its parts, and economic analysis [11], with its emphasis on maximising outputs for a given set of inputs (Figure 2).

One of the results of all this was that we started to think more explicitly in terms of ‘models’.  I am not sure that the World War II pioneers ever used the term ‘model’.  But in fact their analysis of day-to-day operational experience, and its expression in simple mathematical terms, did give them a model  -  a simplified representation of reality on which to make predictions about the effects of alternative courses of action.  Systems analysis generalised the idea of a model to any logical or mathematical simplification of the real world.  A model synthesised all available inputs  -  planning assumptions, engineering assessments and military judgement as well as data.  Systems analysis also stressed the importance of treating uncertainty in a full and explicit way.  


Whilst the term ‘systems analysis’ is not so commonly used in the sense discussed here, except  (almost!) in the title of the SAS Panel, the general approach and philosophy lives on in OA today.  Whilst the label ‘systems analysis’ never displaced ‘operational analysis’, it changed its character and reoriented it for the later post-War world (Figure 2).


[image: image2.png]Systems

Yieas Systems

analysis

Defence
OA, 1960+

Wartime OR







Figure 2:  OR, systems analysis and OA


2.5
The Change to Flexible Response

The next development that changed the nature of the demand for OA was in the mid-1960s when NATO moved away from the doctrines of Tripwire and Massive Retaliation to that of Flexible Response.  Rather than assuming, and threatening, that any move against NATO by the Warsaw Pact would inevitably lead rapidly to strategic nuclear exchange, the aim was to react conventionally, or at least sub-strategically, in a way that would extend the time available for negotiations that could avoid Armageddon.  This was undoubtedly a major change in policy and doctrine and it could certainly be argued that, over the subsequent few years, its implementation amounted to a defence transformation.  


As far as analysis was concerned, the effect was to put the spotlight on examining the size and shape of forces needed to fight big and relatively prolonged conventional wars in Europe and the Atlantic.  What did the scientific and analytical environment have to offer that could meet this new challenge?  The answer was large, discrete-event simulations, which were themselves made possible by the advent and rapid evolution of the mainframe digital computer  -  the iconic technical development of the 1960s.     


The combination of military need and the advent of the mainframe computer was a powerful one.  Discrete-event simulation proved a very flexible tool, enabling models to exploit increasing computer power by embracing ever greater levels of detail, for which there was unending appetite from the military customer.  For good or ill  -  and many analysts felt uncomfortable with these developments  -  large combat simulations dominated defence OA for about two decades, underpinning innumerable studies addressing, Primarily, issues of equipment, logistics, doctrine and overall force structure.


2.6
The End of the Cold War

At around the turn of the 1990s, the mould described above was decisively broken by the end of the Cold War.  The characteristics of the new defence environment are very familiar and are, indeed, the driver of the transformation addressed by this symposium: 


· the move away from territorial defence to a much wider range of scenarios, with an emphasis on expeditionary operations, ranging from ‘small’ conventional wars, through counter-insurgency and peace support, to humanitarian operations;


· the new logistics, force generation and readiness issues which the change to an expeditionary posture throws up;

· flexible and adaptable concepts of operations, particularly those exploiting new information-based concepts such as network-enabled capability  (the ‘information-age battlefield’);


· achievement of results through influence (‘hearts and minds’) as well as traditional military action;


· the demand for low casualties and low collateral damage;


· for many nations, profound changes in personnel policies and structures.


What was the scientific and analytical environment that could supply the OA tools needed to address this wealth of new issues?  Just as the change to Flexible Response broadly coincided with the advent of the mainframe computer, so the end of the Cold War came about not long after the microcomputer revolution had started to deliver desktop computing power exceeding that of the earlier mainframes.  Perhaps even more importantly, along with powerful desktop PCs came the PC software with which we are now so familiar.  In particular, it would now be difficult to envisage an analytical landscape without the flexibility, power and convenience of PC-based spreadsheets and databases.  But, in addition to such general-purpose software, there was soon a widening range of powerful commercial, off-the-shelf packages for many of the more specific OA techniques, such as discrete-event simulation, system dynamics, linear programming, multi-criteria decision analysis (in a variety of guises) and cognitive mapping.  As the last of these exemplifies, the growing list included not only ‘hard’ quantitative techniques but also the methods of ‘soft OR’ (sometimes called problem-structuring methods) of which, hitherto, defence analysts had made relatively little use.  Increasing use of these methods to address some of the less well-defined problems of the new defence environment would be another notable feature of the 1990s.


There was, therefore, a wealth of capability that could be used to widen the repertoire of defence OA in response to the widened problem space.  Naturally, different nations had different priorities in using this capability.  The following describes some features of the UK experience over the last 20 years [12]:

· Starting with the 1991 Gulf War, the increased tempo of actual operations that the new environment brought with it led rapidly to a revival in direct OA support to frontline commanders.  The now ubiquitous laptop computer featured strongly in this development.


· Working closely with colleagues, both military and civilian, in the policy and planning branches of the Ministry of Defence, we put a great deal of effort into establishing a coherent approach to specifying, controlling and using multiple scenarios as a basis for our analysis.  As well as calling up many ad hoc methods, this has given a new lease on life to our use of linear programming for formal optimisation across a scenario set.


· Our use of simulation changed its character in many respects:  


· increasing computer power reached the stage where we were able to use it to make simulations easier to use and understand, not just more complex;


· using a number of new approaches, we were able to develop war-fighting simulations to address the more fluid battlefield [13] and to model command and control [14];


· often using commercial desktop packages, we used simulation for a wide range of new, or revived, applications, not just combat modelling.  For example:  deployment of forces to theatre;  logistic supply chains and associated information systems;  equipment maintenance;  recuperation after operations;  information processing systems;  casualty evacuation chains and the operation of field hospitals.

· We made some first, rather modest, steps towards addressing infrastructure and personnel planning issues.


· Last but certainly not least, we tried to tackle the influence  -  ‘hearts and minds’  -  issue (of which more below).  


It can be seen, therefore, that modern analytical methods and models can address, and have addressed, many of the issues that arise in the defence transformation that NATO nations are engaged in.  But where is our toolbox deficient?  What are the challenges?  The first one that I want to discuss is the last bullet mentioned above:  the influence issue.


3.0
FUTURE CHALLENGES


3.1 
Challenge #1 :  Understanding Influence

It is now generally accepted that if we want to relate the outcome of peace support and counter-insurgency operations to the military resources that we use and the way in which we use them, then we are highly dependent on understanding (modelling) human perception and behaviour and the ways by which they can be influenced.  Depending on the problem in hand, this may mean the perception and behaviour of humans in any one or more of a very wide range of circumstances and combinations:  individuals, crowds, military units, factions, regimes, populations.

In the UK we have adopted a multi-pronged approach to this issue.


· We have widened the analytical discipline base:  the Dstl Strategic Analysis Group now includes psychologists, anthropologists, sociologists and graduates in strategic studies.


· We have developed our exploitation of historical and current operational data into this new area.  This has certainly been useful in, for example, reaching broad conclusions about factors affecting success of CT/COIN [15][16].  However, we should like to achieve much more pull-through from current operations.

· We have used experimental gaming, where we try to provide participants with sufficient ‘wrapping’ to enable them to play out of their own personality and culture [17][18].

· We do our best to keep up with possibly applicable theoretical approaches, such as complex adaptive systems theory, and with what other nations are doing in this field, through activities such as the SAS-074 task group.

Nevertheless, although progress has been made, we recognise that we still have not cracked the problem in a really substantial way.  What are the prospects for doing much better?  The challenge is a major one, since, to put it colloquially, “we’ve been trying to work out how the other guy ticks for millennia” and have not succeeded very well.  There are many reasons for this:  humans come in an infinite variety, as far as their experience, beliefs and priorities are concerned;  in any given real-life situation there are innumerable, unobserved (perhaps unobservable) contextual variables which may well be crucial in determining how people react;  and whatever assessments we might make can be upset by chance events over which we have no control.


The questions therefore arise:  What if we can’t predict human perception and behaviour?  Where does it really matter?  More specifically, does it matter for analysis to support transformation?  Let me be potentially provocative here and say that perhaps it does not matter quite so much for force structure and capability acquisition problems, which are, of course, among the main issues in planning defence transformation.  My rationale in suggesting this is that we cannot do everything by influence, so we shall inevitably need a range of lethal and non-lethal force at our disposal.  Our focus must therefore be on providing options which enable commander to deal with variety of events and human responses.  To identify such options we can draw on past experience about the sorts of situations that have arisen and the sorts of options commanders needed;  and we can use gaming, which is good at exposing possibilities even if it is not very good at prediction.  But we do not need models that can predict the outcome of actions in specific, hypothetical situations.


My thesis is, therefore, that achieving the right sort of influence is not so much about what you have in the way of capabilities but how you choose to use them in specific circumstances ‘on the day’.  What this means is that understanding influence is crucially important when trying to provide analytical advice to commanders in planning and executing operations.  However, this is not directly a transformation issue and is therefore a discussion for another day, but I will remark that there is an advantage in having a real operational context that is specific and (in principle) data-rich, rather than one that is generic with lots of unknown but important parameters.   


So if, as my thesis suggests, analysis of force structure and capability acquisition issues is not greatly dependent on our ability to model influence, are there other transformational issues that do require us to understand influence better?  I believe that there are and that they are doctrine  -  how we plan to go about operating in the new environment  -  and training  -   how we train our people to give reality to that doctrine.   I suspect that the more important of these is training.  If commanders and the personnel under their command are going to operate effectively in the new environment, they must be comfortable with the idea of considering both the physical and the influence aspects of their proposed actions.  This is a really fundamental change from the old attritional, Cold War days.  


We must therefore think more clearly where influence modelling really matters and focus our efforts in those directions.  My firm belief is that, in the absence of a theoretical breakthrough, we must continue to try to make the most of empirical data from ongoing operations. 

3.2
Challenge #2 : Training

Having raised the issue of training in this particular context, I now want to generalise it.  I believe that the whole training enterprise is still a big challenge for analysis.  Training, retraining if you like, is critical to transformation, but we analysts seem to be able to offer relatively little insight into the key training questions:  how much is enough;  the trade-off between investment in training and investment in other lines of development;  the trade-off between live and synthetic training;  what factors affect the value of training, whether live or synthetic;  the significance of skill fade and the value of experience;  and so on.   Training is, perhaps, the line of development that offers the greatest challenge to analysis in terms of what we feel we could do, compared with what we have been able to do.  


3.3
Analytical Support to DLoDs  -  An Overview

In the light of these comments, it is interesting to put together a table that attempts to compare the potential contribution of analysis with current analytical capabilities for each line of development.  The result is shown in Table 1.  Reflecting what has been said above, training is in the high-potential, low-capabilities box.  No attempt will be made here to discuss all the assignments made:  they are best regarded as an interesting basis for discussion.  But I believe that personnel also scores high potential for a contribution from analysis, but with analysis capabilities still less than we would wish.  The high-potential, high-capabilities box is, of course, occupied by equipment and logistics.


Table 1:  Potential contribution of analysis to understanding seven of the Defence Lines of Development, compared with current analytical capabilities

		POTENTIAL CONTRIBUTION OF ANALYSIS

		HIGH  

		Training

		Personnel

		Equipment


Logistics



		

		MEDIUM  

		Doctrine

		Infrastructure


Information

		



		

		LOW  

		

		

		



		

		LOW

		MEDIUM

		HIGH



		

		CURRENT ANALYTICAL CAPABILITIES





The reader will probably already have observed that there is one line of development missing from Table 1, namely organization.  I was not at all clear where it should go.  It is important not to confuse organization with force structure.  A lot of good analysis is undertaken to advise on force structure, in terms of what force elements are needed at what readiness to meet the needs of defence policy, at either national or NATO level.  But, even here, we tend not to look very much at how the overall force structure should actually be organized, as distinct from what it consists of or specific management issues such as deployment cycles.  In any case, force structure is very far from being the whole of a defence organization.


3.4 
Challenge #3 : Putting it all Together

These considerations therefore led me to my third challenge:  “putting it all together”.  If we are making changes across the lines of development, as we are in carrying through a defence transformation, then we are likely to want to look at each in some detail, with specific, tailored models.  But, in the end, we want to achieve a single coherent defence posture, a single coherent defence organization.  This is not just a military organization, of course, but one which starts with top-level political direction and includes a wide range of both military and civilian elements, bringing together policy-making, finance, acquisition, operational planning, and so on, in a coherent and efficient manner. 


I am not sure that we are very good at taking this holistic view and assisting our senior political and military decision-makers in this final synthesis, although I know that some of the other papers in this symposium will address it.  Perhaps we can learn from some of the so-called ‘strategic OR’ that goes on in the commercial and industrial sectors.  But, in any case, I think that it’s a major challenge that we can too easily forget.


3.5
Challenge #4 : Making a Difference  –  Engaging the Senior Decision-Maker

This paper was originally going to end with Challenge #3 above, since “putting it all together” did indeed seem an appropriate end-point.  But my mention in the preceding paragraph of the really key players in transformation, namely our senior political and military decision-makers, suggested one further, overarching challenge.  Discussion of models and methods is all very well, but if we want to make a difference then we have got to engage the attention our senior decision-makers and to convince them that we have something useful, and usable, to say.   In other words, they have got to ‘buy into’ our analytical efforts. 


If we are going to achieve this, then we have both longer-term and shorter-term challenges.  First, we have to create a receptive environment for the use of analysis, in which decision-makers have been encouraged, and not disappointed, in the belief that we have something useful to say, and in which trust can build up.  Inevitably, this takes time.  Then, in addressing the topic of the moment  -  whatever it is  -  we have got to understand rapidly the issues as they are seen by the senior stakeholders;  scope and structure our analysis appropriately;  make sure it is ready when it’s needed;  and communicate it in the right way.  If we don’t, then we are wasting our time, however technically sound our work might be.  


So this is my final challenge:  how to engage senior decision-makers with our analysis and ensure that it’s of value.  I suspect that this is the biggest of them all, so is an appropriate point on which to end.
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� 	A note on terminology is in order here.  Usage of the terms ‘operational analysis’ (OA) and ‘operational research’ (OR), for what is essentially the same activity, varies across the NATO nations.  In the UK defence community ‘OA’ has been used in preference to ‘OR’ since the mid-1960s.  This paper will broadly follow this usage, reserving the ‘OR’ label for the original activity that developed before and during World War II and referring to ‘OA’ thereafter.


� 	Monte Carlo methods had been used in the atom bomb project and their use was not necessarily dependent on the availability of a computer.  A RAND Corporation book, A Million Random Digits with 100,000 Normal Deviates, published in 1955, proved a best-seller as an aid to ‘manual’ application of the Monte Carlo approach.
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ABSTRACT


This paper is about Bulgarian Armed Forces’ participation in current NATO led crisis response operations. In the introduction the author depicts contemporary global challenges for predominance of NATO member states and most obvious concurrent actions to meet and solve them according to statements of NATO leadership. Afghanistan is most complex challenge that NATO faces today and that is why NATO is concentrating a tremendous effort to cope with it. The author renders some retrospection of Bulgarian participation in PKO and NATO operations buck in recent history. He also provides with some information about current participation of Bulgarian units to NATO led CRO. At the end of the paper he shares some problems that the Bulgarian Ministry of Defense and Defense Staff face and some lessons learned from the operations. That concludes his paper.

1.
INTRODUCTION


It is a distinct honor and privilege to address a forum of so pronounced participants like that. 


My name is Peter Dimitrov and I work for the Rakovski Academy as a research analyst.


In the next 20 minutes I will try to introduce you to the Bulgarian Armed Forces’ participation in current NATO lead crisis response operations. In my presentation I will focus attention on some history of Bulgarian participation in NATO and other international organizations’ operations, and our current contribution to Alliance’s operations. 


Dear Chairman, ladies and gentlemen, 


Technological revolution and globalization have brought Today we new challenges that mankind faces today. Increased industrial production and harmful emissions to atmosphere are degrading constantly our environment and are exhausting at a hectic pace worlds’ natural resources. Our countries are facing grim energy deficiencies and some of them are becoming more and more energy vulnerable, and dependent. Within this pessimistic landscape we have been facing for quite a long time asymmetric threats like international terrorism, religious extremism, highly technological threats like cyber threats, missiles strikes(either conventionally or WMD armed) threats and so on. Nowadays terrorist organizations can conveniently use worldwide net to connive their wicked plots against the modern world. As Ambassador Vershbow said in his speech at the Conference of the NATO Defense Ministers in Bratislava on 22nd October, 2009: “Poor governance and festering extremism far beyond NATO borders can have deadly implications for the security of our own populations”
.

In order to protect our home countries from such threats we need to look for them far beyond our territorial borders. That’s why NATO countries are developing a new strategic concept that will be an instrument for the Alliance to most successfully meet and solve those challenges. 


The situation in Afghanistan has created the most complex challenge for NATO and has put the credibility of the Alliance at stake. In order to answer challenges for ISAF and our partners over there, participants in London conference on Afghanistan in January decided to increase level of troops and to stay there until goals of operation are achieved
. We all hope that there will be a time soon when ANSF and the Afghan Government will take the lead in this operation and NATO forces, and other international players, and NGOs will play a supportive role.


Bulgarian government and our military leadership have staunchly supported NATO policy in Afghanistan, deployed Bulgarian troops to the area of operation and have gradually increased participation from small in the beginning to significant for our scale right now. Our participation in numbers and resources has multiplied more than ten times.


2.
HISTORY


Bulgaria joined international efforts to support international peace and security in 1992. This was the first time after the fall of the Iron Curtain when our Government sent troops abroad to join UN operation in Cambodia. Two infantry battalions 850 men each took part in UNTAC. The mission started in June, 1992 and ended in September 1993. Following this mission we took active part in UN, NATO, EU peacekeeping activities to enhance international security environment.


We joined PfP in 1994, became NATO member in 2004, and EU member in 2007. Since then our foreign and security policy is oriented toward contributing to the Alliance’s aspirations for improving Euroatlantic security and spreading peace and stability all over the world. This said we are giving our share to produce stable international environment in the Balkans, Europe and in many hot points throughout the globe.


ISAF Operation in Afghanistan

In response to heinous terrorist attack on 9/11 2001 the international community stood firmly by the USA and unanimously supported the US administration in its consecutive efforts to recover from the strike and produce countermeasures in neutralizing further terrorist threats. For the first time in history of the Alliance NAC activated Article 5 of the Washington Treaty. The UN Security Council adopted Resolution 1386 dated Dec 12, 2001 to authorize concrete measures in fighting Al Qaeda terrorist organization. Following this resolution Bulgaria signed the Memorandum of Understanding for ISAF buildup in London in January 2002. 


The National Assembly of the Republic of Bulgaria voted a unanimous decision to include the country in ISAF and to contribute to the operation by a platoon size consequence management unit. Hence we started our participation in the ISAF operation by a 32 men strong platoon on Feb 16, 2002. The platoon deployed within the frame of the British component nearby Kabul. The consequent management platoon conducted its mission until August 2003. Upon change of situation in Afghanistan its mission was discontinued and it was replaced by an infantry mechanized platoon. 


In summer of 2004 a Mobile Training Team (MTT) were also sent there to contribute to Afghan National Army training. There were three teams of 18 instructors each that conducted training within TF PHOENIX of operation Enduring Freedom.  


In 2005 HQ of the SEEBRIG
 took part in ISAF operation for six months. It was commanded by a Bulgarian brigadier general, and there were 11 more Bulgarian military personnel in the HQ. An Air Traffic Control contingent 70 men strong from the Bulgarian Air Force was in charge of Kabul Airport for 3 months in 2006. 


Following Riga Summit in 2006 and new commitments taken by all NATO member countries our government took a decision to significantly increase participation into the operation by a mechanized infantry company. 


On Sep 2008 the UN Security Council issued Resolution 1833 that extended mandate of ISAF. Consequently it was done two more times. 


In order to further contribute to ISAF efforts to normalize the country we increased our troops there by another company and a guard platoon. Thus by 2008 from mere 32 men strong contingent at the inception of ISAF our troop level in operation reached around 530 personnel.


By the beginning of March, 2009 constitution of the Bulgarian Armed Forces’ force in Afghanistan was as follows.

Regional Command CENTER (RC-C)


· A Mechanized Infantry Company;


· A Guard Platoon;


· A Military Police Squad;


· Staff Officers;


· A Medical Team within the French Military Hospital.


The Mechanized Infantry Company within the frame of the Italian Battle Group conducted escorts, day and night patrolling, protection and securing of base INVICTA, and maintaining a platoon size QRF with 15 minutes notice to act. In October 2009 its mission was discontinued and it was reissued a new mission.

The Guard Platoon was executing tasks on securing and guarding base WAREHOUSE, and convoying and escorting elements of German Logistic Component. In October 2009 its mission was discontinued.


ISAF HQ and RC-C HQ staff officers, MP squad within the Croatian MP company conducted tasks in accordance with their duties and responsibilities, SOP, and ROE for the mission.


Regional Command SOUTH (RC-S)


· A Guard Company;


· An OMLT.


The guard company conducted its tasks on securing the inner perimeter of the Kandahar Airfield.  It was performing its tasks by 24/7 duty on the observation towers, maintaining constant readiness, guarding and protecting Entry Control Point 4 by a platoon size unit, keeping in constant readiness of a platoon QRF with a 15 minutes notice to act, demonstration of force at ECP3 and ECP 4, and maintaining readiness for terrain illumination by a mortar platoon. 


The first OMLT deployed in the beginning of 2009 to Base LINDZEY which was situated within the inner perimeter of Base HERO, Kandahar. The OMLT was detached to Logistic Battalion HQ and it consisted of equal number of Bulgarian and US soldiers. 


The OMLT was in charge of organization and execution of ANA military formations and staff officers training. It was also taking part in unit exercises and real tasks execution. Together with units from ANA the OMLT conducted joint exercises with the British Guard Unit. The team organized, liaised, and coordinated all activities between ANA and ISAF. It also organized reception and distribution of humanitarian aid for local population.

Regional Command WEST (RC-W)


· Two medical teams within the Spanish Military Hospital.


The medical teams, deployed in the Spanish Hospital in Herat, and the one in French Hospital in Kabul carried out routine roster duties and performed operations on their own or in collaboration with other international medical teams. They took care not only for ISAF personnel but also for the local population.


Regional Command NORTH (RC-N)


· We contributed to the Hungarian PRT with two commissioned officers.


In 2009 our Government discontinued missions of the guard platoon and participation in the Hungarian PRT.  


SFOR Operation in Bosnia and Herzegovina

Bulgarian Armed Forces have been taking part in operations in B&H since June, 1997. We started with an engineer platoon 38 men strong. Till 2001 there were 9 platoons rotated. In November 2001 the engineer platoon was replaced by a mechanized infantry platoon. A Bulgarian transport platoon within the logistic group HELBA was contributing to the operation in the period of July, 1998 to January, 2001. From January, 2002 to December, 2004 a Guard Company 100 men strong took care of security and protection of SFOR HQ, and upon transition of responsibilities to EUFOR operation ALTHEA this company has still been conducting the same task for the EUFOR HQ. 


KFOR Operation in Kosovo

Bulgarian Armed Forces have taken part in KFOR since the beginning of 2000. We deployed an engineer platoon within the composition of the Dutch contingent. After withdrawal of the Dutch contingent, the platoon was detached to a German engineer company. The platoon was conducting tasks on housing construction for local Albanians, maintenance, repairs and reconstruction of water supply, electric supply and miscellaneous infrastructure systems. They also contributed to fortifying civil and military facilities, took part in CIMIC projects, and performed routine duties in MNTF-S. Bulgarian Armed Forces also contributed to the operation with staff officers to KFOR HQ.

A Mobile Training Team conducted tasks on planning and preparation of Kosovo Forces training activities.


Since December 2009 missions of engineer platoon and MTT were discontinued and they redeployed. 


NATO Training Mission in Iraq


We took part in this mission with two commissioned officers.


NATO Naval Operation in the Mediterranean ACTIVE ENDEVOR

Since 2006 Bulgarian Navy has taken part annually in operation ACTIVE ENDEAVOR to counter and hamper terrorist activities in the Mediterranean basin. The Navy participated in the operation with a frigate. 


Operation Iraqi Freedom


Beside NATO operations Bulgarian Armed Forces took part in stabilization and reconstruction operation phase of operation Iraqi Freedom. Five infantry battalions consecutively took part in the operation from 2003 to 2005. Situation demanded for the coalition of the willing there to shift attention and efforts, so that we discontinued this mission and took over security of Refugee camp in Ashraf from 2005 till 2008, and consequently a guard company contributed to security and protection of another internment facility until the end of 2009.


3.
CURRENT OPERATIONS


Currently we take part in ISAF by the following units and missions.

Regional Command CENTER (RC-C)


· A Mechanized Infantry Company;


· A Military Police Squad;


· Staff Officers;


· A Medical Team within the French Military Hospital.


In the beginning of October 2009 the mechanized infantry company deployed for new operation to FOB PHOENIX and took over new mission to secure and guard the ground zone of Kabul Airport. The company was detached to Multinational Force Protection Group. The company is tasked to conduct security and protection operations of Kabul Airport ground zone. It is also tasked if needed to be ready for execution of riot control operations and support of law and order in the area. The company also maintains regular duties at FOB PHOENIX, FOB KAIA and OP SHIPKA. 


There is no change of mission for the MP squad, staff officers at ISAF and RC-C HQs, and medical team at the French Military Hospital.  


Regional Command SOUTH

There is no change of mission for the Guard Company. It is in charge of security of Kandahar Airfield. It conducts guard tasks there, and also maintains RRF, and illumination of the perimeter if needed.


The OMLT is performing training of ANA. Now it is 20 men strong team. It is planned for the team to be further expanded for the next rotation up to 22 Bulgarian commissioned officers.


Regional Command WEST


There are two medical teams 5 personnel each in the Spanish Military Hospital in Herat. They perform routine duty rosters, and take care not only for the military from ISAF but also for the local population.


KFOR CURRENT OPERATION

There is a MTT of 16 military personnel strong of that contributes to training of Kosovo Defense Forces. There are also staff officers at KFOR HQ.

NTMI


We contribute to NTMI with two commissioned officers that perform staff duties there.


ALTEA

Bulgarian Armed Forces participate in the operation of EU in Bosnia and Herzegovina with a guard company which is in charge of security of the HQ. It is envisaged that this year their mission be discontinued.


To conclude with this chapter I would like to inform the auditorium that currently we contribute to ISAF by 530 military personnel as follows:


· RC-C-212 military personnel;


· RC-S-309 military personnel;


· RC-W-9 military personnel.

The Minister of Defense of the Republic of Bulgaria announced recently that he and Defense Staff are considering increasing our troop level to ISAF by another 100 personnel by the end of this year. They have been purporting a further improvement of our contribution to ISAF by consolidating our units as a single battle group within one garrison. This will happen when conditions are favorable to reshuffle units.

4.
LESSONS LEARNED

In the course of participation in operations abroad we have experienced some problems. There are significant amount of forces, equipment and resources that we devote to these operations so that we must subtract huge amount of funding from our military budget. Another problem that we have struggled to solve is the mere distance of the AOR from home stations of the deployed units
. It makes it difficult for our commanders and headquarters to supply and support deployed troops in timely manner. Our leadership is trying hard to obtain reasonable airlift capabilities in order to deploy self sufficiently forces and resources. At the moment we still have some deficiencies in this field. We believe that perspective of using allied airlift capabilities with regard to C17 airplanes will resolve this need. 


There have been difficulties for our troops to cope with to include factors like climate, local culture, religious idiosyncrasies, and language proficiency of the enlisted personnel, but we have learned our lessons and currently we are organizing training in such a manner that these factors do not hamper significantly mission accomplishment.    


The Bulgarian Armed Forces have gained a significant experience in operations for support of international peace and security for the last 15 years. We have improved a lot our legislation concerning deploying troops abroad. Now it allows our leadership to deploy organizational units instead of mixed ones as it used to be before. We have also improved a lot all processes in a mission cycle: selection of personnel, training, testing and validation and overall preparation for the mission. What is more, we have improved not only in tactical and operational terms but also in strategic manner. Nowadays more and more levels of the Government are involved in strategic and operational decision making. Participation in NATO lead crisis response operations has transformed to a comprehensive State mission with a great importance that everybody pays very close attention. 


We have achieved significant improvement in equipping the troops for PSO. New clothing with improved protective and thermal features was provided. The personnel is geared with stronger and lighter armored vests, better night vision goggles, and night aiming sights, personal web gear and all gadgets necessary for the soldier.


Transportation means have become also better now. We broadly use 4D high mobility multipurpose vehicles, APC and transport trucks. They ensure better protection for personnel and higher reliability in operations. 


We concentrated attention on gathering, analyzing, storing and disseminating lessons learned from operations. In this respect we intensively use NATO LL Database, and some other allies’ ones. To this end we are working intensively on developing our own LL Database that accumulates national experience in operations but also includes applicable allied experience as well. 


5.
CONCLUSION

To conclude my presentation I would like to reiterate that the Bulgarian Armed Forces has improved a lot and gained significant experience in NATO led crisis response operations. As a staunch ally we support all activities that contribute to consolidation of international peace and security. We have learned our lessons from all these operations and intend to further improve our capabilities in order to support all decisions and actions of the Alliance concerning support to global security.
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1. 
About transformation


The armed forces are changing all the time depending on new tasks, lessons identified, new technologies which could be used etc. A transformation process is always going on.


The word transformation has however, since the end of the Cold War got a somewhat more specific meaning e.g.:


· Transformation concerns structural changes of the armed forces during a period of rapid adaptation to new conditions (Garstka 2005).


· Transformation concerns a period when you change the main task of your armed forces from defending your territory to expeditionary tasks. Changing the defence structure is often necessary e.g. a transition from a compulsory conscript system to an AVF. (Haine 2005; MILITARY BALANCE 2010:103; Moore 2003:2; Witney 2008) 


· Transformation concerns a period when networks become an important enabler in the armed forces.


Even if all of the above mentioned possible interpretations are of interest for the case of Sweden a more humble approach has been chosen namely why and how have the Swedish armed forces been changed since the end of the Cold War.


2. 
An introductory note concerning factors influencing on transformation


There are several factors influencing on the direction and speed of the transformation process. To my assessment and in order of importance the key factors are the following:


· The legacy. Only a small share of the total defence capital (personnel, materiel,…) is renewed annually. In combination with long term binding contracts the legacy sets important limits for possible speed of change.


· The political guidance and decisions. In Sweden these come from the Parliamentary Defence Committee (all political parties take part), the Government and the Parliament.


· The Armed Forces HQ. Starting from the political guidance the HQ propose more detailed plans.


· The analytical community which gives support both to the political level and the HQ.


A few words should also be mentioned about sources:


· The main sources concerning what happened within the Swedish Defence during the period 1990-2009 are of course different publications from Sweden (mostly in Swedish). Moreover the author of this paper has been working at FOI during the period and has got a personal insight into parts of the transformation process.


· The Swedish defence and defence debate does not exist in a vacuum. There are many influences in several dimensions from abroad. References are for this reason also given to international publications.


3.
The legacy


For good and bad you do not start your transformation from scratch. You have a legacy which is very important for time and resources needed for a certain transformation. There are several aspects of the legacy to take into account.


· You can have a force structure in your legacy which could be close to the new structure you want or it could be distant.


· The legacy consists of physical entities like platforms, weapons, personnel, buildings, land etc.


· Associated with the physical entities there are also bindings for the future. One example could be contracts with a defence industry concerning deliveries and/or maintenance of materiel. Another example could be the possibilities to ge rid of personnel or change a compulsory conscript system.


· Parts of a legacy are also processes (e.g. acquiring processes for military materiel), laws and regulations.


· Less tangible but still important are different aspects of culture (“in Sweden we have always done it like this….”)


· Culture does not necessarily have to be a problem e.g. a culture positive to change can facilitate transformation.


A short historical background for the legacy built during the cold war period:


As always in history there are controversies. It must be stressed that this background is my interpretation. Sweden was not well prepared for WWII. We did not have a strong military defence. Neither did we have a sufficient defence industry for our needs. There were important lessons learned from the shortcomings.


After the war a Scandinavian defence alliance was discussed (1948). It stopped however by discussions and when NATO was agreed upon 1949 Denmark and Norway joined but not Sweden.


The Swedish Defence during the Cold War period rested on four principles “pillars”:


1.
Sweden should be non-aligned in peace-time aiming at being neutral in case of war (the so called neutrality policy)


2.
Sweden should have a “total defence”. The “total defence” concept meant that all societal functions should support our defence. They should be prepared for these tasks.


3.
Sweden should have an indigenous defence industry capable to develop and produce most of the system needed for the Swedish defence.


4.
A compulsory conscript system.


During the Cold War it was considered important that the defence had a strong support by the Swedish people. The points above plus presence of the defence in most provinces of Sweden contributed to this.


The Swedish defence was built on these principles during the Cold War period. The bild-up started during the WWII. After the Cold War there has step by step been made changes.


Sweden had during the Cold War competence to develop and produce systems as e.g.:

· 
AA artillery and missiles


· 
Anti-armour systems


· 
Howitzers


· 
Armoured vehicles


· 
Surface vessels


· 
Submarines


· 
Minesweepers


· 
Mines


· 
Costal artillery


· 
Aircraft


· 
Air-to-surface missiles


The Swedish Government was responsible for the survival of the indigenous defence industry.


Planning was made in a way that made continuous development and production possible.


Only a minor part of the total production of defence materiel was exported during this period.


Towards the end of the Cold War period some difficulties with the defence industry and conscript system pillars showed up:


· 
Increasing costs for new generations of weapon systems in combination with defence budgets which were not increasing created stretched out development and production cycles.


· 
The compulsory conscript system gave a large army by numbers. It became more and more difficult to arm the soldiers properly.


During the seventies the non-commissioned officers were abolished from the Swedish Armed Forces. Age of retirement for officers was successively increased to about 60 years of age. Due to Swedish labour legislation for officers they could not be fired.


After the WWII not only an indigenous defence industry was considered important but also research for the military sector.


· 
1944 an Aeronautical Institute was founded (FFA).


· 
1945 a Defence Research Establishment was founded (FOA). The roots of this establishment was a military-chemical institute (protection against C-means), a military-physics institute (dealing with anti-armour e.g.) and an institute for electronics (radar mainly). A department for studies and planning was decided in 1958. In 2001 the National Defence Research Agency (FOI) was created through the merger of FFA and FOA.


These institutes were financed by the Government by appropriations. They were problem orientated. There was an important impact from the customer (the military defence) on the selection of problems to be handled.


During the Cold War period there was a consensus (among major political parties, in the public opinion) concerning the most important threat towards Sweden’s security. It was a major attack from the WP/SU. Most of the defence resources were allocated to the military defence. We had however also an ambitious civil defence in accordance with the “total defence” concept. There were shelters for the civil population and stocks of strategic goods (in case of problems with export/import). Swedish units served in UN peace keeping missions during this period. Economically these missions were however not a heavy burden.


The Cold War period can be characterised as a period of stability and continuity. This is valid both for the threat and for the defence (including ways to produce the defence).


Assessment of the legacy considering the need of change after the Cold War


Personnel:


· 
The Swedish labour legislation for officers has made it difficult to adapt (number, age structure) to changing requirements


· 
The compulsory conscript system has given good opportunities to recruit qualified soldiers. It is however not well suited for larger number of soldiers taking part in international operations on short notice. It is not compulsory to take part in these you have to be a volunteer. It is also a political problem to talk about a compulsory conscript system when only ~20% of the male population or less do their service.


Materiel:


· 
Binding contracts, tacit agreements etc have resulted in deliveries of materiel up to about now. An extreme example is the Swedish fighter aircraft (JAS 39 Gripen) which was decided on 1982 (development). It has been delivered up to now and has constituted 1/3 of the materiel acquisition outlays in the post Cold War period.


· 
Most of these Cold Wars system could be used but the numbers (e.g. aircraft), the size (Corvettes) and the timing have not been optimal.


· 
The materiel acquisition process in general is more suited for a slowly changing force than an agile process for more sudden needs in international operation.


4.
Strategic directions


4.1 
Awaiting for a “New World Order” 1990 – 1999


One important factor influencing on the time to change defence concept after the end of the Cold War was the geographical distance from the Russian border. States closer to the border were more cautious before changing priorities from defence towards a Russian attack. Sweden is rather close to Russia so it is understandable that it took ten years to state that Russia was not a threat against Sweden (at least not for the foreseeable future i.e. at least a decade).


During this period it was not however a question of a grand attack from Russia towards Western Europe. It was more problems of different types emanating from an empire in decay.


There were of course great uncertainties concerning the problems which could arise.


The Swedish defence policy was focused on keeping a guard against a not well defined (neither the time, nor the type) potential threat.


Territorial defence and crisis management were considered important. The basics of the Swedish defence (non-aligned, indigenous defence industry, compulsory conscript service) were not changed. 


The volume of the Swedish Armed Forces was however reduced during the period. A key-word during the period was flexibility and above all adaptability. The uncertainties in the tasks should be met, by an ability to adapt. Adapt by changing the volume of defence and/or the type. Options which could be used in a need of change situation became important and should be created. To get and react on early-warning signals was a part of the concept. The idea of adaptability is in principle good (compare the British “Green Paper” MOD.UK.2010). There were however some “practical” problems.


· an easy way to keep options was to keep part of the personnel and materiel on a lower level of preparedness. This could be a good idea in certain cases but it was probably used to often.


· it was not so easy to create options in the form of new units and systems. It is difficult to just keep it as an option or to develop it enough to be used rapidly.


· there seems to be difficulties (not tested in reality) to read rightly weak signals in noise and at least to politically react on these signals. When you have a real crisis you cannot miss it but then it is to late to use most of the prepared options.


4.2 
Strategic “Time-Out” 2000 – 2004


In the report from the Parliamentary defence committee (Ds 2001:44) and the Government bill from the first half of 2000 the threat against Swedish territory was assessed to be low (incidents) for the foreseeable future (up to ten years). What was needed from the Swedish Armed Forces in the near and middle term was a defence against incidents and some units which could take part in international operations.


In the Armed Forces HQ (and their long range planning) the interpretation of the political guidance was “a strategic time-out” i.e. a period of at least ten years which should be used to transform the Swedish defence adapted to new future threats.


In the late nineties, contacts had been taken between USA and Sweden concerning RMA (Pentagon/Net Assessment etc). The next buzz word was NCW. With great enthusiasm the NCW-concept (called NBF in Swedish) should be used to transform the Swedish Armed Forces in 10-15 years time. An ambitious study activity started (including demonstrators, experiments etc). New technical systems were not the only components studied (organisation etc was also included). Still it is fair to say that the main driver was technology push (ICT primarily).


From the policy change of the year 2000 there was no longer a state or states singled out as the threat. Instead it was said that the political will to have certain capacities should be included in the force structure. The Swedish NCW and control by capacities was not really a success (probably no consensus concerning this) depending on:


· You did not have concrete examples of threats and tasks. To construct defence structures from generic antagonists is seldom successful. (Boot 2006; Kagan 2006; Murray and Knox 2001). You could imagine that NCW should have meant improvement for the Royal Swedish Navy during the Cold War but not for the Army in Afghanistan.


· There were problems to take the steps from power-points to products. Not much of the NCW-activities ended up in defence materiel. (FMV 2010).


· The human behaviour was not taken into consideration enough. If a Homo Sovieticus was necessary to make the Soviet Union work a Homo NCW should have been necessary to make the NCW defence work.


· Cost aspects were not enough taken into consideration.


· To summarise about NCW: many studies were performed during the 2000-2004 (2009) period in the spirit of NCW but little had an impact on the development of the Swedish Armed Forces structure.


· The idea that the political will (should) decide in capacities could function in the area of the Swedish contributions to international operations [(e.g. contributions to the EU Force Catalogue (HHG)].


· In the end the political level should decide about capacities but they must have support for this. Without any serious studies concerning possible tasks and as a follow-on units special interests, lobbying etc will dominate.


· A few words about the impact of 9-11. It was considered to be an important incident and Sweden gave support to the USA in Afghanistan (SF to begin with, and later on army units) but it did not have a great impact on the force structure. Within Sweden it was decided, after some discussions, that the responsible for counterterrorism within Sweden was the police. If needed the police could ask for military resources, then under police command. The incidents in Madrid (2004) and London (2005) strengthened the EU counterterrorism co-operation; mainly concerned was the civilian side. Counterterrorism outside Sweden however was a military task. This was seen as a part of international operations which were increasingly considered to be of importance. Counterterrorism was not the only argument for international operations however.


4.3
Crusades 2005 – 2008


The period of the policy of a long-term restructuring (buzz words: NCW and TRANSFORMATION) was followed by a period of near-term interest of taking part in international operations. An especially visible part of this was the first Swedish responsibility for an EU Battle Group (NBG) in spring 2008. New buzz words succeeded NCW and TRANSFORMATION namely EBO and CA later on also EXPEDITIONARY OPERATIONS. The EBO concept was not really helpful in Afghanistan or elsewhere.


The problem with the expeditionary operations concept was among other things the lack of strategic airlift (e.g. for the NBG). This was not unique for Sweden but still a problem.


Even if taking part in international operations was prioritised the volume (number of soldier man-years) remained unchanged. (~900).


Two important policy changes were discussed during this period, concerning personnel and the materiel acquisition strategy.


The new government was not committed to the one type of officers system which was introduced in the seventies. They planned to reintroduce the non-commissioned officers. The compulsory conscript was not very practical for taking part in international operations. An AVF was studied and later proposed and decided upon (June 2009). The AVF should start in the summer of 2010.


The Cold War-period materiel acquisition process showed drawbacks during the post Cold War period. The long contracts and other commitments to the defence industry made the materiel planning rigid. It was impossible to make reallocations to new materiel which was not planned since a long time back. Especially for the international operations you needed new material on short notice. An agile acquisition process was needed. A policy change to buy as a first priority off-the-shelf was proposed and decided on.


Another idea which has flourished during the last couple of years is increased Nordic defence cooperation. In the midterm mainly to save money (Ljung 2007) but in the long-term also by coordinated operations. This cooperation is however not meant to replace EU and/or NATO cooperation but a complement.


It is too early to say what will be the real outcome of this initiative. It is however worth mentioning that even if the Nordic countries stand close to each other when it comes to values and societies in general they are quite different in their views on defence (Bailes 2007; Heurling Ed 2007).


So after almost twenty years since the end of the Cold War the structure of the Swedish Armed Forces had been transformed if not to an expeditionary operations structure to a structure which could serve as a good basis for the transformation to an expeditionary operations structure. Then came a little war that shook the world – the Russian attack against Georgia. (Asmus 2010).


4.4
Post Georgia 2008 –


There are several reasons for the Georgia war as:


· A hot tempered Georgian President and Government


· A more assertive Russia. (Zagorski 2009).


· A lack of constructive EU and NATO´s engagement in the Georgian case since the beginning of the nineties (including the handling of Kosovo and the NATO summit in Bucharest).


In the Baltic Sea region and elsewhere the Georgian war intensified a debate which had started earlier.


The debate concerned the following topics:


· How should Russia under the leadership of Putin and Medvedev be looked upon: as a partner in trade, counterterrorism, non-proliferation etc and/or a potential attacker.


· Could you trust the new NATO´s commitment to art. 5 of the treaty? There should at least be some contingency planning for the defence of the Baltic countries (and Norway).


· Could Sweden be involved in military operations in its neighbourhood (support to the Baltic countries and/or territorial defence of Sweden).


· Already in the Parliamentary Defence Commission report from 2004 a kind of “solidarity clause” was formulated. (Ds 2004:30 p 40).


“It is difficult to imagine that Sweden should take a passive stance if another EU Member State would be attacked. It is equally difficult to imagine the other EU Member States would not act in the same way”. This “clause” has been repeated since then in slightly different formulations (e.g. 2009):


“In the Statement of Government Policy, the Government emphasises that the security of our country is founded on community and cooperation with other countries. Sweden will not take a passive stance if another EU Member State or other Nordic country suffers a disaster or an attack. We expect these countries to act in the same way if Sweden were affected. We must be able to give and receive military support”. You can notice similarities with NATO art. 5 and the EU Lisbon treaty art. 42.7.


From the appropriation bill 2009. (Sw MoD 2009)


The main items of the bill are:


· The entire operational organization of some 50 000 people will be able to be used within a week after a decision on heightened alert. Today only around one-third of the national operational organization is equipped and prepared for an operation within one year. 


· All operational units will have the same capability for operations, in Sweden and within and outside our region. This means that the division now existing between the international force for operations abroad and other units will be removed. 


· According to the Swedish Armed Forces' proposal, 28 000 people will be in permanent and contracted units. 


· The Home Guard will be strengthened and will have a more important role in defending Sweden. The Home Guard will consist of a total of 22 000 people and will be part of the operational organization. Of these, 17 000 will make up the qualified national protection forces, who will be given better training and military equipment and will be under a service obligation even in peacetime. 


· An increase from three available man oeuvre battalions today, to eight tomorrow. This means more than twice as much availability. 


· Twice as much capability for peace-support operations. It will be possible to keep 1 700 people in continuous engagement in international operations. 


· The number of Gripen aircraft will be 100, of the C/D model. The number of new helicopters will successively increase. Main battle tank 122 will be retained and access to splinter-proof vehicles will increase. Artillery and anti-aircraft capability will remain of the same size as today. There will be seven corvettes, five of Visby class; the number of submarines in the operational organization will be retained. 


· Outside the operational organization, a reserve unit of four mechanized battalions will be available. 


· Personnel supply will be modernized so that voluntary participation will be the basis of manning the operational organization instead of compulsory military service. This will be required for greater functionality and availability, but also for the transition to permanent and contracted units. The officer profession will be changed, with more specialist officers who train and command troops and fewer people in staff and command functions. 


Question marks concerning a couple of the main items of the bill:


· All operational units will have the same capability for operations, in Sweden and within and outside our region”.


The problem is the very different type of task, enemy, terrain etc which you meet in Afghanistan or in the Baltic countries (as an example). You need different training, different equipment etc. As an example of difficulties you can take the Georgian battalion trained and equipped for service in Iraq and its problems against Russian armoured forces.


· “Twice as much capability for peace-support operations”.


An increase in the number of soldiers engaged in international operations has been announced several times during the period 2000-2009. There seems however to be problems to realize.


· “Personnel supply will be modernized so that voluntary participation….”


As often “the devil is in the details”. Laws and regulations have to be changed….


It remains to be seen if the quality and quantity needed could be recruited. 


(Santesson 2010).


5. 
Analytical support to the long range planning


Most analysts within our Agency have a general idea of a long range planning process which corresponds to NATO: document (NATO/RTO-TR-069 2003) (see also Foghelin 2007; Foghelin 2008) i.e. scenarios + structures + assessments through gaming and simulation + recommendations concerning strategy. In principle this kind of process existed within the Swedish Armed Forces until the end of the nineties. Then the ambitions decreased. Scenarios/security policy analysis were still there as well as future force structures with difficult emphasis (territorial defence, taking part in international operations etc). The ambitions to do gaming and simulation were however low. Possible reasons:


· There was no obvious adversary (the idea was to go from threat-based planning to capacity-based planning).


· The war gaming and simulation was considered (true!) time-consuming (military personnel + analysts) and expensive (investments in simulation models).


· There could be interests by special parties not to have an ambitious assessment.


Instead of much assessments several analysis were made concerning the buzz-words from the USA (RMA, NCW, EBO, CA, EXP. OP….) these reports can be characterized by


· More of an explaining than critical approach


· Little about what to do specifically in the Swedish Armed Forces (tactics, training, materiel…).


6. 
Reflections concerning the transformation of the Swedish Armed Forces since the end of the Cold War


The transformation in Sweden has been a process with many frictions. After twenty years there is still not a ready post Cold War defence. The main reasons for this are the following:


· A legacy of personnel, materiel, policies etc which only to a certain extent was of use. If you have a lot of resources you can throw away the part of the legacy not needed. After the end of the Cold War the defence resources decreased however. (Bergstrand 2007; Bergstrand 2010). Psychologically it is also difficult to change processes and culture which have served you well for a long time.


· Lead-times in the defence sector are long. If you change defence policy frequently and/or are unclear where you would go, things will not change. The Parliamentary Defence committees have not been very clear concerning priorities (Christiansson 2009). The reason is mainly that the reports are political compromises, depending on the fact that all parties are present; not only the parties in the Government. So priorities, although not very clear, have been shifting from long-term to near-term, from territorial defence to international operations, from buying materiel at home to buy from abroad etc. There is probably good reason for these changes but the fact remains that it makes it difficult to transform constructively.


· There has been an uncritical attitude to defence – policy buzz words. They have a lifecycle of some years. Initially the buzz words are looked upon as the salvation in a difficult situation. The Gloria is however soon fading away and not much has happened. The problems with the buzz words as with the policies are that they lack endurance. To this should be added that the buzz word were to a little extent used to prescribe in concrete terms what should be changed.


· It is difficult to get a momentum in the transformation process if you do not know where you are (S&W of today’s defence to today’s tasks) and where you should go (structures(s) for the future). Assessments have been lacking.


7.
Recommendations


· Try to keep alive a long term planning and study process, including alternatives, assessments by simulation and gaming….. Add to this a critical assessment of today’s capabilities.


Now and then politicians and/or generals and admirals stress here and now or see “the only solution” (sometimes a three letter combination but not always). In systems with long lead times (as defence) and uncertainties concerning “the environment” you as an analyst must plead for planning and studies even if you can have an understanding for the politicians and generals/admirals. (Foghelin /UI 2007).


· Avoid trend extrapolation and wishful thinking.


Two examples from the defence area could be the nature of conflict and the security of Europe.


For a long time international operations have been the dominant task for the west. State-state war is by many considered to be outmoded (Smith 2005). It is however a dangerous assumption. For several reasons the supply to international operations can decrease (Foghelin 2008) and or state-state war can return (DCDC 2010; Gray 2005)


· There is an (natural) tendency to avoid thinking about low probability - high impact incidents (Kunreuther and Useem 2010; Sunstein 2007). Especially for defence it is important to consider these. Europe is not very keen on military conflict any more (Sheehan). This could be dangerous if the rest of the world does not share the opinion that military means (war) should not be used (Delpech 2007; Foghelin 2009). We cannot always and for ever be saved by the USA (Mahbubami 2010; Shapiro and Witney 2009)


· New ideas and concepts should be taken into account. Even if they immediately are seducing they should not be a substitute for studies (Foghelin 2005). The new ideas and concepts should be transferred to tangible solutions and then tested in several dimensions e.g. economic feasibility, technologies available, personnel friendly and last but not least effective against an enemy using asymmetric means if needed.


· To be able to transform systems with long lead times you must have endurance. New ideas every second year or so will be expensive. The effectiveness will be low.
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9.
List of abbreviations


AVF
All Volunteer Force


CBRN
Chemical, Biological, Radiological, Nuclear


EBO
Effect Based Operations


FHS
Swedish National Defence College


FMV
Defence Materiel Administration


FOI
Swedish Defence Research Agency


HHG
Helsinki Headline Goal


ICT
Information and Computer Technology


MSB
Swedish Civil Contingencies Agency


NBF
(A Swedish version of NCW)


NBG
Nordic Battle Group


NCW
Net Centric Warfare


RMA
Revolution in Military Affairs


SF
Special Forces


S & W
Strength & Weakness


SU
the Soviet Union


WP
the Warsaw Pact
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Abstract 


Defence transformation and force levels are ultimately connected with assessments of the global future security situation. Frameworks and models that could help NATO define the future threats facilitate the delivery of tomorrow’s capabilities. The paper outlines a conceptual framework for assessing the risks of civil conflict and regime instability as a result of significant demographic growth.  As a case study it discusses the demographic situation of one of the most volatile regions in the world—the Middle East. The proposed framework is based on a correlation between several demographic stress factors, such as the ratio between young workers to all working-age adults, GDP per capita and unemployment rates. The presence of ethnic or sectarian tensions is also considered. The probability of demographic growth to result in regime changes or democratic reforms is assessed based on a correlation between the strength of the youth cohort and the regimes’ ability to retain power.


1.0
Introduction

Defence transformation and force levels are ultimately connected with assessments of the global future security situation. Frameworks and models that could help NATO define the future threats facilitate the delivery of tomorrow’s capabilities. One of the approaches to future security analysis is through the assessment of long-term structural changes in human society such as population growth or decline. Indeed, the impact of long-term demographic trends on security is recognized by many NATO defence and security institutions, including Canadian Department of National Defence (DND), the Ministry of Defence (MoD) in the United Kingdom, the Central Intelligence Agency (CIA) and the National Intelligence Council in the United States (NIC).
 The wars in Iraq and Afghanistan and the creation of the AFRICOM, has brought a renewed interest into the study of population changes as a factor in defence planning. Since 2006, the US Department of Defence (DoD) has acknowledged the role of demography in instigating conflict and encouraged its analysis into a comprehensive national security framework.
 Four aspects of changing global demographics are particularly relevant to defence planning – the predominantly youthful population structure and increasing urbanization in developing regions, increased international migration, and the effects of aging population and greater diversity in the developed nations on the military personnel.
 This paper will deal with the first two trends as precursors for regional instability and political violence. 


The crisis and risk paradigm holds that with time the information about a particular risk usually would increase, however, the options for effective mitigation would be proportionally reduced. Since a demographics-based analytical framework would naturally cover longer term trends, it can be utilized as a sufficient early warning tool for future conflict situations and thus assist NATO decision-makers in planning for defence transformation. The challenge, connected with assessing the future threats stemming from population changes, is that demographic trends are critical, but seldom the only factor contributing to violence and deteriorating security situation. It is, therefore, imperative, to develop a risk assessment framework, that integrates demographics along with other socio-economic factors.

The objective of this paper is to provide a conceptual framework for assessing the risks of civil conflict and regime instability as a result of significant demographic growth and its interaction with other socio-economic factors. As a case study, it discusses the demographic situation of one of the most volatile regions in the world—the Middle East. At the same time, the countries in this region, along with these in sub-Saharan Africa, possess the world most youthful population structures. In recent years, political scientists Graham Fuller and Larry Diamond have raised the issue of population growth and its impact on the security of the Middle East. Fuller focuses on the potential risks occasioned by demographic growth to regional stability and social radicalization,
 while Diamond warns about the potentially destructive consequences demographic growth may have on the pro-Western regimes in the region.
 The works of both authors, however, discuss these issues in very general terms and are focussed on policy recommendations, without properly analyzing the extent of the risks associated with the demographic boom, and without considering its impact on the individual Middle Eastern countries. 


I have limited my geographical scope to 15 countries. Thirteen of them are considered “core” Middle East countries,
 and are situated in the Arabian Peninsula and in the Fertile Crescent. They are Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, the United Arab Emirates (UAE), Yemen, Israel, Jordan, Lebanon, Syria, the Palestinian Authority (PA) Territories, and Iraq. I have also included Iran and Egypt with them because of their historical and geopolitical relations with the core countries. 

2.0
Middle Eastern Demography: An Overview

The aggregate population in the Middle East has quadrupled from 60.2 million in 1950 to more than 271 million in 2005 (Table 1), and its share as a percentage of the world population has doubled from 2.5 to 5 percent.
 On a regional level, the growth is more pronounced in some countries than in others. For example, the population of the UAE today is 59 times larger than it was fifty years ago, while that of Lebanon is only 2.8 times larger (see Table 1).


Table 1: Middle East Populations, 1950-2005
 


		Country                                 

		1950

		2005

		% Growth



		Bahrain

		          116,000 

		            728,000 

		628



		Egypt

		      21,514,000 

		       77,154,000 

		359



		Iran

		      16,913,000 

		       70,765,000 

		418



		Iraq

		       5,340,000 

		       27,996,000 

		494



		Israel

		       1,258,000 

		         6,692,000 

		532



		Jordan

		          472,000 

		         5,566,000 

		1,179



		Kuwait 

		          152,000 

		         2,700,000 

		1,776



		Lebanon

		       1,443,000 

		         4,082,000 

		283



		Oman

		          456,000 

		         2,628,000 

		576



		Palestinian Territories 

		         1,005,000 

		         3,762,000 

		374



		Qatar

		            25,000 

		885,000 

		3,540



		Saudi Arabia

		       3,201,000 

		       23,613,000 

		738



		Syria

		       3,536,000 

		       19,121,000 

		541



		UAE

		            70,000 

		         4,089,000 

		5,840



		Yemen

		       4,316,000 

		       21,024,000 

		487



		Total

		      60,196,000 

		      271,047,000 

		450





The Middle East possesses one of the youngest populations in the world. The region’s population under the age of 15 is 33.1 percent, which is second only to that of sub-Saharan Africa (43.4 percent). Most countries in the region have cohorts of young people under age 24 that represent 50 percent or more of their total population. The “under 24” youth group represents 67.4 percent of Yemen’s population, 65.2 percent of that of the PA territories, 61.6 percent of the Iraqi, 59.8 percent of the Syrian, and 54.1 percent of the Egyptian population. Countries whose young people comprise less than 50 percent of their total populations are Lebanon (46.6), the UAE (36.2), Kuwait (39.7), Bahrain (42.4), Qatar (35.7) and Israel (44.1). In fact, the first group—countries with above 50 percent of the population under 24 years—comprises most of the region’s aggregate population or 94 percent. In comparison, developed regions such as Europe and North America have “under 24” populations of 15.8 percent and 20.5 percent respectively.


Table 2: Youth Cohort in Middle East Countries, 2005


		Country

		Population younger than 24

		Percent population younger than 24



		Bahrain

		            325,000 

		44.6



		Egypt

		       42,743,000 

		55.4



		Iran

		       37,081,000 

		52.4



		Iraq

		       17,423,000 

		61.7



		Israel

		         2,951,000 

		44.1



		Jordan

		         3,267,000 

		58.7



		Kuwait 

		         1,072,000 

		39.7



		Lebanon

		         1,878,000 

		46.0



		Oman

		         1,419,000 

		54.2



		Palestinian Territories

		         2,453,000 

		65.2



		Qatar

		            321,000 

		36.3



		Saudi Arabia

		       12,515,000 

		53.0



		Syria

		       11,743,000 

		60.0



		UAE

		         1,468,000 

		35.9



		Yemen

		       14,128,000 

		67.2



		Total 

		      150,787,000 

		55.6





Another important age group that has been pointed to by demographers and political scientists as the one most prone to violence is the group of 15 to 29 years old - also called the “fighting age” group. In the region as a whole, this group represents 31.1 percent of the total population. In comparison, the same demographics group constitutes 20.9 and 18.2 percent of the North American and Western European populations respectively. Middle East countries that possess greater percentage than the regional above average fighting age group are Iran (35.6), Syria (32.3), Qatar (32.4) and the UAE (32). 


Table 3: “Fighting Age” Cohort in Middle East Countries, 2005


		Country

		Population 15 to 29 years old

		Percent population 15 to 29 years old



		Bahrain

		             197,290 

		27.1



		Egypt

		         23,377,660 

		30.3



		Iran

		         25,192,340 

		35.6



		Iraq

		          7,934,880 

		28.1



		Israel

		          1,599,390 

		23.9



		Jordan

		          1,692,060 

		30.4



		Kuwait 

		             764,100 

		28.3



		Lebanon

		          1,106,220 

		27.1



		Oman

		             783,140 

		29.8



		Palestinian Territories

		             996,930 

		26.5



		Qatar

		             286,740 

		32.4



		Saudi Arabia

		          6,706,090 

		28.4



		Syria

		          6,176,080 

		32.3



		UAE

		          1,308,480 

		32.0



		Yemen

		          6,096,960 

		29.0



		Total 

		         84,218,370 

		31.1





3.0
Methodology 

It is not population growth itself but the large size of the Middle East youth cohort that stands out in the demographic picture across the region. Historically, the existence of a large youth bulge has been linked as a contributing factor to violent social upheavals
 and recent theoretical works have confirmed that.
 Therefore, it is the feature that should be at the center of any analysis trying to assess the security implications of demography on the different countries in the region. 


It should be pointed out first that there are different definitions of what represents a “youth bulge.” In general, this term is used to designate a large proportion of youths to other groups of the population. Scholars differ, however, on which age groups should be considered as “youths” and whether the youth group should be compared to the population as a whole or to the adults aged 15 and over. Civil-conflict historian Jack Goldstone defines the “youth bulge” as the relation of youths between the ages of 15-25 to the population as a whole,
 while political scientist Henrik Urdal uses the relation between 15-25 year olds to the adult population of 15 years and above.
 Others expand the definition of young adults to those between the age of 15 and 29 (considered the typical fighting age).


A work that acknowledges the risks associated with the youth cohort in stimulating civil conflict, and provides a useful theoretical basis for assessment of the risk level is that of Population Action International’s analysts Cincotta, Engelman and Anastasion—The Security Demographic: Population and Civil Conflict after the Cold War (hereafter TSD).
 TSD focuses on the group of young adults (in this case between the age of 15 and 29) as the group which can influence negatively the security situation in a particular country to the greatest degree. The study advances previous research by linking the existence of large cohorts of young people with high infant mortality rate, which is another demographic factor used to indicate a high probability of civil conflict. TSD argues that the two factors are simply the “[two] sides of the same coin,” and are present in societies at a particular stage of their “demographic transition”—that is, a transition from a population characterized by short life expectancy and large families (typical of developing societies) to a population characterized by long life expectancy and small families (typical of developed societies).
 


Countries in early stages of transition are at a greater risk of civil conflict, but that risk diminishes as the transition nears completion. Four factors, due to the stress they add on society during the early and middle phases of the transition, contribute to a greater risk of civil conflict:


· The existence of a youth bulge, i.e., a very large cohort of young adults between age of 15 and 29 and the political volatility associated with such a group. Of particular importance is the proportion of young adults to all adults. A ratio of the first group to the second of 40 or more in a particular country is considered an indication that the country is in its early or middle phases of transition;
 

· Rapid urban population growth and the associated social turbulence;


· Declining availability, on a per capita basis, of cropland and freshwater; and


· Rising death rates due to the spread of HIV/AIDS.


Observing the situation in the 36 countries which experienced civil conflicts in the 1990s, the TSD concludes that the likelihood of such conflict was highest where three demographic stress factors, at extreme or high level, were present in a country.
 The occurrence of civil conflict in such cases was 40 percent. When two demographic stress factors at extreme or high levels were present, the likelihood of a civil conflict remained high—33 percent. In cases in which only one demographic stress factor was present—either a large youth bulge or low cropland/freshwater per person—the likelihood of a civil conflict was 24 and 12 percent respectively.
 However, I argue that the TSD demographic stress factors cannot be adopted directly to assess the risks of civil conflict and political instability in the Middle East. There are number of weaknesses to the TSD methodology. First, it seems that the four demographic stress factors proposed by TSD are primarily applicable to sub-Saharan Africa where they are very prominent, including high rates of HIV/AIDS infection. Given the conservative nature of inter-sexual relations in the Middle East, the rate of HIV/AIDS cases is very low.
 Therefore, the adult death rate factor is not really applicable to the region.
 


Second, the TSD analysis excludes cases of conflict that are considered a continuation of previous conflicts, such as the civil war in Afghanistan during the 1990s.
 TSD argues that in countries with a recent conflict, the chances of the latter recurring are high regardless of the demographic situation. Nevertheless, other scholars maintain that the exclusion of countries with recent conflicts is methodologically incorrect since the same statistical dependence holds for countries that have experienced consecutive years of peace.
 In other words, if we follow the TSD’s approach, there can be instances where the risk assessment level diverges from the potential for civil conflict to a significant degree. In the case of the Middle East, an example of such situation is Lebanon, where civil strife has reappeared since 2005, but which, having only one stress factor at a high level (freshwater/cropland availability)
 would be placed at a low level of risk using the TSD method of analysis. 


A third factor that weakens the direct application of the TSD framework to the Middle East is the region’s relatively lower urban growth rates. With the exception of Yemen, Oman and the PA territories, the urban growth rates in the region are at medium stress level, i.e., between 1 and 4 percent.
 


Finally, there are also several considerations that call into question the applicability of low freshwater/cropland as a demographic stress factor in the Middle East. First, all Middle East countries are in the extreme/high stress category with respect to the availability of freshwater (with Iran perhaps in a high stress level instead
). Hence, this is not really a differentiating factor for countries in the region. Also, the relationship between fresh water/cropland availability and civil strife is weak. In fact, in the conflict cases examined by TSD, countries which did not possess any of the four stress factors were 33 percent more likely to experience an instance of civil strife than those which had low freshwater/cropland availability as a stress factor.
 What makes the low availability of freshwater/cropland a stress factor, in combination with a youth bulge, is the association of a large portion of the population with the agricultural sector. It is primarily this group which would be most affected by low levels of freshwater and cropland. High unemployment rates and migration to towns, the most likely result of an agricultural sector’s decline, could make the population connected with the sector more susceptible to civil disturbances. In the contemporary Middle East, only Egypt, Iran and Syria have more than 20 percent of their population working in the agricultural sector. However, since urban growth in the Middle East countries for the period 2000-2005 has been moderate, the decline in the agricultural sector has either not resulted in significant migration or the size of the population involved in agriculture has not been large enough to generate significant urban growth. Therefore, the most visible effect of the decline in an agricultural sector may simply be the high unemployment rates. Since the unemployment rate is also applicable to the urban youth, which is less likely to find suitable employment in lesser developed countries, this may well be a better indicator of the likelihood of civil conflict than urban growth and low availability of freshwater/cropland. Indeed, theoretical models consistently link high unemployment to the conflict propensity of large youth cohorts.


I will, nevertheless, adopt some aspects of TSD’s methodology, namely, its definition of young adults as the group between 15 and 29 years old, the stress level scale—extreme, high, medium and low stress—that could be experienced by a country’s political system as a result of a particular demographics related factor. TSD considers countries which possess a ratio of young adults to all adults of more than 50 percent to be experiencing an extreme stress on their political system. In countries, where the ratio is between 40 and 50 percent, the level of stress is evaluated as high. In countries with a ratio between 30 and 40 percent, the level of stress is considered medium, and finally, in countries with a ratio below 30 percent the demographic stress level is regarded as low.
 A sound approach is also to use a correlation of several demographic stress factors to determine the risks of political violence, associated with the young bulge. 


In order to construct a risk assessment framework more relevant to the Middle East, I will survey economic data and educational outcomes to determine whether the youth bulge in the region is likely to bring about political instability. Second, I will look at the factors that could most influence the young cohort to engage in political violence. The ability of current Middle Eastern regimes to deal with the challenges posed by the youth generation will be considered as well. Based on this analysis, I will suggest a new set of demographic stress factors that could be linked to a risk of political violence, radicalization, and probability of regime change and reform in the Middle East. 


4.0
Youth Population as a Factor of Stability or Instability in the Middle East


By itself, having a youthful population is considered a neutral factor. According to a United Nations Development Programme (UNDP) report, the youth cohort could be either a gift or a curse for the region, depending on whether the Middle East countries are able to tap this human potential to produce economic growth, while at the same time being able to satisfy young people’s aspirations for a fulfilling life.
 However, population growth can only be an engine for economic growth when “other factors conductive to economic growth—such as high levels of investment and appropriate types of technological know-how—are present.”
 When these factors are not present, the result is likely to be the opposite—an impoverishment of the population, as more and more people compete for limited jobs and resources. The larger the number of young unemployed people, the larger the level of frustration building up in Middle East societies and the likelihood of youth resorting to violence.
 

Given the export-oriented economy of the Middle East and its reliance on workers from outside the region,
 there is little chance of satisfying the needs for social infrastructure and employment of the new youth generation in the region. Presently, one quarter of the world’s unemployed young people between 15 and 24 years live in the Middle East.
 According to Marwan Muasher, a former foreign minister of Jordan now working for the World Bank, 100 million new jobs need to be created in the Middle East in the next 10-15 years in order to meet the demand of new generations.
 The competition for jobs could be even fiercer as a result of increased participation of women in the Middle East labour markets.
 Already, women are playing a significant role in the economies of some Middle East countries. For instance, in Kuwait women contribute 24.7 percent of the family income, in Egypt 22.1 percent, and in Saudi Arabia 10.4 percent.
  


In order to alleviate demographic pressures, Middle East countries not only face the challenge of creating employment opportunities, but also of educating young people to perform on the job and of providing them with adequate housing. Statistics indicate that the region is not coping well with the educational challenge. In fact, according to the UNDP, adult literacy rates dropped from 60 percent in the 1980s to 43 percent by the mid 1990s.
 Most probably, it was the lower literacy levels among the young generation (those raised between 1980 and 1995) that has brought the rates down. Only nine percent of Arab youth enrol in higher education, and primarily in non-technical and non-scientific fields. Overall, in the last decade, the number of individuals possessing university degrees has dropped by 15 to 30 percent in Egypt and Jordan.
 The reason for lower levels of education in the Middle East is two-sided. First, there are still not enough jobs to absorb university graduates that correspond to the level of their education.
 At the same time, in some instances, there is a lack of adequate educational infrastructure. In Saudi Arabia, for example, only one out of five applicants is accepted as an undergraduate because of the lack of space, a situation which creates significant social tensions.
 Adequate housing is also an issue. A 2005 report prepared for the World Bank and covering eight Middle East and North African countries concluded: “[…] there is a significant shortfall in production [of affordable housing] in most of the countries in the sample,” and that “the provision of subsidized housing and/or subsidized financing and production will not effectively address this problem.”
 The report linked the availability of affordable housing with poverty, unemployment rates and the overall economic growth of these countries.
 Moreover, in the Middle East, availability of housing is associated with marriage, and thus the lack of it is a source of social frustration. It is therefore not surprising that the provision of housing by Islamist organizations is attractive to young people. In the past, Middle Eastern states have dealt with demographic pressure by expanding the government sector and the military. However, these traditional approaches have reached their limits and are no longer able to absorb the growing labour pool. The size of both the security apparatus and the public sector in the Middle East is already disproportionately large to the population as a whole and not likely to grow significantly in the future. 


The Middle East is not dealing with the young bulge in a single manner. In the last few years, with the rise of the price of oil, the Gulf Cooperation Council (GCC) countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates), in particular, have invested heavily in infrastructure projects likely to create a considerable number of employment opportunities for young people.
 For example, the King Abdullah Economic City project in Saudi Arabia is projected to create one million jobs for the country’s youth,
 while other GCC countries are trying heavily to diversify their economies and expand opportunities in the services sector.
 Iran, on the other hand, has done a poor job of investing its huge oil revenues in the creation of employment for its significant young cohort. The unemployment among the 15 to 29 age group in Iran was estimated to be 52 percent in 2006, which was four times the national unemployment rate of 13 percent.
 In other words, when assessing the impact of the demographic youth bulge on the Middle East, more attention should be paid to the particular circumstances of each country.


Overall, it can be concluded that the demographic boom in the Middle East has not been addressed adequately by most regional governments. Therefore, given TSD findings on the role of the youth bulge, the presence of young populations in these countries would probably have negative implications, such as increased radicalization and political instability. 

5.0
Young People and Radicalization in the Middle East

Before young men decide to engage in violent acts they usually go through a process of radicalization, i.e., a process through which they develop the belief that their society should go through a fundamental change (the meaning and implications of which they may not fully comprehend). This process may, or may not, lead to formal participation in extremist organizations.
 In the Middle East, a factor working against radicalization is the more traditional and conservative nature of its societies, which creates a social predisposition against change. On the other hand, the level of political control in the Middle East, exercised by the ruling regimes on their populations, is much greater than in the West. While some countries (e.g., Egypt, Yemen, the GCC countries, and Jordan) allow for the existence of an official opposition, the latter nevertheless is seen as posing a minor threat to their regimes. In other words, there are few opportunities for youths to complain about their governments, which they would like to do due to the economic factors already mentioned. In such a situation, the youth cohort may resort to channels offered by “non-official” opposition, for instance, organizations subscribing to Islamist principles. Although not all such organizations can be classified as radical, and even fewer as violent, those that are seen as most critical of the regimes are most likely to attract the dissatisfied among the young generation. In addition to criticism of existing regimes, Islamist organizations offer valuable social services and youth-oriented social programs, e.g., cheap housing, free education, holding mass marriages to reduce their costs, and promoting reduced dowry requirements.
 In other words, Islamist organizations not only advocate, but they actually create an alternative social order, a situation which further alienates the young generation from the official state institutions and the government. 


Islamism, or political Islam, is an ideology, much like Arab nationalism and Arab socialism that rallied Middle East populations in the decades after World War II against imperialism and the older elites. As an ideology, Islamism incorporates Islamic values as a means to offer a comprehensive system of thought, but it is also as much a religious as it is a political current.
 Much like Arab nationalism and Arab socialism in the 1950s, the most radical versions of Islamism seek to overthrow the current regimes and oppose Western interference in Middle Eastern affairs and the encroachment of Western values on Islamic culture. Instead of political and legal systems that radical Islamism perceives as corrupt and unjust, it idealizes a system that is completely based on the Muslim scripture and tradition—a system it believes brought about the glorious times of the early Islamic state. Therefore, radical Islamism in contemporary times is the revolutionary ideology that, in the eyes of many Muslims, seems to offer a means of changing the existing order. Given the level of dissatisfaction and grievance among the youth cohort in the Middle East, it is also perhaps the most attractive to this group. Paradoxically, the Islamist message and the participation in Islamist organizations are encouraged by the very regimes these organizations are trying to remove as a strategy to fend off demands by the democratic opposition for greater liberalization of society (see next section). According to Robert Pape, in many Middle East countries a significant part of their population is under the influence of Salafism (the main Islamist current)—e.g. Egypt (37 percent), Jordan (33 Percent), Yemen (44 percent) and Saudi Arabia (86 percent).
 


The difficult economic situation and predominately non-democratic political environment prevalent throughout the region suggest that the preconditions for greater radicalization of the younger generation are present. An example of the degree of radicalization among Middle Eastern youth could be provided by the age group of the 9/11 hijackers, among whom all but two were under 30 years old. Furthermore, given the demographic profile of the Palestinian territories and Lebanon (see Table 2), the popular support for Hamas and Hizbullah (both radical Islamist organizations, the former having won a democratic election in 2006) must have also come in large part from these countries’ dissatisfied youth. 

6.0
Regime Stability in the Middle East: An Overview 

Most current regimes in the Middle East are widely perceived as corrupt and repressive by their citizens. According to Johannes J.G. Jansen, since there are very few opportunities to express their critical opinions freely, for many radicalized Muslim youth the only logical choice (excluding immigration) that is left is the use of force.
 A connection between radical Islamism and violence has been established by Robert Pape, according to whom the likelihood of a suicide terrorist to come from a country with a significant Salafi-influenced population is two times greater than from a country with a non-Salafi-influenced population.
 As pointed out in the previous section, the Middle Eastern regimes (and by extension their Western allies) are the primary targets of the youth cohort’s wrath. It can then be surmised that until the youth bulge starts to diminish and its impact is mitigated, the risks of political violence and regime change in Middle East countries will continue to be high. To gauge the possibility of the youth generation’s anger translating into political violence and instability, it is important to consider how stable the regimes are and how they are able to cope with the increasing pressure for political change. This section presents a short review of the political currents that could mobilize the masses in the region and the regimes’ responses so far.


The first domestic challenge to current Middle Eastern regimes was mounted by radical Salafism in the 1960s.
 Radical Salafism denounced the regimes as apostate governments that should not be considered truly Muslim and thus they should be annihilated through jihad. In the 1970s and 1980s, jihadi groups
 considered the regional governments as the greatest enemy, the “near” enemy as they called it, and felt that fighting them was more important than fighting the “far” enemy, i.e., Israel, the US and the “corrupt” Western values they represented.
 As late as 1995, Ayman Al-Zawahiri, al-Qaeda’s second in command, maintained that “Jerusalem will not be liberated unless the battle for Egypt and Algeria is won and unless Egypt is liberated.”
 As the confrontation escalated to violence and sometimes full-blown revolts in the 1980s and 1990s, the regimes unleashed the states’ security apparatus to confront the jihadi groups with force. The Muslim Brotherhood revolt in Hamah, Syria, resulted in the killing of between 10,000 and 25,000 civilians and the partial destruction of the city in 1982,
 while the insurgency by the Islamic Group (Al-Gama‘a al-Islamiyya) in Upper Egypt led to the death of more than a 1,000 of its members and to the detention of 30,000 others.
 In the 1990s, jihadi organizations had to admit that they had been defeated by the Middle East governments and switched their focus to the “far” enemy, as the founding members of al-Qaeda did,
 or renounced their violent views, as the Islamic Group did.
 That it was the state repression which was the main cause for changing the jihadi groups’ behaviour and ideology was explicitly acknowledged by the leaders of the Islamic Group. They came to the conclusion that the confrontation outweighed its benefits and thus jihad, in this case, should be considered forbidden. The only success of Islamists was the Iranian Revolution in 1979, which established Iran as a state under the strict guidance of Islamic law, and placed Muslim jurists in control of the state’s affairs.


Beginning with the fall of the Berlin Wall in 1989, and especially after the ousting of Saddam Hussein by the United States in 2003, current Middle East regimes have been faced with another challenge to their power—that of democracy. American policy-makers believed that the regime change in Iraq, in particular, would trigger a “democratic tsunami” in the region.
 However, the regimes have coped quite well with this challenge. As in the case of the jihadi groups, repression, albeit on a milder scale, has been utilized as an effective strategy against liberal reformists. The real success of the regimes in handling the challenge posed by demands for democratic reform came, however, first from resurrecting Arab nationalist ideology and, second, from playing pro-democratic elements off against Islamist opposition. 


The main defence of the current regimes against the demand for democratic reforms has been by presenting Western (i.e., American) Imperialism, Zionism and their domestic “collaborators” as the main danger to Arab identity. According to the Syrian President, Bashar al-Assad, the Arab world’s most important problems are not dismal economies and dictatorships but the “threat to mind, spirit, identity, and heritage” of Islam and Arabism from a “systematic invasion” from the West.
 Al-Assad has used even militant rhetoric by expressing a readiness to change the balance of power and to go to a war against Western adversaries, if necessary.
 Such a strategy has several implications. First, it diverts the attention of its citizens from domestic worries, for which the regime is directly responsible, and channels public frustration towards external, fictitious problems, for which the regime can actually take credit for “dealing” with. Second, the strategy pre-empts the radical Islamists’ message to the masses, since the regimes’ rhetoric becomes very similar to the strategy chosen by the jihadi groups to focus on the “far” enemy as a rallying point for support. Third, it delegitimizes the democratic opposition, whose members are automatically branded as traitors. The editor of Al-Osbou, which is a pro-government newspaper in Egypt, stated in this regard that “those who ally themselves with foreign quarters to harm Egypt’s national security are crossing the red line and should be executed in a public square.”


The strategy of playing democratic forces against Islamist forces has been quite effective as well. On the one side, the governments maintain the fear of radical Islam as a destabilizing force among liberal, reform-minded circles, stressing examples such as the Algerian civil war, the low-level violence in Saudi Arabia, and the successes of Hamas in Gaza. This fear usually prompts the pro-democracy opposition to favour the status quo, i.e., to support the regime, in return for the latter repressing the most radical Islamist movements. The pressure on pro-democracy groups is kept up by Middle Eastern regimes encouraging Islamist organizations to spread their ideas freely, as long as they do not criticize the government, and by portraying the former as anti-Islamic.
 In other words, for all practical purposes radical Islamists could be treated as an extension of the regime in dealing with the pro-democratic opposition. The absurdity to which regime messages can mix the strategies is evident in a case where the Saudi interior minister, in charge of the counterinsurgency campaign, told his staff that “al-Qaeda was a Western front group, part of the overall effort to sabotage Saudi Arabia, of which liberalization was another tactic.”


Finally, Middle East regimes deal with the democracy challenge by pretending to make reforms. Organizations that seem committed to civil society and human rights, such as the High Council for Women in Bahrain, a human rights association in Saudi Arabia, and the National Council for Human Rights in Egypt have been set up under government control in order to forestall the establishment of similar independent organizations.
 The drop in the number of votes with which the Yemeni President, Ali Abdullah Salih, was elected in 1999 and 2006, from 96 percent to 77 percent, respectively, and that of Bashar al-Assad in Syria being elected with 97.62 percent of the votes in 2007, while his father was elected with 99.9 percent in 1999, has been promoted as a sign of a move towards democracy.
 Elections in Lebanon and Jordan, for example, are not representative of the people’s views and are instead organized in a manner to convey the views of the elites and to preserve their power. In 2002, a report issued by the Carnegie Endowment for International Peace concluded that the “the idea of instant democratic transformation in the Middle East is a mirage.
 


In other words, most Middle East regimes have quite effectively managed the opposition forces, fending off both Islamist and democratic challenges quite successfully. At present, only the governments of Lebanon, the West Bank, Yemen, and Iraq are faced with a strong opposition which often turns violent. In the cases of Lebanon and the Palestinian Authority government in the West Bank, the political opposition could, in the near future, gain the upper hand in the struggle for power, i.e., the regimes in these two countries could be characterized as having difficulty in maintaining their power. In Iraq and Yemen, the regimes face considerable challenge from opposition forces but are still able to maintain the balance of power. In the case of Iraq, this is being done, admittedly, with the help of foreign troops. All other Middle East regimes are, at present, in control of the political situation in their countries, i.e., opposition groups does not poses significant threat to their political power. 


7.0
Instability and Regime Change in the Middle East: A Risk Assessment 


7.1
Risk of Radicalization

The combination of popular support for Islamic law (as a basis for state legislation) and anti-western/anti-US feelings represent an indicator for the popularity of the Islamist cause among the youth (because both factors are a fundamental part of the Islamist doctrine). For example, in a 2006 Gallup poll of ten Muslim countries, Egyptians and Jordanians gave support to Sharia law or to legislation including aspects of Sharia law in a proportion 91 and 93 percent respectively, more than the citizens of any of the other countries polled.
 In a 2002 Gallup poll, 53 percent of Middle East respondents had an unfavourable opinion of the United States, while 90 percent disapproved of US policies directed Arab nations and the Palestinians. In the same poll, the belief that Western nations are fair in their policies towards Arab/Muslim countries ranged from the dismal low of 1 percent (in Kuwait) to a maximum of 13 percent (in Saudi Arabia).
 By 2005, the critical view of the US had increased further—from 64 percent to 79 percent in Saudi Arabia and from 62 percent to 65 percent in Jordan, both of which are, notably, key allies of Washington in the Middle East.
 The level of radicalization among young Lebanese Shiites, who are believed to represent a larger youth cohort, compared to that in the other Lebanese ethnic groups, and who are in a worse economic situation than their Sunni and Christian counterparts, is reflected in the fact that 92 percent among the Shia community hold a negative view of the United States, compared to 47 percent among the Sunni Lebanese.
 


Surprisingly, Iran, the only Middle Eastern country where Islamism has risen to the status of state ideology, appears to be an exception to the trend of supporting Islamic law and expressing anti-Western feelings. In the 2006 Gallup poll, support for Sharia law in Iran stood at 79 percent, which was lower than the other Middle East countries with a predominantly Muslim population included in the survey.
 It was also the only Muslim country in the poll where American disapproval ratings in the period 2002-2005 have decreased—from 63 percent to 52 percent.
 The explanation according to Fuller is that, in the case of Iran, we have a situation where the young generation has rejected Islamism “as being no more that the control device of a highly conservative entrenched elite,” and that Iran’s “anti-American revolution has in effect largely purged itself of its anger at the US at the popular level while the quest of the revolution for true self-determination independent of American power has largely been fulfilled.”
 This conclusion is quite significant as it seems to indicate that Islamic radicalism is a temporal phenomenon and once it becomes established at state level, as in the case of Arab nationalism and Arab socialism in the 1950s and the 1960s, it becomes a conservative force trying to preserve the existing status quo. As a consequence, Islamism then becomes, as the Iranian case would seem to indicate, vulnerable to criticism and discontent from the younger generations that are raised after its proponents came to power.


Since data for all Middle East countries regarding the two indicators—support for Islamic law and anti-American feelings—is not available at the present time, I cannot evaluate the risk of radicalization for each Middle East country. Instead, I provide a scenario-based assessment framework at Table 4 that can be used as data becomes available. In the different scenarios, the risk of radicalization is assessed as a correlation between the ratio of young adults to all working age adults (YA/WA), support for Islamic law, and the level of anti-American/Western feelings in society.


Table 4: Radicalization Scenarios

		15-29 olds to 15-65 olds (YA/WA) ratio 

		Support for Islamic Law

		Level of Anti-American Feelings

		Risk of Radicalization



		>50%

		40-50%
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7.2
Risk of Political Violence 


It was established earlier that the availability of employment opportunities is one of the most important factors for determining whether the youth bulge will have a positive or negative impact on the stability of the Middle Eastern countries. I argue, therefore, that the ratio of young adults (YA), i.e., 15 to 29-year olds, to that of all working age adults (WA), i.e., 15 to 65-year olds, represents a greater demographic stress factor than the ratio of 15 to 29-year olds to all adults, as used by TSD.
 In countries which have a large ratio of the first group to the second, the competition for jobs and resources is anticipated to be greater and thus more likely to result in political violence and instability.


Following the risk levels established by TSD, the countries with a ratio of more than 50 percent are considered to experience an extreme stress on their political system. In countries, where the ratio is between 40 and 50 percent, the level of stress is still high. In countries with a ratio between 30 and 40 percent, the level of stress is regarded as medium, and finally, in countries with a ratio below 30 percent the demographic stress is regarded as low.
 If we consider the distribution of Middle East countries according to this stress factor (Table 5), the most likely to experience domestic political violence are Yemen, Syria, the Palestinian territories, Iran, Iraq and Oman. Israel, Kuwait, Bahrain and Qatar, on the other hand, are the least likely to experience political violence as a result of demographic pressure. 


Table 5: Youth Cohort’s Stress Level on the Region’s Political Systems 


		Country

		YA/WA


Ratio

		Stress on the political system 



		Yemen

		          56% 

		Extreme



		Syria

		          54% 

		Extreme



		PA Territories 

		          52% 

		Extreme



		Iran

		          52% 

		Extreme



		Iraq

		50%

		Extreme



		Oman

		          50% 

		Extreme



		Jordan

		49%

		High 



		Egypt

		47%

		High 



		Saudi Arabia

		          45% 

		High 



		Lebanon

		          41% 

		High



		UAE

		          41% 

		High



		Israel

		39%

		Medium



		Kuwait 

		          38% 

		Medium



		Bahrain

		37%

		Medium



		Qatar

		          33% 

		Medium



		Regional average

		45.6%

		High





Finding Iraq, the Palestinian territories and Yemen among the countries experiencing an extreme stress on their political system is indeed a reflection of their current situations. However, the presence of Iran, Syria and Oman on this list, which are countries with a stable political situation at the moment, and the absence of Lebanon, which has experienced frequent political disturbances in the last few years, indicates that the YA/WA ratio alone is insufficient in assessing the risk of political instability. As suggested in the methodology section, we can determine the likelihood of youth participation in political violence with a greater probability, if the YA/WA ratio is correlated with other sources of demographic stress that may influence their predisposition to violence. 


As established earlier, the greatest impact on the volatility of the “15-29 group” would most likely include economic factors such as income levels and unemployment rates. Unfortunately, no such data is available on a consistent basis for all of the countries under consideration. As a substitute, this analysis will use the Gross Domestic Product at purchasing power parity (GDP, PPP) per capita and the overall unemployment rate. These sources can still serve as useful indicators for the country’s general standard of living and competition for jobs, and information is available for all Middle East countries. I propose the following stress levels for each factor: GDP per capita below $5,000 and unemployment rate above 30 percent as an extreme stress level, GDP per capita from $5,000 to $10,000, and unemployment rate from 20 to 30 percent as a high stress, GDP per capita between $10,000 and 20,000, and unemployment rate between 10 percent and less than 20 percent as a medium stress level, and finally, GDP per capita more than $20,000 and unemployment rate less than 10 percent as an low stress level. 


In addition to the three demographic stress factors, I also take into consideration the ethnic/sectarian tensions in each country. Since these are difficult to quantify, the rating of extreme, high, medium or low level is based on the most visible expression of tensions, such as sectarian/ethnic violence. In 2007 (to be consistent with the other data utilized in this study) sectarianism has been putting an extreme or a high level of stress on the political systems in Iraq, Lebanon, Yemen and the Palestinian territories.
 In the other Middle Eastern countries with ethnic/sectarian minorities the stress on the political system is, arguably, at a much lower level. 


The risk of political violence is thus assessed on the basis of the demographic stress levels of the three factors—“YA/WA ratio,” “GDP per capita,” and “unemployment rate,”—combined with ethnic/sectarian tensions. If a country is experiencing the three demographic stress factors at high or extreme levels, or two of them in the presence of ethnic/sectarian tensions at high or extreme levels, there is a very high risk of political violence to occur. If, in addition to a large youth bulge, the country is experiencing one more stress factor without a high level of sectarian/ethnic tension, it is deemed to be at a high level of risk. The presence of a large youth bulge, combined with a high level of ethnic/sectarian tensions is considered to put a country at medium level of risk, and the presence of a large youth bulge only would suggest an elevated level of risk. The risk levels of the individual Middle East countries, based on this framework, are presented in Table 6.


Table 6: Risk of Political Violence


		Country


		YA/WA 


ratio

		GDP (PPP) per capita


		Unemploy-ment rate


		Ethnic/ Sectarian tensions 

		Risk of political violence



		Gaza

		          52%

		$1,100 


		34.7%

		Extreme

		Very high



		Yemen

		          56% 

		$2,400

		35%

		High

		Very high



		Iraq

		50%

		$3,600

		30%

		Extreme

		Very high



		Lebanon

		        41% 

		$10,400

		20%

		Extreme

		Very high 



		The West Bank

		          52%

		$1,100

		18.6%

		High

		Very high



		Syria

		        54% 

		$4,300

		10%

		Low

		High



		Jordan

		49%

		$4,700

		13.5%

		Low

		High



		Egypt

		47%

		$5,400

		10.1%

		Low

		High



		Saudi Arabia

		          45% 

		$20,700

		13% 

		Low

		Elevated



		Iran

		          52% 

		$12,300

		13%

		Medium

		Elevated



		Oman

		          50% 

		$19,100

		15%

		Low

		Elevated



		UAE

		          41% 

		$55,200

		2.4%

		Low

		Elevated



		Bahrain

		37%

		$34,700

		15%

		Low

		Low



		Israel

		39%

		$28,800

		7.6%

		Low

		Low



		Kuwait 

		          38% 

		$55,300

		2.2%

		Low

		Low



		Qatar

		          33% 

		$75,900


		0.7%

		Low

		Low





This assessment closely reflects the security situation in the Middle East, with major violence taking place in Gaza,
 Iraq, Yemen and Lebanon. Egypt, Syria and Jordan are also among those countries with a high risk of political violence. In all three of them, together with Saudi Arabia, (which is assessed at an elevated level of risk), radical Islamists pose serious challenges to the current regimes, a situation that may lead to a greater degree of violence. Among countries with a large youth bulge as the only stress factor, namely, Iran, Oman, and UAE, some degree of political turbulence exists in the first country. The political system indeed appears fairly stable in the “low risk countries,” that is, Qatar, Bahrain, Kuwait and Israel. 


A schematic model for assessing the risk of political violence is presented in Table 7 below. The table offers eight scenarios for the risk of political violence based on the presence of four stress factors: YA/WA ratio above 40 percent, GDP (PPP) per capita of less than $10,000 dollars, unemployment rate greater than 20 percent, and a high level of ethnic/sectarian tensions. Very high level of risk exists when in addition to high YA/WA ratio, at least two of the other three stress factors are present as well. High level of risk exists when a YA/WA ratio of more than 40 percent is combined with one more stress factor. Elevated risk for political violence exists when only a YA/WA ratio of more than 40 percent is present. 

Table 7: Political Violence Scenarios

		15-29 to 15-65 (YA/WA) ratio >40%

		GDP (PPP) per capita  <$10,000

		Unemployment rate >20%

		High Ethnic/ Sectarian tensions

		Risk of political violence



		X

		X

		X

		X

		Very High
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		X

		X

		

		Very High



		X

		X

		

		X

		Very High



		X
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		X

		Very High



		X
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		High



		X
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		High



		X
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		High
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		Elevated





7.3
Probability of Regime Changes and/or Reforms 


As argued earlier, the presence of significant youth cohorts, and especially that of the 15 to 29-year old, when combined with poor economic conditions and social tensions, could bring domestic instability and violence. The question is, however, whether the high levels of risk of domestic instability, as a result of the youth bulge, could bring about political changes, such as a regime overthrow, or pressure the regime to introduce democratic reforms. The relation between risk of domestic instability and political change is not, in fact, linear. According to Richard Cincotta, when faced with threats to security and property, elites and ordinary citizens are more willing to relinquish liberal values and rights and would support authoritarianism,
 i.e., in the case of the Middle East, where most regimes are pseudo-democratic and authoritarian, high levels of risk of instability perpetuates the power of the regimes. A case in point is Iraq, which possessed one of the largest youth cohorts in the region, and was in a dire economic situation, but whose regime until 2003 kept the domestic situation under firm control. The elimination of the regime by external forces in 2003 removed all checks and balances that prevented the outburst of domestic violence until then and, indeed, unleashed extremely high levels of violence. Iraq is a powerful example to most Middle East citizens of what could happen, if their regimes are overthrown.


Therefore, relying again on the “YA/WA ratio” indicator, the countries with a high potential of political violence, such as Yemen, Syria, the Palestinian territories, Iraq and Iran, are least likely to move towards democratic reforms. According to Cincotta, only when the ratio of young to adult population drops to 39 percent, is there an equal chance of democratic changes.
 On the other hand, if the percentage of the youth cohort is very high and the risk of domestic violence is high, a revolution seems likely. To assess the potential of this happening, we have to consider the regimes’ grip on the opposition forces, i.e., the latter’s ability to keep revolutionary/opposition forces under control. In Table 8 below, the risk of regime change is assessed on the YA/WA ratio and the level of power which the regime has over the opposition.
 The higher the YA/WA ratio and the greater the power of the regime, the less likely is a regime change. The lower the YA/WA ratio, though not below the 39 percent threshold, and the weaker the regime’s hold of power, the more likely is the regime’s removal from power to occur.
 In cases where the demographic benchmark is high and the regime is barely able to maintain a balance of power, there is still a high risk for the overthrow of the regime. Where countries that have a YA/WA ratio of 39 percent or very close and their regimes are considered to be in control of the opposition, no change is likely to occur at all. In situations where the countries have a lower than 39 percent ratio of work-age youths to all working-age adults and the governments are also “in control,” the possibility of political change again rises but in the positive sense, as the regimes are more likely to implement democratic reforms. 


Table 8: Probability of Regime Change


		Country


		YA/WA 


Ratio 

		Regime’s position to opposition

  

		Probability of regime change/democratic reforms



		Lebanon

		41%

		In difficulty

		Very high



		The West Bank

		52%

		In difficulty

		Very high



		Iraq

		50%

		Maintaining balance

		High



		Yemen

		56%

		Maintaining balance

		High



		Jordan

		49%

		In control

		Low



		Egypt

		47%

		In control

		Low



		Saudi Arabia

		45%

		In control

		Low



		UAE

		41%

		In control

		Low



		Oman

		50%

		In control

		Very low



		Iran

		52%

		In control

		Very low



		Gaza

		52%

		In control

		Very low



		Syria

		54%

		In control

		Very low



		Qatar

		33%

		In control

		Very high



		Bahrain

		37%

		In control

		Very high



		Kuwait 

		38%

		In control

		Very high





In the first scenario, countries where the demographic benchmark is high and the regimes are strong (i.e., the likelihood of regime’s overthrow is very low) one finds Syria, the Gaza Strip, Iran and Oman. In the second group, where the demographic measure is lower, but still higher than 39 percent, and the regimes are in control, we have Jordan, Egypt Saudi Arabia, and the UAE. In these countries, there is some possibility of regime change, but because of the regime’s strength the likelihood of that is low. In Iraq and Yemen, where the regimes are simply maintaining the balance of power vis-à-vis the other political forces and the youth bulge is very high (above 50 percent), the possibility of political change is high. In the cases of the West Bank and Lebanon, where the youth group is higher than 39 percent and where the governments are struggling against the opposition, the risk of the governments falling is very high. A high probability of political change also exists in Qatar, Bahrain and Kuwait, where the demographic benchmark is below 39 percent and the regimes are in control of the political situation. Indeed, despite the fact that the authority of the royal families in these three countries is not being challenged, there has been a greater “flexibility at the top.” In recent years, positive changes, such as fair elections in Qatar, Bahrain and Kuwait, have taken place.
 The 2007 elections in Qatar, in particular, are cited as very successful. These elections saw a participation rate of 51.1 percent of those eligible to vote, with women taking part as much as men.
 According to the international observers, law and order was maintained at the polling stations and people actually voted for candidates based on the latter’s qualifications, not on kin relations as it used to be in the past.


A schematic model for assessing the probability of regime change/democratic reforms is presented in Table 9. The table presents nine scenarios for the probability of regime change or for a regime to make reforms to the political system in response to internal pressure. Very high and high probabilities of regime change exist when the YA/WA ratio is greater than 50 percent and the regime is in difficulty controlling the opposition forces, or it is barely maintaining the balance of power. YA/WA ratio between 40 and 50 percent, combined with the regime being in difficulty vis-à-vis the opposition, also indicate high probability of regime change. YA/WA ratio between 40 and 50 percent and the regime able to maintain the balance of power, as well as a ratio of less than 40 percent and the regime has difficulty in controlling the opposition, indicate medium probability of regime change. When the YA/WA ratio is above 50 percent, but the regime is in control of the opposition, the probability of regime change is very low. Low probability of regime change also exists when the YA/WA ratio is between 40 and 50 percent, but the regime is in control of the opposition forces. With respect to the probability of a regime to initiate democratic reforms, very high and high chances exist when the YA/WA ratio is below 40 percent and the regime is either in control of the opposition or at least able to maintain the balance of power.


Table 9: Regime Change/Reform Scenarios


		15-29 to 15-65 ratio 

		Regime’s status

		Probability of Regime Change/Reforms



		>50%

		40-50%

		<39%

		In control

		Maintaining the balance

		In difficulty

		



		X

		

		

		

		

		X

		Very High



		

		

		X

		X

		

		

		Very High



		X

		

		

		

		X

		

		High



		

		X

		

		

		

		X

		High



		

		

		X

		

		X

		

		High



		

		X

		

		

		X

		

		Medium



		

		X

		

		X

		

		

		Low



		

		

		X

		

		

		X

		Low



		X

		

		

		X

		

		

		Very Low





8.0
Conclusion

The Middle East is experiencing significant demographic growth and most countries in the region possess large youth cohorts. For the time being, the regional governments are not going to be able to meet the demand for social infrastructure and employment. If these governments and international organizations are not able to mitigate this situation, the region is likely to face increased radicalization and instability. 


The conceptual framework for assessing the impact of demographics on radicalization and instability indicates that the impact is not linear and that it should be correlated with other factors, such as unemployment rates, GDP per capita, and ethnic or sectarian tensions, which put additional pressure on the political system. The presence of three of these demographic stress factors indicates a high level of risk for political violence. The viability of the proposed framework is evident by its placing the high likelihood of political violence in the countries where it is present at the moment—the Gaza Strip, the West Bank, Yemen, Iraq, and Lebanon. The assessment of probabilities for regime changes or democratic reforms as a result of demographic pressure also seems to confirm the situation at present. Currently, most of the Middle East regimes are well entrenched, with the potential for regime change existing only in Lebanon and the West Bank. Chances for implementation of democratic reforms only exist in some of the GCC countries, namely Qatar, Bahrain and Kuwait, because of reduced demographic pressure.  

As demographic projections for the Middle East are available, along with economic estimates, the framework I propose can be utilized to assess the risks for instability and political change in the following 5-20 years. The framework can be utilized as a defence policy evaluation tool for the region, and, perhaps, to other regions as well. For example, NATO policy makers could have a better gauge of the likely intensity and duration of civil conflicts in the region, thus determining the regional commands structure, and the level and the nature of long-term commitment required to mitigate the conflicts. The framework can also point to the Middle Eastern countries most likely to take the path of liberal reform and thus perhaps inform the direction of efforts to support democracy in the region. 










The reported results, their interpretation, and any opinions expressed therein, remain those of the author and do not represent, or otherwise reflect, any official opinion or position of DND or the Government of Canada.
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ABSTRACT


In this study, we conveyed a literature review about defence transformation efforts of several armed forces. Literature review is summarized in the following topics: Transformation aspect, the need for transformation, the methods/methodology used, and activities done/will be done in the future. Following the literature review, we give some information about the lessons learned so far about transformation activities.  


1.0
Introduction: Transformation versus Process Improvement 


The word “transformation” means “a complete change in someone or something” according to a dictionary [1].   When the term “transformation” comes to the military environment, it refers to the whole military system including process implemented, personnel involved, document referenced, material and equipment used, mission accomplished, values and cultured honered.


The transformation differs from ordinary process improvement initiatives in such ways that transformation must be accomplished while carrying out the mission, has to address attitude and organizational cultural change and must include everyone regardless of any status.


Allied Command Transformation (ACT) [2]  is NATO’s leading agent for change, driving, facilitating, and advocating continuous improvement of Alliance capabilities to maintain and enhance the military relevance and effectiveness of the Alliance. Strategic Objectives of ACT are as follows:


Provide appropriate support to NATO missions and operations. Lead NATO military transformation. Improve relationships, interaction and practical cooperation with partners, nations and international organisations. 


The NATO members have launched their transformation activities, accordingly. In this article, the transformation activities of US Army and Air Forces, Royal Air Force, France Air Force, Spanish Air Force, Canadian Armed Forces and Turkish Air Force have mentioned in summary. 


Transformation can be summarized as stated by the Secretary of the Army, Dr. Harvey, and the Army Chief of Staff, GEN Schoomaker, On July 11, 2005, as “Transforming the Way We Do Business” [3].  Business Transformation is summoned up as follows. “..to ensure its ability to provide the people, training, resources, quality of life, and infrastructure that will be critical to the continued success of America’s Army”. Besides Army, USAF defines transformation as “A process by which the military achieves and maintains asymmetric advantage through changes in operational concepts, organizational structure, and/or technologies that significantly improve warfighting capabilities or ability to meet the demands of a changing security environment [4].” 


In broad terms, UK Royal Air Force (RAF) Transformation aims to: 


· Improve the way in which we command, develop, deliver, manage and support the RAF, 


· Develop an organisation that is operationally and capability focused, uses agile and adaptable processes shaped for the long term and makes best use of its people, 


· Create a culture of continuous improvement and embed the behavioural changes needed to support an agile air force [5]”.


Table 1: True North Goals of RAF.

		We will stop improving when



		Morale


Retain the right people as long as we need

		Quality


Do the right thing right every time



		Delivery


Deliver 100% of the required mil effect

		Cost 


Are cost effective with zero waste





French Air Force [6] considered the transformation and initiated a Project called “Structural platform for the realization of Air Force human capital [7]” that aims at covering all of the human resources and payroll applications for French Air Force military personnel while downsizing its complex organization. 


According to the Spanish Air Force [8], transformation to us means change, continuous improvement and quality in our daily endeavours. The gradually more complex threats our forces are facing demand a different approach to the way we understand the military and the way we are doing business. Experience gained in alliance and international operations are making clear the urgent need to work on some fundamental aspects in terms both of capabilities and of evolution of doctrines and structures.


Canadian armed forces [9] set the military strategy that aims for providing balanced investments across the four pillars upon which military capabilities are built – personnel, equipment, readiness and infrastructure – our plan will increase the size of the Forces and replace their core capabilities.


Turkish Air Force views transformation as to prepare the environment where new generation platforms will be in used during 2015’s and to review organizational structure and culture, personnel attribute and the way we do the business in order to use the new generation platforms effectively.


In general, it is assumed that the following US Army vision can be extended into any countries’ vision with little customization: Transformation roadmap should address the following action to some extend.   


Exemplifying the Best of World Class Enterprises that achieve sweeping savings while improving responsiveness, flexibility, and speed. 


Inculcating a culture of continuous process improvement. 


Targetting the organization that is characterized by their agility and “lean” organization structures. 


Making high value decisions on new levels of situational awareness, enabled by enterprise solutions. 


Focusing on increasing business acumen through professional development. 


Reaffirming stature as an institution to be admired and modeled by the Public. 


2.0
The Methods/Methodology Used in Transformation 


“Transformation” can be stated as “the changing the way we do the business” in order to meet the increasing demand in a hyrid threat environment with a continuously decreasing military budget.


When it comes to changing the way of doing business, we take the professionally approved commercial practices and methodologies into consideration such as business process improvement, lean-six sigma, business process reengineering. There are various tools dedicated to improve the business processes. The important point is to know which tool is suitable for what type of problems. 


What was satisfactory a few years ago barely passes today, and quite certainly will soon be below expectations. It is therefore irrelevant to discuss whether we have to improve, the question, rather, is how much do we improve and how quickly do we do it. [10]. Anderson developed “a business process improvement methodology” which is composed of seven phases including 45 technique/methods shown below Table-2.  Depending on which phase the project is currently in and which task you want to solve, Table-2 serves you as a guideline for what tools are available [11]. Additionally, Table-3 is a guide for DMAIC methodology including 29 different methods [12].

Table 2: Tools for different phases in the process improvement work (7-Phase Methodology).

		Develop performance priorities

		Understand current process and performance shortcoming

		Collect data about the performance shortcoming

		Analyze the performance shortcoming

		Generate ideas and choose among them

		Develop implements

		Implement Improvement






		Kano model

		Relationship mapping

		Sampling 

		Critical incident

		Brainstorming

		Streamlining

		A-T analysis



		SWOT analysis

		Traditional flowchart

		Surveying

		Pareto chart

		Brainwriting

		Idealizing

		Tree diagram and process decision program chart



		Comperative forces analyses

		Cross-functional flowchart

		Check sheet

		Cause-and-effect chart

		Crawford slip method

		QFD

		Force field analysis



		Quality Function Deployment (QFD)

		Flowchart divided into process segments

		Problem concentration diagram

		Five whys analysis

		Nominal group technique

		Statistical Process Control

		



		Trend analysis

		Several-leveled flowchart

		

		Scatter chart

		Six thinking hats

		Six Sigma

		



		Spider chart

		Flowcharts with statistics

		

		Histogram

		Paired comparisons

		Business process reengineering

		



		Performance matrix

		

		

		Relations diagram

		

		Benchmarking

		



		Criteria testing

		

		

		Matrix diagram

		

		

		



		Strategy map

		

		

		Is-is not analysis

		

		

		



		

		

		

		Bottleneck analysis

		

		

		





Table 3: DMAIC Methodology (5-Phase Methodology).

		Define

		Measure

		Analyze

		Improve

		Control



		Project Charter 

		Prioritization Matrix 

		5 Whys Analysis

		Brainstorming 

		Control Charts 



		Stakeholder analysis 

		Process Cycle Efficiency

		Brainstorming 

		Flow Charting 

		Flow Diagrams 



		Suppliers, Inputs, Process, Output, and Customers (SIPOC) 

		Time Value Analysis 

		Cause and Effect Diagram 

		FMEA 




		Charts to compare before and after such as Pareto Charts 



		Voice of the Customer

		Pareto charts

		Affinity Diagrams 

		Stakeholder Analysis 

		Quality Control Process Chart 



		Affinity Diagram 

		Control charts 

		Control Charts 

		Setup Reduction 

		Standardization



		Kano Model 

		Run Charts

		Flow Diagram

		Queuing Methods for Reducing Congestion and Delays 

		



		Critical-To-Quality (CTQ) tree

		Failure Modes and Effect Analysis (FMEA) 

		Pareto Charts

		5S’s Method 

		



		

		

		Regression Analysis

		Kaizen

		



		

		

		Scatter Plots 

		

		





Table 4: Comparing 7-Phase Methodology with the 4 and 5-Phase Methodologies.


		7-Phase Methodology

		Scope [13]  

		DMAIC

		PDCA



		Develop performance priorities

		This is a preliminary stage that precedes specific improvement projects, and the aim is to understand which business proceses will be important to improve.

		Define

		Plan



		Understand current process and performance shortcoming

		This is normally the first step in an improvement project, where the objective is to understand how well the process works at the moment and what seems to characterize the problem experienced.

		Measure

		Plan



		Collect data about the performance shortcoming

		Business process improvement work is at its best when it is based on facts and data, and the purpose here is to gather relevant information for the ensuing analyses.

		Measure

		Plan



		Analyze the performance shortcoming

		In this stage you apply different techniques to try to understand the true nature of the problem causing the less-than-desired performance.

		Analyze

		Plan



		Generate ideas and choose among them

		This is a creative phase to generate a broad range of ideas about what causes the performance shortcoming, but it is also a selection of tools that can be used in other phases of the improvement process.

		Improve

		Do



		Develop implements

		This is the most exciting stage of the improvement process, where the objective is to create new solutions or process designs that will eliminate the performance shortcoming.

		Improve

		Check



		Implement Improvement

		While perhaps sounding easy compared with finding ways to improve the process, implementing lasting change can often be the hardest part of an improvement project.

		Control

		Ack





As seen in Table-4, even though the three methodogies are set up in different words, they are actually corresponding to each other. Furthermore, three methodogies share the same methods/techniques such as Affinity Diagram, Kano Model, and brainstorming.


There are over 60 methods/techniques that can be implemented during process improvement activities without getting PhD. level support. 


It can be used as a reference for process improvement [14].   In addition to that the US DOD Transformation Guidebook includes how to implement transformation activities from the very beginning phase to the end-state as well as present very good reference list including civilian and governmental resources. 

3.0
The Lessons Learned from Turkish Air Force Transformation Activities 


Turkish Air Force Transformation Manegement Center (TMC) is established in 2008 and has just kicked off its Transformation Activities at September 2009. Here are the lessons learned from TMC activities:

Take advantage of other countries’ experience and knowledge. 


Make the transformation activities as parts of personnel daily life.


Get the highest level support for the transformation activities.


Plan the whole activities top-down, implement bottom-up.


Never underestimate professional assistance.


Periodically review your results and evaluate the progress with the plan.


Team members should be knowledgeable and responsible for the process.    


Take the logistics processes rather than management level processes at first.


Give priority to the processes with available data and accomplished comparatively in a short time.


4.0
The Result  


Transformation activities are never-ending. In other words, continous process improvement will be in place as long as military forces exist.


Transformation shouldn’t be taken as a programe or project; instead it should be taken as an opportunity to adapt the continous development culture into personnel minds.


Transformation demands wise planning, hard-work, continuous leadership guidance, address for changing the minds before the processes itself.     
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Abstract

NATO aspires to be the final arbitrating body in developing agreed definitions between its member nations. The reality is that many NATO definitions in use are what can be agreed upon between the disparate parties, rather than being rigorously derived. Frequently, they are ambiguous and vague and consequently they offer little to direct or inform analysis work. An ambiguous and vague definition can be better than nothing, but NATO should aspire to improve the manner in which definitions are derived, since they form the fundamental building-blocks on which conceptual and capability efforts are built.


The paper dwells on a recent case study of a requirements analysis undertaken for NATO Expeditionary Operations. Specifically, the presentation covers the problems of the definition of Expeditionary Operations in use within NATO and the methods employed by ACT analysts to develop an improved definition.


INTRODUCTION

NATO aspires to be the final arbitrating body in developing agreed definitions between its member nations. The reality is that many of the definitions in use within NATO are what could be agreed upon between various parties holding different views, rather than having being rigorously derived. Frequently, NATO definitions are ambiguous and vague and offer little to direct or inform supporting work. In some cases, an agreeable but ambiguous definition may be better than nothing, but NATO should aspire to improve the rigour with which definitions are derived, since they form the fundamental building-blocks on which conceptual and capability efforts are built.

This paper presents an analysis method employed by a Specialist Team on Characteristics of Operations for Future Expeditionary Forces (SAS-075). This paper discusses the method selected, General Morphological Analysis, its benefits and limitations, and how the team overcame these limitations by combining it in a multi-method approach. 

Background

Rittel & Webber wrote about two types of problems: “Tame” and “Wicked”
. Tame problems were well defined, easily quantifiable, and had definite solutions that could be measured and compared to similar problems that had been solved successfully before. Conversely, Wicked problems were unique, hard to define or bound, they had no stopping rules, no obvious solutions nor any immediate test of the quality of the solution.

There are different strategies for approaching Wicked problems
:


· Authoritative (a small group is formed to tackle the problem); 

· Competitive (the problem is opened up to competing groups) and; 

· Collaborative (a wide range of views taken into account).


METHOD


General Morphological Analysis


Developed by Zwicky, General Morphological Analysis breaks down a problem into its key dimensions, restructures it and provides a framework in which people can consider various solutions. It offers a method of presenting a multi-dimensional problem in a two-dimensional space in order to ease understanding. General Morphological Analysis may be considered to be an authoritative approach; since it brings together a small group of experts. 

The first step in General Morphological Analysis is to create a Morphological Table; an example of a Morphological Table is shown in Figure 1.  This table was developed by the SAS-075 team to address the specific question: 


“What is NATO’s definition of an Expeditionary Operation?” 


Figure 1 shows how the Morphological table is used to break down a problem into its key components. The first row of Figure 1 (in grey) shows the dimensions
 of the problem; under each dimension are scalars
, which give different value options for each dimension.  In this instance, the table is intended to represent the whole intellectual space, of which the solution (the answer to the question above) is some portion that describes the sub-set of operations that are considered to be Expeditionary. 


Figure 1: NATO Operations Morphological Table

The General Morphological Analysis typically takes place with a small group of subject matter experts through a series of workshops, and there are many examples of it being used successfully in practice
.  


Limitations of General Morphological Analysis


General Morphological Analysis is a very useful method for problem structuring and solution consideration; however, it works best when the Morphological table can be limited to fewer than seven dimensions.  NATO’s problems are often very complex and in this instance a larger table was needed to describe the problem fully. Using a classic Morphological Analysis approach with a large table, the data set quickly becomes unmanageable for a group to consider, for example, the table in Figure 1, the data set consists of 42,336 potential operations
.


NATO also requires consultation with at least twenty-eight nations, plus academia and other agencies, spread out over a wide geographic area.  Gathering everyone’s opinions can be impractical for a single or even a series of small workshops.  A way of remotely capturing opinions on an individual basis plus a way of consolidating those opinions is highly desirable, as more experts can be reached, as well as reducing costs and travel time for the analysts.  General Morphological Analysis does not offer this.


Data Capture


A tool has been created to capture opinions based on any Morphological Table and this creates a resulting data set for analysis.  This tool can be sent via email to as many people as desired, or it can be used by the analyst to capture opinions from individuals or small groups through interactive discussions.  

There are advantages and disadvantages to both methods. Sending it to individuals allows a large group to be targeted with minimal effort from an analyst, but with the usual issues with response rate. Employing the tool to collect data in individual or small group discussions takes more analyst time; however the confidence in the quality of the data increases, for example, workshop participants can be encouraged to consider about each answer carefully, with the discussions translated by analysts who are experts in the tool.

The tool currently uses MS Excel software and Visual Basic for Applications. Excel was used because it provided all of the necessary functionality and a graphical user interface, as well as being widely understood and accessible by other users, which is important for remote data collection.


The tool is in two parts. The first requires the respondent to consider each scalar individually and remove any irrelevant scalars from the list.  The tool then does a pair-wise comparison between all remaining scalars and asks the expert to identify valid and erroneous combinations.

The tool is interactive and dynamic – it takes user input and then dynamically changes the questions depending on the earlier answers. This reduces quickly the number of questions a participant has to answer, and therefore large Morphological tables can be examined. For example, using the tool to examine the table in Figure 1 results in over 500 potential questions, but this is quickly reduced and a typical time to respond using the data capture tool is around 30 minutes.

The tool displays the results of a single response in a Cross-Consistency Matrix.  Currently the tool requires responses in the form of “Yes”, “Maybe” or “No” identifying the validity of each pair of scalars, but the responses can be in any form defined by the analyst.


An example of a Cross-Consistency Matrix produced by the tool is shown in Figure 2.
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Figure 2: Cross Consistency Matrix with example data

Data from each individual’s Cross-Consistency Matrix are transferred into an analysis tool that combines the results and extracts a full list of valid combinations of scalars, or in the example above, valid NATO Expeditionary Operations.

The next step in the General Morphological Analysis process would be to eliminate non-valid combinations of scalars.  By eliminating these, the number of combinations to consider reduces considerably.  Non-valid combinations can be classified as: 


Logical Contradictions: 

· A logical contradiction between two or more statements; 


· e.g. An operation in the Antarctic that is within NATO.

Empirical Inconsistencies: 



· A practical incompatibility or discrepancy between two or more conditions or statements about the observed world;


· e.g. An urban operation at Global scale – this is not impossible, just extremely unlikely.

Normative Constraints: 



· An incompatibility or discrepancy between two or more conditions based on social norms, ethics and standards;


· e.g. A non-permissive humanitarian operation.


The final step in General Morphological Analysis is to discuss remaining valid combinations as potential solutions to the problem.  In the example given in Figure 1, a valid combination would be a single scalar selected from each of the nine dimensions that together to describe a potential Expeditionary Operation.

Data can be consolidated by listing all potential combinations and counting the number of times each combination was identified as valid by the respondents.  Depending on the number of respondents, a minimum number of votes for each combination will need to be determined by the analyst; however this can be done by looking intelligently at the data and conducting sensitivity analysis to ensure the chosen cut off point does not skew the results. 


Classification Trees


The next step in the process is to employ Classification Trees to analyse the consolidated data. In this case SPSS software
 was used to process data; however other appropriate statistical packages could be used. 


A Classification Tree is a data mining technique used to predict the membership of a dependant variable using predictor variables. The dependant variable is the response to the question “Is this combination of scalars a valid NATO Expeditionary Operation?” answers to which were captured in the data capture tool. The predictor variables are the dimensions and scalars in the Morphological Table (Figure 1). For any combination of scalars, the Classification Trees predict whether the combination is likely to be valid, based on the collective responses.  It shows the degree of consensus within the data set.  The data set can also be broken down by type of respondent, for example, civilian versus military respondents.

A Classification Tree determines the relative importance of dimensions and scalars when predicting membership of the dependent variable.  In the example, Figure 3, the first level of the tree shows that 7,510 out of 42,336 operations were determined by respondents to be valid Expeditionary Operations. 

Figure 3 also shows that respondents considered that a majority of valid Expeditionary Operations were conducted outside of NATO’s boundaries; this was the most significant predictor value. The next most significant predictor was operation scale; with an overwhelming majority of Expeditionary Operations considered to be smaller than Global. 

[image: image2.jpg]Aops

B 710
NotEO 34826

Wi AT
0 27
NotEO 20541

Outof NATO

B0 sess
NotEO 14285

Upto Regional
G
NotEO 8957






Figure 3: Example of a Classification tree down to 3 levels


Figure 4 shows the Classification Tree data in the form of a scale Venn diagram.  The outer circle represents the whole data set, with the Red and Blue areas representing all valid combinations, distinguished by the predictor variable Out of or Within NATO.
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Figure 4: Venn diagram resulting from classification tree analysis


Predictive Rule Sets


By analysing the classification tree, the analyst can build rule sets that model different problem definitions or different solutions to the original question. Figure 5 shows that four rules are necessary to describe a large proportion of Expeditionary Operations.  
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Figure 5: Scale Venn diagram showing Expeditionary Operations Rule Sets

Rule Set Accuracy


The rules depicted in Figure 5 can be measured for accuracy.  This can be summarised using a confusion matrix, shown in Figure 6.  This can show the number of correct predictions made by the rules, and the number of Type 1 & 2 errors (False positives & negatives).
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Figure 6: Confusion Matrix

A number of metrics can be calculated from the confusion matrix:


· Sensitivity or Recall: A/(A+B): A measure of the mis-classifications i.e. how many combinations are classified as valid by the rule set that are actually not valid;

· Precision: A / (A+C): This is the percentage of all valid combinations that are covered by the rule; and

· Model Accuracy: (A+D) / (A+B+C+D): An overall measure of model accuracy.

Comparison of Opinions


Individual or group opinions can be compared to each other using the accuracy measures.  In Figure 7, existing definitions for ‘Expeditionary’ are compared against the rules generated through the data capture process using measures of their precision (coverage of the Expeditionary space) and sensitivity (ability to identify correctly something as Expeditionary).  Better definitions score higher on both axes; however different strategies may trade one off against another depending on whether it is more important to cover all opinions (“the NATO way”) or to have very few incorrect predictions. In addition to collating individual or group opinions, the method allowed for key documents to be included in the visualisation – with a survey completed ‘on behalf’ of the document. The views solicited via the Morphological Analysis are in Green, Key NATO documents are in Blue, and a USA Marine Corps document in Yellow.


Figure 7 shows that the points connected by the Red line are on a boundary; points on the line are the best options to select for different prioritisations of Sensitivity and Precision, other points (the Concept Vision and Framework and the EO Vision for Shaping Future Capabilities) are dominated. We can improve the sensitivity of a definition from the current definition by selecting any of the generated options or the US Marine Corps definition, but Precision is lost. Overall, a small loss of Precision may be considered a reasonable trade for the large increase in Sensitivity.
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Figure 7: Comparison of different Existing Definitions against the New Rule Set

SUMMARY


Figure 8 summarises the basic analytical process, and shows how the process has been extended from the classic General Morphological Analysis approach.  Note the cyclical nature of creating a rule set, testing for accuracy and modifying the rule set to improve accuracy as necessary.
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Figure 8: Summary of Analytical Process

SAS-075 has developed a generic method that enables disparate views on a complex problem to be elicited and consolidated in an analytically rigorous manner. Although targeted at a specific problem, this method has the potential for wide utility within NATO and national Capability Development domains.







�	Rittel & Webber, “Dilemmas in a General Theory of Planning”, 1973.


� 	Roberts, N.C. “Wicked Problems and Network Approaches to Resolution.,” The International Public Management Review., Vol. 1, 2000.


� 	Called ‘parameters’ in General Morphological Analysis terminology.


� 	Called ‘parameter value range’ in General Morphological Analysis terminology.


� 	See �HYPERLINK "http://www.swemorph.com"�www.swemorph.com� for examples.


� The number of potential combinations can be calculated by multiplying the number of scalars in each dimension e.g. Speed of Response (3) x Duration (2) x Distance (3) x Scale (4) x Mission (7) x Human Environment (3) x Physical Environment (7) x Infrastructure (3) x Threat (2) = 3 x 2 x 3 x 4 x 7 x 3 x 7 x 3 x 2 = 42336.


� 	See �HYPERLINK "http://www.spss.com"�www.spss.com� for more details
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ABSTRACT 


The SAS-081 Specialist Team on the Analytic Implications of the NATO Defence Planning 


Process(NDPP) was formed to the review of current best practices in operations analysis support to 


national defence planning.  The aim was to support the identification of common approaches with 


relevance to the NDPP. This both provided participants with insight and understanding of contemporary 


approaches and issues within national and NATO defence planning, and allowed the identification of 


emerging best practice that is being fed into evolving NATO analytic processes. The Specialist Team 


considered five key themes of immediate relevance to the evolution of analytic support to the NDPP, 


specifically: 


• Use of scenario-based analysis and definition of the scenario space; 


• Methodologies for identification and definition of required capabilities, including gaps and 


redundancies; 


• Approaches to capability balancing and risk assessment; 


• Prioritisation of capability shortfalls or gaps; 


• Introduction of novel concepts / solutions. 


National approaches within each of these areas were collated and compared, and general conclusions 


agreed that formed the basis for a set on recommendations on analytic implications for consideration by 


the NDPP decision makers. 


1.0 INTRODUCTION 


In order to complement and support the above objectives, the SAS-081 Program Committee concluded 


that detailed technical consideration should be given to the analytic implications of the revised NATO 


Defence Planning Process (NDPP).  The Program Committee recommended the formation of a dedicated 


Specialist Team from the NATO members to consider these technical implications in light of evolving 


Defence Planning procedures within nations.   This Specialist Team complemented both the main SAS-


081 symposium and on-going NATO initiatives such as the 2009 NATO Headquarters (HQ) Capability-


based Planning (CBP) symposium and NDPP Domain Harmonisations workshops, and the Allied 


Command Transformation (ACT) Generic Planning Situation workshops to run through 2010. 


The Specialist Team focused on the review of current best practices in operations analysis support to 


national defence planning.  The aim was to support the identification of common approaches with 


relevance to the NDPP, especially in regards to addressing balance in national capabilities and the role 


played by scenario-based assessment. 


1.1 SAS-081 Specialist Team Workshop 


The SAS-081 Specialist Team conducted a specialists‟ workshop on the Analytic Implications of the 


NATO Defence Planning Process, at the NATO Consultation, Command and Control Agency (NATO C3 


Agency) in The Hague, The Netherlands, from 2nd – 4th March 2010.  


1.1.1 Specialist Team Composition 


The Specialist Team was open to participation from all NATO members on a voluntary basis, and was 
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ultimately composed of Subject Matter Experts (SMEs) from nine NATO nations, of whom eight attended 


the workshop itself.  Of the workshop attendees, the members from Canada, France, Germany, Portugal, 


The Netherlands, Norway and the United States worked within their national Ministries / Departments of 


Defence or associated national agencies and organisations, whilst the member from Italy came from 


industry.  In addition, members from the United Kingdom Ministry of Defence provided detailed input 


through a survey response, but did not attend the workshop.  These national SMEs provided in-depth 


expertise and guidance from both the military and analytic perspective. 


In addition to the national SMEs, the Specialist Team benefitted from very strong interest and support 


from the NATO Defence Planning community.  ACT Staff Element Europe (SEE) co-chaired the 


workshop, and ACT SEE staff officers from the Requirements & Capabilities Planning and 


Implementation Division (RCPI, TC-60) led each panel session and mediated all discussions.  The NATO 


Defence Planning Staff Team (DPST) Core Element provided crucial insight and guidance on the NDPP, 


including an NDPP „Food for Thought‟ read ahead, and both the International Staffs (IS) and International 


Military Staffs (IMS) of NATO Headquarters (NATO HQ) were represented.  Members from HQ ACT 


and the NATO C3 Agency complimented this military contribution with input from the analytic 


communities within NATO.  The meeting was sponsored by the NATO C3 Agency Defence Planning 


Peer Competency Network (PCN), and staff from the NATO C3 Agency supported national SMEs in the 


completion of their survey responses, and collated and summarised the national inputs for plenary 


discussion. 


1.1.2 Specialist Team Working Practices 


The Specialist Team considered five key themes of immediate relevance to the evolution of analytic 


support to the NDPP, specifically: 


 Use of scenario-based analysis and definition of the scenario space; 


 Methodologies for identification and definition of required capabilities, including gaps and 


redundancies; 


 Approaches to capability balancing and risk assessment; 


 Prioritisation of capability shortfalls or gaps; 


 Introduction of novel concepts / solutions. 


Intention was to both provide participants with insight and understanding of contemporary approaches and 


issues within national and NATO defence planning, and allow the identification of emerging best practice 


that can be fed into evolving NATO analytic processes. 


Each of the national SMEs completed a detailed survey response on the approaches and techniques in use 


within their nation.  These responses were then collated together, and used as the basis for focussed panel 


discussions on each of the five topics during the workshop itself.  This discussion allowed for the 


identification for the general themes and issues that are summarised in this report. 


In addition, the national SMEs each provided an introductory overview presentation on relevant aspects of 


their nation‟s defence planning processes.  These briefs were extremely helpful in providing insight into 


the alternative approaches in use within each nation, and were much appreciated by all participants.  Slides 


from these national briefs have been used in this report to illustrate salient issues and approaches. 
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2.0 NATO DEFENCE PLANNING PROCESS OVERVIEW 


Since 2008, NATO has been going through the process of defining and implementing a new or evolved 


overarching process for defence planning, the NATO Defence Planning Process.  The aim of the NDPP is 


to provide a framework within which national and Alliance defence planning activities can be harmonised 


to meet agreed targets in the most effective way. It is intended to enable the timely identification, 


development and delivery of the necessary range of forces that are interoperable and adequately prepared, 


equipped, trained and supported as well as the associated military and non-military capabilities to 


undertake the Alliance‟s full spectrum of missions. 


NATO defence planning occurs within a structured process which must offer sufficient flexibility to 


ensure it remains responsive to changing circumstances and the needs of the Alliance and individual 


Allies. The process needs to be integrated to the maximum degree possible and focus on medium- and 


longer-term capability development, while at the same time remaining responsive to unanticipated 


requirements arising from current operations. 


The NDPP consists of the five main functions or steps, which are generally sequential and cyclical in 


nature.  The five steps are shown in Figure 1 and a brief overview given below: 


 


 


Figure 1: The NATO Defence Planning Process 


a. Step 1: Establish political guidance. NATO political guidance (PG) provides the overall aims 


and objectives to be met by the Alliance within the framework of Alliance defence planning, as 


informed by NATO Agreed Intelligence (INT) and the political-military analysis by NATO and 


national staffs. It clearly defines what the Alliance should be able to do in broad qualitative and in 


quantitative capability terms as well as the associated priorities, and hence provides the Level of 


Ambition (LoA). 
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b. Step 2: Determine requirements. A comprehensive and detailed analysis is conducted to 


identify the capabilities required to achieve that ambition and to steer capability development efforts 


of Allies and within NATO.  This requirements derivation process develops planning situations (PS) 


from INT, and uses these to develop the Minimum Capability Requirements (MCR).  The MCR is 


then cross-checked against the capabilities known to exist within nations/NATO in order to identify 


and prioritise capability shortfalls. 


c. Step 3: Apportion requirements and set targets.  This step covers the function of apportioning 


requirements to nations and setting targets for them, on the basis of fair burden sharing and 


reasonable challenge. These targets can be met either individually or multi-nationally. In addition, 


some targets or appropriate elements thereof can be assigned for collective (i.e. NATO common-


funded) implementation. 


d. Step 4: Facilitate implementation.  The fourth function, that of facilitating implementation, is a 


continuous activity. This function seeks to acquire the capabilities required by the Alliance by 


monitoring and encouraging national implementation, by facilitating and supporting multinational 


implementation and by executing collective implementation. 


e. Step 5: Review results. Finally, the fifth function, review results, seeks to examine the degree to 


which the aims and objectives set out in the NATO political guidance and the associated targets 


have been met.  It also seeks to assess the ability of NATO to meet its ambitions, and to offer feed-


back and direction for the defence planning process and its associated activities for the next cycle 


and/or any necessary mid-term and out-of cycle actions. 


3.0 USE OF SCENARIO-BASED ANALYSIS AND DEFINITION OF THE 


SCENARIO SPACE 


3.1 Use of Scenario-based Analysis 


Scenario-based analysis was confirmed as a fundamental element of contemporary analytic support to 


national capability-based Defence Planning.  All the nations represented used some form of scenario 


planning to structure, scope or illustrate their national activities. 


It was highlighted that scenario-based analysis could be a misleading term, as it could be wrongly 


interpreted that it provided an alternative to capability-based analysis.  The group emphasised that scenario 


analysis should rather be seen as a vital component of robust capability-based planning. 
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Figure 2:  Role of scenarios within Capability Based Planning (Norway) 


Although scenarios were generally employed, the particular interpretation of what should be regarded as a 


scenario differed across nations.  The majority of nations represented utilised scenarios reflecting 


particular military operational-tactical contingencies, and developed these scenarios into specific planning 


situations detailing the operation, together with associated assumptions on opponent forces, terrain, and 


environmental features. 


Most nations have implemented an explicit link between national defence policy and definition of their 


national scenario set.  The scenarios employed are derived from national strategic guidance, as articulated 


through government policy papers.  The national strategic guidance generally defines the roles and 


missions of the nation‟s armed forces, and describes high-level aspects of the future security environment.  


National defence policy documents do not typically explicitly define a defence planning scenario set.  


Rather, the national scenario sets are developed subsequently, to span the spectrum of defined roles and 


missions for each nation. 


National defence policy papers tend to be periodically issued or updated on regular cycles.  However, in 


some cases this process has only recently been instantiated, and in other cases there is no set schedule of 


updates.  Certain nations are in the process of transitioning from a cyclical to a continuous model for their 


defence planning, and are working through the implications of that change. 
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Figure 3: Cyclical defence planning- the USA Quadrennial Defense Review (USA) 


The primary benefits of the scenario-based approach were identified as: 


• Enhanced military credibility;  


• Provide a common framework for planning across different defence domains or components, or 


even among other government planning processes; 


• Maximise analytic rigour and traceability; 


• Provide tool for quantification; 


• Give means of understanding interactions between capabilities. 


The potential problems or issues that must be managed within scenario-based assessment were to ensure a 


sufficiently representative spectrum of factors, addressing issues such as interagency coordination, service 


biases and the need for concurrency analysis.  Moreover, most SMEs acknowledged the significant effort 


required to maintain currency of scenario data and assumptions, and potential impacts or consequences of 


changing policy.  It was recognised that, given the inherent uncertainties in the future security 


environment, the results of scenario-based defence planning must be carefully interpreted and applied. 
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Figure 4: Impact of uncertainty on defence planning approaches (The Netherlands) 


3.2 Classification of Scenarios / Mission Types 


All of the nations involved employ specific or real-world scenarios, incorporating actual geography and 


explicit threats or crisis descriptions.  The consensus across the group was that the benefits of scenario-


based assessment are maximised when real-world scenarios are employed.  Such scenarios, particularly 


where explicitly linked to standing defence policy and national threat assessments, provide the greatest 


degree of military credibility and buy-in, and are generally the easiest to scope and specify.  Key elements 


such as geography, environment and/or threat can be derived directly from the scenario definition, and are 


thus „givens‟, avoiding the need to expend time and effort both creating and justifying fictitious settings or 


assumptions. 


The most broadly recognised advantage of generic scenarios was the reduction in political sensitivity and 


potentially security classification.  This would make them easier to work with internally, as well as 


allowing for collaboration with allies.  In addition, generic scenarios may be more suitable for analysis of 


the longer-term future or to support consideration of emergent threats.  There were, however, some 


significant issues.  Generic scenarios may overlook important facets or features of the real-world.  It can 


be problematic to justify capability requirements emerging from generic scenarios, as the necessary audit 


trail is difficult to create, given the reliance on (in principle) representative, but (in practice) fictitious, 


driving assumptions.  Furthermore, it was highlighted that executive-level approval for generic scenarios 


could be more difficult to secure than for real-world scenarios. 


A number of nations have implemented a multi-tiered approach to scenario classification, with generic 


categories at the higher levels, supported by one or more specific, real-world scenarios as case studies at 


the more detailed levels.  The generic layers are typically categorised by mission type, in some cases 


directly reflecting definitions provided in national defence policy.  This hybrid approach provides many of 


the benefits of both the generic and real-world options, namely: 


• Provides a direct and explicit link to defence policy and guidance; 


• Allows the full breadth of military missions and roles to be considered generically at the higher 


levels, whilst avoiding political sensitivities and potential security classification issues about 


Analytic Implications of the NATO Defence Planning Process  


9 - 8 RTO-MP-SAS-081 


 


 







identifying specific threats; 


• Retains real-world case studies at the detailed layers to provide the necessary robustness for 


quantifying requirements and ensuring relevance of capability needs. 


 


Figure 5: A hybrid approach- generic scenarios by mission type supported by real-world 
“application” scenarios as case studies (Germany) 


The majority of defence scenarios in use within the nations were focused primarily on military issues, 


although all acknowledged the role and contribution of non-military capabilities.  There was a general 


recognition of the potential for cross-use of common scenarios across different Government departments 


or agencies, and many nations had made initial attempts at such harmonisation.  However, organisational 


barriers and procedural differences meant that only a very few nations had successfully applied cross-


governmental scenario development to any significant degree. 


Most of the participants recognised that it was important group or categorise scenarios to align them with 


defence policy and guidance.  Some nations have adopted the NATO mission type classification used 


within the CRR to do so.  Use is also made of factors such as operation scale (size) or region / location. 


“Likelihood” of scenario was used as a basis for inclusion by most of the nations.  This likelihood was 


generally assessed qualitatively.  “Worst Case” was considered by some nations, but generally only as a 


secondary consideration. 
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Figure 6: Formal treatment of scenario impact and likelihood (The Netherlands) 


3.3 Scenario Development and Description 


Close co-operation between military planners and analytic experts (typically civilian) was recognised as 


vital in the scenario development process.  Military planners generally lead the mission analysis elements, 


provide guidance and oversight through out, and were responsible for reviewing and validating final 


assumptions and implementations.  Actual scenario generation is, in most cases, performed by specialised 


analytical staff under military supervision.  


The degree to which scenario development, selection and interpretation are centrally controlled varied 


across the nations.  Countries with formally approved scenario-based methodologies tend to have 


mechanisms in place for central control over scenario development and application. 


Scenarios were typically developed and specified to two broad levels of detail across the nations.  At the 


more detailed level, scenarios are developed to the level of pseudo-operational plans, with consideration of 


elements such as mandate for operation, end state, geography, friendly and potential opponent force 


operational plans, force elements and schemes of manoeuvre.  At the higher level, scenarios are described 


not in terms of detailed operations, but rather in terms of potential future worlds or strategic futures. 


Threat definitions, orders of battle, and courses of action are usually informed by national intelligence 


services, although in the majority of cases the responsibility for actual implementing the detailed 


assumptions lies with the military-analytic teams who actually conduct scenario development. 


A number of nations have implemented formal approval of defence planning scenarios.  This approval 


typically is given at the very senior levels of the national military structure, and provides executive 


confirmation that the scenarios properly reflect and represent policy guidance from the respective 


governments. 


3.4 Scenario Envelope Analysis 


In general, there was no significant employment of formal analytical techniques to assess scenario 


coverage.  However, some scenario analysis tools were in development which may allow for such analyses 
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to be undertaken in the near future.  


The majority of nations did make use of structured parameters to scope or dimension their scenario sets.  


Common dimensioning parameters in use included the likelihood of the operation, the location, the 


balance among services. 


All participants recognised the need to identify the minimum but sufficient scenario set in order to reduce 


overall scenario development and analysis costs.  Different approaches were adopted to determine this 


sufficient number, drawing on aspects of national Levels of Ambition, potential mission types and the 


needs of relevant capability domains.  In general, the number of scenarios was determined by ensuring that 


the whole spectrum of potential mission types was covered.  Secondary considerations are to provide 


coverage of other principal parameters.  It was by several nations that their current sets are, strictly 


speaking, insufficient, but that the resources required for the analysis of a “complete” set are prohibitive. 


Few nations explicitly incorporated or accounted for so-called outliers in their scenario sets.  However, it 


was recognised that such outliers could be considered “shocks”.  In some cases, specific consideration is 


made of separate treatment is given to “strategic shocks”, but for the most part, there was no specific 


mechanism to address outliers.   The majority of nations indicated that the scenario-based planning 


processes were primarily applied to medium-term planning (approximately 10-year timeframe).  However, 


some nations have explicitly recognised the deep uncertainty inherent in the future security environment 


and the potentially risks entailed by focussing on a limited selection of point scenarios reflecting only 


current-day threats and appreciations.  


Wide use was made of customised sub-sets of scenarios for particular domains or capability areas.  


Specific selections were generally made for testing specific aspects, such as capabilities, exercises, 


mission preparation.  Moreover, focussed examinations were also carried out for individual services. 


4.0 METHODOLOGIES FOR IDENTIFICATION AND DEFINITION OF 


REQUIRED CAPABILITIES 


4.1 Scoping Capability Requirements 


Strategy-to-Task or Mission-to-Task decomposition and analysis was used within most nations to support 


derivation of Capability Requirements.  The level of formality of this approach did vary across the nations. 
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Figure 7: Role of MTD in national capability planning (Canada) 


Almost all nations have developed individual capability taxonomies or frameworks, and use these to 


structure both capability planning organisations and analyses.  These taxonomies are typically 


hierarchical, and incorporate functional domain decomposition to provide increasing granularity and 


specificity of capability need.   Although the general principles are common across most nations, the 


specific details of the capability partitions applied at each level vary from country to country. Many 


nations recognised that the more detailed capability requirements at the lower levels in their hierarchies 


assume particular platform or unit solutions, but this was felt to be an inherent consequence of the 


decomposition and indeed regarded as beneficial as it provided the link between recognised military 


elements and higher level capability needs. 


 


Figure 8: Top-level Capabilities as Force Systems cutting across Service Stovepipes (France) 
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The majority of the nations were primarily focussed on military capability requirements.  It was, however, 


recognised that in principle there was no such thing a military or non-military capability requirement, but 


rather a single capability need that could potentially be delivered by either military or non-military (i.e. 


civilian) solutions.   In these cases, whilst capabilities may not always be classified as exclusively 


„civilian‟, there is an underlying assumption that as operations will be carried out alongside civilians, 


scenarios must be developed that take this into account.  


 


Figure 9:  Role of mission types and scenarios in national planning (Norway) 


4.2 Identifying qualitative capability requirements 


Not all nations surveyed recognised and identified the concept of qualitative capability requirements, 


although the majority did.  A number of nations interpreted qualitative capability requirements as facets 


that could be included within a quantitative requirement, whilst others interpreted it to mean less tangible 


requirements such as leadership qualities.  Qualitative requirements were expressed, expressed, formulated 


and specified at a variety of levels, with solutions involving any combination of doctrine, organization, 


training, materiel, leadership and education, personnel and facilities (DOTMLPF). 


A range of operational analysis / operational research techniques were applied to identify qualitative 


requirements.  Substantial use was also made of structured Subject Matter Expert workshops to identify 


and qualify capability needs.  


4.3 Deriving quantitative capability requirements 


Quantitative capability analysis was almost universally conducted to derive scenario requirements.    A 


range of operational analysis / operational research techniques were applied to enable this quantification, 


including the use of simulation modelling, linear programming, spreadsheets and other purpose-built tools.  


Military judgement and expertise was, however, generally recognised as a vital component of these 


analyses. 


The majority of nations recognised a distinction between capability requirements and specific platform or 


unit solutions.  This distinction varied from between an acknowledgement of likely platform to fulfil 
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specific capability, to a formal and explicit matching of force structures onto required capabilities. 


 


Figure 10: Quantitative MTD-driven modelling to evaluation capability requirements (Italy) 


4.4 Concurrency and sequence 


Most nations need to consider multiple concurrent or sequential scenarios within a national Level of 


Ambition. 


 


Figure 11- Structured assessment of concurrent scenario sets in the QDR (USA) 


A number of nations had developed formal techniques to assess the most demanding or driving sequences 


of scenarios.  Additional nations recognised the benefits of this approach and were in the process of 
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implementing an appropriate technique. 


There was little consistency across the nations on the need to consider employment and reconstitution of 


units across multiple sequenced scenarios.  Some nations do consider rotation ratios in scenarios or carry 


out dynamic concurrency analysis, but other nations have not yet considered employment and 


reconstitution of units across multiple sequenced scenarios. 


4.5 Transparency, Traceability and Validity 


Transparency and accessibility of results within national capability analysis was identified as a vital 


requirement, and one which robust operational analysis / operational research support could deliver.  


Many nations have implemented explicit organisations, processes and procedures to scrutinise and audit 


analysis results within the respective defence department.  Extensive use is made of on-line publishing 


through the use of web-portals, as an example.  Other nations cited the audit trail left as a result of analysis 


through the application of purpose-built tools. 


 


Figure 12: Traceable capability requirements- linking missions and functions (Italy) 


It was clear that the incorporation of military expertise was essential to ensuring military validity of the 


results.  All nations incorporate military guidance, and many place military experts in the lead analytical 


roles.  It was recognised that the validation and acceptance of both processes and tools is an iterative 


process, and confidence and buy-in improves the more robust and established a process becomes. 


Provision of traceable and repeatable results was considered to be a very important legacy of structured 


defence planning.  The use of validation logbooks, data and assumptions papers and overall configuration 


management were noted as feasible ways in which results could be made traceable.  It was recognised, 


however, that no process is infallible to mistakes, especially given the often high number of people 


supporting defence planning activities.  


It was recognised that the defence planning process must be responsive to evolving or emerging threats 


and situations.  Legacy capability requirements must be reassessed and revalidated to ensure relevance, 


and defence planning processes must incorporate an appropriate degree of flexibility in order to respond 


effectively to strategic shocks.  Many nations employ a cyclical defence planning process, structured 
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around defined cycle lengths of between 2 and 4 years.  Typically, these cycles are aligned with the 


publication of national defence strategies or white papers.  Some nations have, however, transitioned to a 


continuous defence planning model that they believe provides a more flexible mechanism to respond to 


changing circumstances. 


5.0 APPROACHES TO CAPABILITY BALANCING AND RISK ASSESSMENT 


5.1 Capability Options Assessment 


The distinguishing feature of a Capability Based Planning methodology was identified as allowing for 


assessment of alternative solutions as means to deliver specified capability requirements.  All SMEs 


agreed that in principle, this was the case, but noted that this was being achieved via a variety of methods.  


These methods vary from external recourse to the services to more integrated solution within the planning 


tools themselves.  Generally, such BoI studies were performed at the Joint level, considering potential 


solutions independent of Service.  This Joint perspective was recognised as a valuable aspect of CBP, as it 


enhanced overall coherence in capability portfolio development.  


 


Figure 13: National Balance of Investment (BoI) process (France) 


An important feature of such a CBP methodology was the ability to conduct balance of investment (BoI) 


studies to assess the most cost-effective means of delivering a particular capability.  Some nations have 


developed formal methodologies and process to structure and support such BoI assessments.  Techniques 


such as linear programming, stochastic meta-heuristics and analytical hierarchical processes have all been 


exploited by certain nations to support these efforts.  It was pointed out, however, that the single most 


important feature of such studies is that they can be trusted by senior decision-makers.   


5.2 Balancing current operational needs against future requirements 


Cost assessment, estimation and analysis was confirmed as a significant component of national Defence 


Planning methodologies.  Respondents indicated broad use of cost analyses, but at different levels.  


Costing analyses may occur but are not centrally coordinated, or occur only at the program element or 


system level, but not typically at the force structure level, although some nations have developed methods 
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to cost their entire Defence enterprise. 


In general, nations applied ad-hoc processes or methodologies to balance current operational needs against 


future requirements.  There are, however, a number of more formal approaches that have been 


implemented to study the trade-offs between cost and current / future risks. 


5.3 Risk Assessment 


In general, national Defence Planning methodologies are focussed on identifying capability gaps or 


shortfalls, and tracking these over time to assess capability evolution.  This involves the identification of 


gaps during specified time frames, allowing for current assessments of when gaps are expected to occur, 


or to close. 


Generally, a quantitative analysis is undertaken for the identification of gaps.  Once a quantitative 


assessment is made, the presentation of these shortfalls or gaps may be qualitative, i.e. using a traffic light 


scheme. It was recognised that, in principle, an iterative approach to this process would be beneficial, but 


that budget and scheduling constraints meant that for the most part is not undertaken. 


 


Figure 14: National capability gap and risk assessment (Canada) 


Risk assessment techniques are applied across those surveyed, although it has been noted that some risks, 


such as risk due to shortfalls in munitions during combat operations, are more easily quantified and 


analysed than others, such as risk due to shortfalls in interpreters in stability operations. 


6.0 PRIORITISATION OF SHORTFALLS OR GAPS 


6.1 Importance of Prioritisation 


Many (but not all) of the nations indicated the existence of some form of prioritised capability 


requirements document.  In some cases, this is held at a senior (joint) level, while in other nations, 


multiple lists are held at the service level.  The prioritisation of shortfalls or gaps in capability was 
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generally recognised as a component of national Defence Planning methodologies. 


When the prioritised capability requirements document is held at a senior (joint) level, it tends to be very 


broadly applied across the military force structure.  In the event that formal prioritisation is at the service 


level, strategic trades are addressed via decision making bodies. 


6.2 Prioritisation Methodology 


There was little use of formal analytic methodologies to derive the overall priorities of various capability 


requirements identified with your nation.  Instead, senior decision-maker judgement was the most 


prevalent approach. Some investigative work has studied the use of analytical hierarchical process 


methods to structure this process but the overall response is that there is little formal methodology applied 


to the problem. 


Normally, shortfall priorities were reviewed cyclically as part of the national defence planning process 


within which they are derived.  However, the priorities of emerging shortfalls were typically assessed as 


these shortfalls become apparent.  No use of damping techniques to ensure a degree of stability in the 


overall prioritisation was reported. 


7.0 INTRODUCTION OF NOVEL CONCEPTS / SOLUTIONS 


7.1 Novel Concept Introduction 


Nations confirmed that both bottom-up (“I have got a great idea that will work”) and top-down (“We have 


a problem in this area – find out what kind of solutions are available”) approaches play a role in novel 


concept introduction.  The top-down approach was suggested as best suited for long term planning, and 


the application of government policy to defence planning.  The bottom-up approach was best suited for the 


shorter-term.  Concept Development and Experimentation (CD&E) was noted both as a mechanism for 


bottom-up introduction of new technologies, and a top-down means of examining how forces could 


address challenges in new ways. 
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Figure 15: Top Down meets Bottom Up- a national perspective (Germany) 


It was asserted that new or novel solutions generally do not alter the methodology or the scenarios used 


within defence planning processes.   However, if a genuinely novel and paradigm-shifting solution did 


emerge (which was felt to be a rare event), then this solution might be tested by a careful adjustment of a 


scenario. 


Research and Technology (R&T) or Science and Technology (S&T) were recognised as playing important 


roles in the Defence Planning process.   S&T was engaged in the development of the process and tools 


which enable Defence Planning.  Moreover, various nations undertake technology watch studies which 


assess whether new or emerging technologies should be considered in the process.  Although primarily 


technology focussed, some S&T among the nations has investigated non-technological developments (e.g. 


social sciences) and attempted to identify non-platform oriented means of dealing with future challenges. 


7.2 Concept Development and Experimentation 


Most SMEs confirmed that CD&E is conducted in their respective nations.  The primary interface was that 


new / emerging concepts would be subject to experimentation.  Modelling and simulation was noted as a 


viable alternative to experimentation in some cases.  In was also recognised that robust validation of 


experimental results was a necessary but potentially problematic area. 


It was confirmed that new concepts could trigger doctrinal, organizational, material, training and/or 


leadership changes within national defence planning.  The process for this was felt to be similar across 


solution work for the short, medium and long terms.  However, shorter-term work tended to examine how 


best to employ the current force, whereas longer term work examined how best to influence or change the 


force structure or make-up. 


7.3 Solving NATO's Needs 


The nations recognised overarching requirements and solution work needed for NATO‟s integrated 


capabilities: e.g. Countering Hybrid Threats, Maritime C2 Information System, Integrated Air Defence 


System, C-IED, COIN, Counter Terrorism, Home Land Defence, and Maritime Situational Awareness.  


Approaches taken include convening coordination meetings, taking part in NATO common funded 


programmes, and the channelling of information on integrated capabilities via ACT. 


Generally, the defence planning among surveyed nations takes into account the likelihood of cooperation 


with Allies when undertaking missions.  However, with the exception of interoperability, capabilities tend 


to be developed only in the event that they are required on a national basis. 


8.0 SUMMARY & RECOMMENDATIONS 


The Specialist Team successfully reviewed current best practices in operations analysis support to national 


defence planning.  Many common approaches with relevance to the NDPP were identified, especially in 


regards to addressing balance in national capabilities and the role played by scenario-based assessment.  


The unique level of expertise and understanding represented across the team ensured focussed, relevant 


and very pertinent discussion and debate. 


The five key themes considered were of immediate relevance to the evolution of analytic support to the 


NDPP, specifically: 


 Use of scenario-based analysis and definition of the scenario space; 
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 Methodologies for identification and definition of required capabilities, including gaps and 


redundancies; 


 Approaches to capability balancing and risk assessment; 


 Prioritisation of capability shortfalls or gaps; 


 Introduction of novel concepts / solutions. 


Participants gained significant insight and understanding of contemporary approaches and issues within 


national and NATO defence planning, and the open and positive discussion allowed the identification of 


emerging best practice.  In order to ensure this best practice is reflected in the NDPP, the following 


recommendations have been fed into evolving NATO analytic processes: 


 Scenario-based analysis should be recognised as an integral part of robust capability-based 


defence planning.  Use of scenarios ensures maximum military validity and establishes a direct 


link between capability requirements and high-level policy and strategic guidance. 


 Adoption of the hybrid approach for generic scenarios, similar to that now under development in 


certain nations, would maximise the utility of scenarios in NATO defence planning.  This would 


establish high-level generic planning situations tied to political guidance through recognised 


mission types (as mandated by the NDPP Outline Model), and supported by a layer of more 


detailed real world case studies to allow for valid quantification and qualification of requirements. 


 Implementation of the above hybrid approach would help minimise the total number of high-level 


generic planning situations, whilst maintaining an appropriate set of case studies to ensure analytic 


rigour across all planning domains.  Nations typically develop between 3 and 6 representative case 


studies per higher-level planning situation. 


 Quantitative analysis was highlighted as fundamental to the defence planning processes in the 


majority of nations.  NATO should ensure the NDPP is supported by appropriate analytic methods 


that provide for military-led robust capability requirements. 


 Qualitative capability requirements were either not directly recognised, or seen as a complement 


to the necessary quantitative results within nations.  Analytic support to the NDPP must ensure an 


appropriate level of quantitative detail to allow identification of the complementary qualitative 


aspects. 


 Transparency, traceability and auditability were highlighted as fundamental requirements for any 


defence planning process.  Analytic techniques provide the necessary audit trail between political 


guidance and capability requirements, and are fundamental to ensuring validity and acceptance in 


nations.  The NDPP must ensure that requirements are based on open, documented and reviewable 


analytic processes to avoid suspicion that they were based only on the personal views of a few 


individuals. 


 Concept development and experimentation was confirmed as an important component of defence 


planning, and the NDPP must ensure that mature concepts are recognised and integrated into 


capability requirements development. 


 Significant scope exists for bi-lateral or multilateral collaboration on scenario definition, defence 


planning and analytical tools across the NATO nations.  Consideration should be given to future 


SAS activities to consider the prospects and potential benefits of such collaboration.  This should 
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address the impact of on-going harmonisation efforts between NATO and European Union (EU) 


defence planning processes, as well to involve additional NATO member nations beyond the nine 


represented in the Specialist Team.  


 


 


Analytic Implications of the NATO Defence Planning Process 


RTO-MP-SAS-081 9 - 21 


 


 







Analytic Implications of the NATO Defence Planning Process  


9 - 22 RTO-MP-SAS-081 


 


 


 






[image: image13.wmf][image: image14.jpg]}
A NATO
\4% OTAN




[image: image15.png]Probability of solution deliveray

Prol

100%
90%
80%
70%
60%.
50%
40%
30%
20%
10%

0%

bability of solution delivery as a function of equivalent annual cost

= Financial Achievabilty - % of military value

st

>
e

Equivalent Annual Cost









On a Second Generation Strategic

Decision-Making Process for the Canadian Forces







On a Second Generation Strategic

Decision-Making Process for the Canadian Forces



On a Second Generation Strategic Decision-Making 
Process for the Canadian Forces 


Mr. Mark Rempel

Defence Research and Development Canada – Centre for Operational Research and Analysis

6 CBS, National Defence Headquarters

101 Colonel By Drive

Ottawa, Ontario K1A 0K2


CANADA


mark.rempel@drdc-rddc.gc.ca

Abstract

In 2005, the Canadian Forces’ (CF) Chief of Defence Staff announced the commencement of the transformation of the CF.  As with any complex organization, transformation of its structure and processes is not simple.  However, the success of such a transition “depends upon leadership first identifying and understanding the thematic components of the past, and then, learning how to adapt and exploit the thematic strengths ‘today’ for the benefit of ‘tomorrow’ ” [1].  While several themes have been identified within the CF transformation, a theme in which the analytical community plays a vital role is strategic decision-making.  Strategic decision-making, in the context of defence acquisitions, has traditionally been a reactive process [2].  In an effort to migrate defence acquisitions towards a proactive process, a rational forward-looking decision-making process has been developed: the Force Development (FD) process.  At the core of this process is Capability Based Planning (CBP), whose analytical process and associated tools provide decision-makers with an objective assessment of capability deficiencies, adequacies, and affluences.  This objective assessment is central to the following defence acquisition trade-off analysis, whose output is a cost-effective strategic capability roadmap.


The FD process and first generation CBP analytical process have been recently reported [3]

 REF _Ref254257111 \w \h \d " ," 
[4]

 REF _Ref254257114 \w \h \d " ," 
[5][6].  Development of the second generation CBP analytical process has now been completed, which focused on advancement of the process and tools.  In this paper a brief summary of the FD process is presented.  This is followed by an overview of the second generation CBP analytical process, including a description of its methods with an emphasis on how they work together and their advancements since the first generation.  This is followed by a discussion of the proposed next-generation CBP analytical process and tools.  Key implementation challenges are highlighted.

1.0 INTRODUCTION

1.1 Background

In 2005, the Canadian Forces' (CF) Chief of Defence Staff announced the commencement of the transformation of the CF.  As with any complex organization, transformation of its structure and processes is not simple.  However, success of such a transition “depends upon leadership first identifying and understanding the thematic components of the past, and then, learning how to adapt and exploit the thematic strengths ‘today’ for the benefit of ‘tomorrow’ '' [1].  Several themes have been identified, such as civil-military relations, individualism, and strategic decision-making.  Strategic decision-making, particularly in the context of defence acquisitions, is a theme in which the operational research community plays a vital role.  

Strategic decision-making for defence acquisitions has traditionally been a reactive process; that is, basing equipment acquisitions on capabilities
 that have been vital or unsatisfactory during previous CF missions [2]. This approach was previously sufficient, however is now deemed inadequate for various reasons, such as the diversity of military operations (e.g., domestic and continental operations, reacting to a major terrorist attack, supporting civilian authorities) [7] and the importance of strong financial management practices (i.e., the Department of National Defence (DND) may only carry forward surplus funds equivalent to 1% of its yearly budget) [8].  In response, the Department has migrated its strategic decision-making process for defence acquisitions from a reactive one to a rational forward-looking process: the Force Development (FD) process.  At its core is Capability Based Planning (CBP) [9], which consists of two components: ‘future security analysis’ and ‘capability planning, management, and integration’.  The output of the ‘future security analysis’ component is a set of force planning scenarios that describe the future security environment, while the ‘capability planning, management, and integration’ component, which is implemented by an analytical process (i.e., set of operational research methods) known as the CBP analytical process, uses the force planning scenarios to produce an objective assessment of the Department’s defence capability deficiencies, adequacies, and affluences.  This objective assessment is central to the following defence acquisition trade-off analysis, whose output is a cost-effective strategic capability roadmap (SCR).  The SCR is a key element in the transformation of strategic decision-making in the CF.

1.2 Objective


The objective of this paper is to provide an overview of the second generation CBP analytical process
, discuss its methods and how they compare to the first generation methods, and briefly present an introduction to the proposed next generation of the CBP analytical process.  For a complete description of the first generation CBP analytical process, including its methods, the reader is referred to previous papers by Blakeney et. al. [3]

 REF _Ref254257111 \r \h 
[4], Taylor et. al. [5], and Christopher et. al. [6].  

1.3 Scope


CBP exists within the larger FD process, which in turn exists in conjunction with the CF/DND strategic decision-making governance structure.  While it is important to be cognisant of the governance structure (i.e., the results of CBP process are utilized throughout the governance structure), shown in Figure 1, it will not be discussed in this paper.  For further information on the structure, the reader is referred to the Capability Based Planning Handbook [2].

1.4 Outline


The remainder of this paper is organized as follows: Section 2 presents an overview of the FD process, which is presented to provide a context for the CBP analytical process; Section 3 presents an overview of the second generation CBP analytical process and its methods, and highlights modifications of each method since the first generation; Section 4 briefly presents an introduction to the proposed next generation of the CBP analytical process; and Section 5 presents a conclusion.
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Figure 1: CF/DND Strategic Decision-Making Governance Structure.  The lower four boards/committees are chaired by the Vice Chief of Defence Staff and the upper three committee/councils are chaired by the Deputy Minister and Chief of Defence Staff.

2.0 Force development process


The strategic decision-making process for defence acquisitions is a key process within any modern defence enterprise.  The CF, in an effort to migrate its process towards a proactive one, has designed and implemented an end-to-end process that uses government strategic guidance as its input and as its output generates employable force elements
 for the CF operational commands: the Force Development process.  The FD process
 is shown in Figure 2.  While several feedback mechanisms exist within the process, two key loops are those between the ‘Capability Based Planning’ and ‘Strategic Guidance’ components and the ‘Key Products’ and ‘Capability Based Planning’ components.  It should be noted that the SCR, which is envisioned as a key element for transformation of strategic decision-making within the CF, exists within the ‘Key Products’ segment and is a direct output of the ‘Capability Based Planning’ component.
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Figure 2: CF Force Development Process


The FD process begins with an assessment of strategic guidance, such as foreign and defence policy, (e.g., Canada First Defence Strategy [7]), and defence directives from senior military and civilian leadership.  This guidance, which describes current and future defence and security priorities, forms the input to the CBP component.  


The CBP component is split into two segments: ‘future security analysis’ and ‘capability planning, management, and integration’. The ‘future security analysis’ segment evaluates the future security environment and generates force planning scenarios
 that represent operations the CF is likely to be engaged in given the strategic guidance.  In conjunction with the force planning scenarios, there exists a capability framework that describes the full spectrum of military capabilities that the CF either has, may have in the future, or neither but are required by the scenarios.  The framework, which provides a common language to discuss CF capabilities, is a hierarchical structure where each level of the structure provides a greater degree of fidelity (i.e., an element in level 1 of the structure may be divided into three elements in level 2, and each may be further divided in level 3).  The force planning scenarios and capability framework form the input to the ‘capability planning, management, and integration’ component. 

The ‘capability planning, management, and integration’, which is the analytical engine of CBP, is further divided into three elements: ‘capability planning’, ‘capability management’, and ‘capability integration’.  The ‘capability planning’ component identifies the capability framework elements
 that the force planning scenarios require.  This process begins with an evaluation of six standardized effects
 within each scenario: control, shape, stabilize, shield, project and sustain, and informed direction.  Each effect is evaluated by assessing its required frequency and the consequence to the success of the scenario if the effect is not created.  Subsequently, each capability framework element is evaluated against each effect through assessing its required frequency and the consequence to the success of each scenario if the element is not able to create the effect.  These evaluations are translated into numerical scores
, for example as described by Billyard and Blakeney [10].  Along with the numerical scores, a set of questions, known as measures of capability, are created for each capability framework element.  The purpose of the measures of capability is to further quantify and qualify the role of the capability framework elements within the scenario.


The ‘capability management’ component, which is the follow-on process to ‘capability planning’, determines how the CF will provide the aforementioned capability framework elements within each scenario.  The process begins through comparing the capability framework element requirements with existing and programmed operational force elements over time for each scenario and subsequently assigning force elements to framework elements.  The scenarios’ force element requirements are combined together to form concurrent scenario force element requirements.  This information is summarized in two interim results, a capability outlook and a risk outlook.  The capability outlook provides a high-level view of the potential of the existing and programmed operational force elements to achieve individual scenario capability framework element requirements over time.  The risk outlook provides a view of the operational risk to the success of a scenario, and combinations of scenarios (i.e., concurrent scenarios).  These two interim outputs provide the basis for the determination of the set of CF capability deficiencies, which are those capability framework elements that do not have adequate force elements assigned.

While the capability and risk outlooks aid the understanding of the capability deficiencies, they do not provide insight into how to address the deficiencies.  This is performed in the ‘capability integration’ component through a three step procedure: determination of capability alternatives to address each deficiency; selection of a set of alternatives; and review/approval of selected alternatives by decision-makers.  It should be noted that the set of deficiencies generally vary over the time, and therefore the three step procedure must be repeated for each time period of interest.  While any time period may be used for further analysis, only the deficiencies that exist in the final time period studied are considered.  The set of approved alternatives for this set of deficiencies are one of the key inputs to the SCR .


The key products of the FD process are: SCR, investment plan, and the defence plan.  The SCR, which is the direct output of the CBP component, is the aforementioned list of approved alternatives as well as government approved initiatives (e.g., Canada First Defence Strategy [7]).  The alternatives are ranked based on a variety of metrics, such as cost, military value, and personnel requirements.  As well, each alternative and government initiative is mapped to a set of tangible projects.  These projects, along with a proposed implementation schedule, form the input to the investment plan.  The final key product, the defence plan, is a business plan that provides defence tasks and resource allocation.  It is primarily a management tool that integrates priorities, vision, and policy.


The key products described above articulate the capability deficiencies of the CF and how to address them; however, they are not the final output of the FD process.  The measurable effects, which are those created by the Joint, Army, Navy, and Air Force, as well as the generated employable force elements are final outputs.  It is these that determine the success, or failure, of the process as a whole.


The feed forward path (i.e., ‘strategic guidance’ → ‘capability based planning’ → ...) is the primary path in the FD process; however, the feedback paths play an important as well.  The role of the feedback paths is to provide the ability to apply corrective action (e.g., modifying strategic guidance, removal of a capability deficiency) within the FD process.  For example, the feedback path between ‘capability based planning’ and ‘strategic guidance’ recognizes that the capability based planning process may influence the strategic direction provided by the government.  As well, the feedback path between the ‘key products’ and ‘capability based planning’ recognizes that the investment plan is not static, due to changing project timelines and funding, and subsequently impacts the selection of alternatives to address capability deficiencies.  While these feedback mechanisms do not play as a significant role as the feed forward path, they do contribute to the maintenance of the SCR and investment plan.

3.0 capability based planning analytical process


The core of the FD process, as described in the previous section, is CBP.  The CBP component, which is further divided into ‘future security analysis’ and ‘capability planning, management, and integration’, transforms its inputs (i.e.., foreign policy, defence policy) into a strategic capability roadmap through applying soft
 (e.g., subjective analysis of effects and capability framework elements in scenarios) and hard (e.g., optimization of alternatives to address capability deficiencies) operational research techniques.  The ‘capability planning, management, and integration’ component is the analytical engine of CBP, and is implemented through the CBP analytical process.  The second generation CBP analytical process is based on its predecessor [3][4]
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[5]
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[6], which in turn is based on the generic process proposed by The Technical Cooperation Program Joint Systems and Analysis Group Technical Panel 3 [14].  While similar to previous work, the second generation introduces new methods and modifications to existing methods.

3.1 Overview


The CBP analytical process is comprised of a set of soft and hard operational research methods that collectively implement the second component of CBP, which is ‘capability planning, management, and integration’.  The process, shown in Figure 3, is segmented into three sections: ‘capability planning’, ‘capability management’, and ‘capability integration’, similar as to the division of the CBP ‘capability planning, management, and integration’ component described in the previous section.  The process is comprised of inputs, analytical methods, subject matter expert analysis, and outputs that are represented by bevelled boxes, rectangles with headers, rectangles, and rounded rectangles respectively.  There are five analytical methods (i.e., CATCAM, SC2RAT, Concurrency, Optimization, and Cost Sensitivity) and two subject matter expert analyses (i.e., risk outlook and alternative to project mapping).    The remainder of Section 3 provides an overview of each analytical method, including their inputs, outputs, and modifications since the previous generation.  The risk outlook is discussed in the Concurrency section and alternative to project mapping is discussed in the Cost Sensitivity section.
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Figure 3: Second Generation CBP Analytical Process.  Inputs are represented by bevelled boxes, analytical methods are represented by rectangles with headers, subject matter expert analyses are represented by rectangles, and outputs are represented by rounded rectangles.

3.2 CATCAM

CATCAM [10][11][12], that is the Chief of Defence Staff Action Team 3 Capability Assessment Methodology, is a key operational research tool in the CBP analytical process.  Its primary purpose is to evaluate and prioritize the capability framework elements6 within force planning scenarios. This is accomplished through subject matter experts assessing each of six standardized mission effects with respect to their required frequency and the consequence if the effect is not created within each scenario.  Subsequently, subject matter experts assess the capability framework elements that are required to create the effects through the elements’ required frequency and the consequence if the elements can not create the effects
.  For example, Figure 4 shows a segment of the CATCAM method in which the ‘Control’ effect is assessed to have a high frequency and high consequence and the ‘Deny Portions of the Sea’ framework element is assessed to have a low frequency and medium consequence with respect to the ‘Control’ effect for the given scenario.  The assessments are converted into numerical scores, and an overall score for each capability framework element across the effects is calculated using a weighted sum
 based on normalized mission effects scores [10].  These scores may then used to prioritize the capability framework elements within each scenario.  The set of numerical scores for each scenario is passed between the ‘capability planning’ and ‘capability management’ components.  As well, a set of questions, known as measures of capability, are provided with each assessment.  The purpose of the measures of capability is to further quantify and qualify the role of the capability framework elements throughout the scenarios.
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Figure 4: Example segment of CATCAM with sample data [4].  

The algorithms within the second generation CATCAM tool are similar to those employed in the first generation; however, modifications were made to accommodate for an extended capability framework.  Whereas the first generation capability framework consisted of four levels (i.e., Domain → Capability → Function → Activity), the second generation capability framework included a fifth level (i.e., Subactivity) in order to provide a greater degree of fidelity throughout the CBP analytical process.  An example of a segment of the second generation capability framework is shown in Figure 5.  In order to accommodate the fifth capability framework level, and allow a comparison with first generation results (i.e., the Activity level of the capability framework was assessed in the first generation), the capability framework element assessments were performed in two stages.  The elements within the Activity level were evaluated in an identical manner as to those in the first generation.  However, the elements in the Subactivity level were evaluated with respect to their associated Activity level elements rather than the effects (i.e., the frequency with which the Subactivity is required to perform the Activity and the consequence the Activity can not be performed if the Subactivity can not be performed).  The Subactivity scores were computed in a similar manner as to the Activity scores, however rather than being weighted by the effects they were weighted by their associated Activity.  Thus, the ‘capability planning’ component of the CBP analytical process passed Activity and Subactivity scores to the ‘capability management’ component.
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Figure 5: Capability Framework Example.

3.3 SC2RAT

The Scenario Capability/Capacity Requirements Assessment and Outlook Tool (SC2RAT) is the follow on method to CATCAM.  SC2RAT, which uses the capability framework element scores determined in CATCAM, existing and future programmed operational force structure, and force element rotation ratios as input, generates a capability outlook that effectively describes the health of the CF capabilities over time for each force planning scenario.  This is accomplished through a three step procedure: first, subject matter experts evaluate the types and number of operational force elements required to perform the Subactivities
; second, operational force elements are assigned to Subactivities based upon a set of rules (e.g., force elements are assigned to higher ranked (i.e., higher CATCAM score) Subactivities first); and third, generation of a capability outlook for each scenario, which is a summary of its associated capability adequacies and deficiencies.  The first and second steps are repeated for each time period studied where there is a change in the operational force structure.

An example of a segment of SC2RAT for a single scenario and time period is shown in Figure 6.  The capability framework, along with the Subactivity scores, is shown in the left portion of the tool and across the top is the required scenario information (i.e., duration, rotation length) and the force structure (i.e., force element types, quantity, rotation ratio) for the given time period.  The lower right portion provides the ability of subject matter experts to perform the first step in the procedure; that is, to evaluate the type and number of force elements required for each Subactivity.  There are two types of evaluations: primary and secondary.  A primary evaluation is the number of force elements of a type required from those available in the force structure for a single rotation to perform a Subactivity.  A secondary evaluation is similar to a primary evaluation, however rather than requiring the force elements from the force structure the force elements are required from an identified primary evaluation.  The purpose of the secondary evaluation is to allow the tool to reflect the reality that a set of force elements may perform more than one Subactivity.  As a guide to the evaluations, the measures of capability provided from CATCAM are used to assist the subject matter experts during the evaluations. As an example of an evaluation, ‘Conduct CANUS initial planning’ is a primary evaluation that requires two of force elements of type FE1 and ‘Conduct strategic and operational’ is a secondary evaluation (i.e., is linked to Subactivity 1.1.1.1.4) that requires one force element of type FE1.  It should be noted that the number of force elements required for a secondary evaluation must be less than or equal to that in the associated primary evaluation. 
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Figure 6: Example segment of SC2RAT with sample data for a single scenario and single time period.

The second step in the procedure, which is the assignment of force elements to Subactivities, is performed after all Subactivies have been evaluated by subject matter experts.  The assignment heuristic assigns force elements to Subactivities based on their score (i.e., greedy algorithm); that is, force elements are assigned to the Subactivities with the highest CATCAM score with a primary evaluation first, the second highest CATCAM score with a primary evaluation second, and so forth.  During each assignment the number of required force elements is checked against the force structure; if there are enough force elements available, then the number required is removed from those available and the Subactivity is labeled green
 (i.e., adequate capability), else if there are not enough force elements available the Subactivity is labeled red (i.e., deficient capability) and the required force elements are not removed from those available.  This assignment heuristic is repeated for each force element type, however once a Subactivity is labeled red further force element assignments are not performed for that Subactivity.  It should be noted that the secondary evaluations are not assessed in the assignment heuristic, and are subsequently assumed to be green.

The final setup of the procedure is the generation of a capability outlook for each scenario.  An example is shown in Figure 7.  The outlook for each year for each Subactivity is taken directly from SC2RAT, and these are subsequently aggregated to higher-levels in the capability framework.  The aggregation algorithm is based on the degradation caused by the lower level deficiencies, and each aggregation is assigned a color (i.e., red, yellow, green) based on the degree of degradation (i.e., Subactivity 1.1.1.1.6 degrades Activity 1.1.1 sufficiently that it is deemed a deficiency). 
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Figure 7: Example segment of the capability outlook. 

SC2RAT effectively replaces three methods from the first generation CBP analytical process: the Force Generation and Evaluation (FoRGE) tool [4]
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[6], the Capability Outlook Tool [17], and the Activity-Based Neoteric Deficiency Ranking and Evaluation Workbook (ANDREW) [6].  FoRGE provided a similar construct as SC2RAT for evaluating the set of force elements that could provide a given capability.  However, rather than a specific number of force elements, FoRGE simply allowed subject matter experts to indicate if a force element could or could not provide a given capability framework element.  While FoRGE identified which force elements could be utilized, it did not account for the capacity of force elements required as SC2RAT does.  Following this analysis, the Capability Outlook Tool transformed the data collected through FoRGE and transformed it into a capability outlook, similar to the output generated by SC2RAT shown in Figure 7.  Using the capability outlook, in a similar method as to that used in the second generation, subject matter experts created a list of capability deficiencies.  ANDREW was then used to prioritize the deficiencies, based on their level of impact to perform the capability framework elements in the scenarios.  This assessment is now provided through the degradation calculations in SC2RAT.

3.4 Concurrency


While SC2RAT investigates the force element requirements of individual scenarios, and subsequently the health of the required capability framework elements through the capability outlook, it does not investigate the force element requirements of concurrent scenarios.  The Concurrency method [13] provides this insight through assessing the force element requirements of concurrent scenarios and comparing those to the current and programmed force structure.  This is done through a three step process: first, calculation of total force elements required, including rotations, for each scenario; second, calculation of the force elements required for combinations of scenarios; and third, determination of force element deficiencies and affluences as a function of scenario concurrency and risk tolerance. There are three levels of risk tolerance that affect the force elements required for a set of concurrent scenarios.  The three levels are as follows:

· ‘No risk’: the required force elements are the sum of the scenario requirements, including rotations (i.e., if scenario i requires three force elements of type x with a 4:1 rotation ratio and scenario j requires two force elements of type x with a 3:1 rotation ratio, the total number of force elements of type x required for scenario i and j concurrently is 3 ∙ (4 + 1) + 2 ∙ (3 + 1) = 23;

· ‘Force Generation (low) risk’: the required force elements are the sum of the scenario requirements, however this may be reduced by employing rotations from one scenario within another scenario
 (i.e., if scenario i requires three force elements of type x with a 4:1 rotation ratio and scenario j requires two force elements of type x with a 3:1 rotation ratio, scenario j may employ two
 rotations from scenario i, thus reducing the total number of force elements required to 17 (23 – 3 ∙ 2 = 17); and

· ‘Force Generation and Operational (medium) risk’: the required force elements are the sum of the scenario requirements, however this may be reduced by employing rotations in a similar fashion to the ‘Force Generation risk’ assumptions, although with fewer restrictions
.

The concurrent force element requirements are summarized as force structure deficiencies and adequacies, for various scenario combinations and risk levels over time, as shown in Figure 8.  This example shows the three risk levels for six combinations of scenarios.  For each risk level/concurrent scenario combination the percentage of required for elements available is shown (i.e., given force generation risk and six concurrent scenarios, approximately 55% of the force elements are not available at the level required).  This output is used by subject matter experts to create the risk outlook [6], which describes the risk of the CF not being able to create the concurrent mission effects over time.  An example of a risk outlook is shown in Figure 9, where red means that there is a high likelihood of failure, yellow means that there is a chance of failure, and green means that failure is unlikely.  The numbers across the top of the figure represent the time period (i.e., year).  It should be noted that the risk outlook assumes the ‘No risk’ risk tolerance level.
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Figure 8: Example of force element deficiencies and adequacies in concurrent scenarios [13].
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Figure 9: Example of the risk outlook [13].

The risk outlook, in conjunction with the force element deficiencies and adequacies, capability outlook, and a level of concurrent ambition are used by decision-makers to determine the set of capability deficiencies that the CF will address.  It is this set of deficiencies that is the primary information passed between the ‘capability management’ and ‘capability integration’ components.  It should be noted that one deficiency in the set determined by the decision-makers may represent more than one deficiency determined through the analytical methods (i.e., there may be a many-to-one mapping).  This is done to reduce the complexity of the subsequent optimization problem.

The Concurrency method was not included in the first generation CBP analytical process.  While it has long been recognized that concurrency analysis is an important element of the CBP analytical process [15], due to aggressive timelines and resource constraints the concurrency method was not developed until the second generation. 

3.5 Optimization


The optimization component of the CBP analytical process provides the ability to search the solution space for non-dominated sets
 of solutions that best address the identified capability deficiencies, where a solution is comprised of a set of capability investment alternatives [5]

 REF _Ref254257306 \r \h 
[6].  The capability investment alternatives are described by a variety of parameters, however the parameters employed in the optimization are as follows
: degree to which the alternative addresses its capability deficiency; equivalent annual cost
; personnel requirements; and dependencies on other deficiencies and alternatives.  Thus, the objective of the optimization is to determine non-dominated solutions that provide maximum military value for minimum equivalent annual cost, where the military value of an individual alternative is based on the importance of the capability deficiency it addresses (i.e., the importance is related to the CATCAM scores of the capability framework elements that the deficiency represents), the alternative’s ability to address its capability deficiency, and the presence of other specified deficiencies and alternatives in the solution.  As well, the feasibility of a solution is limited by a set of constraints, primarily the number of military personnel required.  As a result of the dependencies between alternatives in a solution, the objective function for military value is modeled by a nonlinear equation, and thus a heuristic is used to determine the non-dominated set of solutions.  

As with any heuristic, the non-dominated set found is not guaranteed to be the Pareto-optimal set
.  An example of a non-dominated and Pareto front (i.e., the solutions of each set exist on their respective fronts)   are shown in Figure 10.  As such, without a guaranteed upper bound on military value as a function of cost, there is no indication as to the quality of the non-dominated solutions.  While the heuristic employed (i.e., constrained multi-objective genetic algorithm
) in the second generation has not been modified as compared to its first generation implementation, the quality of the solutions generated have been investigated.  Three avenues were undertaken: generation of solutions using a constrained single objective genetic algorithm, evaluation of the algorithmic parameters (e.g., population size, mutation rate) of the multi-objective genetic algorithm to determine their effect on the algorithm's efficacy, and comparison with solutions determined using a second single objective heuristic based on an iterated local search.  With respect to the first item, the constrained multi-objective genetic algorithm was converted into a constrained single objective genetic algorithm, such that cost was a constraint rather than an objective.  The cost constraint was set at various values and the determined solutions were compared to those found using the constrained multi-objective genetic algorithm.  As well, the solutions were used to seed the initial population of the constrained multi-objective genetic algorithm in an effort to direct it towards a feasible region quickly and thus reduce computational time
.  Through these three avenues the following was determined: the constrained single objective heuristic generated solutions comparable to the constrained multi-objective genetic algorithm; injection of good solutions in the initial population decreased the computational time of the constrained multi-objective genetic algorithm, however did not result in dramatically better solutions; the efficacy of the algorithm was not significantly affected by the choice of parameters; and the second single objective heuristic generated comparable solutions to the constrained multi-objective genetic algorithm.  Thus, while the Pareto set was not determined, the confidence in the quality of the solutions has been increased.
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Figure 10: Example of a non-dominated front and Pareto front.

3.6 Cost Sensitivity


While the optimization component of the CBP analytical process determines non-dominated solutions (i.e., sets of capability investment alternatives) at various equivalent annual costs, it does not investigate the risk of delivering the solutions due to cost risk.  This is accomplished through a follow-on process: cost sensitivity.  Given that the equivalent annual cost of each capability investment alternative exists within a distribution (i.e., the lower and upper bounds of the equivalent annual costs are provided for each alternative15 that are assumed to form a triangular distribution), this information may be utilized to provide further insight into the cost risk of each solution, such as the probability that a solution will not exceed a given funding limit (i.e., solution x has an equivalent annual cost of c, however there is a probability p that the cost will not exceed a cost of k).  An example of this type of analysis is shown in Figure 11
, where the triangles (yellow line) represent the percentage of maximum military value delivered (i.e., the non-dominated solutions in Figure 10) and the squares (purple line) represent the probability that the non-dominated solution is achievable for a given funding limit.  While other types of analyses exist within the cost sensitivity component, the analysis shown in Figure 11 is representative of the type of information obtained from the cost sensitivity analysis.  
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Figure 11: Probability of solution delivery as a function of equivalent annual cost given a funding limit.

The information generated through the cost sensitivity analysis aids decision-makers in selecting a solution from those determined through the optimization process.  The selected solution, subject to changes made by decision-makers (i.e., due to strategic or political influence), is the approved set of capability investment alternatives and is one of the key inputs to the SCR.  Following the approval of the solution, each alternative is mapped to a set of tangible projects.  These projects, rather than the capability investment alternatives, form a portion of the input to the investment plan.

The purpose of the cost sensitivity component within the CBP analytical process was not altered between the first and second generation, however the implementation of the component was changed.  Cost sensitivity in the first generation was performed using a Monte Carlo simulation [6], where the approximation of the cost distribution of a solution was determined through sampling the cost distributions of its alternatives.  While this is a valid method to perform this type of analysis, the second generation employed the mathematical properties of the capability investment alternative’s triangular distributions within a solution and curve fitting to calculate its approximate cost distribution.  The primary difference between these two approaches is that the first generation method is stochastic, while the second generation method is deterministic.

4.0 next generation analytical process

4.1 Overview

Upon completing the application of the second generation CBP analytical process, a review of its features was performed.  Several shortcomings of the second generation process and its methods were identified, and may be summarized as follows:


· Lack of considering time when selecting capability investment options, and a lack of including capability divestment and capability sustainment alternatives;


· Lack of a consistent knowledge management system;


· Lack of inclusion of the Generate domain (i.e., those parts of the CF that exist to support and prepare force elements for possible deployment);


· Lack of consultation with decision-makers during the definition of the process outputs; and


· Lack of maintaining a strategic-level view throughout the process.


Subsequently, it was determined that the design and development of the next generation of CBP analytical process may be described by seven development thrusts.  These seven development thrusts are:  


· Command View - Design and develop an interface between senior decision-makers and the CBP process, in an effort to better help decision-makers enhance their understanding of the process and its outputs;


· Capability Based Planning Analytical Process - Modify the CBP analytical process, such that it includes the Generate domain and produces outputs that are valuable to decision-makers;


· Capability Framework - Modify the existing capability framework as required to facilitate the application of CBP at the strategic-level;


· Generate Domain - Develop the Generate domain to the level of fidelity required to facilitate the application of CBP at the strategic-level;


· Capability Based Planning Database - Design and develop a relational database for storage of CBP data, thus providing a consistent knowledge management system;


· Optimization - Design and develop an optimization technique that selects capability investment, divestment, and sustainment options over time to best meet CF capability requirements and incorporates cost risk; and


· Capability Based Planning Tools - Enhance the CBP analytical methods (e.g., CATCAM, SC2RAT, Concurrency), such as separating the methods and their input/output data, integrating the methods and the CBP database, and developing rules for producing the risk outlook.


4.2 Implementation Challenges

There are four key challenges that may impede the design and development of the next generation of the CBP analytical process:

· The need of each development thrust to be cognizant that its design and development is strongly influenced by that of the remaining thrusts;


· The need of senior decision-makers to agree upon the set of expected outputs of the CBP analytical process;


· The need of senior decision-makers to agree upon the degree of fidelity that the capability framework and generate domain must represent; and


· The need to develop the generate domain.


The first key challenge is related to the fact that each thrust does not occur in isolation; as each must make design decisions at the appropriate time to ensure efficient development.  Thus, the relationships between the thrusts must be taken into account during project planning.  For example, the ‘Capability Based Planning Analytical Process’ thrust strongly influences the ‘Capability Based Planning Tools’ thrust (i.e., definition of the process defines the types of tools that are required), which in turn influences the ‘Capability Based Planning Database’ thrust (i.e., the tools define the type of data that will be stored in the database).  Figure 12 shows the influence diagram between the seven thrusts.  It should be noted that a relationship between two given thrusts, for example ‘Optimization’ influences ‘Capability Based Planning Database’, does not mean that one thrust must be complete prior to a second thrust commencing; rather, that components of the first thrust are required to be completed prior to components of second thrust being completed.  
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Figure 12: Next Generation Development Thrust Influence Diagram.

The second and third challenges are related to the requirement that senior decision-makers must approve aspects of the CBP analytical process (i.e., process outputs and the capability framework).  These challenges not only directly affect their respective development thrust, but also affect the remainder of the thrusts (e.g., without a definition of the CBP analytical process outputs, the ‘Optimization’ thrust can not guarantee that it will produce valuable outputs).  While the development of the thrusts may continue without senior leadership endorsement, the resulting outputs may not be accepted.


The fourth challenge is the development of the Generate domain.  The Generate domain is large and relatively ill-defined in comparison to the existing domains; it may prove difficult and thus hamper the remaining thrusts.  However, design and development of the remaining thrusts may continue, due to that the ‘Generate Domain’ thrust only directly influences the ‘Capability Based Planning Database’ and ‘Optimization’ thrust.  These influences may be mitigated through ensuring that each thrust produces products that are flexible (i.e., the CBP database may be expanded to include the Generate domain information).


5.0 conclusion

In this paper the second generation CBP analytical process, which exists within the CF FD process, was presented.  An overview of each method within the process was discussed; with an emphasis on how the methods work together and their modifications since the first generation.  Shortcomings of the second generation CBP analytical process were identified, and an introduction to the proposed next generation CBP analytical process was briefly presented.  Key implementation challenges were highlighted.
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� A capability may be defined as “A particular ability that contributes to the production of a desired effect in a given environment within a specified time and the sustainment of that effect for a designated period.  Capability is delivered by an appropriate combination of PRICIE components.” � REF _Ref254255728 \r \h ��[2]�.  PRICIE refers to the functional components of a capability: Personnel/Leadership/Individual training, Research and Development/Operational Research, Infrastructure, Environment and Organization, Concepts, Doctrine, Collective Training, Information Management & Technology & Equipment Support.


� It should be noted that the first generation CBP analytical process was known as the SCR analytical framework.  The name has been changed to emphasize the process rather than the output.


� A force element is defined as a fundamental unit within the CF that can be utilized to provide capability within an operation. The unit may perform a tactical, operational, or strategic level function � REF _Ref254257306 \r \h ��[6]�.  Examples of force element are one C-17 (i.e., strategic lift), one fixed-wing search and rescue aircraft, and an engineer field squadron.


� The CF FD process is a waterfall model (i.e., sequential development process) with feedback.


� The force planning scenarios depict a range of domestic, continental, and international events and possibilities across the full spectrum of conflict � REF _Ref254255728 \r \h ��[2]�.


� A level within the capability framework (e.g., level 4) is selected to perform the assessment.


� An effect is defined as a physical, functional, or psychological outcome, event, or consequence that results from the execution of specific tasks � REF _Ref254255728 \r \h ��[2]�.


� The numerical scores may be used to create a prioritized list of capabilities for each scenario.


� 	For further information on soft operational research methods in defence problems the reader is referred to Heyer � REF _Ref254682434 \r \h ��[16]�.


� 	It should be noted that the capability framework elements can be labelled as ‘enablers’; that is, they do not deliver an effect themselves, rather they enable other framework elements to deliver an effect � REF _Ref254708347 \r \h ��[12]�.


� 	It should be noted that the calculation assumes that the effects are orthogonal; that is the evaluation of one effect does not influence the evaluation of a second effect.


� 	Any capability framework level could be analyzed, however the second generation CBP analytical process used the Subactivity level as described in section 3.2.


� 	See column E in � REF _Ref254875566 \h ��Figure 6�.


� 	It should be noted that currently only the ‘Baseline’ scenario (i.e., daily domestic CF responsibilities) may employ rotations from another scenario at the ‘Force Generation risk’ level.


� 	It should be noted that at least one rotation must not be employed (e.g., a 4:1 rotation ratio may provide up to two force elements, a 3:1 rotation ratio may provide up to one force element).


� 	Whereas the ‘Force Generation risk’ level may only employ rotations from other scenarios in the ‘Baseline’ scenario, the ‘Force Generation and Operational risk’ may employ ‘Baseline’ scenario rotations in ‘Domestic/Continental’ scenarios or non-rotated ‘International’ scenarios.


� 	Among a set of solutions P, the non-dominated set of solutions P′ are those that are not dominated by any member of the set P � REF _Ref255312225 \r \h � \* MERGEFORMAT �[18]�.


� 	Parameters other than those in the list are collected, such as risk (e.g., technology, implementation) and accuracy of cost.


� 	The equivalent annual cost of a capability investment alternative includes several factors, such as acquisition cost, military and civilian personnel salaries, indirect cost for procurement, operations and maintenance, equipment support, basing, and research and development � REF _Ref254257306 \r \h ��[6]�.


� 	The non-dominated set of the entire feasible search space S is the globally Pareto-optimal set � REF _Ref255312225 \r \h ��[18]�.


� 	The genetic algorithm was implemented using the Phoenix Integration – see http://www.phoenix-int.com/.


� 	A single run of the first generation constrained multi-objective genetic algorithm required approximately 24 hours to perform a single run.


� This figure was provided by Leonard Kerzner.
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Abstract


Long term defence planning is a complex undertaking involving many separate analytical steps and with non-trivial transitions from one step to the next. Many nations struggle with the challenge of establishing analytical rigour, structure and traceability in their defence planning processes. In this paper we will present a tool that has been developed not only to support defence planning, but which is also well suited to improve the structure of the process by requiring a formalisation of the individual steps of the analysis.

1. introduction


J-DARTS (Joint Defence Planning Analysis and Requirements Tool Set) is an end-to-end tool for capability based planning. It has been under continuous development and enhancement at the NATO Consultation, Command and Control Agency (NC3A) since 2001 (one of the authors was responsible for its initial conception and implementation while employed at the Agency). It is now being used for NATO’s Capability Requirements Review (CRR, formerly known as the DRR) and also at the Norwegian Defence Research Establishment (FFI) in support of Norwegian long term defence planning. NC3A maintains ownership and configuration control over J-DARTS, but the tool is available to NATO nations free of charge
.


This paper will describe the overall structure of J-DARTS as well as its main components before summing up with some experiences of using the tool for real-world defence planning purposes. First, however, a quick overview of the planning processes for which it is designed to support is required.


The method for long term defence planning employed at FFI could loosely be called “capability based planning”. It has certain similarities to NATO’s approach in its CRR which is medium term and capability based planning across the spectrum of planning domains.  A useful reference is the framework defined by SAS-025 “Handbook on Long Term Defence Planning”, although there are some national adaptations compared with this.


The term capability is in this context synonymous with the ability to perform a certain task. In a capability based approach a capability taxonomy is used both to express requirements derived from scenarios and the abilities of units and platforms. This gives us flexibility in matching units and platforms to requirements and avoids zeroing in on specific solutions too early in the process.


Figure 1 illustrates the process flow and basic components of the method. There are two main lines of analysis. The bottom one, the force structure analysis, is a bottom-up process that aims to identify the capabilities and costs of the current and future force structure. The upper one, the scenario analysis, is a top-down process where we develop capability requirements, based on interpretations of the security environment, future challenges and national strategic goals. 


[image: image1.wmf]

Figure 1: The long term planning process

J-DARTS is designed to support each of the steps depicted above and to facilitate the transition from one activity to the next. This is achieved through a number of multi-user applications all linked together and working off the databases in the so-called CDR, the Central Data Repository (an SQL Server group), as shown in Figure 2 below.



[image: image2]

Figure 2: The J-DARTS application suite


The main applications in the J-DARTS suite are:


D-MIST (Defence Planning Mission Study Tool): An application that supports the mission analysis in Figure 1 above, including a hierarchical task decomposition and the creation, storage and visualisation of individual scenarios and scenario descriptions.


D-CALC (Defence Planning Capability Assignment Logic Calculator): This tool supports both the mission analysis through the development of (scenario independent) rules for capability assignment and the scenario analysis by applying the those rules to specific scenarios.


D-SIGN (Defence Planning Scenario Information and Geographical Analysis tool): Utilising a GIS-interface, the role of D-SIGN is to specify the scenarios according to the framework given by the mission analysis and so provide parameter values to the capability assignment logic.

D-RUM (Defence Planning Requirements and Unit Matching Tool): On the one hand a repository for real-world units and their capabilities, on the other a tool for aggregation of the capability requirements stemming from (combinations of) the scenarios. D-RUM is also the controlling interface to D-EFT (see below) and a repository for the final force pool resulting from the running of D-EFT.

D-EFT (Defence Planning Extended Fulfilment Tool): A MIP-optimisation used to find the minimum set of forces (in terms of cost) that satisfies all capability requirements while adhering to a set of constraints on the use of units, force cohesion etc. 


The sections below will give an overview of each of these activities and how J-DARTS has been designed to support them.


2. D-MIST – mission types, scenarios and task decomposition


The derivation of capability requirements is based on an analysis of the national security situation, future challenges and national strategy. What we aim for is a set of mission types which spans – to the greatest extent possible – the space of potential future challenges to national security. The mission types are generic scenarios, which mean that they do not contain specifics with regard to parameters such as time, place or opponent. Examples on mission types could be “Collective Defence” or “Crisis Containment”. To develop a complete set of mission types we have take into account both national and international challenges. 


The mission types are not specific enough to be used for the derivation of meaningful capability requirements. It is therefore necessary to develop concrete situations where geography, actors and time lines are defined. These are called scenarios and are detailed examples of the mission types described above. 


The scenario analysis consists mainly of a decomposition of each mission type into objectives, tasks and subtasks, as shown in Figure 3. The subtasks are then analysed to determine the capability requirements for each of them. 
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Figure 3: Mission Task Decomposition


The creation and analysis of mission types, the task decomposition and a textual definition of the individual scenarios are facilitated by the tool D-MIST. As shown in Figure 4, the D-MIST interface contains two main elements. On the right hand side, the mission task decomposition of the various mission types can be specified according to the structure given in Figure 3. On the left hand side, a textual description of the different scenarios defined for each of the mission types is displayed as an embedded and editable Word document. D-MIST also allows the creation and deletion of mission types and scenarios.


[image: image4.png]T New Mist

ParvingStusion [EVAwzs =]
Joks

EV Auriga - Microsoft Word

Mission Type [Evacuation

[ mission Essential Components

Vindy Skoiv sparsmlfar bjep + X

Help

Bl Tabel

Qe as) |31 0% = | s
[ RRE ERR T R RRRE TR ENRT TRRE ST ERRE TR TNR RN IR

EVACUATION - AURIGA REPUBLICA

Redger Vs Settinn Format Verkigy

« |

e AR

OVERVIEW

Auriga oceupies a crifical geo-strategic position befween the powerful states of Aqila
and Volpecula - an important but volatle region that holds large, proven o and gas
reserves. Auriga has suffered a precipitous decline in living standards dating back to the
break up of the Aqula Confederation and has been racked by ammed confliet between
ethnic Auris and Bataris since gaining its independence in 1991, As a result of years of
cthnic conflict, Auiga confimes to be burdencd with 600,000 internally displaced
persons, mostly from the mountainous regions.  Consequently, Auriga has a crucial role
1o olay in resional stabiliv and cconomic revitalization.  With ifs vast oil reserves

o]

(&1 #=5] Al

Component Name
[M1] Secure Base Areas

[M2] Deter and Prevent interference with the mission
[M3] Project, Protect and Sustain the Forces

[M4] Exercise effective C31
TMRT Fetahlich rnca lisican with | 1N Farna

[ mission Task Decomposition - Evacuation

HX|R| @ =

Ayl

Bl Plan the Operation
B Establish the C2 Structure
Establish the C2 structure
B Collect Initial Intelligence
Collect initial inteligence
Bl Develop Plans
Develop the operational plan
Develop the deployment plan
Develop supporting plans
Develop a redeployment plan
Bl Exercise command and control
B Provide HQ
Provide HQ
Bl Maintain Inteligence Collection
Maintain intel collection
Bl Extend C2 Structure
Assume operational control of PK force
Provide operational liaison with PK force
Provide tactical liaison with PK force eleme
B Execute Plans
Execute the operational plan
Execute the deployment plan

Phases

22
23
24

-«

u1 REG KORR LTV OVER Engebsk(sto

@ w
Side 1 Innd 1 1117

Posision 2.5 cm

Presentasion.

i ton

Pl O rbox- oz o... |

[ eemesenaco

i s toioocn







Figure 4: D-MIST


The output from D-MIST, forming the necessary starting point for the next step in the overall analysis, is the list of key tasks for each of the mission types. The key tasks are the lowest level in the task hierarchy and will typically imply challenges at the low operational or high tactical level. The analysis of and definition of “solutions” – in terms of capability requirements – for these key tasks are implemented through D-CALC.


3. D-CALC – capability requirements analysis

The Joint Activity Trees (JATs) – see Figure 3 – are not formally part of the Mission Task Decomposition, but they are part of the mission analysis. A JAT is a generic solution to the problem posed by a Key Task (KT) in the shape of a recipe or Capability Assignment Logic (CAL). There are potentially more than one solution to a Key Task and there may therefore be more than one JAT attached to a KT. Which JATs that end up being selected depend on the specifics of a given scenario. The CALs, which are mission type specific, will produce quantitative capability requirements for JATs (and hence KTs), the size of which depends on planning situation specific parameter values. This is implemented in the application D-CALC, shown in Figure 5.
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End If
If required = False Then
entryPoint.casEF = 0
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entryPoint.casCAPs = 0
End If
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Figure 5: D-CALC


There are two main elements in D-CALC. The execution script, displayed in the left hand window pane in Figure 5, is a script that mandates the sequence in which the JATs should be executed for a given mission type. Furthermore, the script links each of the JATs with one or more code segments, which contains the actual code to be executed for a given JAT.


The code segments, an example is partly visible in the upper right hand corner of the figure, are implementations of the CALs and generate the capability requirements for a specific JAT. These are relatively simple rules, defined in a Basic-like language, and could be based on doctrine, results from simulation models, historical experience or military judgment. There are also special code segments that deal with the aggregation of capability requirements across space and time (i.e. across geography and phases), since the total capability requirements of a scenario are not simply the sum of all the low-level requirements. 


When all the necessary code segments have been defined for all of the JATs of a given mission type a scenario of that type can be “run” in order to generate the capability requirements for that scenario. It should be noted that the scripts and the code segments are specific to the mission types and not to the scenarios. The parameter values used by the code segments are, however, scenario specific and necessary to calculate the scenario specific capability requirements. These parameter values are specified through the D-SIGN application.


4. D-SIGN – scenario specification


D-SIGN, shown in Figure 6, is a map-based tool (a plug-in to the commercial GIS tool Maria
) that allows the specification of individual scenarios. The mission task decomposition at the mission type level identifies what needs to be done (i.e. the required capabilities), the scenario definition specifies the scenario parameters needed to calculate – in D-CALC – how much is needed (i.e. the required capacities). Typical parameters could come from the specification of timelines, threat, LOCs, bases etc.
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Figure 6: D-SIGN


Apart from supplying the parameter values needed by D-CALC, D-SIGN is also useful for documenting and visualising both the scenario definition and the results of the scenario analysis. The capability requirements resulting from running D-CALC can be accessed through D-SIGN and automatically associated with specific scenario elements. 


5. D-RUM – force structure analysis


The previous sections have all been about requirements. In order to establish a long-term plan, we also need to consider how these requirements shall be met in terms of a real-world force structure. D-RUM is a tool that facilitates this. There are three main elements constituting D-RUM. 


First, D-RUM collects all capability requirements from all scenarios and combines them into so called benchmarks in accordance with a specified level of ambition. The level of ambition is a logical algorithm that defines the mission types and scenarios that should be allowed to generate capability requirements, and the allowed concurrency of the same. Each benchmark is a set of requirements from concurrent scenarios and thus represents a set of challenges that the future force structure ideally should be able to handle.


Second, D-RUM provides the interface to the real-world force structure elements (widely defined; not only combat units, but also logistics, air bases etc.) These are stored with administrative data such as unit name, location, readiness, its place in the force structure hierarchy and also cost data, i.e. the life cycle cost of the unit and the required supporting elements directly associated with the unit. Furthermore, data regarding the use of a unit may also be specified, for instance which scenarios it may or may not be used in, whether it can be split and used in more than one scenario, if it must always deploy with another unit and so on. Most importantly, however, D-RUM allows the specification of a unit’s capabilities and capacities, as shown in Figure 7.
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Figure 7: Unit capabilities


Any given unit will have one or more capability, using the same capability definitions as for the scenario analysis. The unit’s effectiveness – i.e. its capacity – for a selected capability is given relative to the performance of a reference unit. Such reference units, or yardsticks, are defined for each capability. This approach allows the exploration of different solutions and trade-offs between platforms and units with overlapping sets of capabilities against a given set of capability requirements.


Third, D-RUM provides an interface to D-EFT (see below) in order to control the optimisation that generates the force structure and to inspect the result. It is also possible to see how the units have been used in the different benchmarks and scenarios, as shown in Figure 8.
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Figure 8: D-RUM, allocation of units against requirements


6. D-EFT – force structuring


The job of collecting all the loose threads and come up with what is the ultimate goal of the planning process – a suggested future force structure – is handled by D-EFT. In practise this is done as a Mixed Integer Programme (MIP) employing the CPLEX
 algorithm. This is a mathematical and deterministic algorithm which – given inputs like costs, capabilities, level of ambition and capability requirements – matches forces to benchmarks and scenarios so that all capability requirements are fulfilled at the lowest possible cost. 


The most powerful application of the method is to use it in a constructive manner. If we take as a starting point a great number of potential structural elements – representing both legacy units, potential acquisitions and radical new technologies – D-EFT will construct a force structure, as shown in Figure 9, which represent the most cost effective fulfilment of the capability requirements posed by the scenario analysis and the selected level of ambition.
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Figure 9: Output from D-EFT – the force structure

Another way to use J-DARTS is to let D-EFT evaluate the capabilities of an already existing or proposed force structure. By matching the capabilities of the force structure to the capability requirements derived from the scenarios and level of ambition, the method gives an explicit quantification of what the structure is lacking with regard capabilities, capacities and readiness as well as surpluses with respect to the same. Gaps identified can then either be rectified or a choice can be made to accept the – again explicit and quantifiable – risks associated with leaving gaps unfulfilled.


Running D-EFT will of course not result in an optimal – or acceptable – force structure the first time the button is pushed. There will invariably be inputs and assumptions that need to be adjusted both in order to correct mistakes, but also, for instance, to incorporate constraints on the use of forces. The scenario analysis and the capability and cost evaluations are both, at least at some level, based on judgement and uncertainties and inaccuracies will play a part. The answers can therefore not be represented as any kind of objective, scientific 'truth'. The strength of the analysis is, on the other hand, that the audit trail is very clear and that the effect of all assumptions can be quantified and tested.


7. using J-DARTS


A total force structure will not be fully defined after the first run-through in J-DARTS. The path from the current structure to the target structure must be defined, total cost for both the force and support structure must be analysed, the risk associated with the acquisition of new, untested technologies evaluated and specific constraints and guidelines may need to be incorporated. A number of iterations will need to take place where it may well turn out that the level of ambition must be adjusted if, for instance, the total cost of realising the original ambition level turns out to be unrealistically high.


In this way, we may converge towards a defence structure which is acceptable with policy makers, but which is also in a certain sense internally consistent and for which a clear audit trail from the level of policy and security environment assessment down to the specific force structure elements is available.


J-DARTS and the methodology it is the implementation of have been used at FFI in support of Norwegian long term defence planning since the so-called Defence Study 2007. A full set of scenarios has been developed and analysed and J-DARTS have been run on a number of occasions to provide a basis for the force structuring process. It is now one of the main tools underpinning the new continuous planning process currently being implemented by the Norwegian MoD (as opposed to the 4-year cyclical process used previously). J-DARTS is also still in use in NATO in support of the CRR.


J-DARTS is a complex suite of tools and it requires a considerable investment of time and manpower before it can be used for serious analysis. For nations with limited resources in the area of defence research it can make more sense to employ a simpler spreadsheet based approach. However, the tool is very flexible and modular and even those nations can benefit from adopting some of the components and integrating these with their existing approaches. If the initial effort can be made, then subsequent studies are made much easier since J-DARTS will be a repository for the required analysis and data. The next time around it is then a matter of updating unit data, scenarios and other inputs as required. Another benefit of J-DARTS is that it automatically provides an audit trail in that it is possible to trace back any result to the initial assumptions. This is something that is easily lost using spreadsheets, both because what is documented by spreadsheets is often only the result of the analysis, not the analysis itself, and because spreadsheets have a tendency to degrade over time (through constant minor modifications and subsequent problems with version control) and eventually discarded. 
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1.0
INTRODUCTION

The complex challenges posed by the future security environment calls for a systematic method for planning under uncertainty with the aim of providing the capabilities required to achieve the range of objectives/effects needed to successfully accomplish NATO’s missions and aims. This capability based planning needs to be enhanced and applied more widely within NATO Defence Planning (DP). Furthermore, capability requirements should be identified in a manner that is traceable and transparent and one that facilitates the timely and efficient development of solutions to meet these requirements.


Addressing these challenges will also require a Comprehensive Approach focussed on the achievement of objectives/effects through a coordinated use of the Alliance’s Political, Military, Economic and Civil instruments of power. It will also often require the Alliance to operate as part of a wider Coalition. Consequently, achieving the required objective/effects will often necessitate the coordinated action of many disparate entities within and between organizations. These organizations may be military and non-military. They may be NATO organizations or organizations from member nations. They may also be organizations from non-NATO nations, International Organizations (IO) such as the UN and Non-Governmental Organizations (NGO). Coordinated action will require effective Command and Control (C2), Intelligence, Surveillance and Reconnaissance (ISR) and interoperability between the entities involved in C2 and ISR will be critical. This in turn will require timely exchange of relevant information. A structured, systematic method to defining this information sharing is critical.


The complexity and uncertainty outlined above means that interoperability will often need to be achieved on an ad-hoc basis. The manner in which interoperability is achieved therefore needs to be flexible and adaptive. Such flexibility and adaptability is achieved by applying a service oriented approach to developing solutions to interoperability at the organizational and system level.


The key to deriving robust C2 and ISR capabilities and associated interoperability is to separate ‘what needs to be delivered’ (i.e., the capability requirements) from ‘how it is delivered’ (the solution/technology). To do this one needs to introduce the concept of ‘service
 provision’. This entails specifying the ‘requester’ for a task to be performed and a ‘provider’ who commits to performing the task. An example of a requester may be a HQ and the provider may be a subordinate unit or another HQ. This illustrates that a request may be a tasking with an obligation to deliver, or a request that can be negotiated and potentially denied. This is the essence of the service oriented approach.


The service oriented approach is a natural complement to capability based planning. Furthermore the service oriented approach emphasizes the description of how the elements within a system/organization interrelate and interact to perform tasks and hence achieve required objectives and effects. Such interrelation and interaction is the core element of architecture definition. The generation of architectures is therefore intrinsic to this service orientated approach.


This paper outlines how a service oriented approach could be applied to support the generation of C2 and ISR capabilities and associated interoperability in the context of the NATO Defence Planning Process (NDPP). This results in a clear, auditable trail from the strategic missions that NATO must be able to undertake through to the C2 and ISR capabilities needed to perform these missions. The approach provides a systematic way for deriving a comprehensive set of requirements, is scalable and adjustable to the problem at hand, and has broad applicability. Its application entails the collaboration of different stakeholders from the operational and technical community.


1.1
The Methodology

The methodology for derivation of C2 and ISR requirements is outlined in the following figure and containing 6 basic steps.
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1. Identify operational context: The aim in this step is to describe the operational context and the set of tasks (operational activities) relating to planning, execution and assessment that need to be undertaken within a Mission Type (MT). The NATO MTs and associated Planning Situations used in Defence Planning provide the basis for describing the operational context. The operational context includes operational activities that need to be performed in order to accomplish the Mission, the operational activities require a ‘requester’ and ‘provider’. The Defence Planning Mission Task Decomposition (MTD) provides the basis for identifying the operational activities.


2. Define operational activities: The aim of this step is to further develop the operational activities identified in step 1 by defining the objective/effect to be achieved, conditions and constraints on achieving the objective/effect and the required Quality of Operation (QoO). QoO is a collection of operational attributes concerned with how well (performance metrics) the operational activity needs to be performed. Requirements are stated in a solution independent manner.


3. Design operational activity: In this step different solutions are designed/analyzed in order to identify which of them meets the requirements established in the previous step. The design is based on solution elements (e.g., HQ, Air/Land/Maritime units and non-military elements) and specifies their functions and how they generally need to interact. Depending on the nature of the problem and the time horizon under consideration, solution elements may be highly specific (e.g., specific system) or more generic. These solution elements will ultimately be provided by Alliance member nations or NATO.


4. Determine collaboration between solution elements: This step determines how the solution elements identified in step 3 collaborate and identifies the classes of information products that each solution element needs to produce and utilize to enable such collaboration.

5. Define User Information Services: “User Information Service (UIS)” is the delivery of information to a user in order to fulfil that user’s information requirements. The aim of this step is to identify the UISs that each solution element identified in step 4 must provide, such that the operational activities identified in step 1 can be provided. The specific information products required to enable the collaboration identified in step 4 are identified for each solution element.

6. Define NNEC Technical Services: The NNEC Technical Services (NTS) captures which technical services need to be implemented in order to support the UISs identified in step 5. Standards from NATO and civilian standardization organizations should, to the maximum extent be used.


1.2
Use of Architectures

Information generated or identified by applying the methodology populates architectures as appropriate. As noted earlier architectures describe how elements within a system/organization interrelate and interact and can therefore be used to link in a readily understandable, transparent and traceable manner, operational activities identified in step 1 to NNEC Technical Services (NTS) identified in step 6. The NATO Architecture Framework (NAF) v3.0 identifies a total of 7 different types of views, each consisting of a set of sub-views that can be used to present (communicate) the information generated by applying the methodology:

· NATO All View;

· NATO Capability View;

· NATO Operational View;

· NATO Service Oriented View;

· NATO Systems View;

· NATO Technical View;

· NATO Programme View.

The figure below shows how various architecture views map onto the sub-processes in the NDPP. These architectural views support the development of capabilities, interoperability, NNEC implementation and documentation.
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In order to be able to effectively share the architecture data,  the architecture data needs to be stored in the NATO Architecture Repository (NAR) following an agreed set of ‘rules’ as laid out in the NATO Meta Model (NMM)
. The architecture views can then be generated and communicated as required.
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1.3
Summary/Conclusion

Applying the methodology outlined in this paper ensures that a consistent operational context is used for C2 and ISR capability development. The methodology will support the NDPP in generating a consistent set of C2 and ISR related NATO Defence Planning Targets for both NATO and member nations, and hence will support interoperability.









































�	Service: A type of delivered functionality, specified independently of the capabilities that provide it (NAF v3.0).


� 	Described in the NAF.
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Summary

This paper presents the main methodological issues related to the prioritization of Required Operational Capabilities (ROCs) of the Bulgarian Armed Forces (BAF). It is specifically orientated to the achievement of nearly-to-the-real results in the development of military capabilities corresponding to the national and coalition, political and strategic requirements. An approach is proposed in this paper based on experts’ opinion and analytical methods for a generic and flexible support of the decision-making that can be used in the effective defense management. 


This methodology seeks to identify the ROCs that are necessary to be developed in order to address the mission’s achievement. These are the ROCs with greatest potential to improve Alliance mission effectiveness and interoperability in the near, mid- and long-term future.  


Keywords: Capability-based Planning, Capability Gap, Multi-Criteria Decision Analysis, Capability Ranking, Effectiveness improvement.


INTRODUCTION


The efficiency of any process is assessed in terms of criteria that vary depending on the problem concerned and the particular goals of the interested groups. In general, the prioritization of Required Operational Capabilities (ROCs) complied within the proposed methodology is reduced to solving the multi-criteria analysis task. For that purpose the ROCs valuation criteria are defined and ranged in the first place. Then the weight of each scenario is determined, respectively the capability weight that is function of scenario characteristics.


The next step includes calculation of the relative importance of each ROC as a function of:


· its weight;


· the added utility of the gap between the current and the target state;


· the urgency of the ROC.


A ranked list of ROCs gaps in descending order is elaborated on the basis of the valuation of the ROCs relative importance. In conclusion of this process a final prioritization method is being used including all the factors on which the ROCs are depending on and that have not been taken into consideration before. 


The efficiency of a decision taken in such a way will depend on the goals of all interested groups participating in the maintenance process [19]. The applied mathematical model, conducting multi-criteria analysis, allows us to find a way to meet the goals of different processes and to choose an optimal solution. The proposed methodology for development of ROCs is intended to focus and align capability improvement efforts. 


1.
PROBLEM STATEMENT


The prioritization methodology for development of Required Operational Capabilities of the Bulgarian Armed Forces (BAF) helps us to maximize national security. In order to provide the fulfillment of the new defense tasks and missions [20], it is necessary to analyze the current capabilities and Defense Command and Control Effectiveness. The purpose of the proposed methodology is to be used in the Planning phase of the Planning Process according to the Defense Planning Guidance
. The methodology includes procedures and tools for regulating and assuring the ROC Council activity during the prioritization process of capabilities for the whole scenario package. The necessary data for this process are generated in the previous steps of the Planning phase.


The methodology integrates the heuristic experts’ approach and analytical methods in a multistage process and aims to derive the relative importance of every capability gap. The different gaps are related to the corresponding capabilities and the envisaged mission [1], [6]. Thus the ‘Importance’ is a complex indicator of the capability, giving its contribution to the armed forces missions’ fulfillment that would take effect in case of overcoming the gap. The outcome of the proposed methodology is a capabilities gap list ordered by their relative importance I. It is a starting point for the ‘Prioritized List of ROCs Gaps’ development.


1.1
Starting Conditions


The starting conditions for the multistage gap prioritization process are:


· Capabilities list corresponding to the ROCs defined in Capability Based Planning (CBP) Process [7]. The definitions and numbering are unified for the whole prioritization process; 


· Availability of ROCs for every context scenarios, capability gaps for every frame list capability;  


· Set of scenarios, operational planning results and formulations necessary for the prioritization process approved in advance by the ROC Council.


1.2
Considerations


The following considerations are taken into account in this methodology:


· Necessity of balance between comprehensive and precise measurements and prioritization process simplicity and control;


· Optimal tasks distribution between ROC Council and the experts in accordance with their role, responsibility and required expertise. 


1.3
Assumptions 


We make the following assumptions:


· The operational capability that is planned and provided with resources is assumed to be an available capability;


· It is also assumed that ROCs satisfy the minimal capability requirements;


· Capability gap and ROCs are defined in such a way to avoid overlapping.  Every capability is unique but correlation is possible (the realization of one capability may involve the realization of another);


· The defined criteria and the used approaches are applicable to all ROCs and their gaps.


1.4
Limitations 


· The methodology is based on CBP products.


· The methodology is applicable for capability gaps that require ‘material’ decision. The reason for this limitation is the prioritization main point – how the results should be used for Defense Resources Management Process. 


· This methodology is best applied to up to 50 capability gaps. If the gaps number is bigger the prioritization process becomes more complicated and requires increased time for analyses due to progressive increment of the underlying procedures.


· The proposed methodology doesn’t take into account the financial resources necessary for overcoming the ROCs gap or the budget limitations for the corresponding period.


· The executions of the external tasks excluded of the possible context scenarios are not considered. For example, such a task is the utilization of useless military ammunitions.


2.
THEORETICAL BACKGROUND


Formal multi-criteria analysis (MCA) techniques [3], [6], [8] usually provide an explicit relative weighting system for the different criteria. The main role of the techniques is to deal with difficulties that human decision-makers have been faced by in handling large amounts of complex information in a consistent way. A key feature of MCA is its emphasis on the judgment of the decision-making team in establishing objectives and criteria estimating relative importance weights and in judging the contribution of each option (alternative). The subjectivity of this process can be a matter of concern. 


On the other hand, the criteria represent the ‘judging standards’ that should be complete, operational, decomposable, non-redundant and minimal in size [13], [14]. On the basis of this the decision-makers can set about deriving the relative importance of the criteria and then assessing alternatives against each criterion. The analytical hierarchy process (AHP) method [15] is used to face complex decision-making problems. Fundamentally, AHP works by developing priorities for goals in order to value different alternatives. This multi-criteria method has become very popular among operational researchers and decision-making scientists [4], [16], [18]. Saaty [17] has generalized AHP/ANP to capture dynamic judgments both mathematically and by using scenarios to project ahead. AHP helps capture both subjective and objective evaluation measures providing a useful mechanism for checking the consistency of the evaluation measures and alternatives suggested by the team thus reducing bias in decision making.


Multi-criteria methods are suited to the problem of selecting or evaluating a set of well-defined, discrete alternatives, under consideration of a set of attributes, and which resembles the decision problem. The starting point of such methods is a decision matrix, which is composed of alternatives (scenarios/strategies) and decision relevant attributes, against which the alternatives are compared [5], [10]. 


3.
METHODOLOGY


One of the planning tasks for ROCs development is to identify the potential gaps and to overcome them. Due to limited funding the most important task becomes the choice of those capabilities whose gaps are the most important and need to be filled.  The prioritization of ROCs gaps is reduced to solving the multi-criteria analysis task. The efficiency is measured in terms of criteria (depending on the problem concerned and the particular goals). It would be interesting to allow each evaluator to estimate every capability against every criterion as if in a jury. However, this evaluation would need a scientific justification.


The present methodology seeks to identify those ROCs which are necessary to be developed in order to address the mission achievement. These are the ROCs with greatest potential to improve Alliance mission effectiveness and interoperability in the near, mid- and long-term future [1]. 

3.1
The Essence of the Methodology


The proposed methodology developed especially for the ROCs prioritization purpose of the Bulgarian Armed Forces is aimed to regulate the prioritization process and to bring objective evaluation of available capability gaps in order to satisfy the defined criteria for relative ROCs importance. The highest relative importance I of the particular ROC gap is the one that indicates the need of overcoming the gap. The main goal of the methodology is to propose an approach based on experts’ opinion and analytical methods for a generic and flexible decision support. This prioritization process should be used in the effective management and it focuses on capability improvement efforts.


The methodology considers 3 phases of the prioritization process:


· I – preparation phase;


· II – analytical phase;


· III – final prioritization phase. 


During the I-st phase, called ‘Experts’ valuation’, all necessary data from experts’ assessments is collected. It is further needed for the analysis and computation in the next phase.


In the II-nd phase, called ‘Data processing’, are conducted mathematical calculations of the individual experts’ valuations. All the parameters and coefficients are derived on the basis of these calculations. In case of available network and appropriate software this phase could be accomplished in parallel with the I-st phase.


The III-rd phase includes the final ‘ROCs gaps list’ development. A final prioritization method is applied where all the factors on which the ROCs are depending and that have not been taken into consideration are included. This is the phase where the objective analytical tools and experts’ opinion are combined. The specific character of the applied methods provide for logical and plausible results. They contribute to the improvement of the objectivity and efficiency of decision-making process in the defense planning area. The main steps and prioritization sequences are shown on Fig. 1. 
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Figure 1. Activities and main steps of the prioritization process. 


The main activities are those of Defense Minister, ROCs Council, standing Expert Group, extended Expert Group and the Analytical Support Group. During the first phase of the prioritization process the ROCs Council accepts the defined criteria and approves them. After this official acceptance the process continues with calculation of all the parameters that are consequently discussed and approved by the Council. The final decision is made by the Defense Minister and the ROCs prioritization list is issued and legalized.


3.2
Computation of the Parameters 


The computation of all the necessary parameters for the prioritization process is carried out using well known and soundly defined analytical dependencies from the mathematical theory. In the I-st phase of the prioritization process all ROCs valuation criteria are defined. Then the weight of each scenario is determined, respectively the capability weight which is function of scenario characteristics.


The Saaty scale is used for the calculation of the ‘scenario weight’ based on the AHP [15] method. Every ROC is characterized by the level of ‘available capability’ and ‘capability gap’. The first one is determined by experts. The available capability Cav could be more, equal or less than ROC. The capability gap is gathered through comparison between ROC and the Cav. The gap is zero if the ROC is equal to the Cav. If the ROC is greater then Cav, then the difference defines the gap.


The II-nd phase includes calculation of the relative importance of each ROC as a function of:


· its weight – wj;


· the added utility ∆u of the gap between the current and the target state;


· the ROC urgency – Kurg.


A ranked reversal list of ROCs is elaborated on the basis of the valuation of the ROC relative importance. 


Calculation of the Weights

The ROC weight reflects the relative importance of a particular capability in the scope of scenarios set. The higher the weight is, the more important capability gap and ergo the need to overcome this gap in order to fulfill the missions. The parameter wj on the other hand depends on the following coefficients:


· Participation coefficient – Kpart measures ROC participation in the context scenario. A ROC fraction that participates in the scenario operation is measured and represented with Kpart. In case of participating in more scenarios ROC weight will increase, i.e. the “universal” capabilities will be valuated higher than the “unique” one.


· Risk coefficient – Krisk measures the potential risk of the operation force goals in case ROC is missing or was not developed. The role and the corresponding risk of not being available are measured for each ROC that is taking part in a scenario. The ROC may play different parts in the different scenarios. The higher the part, the higher the weight. 


· Correlation coefficient – Kcorr measures the capabilities correlation in the framework of each scenario. While the risk represents the ROC part towards the operation force goals, the correlation reflects the capabilities mutual influence in an operation. The influence rate of one capability complied to the realization of another from the operation package gives the value of the Kcorr.


The ‘scenario weight’ is used for the ROC weight calculation as well. This weight represents the scenario importance according to the experts. The scheme of the whole process is given on Fig. 3.


3.3
Weight Calculation Stages


All the experts’ opinions are collected through questionnaire cards (Fig. 2). The valuation is done in Saaty’s  nine degree scale and is given as linguistic terms used for the comparison between alternative/ scenario A and alternative/ scenario B. 
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Figure 2. Questionnaires card for comparison.


The results from each questionnaires obtained by the experts are summarized in one matrix, where 
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The value for the element
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= 3, if Ai is more important in minor rate than Aj;
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= 5, if Ai is more important in major rate than Aj;
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= 7, if Ai is obviously more important than Aj;
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= 9, if Ai is absolutely superior to Aj.




[image: image14.wmf]ji


a


= 3, if Aj is more important in minor rate than Ai;




[image: image15.wmf]ji


a


= 5, if Aj is more important in major rate than Ai;




[image: image16.wmf]ji


a


= 7, if Aj is obviously more important than Ai;




[image: image17.wmf]ji


a


= 9, if Aj is absolutely superior to Ai.


[image: image18.png]%(w, Al R,

Calculaton of
“he relaive
importance /

Priorsed ROCS
s,

Scenario weight and
ROCs.

Galculaion of
he weight w

S i)

Calculaton of

Calculation of K part

Calcuiaton of K isk

Calculation of K corr

added uilty

Calculaton of
the urgency K urg

Counci N

approval

Friorised ROCS
st

Critera refinement







Figure 3. The scheme of the calculation steps of the ROCs prioritization process.


In the next step are calculated the „rank vector” 
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 for the given matrix A. The mean geometric values for each scenario are computed and normalized (formula 3).
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The vector elements give the weight coefficients for every rank. So, the element
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is the weight coefficient of the scenario ranked at the 1-st place; the element 
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- the weight coefficient of the scenario ranked at the 2-nd place; etc. Each expert calculated the rank vector
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. It contributes to the computation of the common rank vector 
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(formula 8).


Step 1:


In the first step of the analytical phase the consistency ratio coefficient KCR is calculated. The consistency ratio (CR) tests the consistency of every decision matrix A. A totally consistent matrix A has a CR equal to 0. Notwithstanding, a CR less than 0,1 is acceptable [2]. In the case of group decision-making, the most extended tool for aggregating the experts’ judgments is the geometric mean over numeric entries of the paired comparisons 
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 is calculated according to formula (5). The K is obtained like this:
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and 
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The 
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is used as an assessment of the concordance and it reflects the preference proportion. As 
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 is getting near to n (number of elements), the more consistent is the result. The deviation from this consistency is KCR  and is given as:
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Then the CR is calculated as the ratio between KCR and the randomness index (RI). This index is given by the random generated matrix A with elements 1÷ 9 and their reciprocals. The values of RI are given in the table below. The value of CR is showing how much KCR distinguishes from the maximum possible value of the random matrix.


Table 1.


		Matrix order

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15



		RI

		0

		0

		0.49

		0.81

		1.01

		1.14

		1.23

		1.30

		1.35

		1.39

		1.41

		1.44

		1.46

		1.48

		1.49
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If CR ( 0.1 the expert needs to analyze again the details and to conduct a new scenario comparison.


If CR ( 0.1 the results from the comparison are acceptable. 


After the validation of the CR by each expert (according to the requirements), the common rank vector 

[image: image36.wmf]о


P


 is calculated in the final step of the process: 
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where:
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 the rank for the scenario i according to expert j; n –  the number of scenarios; m –  the number of experts.


Step 2:


At that step Kpart is calculated. The matrix A looks like this:




[image: image41.wmf]÷


÷


÷


÷


÷


ø


ö


ç


ç


ç


ç


ç


è


æ


=


pn


p


p


n


n


a


a


a


a


a


a


a


a


a


A


    


...


   


   


...


    


...


   


   


    


...


   


   


2


1


2


22


21


1


12


11










(9)


where 
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– is a number ([0, 1] that gives the degree of participation of the 
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Different scenarios have different weights as calculated in formula (12). The participation coefficients Kpart are obtained by the multiplication of two vectors А and 
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where 
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 – is the participation coefficient of the 1-st ROC; 
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– is the participation coefficient of the 2-nd ROC;  etc. Each expert calculated vector Kpart, that contributes to the computation of the common rank vector k(part by analogy to formula (8).


Step 3:


The risk coefficient Krisk is calculated identically to Kpart. The difference consists in the possible values that are fixed and are coded as follows:

 „small” – ‘0.33’.


 „middle” – ‘0.66’.


 „big” – ‘1’.


Step 4:


The necessary data for the correlation coefficient calculation Kcorr are collected from inquires of the type shown on Fig. 4. The correlation matrix is then constructed by replacing the linguistic assessments with the corresponding codes: 


„doesn’t depend” 
– value ‘0’;


„minor dependence” 
– value ‘2’;


„major dependence”
– value ‘4’;


„highly depends”
– value ‘6’;


„absolutely depends”
– value ‘8’.
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Figure 4. Inquires for capabilities correlations.


The data from the questionnaires are summarized in a matrix B which looks like matrix A (9).


The column values are added and the vector B is obtained.  The sum of the vector elements is then computed and normalized (B*). The new vector Kcorr , which elements are the capabilities correlation coefficients, is in the form:
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where 
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 is the correlation coefficient of the first capability; 
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 –  the correlation coefficient of the second capability, etc.


The common correlation coefficient for each capability is computed by analogy to formula (8).


Step 5:

Finally, the ROC weight is calculated as the mean of the three parameters given in formula (12):
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3.4
Calculation of the Added Utility


For the calculation of the Added Utility ∆u are used inquires with assessment scale shown on Fig. 5:


 SHAPE  \* MERGEFORMAT 




Figure 5. Assessment scale for capability development level.


The MIN value on the first left position of the scale denotes the starting point of a capability, when a decision has been taken to develop it. The parameter MIN, scored ‘0’, is the value for the minimum capability at the beginning.


The MAX value on the last position of the scale denotes the capability level for which a maximum utility will be obtained. The aimed Required Operational Capability is scored ‘10’ and is the maximum capability value.  


The input score of the current level of capability is marked ‘NOW’ and is the real assessment value of the ROC. The NOW position of the scale denotes the current level of the ROC development (when the assessment is conducted). If the parameter NOW is scored ‘7’, the expert believes that another three points of improvement are possible.  


The parameter AIM is the desired capability level. It is positioned below the MAX value and denotes the ROC development that should be reached. The ideal variant is when AIM equals MAX, but this couldn’t be attained at the moment.


The experts have to indicate the NOW and AIM values from the scale for each capability. Then these scores are scaled as: 
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with the assumption that MIN=0 and MAX=10.
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According to the economics law for general utility increment [11], the utility raises but with decreasing rates, so that saturation is reached (Fig. 6).
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Figure 6. Capability versus Utility dependencies.


The analytical function of the general utility is of an exponential type:
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where а is the coefficient of which the projection of the function depends. When а < 1 the graph will approach the linear function graph, and at а = 0.1 it will coincide with it. When а > 4 the graph is projecting strongly and becomes useless to practice. For the needs of the present methodology we use the equation а=2.


The function’s variable x is examined in the range of 0 to 1. The values calculated for the function Y by formula (15) should be standardized. The maximum value of the function belongs to x=1 and is y=0.86. 


The standardized function 
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The added utility of capability i with value B NOW  is:
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The added utility of capability i with value B AIM is:
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The added utility value that has to be found for the i-th ROC gap 
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The total added utility of the i-th ROC gap 
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is calculated as an average arithmetical value of the estimated gap added utility values derived from each expert’s questionnaire. When the experts’ number is k, we obtain the following equation:
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3.5
Calculation of the Urgency


The urgency of a capability may be computed in two ways depending of the necessary a priori information availability. The following information is needed for the calculation:
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– the number of years (counted from the current moment) after which the capability gap have to be filled;
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In the first possibility, if Ti and ∆Ti are available, the generalized gap urgency K(urg is:
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The second possible way happens when there are no Ti and ∆Ti data. Then the experts’ judgment is used (from inquires). For the assessment of the parameter Kurg is coded as follows:

“non urgent” - Kurg = 0.33


“mean urgent” - Kurg = 0.66


“very urgent” - Kurg = 1.


The generalized urgency k(urg i is the mean value from the experts’ judgments (by analogy to formula 17).


3.6
Relative Importance Calculation  


In the end, the calculation of the ROC relative gap importance I  is accomplished like this:
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where i is the capability number. If there is a set of possible scenarios, the ROCs considered importance is produced separately for each scenario and there will be as much prioritization lists as the number of scenarios. The result from the prioritization process is a final ROCs gaps prioritization list, prepared in descending order according to their importance I.


3.7
Final Phase with Illustrative Example


The final phase “Prioritization” begins with defining a percentage a% that gives the tolerance from the computed ROC relative gap importance I. Basically the percentage is taken to be 10%. This tolerance gives the upper and lower bound of the gap importance. For every position in the prioritized list (prepared in the preceding phase) there will exist a ROC group which has overlapping importance from the interval [I – a%; I + a%]. In the final phase one ROC solely must be preferred from the group of possible candidates to take a particular position.


First of all, for each ROC gap importance is calculated the tolerance interval [I – 10%; I + 10%]. Then the lowest possible position of the ROC is obtained after a comparison between its lower and the upper bounds of the next candidate from the list. An illustrative example is shown on Fig. 7.


For the samples from Table 2 the possible candidate’s positions are given in the last column. Every ROC could be shifted in the frame of the tolerance interval after experts’ consensus. For example, the ROC2 lower bound is 0.765 and is visualized on Figure 7 with blue line. The lowest possible position of ROC2 could be the 5-th position (marked as a blue circle on Fig. 7) because there are 5 candidates with upper bounds in the interval [0.990 ÷ 0.765]. Graphically it can be obtained, if we look from position 2 (marked with blue dash) to the right until the last possible upper bound in the range over the blue line. The last candidate is ROC5 with position 5. Thus this is the lowest possible position for ROC2 in case other ROCs are preferred to it. 


Figure 7. Prioritization list and possible tolerances.


Analogously, the ROC7 upper bound is 0.660 and is visualized on Figure 7 with red line. The highest possible position of ROC7 could be the 5-th position (marked as a red circle on Fig. 7) since there are 3 candidates with overlapping lower bounds in the interval [0.540 ÷ 0.660]. Graphically it can be obtained, if we look from position 5 (marked with red dash) to the left until the last possible lower bound in the range under the red line. This is the ROC5 lower bound = 0.630. Thus we identify the highest possible position of ROC7 in case other ROCs are not preferred to it. 


Table 2.


		ROC

		ROC importance Ii

		Possible positions



		№

		Name

		Computed value

		Lower bound

		Upper bound

		



		1

		ROC1

		0.90

		0.810

		0.990

		1,2,3,4



		2

		ROC2

		0.85

		0.765

		0.935

		1,2,3,4,5



		3

		ROC 3

		0.80

		0.720

		0.880

		1,2,3,4,5



		4

		ROC 4

		0.75

		0.675

		0.825

		1,2,3,4,5,6



		5

		ROC 5

		0.70

		0.630

		0.770

		   2,3,4,5,6,7



		6

		ROC 6

		0.65

		0.585

		0.715

		         4,5,6,7



		7

		ROC 7

		0.60

		0.540

		0.660

		            5,6,7





3.8
Prioritization Results


The necessary condition for integrating the prioritization process in the framework of the CBP is the prior ROCs list availability. This ROCs list serves as a basis for objective and consistent assessment of the national and international engagements. 


The final result of the prioritization process is the “Prioritized List of Required Operational Capabilities Gaps” made by the ROCs Council. The gaps are listed in a descending order according to their relative value of importance. The list is offered to the Defense Minister for approval and serves as a basis for decision-making on the final ROCs Gaps Prioritization List.


Since the criteria serve as performance measures for the MCA, they need to be operational. A measurement or a judgment needs to specify how well each option meets the objectives expressed by the criteria. The number of criteria should be kept as low as is consistent with making a well-founded decision. In our case the criteria are 3: capability weight, added utility and urgency. For the first criterion a more detailed specification is made. It depends from participation – Kpart, risk – Krisk, and correlation – Kcorr. Indirectly the scenarios weight also influences the relative value of importance.


In the last phase of the methodology the individual assessments are shared and the opportunity to review and adjust the values is offered to the participants. Essential positive characteristics of the methodology are that it allows checking of the consistency is an essential part of proper scoring and encourages realism and consistency. Our methodology supports the tasks taking place at the decision analysis phase or at the operation and maintenance phase in order to have an explainable, transparent and high-quality prioritization process. That is the reason for capturing the military judgment and improving the BAF by making it more capable and interoperable.


4.
RELATED WORK


Classical methods of multi-criteria optimization and determination of priority and utility function were first applied by V. Pareto
 in 1896. These methods were strongly related to economical theory concerning the averages of thousands of decisions
. Methods of MCA were developed in the 1960’s to meet the increasing requirements of human society and the environment. In 1980 F. Seo [18] suggested a MCDM method that was concerned with balancing some conflicting objectives in a hierarchical structure. R. L. Keeney and H. Raiffa [10], [12] offered the representation theorems for determining multi-criteria utility functions under preferential and utility independence assumptions. R. L. Keeney [9] outlined the essential features and concepts of decision analysis, formulated axioms and major stages. T. L. Saati [16] showed the global importance of solving problems with conflicting goals by using multi-criteria models and presented decision-making models with incomplete information for solving political and economical problems. In his latest works [17] Saaty analyzed measuring problems in assignments associated with uncertainty conditions and applied the AHP method to solve resource allocation problems. He also analyzed the peculiarities of decision-making based on the AHP method and the necessity to use the eigenvector
 for priority determination.


Basically, AHP fits our purposes better because it has methodological tools for structuring the decision problem, weighting criterions/goals and alternatives and analyzing judgment consistency. As negative points, it requires a larger number of inputs than other discrete multi-criteria methods. Nevertheless, these inputs can be reduced by optimizing the hierarchy.


In the case of group decision-making, the most extended tool for aggregating the expert judgments is the geometric mean over numeric entries of the paired comparisons aij [16]. Sometimes there are a large number of alternatives that need to be assessed. In these cases, the absolute measurement can be applied to rank the alternatives. Here, we apply the AHP method, being considered as one of the main techniques for multi-attributes decision-making problems. It can be used to evaluate an alternative from the set of alternatives characterized in terms of their attributes. It is based on a simple intuitive concept, but it enables a systematic and consistent aggregation of attributes.


Resting on fundamental micro-economic and accounting principles, SUCCESS [8] integrates three widely used business management frameworks that underpin many commercial Enterprise Resource Planning 3 applications, together with the PPBS: (1)• Activity-Based Costing, (2)• The Balanced Scorecard, (3)• Total Quality Management. This programming tool considers that all evaluations of criteria are treated as purely quantitative, where ORESTE [8] only allows rankings (qualitative criteria). TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution), known as a classical multi criteria decision method, has been developed by Hwang and Yoon
. The basic principle of the TOPSIS is that the chosen alternative should have the ”shortest distance” from the positive ideal solution and the “farthest distance” from the negative ideal solution. The TOPSIS introduces two “reference” points, but it does not consider the relative importance of the distances from these points. 


5.
CONCLUSION


The results obtained in solving the prioritization problem reveal that evaluating criteria weights an objective relative importance for each ROC gap is elaborated. Based on it the final prioritization list is produced in descending order. Multi-criteria analysis of capabilities gaps allows for complex evaluation of the criteria from the perspective of their agreement with the needs and technical and financial possibilities. The needs are described in terms of a set of criteria and values, with the importance of the criteria expressed in terms of their significances. ROCs criteria are chosen taking into account the interests and objectives of BAF as the other factors affecting the efficiency of defense tasks accomplishment. 


The contribution of the developed methodology is value-added by closing the gap between how the BAF is currently delivering a capability and the extent of this capability required to reach the Level of Ambition from both a quantity and quality perspective. The prioretisation process described in this paper differs from the ACT methodology [1] in supplementary added criteria and the refined functional dependencies that are not limited to the linear mode. For this gap analysis the usual MCA step sequence has been tailored to our specific needs. A gap analysis consists of two stages: first, scoring where we are now and where we aim to be, and second, determining how much we care about the gap between our aim and where we are now for each of the ROC gaps. 


Our methodology provides much needed content and clarity to a commander’s strategic vision. It enhances the quality of information available to decision makers by adding structure to the commander’s vision and subsequently decomposing the vision into actionable capabilities. These generated capabilities define the future effects needed for agencies to meet their mission and transform into a more agile and adaptable force.


The prioritization process allows participants to try different judgments without commitment, to see the results, and then to change their views as appropriate. MCA works best and can release the creative potential of participants if the style of decision making allows for consultation and deliberation and the participants are open to change. 


Open questions for solving are:


1. When gathering data on each criterion the final result is obtained on the basis of average value from each subject matter expert individual value, or one common value proposed by all subject matter experts on the basis of consensus.


2. What should be the limit of subjectivity used during the final stage of the methodology so that it’s influence to be such as not to distort the objective results obtained during the first two stages?


The paper reflects the outcome of the Operational Analysis Department work at the Operations Directorate, Ministry of Defense, which is responsible with the analytical support of the decision-making process by the ROCs Counsel under the Bulgarian Defense Minister.
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Abstract


Most NATO nations are facing reduced defence budgets, while at the same time participating in multiple demanding operations around the world. Combined with the global economic situation, munitions procurement is under close scrutiny from finance ministers. This paper discusses approaches to strategic munitions procurement in the face of uncertain current and future operations, extended operation duration, procurement/manufacture lead times of months or even years, collateral damage considerations, use of strategic weapons in non-strategic engagements and disposal of obsolete munitions stockpiles.


Current and recent operations, while obviously a good source of data if available, may not reflect future operations or doctrine. As such, the usefulness of historical data must be treated with care.


Methodologies considered by this paper include the Target-Oriented Methodology (TOM), Level-of-Effort Methodology (LoE), Monte-Carlo Simulation, Marginal Analysis and military judgement.


While each approach has its advantages and disadvantages, results need to be robust, objective, transparent and repeatable in order to justify the expense of potentially millions of dollars per munition. Furthermore, it was observed that while several types of weapon system might be able to perform a given mission, there is a trade-off between the cost of the munition and the risk of attrition to the platform utilising it.


This paper demonstrates that, while hard data is always desirable, the uncertain nature of the future makes the use of military judgement inescapable. Detailed scenario development is the key to strategic planning, resulting in the requirement for a mix of munitions guided by the types and quantities of tasks that will need to be executed. For air-launched weapons, the requirement for non-precision munitions is virtually nil, while minimising of collateral damage and scenario duration are key drivers.


Furthermore, this paper recommends that nations, where possible, undertake bi-/multi-national munitions procurement contracts, resulting in economies of scale and avoiding the ‘minimum order quantity’ obstacle that many smaller nations face when procuring expensive long lead-time munitions. This policy would also enhance interoperability between nations.


This paper concludes that a robust numerical model, which is primarily target-oriented in its methodology, is the most suitable approach to quantitative strategic munitions planning. This model must be based on mature, well-developed scenarios for its results to be credible.


1.0
Introduction


The impetus for the transformation of NATO was a combination of events, beginning with the end of the Cold War, followed by NATO’s involvement in former Yugoslavia, the events of September 11 and the subsequent operations in Afghanistan [Ref. 1]. NATO changed its view from in-place, defensive operations in Europe, to rapidly deployable, expeditionary operations well beyond Europe’s borders. The shift of focus, particularly in the area of defence planning, from static, monolithic, conventional forces to rapidly deployable, multi-functional forces has not been an easy one for many nations’ military forces to embrace. Government in general have been reducing defence spending, based upon the logic that, with the big threat no longer present, surely such large forces are no longer needed. Armed services have been forced to become more efficient, more able to cope with a wider range of tasks and more interoperable.


In recent years developments on the global stage have emerged which have added further pressure to the need to transform NATO and national military structures. These developments include a changing NATO role (supporting everything from disaster relief, to peace keeping, to counter-insurgency missions), combat operations in remote locations that are of a longer duration than ever previously considered and, not least, a global financial crisis.


Given this backdrop, nations still need to plan their procurements in order to support both their national requirements and NATO commitments. This paper considers the issue of determining future munitions requirements.


Considering the wide spectrum of munitions, which covers everything from small arms rounds to long-range, precision guided missiles, two factors are paramount are of prime significance from a procurement perspective (as opposed to an operational perspective):


· Cost (up to millions of dollars per munition)


· Lead-time
 (up to years)


Clearly a nation has a greater incentive to correctly determine their requirements for munitions with high costs and long lead-times. Failure to do so will result in large over-expenditure or critical shortfalls that cannot be rectified in the short term.


The purpose of any strategic munitions planning it to forecast the amount of munitions required to support military forces across a defined spectrum of operations. In other words, estimate how many of any given munition type a nation will require in the future and then to compare it to how many that nation currently possesses (or plans to possess). This will lead to one of three situations:


· The nation has more than required.
This situation may appear desirable in a military sense, but it is not desirable for the taxpayer. Excess stocks need to be maintained (and potentially disposed of), which is expensive. However excess munitions may be considered as risk mitigation against the possibility of having an estimate that is too low.


· The nation has about the right amount.
This situation is obviously the most desirable, though this paper will later discuss the concept that there is no ‘single correct answer’ when calculating munitions requirements.


· The nation doesn’t have enough (or any).
This situation leads to a need to procure more stocks of that munition type or one with a similar capability.


2.0
The Historical Conventional Conflict


Operational Research has its roots firmly in the realm of Defence. The Second World War, followed by the Cold War, provided extremely well-defined scenarios for analysis. The opponent was well-defined, with a clearly structured, sized and located military force. The principles of Lanchester [Ref. 2] could confidently be applied to these scenarios.


When considering strategic munitions planning, the size and composition of a nations planned stockpile has primarily been driven by the size and composition of the opposing force. Furthermore, historical study had shown that the Defeat Criteria
 for conflicts was in the range of 30-40%. Additional study showed that in real-world conflicts, the distribution of engagements across platforms could be closely approximated by a mulitvariate Polya distribution (a few shoot many, many shoot few) [Ref. 3].


These combined factors led to the pre-eminent methodology for munitions planning being based on the Target-Oriented Methodology (TOM). Such a methodology has been adopted by several nations (including the USA [Ref. 4, 5]) and NATO. Implementations of this methodology varied in complexity from probabilistic calculations [Ref. 6] to complex optimisation formulations and genetic algorithms [Ref. 7]. However, in all of these models, the primary input was the list of targets that needed to be defeated in order to achieve a strategic victory.


3.0
Further Considerations


Considerations that may be factored into a strategic munitions planning model are listed below. The impact of each of these factors will vary by the nature of the munition being considered and the type of scenario itself.


3.1 
Existing Stockpiles


A nation’s existing munitions stockpile might affect its choices for future procurement. If a currently owned munition is capable of performing a task, but at a slightly lower performance level than a new munition, then the requirement for the new munition may be reduced. However, a certain amount of duplicate munition capability is acceptable to support increased combat flexibility (e.g. delivery via land, air or maritime) over various types of conflict.


3.2 
Munition Cost


Most national procurement policies are driven by budget restrictions. The cost of munitions is therefore often a primary factor in munitions planning.


3.3 
Platform Survivability


A munition that reduces the risk of attrition to a platform (e.g. a long-range standoff weapon) is more desirable than a munition without this characteristic.


3.4 
Minimum Deployable Quantity


This defined as the quantity of munitions that a platform requires to be considered operationally ready. Therefore, this provides a lower-limit on the total munitions requirement.


3.5 
Target Interdependence


The location/occurrence of targets may be correlated (e.g. air defence assets located near runways), resulting in the need for a platform to engage both types of target.


3.6 
Target Range


Some targets may be outside the range of some platforms and munitions. Thus a specific subset of platforms and/or munitions would be required to be able to engage them.


3.7 
Platform Availability & Time Constraints


If there is a limited number of platforms available and a limited time within which the operational objective must be achieved, then there may be insufficient capacity of the preferred platform to achieve this. As a result, some of the tasks must be shifted to secondary platforms/munitions.


3.8 
Inter-Service Conflict


Defence budgets have always been under pressure. If a given target could be engaged by multiple services, then those services have been known to argue over which of them should be assigned those targets, since more targets results in higher requirements and thus a better chance of more budget.


3.9 
False Targets


Munitions may be expended when an incorrect identification of a target has been made. This may be caused by deliberate deception on the part of the enemy (e.g. decoys) or difficultly in target identification (e.g. due to weather).


3.10 
Enemy Action


There may be losses of munitions due to enemy action against supply lines or depots.


3.11 
Losses Onboard Lost Platforms


If a platform is lost to attrition, it is likely that some munitions remained unexpended onboard. These will be lost with the platform.


3.12 
Zeroing


A platform may need to expend some rounds to ‘zero-in’ on a target or set of targets.


3.13 
Logistics Allowance


Some munitions will always be unavailable due to various logistics considerations, such as being in-transit, wrongly located or otherwise unavailable.


3.14 
Technical Failure


Some munitions will be lost due to the fact that they have suffered a technical failure.


3.15 
Environmental Factors


Factors such as weather, terrain, temperature, humidity, dust, etc. can influence the number of munitions required.


3.16 
Non-Doctrinal Usage


Munitions may be used in ways which they were not designed or planned for. This consideration is discussed more fully below.


3.17 
Geographical Location


When an engagement occurs, commanders will use the most suitable munition available to them to defeat the target. The preferred munition may not be present at the engagement (or unavailable for some other reason). In this case an alternative munition will have to be used.


4.0
The Reality of Munitions Planning


4.1 
No Single Answer 


It is tempting to believe that stockpile requirements determination should result in a single answer of the form “you need N munitions of type M”. Unfortunately, any estimate of future requirements is not so simple.


For a given munition, any calculated requirement value has a risk value associated with it. For example, it may be that having a stockpile of 900 munitions results in a 90% chance of running out, whereas a stockpile of 1000 munitions only results in a 50% chance of running out. Increased stock levels lead to lower risk of not having sufficient stock, but at a higher cost.


To further complicate matters, running short of one munition type may be offset by excesses in another munition type of similar capabilities. Therefore, any combined stockpile level has an associated level of risk.


Lesson: Any calculated requirement value has an associated risk that it will be insufficient.


4.2 
What You Need vs. What You Can Afford


Fahringer and Smith [Ref. 8] reported that (within the US) the proportion of munitions procured was around 60% of the calculated requirement figures. The reason for this was that the treasury assigns proportions of the limited budget to the most critical shortfall areas. Furthermore, Fahringer and Smith note that the majority of the budget is allocated to ensure that munitions manufacturers achieve the minimum quantity to keep the production lines open. This is known as the Minimum Sustaining Rate (MSR).


This observation is supported by Mengel [Ref. 9] who observed that from 1988 to 1992 the budget for ammunition steadily decreased and then from 1992 to 2002 “training shortages were made up by pulling from the cold war stockpiles”. This resulted in a dwindling national stockpile and a significantly reduced national production capability. However, Mengel does lay the majority of the blame for the ammunition shortage problems at the feet of logistic accountability, visibility, reporting and distribution (i.e. that enough was present in theatre, but it was not in the right place). These logistics topics do not fall within the scope of this paper.


The conclusion to be drawn here is that, in reality, determining the exact requirement for a given munition is not necessary. What is useful is determining an approximation of the requirement that allows shortfalls in current stocks to be evaluated and budget allocation to be prioritised. Whether there is sufficient budget available to meet the shortfalls is also a matter outside the scope of this paper.


Lesson: Calculated requirement figures may not be procured, but used to prioritise shortfalls.


5.0
Recent Operations


The past decades have changed the strategic planning landscape completely. Many of the fundamental assumptions that were previously accepted no longer hold true. From the bombings of Belgrade during the Kosovo crisis, to the campaigns in Afghanistan and Iraq, the preconceptions of many planners have had to be cast aside and a new way of thinking adopted [Ref. 10]. It is useful to attempt to consider each of these changes in turn:


5.1 
An Ill-Defined, Militant, Non-Conventional, Regenerating Opposing Force


With current counter-insurgency operations, the opposing force is not easily quantified. Scattered groups of insurgents, who are largely indistinguishable from the local population, are hard to count in the same way as a convention force is. What is more, by their very nature, insurgent groups are continually recruiting new members, resulting in new opponents emerging just as others have been dispatched.


Lastly, the nature of the conflict does not favour a purely military solution. In what has been termed ‘nation building’ operations, the approach to counter-insurgency operations is believed to lie in a combination of social, political and military actions [Ref. 11]. The role of the military is to control insurgent activities until the social/political/economic conditions have arisen that make insurgent activities unviable. As such, there is no clearly defined 30-40% defeat criterion applicable. Moreover the fanatical nature of many militants would likely raise this value closer to 100% even if the size of the opposing force could be measured.


Lesson: Target lists alone are now insufficient to determine munitions requirements.


Lesson: The size of the target list to be defeated is a risk factor itself.


5.2 
Non-Doctrinal Usage


Many counter-insurgency engagements are of a small scale. MkNaught [Ref. 12] demonstrates that in an asymmetric campaign, it is clearly in the interests of the smaller side to engineer a series of smaller engagements rather than a few large engagements. This prevents their opponent from taking advantage of their greater force strength.


As a result, these engagements see a large expenditure of small arms and small-medium calibre mortars. What was not foreseen until recently was the increase in the number of small sized air-launched precision weapons, medium calibre cannon rounds and man-portable guided weapons. Units engaging small groups of insurgents in difficult locations (mountainous or urban regions) would either request air support (e.g. to engage an enemy entrenched behind a mountain ridge) or engage the enemy with ‘overkill’ weapons (e.g. using a shoulder-launched anti-armour system to engage a sniper in an urban building). Previous doctrine was to prosecute these engagements with small arms, but the political, financial, ethical and moral cost of using these overkill weapons is less than losing the lives of either troops or civilians.


When employing weapons against non-doctrinal targets, these targets are also sometimes referred to as non-conventional targets.


Lesson: Engagements may not follow pre-conceived doctrine.


5.3 
Harsh Environments


Operations that are occurring in environments that are very hot, very cold or very dusty, etc. can have a significant effect on munitions requirements. If an air-launched munition can only be flown a few times before it must be discarded (known as the ‘air carriage life’ of a munition), then the requirements for that munition will probably be driven simply by the number of sorties required to be flown (operation duration x number of sorties per day) and not by the number of targets at all.


5.4 
Improved Munitions Performance


Since the end of the Cold War, the direction of munitions development has changed. Range and accuracy are of primary importance, as well as lethality. The political and moral need to reduce collateral damage, combined with the operational need to employ weapons in or around urban environments have led to the development of munitions with significantly improved accuracy, range and lethality.


Freeman [Ref. 13] notes that these improvements in the performance of munitions will reduce the overall requirement. Less obviously though, he notes that this will reduce the strategic lift and logistics footprint required for an operation, making forces more responsive and deployable.


6.0
Available Methodologies


Several methodologies are available to the analyst for determining munitions requirements. Each has strengths and weaknesses. Given the importance of ensuring that sufficient munitions are available to support current and future operations, together with the large sums of money involved, any selected analysis needs to be objective, robust, transparent and repeatable.


A methodology that relies on the judgement of an individual or group of individuals is unlikely to achieve agreement, especially in an environment where multiple groups are competing for the same budget.


The main methodologies considered for munitions planning are broken down in the figure below. Note that in the Target Oriented case, platform-target proportions (e.g. 60% of the enemy tanks will be destroyed by our tanks) may or may not be predetermined.



[image: image13.jpg]}
A NATO
\4% OTAN






Figure 1: Munitions Planning Methodologies


Note that Figure 1 does not purport to be an exclusive list of available methodologies, but merely lists the most commonly used ones in this area. This paper will not discuss in detail each of the possible implementations of a target-oriented methodology, but will discuss the overarching principles of the approach.


Note that a hybrid methodology is an option. This possibility is explored more fully later on in this paper.


6.2 
Target Oriented Methodology (TOM)


The Target Oriented Methodology (TOM) is the most widely used approach to munitions planning. Essentially it poses the question “How many munitions would be required to defeat a given set of targets?” There are various methods of tackling this question, but all of them require a clearly defined set of targets from which to derive munitions requirements values.


An important aspect of the TOM is that it is time-independent, unless platform availability is being considered (see section 3.7). It will take the same quantity of munitions to defeat a given target list regardless of whether this is done in one week or one year.


In general, this independence from time is an advantage of the TOM. However, there are situations where it causes problems. For example, consider regenerating targets, such as airbase runways (which can be repaired after a short time) or insurgent troops (which are being recruited or transported into theatre at a relatively constant rate). For these target types, the number of targets to be defeated is a function of time and thus the size of the target list is dependent upon the expected duration of the scenario.


6.3
Non-Target Oriented Methodology


The Level-of-Effort (LoE) methodology is the only widely accepted methodology that does not rely on a pre-defined target list. The LoE methodology has been applied to planning for centuries. Its strength lies in its simplicity and ability to use historical data. Fundamentally, it assumes a constant rate of consumption and multiplies this by the duration required.
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The consumption rate is usually defined as a base rate which is modified by a set of operational and environmental factors, sometimes referred to as Combat Planning Factors (CPFs), which result in a consumption rate applicable to a specific scenario.


The US Marine Corps [Ref. 14] identified that many existing methodologies used significantly overestimated the munitions requirements and recommended that planning be based on consumption data gathered from recent operations only. It also notes that “the […] model calculates CPFs only for major combat operations against a composite (armor-infantry mix) threat force. These CPFs fail to capture the unique weapon mix and utilization required to combat insurgent forces or perform military operations on urban terrain”.


Clearly, accurate determination of the rate is vital to the validity of this approach. There are various ways of determining a consumption rate with confidence.


6.3.1
Historical Data


Data gathered from actual past campaigns is applicable as long as the campaign is homogenous to the one being modelled.


6.3.2
Combat Day of Supply (CDOS)


Many nations define their consumption rates in a scenario as a Combat Day of Supply (CDOS). This is obtained from defining a Standard Day of Supply (SDOS) and modifying it by a set of operational and environmental factors specific to the scenario. This approach assumes that the modification factors are constant and independent (i.e. are not correlated) and that the SDOS (which is usually derived from historical data) is valid.


6.3.3
Simulated Data


If no suitable historical data is available and insufficient data is available to confidently derive CDOS, then the rate may be estimated by modelling the scenario. Essentially this means that a TOM is used to estimate an average consumption rate.


The advantage of this approach is that once a set of complex and detailed modelling activities have taken place, the derived numbers may then be used for the simple LoE calculation for homogenous scenarios.


7.0
Strategic Munitions Planning in the Context of Transformation


7.1 
Targets vs Capability


The need to perform a wider range of functions in a wider range of operations has proven paramount in recent years. However, it remains true that munitions are essentially good at one thing only; namely destroying targets. Even in the role of ‘force presence’, where no munitions are actually expended (if all goes well), it is the potential of the munitions stockpile to destroy targets that creates the necessary deterrent
.


One of the primary drives of transformation in NATO is to perform planning based on capability as opposed to force strength. Most capability-based planning, as it is currently performed, involves breaking down missions into a collection of ‘mission tasks’. In order to produce quantitative munitions requirements in a capability-based context, a number of mission tasks for munition expenditure would have to be generated. These might be of the form ‘destroy a runway’. Thus, in general for strategic munitions planning, capability-based planning is target-oriented planning by another name.


7.2 
Don’t Plan To Fight the Same War Again


The concept of Transformation is based on the understanding that the world is a rapidly changing place [Ref. 1] and the experiences of one operation may not be applicable in another.


Based on this tenet, it is vital to define in detail a range of future scenarios (some of which may be occurring simultaneously) upon which to base munitions planning. Without such scenarios, it is impossible to demonstrate a robust munitions requirements analysis that was not based solely on historical data.


The set of scenarios should test the range of scenarios (and possibly concurrent scenarios as well), that are envisioned as being potential future operations. Rather than viewing the scenarios as driving the requirements, they may be viewed as testing the robustness of the stockpile capability against a range of conflicts, thereby identifying capability shortfalls.


Lesson: Detailed scenario definitions are vital.


7.3 
Long Term Operations


Almost all of NATO’s operations within the past two decades have durations that are measured in years. The nature of these long-term operations, which may be considered as effectively indefinite for strategic planning purposes, creates a difficult problem with regard to munitions planning, where many items have lead times that are measured in months or years.


In an indefinite scenario, the LoE equation defined in section 6.2 is impossible to solve, as we do not have a value for ‘duration’. In this case we may apply some rules, such as:


· Have at least 6 months (180 days) stockpile

· Have sufficient stockpile to allow for resupply



· Must be at least the manufacturing lead time


· Must allow for lag between start of operation and placing of a resupply order


Thus the LoE equation may be modified to become:
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For example, if for a given scenario (with indefinite duration) and munition with a lead time of 360 days and a lag of 60 days, the LoE requirement would be for (Rate x 420) munitions.


Lesson: Munition lead time has a large impact on munition requirements.


7.4 
The Role of Military Judgement


Strategic planning is, by definition, making an educated guess about an uncertain future. As such, there are unknowable and unmeasurable factors that will have a significant impact on the munitions requirements. In these situations, military judgement is necessary.


The judgement of one military expert may be significantly different from another. This presents problems in terms of objectivity and repeatability. These issues can be mitigated by the following actions:


· Obtain a consensus judgement from multiple expert sources.

· Document the rationale behind each judgement, rather than simply the value itself.

· Where applicable, validate the judgement using historical data.

By obtaining judgement values from multiple sources, a distribution of values may be determined for these uncertainties.


Lesson: Military judgement is necessary, but obtain it from multiple sources.


7.5 
Specialisation & Standardisation


As noted above, if the majority of the available national defence budget is allocated to sustain the industrial production base, a significantly reduced budget is not able to address actual shortfalls between current stockpiles and munition requirements. This situation can be alleviated by spreading the MSR quantities between nations via multi-national agreements.


Furthermore, smaller nations wishing to purchase munitions may find that they cannot meet the minimum order quantity required by the manufacturer, or will not obtain a good deal due to economies of scale.


Multi-national agreements to coordinate procurement of munitions would ensure that all nations are getting the best possible deal due to increased economies of scale. Furthermore, if smaller nations committed to a small annual procurement, it would reduce the allocation of budget from larger nations to ensure MSR. This would free up more budget to address other shortfall areas.

Lesson: Multi-national agreements for munitions procurement will reduce pressure on national defence budgets.


8.0
A Proposed Methodology


Based upon this array of uncertainties and unknowable quantities, it may seem that estimating munitions requirements is not possible. However, this paper presents a coherent and transparent framework for estimating the requirement figures for any given munition.


For every munition m, we shall break down the required quantity, within some scenario s, into three component parts. These will be:


· ExpTgtm,s: Munitions expended against strategic targets


· ExpNonTgtm,s: Munitions expended but not against strategic targets


· NonExpm,s: Munitions not expended (e.g. logistics allowance, technical failure, etc)


The analyst must select an appropriate methodology for each component. The first item (ExpTgtm,s) lends itself to a TOM, but this is not compulsory. For example, all three components may be modelled by LoE. Similarly the third component (NonExpm,s) does not lend itself to TOM, but may be modelled as a percentage ‘overhead’ to the other two components. Once again, this remains at the discretion of the analyst.


Furthermore, as noted above, the basic load requirements of platforms provide a lower bound for munitions requirements.


If the value for NonExpm,s is taken as a percentage overhead as suggested, then the requirement may be formulated as follows:


Let s be a scenario in the set of scenarios S (for simplicity here, we shall not consider sets of concurrent scenarios).
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It should be noted that this approach may not provide the optimum mix of munitions across the range of scenarios. Nor does it explicitly make any consideration of existing stockpiles or the munition cost. Based on the context discussed above, that any transformation of national forces must include a transformation of national stockpiles and also an understanding that the requirement figures calculated will only be used to inform the allocation of a limited budget, these limitations may be accepted.


However, we have also determined that the requirement figure is, in fact, associated with a risk that it is insufficient. Therefore, we are performing a trade-off between risk and stockpile level.


In order to quantify this scale, we propose to perform three separate calculations for each munition type:


· Optimistic ([image: image7.png]0
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)


where .


In this case the three requirement figures are calculated using optimistic, expected and pessimistic values for the input data. This will provide the strategic planner with some understanding of the level of risk associated with each stockpile.

9.0
Discussed Examples using Specific Munitions


Presented here are two discussions of specific munitions using the proposed framework. The target-oriented methodology is selected for demonstration purposes only. All data is fictitious.


9.1 
Application to Patriot-3 Missiles


Patriot-3 missiles are designed to be used against Tactical Ballistic Missiles (TBMs). They are very expensive, have a very long lead time, are highly effective and are highly specialised. Due to the cost and importance of these systems, they are controlled and maintained very carefully, resulting in low logistics allowance and technical failure rates.


It is assumed that no other service or platform may engage these TBM targets, meaning that the targets do not have to be split in any way.


Given the nature of the system, the following observations may be made:


· Few missiles will be lost to non-expenditure issues, due to the fact that they are highly maintained and monitored. Also, their range and specialisation will make them unlikely to be lost to enemy action or unavailable to due to geographical location.

· Few (if any) missiles will be used to engage non-doctrinal targets, due to the specialised nature of the system and the high target acquisition and identification capability.

· The enemy will have a limited number of targets which do not regenerate. In many scenarios, the enemy will not have any TBM targets against which this system would be used.


Therefore, we can surmise that in our munitions requirements calculation, independent of which methodologies we select, the majority of the requirement will be driven by the target list.


9.2 
Application to NLAW (Next Generation Light Anti-Armour Weapon) Missiles


The NLAW is a disposable, man-portable, short range fire-and-forget anti-tank guided missile system. As such it is a completely different munition to the Patriot-3. It is relatively cheap and has often been used against ‘soft’ targets in recent operations. It is designed for use against armoured targets (MBTs, AFVs, APCs, etc). It may be fired from an enclosed space, such as from a window in a small room.


As such, it ‘competes’ with many other systems for targets (e.g. tanks, strike aircraft, etc). For the purpose of this example, we shall assume that military judgement has been used to estimate the proportion of each target type that will be engaged by NLAW in each scenario.


Lastly, since the NLAW is a disposable system, there is no distinction between the platform and the missile. However, it is probably known how many troops will be equipped with the system and this may be used at the number of ‘platforms’.


Given the nature of the system, the following observations may be made:


· The usage of this system will different significantly between conventional and non-conventional operations.

· In a non-conventional operation, there may be a high usage of this system against non-doctrinal, regenerating targets. Furthermore, in these operations, the enemy will have few armoured targets of the type this system was designed to be used against.

· The system is robust against harsh environmental conditions.

· While it is likely that this system will be relatively ubiquitous in theatre, there is a possibility that units may expend all of their munitions and fail to be resupplied in time.

Therefore, we may conclude that in a non-conventional operation the munitions requirements will primarily be driven by non-doctrinal engagements (which may be modelled by either TOM or LoE methodologies) and logistics allowance factors.


10.0
Conclusions


This paper attempts to identify the factors which affect the requirement value for strategic munitions planning. It is observed that munitions essentially only have one capability, namely destroying targets. As such, any approach to munitions requirement needs to quantify the number of targets that need to be destroyed. This in turn leads to the observation that detailed scenario development is central to determining munition requirements and identifying capability shortfalls.


It is also observed that, given the number of unknowable and immeasurable factors, military judgement (supported where possible by historical analysis) is an essential part of the scenario development. As such, munitions requirements figures should not be presented as a single value, but as a range of values with associated risk. This range of values may be large.


It was proposed that munitions requirements may be broken down into three components; expenditure against doctrinal targets, expenditure against non-doctrinal targets and non-expenditure. It was also proposed that each of these components should be calculated using the most appropriate methodology, resulting in an overall hybrid methodology. It was shown that the impact of each of these components varied significantly by both weapon type and scenario.


It was observed that the constraint of national defence budgets and industrial production minimum levels may play a more significant role in actual procurement levels than the requirement figures themselves. The role of the munitions requirement figures may then be considered as informing and prioritising the allocation of available national defence budgets.


Lastly, it was suggested that an increased effort towards multi-national agreements would reduce the impact of industrial MSRs on national defence budget allocation, releasing more funds to address actual shortfalls between actual stockpiles and calculated munitions requirements.
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Abstract

The overall attrition rates for the Canadian Forces (CF) were 6.8% in Fiscal Year (FY) 05/06, 8.3% in FY 06/07 and 9.0% in FY 07/08. What caused the difference: a demographic change or an attrition behaviour change? A methodology was developed and an analysis was conducted to answer this question. 

The first step is to identify the major contributors by quantifying demographic and behaviour effects on the observed change in attrition rate. In order to do this, attrition forecasts need to be calculated. Existing research shows CF attrition is strongly related to members’ Years of Service (YOS) profile. Attrition forecasts therefore were performed based on a Weighted Average YOS-based attrition forecasting methodology. The second step is a further decomposition process to identify the YOS groups that contribute the most, and quantify the contribution down to each YOS level. 

Applying the developed techniques on CF attrition revealed that the increased CF attrition rate in FY 07/08 was primarily due to changes in attrition behaviour. The further decomposition of the behaviour effect identified three primary contributing YOS groups, specifically those personnel with 0 YOS (i.e. in their first year of service), 3 YOS and 1 YOS, in the order of their contribution. Thus it was the attrition behaviour changes of those personnel in the early stages of their career that contributed to the rise in the overall attrition rate. Applying the techniques on CF attrition from FY 00/01 to FY 06/07 showed two additional significant changes in CF attrition. These changes were also mostly due to attrition behaviour changes. Further decomposition of the contributions at the YOS level revealed the possible impacts of significant policy/strategy changes, such as salary increases and changes in the personnel selection process. 

This research provides a quantification of demographic and behaviour impacts on attrition changes. The further decomposition at each YOS level identifies the primary contributing YOS groups to changes in attrition. This methodology and analysis can improve understanding of what drives changes in the overall attrition rates, thereby supporting the development of targeted retention initiatives.

1.0 BACKGROUND

Transforming and modernizing the Canadian Forces (CF) started in 2005. CF Transformation focuses on people, technology, ways of conducting operations and ways of thinking. Since people are a key element to the CF transformation, it is clear that CF personnel management plays an important role in this transformation. Knowledge about attrition is crucial to CF personnel management, e.g., to properly plan the recruitment, training, and promotion of the military force members. Indeed, attrition has become a spotlighted issue in recent years because the CF had experienced a continually increasing attrition rate
 from Fiscal Year (FY) 01/02 to FY 07/08. Over that time, the attrition rate rose significantly, from 6.0% to 9.0%. 

Attrition can be influenced by many factors, such as occupation, economic factors, policies, and so on. In particular, attrition in the CF is strongly related to Years of Service (YOS) because most attrition occurs at or shortly after exit gates between engagements, and most engagements have a prescribed duration measured in YOS. The blue line in Figure 1 shows the historical attrition rate at each YOS. This is a typical attrition pattern for the CF. A briefing to the Canadian National Retention Group Meeting in Nov 2007 [1] showed that there are two major contributors to changes in attrition: a behaviour effect (i.e., caused by changes in attrition behaviour, at some or all YOS) and a population demographic effect (i.e., caused by changes in the population years of service profile). The CF population profile is shown as the red bars in Figure 1. 

[image: image31.jpg]2
A0 NATO
JP/ OTAN







Figure 1: Canadian Forces Attrition and Population Profile by YOS

Recent attrition analyses showed that the overall attrition rates for CF personnel were 6.84% in FY 05/06, 8.32% in FY 06/07 and 8.95% in FY 07/08. What caused the difference? Which contributes the most: a change in the demographic profile or an attrition behaviour change? Quantifying the contributions of these two factors can reveal what drives attrition changes, thereby supporting the development of targeted retention initiatives.  


2.0 METHODOLOGY

The three attrition rates/volumes used to quantify demographic and behaviour effects on attrition change are: 


· Actual annual attrition rate/volume: α/A 


· Annual attrition rate/volume assuming there is no demographic nor behaviour change: α1/A1

· Annual attrition rate/volume assuming there is no behaviour change:  α2/A2


Bender 2007 [1] proposed a new idea on the quantification of the demographic and behaviour effects. The detailed calculation has been developed and modified from the original calculation. In the following, RD represents relative demographic effect: 
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while RB represents relative behaviour effect.
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Formula (3), which is from Okazawa 2007 [2], shows the Canadian calculation
 of the overall yearly attrition rate for the CF. This attrition rate calculation considers both the population at the beginning of the year, P0, and the number of new recruits for the whole year, R. The reason why R is considered as a half is because it is assumed that recruits arrive gradually over the course of the year and are only present to suffer attrition for what remained of the year.  

		

[image: image4.wmf]R


P


A


5


.


0


0


+


=


a




		      (3)





Similarly,
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By replacing α1, α2 and α in equations (1) and (2) with equations (3), (4) and (5), the relative demographic and behaviour effects (RD and RB) can be calculated as follows: 
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Quantifying the relative demographic effect, RD, and the relative behaviour effect, RB, would be performed after the entire year has elapsed and data collection is complete, at which time, not only the stating population, P0, but also the actual attrition volume, A, and number of recruits, R, are available.  Forecasting attrition assuming no attrition behaviour changes, A2, has been extensively investigated within Director General Military Personnel Research and Analysis (DGMPRA). These forecasts are performed based on a refined Weighted Average YOS-based attrition forecasting methodology documented in Fang et al. 2009 [3]. The following paragraphs describe the procedures for calculating A1, the forecasted attrition volume assuming no demographic and no behaviour changes. This would be the last factor needed to quantify the relative behaviour effect, RB, and the relative demographic effect, RD.  

Table 1 lists the acronyms used in the following paragraphs describing the procedures for calculating A1.

Table 1: Acronyms Used in the Procedures for Calculating A1 

		αm

		Attrition rate at m YOS



		Am[n] 

		Attrition volume for year n-1, for members with m YOS where YOS is measured at the beginning of year n   



		A[n] 

		Total attrition volume for year n-1, for all YOS



		m

		m YOS



		Pm[n-1]

		Population with m YOS at the beginning of year n-1 



		P[n-1]

		Total population at the beginning of year n-1



		Pm[n]

		Population at m YOS at the beginning of year n



		P[n]

		Total population at the beginning of year n



		RB

		Relative behaviour effect 



		RD

		Relative demographic effect 



		T[n]

		Net transfers (including both recruitment and transfers) in year n-1



		Tm[n]

		Net transfers (including both recruitment and transfers) in year n-1, for members with m YOS, where YOS is measured at the beginning of year n



		T[n+1]

		Net transfers (including both recruitment and transfers) for year n





As shown in Equation (8), the total attrition volume for year n is the sum of the attrition volumes at all YOS, m. 
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The following formulae (from Reference [3]) are used for forecasting attrition Am[n]:  


For m>0, 
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And for m=0, 
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where, for analyses at the CF level, T represents the number of recruits.  For analyses at a lower level, e.g. at a military occupation level, T will include not only recruits but also net transfers, e.g. net volume of transfers into the occupation from other occupations.  


Letting, 
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		and
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then, 
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and
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where 
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can be simply considered as the corresponding population in year n-1 which contributes to the m or 0 YOS attrition, respectively. Simply speaking, the attrition volume at m YOS is the product of the attrition rate at m YOS and the corresponding population associated with m YOS attrition. 


Now, in order to calculate A1 for year n (the forecasted attrition volume assuming neither demographic nor behaviour change), the corresponding population profile assuming no demographic change needs to be determined for year n. If 
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 represent the assumed corresponding population in year n associated with m YOS attrition if there were no demographic change. In other words, no demographic change means that the proportion of the population at each YOS is kept the same as that from the previous year.  

Because the CF population is dynamic and varies year by year, in order to obtain a population profile assuming no demographic change from the previous year, and to keep the sum of 
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, should be normalized as follows: 
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Again, due to the dynamic population size, the CF population can be approximated as follows: 
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Therefore, 
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The benefit of this scaling is that it considers not only the demographic profile of the population at the beginning of the year but also the demographic profile of the net transfers during the year (including recruits). The reason only half of the net transfers in T[n+1] and T[n] are considered is because it is assumed not only the new recruits but also the transfers arrive gradually over the course of the whole year and are only present to suffer attrition for what remained of the year.  


The attrition volumes at each YOS level assuming neither a demographic nor a behaviour change, A1m[n], are calculated using the following Equation:  
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A1 for year n can then be obtained by the summing A1m[n] for each m YOS using Equation (8). Then the relative demographic effect (RD) and the relative behaviour effect (RB) can be quantified using Equations (6) and (7) along with this calculated value for A1, the calculated attrition volume assuming no attrition behaviour change, A2, and the actual attrition volume A. 


3.0 FINDINGS

3.1
At Overall Level 

Applying the developed technique to the CF attrition data from FY 00/01 to FY 07/08 revealed the following insights: 


1. During the period from FY 00/01 to FY 07/08, three changes in attrition warranted further exploration. 

· The significant attrition rate decrease from 6.9% in FY 00/01 to 6.0% in FY 01/02; 

· The significant attrition rate increase from 6.8% in FY 05/06 to 8.3% in FY 06/07; and 


· The significant attrition rate increase from 8.3% in FY 06/07 to 9.0% in FY 07/08. 

2. The decrease of attrition rate in FY 01/02 and the increase in FYs 06/07 and 07/08 were due to changes in attrition behaviour. The relative demographic and behaviour effects were quantified for these significant changes in attrition rates.  The relative demographic and behaviour effects were 2.8% and -17.3% respectively, for the decrease from FY 00/01 to FY 01/02
, -1.2% and 18.9% for the increase from FY 05/06 to FY 06/07, and 7.26%, and -0.14% for the increase from FY 06/07 to FY 07/08. 

Figure 2 plots the three attrition volumes – actual, A, forecast if there were no behaviour change, A2, and forecast if there were neither a demographic nor behavioural change, A1 – that were calculated for the analyses of the significant change in attrition rate that occurred between FY 06/07 and FY 07/08.  Generally speaking, from an absolute difference point of view, these three attrition volumes are similar except at the 0 YOS point. 
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Figure 2: CF Actual and Forecasted Attrition for FY 07/08

Table 2 provides the three attrition volumes, A1, A2, A and the relative demographic and behaviour effects for FY 07/08. These values show that at the overall level, the increase of attrition from 8.3% in FY 06/07 to 9.0 % in FY 07/08 is the result of a behaviour effect. The positive RB (RB=7.26%) means the behaviour change in FY 07/08 increased the overall attrition rate, while the much smaller negative RD (-0.14%) means the demographic change in FY 07/08 slightly decreased the attrition rate, thereby moderating the total observed increase in the attrition rate. 


Table 2: Three Attrition Volumes and Demographic and Behaviour Effects for FY 07/08. 


		A1 (attrition volume if no demographic and behaviour change)

		5578



		A2 (attrition volume if no behaviour change)

		5569



		A   (actual attrition volume)

		6005



		RD (Relative demographic effect)

		-0.14%



		RB (Relative behaviour effect) 

		7.26%





3.2
Decomposition at the YOS Level

The decomposition of the attrition behaviour effect (RB) at each YOS revealed that the three YOS groups that contributed the most to the attrition rate decrease in FY 01/02 were 21, 3 and 20 YOS (in order of contribution). For FY 06/07, the three YOS groups that contributed the most were 0, 20 and 24 YOS, and for FY 07/08, they were the 0, 3 and 1 YOS groups. 

The analysis of overall attrition changes and their further decomposition to the YOS level, as was done above, can assist in finding policy changes which may have had an impact on attrition. The following are possible explanations for the above changes in attrition behaviour: 

1. 
Personnel Selection Process Changes: In 2006, changes were made in the personnel selection process, e.g. waiving the fitness test to accelerate the recruiting process.  Attrition increases were observed in both FYs 06/07 and 07/08 and the 0 YOS group was the greatest contributor to both these increases. The most likely reason for this would be the changes to the personnel selection process. (Particular attention to, and analysis of, attrition during the early stages members’ careers is ongoing, with the objective of increasing retention of these personnel.)


2. 
Pay Increases: As a result of the 2000 annual report to the Standing Committee on National Defence and Veterans Affairs (SCONDVA), the CF introduced substantial pay increases and other quality of life improvements for CF members. It is possible that because of these substantial pay increases, CF members who were close to the 20 YOS point and thereby eligible for (or almost eligible for) an unreduced pension
 may have chosen to defer their release in order to increase their pension, which is based on the average of the five best years of salary. Therefore it was not surprising that 21 and 20 YOS groups were the greatest contributors to the overall decrease in attrition in FY 01/02. Five years later, in FY 06/07, attrition increased significantly, again due to a behaviour effect. Two of the three largest contributing groups were the 20 and 24 YOS groups. Because members with pensionable service would have been able to take full advantage of the raises in salary to increase their pensions by that time, increased attrition for these groups starting in FY 06/07 is understandable.  The other major contributor to the decreased attrition in FY 01/02 was the 3 YOS group, which is typically the point at which the first engagement period for Non-Commissioned Members
 is coming to an end. At this point, members will have either signed up for another engagement or decided to release from the CF. The decreased attrition with 3 YOS in FY 01/02 year may be also the result of the pay and quality of life improvements that began in that time period.

4.0 CONCLUSIONS 

The methodology described provides a way to quantify the impact of demographics and of attrition behaviour on changes to the CF attrition and to identify the major contributor (attrition behaviour effect or demographic profile effect) to a specific attrition change. The further decomposition at each YOS level identifies the primary YOS groups which contribute most to these changes in attrition, thereby assisting in discerning which policy changes may have influenced attrition. 

Applying the above technique to the CF data from FY 00/01 to FY 07/08 revealed that attrition behaviour changes, not demographic changes caused the three significant attrition rate changes that occurred during this period. These analyses also provided some insights regarding the likely policy/strategy changes, i.e., salary increases and changes in the personnel selection process, that affected the attrition behaviour of CF military members. 

Transformation is built on many lessons learned. This paper provides a tool to identify contributors to changes in attrition. The findings from analyses of this type can improve the understanding of what has driven the observed changes in the overall attrition rates, identify future research areas, and these lessons can then be used to support the development of targeted retention initiatives.  
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� 	This research study examined CF attrition from FY 00/01 to FY 07/08. In FY 09/10, the CF experienced a drop in attrition rate, which may be due to the recent economic recession. This recent decrease will be investigated using the same techniques discussed in this paper. In this paper, CF represents the Regular Force component of the CF.   


� 	There are several different methods of calculating attrition rates (propensity-to-leave) in the defence research community. According to the material circulated during The Technical Cooperation Program (TTCP) Workforce Modelling and Analysis Working Group meeting that was held in Ottawa in 2008, each of the nations represented (Australia, New Zealand, Canada and United Kingdom) calculated attrition somewhat differently. �


� A positive relative effect means that the change in the demographic profile or attrition behaviour caused an increase in the attrition; and a negative relative effect means that the change in the demographic profile or attrition behaviour caused a decrease in attrition. The greater the absolute value, the greater the effect. For example, the relative behaviour effect of �-17.3% from FY 00/01 to FY 01/02 means the attrition decrease during that period was due to a behaviour change, and the positive RD value of 2.8% means that the observed attrition rate decrease was moderated slightly by a change in the demographic profile.


� Under the previous CF Terms of Service, members who served under the Indeterminate Engagement 20 (IE20) and releasing with 20 YOS could collect their pension without penalty.  


� The first engagement period for non-commissioned members (NCMs) was three years up until new Terms of Service were introduced in January 2005, at which time some NCMs were enrolled with engagement periods that typically range from three to five years. Relatively more releases occur at the end of engagement periods. � 
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1.
Introduction


Transformation - a continuous and proactive process of developing and integrating innovative concepts, doctrines and capabilities in order to improve the effectiveness and interoperability of military forces [14].


The transformation of Armed Forces could be determined as process of continuous adapting to the changes appearing in the environment in which the armed forces are functioning. The transformation considered as continuous and proactive process demands new thinking the result of which are changes of approach to armed forces from the quantitative one, i.e. from executing tasks through structures, to the qualitative one, i.e. to executing tasks through capabilities. Principal purpose of transformation is achieving, by the armed forces, the required operating-abilities understood as possibility of executing determined variants of activity or achieving determined goals. The required capabilities are usually achieved through: elaborating and initiating doctrines, shaping organization, providing training, delivering technology, creating leadership, selecting personnel, constructing of infrastructure and developing interoperability (fig.1). 
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Fig.1. The spiral model of Armed Force transformation process (adapted from [13])


As a result of dynamics of transformation of Polish defense system and armed forces the need for continuous monitoring and analysis of existing and future threats has appeared. This influences the character of tasks for armed forces. The result of changing tasks of armed forces are changes of capability requirements the fulfillment of which is often identified directly with determined armament and military equipment. Therefore selection of armament and military equipment which should fulfill the given requirements appears frequent problem for decision- makers.


Selecting armament and military equipment the decision-maker should take into account among others [2]:


· functions it has to carry out;


· structures in which it has to operate;


· features (parameters) it has to have;


· necessary quantities of particular types of armament and military equipment.


Complex acquisition process of armament and military equipment requires analytical tools supporting decision making on particular stages. The acquisition process consists of many activities the purpose of which is making the best possible decision in determined conditions. Choice or designing the appropriate method of acquisition requires reviewing and verifying the existing accessible methods and then adapting them according to the specificity of evaluated weapons system and to the stage of acquisition process in which the decision is being made.


2.
Acquisition stages of armament and military equipment 


The acquisition process could be divided into four basic stages:


· analyzing and defining threats;


· analyzing and defining capabilities armed forces have to achieve;


· specifying the ways of achieving the defined capabilities;


· selection of armament and military equipment (if the ways of achievement the capabilities are: procurement, research and development or modernization).


The first stage (fig.2) starts from analysis of the environmental conditions which would affect the national defense system and armed forces. Following conditions should be subjected to the analysis:


· resulting from military alliances,


· political,


· technological,


· economic,


· financial,


· social,


· cultural, etc.
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Fig.2. The stage of analyzing and defining threats (scenarios)


As a result of the carried out analysis the set of threats or scenarios of possible operations in the assumed time horizon should be determined. Selection of the threat (scenario) of high probability (the most real one) could be facilitated through application of one or several of the following methods:


· the method of experts;


· the Delphi method;


· the method of cruciform influences;


· the method of scenarios.


The use of two methods – for instance the method of cruciform influences and the method of scenarios - seems to be most reasonable. The method of cruciform influences in conjunction with the Delphi method is labour-consuming, but can give as a result certain ordered sequence of threats (scenarios) [1]. Final result of this stage is then the ordered set of threats (scenarios) according to the criterion of the highest probability of appearance. It seems important to stress that the problem arises of rejection or not the unreal threats. As the history of last years has proved many threats appeared considered before less probable or even unreal and not taken into account in countermeasures planning.


In the second stage (fig.3) basing on the set of threats or scenarios the set of tasks for national defense system and armed forces is defined. 


The list of tasks is then compared with present potential of armed forces and with limitations which could influence building the potential. The result of the comparison is the list of capabilities with full description of every of them. Final result of this stage is definition of the capabilities which are not possible to achieve in the assumed time horizon.
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Fig.3. Stage of analysis and defining the capability requirements


The third stage consists in specifying the ways of achieving defined capabilities (fig.4). For example the defined capability could be crossing the water obstacles by mechanized units (the basic information on e.g. widths of the obstacles, the speed of water, etc. should be included in the precise description of the capability). The question appears: how could this capability be achieved? 

We have several possibilities, e.g.:


·  building the mobile bridge making possible crossing the water obstacles,


·  procurement the bridge if available on the market,


·  providing the ability of crossing obstacles by the units on their own, 


·  using helicopters to transport the units,


·  other solutions.
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Fig.4. Ways of achieving the defined capabilities


The decision-making problem consists in questions: which variant is the best?, which criteria will decide about this and what limitations determine the set of admissible solutions? To solve the problem the AHP (Analytic Hierarchical Process) method could be used as one of the tools of optimization.


The AHP is a multicriteria method supporting the choice of optimum decision. The problem analysis in AHP method consists in three steps:


1.
Constructing of the hierarchical model.


2.
Comparison and estimation of defined criteria and variants. 


3.
The choice of the variant with highest indicator of the preference.


Choosing the best way for the decision-maker of applying following criteria:


· combat ability (tactical and technical parameters - range, mass, speed, rate of fire, etc.);


· costs (particularly the life cycle analysis if the way of achieving determined capability are: procurement , production or modernization);


· technological possibilities (technologies making possible achieving the determined capability);


· availability on the armament and military equipment market;


· time (time horizon the required capability should be achieved and period of its usefulness);


· logistics (logistic system able to support the determined capability: the already existing one, the rebuilt one or the newly created one);


· versatility (the determined capability necessary for single requirement only or capability which could be applied in different conditions).


Continuing the example of hypothetical capability “crossing water obstacles by mechanized units” - the first step: constructing hierarchical structure of the problem has been presented - fig.5.
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Fig.5. Hierarchical structure of defined capability


In the presented hierarchical structure 5 criteria have been chosen as a basis to select optimum variant for the Armed Forces. Then we create the matrix of the priority which enables the pairwise comparison of particular criteria.
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where:


ai,j – value of criteria estimation index (i=j=1,2,….,k);  
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 (table 1);


k - number of accepted criteria; 


Table 1. Values of criteria estimation index


		

		K1

		K2

		K3

		K4

		K5



		K1

		1

		1/3

		5

		3

		5



		K2

		3

		1

		5

		3

		5



		K3

		1/5

		1/5

		1

		1/5

		3



		K4

		1/3

		1/3

		5

		1

		5



		K5

		1/5

		1/5

		1/3

		1/5

		1





Next step is creation the matrix of preference of particular variants in relation to every criteria (e.g. K1, K2, K3, K4, K5).
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where:
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 -matrix of preference of variants in reference to particular criteria i; 


bn,l - the values of variant estimation index (n,l=1,2,….,m); 
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 (tables 2-6);


m – number of variants


Table 2. Matrix of preference of particular variants in relation to criterion of costs K1 


		

		W1

		W2

		W3

		W4



		W1

		1

		3

		5

		9



		W2

		1/3

		1

		5

		9



		W3

		1/5

		1/5

		1

		1/5



		W4

		1/9

		1/9

		5

		1





Table 3. Matrix of preference of particular variants in relation to criterion of combat ability K2 


		

		W1

		W2

		W3

		W4



		W1

		1

		3

		5

		9



		W2

		1/3

		1

		5

		9



		W3

		1/5

		1/5

		1

		5



		W4

		1/9

		1/3

		1/5

		1





Table 4. Matrix of preference of particular variants in relation to criterion of versatility K3 


		

		W1

		W2

		W3

		W4



		W1

		1

		3

		3

		5



		W2

		1/3

		1

		3

		5



		W3

		1/3

		1/3

		1

		1/3



		W4

		1/5

		1/5

		3

		1





Table 5. Matrix of preference of particular variants in relation to criterion of logistics K4 


		

		W1

		W2

		W3

		W4



		W1

		1

		1/3

		1/5

		1/5



		W2

		3

		1

		1/5

		1/5



		W3

		5

		5

		1/5

		1/5



		W4

		5

		5

		5

		1





Table 6. Matrix of preference of particular variants in relation to criterion of time K5

		

		W1

		W2

		W3

		W4



		W1

		1

		3

		5

		5



		W2

		1/3

		1

		5

		5



		W3

		1/5

		1/5

		1

		3



		W4

		1/5

		1/5

		1/3

		1





Using following functions (3), (4), (5), (6) matrices of values of standardized individual criteria (table 7) and matrices of values of standardized variants in relation to particular criteria (table 8) including ratio weights could be created.
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 for the standardized matrix of variants preference                     (6)


Table 7. Matrices of standardized individual criteria values and their weights
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Table 8. Values of standardized variants in relation to criteria and their weights
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Using the following function (7) we calculate indicators of preference for every variants:
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The conclusion resulting from the calculated values is that a best way of achieving of defined capability is variant W1 - the procurement of the bridge. 


In the next part of this paper the assumption has been made that the result of the carried out analyses is conclusion that the only way of achieving the determined capability is procurement a new armament or military equipment. In such case the next step is specifying expected (or standard) parameters of the armament and military equipment and then analyzing the market of potential producers and suppliers which would be able to meet the requirements of the parameters. This appears the final result of the stage 3.


The fourth stage seems to be the most extended part of acquisition process connected with the selection of armament and military equipment (fig.6). As a result of this stage the final choice is carried out which enables achievement of the determined capability and subsequently the possibility of national defense system and armed forces to respond the previously specified threats. 


An important element of this stage is analysis of parameters characterizing the armament and military equipment (fig.7). Following characteristics should be the subject of the analysis:


· tactical and technical parameters (e.g. the range, the mass, the speed, etc.);


· logistic parameters (e.g. levels of services, time between services, volumes of supplies connected with the wearing of system components, the number of necessary logistic staff etc.);


· economic and political parameters (e.g. influence on the economy of the country, influence on international conditions, possible industrial cooperation, etc.);


· training (e.g. training periods, accessibility of  training bases, certification of specialists, etc.).


In analysis of every of the presented group of characteristics different research methods could be used both qualitative and quantitative. For example to asses the tactical - technical characteristics we can use the taxonomic method. This method makes possible comparisons of basic characteristics of analyzed armament and military equipment (or group) with expected characteristics (or standards) and on this basis the best armament and military equipment could be defined. 
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Fig.6. Beginning the stage of choice of a system


[image: image27.jpg]y B

©

P i B Rl e === t=====
. . ¥ . 1 . 11 Politico - economical I
Tactico - technical parameters I Logistic parameters 11 Training parameters 11 I
1 I: I , parameters
1 no L ! :
— the range, | I i — levels of services : | — training periods, : 1 [ influence on the economy :
— the mass, 1 | time between services, oo certification of specialists, il of the country; I
— the speed; | |} [ the number of T accessibility of training T influence |
................. | Ii necessary logistic staft; | bases; i on international conditions, |
| I: ................. P s T possible industrial ’
; ; I, . . cooperation,
Comp GHEOIUSIES I I E Reliability analysis 11 : 11 P I
taxonomic method | I |1 Costs analysis i e |
]
I Ii — : L ' 1! Costs analysis I
v I l : Logistic costs analysis i1 Studies and expert 11 1
. » I : I I ! .
Comparison using 1 ¥ : I method : I Studies and expert :
experts method : 1!| Studies and expert method 11 11 method I
- —— o e N ] e s ] Wy s i s g ) s

1
1
!
]
S
!
]
)
]
]
]






Fig.7. Analysis of armament and military equipment characteristics 


In the example explaining the third stage the best way of achieving the defined capability: “crossing water obstacles” has been procurement of new bridge. The analysis of modern solutions, concepts and prototypes has shown that two systems of modern bridges are presently preferred [3]:


· the folding system (the possibility of overcoming vertical obstacles e.g. pipelines, etc.);


· the sliding system (providing of the short profile during the arrangement on the obstacle).


The taxonomic method facilitates the choice of best type and structure the bridge. This method is particularity useful when features of the system are difficult to measure or sizes characterizing the system are measured in different units. The methods base is the assumption on the additivity which means that the global value of the object could be calculated as the sum of partial values. 


The result of application the taxonomic method has been the choice of bridge, which adjustment to the anticipated tasks could be defined by following parameters: spread of bay, maximum speed of moving on the roads, the time of assembling of the bay, mass of the bridge (table 9).


Table 9.  Values of features of evaluated mobile assault bridges


		The feature - i

		Spread of the bay


[m]

		Maximum speed of moving on the roads


[kph]

		Time of assembling of the bay


[min]

		Mass of the bridge


[mg]



		Type of the bridge -n

		

		

		

		



		Folding-bridge on the wheeled chassis CNIM PAR 70

		19,5

		80

		6

		35



		Folding-bridge on the chassis with caterpillar BR 90

		26

		60

		3

		60,5



		Sliding bridge on the caterpillar chassis WHAB

		26

		72,4

		5

		68,7



		Sliding bridge on the wheeled chassis PTA 10x10 LEGUAN

		27

		100

		10

		53





It results from the presented table that the spread of bay and the maximum speed of moving on the roads are stimulants – i.e. parameters for which high values are required, whilst the time of assembling of the bay and the mass of the bridge are destimulants – i.e. parameters of required lower values. In order to introduce the homogeneity of measures of particular features the standardization has been done according to the function:
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for n=1,2,…..N


where: 


   I - the number of features accepted to the estimation of bridges; 


  N - the number of evaluated bridges;
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  Cin - the value of feature number i of bridge number n;


  Ci – the expected value of feature number i:
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Si - the standard deviation of feature number i:
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According to the above-dependences standardized values of particular features of evaluated bridges are placed in the table 10 (lines 1-4).


Table 10.  Standardized values of features of  mobile assault bridges


		Lp.

		[i]


[n]

		1

		2

		3

		4



		1

		1

		- 1,716

		0,131

		0

		- 1,550



		2

		2

		0,460

		- 1,247

		- 1,177

		0,498



		3

		3

		0,460

		- 0,393

		- 0,392

		1,157



		4

		4

		0,795

		1,508

		1,569

		- 0,104



		5

		Standard solution-Mw

		0,795

		1,508

		- 1,177

		- 1,550





Next step is the choice of the so called standard solution Mw , i.e. the abstract object formed by the list of best values of features (C0i) from the list of all the features of bridges (values for the standard-bridge are placed in the last line of the table 10). 
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Then the dispersions between standardized values of features and standard features are calculated according to the function:



                                                 

[image: image33.wmf](


)


2


0


~


ni


i


ni


C


C


-


=


d


   for i = 1,2, ..., I ; n = 1,2,..., N
                          (12)


Next step is calculation of the “distance” between the values of the features of considered bridges and the ones of standard-solution according to the function:
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where 


αi - the coefficient of weight for the feature number i (equal weights=1 have been accepted).


Values of the “distance” calculated for particular bridges are:


d01 = 3,096; d02 = 3,449; d03 = 3,416;  d04 = 3,103.


The taxonomic method permits also to calculate the global estimate of the mobile assault bridges - related to the interval [0;1]. The expected value and the variance of “distance” is calculated according to the function:
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Then the final values are calculated according to the function:
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For the considered case these values are:
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The global estimate of the bridge is calculated according to the function:
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These are:
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The result of the analysis is that the highest estimate has been attributed to the sliding bridge on the wheeled chassis. 


The method of experts could be the supplement of the described above method which could confirm the choice of the best solution (but only in the area of tactical - technical characteristics) [3, 8].


After the choice of type of bridge as a result of the applied taxonomic method next step could be an attempt of the exact estimation of different variants using the method of experts. It is based on the experience of persons evaluating the military equipment (in this case the mobile assault bridges). The accessible source-information on the evaluated equipment and the professional knowledge of experts are important.  Important elements of the method are: definition of evaluation factors, and establishing preferences of weights applied in estimation of variants of the mobile bridge. Essence of the method consists in exchange of different ideas and experiences of experts and on making the list of possible estimations, and then verification of their reality and practical usefulness by the producer of the estimation activity.


In application of expert method to the choice of the variant of the bridge following criteria have been accepted:


· performance characteristics:


· traction (road and field mobility, the access to the site of assembling or disassembling of the bay) requirements - [w1];


· tactical (carrying capacity of the bay, spread, width, time of assembling, possibility of  train and air transportation) requirements - [w2];


· durability, reliability and servicing facility (maintainability) - [w3].


· Possibilities and limitations of prototype:


· necessary time of building - [w4];


· cost of the prototype - [w5].


Thus five factors (w1 ÷ w5) have been obtained through comparative estimation which makes possible the choice of variant of the bridge. The four-degree scale of estimates has been assumed:


· 2 - the factor does not fulfill expectations,


· 3 – the factor fulfills it expectation on minimum level,


· 4 - the factor fulfills most of expectations,


· 5 - the factor fulfills all expectations.


The final estimation was calculated basing on the function:
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where:


Oj - the final estimate for j variant (1 ≤ j ≤ 6);


wi,j - the estimate of factor i for variant j;


pi - weight coefficient for factor I assumed: 0,5 ≤ pi ≤ 2 and 
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Following variants of the bridge have been accepted basing on analyses of world solutions;


· slide bay I (slided forward) - transported on the multiaxial vehicle, consisting of two semibays of united with each other;


· folding bay transported on the multiaxial vehicle - with bridge-layers manipulator in back part of the vehicle;


· slide bay I (slided backward), transported on the semitrailer; 


· folding bay transported on the semitrailer with bridge-layers manipulator in the back semitrailer;


· slide bay II (slided forward), consisting of two bys transported on the multiaxial vehicle;


· slide bay II (slided backward) as above, transported on the semitrailer.


The averaged estimations are presented in the table 11. Deserves attention comparatively low estimates for traction characteristics, which suggests to turn careful attention on this when working out the chosen solution. In the last column of the table there are final estimates Oj for particular variants assuming that all weights pi =1. For such case the highest estimate receives the variant No. 4 (the folding bay installed on semitrailer). It is important however to notice, that no variant received the final estimation 4 - meaning fulfillment of the most of the expectations. 


Table 11.  Averaged results of estimates for particular variants and the final estimation for pj =1


		Lp.


(j)

		Variant

		Useful feature

		Characteristics of working out prototype

		Final estimation


Oj



		

		

		W1

		W2

		W3

		W4

		W5

		



		1

		Special vehicle with folding bay

		3,2

		3,2

		4,5

		3,2

		3,0

		3,42



		2

		Special vehicle with slide bay I

		3,2

		3,9

		3,5

		3,1

		2,5

		3,24



		3

		Tractor with the semitrailer and slide bay I

		3,37

		3,8

		3,7

		3,4

		3,0

		3,455



		4

		Tractor with the semitrailer and folding bay

		3,37

		3,2

		4,3

		4,2

		4,5

		3,915



		5

		Special vehicle with slide bay II

		3,2

		4,6

		3,4

		3,0

		2,0

		3,24



		6

		Tractor with the semitrailer and the slide bay II

		3,2

		4,5

		3,4

		3,2

		3,0

		3,46





In following tables (12¸13) results for different weights pi have been presented. In the table 12 final estimations have been presented assuming following weight coefficients: p1 =1; p2 =2; p3 =1; p4 =0,5; p5 =0,5. Using such coefficients pi the tactical – technical values are stressed. In the table 13 the estimations for the following set of weights: p1=1,3; p2=0,8; p3=1,3; p4=1; p5=0,6 have been presents. This set of weight- coefficients prefers the variant which would be able to be quickly implemented for the needs of peace time operations, such as:


· disaster relief and terrorists attacks;


· the training of forces and support of exercises for the NATO units.


Table 12.  Averaged results of estimates for particular variants and the final estimation for: p1 =1; p2 =2; p3 =1; p4 =0,5; p5 =0,5 



		Lp.


(j)

		Variant

		Useful feature

		Characteristics of working out prototype

		final estimation


Oj



		

		

		P 1 *W1

		P 2 *W2

		P 3 *W3

		P 4 *W4

		P 5 *W5

		



		1

		Special vehicle with folding bay

		3,2

		6,4

		4,5

		1,6

		1,5

		3,44



		2

		Special vehicle with slide bay I

		3,2

		7,8

		3,5

		1,55

		1,25

		3,46



		3

		Tractor with the semitrailer and slide bay I

		3,37

		7,6

		3,7

		1,7

		1,5

		3,575



		4

		Tractor with the semitrailer and folding bay

		3,37

		6,4

		4,3

		2,1

		2,25

		3,685



		5

		Special vehicle with slide bay II

		3,2

		9,2

		3,4

		1,5

		1,0

		3,66



		6

		Tractor with the semitrailer and the slide bay II

		3,2

		9

		3,4

		1,6

		1,5

		3,74





Table 13.  Averaged results of estimates for particular variants and the final estimation for p1 =1,3; p2 =0,8; p3 =1,3; p4 =1; p5 =0,6



		Lp.


(j)

		Variant

		Useful feature

		Characteristics of working out prototype

		final estimation


Oj



		

		

		P 1 *W1

		P 2 *W2

		P 3 *W3

		P 4 *W4

		P 5 *W5

		



		1

		Special vehicle with folding bay

		4,16

		2,56

		5,85

		3,2

		1,8

		3,514



		2

		Special vehicle with slide bay I

		4,16

		3,12

		4,55

		3,1

		1,5

		3,286



		3

		Tractor with the semitrailer and slide bay I

		4,387

		3,04

		4,81

		3,4

		1,8

		3,487



		4

		Tractor with the semitrailer and folding bay

		4,387

		2,56

		5,59

		4,2

		2,7

		3,889



		5

		Special vehicle with slide bay II

		4,16

		3,68

		4,42

		3

		1,2

		3,292



		6

		Tractor with the semitrailer and the slide bay II

		4,16

		3,6

		4,42

		3,2

		1,8

		3,436





In the table 14 averaged final estimates have been presented for individual weights pi as well as the final estimate and the ranking of variants.


Table 14.  The averaged final estimate


		Lp.


(j)

		Variant

		Indirect estimates

		Final estimate



		

		

		O1

		O2

		O3

		



		1

		Special vehicle with folding bay

		3,915 

		3,685

		3,887

		3,829



		2

		Special vehicle with slide bay I

		3,46

		3,74

		3,436

		3,545



		3

		Tractor with the semitrailer and the span advanced I

		3,455

		3,575

		3,487

		3,506



		4

		Tractor with the semitrailer and slide bay I

		3,42

		3,44

		3,514

		3,458



		5

		Special vehicle with slide bay II

		3,24

		3,66

		3,292

		3,397



		6

		Tractor with the semitrailer and the slide bay II

		3,24

		3,46

		3,286

		3,329





The accomplished analysis, based on the proposed method of experts - enables on the objective estimation of every variant of the bridge and the choice of optimum solution. The carried out additional analysis indicates that the variant the “folding bay transported on the semitrailer” from the user’s needs point of view and also from the point of views of executive possibilities is the optimum one and consequently it could be recommended for decision-maker.


The presented methodology can be also applied to other types of the armament and military equipment. 


In such way we could also make analyses and comparisons of the remaining groups of characteristics for the considered armament and military equipment using of coarse the adequate research methods for the given group of characteristics. Then the groups of characteristics should be ordered according to the weights of importance (fig.8). The purpose of analyses and arrangements of parameters is not only the choice of armament and military equipment but also choice of the producer or supplier which offers the best conditions of the contract [8]. This is particularly significant when economic-political characteristics are the most important ones. In this case the decision on signing the contract and procurement of the armament and military equipment is made in general by the highest authorities of the state (Government, Parliament, etc.).


The result of the choice strongly influences the requirements for logistic system [9]. One should remember that most of armament and military equipment are technical devices or technical systems with determined principles and needs for maintenance, servicing, supply, storage etc. Those are often very specific technical requirements not fulfilling of which could make the devices useless. Generally the requirements of armament and military equipment system could be divided into operational and logistic groups. The first is connected with possible variants of usage of the armament and military equipment on the battlefield, the second - with the ability of accomplishing the task and maintaining the armament and military equipment in the state of readiness.


The intensity of using the armament and military equipment and operations in which the system is employed could influence changes of the demand for logistic resources. This concerns e.g.: number of services, number of delivered resources of materiel and number of logistic personnel [4,5,6]. Logistic requirements of armament and military equipment have been presented in figure 9. Logistic requirements of armament and military equipment strongly influence the size, structure and principles of functioning of its logistic system. It is connected with the continuous changes of the system status and needs resulting from the influence of many factors. These changes may be deliberate and precisely defined but may also occur in stochastic ways [9].


This implies the necessity of preplanning, storage and maintaining of adequate supplies. Therefore important is the possession of information on real requirements of supplies and possible size of consumption. Information on the logistic requirements of analyzed armament and military equipment should be compared with the already existing potential of the logistic system (fig.6).
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Fig.8. Choice of supplier or producer of the armament and military equipment


The result of the comparison would be the list of requirements which the logistic system should fulfill to achieve the capability of initiating and maintaining the armament and military equipment.
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Fig.9. Logistic requirements of armament and military equipment


Often fulfilling at least the part of the requirements by the supplier or producer is possible but it should be earlier precisely defined and included in the contract.


3. 
Outline method of optimization the logistic system’s contribution to weapons system combat capability


This method has been presented for the first time in [5]. The following three general assumptions are essential for the method:


1. 
Logistic potential is one of the fundamental components of combat capability. It enables functioning of forces during the peacetime and war and determines necessary material and energy flows for particular elements of forces structure (for particular weapons systems) as well as furnishing logistic services for them.


2. 
Quantitative evaluation of both combat capability and logistic potential is possible as well as the level (percentage) of logistic potential’s contribution to the combat capability.


3. 
The estimation of the required and the already existing logistic potential does not change the fact that the value of the first one may be a random value which may occur different from the estimated one.


In optimization of the logistic potential contribution to combat capability - the quantitative evaluations of deficiency and surplus of the logistic potential would be necessary.


Within the simple additive approach to the calculations (the value of combat capability is the direct sum or weighted sum of its component potentials’ values) the optimization criterion could be the following function evaluating the results of non-balanced requirements and capabilities (19).
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where: 

a - he value of combat capability;


x - optimized contribution (percentage) of the logistic potential to a;


r - required value of participation (percentage) of the logistic potential in a which may occur with probability P(r);


k, l - the proportionality coefficients relatively for surplus and deficiency of the logistic potential;


w - the equivalency coefficient of the non-logistic and logistic potentials.


The function (1) fulfills following structural assumptions:


1) 
The value of the function increases proportionally to the increases of surplus and deficiency of the logistic potential.


2) 
The proportionality coefficients in the case of surplus k and in the case of deficiency l should differ it means: the function F(x) should differentiate the “weights” of surplus and deficiency.


3) 
The value of the function equals zero in the case of balancing requirements and possibilities of the logistic system.


4) 
The value of the function changes proportionally to P(r) - the probability of occurring the requirement r  (in the case when r is discrete random value) or proportionally to the density φ(r) when r is continuous random variable.


5) 
The proportionality coefficient l (in the case of deficiency) is “weighed” by the coefficient w which expresses the equivalence of non-logistic and logistic potential (e.g. what amount of the logistic potential is equivalent to one unit of measure of non-logistic potential).


Let x min, x max denote the limitations imposed on the lowest and the highest admissible participation of the logistic potential in combat capability. The optimization problem would consist in finding the optimum value x * of participation (percentage) of logistic potential in combat capability which minimizes the criterion – function F(x) in the interval [x min, x max].


One of the fundamental problems in calculating the logistic potential is distinguishing its components and building the mathematical model which reflects the way the components form the entity. The essence of the model consists in:


· construction of the function (or functional) the arguments of which are particular components of the logistic potential,


· the method of standardization the components in order to eliminate the influence of different units of measure (transforming the absolute values of the components into the relative ones),


· the determined measures of particular components,


· the method of determining the weights of particular components.


The components of the logistic potential constitute certain hierarchical arrangement – there are groups of components, subgroups etc. For instance on the top level one may distinguish: human potential, materiel potential, technical potential, organizational potential, logistics management command and control potential. On the lowest level the group of components of  e.g. materiel potential may be divided into the subgroups according to the classes of supply, whilst the group of the components of human potential – into the subgroups of particular categories of logistic specialists etc.


Construction of the synthetic index L of the logistic potential should express the influence of particular components, It could be defined as following function or functional (20):


                                                               L = f (H, M, T, O, C)                                                                         (20)


where:


H - human potential,


M - materiel potential,


T - technical potential,


O - organizational potential,


C - logistic management, command and control potential.


The component potentials: H, M, T, O. C should be calculated according to the standardized taxonomical formulae. The arguments of the formulae should be the lowest level components of particular potentials H, M, T, O, C with weight coefficients reflecting the role of the given component in shaping the higher level potential. The lower level components of H, M, T, O, C could be distinguished according to the fundamental logistic functions (supply, maintenance and repair, services, movement and transportation, medical support, infrastructure), related both to territorial and organic aspects of military logistics [5,7].


4. 
Conclusions


In the paper methodology proposals of conducting analyses facilitating decision making on particular stages of armament and military equipment selection and - in effect - choice of the optimum multicriterial solutions have been presented.  Presented analysis makes possible with the objective estimation of chosen variants and the choice of optimum solution of armament and military equipment for the fulfillment of many criteria, eg. tactical-technical requirements. The methodology made the important tool in the decision-making about acquisition of military systems fulfilling world standards.


It is difficult to find in literature comprehensive studies in this area. Presented considerations could be the basis only for further discussions and in effect working out tools facilitating decision making in acquisition processes. One of the tools could be the outlined method of optimization the logistic system contribution to weapons system combat capability. The role of the logistic potential in combat capability should be precisely defined qualitatively and determined quantitatively. The quantitative representation of the potential is particularly important for diagnostic, decision making and planning purposes. Calculating logistic potential needs working out mathematical models representing the inner structure of the potential itself and its components as well as their relations with environment. The assumptions should be also precisely determined placing the potential within the national and alliance logistic systems capabilities. In solving the optimization problem of finding the optimum participation of logistic potential in combat capability the criterion function evaluating the balance of requirements and possibilities should be adopted. The limitations imposed on the lowest and the highest admissible participation could represent relatively the financial and operational views of the decision-makers.
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Abstract

As a consequence of the ending of the Cold War, the Armed Forces (AF) of many countries in the world are currently going through radical transformation. For many countries, this transformation has been dramatic especially for their logistical concepts, supply chains and defence procurement. In some countries, terminology has changed, so that defence acquisition is now being used, in order to emphasise the profound transformation that defence procurement is currently going through. Many Defence Procurement Agencies (DPAs) are now moving from having previously primarily been staffed by technical experts, to becoming more professional purchasers, relying more on a businesslike behaviour, obviously requiring new competencies, changed corporate culture and a more adequate organisation. Politically promoted expressions like “Doing more with less” and “reduced (minimised, optimised) logistics footprint (or tail)” illustrate the increased pressure on the DPAs of the world to reduce cost. Public Private Partnerships (PPPs), Commercial-Off-The-Shelf (COTS), Military-Off-The-Shelf (MOTS), Government-Off-The-Shelf (GOTS), outsourcing, contracting and Joint Ventures (JVs) illustrate some of the new Business Models (BMs) that the DPAs of the world are now exploring. Other avenues of reducing costs, like the utilisation of new Information and Communication Technology (ICT), commercial best practices, and new ways of international cooperation, are also being investigated. The purpose of this paper is to illustrate how the transformation from defence procurement to defence acquisition presents the analytical community with new avenues of possible analytical support, during the transformation, as well as after the transformation, since uncertainty and complexity is being dramatically increased.

1.0
INTRODUCTION


The Swedish AF is currently in a state of unprecedented transformation, involving the transition from a defence force against invasion, prevalent during the Second World War (WW2) and throughout the Cold War, to a modern, flexible and mobile operational defence force, which can defend Sweden as well as participate in international operations. The transformation has been guided by a series of bills authored by the Swedish Ministry of Defence (MoD) and approved by the Swedish Parliament. The foundation for the renewal of the Swedish AF was initially laid down in the bills “A changing world, a reformed defence” [1], and “The new defence” [2], which have later been followed by several bills concerning the transformation. The most influential of these bills include “A continued renewal of the defence” [3], “Society's security and preparedness” [4], “Our future defence” [5], and “A useful defence” [6].


In Chapter 2.0, the reasons that brought about the ongoing transformation of the Swedish AF are outlined. Swedish production logistics during the Cold War Era is described in Chapter 3.0, Swedish production logistics in the Post Cold War Era is described in Chapter 4.0, and Swedish consumption logistics in the Post Cold War Era is described in Chapter 5.0. The implications for new forms of analytical support to defence acquisition are discussed in Chapter 6.0, and the conclusions of the conducted research are presented in Chapter 7.0. Acronyms and references are presented in Chapter 8.0 and 9.0, respectively.

This paper is based on research that was commissioned by FMV, the Swedish Defence Materiel Administration, i.e. the Swedish DPA, and supported by the Swedish AF as well as by FOI, the Swedish Defence Research Agency (DRA). However, neither FMV, nor the Swedish AF, nor FOI, have explicitly commissioned any research leading to the preparation of this paper. The opinions, conclusions, and recommendations expressed or implied within this paper are consequently solely those of the author. They do not necessarily represent the views of the Swedish Government, the Swedish MoD, the Swedish AF, FMV, FOI, or any other Swedish Government agency. The paper has been cleared for public release and for unlimited distribution by FOI.


2.0
BACKGROUND TO THE TRANSFORMATION

The past two decades have seen several dramatic developments, in many different areas, that have had a profound influence on AF in general, and, perhaps, of their logistical functions in particular. These developments include the ending of the Cold War; ensuing changes in national security and defence policies; consequent budgetary reductions for military expenditure; emerging political aspirations to participate in an increasing number of Peace Support Operations (PSOs) of increasing complexity, in most parts of the world, and led by an increasing number of different organisations and constellations of different nations; Lessons Learned (LL) from these PSOs, perhaps especially in the area of logistics; revolutionary development in the area of ICT; and the emergence of novel commercial best practises in the areas of business and business logistics. Within the European Union (EU), there have also been changes in the legislation regarding the conduct of public purchase, which have had a profound effect on governmental business. In isolation, any of these developments could probably have had a tremendous influence on the AF and their logistical functions. Together, and in combination with the LL from the wars in the Persian Gulf, these developments paved the way for an unparalleled transformation of the AF, particularly in the US labelled a Revolution in Military Affairs (RMA). At least in the US, one of the prerequisites of the RMA was considered to be a corresponding Revolution in Military Logistics (RML). 


After WW2, the member states of the North Atlantic Treaty Organisation (NATO) and the Warsaw Pact (WP), as well as many other countries in Europe, including Sweden, prepared for a full-scale, third World War (WW3) on European soil. These war-preparations included the build-up of gargantuan stores of supply. The underlying philosophy was to have the potentially necessary supplies ready, Just-In-Case (JIC), in order to avoid having to produce and move mountains of supplies in a very limited time, like in the previous two World Wars. Especially the US, a major contributor of supplies during WW1 and WW2, was extremely reluctant to put itself in a similar situation again. Two decades ago, the Berlin Wall came down; East and West Germany were reunited; the Soviet Union was dissolved; and the WP broke up, effectively putting an end to the era of the Cold War. The ending of the Cold War is one of the most, arguably the most, important developments behind the RMA. It had the direct effect that it led to changes in national defence and security policies, as well as in defence and security policies for organisations such as the United Nations (UN), NATO, and the EU, followed by reductions in defence expenditure.


Roughly at the same time as the Cold War ended, Iraq invaded Kuwait. As a response to this aggression, the US immediately deployed troops to the Persian Gulf, under the code name Operation Desert Shield (ODS, 1990). After the necessary UN Security Council (UNSC) resolution in 1991, the US then led a coalition of more than 30 different countries. The US code name for its own efforts in this phase of what is now known as the First Gulf War was Operation Desert Storm (ODS, 1991). The UK, the other major contributor to the war, code name for both phases of the war was Operation Granby.


The first UN peacekeeping (PK) operation was launched in Israel (Palestine) in 1948. Since then there have been more than 60 UN PK operations around the world. Throughout the Cold War, there were several UN PK operations, but it was not until the ending of the Cold War that the Security Council established larger and more complex UN PK missions. Having originally been developed as a means to deal with inter-State conflict, UN PK has evolved to be applied also to intra-State conflicts and civil wars. The operations have also expanded from traditional military operations to more complex operations that include administrators, economists, police officers, legal experts, electoral observers, human rights monitors, specialists in civil affairs and governance, humanitarian workers, and experts in ICT. During the Cold War, NATO limited itself to solving conflicts within its member states. Since 1994, however, also NATO has been involved in PK, coordinated with the UN PK operations and UN directives. Since 2003, the EU has also been involved in PK operations, using the acronym EUFOR, or European Union Force. 


The disintegration of Yugoslavia led to serious unrest in the Balkans, eventually forcing other nations to intervene. The first NATO-led multinational PK force was the Implementation Force (IFOR), in Bosnia and Herzegovina in 1995. The task of IFOR was taken over by the NATO-led multinational force the Stabilisation Force (SFOR) in 1996. SFOR operated under Peace Enforcement (PE) Rules Of Engagement (ROE). The SFOR was succeeded by EUFOR Althea in 2004. The Kosovo Force (KFOR) is another NATO-led international force under UN mandate in the Balkans, which entered Kosovo in 1999.


The attack by Al-Qaeda o the US on September 11, 2001 led to the Global War On Terrorism (GWOT), which has resulted in the wars in Afghanistan (2001) and Iraq (2003), referred to by the US as Operation Enduring Freedom (OEF) and Operation Iraqi Freedom. The International Security Assistance Force (ISAF) is a NATO-led security and development mission in Afghanistan established by the UNSC.


Changes in security and defence policies have had a profound effect on the AF of the world, which have been obliged to participate in an ever increasing number of international missions throughout the world. Sweden is no exception, but has followed the lead of other countries and radically increased its participation in PSOs. The last couple of years, Sweden has participated in IFOR, SFOR, KFOR, EUFOR Althea, ISAF, etc. Today, participation in PSOs is one of the tasks that the Swedish Government has assigned to its AF, whereas previously, defending the borders of Sweden was the AFs only task. 


One of the major lessons that was identified after the ending of the Cold War, particularly during the preparations and conduct of the first Gulf War, was that the logistical concept that had served its purpose so well for so long, i.e. to stock-pile gargantuan supplies in Europe in order to support war efforts on the European theatre, JIC, had more or less instantaneously become obsolete. It was too expensive, too slow and stored the supplies were they were no longer needed. To address the challenges of participation in more PSOs with increasing complexity, in most parts of the world and led by an increasing number of different organisations, it was realised that the logistical concept would have to be altered completely. Focus switched to the war fighter, who was supposed to be supplied with the right supply, at the right time, at the right place, and at the right price.


During WW2, and throughout most of the Cold War, the requirements of the AF were drivers for technological development in many areas. With the arrival of the revolution in ICT in the 1980s, this state of affairs was about to change, perhaps for ever. In combination with the fact that Governments, after the ending of the Cold War, are no longer prepared to spend as much of their available resources on the military as previously, it has certainly had the effect that the AF is currently not in a position to consider themselves as drivers behind the technological development, especially not in the area of ICT. The emergences of civilian applications like Electronic Data Interchange (EDI), the World-Wide-Web (WWW), cellular phones, bar-codes, Radio Frequency Identification (RFID), broad band, etc., meant that the AF were faced with a number of unexploited technological opportunities. Especially in the US this lead to a transformation initiative (RMA) that included concepts like Dominant Battle-space Awareness (DBA), which was supposed to be realised by the superior utilisation of new ICT. While the realisations of DBA may be debatable, the utilisation of new ICT like RFID, has indeed aided the development of new military capabilities such as Total Asset Visibility (TAV) and In Transit Visibility (ITV).


Throughout the world the US RMA initiated new concepts like Network Centric Warfare (NCW) in the US, Network Enabled Capabilities (NEC) in the UK, and Network Based Defence (NBD) in Sweden. Indeed, the development of new concepts has become so important, so complex, and so dependant on international cooperation, that new centres for national experimentation, as well as for Multinational Experimentation (MNE), using a new method called Concept Development and Experimentation (CD&E), have emerged over the past few years. At these centres, including at the Joint Concept Development and Experimentation Centre (JCD&EC) at the Joint Forces Command (JFC) in Sweden, new concepts, like NCW, NEC, NBD, Effect Based Operations (EBO), Effect Based Approach to Operations (EBAO), Comprehensive Approach (CA), and Expeditionary operations, have been invented, developed and tested.

Concept development through MNE is certainly not the only area that has seen an increase in international military cooperation the past few years. Particularly the areas of joint exercises, joint operations, joint defence acquisition, and cooperation regarding strategic transportation, especially air lift, have seen a number of new initiatives in order to help solve common problems. The Partnership for Peace (PfP) was launched by NATO in 1994 as a bilateral cooperation between NATO and individual partner countries. After two rounds of NATO enlargements, where former partners have become allies, there are currently 28 members of the alliance, and 22 remaining partners.


For practically working together in PSOs, new concepts have been developed and implemented. The Combined Joint Task Force (CJTF) Concept is a multinational (combined) and multi-service (joint) task force developed by NATO, which is task-organised and formed for the full range of the Alliance's military missions requiring multinational and multi-service command and control by a CJTF Headquarters (HQ). EU has contributed with the Battle Group (BG) concept and the EU Command and Control (C2) concept. The EU C2-concept consists of an Operational Headquarters (OHQ) at the military-strategic level, a Force Headquarters (FHQ) at the operational level, Component Commands (CC) for the different arenas (land, maritime, air) at the tactical level, and, e.g., BGs at unit level. The NATO Maintenance and Supply Agency (NAMSA) is NATO’s principal logistics support management agency. Its main areas of interest are supply, maintenance, procurement, contract management, and engineering and technical support.


Air lift capabilities are essential in order to participate in missions throughout the world. Aircraft to realise this capability are, however, extremely expensive, and are an extremely limited resource. Hence, a number of international initiatives to share costs have been established. These initiatives include the Movement Coordination Centre, Europe (MCCE); Air Transport, Air Refuelling and other Exchanges of Services (ATARES); Strategic Airlift Interim Solution (SALIS); Strategic Airlift Capability (SAC); the European Air Transport Fleet (EATF); and the European Air Transport Command (EATC). The MCCE was established as an amalgamation of the Sealift Coordination Centre (SCC) and the European Airlift Centre (EAC). The MCCE is a multinational organisation based on Technical Arrangements (TAs), signed by the participating countries. The MCCE coordinates air, sea, land, and channel transportation; and air-to-air refuelling resources. The MCCE supports NATO as well as EU operations. ATARES is a TA, established in order to facilitate the exchange of military capabilities based on equivalent flying hours with Lockheed C-130 Hercules. SALIS is an interim solution, through which 6 Antonov AN-124 Ruslan are chartered. SAC is a permanent solution, through which its member states have acquired 3 Boeing C-17 Globemaster III. The EATF, will, when established, consist of twelve countries, which have ordered Airbus A400M or contributes with other transportation aircraft.

In the US it was realised that the RMA could not be realised without a parallel RML. After WW2, military logistics gave birth to business logistics. After the ending of the Cold War, however, it was realised that business logistics had developed a number of new commercial best practices and concepts, like Just-In-Time (JIT), Supply Chain Management (SCM), outsourcing, lean, agile, etc, which the AF had yet to explore, adapt and possibly adopt, in order to increase efficiency and effectiveness. Undoubtedly, revolutionary development in the area of ICT, as well as the emergence of novel commercial best practises in the areas of business and business logistics, have had a tremendous effect on the AF of the world. In the area of military logistics, the requirement to “do more with less” has led to the development of new concepts like adequate (reduced, optimised, minimised) footprint, or reduced logistics tail; focused logistics; accelerated logistics; Velocity Management
 (VM); Just Enough (rather than the exaggerated JIT or JIC); contracting; TAV; and ITV; through the utilisation of new ICT and the adaptation and adoption of new commercial best practises. The necessity to “do more with less” has also led to the utilisation of COTS, MOTS, and GOTS products and services, as well as the exploitation of PPPs.


In summary, after the ending of the Cold War, the AF were faced with a number of challenges, primarily induced by political, economic, social, and technological developments. There was a (still ongoing) transformation from military forces that had been designed for national defence in full-scale military conflicts in Europe to flexible military units that can be deployed in PSOs around the globe. It was realised that the logistical system had become obsolete. The revolutionary development in the area of ICT had, to a large extent, yet to be exploited by the AF. The emergence of new commercial best practises in the area of business logistics had yet to be exploited. As is common in times of peace, there was also an increasing pressure from Governments to reduce costs in the military system, which, i.a., led to the necessity to exploit COTS, MOTS, GOTS, PPPs, and other forms of BMs.


From a Swedish point of view, there were also other developments to take into consideration, increasing the complexity even further. In 1973, a new concept, business-like approach (Swedish: affärsmässighet) was introduced into the Swedish Public Procurement Ordinance. Some twenty years later, in 1995, Sweden became a member state of the EU. The several adjustments of the Swedish society that were a prerequisite of becoming a member state included considerable alterations of the Swedish legislative systems. Among other new laws that were introduced, “The Law Regarding Public Purchase” LOU (1994) would come to have a profound effect on public purchasing. From the point of view of defence acquisition, the ending of the Cold War also meant a transition from legislative regulation regarding defence procurement, to contracts with suppliers being based strictly on commercial grounds.


Further, Sweden had previously remained outside alliances like NATO and the EU, in order to be able to remain neutral in the event of war. This changed when Sweden became a member state in the EU, with clear and developing ambitions in the areas of security and defence policies, and when Sweden decided to participate in international missions and international cooperation in different military areas. The last two decades, Sweden has participated with military units in operations like IFOR, SFOR, KFOR, EUFOR Althea, ISAF, etc. Sweden has also participated in initiatives such as NATO PfP, EU BG, MNE, NAMSA, MCCE, ATARES, SALIS, and SAC. The participation in the EU BG concept was as one of the contributors to the Nordic Battle Group, NBG. Also, the defence industry in Sweden was domestic during the Cold War Era. With the current globalisation and internationalisation of industry, this is definitely no longer the case. All things considered, it is probably fair to say that Sweden, from a military point of view, is in the process of going from a rather closed and static military supply system, based on regulation, and designed to defend Sweden, to an open and dynamic military supply system, based on contracts, and supposed to be used outside the boarders of Sweden, as well as to defend Sweden. The Swedish AF and FMV must, of course, deal with the generic challenges, as outlined above, that face all AF. However, the Swedish AF and, perhaps particularly, FMV must also face the challenges that are indigenous to Swedish circumstances, hence increasing the complexity even further.

Military logistics in general and the military supply chain in particular is the setting for the research reported in this paper. Hence, in Chapters 3.0, 4.0 and 5.0, the Cold War and Post Cold War military supply chains, or, perhaps more appropriately, the military supply and support networks, are generically illustrated from the point of view of the procurement of a complex piece of military equipment, e.g. a Main Battle Tank (MBT); a war ship; a fighter aircraft; or a C2 system; which constitutes a significant part of a required military capability. A military capability certainly consists of much more than a technical system. In the US, e.g., a capability is often described as a combination of doctrine, organisation, training, materiel, leadership and education, personnel and facilities (DOTMLPF). In the UK, a combination of all defence lines of development (DLoDs), i.e. training, equipment, personnel, information, doctrine, organisation, infrastructure and logistics (TEPID OIL), is often used to describe the different aspects of a capability. In addition, defence procurement certainly encompasses much more than the purchase of military platforms, but the most complex type of procurement is used as an illustrative example in this paper. The generic military supply chains (networks) also exclude the fact that the procurement of advanced and expensive systems would, of course, have to be approved by the Government. For the purposes of this paper, however, the simplified descriptions in the ensuing chapters are sufficient. Further, for the purposes of this paper, the terms production logistics (intended to be roughly equivalent to a subset of strategic logistics) and consumption logistics (intended to be roughly equivalent to a combination of operational logistics and tactical logistics) will be used, in order to describe and emphasise the distinction between the production and storage of capabilities during the Cold War Era, and the production, storage and utilisation of capabilities, that characterise the Post Cold War Era military supply network in Sweden.

3.0
SWEDISH PRODUCTION LOGISTICS DURING THE COLD WAR era


As previously stated, from a military point of view, Sweden could be regarded as a stable, closed system during the Cold War Era. Sweden was self-contained, with an advanced domestic defence industry, predominantly providing state-of-the-art equipment to the AF. Sweden participated in a number of UN missions, e.g. in the Congo and on Cyprus, but the AF were primarily designed and dimensioned to constitute a defence force on Swedish soil. At the micro level, the military supply chain consisted of the three actors the AF, FMV, and the domestic defence industry. Since Sweden is a relatively small country, the domestic defence industry consisted, of course, of a very limited number of potential suppliers for a specific piece of equipment. The roles, responsibilities, interactions, and interfaces between the three actors had developed over several decades and were clearly defined. At the macro level, Sweden was, of course, not an isolated island during the Cold War, but, from a military point of view, the supply chain was primarily influenced by stable security and defence policies, including a stable defence budget; and stable defence-driven technology development, delivered by a stable domestic defence industry.

Based on directives and guidelines, regarding tasks and available resources, from the Government, the Swedish AF would initially define which capabilities it required in order to perform its assigned tasks. FMV would then, in cooperation with the Swedish AF, transform these requirements into system specifications. After approval by the Government, FMV would then procure the system from an appropriate domestic supplier, while instructing the supplier to develop the system according to the specifications. The supplier would then develop the system and deliver it to FMV. FMV would, in turn, receive the system and integrate it with existing systems within the Swedish AF. The system would eventually constitute a part of the required capability, and be delivered to the Swedish AF. Sweden has not been in a state of war for more than 200 years by now. Hence, the required capability could after delivery be regarded as being put into storage. FMV would remain responsible for maintenance and repairs of the system until it was eventually taken out of service and destroyed, sold, or otherwise disposed of.


During the Cold War, the Swedish AF, and its supply chain, was designed for one task; national defence. Since Sweden has been fortunate enough not to participate in any wars since 1809, the supply chain can be described as a system designed to produce capabilities that were never used. This Cold War system can be regarded as an example of military production logistics, military logistics at the strategic level, which is not followed by military consumption logistics, military logistics at the operational and tactical level. For a generic piece of equipment that was necessary for some generic capability, the supply chain of the Cold War Era can be illustrated as in Figure 1. Figure 1 illustrates the military supply chain, including the actors, their relationships and their main areas of responsibilities. Hence, Figure 1 illustrates the logistical interfaces between the actors, as well as the supply concept of the Cold War Era. Figure 1 also illustrates the principal flows in the supply chain, but only the main directions of the principal flows are depicted. In reality, there would, of course, be information flowing in both directions, and there would also be a reverse physical flow, representing, e.g., the return of damaged equipment.
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Figure 1: A generic illustration of the static, closed military supply chain of the Cold War Era (Source: the author).

Throughout the Cold War, the external factors, i.e. the political; economic; societal; and technological environment; influencing the military supply chain remained relatively stable. Defence and security policies, and hence the defence budget, remained stable and predictable. Military technology development was stable, driven by the requirements of the Swedish AF, and delivered by a stable domestic defence industry. The outlined process was the only way in which new systems were procured during the Cold War Era, and, using the terminology suggested in this paper, this process can be argued to constitute the only BM that was in use during this period. At least in Sweden, analytical support to this process was primarily provided to the Swedish AF to assist the first step of the process, i.e. capability requirements. Analytical tools that were being used in the long range planning process, which would eventually produce capability requirements, typically included: scenario techniques; war-gaming; Modelling and Simulation (M&S); cost-effect analysis or Cost Benefit Analysis (CBA); etc. Problem structuring methods (PSMs) such as Morphological Analysis (MA) were also used. Perhaps due to the fact that the ensuing process was rather straightforward, FMV did not receive analytical support for the remaining steps. Transforming capability requirements into system specifications is a much more technical issue than it is analytical.

4.0
SWEDISH PRODUCTION LOGISTICS in THE post COLD WAR era

Since the ending of the Cold War, the Swedish AF is in a state of transformation from a domestic defence force to a flexible, deployable force. The relatively easily described military supply chain of the Cold War Era is now in a state of flux. New types of missions, e.g. KFOR, have to be provided for, new military concepts, e.g. NBD, have to be considered, and, simultaneously and in parallel, new ICTs, e.g. TAV, are being implemented; new commercial best practises, e.g. SCM, are being evaluated, adapted and adopted; COTS, MOTS and GOTS products and services are being utilised; and PPPs are being investigated and initiated, in order to make the supply chain more effective, and efficient, while at the same time consuming less resources. Not even the actors have remained the same. The defence industry is now multinational, and FMLOG, the Swedish Defence Logistics Organisation (DLO), has entered the scene.
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Figure 2: A generic illustration of one extreme of the dynamic, open military supply chain of the Post Cold War Era (Source: the author).

While the generic illustration of the static, closed military supply chain of the Cold War Era, as depicted in Figure 1, is still valid after the ending of the Cold War, it is now only one of the extremes of an entire spectrum of possible supply chains in the Post Cold War Era, i.e. it now only represents one BM among many. Figure 2 illustrates the other extreme of the dynamic, open military supply chain. The other extreme of this spectrum occurs when the Swedish AF forces define which capabilities it requires, FMV acquires this capability, and the multinational defence industry delivers the capability anywhere in the world that it is required. Since the Swedish AF is now participating in PSOs, the capabilities are no longer being put into storage, but are being put to operational use throughout the world. Between these two exaggerated extremes, an entire new spectrum of possible BMs now exists.

After the ending of the Cold War, the Swedish Defence, and hence its supply chain, is used for four tasks; national defence, international missions, territorial integrity, and support to society. Even if Sweden has managed to stay out of outright war, Swedish military units are now being used in PSOs throughout the world. Hence, the supply chain must now be described as a system that is going to be used, even though it has not yet been thoroughly redesigned. The Post Cold War system can be regarded as an example of military production logistics that is followed by military consumption logistics.


Most of the changes in the military supply chain have, of course, their origin in the external environment. Sweden, that previously stayed out of alliances in order to be able to remain a neutral country in the event of war, and had very limited military cooperation and collaboration with other nations, is now a member-state of the EU, which has increasing aspirations in the military domain; is one of the remaining member states of PfP; and an active contributor of military forces to UN, as well as UN endorsed EU- and NATO-led coalitions, in several missions throughout the world. The development of new technology is no longer necessarily driven by the requirements of the AF, particularly not in the area of ICT. Business logistics, which was born out of the military success in logistics during WW2, has now developed to become an inspiration for the military domain in terms of new methods of rationalisation, i.e. new commercial best practises. New security and defence policies, followed by a dramatic increase in participation in international PSOs, in combination with consequent budgetary reductions, as well as changes in legislation and the internationalisation of the defence industry, have forced the Swedish AF and FMV to make extensive alterations in the logistical interfaces between the actors in the military supply chain. 


5.0
SWEDISH CONSUMPTION LOGISTICS in THE post COLD WAR era


From a Swedish military perspective, the two dominant consequences of the ending of the Cold War is that the Swedish AF is now being used, and that it is primarily being used outside the country’s borders. The transformation from a dormant defence force against invasion, predominantly engaged in education of conscript soldiers, to a modern, professional, flexible and mobile operational defence force, being actively used in operations throughout the world, have had major implications for military logistics and the military supply and support network. As has already been demonstrated in Figure 1 and Figure 2, Swedish strategic (production) military logistics, i.e. defence acquisition, has undergone, and is still undergoing, a dramatic transformation after the ending of the Cold War. This chapter will demonstrate that Swedish operational and tactical military (consumption) logistics have gone through an even more dramatic transformation, partly because of the changes in Swedish strategic military logistics.
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Figure 3: The two levels of resources in Swedish military logistics, and the connection to the NATO line and role terminology (Source: the Swedish AF).

Swedish military logistics is divided into two levels of resources, i.e. the forward and the rear resource area [7]. The forward resource area, or the Forward Logistics Support Area (FLSA), is in the Area Of Responsibility (AOR) in the Joint Operations Area (JOA). The forward resource area consists of the military units’ own resources, as well as the resources of specialised logistics units. The forward area logistical resources and activities are primarily dimensioned based on tactical and operational demands and requirements. The rear resource area is, in turn, divided into two different areas, the Home Logistics Base (HLB) in Sweden, and the Joint Rear Area Support Base (JRASB) in the Joint Rear Area (JRA) in the JOA. The rear resource area consists of the Swedish AF own resources, primarily FMLOG, territorial resources, and other actors’ resources (i.e. civilian, national, and international partners). The rear area logistical resources and activities are allowed to display a higher degree of peace rationality, and standardised processes with other requirements for delivery and capacity [8].


Figure 3 schematically illustrates the two levels of resources of Swedish military logistics, as well as the connection to the NATO line and role terminology. Lines and roles is the division traditionally used in NATO logistics, but is also used by the Swedish AF nowadays. Lines divide military logistics into five resource levels. Roles are health and sick care, and are divided into four steps. FMLOG has the same responsibilities and tasks regarding logistical support, i.e. supplies and services, to a military unit, regardless if the unit participates in an international mission abroad, or is solving tasks in Sweden. To support a unit in an international mission, FMLOG will normally create a National Support Element (NSE), in order to handle support regarding those supplies and services that are a national responsibility. In order to rationalise the activities, different nations NSEs will sometimes be joined into a National Support Group (NSG). In Figure 3, an NSE and an NSG are included in the rear resource area.
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Figure 4: Lines of communication in the Swedish logistical concept for international missions (Source: the Swedish AF).

As mentioned previously, and as hinted at in Figure 3, strategic transportation, i.e. to transport the military units from the HLB to the JRA, and to keep them supported throughout the mission, is a key element in the logistical concept for international missions. If the strategic transport is an airlift, the flights will depart from the Air Port Of Embarkation (APOE) in the HLB and arrive at the Air Port Of Debarkation (APOD) in the JRA. Transportation by sea, on the other hand, will depart from the Sea Port Of Embarkation (SPOE) in the HLB and arrive at the Sea Port Of Debarkation (SPOD) in the JRA. For both sea and air transport, operational transport, by road or by rail, will then continue the voyage to the AOR, or, more specifically, to the Reception Staging and Onwards Movement (RSOM) area. A tactical transport will then transport units and logistical support the “last mile”. Figure 4 illustrates the Swedish logistical concept for international missions, including the Lines Of Communication (LOCs). The planning of strategic transportation is complex, as is exercising movement control (MOVCON). Hence, planning and MOVCON is exercised by a special National Movement Coordination Centre (NMCC) at the JFC.


6.0
discussion


In this chapter the factors that influence defence acquisition in the ongoing transformation of the AF, and the challenges that defence acquisition is faced with because of the development of these factors, are discussed. The discussion is based on the results of semi-structured interviews conducted with Subject Matter Experts (SMEs) within FMV and the Swedish AF, as well as on the experience of the author.

The drivers for change for defence acquisition after the ending of the cold war have been outlined in the previous chapters and can be summarised as:


· The ongoing transformation (RMA) of the AF.


· Significant changes in national security and defence policies.


· Extensive budgetary reductions for the AF.


· Shift from preparations (JIC) for WW3 in Europe, as well as from national defence, to participation in PSOs (PK, PE).


· Changes in national and international legislation regarding the conduct of public purchase.


· Transition from legislative regulation of defence procurement to contracts on commercial basis.


· LL from the wars (ODS) in the Persian Gulf made existing logistical concepts obsolete.


· Revolutionary development in ICT (WWW, EDI, RFID).


· Emergence of new commercial best practices in business logistics (outsourcing, SCM, JIT).


· Instructions from the MoD to utilise COTS, MOTS, and GOTS to a larger extent.


· Emergence of international cooperation in the area of defence acquisition (NAMSA).


· Emergence of international cooperation in the area of strategic transportation (MCCE, ATARES, SALIS, SAC, EATF, EATC), i.e. resources for air and sea transportation.


· Emergence of an array of potential PPPs between public purchasers and civilian suppliers.


Many external factors lie behind this transformation, but the political factors are, arguably, the most important ones. From the Swedish point of view, there are several political decisions that have influenced defence acquisition the past decade. First and foremost are, of course, the changes in security and defence policies and the ensuing decision to transform the defence forces from defence against invasion to a modern, flexible and mobile operational defence. One profound implication of this was that the logistics concept would have to be fundamentally changed, from building stock-piles of supplies in Sweden, JIC, to supplying and supporting military units participating in UN, EU, and NATO coalitions throughout the entire globe. The major logistical challenges of this decision were:


· How should the military supply chain be redesigned in order to accommodate the new requirements of the reformed AF?


· How should strategic deployment (particularly transportation) capability be ensured?


· How should overseas supply and support be ensured?


From the military perspective, factors that influence, or perhaps even interfere, with C2 of the supply chain, and factors that influence existing risks, or perhaps even create new risks, as well as the handling of these risks, are of the utmost importance. Logistical challenges from this perspective include: 


· How should the supply and support chain be managed?


· How should the fragmented supply chain be managed?


· Who should manage the fragmented supply chain from “factory to foxhole”?


· How can contracts be used to manage the fragmented supply chain?


· Which different types of risks are inherent in defence procurement and the military supply chain?


· How have these risks traditionally been managed?


· How do COTS, MOTS, GOTS, new ICT, commercial best practices, and PPPs influence existing risks?


· What new risks are introduced by COTS, MOTS, GOTS, new ICT, commercial best practices, and PPPs?


· How should the existing and new risks in the supply chain be managed?


· Who should manage the existing and new risks in the supply chain?


· How can contracts be used to manage the existing and new risks?


· Which, if any, moral and ethical issues are associated with the concept of “transfer of risk” to suppliers, particularly contractors in the field?


· How should a DPA deal with the issue of “transfer of risk” to contractors?

There is a pressure on military logistics to enhance its performance, i.e. to become more efficient in peace and more effective in war, while at the same time decreasing its expenditure. Avenues that are already being followed in order to reduce costs include acquisition of COTS, MOTS and GOTS products and services, military implementation of commercial best practises (e.g. outsourcing and SCM), utilisation of new ICT, and employment of PPPs. Investigations regarding alternative avenues of enhancing performance and reducing costs have also been initiated. The challenges associated with these different initiatives include:


· How should a DPA decide which COTS, MOTS and GOTS products and services and, hence, which suppliers to utilise?


· How should COTS, MOTS and GOTS products and services be utilised in order to enhance the performance of defence procurement and the military supply chain?


· How should the contributions of COTS, MOTS and GOTS products and services be evaluated?


· How do roles and responsibilities in the supply chain change with the utilisation of COTS, MOTS and GOTS products and services?


· How should a DPA decide which new ICT to utilise?


· How should new ICT be utilised in order to enhance the performance of defence procurement and the military supply chain?


· How should the contributions of new ICT be evaluated?


· How do roles and responsibilities in the supply chain change with the utilisation of new ICT?


· How should a DPA decide which new commercial best practices to adapt and adopt?


· How should new commercial best practices be adapted and adopted in order to enhance the performance of defence procurement and the military supply chain?


· How should the contributions of commercial best practices be evaluated?


· How do roles and responsibilities in the supply chain change with the adaptation and adoption of commercial best practices?


· How should a DPA decide which types of PPPs to utilise in different circumstances?


· How should PPPs be utilised in order to enhance the performance of defence procurement and the military supply chain?


· How should the contributions of PPPs be evaluated?


· How do roles and responsibilities in the supply chain change with the utilisation of PPPs?


· Which other avenues (alternatives to COTS, MOTS and GOTS systems, new ICT, commercial best practices and PPPs) could be pursued, in order to enhance the performance of defence procurement and of the supply chain?


· How should a DPA decide which of these alternatives to pursue?


· How should these alternatives be utilised in order to enhance the performance of defence procurement and the military supply chain?


· How should the contributions of these alternatives be evaluated?


· How do roles and responsibilities in the supply chain change with the utilisation of these alternatives?

Military logistics, the military supply chain and defence acquisition are all in a state of dramatic change. FMV, and hence its staff, that was previously required to perform systems specifications and procurement in accordance with the process illustrated in Figure 1, is now required to also acquire capability directly, purchase COTS, MOTS and GOTS, etc. Because of these changes, FMV is faced with challenges like:


· How should a DPA deal with the internal cultural challenges that the external challenges inevitably must bring about?


· How should a DPA be organised in order to adequately meet the new challenges?


· Which new competencies are required, and which existing competencies become obsolete, in order for a DPA to transform from the previous system into the emerging one?


The Post Cold War challenges (opportunities and threats), induced by political, economic, social and technological developments, facing the AF can be summarised by:


· To perform new types of activities (PK, PE, PSO),


· In remote locations (KFOR, SFOR, EUFOR Althea, ISAF),


· In cooperation with new partners (UN-, NATO- and EU-coalitions),


· In novel ways (NCW/NBD, EBO, EBAO, CJTF, OHQ/FHQ/NBG),


· Using contracts rather than relying on legislation,


· While at the same time spending less money,


· By utilising COTS, MOTS and GOTS, capitalising on new ICT (TAV, ITV), adapting and adopting new commercial best practices (SCM), using PPPs, and through international cooperation (NAMSA, SALIS, SAC).


In the US and in the UK, these challenges are eloquently summarised as “Doing more with less”. If “doing more with less” is a goal o strive for, then the analytical support to a DPA can be divided into two distinct categories or phases; analytical support during the ongoing transformation, and analytical support once the transformation is over and new ways of doing business, i.e. new BMs, have been implemented.

7.0
conclusions


During the Cold War Era, analytical support to the defence procurement process was, at least in Sweden, restricted to support to the Swedish AF in the formulation of capability requirements. The main reason for this focus was that the ensuing steps of the procurement process were linear, sequential and rather straightforward, involving the domestic defence industry and operating in a stable environment. The influence of regional and industrial policies was also significant, perhaps making analytical support an unwanted complication. In other words, there was only one BM at disposal to the FMV. In the Post Cold War Era, most of the external and internal factors affecting defence procurement that could be changed, have been changed. In many instances, the changes in these factors have been quite dramatic. The changes have, in fact, been so dramatic for defence procurement, that some countries are now referring to this discipline as defence acquisition, in order to emphasise the dramatic change of military purchase. The only BM of the Cold War Era is still valid, but is now only one of an entire spectrum of possible BMs. 

There are definitely new possibilities for the analytical community to support defence acquisition in new ways. In this paper, it is argued that the new forms of analytical support to a DPA can be categorised as support to a DPA during the ongoing transformation, and support to a DPA after the transformation has resulted in changes being implemented. Based on the challenges as outlined in the previous chapter, a number of potential areas for new forms of analytical support to defence acquisition can be identified:


· Supply and support chain design.


· Supply and support chain management.


· Supply and support chain risk management.


· Identification and evaluation of potential business models for defence acquisition.


· Evaluation of efficiency, effectiveness and performance, including definition of measures of effectiveness (MOEs) and measures of performance (MOPs).


· Moral and ethical issues associated with outsourcing and contracting.


· Development of Decision Support Systems (DSS), decision trees, decision mechanisms, and other support to decisions regarding what to make, what to buy, and how to buy.

· Defence acquisition culture, organisation, and competencies.


Some of these areas are valid primarily for the ongoing transformation; some are valid first and foremost after the implementation of the changes; whereas some of the areas are valid both before and after the implementation. 

During the ongoing transformation, it is imperative that defence acquisition culture, organisation, and competencies be analysed and evaluated. This is probably an area in which a DPA would benefit the most from outside analytical support, but also an area in which a DPA would probably be most reluctant to welcome outside analytical support. The corporate culture, the internal organisation, and the competencies among the individual employees, are all consequences of the requirements of the Cold War Era. Precious little has been done the last decades in order to change culture, organisation and competencies in order to more properly address the challenges of the Post Cold War Era. The change from technical experts to business men ought to have had a more profound effect on culture, organisation and competencies than what has hitherto been observable. This is definitely an area where new forms of analytical support should be employed in order to seek answers to the following questions; Which new competencies are required, and which existing competencies will become obsolete, when a DPA is about to transform from the Cold War procurement process to the Post Cold War acquisition process?; How should a DPA be organised in order to adequately meet the new challenges of the Post Cold War Era?; How should a DPA deal with the internal cultural challenges that the external challenges inevitably must bring about?

Sometime during the ongoing transformation, it must be decided how decisions regarding what to make; what to buy; and how to buy, i.e. which BM to use; should be made by the DPA. The types of questions that must be answered include; Should a DSS be developed?; Should a simple decision tree be defined?; Which decision mechanisms are necessary in order to make informed “buy or make” decisions?; How should defence core business be established?; Which decision mechanisms are necessary in order to establish Value-for-Money (VFM)?; Which decision mechanisms are necessary in order to reach reward sharing decisions?; Which decision mechanisms are necessary in order to reach risk sharing decisions? 
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Figure 5: A schematic decision tree for defence acquisition (Source: the author).

Should the DPA decide to use a decision tree, perhaps it would be something like the schematic one depicted in Figure 5, which illustrates the decisions that will have to be made by a DPA. First of all, the core business, that should always be performed internally, must be defined. Similarly, business that should always be performed externally must also be defined. For the rest of the business, VFM must be calculated. If it can be established that VFM would be increased by performing the business externally, it must also be decided how rewards and risks should be shared between the public and the private sector, i.e. which form of BM that should be used. In a forthcoming paper [9] it is proposed that the resulting agreements between the public and the private sector can be categorised as Public Private Business Models (PPBMs). Between the two exaggerated alternatives, i.e. public provision and outright privatisation, the Swedish alternative [10] to PPP, i.e. Public Private Cooperation (PPC, or OPS for Offentlig Privat Samverkan), encompass the remaining forms of public private agreements. Hence, the Swedish concept [11] includes PPPs, as well as outsourcing, contracting, franchising, concessions, and JVs. Clearly, PPPs are a subset of PPCs, but there is no clear definition of what PPPs are, or which BMs they include, but one suggestion [12] is that PPPs include Design and Construct (D&C); Sale and leaseback; Operate and Maintain (O&M); Operate, Maintain and Manage (OM&M); Build-Transfer-Operate (BTO); Build-Operate-Transfer (BOT); Build-Lease-Transfer (BLT); Build-Lease-Transfer-Maintain (BLTM); Build-Own-Operate-Remove (BOOR); Build-Own-Operate-Transfer (BOOT); Lease-Renovate-Operate-Transfer (LROT); Design-Build-Finance-Operate (DBFO); Design-Construct-Manage-Finance (DCMF); Design-Build-Finance-Operate-Manage (DBFOM); Build-Own-Operate (BOO). To assist a DPA in creating a decision tree, or a DSS, including its different decision mechanisms, is definitely something that could constitute a new form of analytical support during the transformation. Once the changes of the transformation have been implemented, the operations of the DPA, including make and buy decisions, VFM calculations, and risk and reward sharing decisions, are likely to present the analytical community with ample opportunities for new forms of analytical support to a DPA. Even with a DSS, or a decision tree, with well developed decision mechanisms, for each complex system, or capability, that is to be procured, a number of analyses will have to be performed. Analytical support is likely to be n for calculations of VFM, as well as for decisions regarding risk and reward sharing.


It is by now becoming explicitly obvious that while solving some problems, and, arguably, creating better VFM for the tax payer, outsourcing, contracting out and contractors in the field simultaneously create new forms of problems. Incidents involving the personnel of Private-Military-Companies (PMCs) have illustrated some of these problems. Other problems have been demonstrated by attacks on civilian, undefended, convoys. Whether or not outsourcing and contracting, i.e. transfer of risk, especially physical risk, involves any moral or ethical issues remains to be analysed and evaluated. Should such an analysis and evaluation lead to the conclusion that there indeed are issues of moral and ethics to consider, further analysis and evaluation should be required in order to decide how to handle these issues. Since this constitutes an entirely new arena to the analytical community, it is self-evident that new forms of analytical support are required in this area.


In order to analyse and evaluate the efficiency, effectiveness and performance of the ongoing transformation of the logistics function, including defence acquisition and the design of the supply network, it is, of course, necessary to have adequate MOEs and MOPs. While some of these may already be in existence, others will have to be developed. The analytical community will have to provide analytical support in the development of new MOEs and MOPs; in the analysis and evaluation of efficiency, effectiveness and performance in the design phase during the ongoing transformation; and in the analysis and evaluation of efficiency, effectiveness and performance once the changes have been implemented. While this type of analytical support does not necessarily constitute new forms of analytical support per se, it is certainly of the utmost importance that it is provided to a DPA during and after the ongoing transformation. 

In Figure 5 it is proposed that all forms of agreements between the public and the private sector results in different forms of PPBMs. Regardless if this terminology is accepted or not, the analytical community still has to provide analytical support in order to identify and evaluate potential BMs for defence acquisition. 

In the Post Cold War Era, the supply and support network includes many more actors, with different roles and responsibilities, than the supply and support chain of the Cold War Era. The term supply network is used rather than supply chain in order to emphasise the increase in the number of actors, and because they have different roles and responsibilities in different parts of the network. It is probably also justifiable to refer to the supply network as fragmented, because of the increased number of actors with different roles and responsibilities. This increase in complexity also increases the complexity in supply and support network design, management, and risk management. Even though these issues does not necessarily traditionally belong to the responsibilities of a DPA, the DPA will sign contracts with suppliers that will have a tremendous effect on supply and support network design, management, and risk management. Hence, these issues are rapidly becoming implicit responsibilities of the DPA whether this is recognised or not. This will not only require new forms of analytical support, but also the involvement of the AF, since they are the ultimate customers of what the DPA purchases. 

New forms of analytical support are needed in order to assist the DPA and the AF with the identification, analysis, allocation, transfer, and management of risk. These issues will have to be dealt with prior to the signing of contracts with suppliers. While a signed contract is certainly not a point of no return, any contractual changes initiated by the AF or the DPA are likely to come with hefty price tags, depending on the construction of the contracts, of course.

The fragmentation of the supply chain, with few actors and clear roles and responsibilities, to a supply network, with many actors and unclear roles and responsibilities, not only increases complexity regarding supply and support network risk management, but also supply and support network management. That the AF must ultimately be the ones that will have to manage the network seems irrefutable, but how this should be accomplished with the increased complexity of the fragmentation of the network seems less self-evident. New forms of analytical support are likely to be required in order to establish how supply and support network management should be ensured and enforced. 

The fragmentation of the supply and support network is an unavoidable consequence of the quest for VFM and risk transfer, i.e. of outsourcing, contracting out, and the inevitable occurrence of contractors in the field. Even if fragmentation is an unavoidable, and for the time being acceptable, consequence of outsourcing and contracting out, it should not be allowed to be done foolhardily, without considerable and adequate forethought. Hence, there is definitely room for new forms of analytical support to the AF and the DPA in supply and support network design. 

8.0
ACRONYMS


A400M:
Airbus A400M

AF:
Armed Forces

AN-124:
Antonov An-124 Ruslan

AOR:
Area Of Responsibility


APOD:
Air Port Of Debarkation


APOE:
Air Port Of Embarkation


ATARES:
Air Transport, Air Refuelling and other Exchanges of Services

BG:
Battle Group

BM:
Business Model

BOO:
Build-Own-Operate (a form of PPP)

BLT:
Build-Lease-Transfer (a form of PPP)


BLTM:
Build-Lease-Transfer-Maintain (a form of PPP)


BOOR:
Build-Own-Operate-Remove (a form of PPP)


BOOT:
Build-Own-Operate-Transfer (a form of PPP)


BOT:
Build-Operate-Transfer (a form of PPP)


BTO:
Build-Transfer-Operate (a form of PPP)


C-17:
Boeing (formerly McDonnell Douglas) C-17 Globemaster III


C-130:
Lockheed C-130 Hercules


C2: 
Command and Control

CA:
Comprehensive Approach


CBA:
Cost Benefit Analysis


CC:
Component Command


CD&E:
Concept Development and Experimentation


CIS:
Commonwealth of Independent States


CJTF:
Combined Joint Task Force

COTS:
Commercial-Off-The-Shelf


D&C:
Design and Construct (a form of PPP)


DBA:
Dominant Battle-space Awareness


DBFO:
Design-Build-Finance-Operate (a form of PPP)


DBFOM:
Design-Build-Finance-Operate-Manage (a form of PPP)


DCMF:
Design-Construct-Manage-Finance (a form of PPP)


DLO:
Defence Logistics Organisation


DLoD:
Defence Lines of Development


DMAIC:
Define, Measure, Analyse, Improve, and Control

DMI:
Define, Measure, and Improve

DoD:
Department of Defense (US)


DOTMLPF:
Doctrine, Organisation, Training, Materiel, Leadership and education, Personnel and Facilities


DPA:
Defence Procurement Agency

DRA:
Defence Research Agency


DSS:
Decision Support Systems


EAC:
European Airlift Centre


EATC:
European Air Transport Command


EATF:
European Air Transport Fleet


EBAO:
Effects Based Approach to Operations

EBO:
Effects Based Operations

EDI:
Electronic Data Interchange


EU:
European Union


EUFOR:
European Union Force

FHQ:
Force Headquarters


FLSA:
Forward Logistics Support Area


FMLOG:
The Swedish Defence Logistics Organisation


FMV:
The Swedish Defence Materiel Administration

FOI:
The Swedish Defence Research Agency


GOTS:
Government-Off-The-Shelf


GWOT:
Global War On Terrorism


HLB:
Home Logistics Base


HQ:
Head Quarters


ICT:
Information and Communication Technology

IFOR:
Implementation Force


ISAF:
International Security Assistance Force


ITV:
In Transit Visibility


JCD&EC:
Joint Concept Development and Experimentation Centre

JFC:
Joint Forces Command

JIC:
Just-In-Case


JIT:
Just-In-Time


JOA:
Joint Operations Area


JRA:
Joint Rear Area


JRASB:
Joint Rear Area Support Base


JV:
Joint Venture


KFOR:
Kosovo Force


LL:
Lessons Learned


LOC:
Line Of Communication


LOU:
“The Law Regarding Public Purchase”


LROT:
Lease-Renovate-Operate-Transfer (a form of PPP)


M&S:
Modelling and Simulation


MA:
Morphological Analysis


MBT:
Main Battle Tank


MCCE:
Movement Coordination Centre, Europe


MoD:
Ministry of Defence


MOVCON:
Movement Control


MNE:
Multinational Experimentation


MOE:
Measure Of Effectiveness


MOP:
Measure Of Performance


MOTS:
Military-Off-The-Shelf


NAMSA:
NATO Maintenance and Supply Agency


NATO:
North Atlantic Treaty Organisation


NBD:
Network Based Defence


NBG:
Nordic Battle Group


NCW:
Network Centric Warfare


NEC:
Network Enabled Capabilities


NMCC:
National Movement Coordination Centre


NSE:
National Support Element


NSG:
National Support Group


O&M:
Operate and Maintain (a form of PPP)


ODS:
Operation Desert Shield (1990)

ODS:
Operation Desert Storm (1991)

OPS:
Offentlig Privat Samverkan (The Swedish form of PPP)


OEF:
Operation Enduring Freedom

OHQ:
Operational Headquarters


OM&M:
Operate, Maintain and Manage (a form of PPP)


PDCA:
Plan, Do, Check, Act

PDSA:
Plan, Do, Study, Act 

PE:
Peace Enforcement


PfP:
Partnership for Peace


PK:
Peacekeeping


POL:
Petroleum, Oil, and Lubricants


PMC:
Private-Military-Companies


PPBM:
Public Private Business Models


PPC:
Public Private Cooperation (The Swedish form of PPP)


PPP:
Public Private Partnership


PSM:
Problem Structuring Methods


PSO:
Peace Support Operation

RFID:
Radio Frequency Identification


RMA:
Revolution in Military Affairs

RML:
Revolution in Military Logistics


ROE:
Rules Of Engagement


RSOM:
Reception Staging and Onwards Movement


SAC:
Strategic Airlift Capability


SALIS:
Strategic Airlift Interim Solution


SCC:
Sealift Coordination Centre


SCM:
Supply Chain Management


SFOR:
Stabilisation Force


SFRY:
Socialist Federal Republic of Yugoslavia


SME:
Subject Matter Expert


SPOD:
Sea Port Of Debarkation


SPOE:
Sea Port Of Embarkation


SU:
Soviet Union


TA:
Technical Arrangement


TAV:
Total Asset Visibility


TEPID OIL:
Training, Equipment, Personnel, Information, Doctrine, Organisation, Infrastructure and Logistics


UK:
United Kingdom (of Great Britain and Northern Ireland)


UN:
United Nations


UNSC:
UN Security Council


US:
United States (of America)


VFM:
Value-for-Money


VM:
Velocity Management


WP:
Warsaw Pact


WW1:
First World War


WW2:
Second World War

WW3:
Third World War (an anticipated, hypothetical third world war on European soil)

WWW:
World-Wide-Web
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� 	VM was developed for the US DoD by the RAND Corp. VM is based on commercial best practices, e.g. Six Sigma, and hence the Deming, or Shewhart, cycle, i.e. the PDSA (Plan, Do, Study, Act) cycle, or the PDCA (Plan, Do, Check, Act) cycle. In Six Sigma programs, the PDSA cycle is called DMAIC (Define, Measure, Analyse, Improve, and Control). In VM, DMAIC has been distilled down to a three letter acronym; DMI (Define, Measure, Improve).
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Abstract 


NATO’s Military Committee has recently approved the MC-0583 Policy for NATO Concept Development and Experimentation (CD&E).  The policy aims to set out the role of CD&E in support of the Alliance's transformational goals, to clarify responsibilities of the various actors, and to provide a robust basis for defining a detailed CD&E process within NATO.  It describes the nature of NATO's CD&E as a tool for adapting the Alliance to future challenges, its position within NATO capability development and the relationships with other related processes.  CD&E is one of the tools that drive NATO's transformation by enabling the structured development of creative and innovative ideas into viable solutions for capability development.  Capability development covers strategic analysis, identification of capability requirements, solution identification and solution implementation.   Capability requirements may result from the assessments of potential future requirements, medium term defence planning requirements, lessons learned or urgent operational requirements.   In finding conceptual solutions to capability shortfalls and gaps that were identified in other processes, CD&E plays an important role, but also CD&E contributes to capability development through the introduction of previously unknown capabilities that result from new ideas, “out of the box” thinking or simply Research and Technology endeavours.  


The role of Analysis in the CD&E process is obvious.  Analysis can determine in an early stage the stakeholders’ interests in the concept and their expectations, the operational value and the feasibility of the concept, and determine possible venues for development by addressing operational validity and effectiveness through modelling.  Analysis supports the conduct of experiments through a proper formulation of hypotheses and expectations to ensure that the outcomes of experiments inform the concept development.  As the development of a concept progresses the analysis activities look to accumulate evidence to determine and demonstrate the validity and increased effectiveness of the proposed solutions.  As such the rigour of the analysis is important to increase confidence in a conceptual solution and reduce the risk involved with its implementation.

Keywords:  CD&E, Concept Development, Experimentation, Operational Analysis.


1.
INTRODUCTION

In 2004 the revision of the NATO Military Command Structure
 and the Terms of Reference
 of Supreme Allied Commander Transformation (SACT) were approved by the Military Committee (MC) specifying the responsibilities of Allied Command Transformation (ACT) to lead in Transformation.  NATO Transformation seeks to increase the levels of interoperability and standardization and enhance cooperation and collaboration between NATO nations.  This step affirmed the MC decision
 to adopt CD&E as the Alliance tool to explore, demonstrate and evaluate future operational concepts that drives changes in NATO's capability development.  CD&E has evolved over the years to be the primary tool in finding solutions to conceptual gaps identified within NATO’s capability shortfalls.


In 2009 the MC approved the Policy for NATO CD&E
 setting out the principles of CD&E and how it supports the NATO’s Transformational Programme.  A subsequent document, the CD&E Process, is in draft, and aims to build upon the CD&E Policy to provide guidance on the implementation of CD&E activities within NATO, or more specifically, to elaborate on how CD&E should be understood, directed and coordinated with the emerging NATO Defence Planning Process, the established Lessons Learned Process and the operational requirements from current NATO operations.  It specifies how CD&E activities are organized in NATO around CD&E projects, and how these projects are managed, funded and tracked, how quality assurance is applied and how NATO engages the nations in sharing methods and results.

The embedding of the CD&E process within the current and emerging NATO processes has become of utmost importance in an era within which nations are requesting NATO to formulate common goals in terms of capabilities, rather than force contributions to NATO.  The fuzziness of setting targets for nations and NATO in capability terms creates an uncertainty of what other NATO processes are producing.  An increasing need to understand all processes in NATO is the wish from the nations to relate all of them for a coherent view of what nations are providing, need to provide in future, and are willing to provide as defence contributions to the Alliance.   As such the CD&E process relates to Defence Planning in the search for solutions for capabilities that are identified as shortfalls but for which no current or obvious solution exists.  On the other hand products from the CD&E process may alter the view on how NATO operations must be conducted, how the military forces must be trained, what new technologies will be available in future to be incorporated in new equipment and facilities, etc changing the way in which Defence Planning may derive requirements in the future.  


This development requires the ability to conceptualize new ideas and bring those to fruition.  Within concept development, new ideas are developed, discussed, scrutinized, criticised, and gamed in order to understand all aspects of the shortfall and the proposed solutions for that shortfall.  Subsequent experimentation brings this further into an operational environment in order to discover, hypothesize or validate the new ideas that have been formulated in the concept.  Since the start of CD&E activities, ACT has relied heavily on the Guide for Using and Implementing Defence Experimentation (GUIDEx)
 for the design of CD&E campaigns.   ACT has been reasonably successful in the implementation of rigour through analysis in Experimentation efforts but only recently has begun to support Concept Development with analytical methods and tools. 

This paper details on the specifics of NATO CD&E analytical efforts and how Operational Analysis has become an integral part of NATO CD&E.  It will also explain how NATO CD&E attempts to collaborate and cooperate with NATO’s Research and Technology initiatives.  


2.
CD&E POLICY AND PROCESS


The MC 583 Policy describes the nature of NATO’s CD&E as a tool for adapting the Alliance to future challenges, its position within NATO capability development and the relationships with other related processes. CD&E is one of the tools that drive NATO's transformation by enabling the structured development of creative and innovative ideas into viable solutions for capability development. Normally development of concepts is conducted in an iterative manner and spiral improvement is obtained through successive experimentation.  CD&E contributes to the continuous transformation to keep NATO relevant in the security environment and to enable NATO to carry out its roles effectively.  The primary purpose of CD&E is to provide credible solutions to capability shortfalls. The CD&E aims at capturing the best ideas and enabling potential solutions to be explored through Concept Development, tested and validated through Experimentation, either within NATO or collaboratively with nations.


Capability development covers strategic analysis, identification of capability requirements, solution identification and solution implementation. Capability requirements may result from the assessments of potential future requirements or the identification of the Minimum Capability Requirements (MCR) which are steps within the Capability Requirements Review and part of the NATO Defence Planning Process.  That process is further enhanced and informed by urgent operational requirements and Lessons Learned process.  Evidence from ongoing operations or exercises, complemented by strategic and operational analysis, often identifies important information to support the assessment of capability shortfalls in the NDPP.  Eventually, all that information leads the NDPP to determine the identification and prioritization of capability shortfalls.  In the solution finding phase, CD&E plays an important role when innovative answers are needed particularly when potential solutions involve developing new approaches to operations, new procedures, new organizational structures and the application of new technologies, or when lessons identified request CD&E support in developing and refining proposed solutions. These are considered to be the primary sphere for CD&E.


While CD&E primarily develops conceptual solutions for capability shortfalls already identified by other processes, it can also contribute to capability development through the introduction of previously unknown capabilities. New ideas may result from "out of the box" thinking or may be gained from Research and Technology (R&T) endeavours. A new or emerging technology or technique may be identified as having a potential for a military application within NATO. This could be turned into a potential new capability and developed through CD&E if an operational benefit could be expected.   The new ideas may influence the NDPP process in its next cycle to develop new capability requirements.  This is considered the secondary sphere for CD&E.


2.1
Concept Development

The role of Concept Development is to identify recommended solutions to capability shortfalls or gaps. New problems may be brought about by some combination of political, social, economic, technological, doctrinal factors, or by the introduction of new objectives to a pre-existing situation. A new concept may also be developed to propose a better solution than currently exists. This solution may be delivered through technological, organizational, tactical, societal or other developments that did not exist before, or it may be required due to the failure of an existing but sometimes obsolete concepts.  A basic distinction can be made between strategic and operational concepts. The first type contains political or high level politico-military assessments, objectives and guidance. These concepts also generally encompass a broad strategy on which military operations are to be based or provide a vision for the Alliance for the mid to long-term future. They may address key elements of NATO's defence posture, such as command or force structure or contain a broad military strategic framework. Their development might lead to the identification of CD&E projects. The second type addresses the levels at which campaigns and joint operations are planned and conducted in order to accomplish strategic objectives within a theatre of operations. These concepts are normally the overarching element of a CD&E project. Concept development provides the framework within which a solution may be developed. Solutions may or may not be refined through experimentation, but require validation in every case. 


2.2
Experimentation


The role of experimentation is primarily to determine whether a concept under development will achieve its desired aim. Results from experimentation inform the concept developer whether a whole concept (or elements therein) are sound or flawed. Experimentation reduces uncertainty as to whether a concept or parts thereof have reached the required level of maturity, helps to identify and solve problems that cannot be solved through studies and analysis alone and avoids those developments which do not offer added value. Moreover, experimentation, as a 'trial and error' methodology, can also exploit a negative outcome as a way to refine concepts.


Experimentation can occur at each stage of Concept Development so that a single conceptual idea could give rise to one or more discovery, hypothesis testing and validation experiments. Therefore, the conceptual rationale for Experimentation could range from an initial conceptual idea to an approved concept. The important aspect is that the process be cyclical: Concept Development provides the rationale for Experimentation and Experimentation provides information to refine the concept. Assessment and refinement should involve subject matter experts and concept's customers to the maximum possible extent. Additionally, Experimentation can also be conducted throughout the implementation phase of a concept.

2.3
CD&E Projects

CD&E is a scientifically supported methodology applied to the development of a capability when a conceptual gap has been identified.  The application of the CD&E methodology requires an inherent evaluation and controlling process in order to ensure conceptual coherence, experimental control in execution, and rigorous and unbiased analysis of expectations and results.  The decision to initiate a concept should be made after a thorough analysis of the capability shortfall that encompasses a stakeholder analysis, problem identification and structuring and a brainstorming of ideas.  Subsequently, a CD&E project is started to develop and validate the concept and it includes:

a deeper analysis of the problem and identification of possible conceptual solutions; 


the drafting of a concept; 


the development of solutions; 


the analysis of the adequacy of the solutions; and


experimentation to hypothesize, refine or validate the proposed solutions.


In general, a CD&E project employs an iterative and spiral development approach.  “Concept development”, “experimentation” and “analysis” are the main ingredients of a CD&E project. While concepts could be developed in many different ways, the utilization experimentation and analysis guaranties the ‘testing’ of the concept within an operational environment combined with robust and rigorous analysis in quantitative or qualitative form of conceptual outputs.  The characteristic and the intensity of these individual elements can be different, dependent on the topic.  However none should be excluded from the beginning and, during the development cycles (spirals of development) their use must be considered at each time.  The CD&E project covers the development of the concept until the implementation phase, where decisions are made with respect to acquisition and application of the proposed conceptual solutions.


The CD&E process encompasses the use of the CD&E methodology in the development of all needed projects, the management of related activities and the engagement with nations and within NATO.  The main activity of CD&E occurs within the CD&E projects in initiation, developing and validating the concept and readying it for approval.  CD&E projects can be initiated by direct guidance from the MC, through an operational request from theatre, or by internal direction in reaction to an identified shortfall derived from the NDPP or a Lesson Learned, recommendations from R&D, R&T or nations.  The management includes the assembly of CD&E project proposals, justification and validation of CD&E activities, resource allocation and funding, and integration of activities in ACT’s plans.  Management also enforces Quality Assurance that includes custodianship of the CD&E process itself, overall concept coherence, sound and robust analysis, adherence to scientific rigour, experiment control, coordination and compliance.  CD&E Engagement includes the dissemination and socialization of results, spreading and sharing knowledge on CD&E methods, processes and projects in order to promote best practices amongst NATO nations and partners.

3.
ANALYSIS IN CD&E


While discussion on what constitutes a good concept, what are best practices for concept development, how to conduct experimentation etc are topics that deserve utmost attention, the aim of this paper is to concentrate on the contribution that analysis brings to the CD&E process.  In doing so, however, it is evident and unavoidable that some best practices in concept development and in experimentation will be discussed, and that is believed to be appropriate and in the best interest of all.

3.1
Operational Analysis


According to NATO definitions
 analysis is defined as “the study of a whole by examining its parts and their interactions”, while the US Training and Doctrine Centre defines analysis as “the examination of a complex whole, its elements and their relationships to inform senior leader decisions or to gain understanding of complex problems
.  In that context we can define what Operational Analysis (OA) by quoting from the SAS 044 Report
 which defines OA as “the application of scientific and quantitative methods to assist decision makers”.  In general, Operational Analysis is more scientifically based and - in contrast to engineering sciences – looks at the entire system, taking into account all constraints, to scope a problem to determine its operational usefulness.  In doing that, the OA analyst is occupied in the scoping and structuring of problems, in solution definition and comparison, in optimization and risk and cost-benefit analysis, in data collection and interpretation, amongst others.  OA uses techniques that are derived from mathematics and statistics, social and physical sciences, and is a heavy user of modelling and simulation techniques, but in reality the main tool in use is common sense and logic.  The main goal of OA analyst is to bring forward those aspects of a problem that determines it sufficiently to support decisions by management, and the result of analysis is improved understanding of the topic under study.

The need for analysis is justified by the fact that the world is too complex to permit immediate understanding of any new idea, concept, situation or topic, and particular in defence related matters the complexity of the operational environment calls for the use of well-founded principles from science and experience to be applied in a rational and logical manner.  However, the challenge that the analyst faces is that, as David Galula said, “war is not a chess game, but a vast social phenomenon with an infinitely greater and ever expanding number of variables, many of which elude analysis”
, which may set its limits on how analysis alone can shed light on defence issues, and therefore the urge is to set analysis next to other ways and means to examine the problem set with which we in the defence world are confronted with.  The analytical process follows a more or less standard way of formulating and stating a problem, build a function model, observe how the problem manifests itself in the real world, and then resolve anticipation and realization of the problem’s behaviour and draw conclusions.  In formulating the problem, the analyst frames, defines and scopes the problem by providing background, precision and clarity, customer and stakeholder’s interests, and limitations, constraints and restraints, after which he determines the aims and objectives of what the problem seeks to solve.  While the analyst builds a functional model, she conducts research to investigate the underlying logic and mechanisms that could govern the problem and postulate what the expectations could be from a theoretical model.  In doing so she should distinguish between the ideal and the intended or desired models to approach the reality as much as possible.  Subsequently, the analyst conducts a decomposition of the problem into its parts and components and determines the relationships between them.  In preparation of the observation of how the problem manifests itself in the real world, a plan is designed to observe and measure, which will enable the actual observation and collection of measurements to be conducted.  In doing so the analyst must ensure to distinguish between the actual and the perceived reality.  From the observations he will conduct the sampling and surveying and retrieve necessary measurements.  Finally, the analyst will resolve anticipation and realization of the problem’s behaviour and draw conclusions through contrasting and comparing expectations against measurements, theoretical model against reality, after which results are analyzed and the findings validated.  This enables him to prove or disprove expectations, allowing him to report his conclusions and make recommendations.  In summary, analysis brings structure and rigour in the definition of problems, in methods and in results.  Analysis may be quantitative, or qualitative, but most importantly, analysis brings meaning by making better sense of the world.


3.2
Wicked Problems

Analysis in CD&E encounters the challenge that the problems the shortfalls in capabilities pose prove mostly to be difficult and non-intuitive.  They generally fall into the class of so-called “wicked” problems
.  Wicked problems are problems that are un-bounded and ill-defined, are novel but difficult to conceive, and have multiple and conflicting goals and customers.  A wicked problem is one for which each attempt to create a solution changes the understanding of the problem. Wicked problems cannot be solved in a traditional linear engineering fashion, because the problem definition evolves as new possible solutions are considered and/or implemented.  Most projects in organizations -- and virtually all technology-related projects these days -- are about wicked problems. Indeed, it is the social complexity of these problems, not their technical complexity, that overwhelms most current problem solving and project management approaches.  It is therefore that the Concept Developer cannot approach the problem of developing a concept as “normal” staff work, and need to have a method to tame the wickedness of the problem.  As analysts have been trained to study complex and messy decision making problems in organizations and systems that undergo change, analysis support and assistance is frequently sought by Concept Developers to provide advice.  Frequently, analysts organize and facilitate brainstorming, and gather ideas and thinking of a group of experts. As the group’s understanding of the problem evolves, solutions emerge through the shared commitment of needing to create a durable solution.  Understanding a wicked problem is about collectively making sense of the situation and coming to shared understanding about who wants what.  In Experimentation the wickedness of the problem is manifested in the inability to attribute changes to the phenomenon under observation to the introduced new conceptual ideas, prototypes or treatments.  The analyst’s ability to observe, sample and separate coincidence from cause, is another way to tame the wickedness of the problem.  Table 1 gives some examples of tame and wicked problems.

Table 1 - Tame vs Wicked Problems

		Tame

		Wicked



		Expelling Iraqi Forces from Kuwait in 1991

		Deciding whether or not to attack Iraq again in 2003



		Quelling a riot at a World Cup football game

		Quelling the current civil and religious strife in Iraq



		Modifying all a nation's military aircraft to receive Link-16

		Deciding why



		Writing an EBAO Guide to Operational Planning

		Deciding how to incorporate this into existing NATO doctrine



		Building a network of renewable energy sources in a country

		Deciding what to do when oil runs out



		Putting a man on Mars and returning him safely to earth

		Writing an international law on militarization of space





3.3
Phases of CD&E Project

Although the CD&E Policy and Process documents define a CD&E project as a concurrent, iterative and spiral process in which conceptual work, experimental efforts, analytical insights are intermingled to form a process that employs all trades from drafting of documents, brainstorming, war-gaming, research and analysis, M&S, live experiments, and prototyping to demonstrations, there is still a tendency to separate the Concept Development from the Experimentation part of the project.  There is some merit in this approach, although from an Analysis point of view, it would be better to think in an integrated manner, mainly to ensure that Analysis gets its proper place within the CD&E project.  The CD&E project can be subdivided into four phases:


a. Concept Initiation: the decision to start a CD&E project, after problem and customer requirement have been identified.  Initial research and formulation of the problem is started;

b. Project Planning: develop a Concept Development Plan (CD Plan) for the co-ordination and management of the project.  It is used to assign tasks and responsibilities, monitor the progress of these tasks, integrate and synchronize efforts of multiple teams or people with different competencies, co-ordinate and integrate activities;

c. Concept Development: the spiral process of development and refinement of proposed solutions according to the CD Plan;


d. Concept Assessment and Validation: the integration of experimentation, providing opportunities to discover, speculate, hypothesize and validate conceptual ideas within the context and the progress of the concept.  

Analysis supports each of these phases in its own special way.   As stated before, defence problems nowadays appear to be not suited for normal solution methods and the problems are generally ‘wicked’.  Most of the time, the requirements are difficult to define or the goals are difficult to formulate.  Customers are not sure or do not know what they want exactly, and if a solution is found, it is difficult to verify or to test if that is the right solution.  In more general terms, it is hard to say whether the final concept with its solutions is “correct”.  


3.3.1
Preparation, Initiation and Structuring

The analysis supports the initiation of the project by identifying and scoping the problem and the customers’ requirement by asking questions such as what the real problem is or what the problem really is, who the customer is, and why a concept is needed.  The analyst can do this, as he/she has undertaken in preparation of the project a literature search to understand the context of the problem.  This literature search, also known as Baseline Collective Assessment is a historical evaluation of causes of the problem, and a history of development to data to include operational factors, a detailed review of documents related to subject area, relevant technology and experimentation.  This review is necessary to gain understanding and expertise and to avoid duplication.  An analyst is normally academically trained to undertake this task.


In problem formulation, the problem must be scoped and structured and analysis is required in both of these steps.  It is the most difficult phase of a CD&E project and the analyst will have expertise in specific techniques normally not possessed by military staff officers.  In scoping, it is mandatory to undertake a stakeholder analysis to identify the customers, players and those who are affected by the concept, the interpretation of the baseline concept assessment must be taken into account, and a common understanding of what the problem is by all stakeholders must be established.  In problem structuring the aim is to develop an understanding of the core issues to be addressed by the concept.  That includes:


Conduct an initial assessment of its value and relevance; 


Conduct analysis of operational benefits to support the need statement;

Justify the operational benefits and determine the feasibility with case studies, research and technology;

Determine linkages and interdependencies with other concepts and capabilities;

Determine how concept might affect other policy, doctrine or other concepts in development;

Determine necessary tasks and required skills/knowledge needed to move forward;

Risk Analysis.

In this phase, the techniques used by the analyst include soft-systems methodology, rich picture analysis, strategic choice approach, SWOT analysis, morphological analysis, System Dynamics modelling, causal and cognitive mapping, workshop facilitation and gaming.  


3.3.2
Concept Development Plan


The CD Plan is formulated to manage the CD&E Project.  It provides the roadmap, the project structure, the organization and timelines for the Concept Development and Experimentation.  It manages the expectations of the stakeholders and deals with the necessary resource implications of funds and manpower.  It may be the most overlooked phase in the theory of CD&E.  The analyst must ensure that during the construction of the CD Plan adequate resources are devoted to the analytical activities so that the ultimate goal of analysis of providing quality assurance can be obtained.

3.3.3
Development and Refinement

In the phase of concept development itself, the CD&E project is seeking to execute its CD plan through the actual drafting of a concept document and development of solutions maturing the ideas that have been hypothesized in the concept document, which in principle should state what the problem is and why it is needed, imagine how it may be done, and infer to the capabilities and conditions it needs to be able to succeed.  According to the CD&E Policy a concept is “a solution-oriented transformational idea that addresses a capability gap” by addressing solutions over the DOTMLPFI
 spectrum.

Understanding that in developing a concept, the problem that the concept seeks to address is difficult to imagine and does not lend itself to a stepwise description of directions to take or procedures to follow – due to the fact that the conceptual problem is mostly a wicked problem – there is a need for an iterative, spiral-like campaign, that will constantly review and reshape the concept through reassessment of the problem, the hypotheses, the solutions, the risks and the stakeholders’ needs.  The GUIDEx uses the term of “on-going campaign analysis” to describe this framework.  This will ultimately lead the concept developer to request different and more mature analytical methods, to include modeling and simulation, analytical studies and ultimately operational experimentation.  The latter is used to reduce the uncertainty in impact of the concept and to accumulate evidence that in an operational setting the proposed solutions are measuring up to the expectations of the stakeholders.


Initially, analytical methods employed are simple as in the problem formulation stage, but when some of the ideas mature the application of more sophisticated methods are necessary. Optimisation, risk and cost-benefit analysis could be applied during this phase. Process and organization issues are mostly complex and have to be dealt with by process (flow) modelling, organizational analytics, however, in general, modelling starting from Systems Dynamics to the advanced Combat Simulations may need to be applied.  Remember that not all problems fit the mould of the problem that a particular established campaign or combat simulation is built for to solve: doctrinal and organizational issues may be hard-coded features of these models and flexibility to change them may not be present.  Modelling and Simulation (M&S) may help to answer the problem and could reduce the need for the more expensive operational experimentation.  Alternative methods such as table-top gaming, structured brainstorming, historical analysis or subject matter expert seminars or workshop may be required as part of the campaign of analysis.  In order to conduct M&S, it is imperative to collect data to feed models and simulations.  Additionally, metrics and measurements have to be prepared and developed to ensure that the final phase of assessment and validation of the concept can take place.  Simple metrics that cannot be collected other than in an operational setting – normally performance parameters of weapon and C4I systems and logistics can be obtained from other sources – are information flow rates, time delays, common intent etc.  M&S supports the conduct of an analytical study.

3.3.4
Assessment and Validation


For complex and large capability development problems, a means of measuring the concept’s benefits and risks are to expose it into the operational environment.  While analytical methods, essentially rational and deductive, provide immediate benefits in the early stages of concept development, experimentation allows for the empirical deductive or inductive methods to benefit the concept.  Care should be taken that experimentation and analysis are integrated into one campaign.  A campaign that uses a mix of experimentation and analytical studies and methods will inherently increase the understanding and solution of the conceptual void.    

The CD&E Policy describes three types of experimentation: (1) discovery experiment to find out something that wasn’t known before; (2) hypothesis testing experiment to test something to see if it works and then refine; and (3) demonstration experiment to demonstrate that something works.  In practice these definitions have led military staff to believe that for a discovery experiment a mere curious attitude would be enough to conduct an experiment.  The GUIDEx, however, states that for any experiment the “if I do this, what will happen” question
 is the underlying paradigm that guides any experiment: manipulate something to see what happens.  Therefore expectations on causes and effects must be made before the conduct of any experiment, and thus in principle, all experimentation is hypothesis based.  


The hypothesis – in short the phrase “If ‘Cause’ Then ‘Effect’” – underlies the design of any experiment.  A good or valid experiment provides information to ascertain whether the ‘Cause’ caused the ‘Effect’, or whether A caused B.  First of all, we have to ensure that capability A can be used in the experiment, secondly, we have be able to detect a change in B, then we have to be able to determine if the change in B is really caused by the change in A, and finally, we have to be able to explain why the results of the experiment can be generalized to the operational environment.  Several experimental designs are available that strengthen one validity requirement while diminishing the value of the other.  Control of the variables is more likely in simulations, while in analytic wargames human variability is introduced which is becoming less manageable in human-in-loop simulations and may be difficult to control in live exercises.  Successful experimentation seeks to diminish the risks that are posed in conduct of the experiment by a rigorous design that acknowledges the constraints and benefits from the knowledge gained from earlier analysis and concept development, by meticulous planning that minimizes the risks, by strict conduct using a control regime and a comprehensive data collection and analysis plan.  As such analysis has a significant role to play to ensure that the criteria for good experimentation are followed with the aim of establishing: 

Validity: It will do what we expect it to do


Feasibility: We can do what we want given the constraints


Applicability: It make sense given the situation


Robustness: It can withstand criticism


Credibility: Information gained contributes to the sum of our knowledge


Frequently, experimenters are conducting their experiments with the notion that analysis only needs to occur after the results are obtained, and only admit – prior to the conduct of the experiment – a role for the analyst as the drafter of the data collection and analysis plan.  The relegation of analysis to conduct the collection of observations, to administer surveys and questionnaires, to perform statistical analysis on the results, and to draft an analysis report annexed to the experimentation report, has the built-in risk that the experiment may not observe and measure the desired impact of the changes in A that effect B.  There is a rightful place for the analyst in the design of the experiment to ensure the desired outcome of the experiment can be obtained.  Moreover, the analyst may be the right hand of the concept developer to problem formulation, structuring and solution finding, and could be the prime staffer in the conduct of structured brainstorming, analytical wargames, and the application of M&S.   
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Figure 1 - Analysis in Experimentation


Figure 1 gives an overview of the steps involved in experimentation and highlights the areas in which analysis is actively involved.  During the phase of experiment formulation, the analyst’s task is similar to the task during the first phases of a CD&E project: structure the experiment objectives and conducting literature search in order to formulate the problem.  For the experimenter the communication with the concept holder is of utmost importance to ensure the experiment support the concept’s objectives.  The same techniques and methods are used: brainstorming, SWOT, simple modelling etc.  The analyst support the choice of the type of experiment depending on the stakeholders’ expectations, the resource and time constraints and the assurance that the objectives can be addressed by the experiment type.  Subsequently, in a team effort, the threats to validity and the risks to the experiments are assessed by estimating the probability of occurrence, the impact on the experiment conduct and ability to mitigate the risks through design changes, introduction of control groups, variation of methods and triangulation.  The design must take into account the ability to obtain the measurements that are necessary to assess the concept.  

From the experiment objectives, more specific analysis objectives are derived which are further decomposed in critical operational issues for which more detailed questions are formulated with associated metrics.  Those form the basis of the data collection and analysis plan (DCAP).  The DCAP is finalized before the conduct of the experiment to record the ability to address stakeholders’ expectations, to ensure that data is and can be collected (requirements for Information Systems), and that all data collectors have a well-described task.  The DCAP is part of the overall experiment design.  Observation is the simplest form of data collection where the data collector simply observes without interference, but has the disadvantage of being subjective.  Observation with interference is participation, which allows the analyst to experience and understand the issues, but which comes with the price of bias, subjectivity and a threat to validity.  Interviews allow the analyst to go into more depth on key issues, but is time consuming.  Surveys and questionnaires collect large amounts of data, are supposedly objective, but may not anticipate the relevancy of issues and the understanding of participants.  Numerical data collection has the advantage of being objective, but is difficult to relate to cause and effect and lack context.  The final report contains an analysis of the results of the experiment.  Depending on the data collected and the hypotheses tested, the analysis can be descriptive or more numerical and statistical.  In any case the analysis must validate or refute the hypothesis of the experiment.

4.
Concept Maturity 


The process of bringing a concept to closing is described in the CD Plan and executed through the CD&E project.  The integrated campaign of analysis and experimentation ensures a spiral and iterative development of the initial idea to a final concept.  Before a CD&E project can be closed, an assessment must be made whether the concept and its associated solutions, deliver against the expectations.    The key questions to pose in the assessment of a concept are:


· Does the concept meet required capability needs across DOTMLPFI elements?


· Does the concept generate new requirements?


· Is the concept effective relative to current operating methods or competing concepts?


· What are the operational benefits and risks of implementing the Concept?


· Is it congruent with transformation or strategic vision?

The ultimate goal for the decision makers is to gain understanding of what the concept brings, and the task of the CD&E project is to provide advice on the utility and versatility of the concept and how to implement proposed solutions.  The finalisation of the CD&E project is closely interwoven with the ability of NATO and the nations to implement the concept.  However, it is often difficult to state whether the concept is in such a stage that it will lead to implementation, and sometimes the concept – with its attributed solutions – requires the development of supporting concepts, cannot be implemented without a simultaneous implementation of other measures, or cannot go forward without major commitments in the form of financial incentives, political will or military implications.  Still, the closure of the CD&E project assumes that NATO and the nations have agreed with the outcomes of the project and can approve the concept document and acknowledge the proposed solutions.  The question now becomes whether the approval of the nations – according to the CD&E Policy and Process, this approval is gained at the MC level – has consequences for the nations and NATO to implement the concept: approval for a number of concepts may be withheld when nations cannot oversee the affordability in terms of financial costs, political acceptability and military force structure implications.  Naturally, concepts will not be approved if the ideas expressed in the concept are immature and not fully worked out, the solutions are not matching up with the ideas, or do not meet the stated expectations.  When both the ideas and the matching solutions are sound, nations may stop further development when the concept is too revolutionary or radical resulting from out-of-the-box thinking, revolutionary technological solutions, or has far reaching (future) implementation consequences, particularly in the NATO environment where every decision is made with consensus, or when it is anticipated that consensus must be reached.  It is a question how such impasses with respect to the further action that is needed for a concept to go further, a CD&E project can be finished and ultimate approval of the product can be reached?

4.1
Technology Readiness Levels


In the 1990 the R&T communities identified the need to define technology readiness levels to indicate how far an initial idea had progressed on the ladder of basic and applied research towards development and implementation with the ultimate goal to be ready for production.  NASA introduced in 1995 the term Technology Readiness Level (TRL)
 and these have been adopted in NATO by the Research and Technology Organization (RTO).   The TRLs start out from principles, moves to the formulation of a technology concept and the subsequent proof-of-concept and validation in laboratory, followed by demonstration in an operational environment, towards ‘mission qualified’ and finally ‘mission proven’.  Basically, TRLs allow for the staggering of Basic Research, Applied Research, Technology Development (in short R&T), Research and Development (R&D), and Production.  Within the project management world, a similar idea was developed, however, now the term maturity was introduced: the P3M3 (Portfolio, Programme & Project Management Maturity Model) model is a five-level maturity scale is used for processes that run initially ad hoc and chaotic, then are used repeatedly, becoming business standard, after which they are subject to management and finally are optimised
.  In 2009 NASA introduced Concept Maturity Levels for the Space-Science Mission Concept
, which is more applicable to the scientist (see Figure 2).  These maturity levels may run parallel to the TRLs to some extent, but also introduce the management aspects that the P3M3 model demonstrates.    
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Figure 2 - NASA Space Science Concept Maturity Levels

4.2
Concept Maturity Levels


The introduction of a similar measure of maturity for concepts may assist the CD&E process to state whether the balance between ideas and solutions is reached, and whether the concept is in such a state to be handed over to ACO for full implementation.  The latter is important, because fully matured concepts may then be furthered in the capability development process as Targets, either for nations or for NATO
.  Any of the concepts that have a balance between ideas and solutions, but has not progressed to full maturity, is therefore in an intermediate stage.  Figure 3 provides an attempt to define Concept Maturity in terms similar to the RTO’s Technology Readiness levels.  Care must be taken to not confuse the levels themselves to a higher level of maturity, as not all concepts are equal, nor do they have all have tangible results.  The concepts that are overarching may not reach the higher levels of maturity, whereas operational concepts require the development of prototypes, testing and demonstration.  Overarching concepts may reach a completion level where the ideas and solutions need to be saved but approval by the MC may not be attainable, because the nations cannot oversee the consequences of the concept.  They may also need the development of supporting concepts to ensure that the ideas and solutions can be transferred to the NATO entities that can undertake implementation in due time.  It may be so that approval for some concepts need to be sought at a lower level, e.g. at SACT, or Bi-SC level, before further evidence can be presented to the MC, that the concept is fully matured.  Some concepts may be too radical in their thinking or costly in their solutions that they cannot be accepted by all nations, and therefore have to linger in the ‘purgatory’ before being approved.  That should not preclude nations from adopting these concepts on their own, or within a coalition-of-the-willing (within NATO).  That step has the added benefit that nations can demonstrate in their national implementation of the concepts’ ideas and solutions that the concept is sound or may need modification.  Also it may convince other nations to adopt the concept, after which MC approval can still be attained.  To ensure that a CD&E project can close and that the resulting products can be approved – at which ever level – the only need for the project is to ensure that a certain maturity level is reached.  The project can even declare beforehand which level they are targeting for.
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Figure 3 - Concept Maturity Levels

The need to address Concept Maturity in a paper that highlights Operational Analysis support to CD&E is made to provide additional structure to the process of Concept Development.  As we are confronted with more complex or wicked problems, criteria for when to stop and to know when to stop are becoming a necessity.  The author understands that the proposal above must be vetted and scrutinized, but adoption of Concept Maturity Levels may support also the closer integration of Concept Developers and Experimenters, who have a tendency to operate separately.  It is remarkable that the GUIDEx discusses concepts always in the context of Defence Experimentation, while the NATO CD&E policy has a tendency to let the experimentation be a conduit by which the concept is validated, putting the concept in a central role.  In either case, a role for operational analysis has been recognized as a way to provide quality control for the concept itself, the CD plan and the experimentation efforts.  

5
CONCLUSIONS

In the early stages of concept development, analysis can determine stakeholders’ interests and expectations, the operational value and feasibility of a concept through a number of brainstorming sessions, and determine possible venues for development by addressing operational validity and effectiveness through gaming, modelling and simulation.  As the problem has been identified and structured, analysis itself provides the rational-deductive method to determine what the solutions to the problem could be through analytical studies, requirements analysis, modelling and simulation or operations research, while at the same time war-games, human-in-the-loop simulations and live experiments can be conducted providing the empirical-deductive way to prove which solutions are solving the problem.  This is substantiated in an integral campaign of analysis and experimentation, which supports a spiral and iterative development of concepts to maturity.  In the experimentation efforts, the analysis activities look to accumulate evidence to determine and demonstrate the validity and increased effectiveness of the proposed solutions.  From analytic games to live experimentation, care must be taken for a robust and rigorous experiment design which takes into account the four basic principles of experiment validity and a risk mitigation process.  In summary analysis provides a 3-tier enabling function to CD&E:


1. Initial Concept Analysis: identify the problem, structure it, state stakeholders’ interests and determine operational value and feasibility;

2. Analytical Studies: derive from assumptions and characteristics of the operational environment, the solution through rational deductive reasoning involving scientific methods of study;


3. Analysis of Experiments: conduct an analysis of an experiment by comparing expectations and results to prove whether the experiment aims have been met.

As the CD&E methodology is scientifically supported, the rigour with which this support is applied determines greatly the quality of the concept, its validity, feasibility and applicability.  During the initial conceptual phases of the CD&E project, the application of sound scientific and analytical methods will guarantee that further development rests on a solid foundation.  Critical views embedded within accepted scientific culture and practice will provide the project with a thorough understanding why the project is undertaken, for whom and what the content is.  In an analytical study, the methods of deriving results must be build upon a proper representation of the reality in calculations, models and simulations, and adhere to a strong scientific discipline.  During experimentation the scientific methods applied will allow for the proper establishment of acceptance or rejection of hypotheses, valid and useful discovery and well founded validation and test plans.  

Within NATO, CD&E is well founded with the establishment of a CD&E Policy and Process.  The need for definition of concept maturity is expressed.  Cooperation between the Concept Developer, the Experimenter and the Analyst will provide a good breeding ground for defence studies, experimentation and solution finding in NATO.
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Definition Of Technology Readiness Levels





TRL 1 Basic principles observed and reported: Transition from scientific research to applied research. Essential characteristics and behaviours of systems and architectures. Descriptive tools are mathematical formulations or algorithms.


TRL 2 Technology concept and/or application formulated: Applied research. Theory and


scientific principles are focused on specific application area to define the concept. Characteristics of the application are described. Analytical tools are developed for simulation or analysis of the application.


TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept: Proof of concept validation. Active Research and Development (R&D) is initiated with analytical and laboratory studies. Demonstration of technical feasibility using breadboard or brassboard implementations that are exercised with representative data.


TRL 4 Component/subsystem validation in laboratory environment: Standalone prototyping implementation and test. Integration of technology elements. Experiments with full-scale problems or data sets.


TRL 5 System/subsystem/component validation in relevant environment: Thorough testing of prototyping in representative environment. Basic technology elements integrated with reasonably realistic supporting elements. Prototyping implementations conform to target environment and interfaces.


TRL 6 System/subsystem model or prototyping demonstration in a relevant end-to-end environment (ground or space): Prototyping implementations on full-scale realistic problems.  Partially integrated with existing systems. Limited documentation available. Engineering feasibility fully demonstrated in actual system application.


TRL 7 System prototyping demonstration in an operational environment (ground or space): System prototyping demonstration in operational environment. System is at or near scale of the operational system, with most functions available for demonstration and test.


Well integrated with collateral and ancillary systems. Limited documentation available.


TRL 8 Actual system completed and "mission qualified" through test and demonstration in


an operational environment (ground or space): End of system development. Fully integrated with operational hardware and software systems. Most user documentation, training documentation, and maintenance documentation completed. All functionality tested in simulated and operational scenarios. Verification and Validation (V&V) completed.


TRL 9 Actual system "mission proven" through successful mission operations (ground or space): Fully integrated with operational hardware/software systems. Actual system has been


thoroughly demonstrated and tested in its operational environment. All documentation completed. Successful operational experience. Sustaining engineering support in place








ASPECTS OF PROBLEM WICKEDNESS





You don't understand the problem until you have developed a solution. Indeed, there is no definitive statement of "The Problem." The problem is ill-structured, an evolving set of interlocking issues and constraints. 


Wicked problems have no stopping rule. Since there is no definitive "The Problem", there is also no definitive "The Solution." The problem solving process ends when you run out of resources.


Solutions to wicked problems are not right or wrong, simply "better," "worse," "good enough," or "not good enough." 


Every wicked problem is essentially unique and novel. There are so many factors and conditions, all embedded in a dynamic social context, that no two wicked problems are alike, and the solutions to them will always be custom designed and fitted.


Every solution to a wicked problem is a "one-shot operation," every attempt has consequences. As Rittel says, "One cannot build a freeway to see how it works." This is the "Catch 22" about wicked problems: you can't learn about the problem without trying solutions, but every solution you try is expensive and has lasting unintended consequences which are likely to spawn new wicked problems.


Wicked problems have no given alternative solutions. There may be no solutions, or there may be a host of potential solutions that are devised, and another host that are never even thought of.
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Abstract

The Comprehensive Approach to security, including military support to civilian authorities in stabilization and reconstruction operations, is central for the improvement of defense and force planning. More and more the foresight activities support to planning are based on generation and analysis of scenarios (authors have been participated in recent EU and NATO projects like: FORESEC, ESRIF, SAFE, using ideas and tools, presented in the paper). The proposed methodological approach encompasses a multi-level analysis and synthesis for both scenario generation and assessment via M&S as an ad-hoc solution for national usage in the integrated security sector.


The morphological and system analysis are implemented within original ad-hoc solution for the problem in the paper. Our approach is further strengthened with a tool for assessment of scenarios through dynamic simulation with COTS and NC3A products. The solution was a joint work, developed and implemented with the participation of academic research, decision makers and experts from Ministry of Defense, Ministry of Interior, Ministry of Emergencies (currently integrated within Ministry of Interior), Ministry of Foreign Affairs and Ministry of Health - Republic of Bulgaria. The tools are currently fully integrated as a critical element of BEST (Basic Environment for Simulation and Training). Early version of BEST was used in two days CAX - EU TACOM SEE-2006, 1 day CAX - Struma 2008 and further developments are a contribution to NATO RTA MSG-049 study and CAX Phoenix - 2010 preparation. The revealed models and tools are a basis for practical cooperation between Bulgarian researchers and NC3A.

1.
Introduction

Meeting the 21st century security challenges, such as: fighting terrorism, improving energy security, preventing proliferation of weapons and dangerous materials, protecting against cyber attacks and confronting the threat of piracy, evidently requires a civilian and military cooperation in the security sector.

Nowadays, we are starting to talk more and more about “security” than “defense” and putting the single citizen’s security as a highest priority goal. This requires regular coordination, consultation and interaction among all the actors involved. Regarding this NATO has developed a set of pragmatic proposals aimed at promoting such a Comprehensive Approach to Crisis Management by the International Community.


Since the Bucharest Summit (in April 2008) NATO has been seeking to improve its own crisis management instruments and to strengthen its ability to work with partner countries, international organizations, non-governmental organizations and local authorities.


The gathered recent experience in Central Asia, Middle East and Balkans has demonstrated the importance of contributing to the International Community’s Comprehensive Approach for the success of operations, which are increasing the civil-military integration/cooperation.


Today the New NATO Strategic Concept will be based on the Comprehensive Approach with the relevant technological support. Within this context, the Alliance is trying to build closer partnerships with other international organizations that have experience and skills in areas like: institution building, development, governance, judiciary and police.


The transatlantic policy within the next 20 years will be closely related to EU/NATO dialogue on security and defense topics and priorities that exists in their both agenda.


In the context of the Comprehensive Approach, currently NATO is developing pragmatic proposals, which seek to make improvements in five key areas of work: planning and conduct of operations; lessons learned, training, education and exercises; enhancing cooperation with external actors; public messaging; stabilization and reconstruction.


According to the Alliance Comprehensive Approach idea for an integrated security (that encompasses both EU and UN) the areas of Consultation, Command & Control (C3) will support NATO and Nations. These C3 areas are gathered around the new challenges like: energy security, climate change, piracy, cyber defense - problem areas that are adding new dimensions for Operational Analysis (OA) and technology support to the already traditional areas of common defense situated around Article 5, crisis response/emergency management, fighting terrorism and maintaining the partnership and enlargement process for NATO.


The new EU agenda (ESRIA) [1] is also considering these problems in the next 10-15 years horizon, when the defense and security boundaries will be less distinct and the security will encompass defense in respect to the society social security and the global context for a “non-isolated world”.


Here it should be noted that nowadays the transatlantic role of the Alliance is getting more and to support UN and cooperate with the EU. The last will have to be responsible and to develop own capabilities according to ESRIA in five clusters: (1) security cycle - preventing, protecting, preparing, responding and recovering; (2) countering of different means of attack; (3) securing critical assets; (4) securing identity, access and movement of people and goods; (5) cross-cutting enablers.


Regarding this context the task for generation of scenarios’ sets for the future and their validation through an assessment framework solution is inevitable and includes both OA and new technologies integration via integrated Computer Assisted eXercises (CAX).


Further in the paper an overview of this methodological framework solution will be given in two paragraphs: Paragraph 2 - Scenario Generation Process and Paragraph 3 - Scenario Assessment Framework Solution.

2.
The Scenario Generation Process

In general, the notion “scenario” could be determined as a synthetic description of an event or series of actions and events about the future. The scenario generation process is an activity, which is native to the movie industry and theatre. However in the security area nowadays we also talk about scenarios and “plausible future” determined within a set of scenarios. In this “plausible future” a security policy and security system capabilities are further developed.
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Figure 1: The scenario generation process within the development of “plausible future”.

Regarding the idea for “plausible future” development it should be noted that the created scenarios are able to encompass different areas of defense capabilities: security policy development, operations, training, etc.


Apart of this a more detailed description of the scenario generation process with CAX simulation results assessment [2] could be given.
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Figure 2: The scenario generation process including CAX simulation and results assessment.

As it is clear from Fig.2 the scenario generation is based on initial featured experts’ opinions and believes usage as “information input”. As far as the information of that kind could be considered as rather subjective, techniques like: brainstorming, backcasting, workshop method (BOGSAT), roundtables, discussions and questionnaires fill-up are used for the initial information gathering supported with tools for group work like: flipcharts, whiteboards, multimedia, etc.


Next the gathered results are filtered with Delphi method.


Later on, a set of n alternative futures is defined. Within these alternative futures morphological and system analysis are used for initial static classification and validation. The selected k scenarios (k > n) for the “plausible future” are next assessed via CAX simulation and mathematical validation. Obtained results are than presented to the experts for feedback control and replanning of the scenario set for the “plausible future”. 


This brief explanation will be given in more details further on, noting the fact that within the present methodology an assumption of two types of scenarios is presumed: contextual (general context of the “plausible future”) and situational (different projections within a certain context).


The developed scenarios should have a clear planning chain in the selected time horizon, which in fact means that the experts would be able to trace each step in the evolution of a scenario and to be able to cope with the uncertainty stepwisely by utilizing “cause-effect” couples’ individual evaluation, using heuristics.


The approach is assuming scenario generation into five steps. A specialized software tool - Intelligent Scenario Computer Interface Program Morphological Analysis/System Analysis (I-SCIP-MA/SA) was developed to support of both the morphological and system analyses within the Scenario Generation Process.


Here it should be noted that both I-SCIP-SA and I-SCIP-MA implements uncertainty coping [3] of the experts’ knowledge about the information reliability.


Step I. Preparation


At this step, definition of the time horizon, experts’ team formation, goals definition, database creation, methodological preparation, scenarios’ security level definition and time schedule are defined.


The contextual scenarios database could include different tangibles and intangibles, e.g. global imperatives like: “Earth and Resources,” “People and Institutions,” “Nations and Relations,” and “Technologies and Applications.”


An example of a context scenario that includes these four imperatives and explains the events of 11 September 2001 could be the following: “Earth and Resources” (Global Economy that relies on petrol); “People and Institutions” (Radical Islamic Fundamentalism); “Technologies and Applications” (Liberal technology access and open global market) → “Nations and Relations” (Rich North and Desperate South).


Step II. Strategic Base Analysis


At this step analysis of the strategic base could be conducted over the whole spectrum of national security (e.g. armed forces development for the next 10-20 years; air-defense of a strategic critical infrastructure). In accordance with the scope of the strategic base a concrete focus (symmetric or asymmetric) for the analysis should be determined (e.g. national sovereignty, terrorism, natural disasters protection, etc.).


Step III. Analysis of the Characteristics of the Future


At this step, analysis and selection of the most important characteristics, which are significant for the decision-making process in the planned “plausible future”, are performed. This step aims at narrowing the scenario development field in a reasonable way and, at the same time, producing a scenario explanation of the future projection. Suitable examples for this are the NATO standards and interoperability requirements for the alliance forces.


Step IV. Definition of Zones of Security Interests


The definition of the zones of interests (regularly national ones) in the security context enables the establishment of a clear geopolitical foundation for the development of the scenarios.


Here it should be noted that, e.g. the membership of the subject of interest in different international alliances and organizations directly influences the definition of zones due to the fact that it requires correspondence with the alliance common interests.


Step V. Development and Analysis of the Scenarios [4]

The development of scenarios is a complex task, that also requiring political approval at it final stage. It takes into consideration the definitions of Step IV and is implemented in thirteen sub-steps:


The first four steps encompass the idea of morphological analysis produced into a hyperspace, represented into a cross-consistency matrix of mutually exclusive alternatives spread amongst finite number of dimensions (key factors). 


A). Selection of Main Dimensions


The main dimensions (key factors) of a certain scenario (contextual one) could be found amongst:


· International affairs and security;

· Geopolitics;

· Strategic resources;

· Strategic objects;

· Technological & military progress;

· Economic and socio-economic issues;

· Demography;

· Ethno-religious relations;

· Crime level;

· Natural and industrial disasters and catastrophes;

· Military affairs.


The definition of the basic dimension is conducted as an iterative process of brainstorming sessions (for rough selection) followed by Delphi method application (for finer filtration).


B). Definition and Selection of Alternatives for Each Scenario Dimension


After defining the basic dimensions for a certain scenario generation, for each dimension the experts should determine a set of mutually exclusive alternatives. Here they again use brainstorming sessions combined with Delphi method filtration.


C). Linking Alternatives


Once the alternatives in each dimension are defined, the experts should link them and assign weight (within the selected time horizon for the scenario generation) to each of these links. The idea is to use a weighting scale of positive and negative numbers, which in result classify a given scenario combination into more controllable (positive, active, symmetric) or uncontrollable (negative, passive, asymmetric) scenarios. The weights could be easily notated in colours and percentages within the following scale: strong (red, greater than 50 %), weak (green, less than 30 %), moderate (yellow, between 30 % and 50 %).


Usually, in the passive group are classified scenarios that concern threats like terrorism and in the active one - allied missions.


As a result of Step V completion (A) - (C) a cross-consistency matrix for scenarios’ morphological analysis is created. This matrix directly produces different combinations on the basis of experts’ opinion, knowledge and experience gathered and filtered through brainstorming sessions and Delphi method post filtration.
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Figure 3: A screen shot of the I-SCIP-MA illustrating the usage of 
morphological analysis in the scenario generation process.

D). Scenario Entitling


Once the different scenario combinations are produced in sub-Step (C), they have to be entitled. The titles of the scenarios are usually selected short, recognizable and straight, e.g.: Generations Clash, New Powers, New Balkans, etc.


This first level of scenario definition is rather flat and creates only the global cross-consistency matrix for a certain scenario set. The reason for this is the nature of the morphological analysis developed for classification and system projections study not for system complete studying. 


So, additional deeper system analysis is utilized in order to not only determine “passive” and/or “active” scenarios, but also to discover exactly which elements of a given scenario are important and why by analyzing the developed scenario system sensitivity could be assessed.


Here it should be marked that there exist other COST software products like: CASPER®, J-DARTS® and Think Tools® that support the experts at this stage of the scenario generation for “plausible future” creation.


E). Scenario System Evaluation


The scenario evaluation in the context of the Generalized Systems Theory is produced by means of the idea of dual Influence/Dependence (feed-forward/feed-backward) positive numbers usage in the evaluation of preliminary defined objects (that represent different alternatives, resulting from the morphological analysis) and the created relations between them for a certain scenario part of the “plausible future” [3].

As a result of this, the causality modus is implemented and a final quadratic classification of the scenario objects (e.g. terrorists, infrastructure, people, etc.) into active (yellow, upper right), passive (blue, upper left), buffering (green, bottom left) and critical (red, bottom right) is produced and generalized into a Sensitivity Diagram.
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Figure 4: A screen shot of I-SCIP-SA illustrating the usage of system analysis (left) and the resulting Sensitivity Diagram (right) representing the aggregated scenario system sensitivity.

F). Scenario Logic Selection


Scenario logic selection is a process for description of links between different scenario objects and the key object. The scenario logic shows the tendencies in the scenario, e.g. “Winners - looser,” “Crises & crisis response,” “Evolutionary development,” “Permanent transformation,” “Shock therapy,” etc.


G). Scenario Wild-Cards Analysis


The scenario wild-cards are events that differ from the scenarios in their counteraction which should be planned, i.e. in some sense wild-cards are the emergencies in a given scenario. Good examples for scenarios wild-cards are events which remove a given plot in the scenario (Balkans join NATO/EU), developments with global impact and scale (Internet, social networks), and system cataclysms (global terrorism, religious fundamentalism, meteorite crash with the Earth).


H). Scenario Text Elaboration


The elaboration of the text of a given scenario is good to be organized along five basic elements: common status, theatre (in the broad security context), actors, conflict character, scenario progress indicators, and other supporting information. As a result of this step a readable text that concerns the scenario’s basic elements and context is produced. This stage could be supported with the world class methodology [5] and software solutions like Final Draft®.


I). Development of Scenario Portfolio



Developing the scenario portfolio is a difficult task because it virtually refers to the definition of sufficient number of scenarios for a given problem, which is quite ambiguous and confusing in practice.


As a general recommendation, the following three steps could be accomplished:


· Definition of the whole spectrum of scenarios resulting from the morphological analysis cross-consistency matrix;

· Selection of these scenarios from the cross-consistency of the scenarios that cover most of the alternatives;

· Selection of the number of scenarios in accordance to the scenarios’ goals.


J). Scenario Validation


The process of scenario validation should check precision, realism, relations between different scenarios and the other processes of strategic planning, programming and goals. This step is performed within the experts and further extended within the computer environment (see Paragraph 3).


K). Scenario Approval


This stage jointly with sub-Step (J) is performed in the responsible organizations from the security sector similarly to Steps II-III on experts’ level and then the result is sent for final political approval. In this process the following tasks have to be accomplished: national security political vision conformation, exemplifying of the level of political and military consensus, personal and organizational response utilization, coincidence check with Step III, appearance of further control in strategic planning on the basis of lessons learned from the scenario planning procedure.


L). Scenario Presentation


The process of scenario presentation is related to Step I and especially to the scenario’s security level. Usually it is performed at two levels: internal (among a small group of experts from the responsible organizations from the security sector) and public (among a broader audience of experts and observers on national and international level).


M). Implementation of the Scenarios


In general, the implementation of the scenarios is a question of political and strategic goals definition of a given country. Usually, this presentation is in support of the allied goals for international and regional stability and security, e.g. defining the vision for Western-Balkans, Black Sea Area, Europe, etc. Finally, in the case of context scenario development an application for long-term planning and the perspectives for future international strategic partnerships and shaping of the security environment is possible.

3.
Scenario Assessment Framework Solution

 The generated scenarios assessment is a multiaspect task that in the present approach encompasses:

•
Computer Simulation via CAX;

•
CAX Human Factor Analysis;


•
Economical Assessment;

· Mathematical Scenario Validation.

3.1
Computer Simulation via CAX and Human Factor Analysis

The scenario assessment framework solution is based on the established in 2006 - Joint Training Simulation and Analysis Center - Civil Security (JTSAC-CS).


The main objective of JTSAC - CS is to provide scientific and educational support to the Integrated Security Sector on the bases of Operational Analysis (OA) and Computer Assisted eXercises (CAX), conducted jointly by subject matter experts from the security sector, scientists from Bulgarian Academy of Sciences and leading national and international high-tech companies and consultants [6].


The basic JTSAC - CS capabilities are integrated around the Basic low-cost Environment for Simulation & Training - BEST. This environment has been developing since 2005 within a series of projects and tested with the EU TACOM SEE 2006, Struma 2008 exercises and in 2010 will be part of Phoenix 2010 exercise.


BEST is integrating CAX simulation via CAX-ENVironment (CAX-ENV) and six additional modules.
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Figure 5: CAX-ENV and other BEST modules

CAX-ENV is an element of BEST that encompasses a network system for: Message Handling and Instant Messaging chat (MHS); Integrated Display System (IDS) for displaying different fused information about simulated events: geographical, seismological and meteorological information (via Geographical Information System), exchanged messages log via a Web Information System integrated into a network information system (NIS) that allows remote Field Modules (FM) integration for mobile C2 Center construction, including WAN, LAN and satellite TCP and VoIP communications and video surveillance (including night vision cameras); Finally the completed simulation is archivated in to a Data Base (DB) for After Action Review and Post Mission Analysis.

According to [7], [8] BEST building elements are: The Change Management Model (CMM) [9] is giving the context of the security sector transformation in the sense of security sector concept development and experimentation through CAX. In this sense, CMM provides also the link with the end-user of CAX; The Project Management and Assessment (PMA) implements tools and methods for economical evaluation planning and control on the bases of COTS like: MS Project®, QPR Balanced Score Card® and own ad-hoc developed software solutions; The Scenario Development and Assessment (SDA) implements a four step process: structural (morphological) analysis, system analysis (both developed within own ad-hoc developed software I-SCIP-MA/I-SCIP-SA [3]), dynamic systems risk forecasting, showing general tendencies in the simulation timeframe (developed with the COTS Powersim Studio®) and agent based simulation (developed with NC3A software for agent based simulation - GAMMA®);

Following developed scenarios the requirements define CAX ENVironment (ENV) architecture, designed by System/Enterprise Architect®, OpNet® (for communications), ARIS® and using NAF, DoDAF standards [10].


The Decision Support Systems (DSS) package provides a set of distribution tasks solvers for emergency delivery of resources (water, food, medicines, blankets, clothes, etc.), people evacuation, rescuing and network (electrical, water or road) distribution problems; 
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Figure 6: JTSAC-CS BEST methodology

The Knowledge Management Package (KMP) is providing an integrated space for archivation of results in electronic form, from ongoing or already passed CAXs, available in a WWW environment (http://www.caxbg.com/); 

Finally, the Human Factor Analysis (HFA) gives a possibility via questioners fill-up, battery of psychological tests (including: alertness, attention, stress, fatigue etc.) and neurofeedback tracking for evaluation in a qualitative manner the real involvement of the trained participants in CAX and for improvement of their results/performance, i.e. an ability to learn and improve their knowledge and reactions for hypothetical, plausible scenario based hypothetical/future situations [11].

3.2
Economical Assessment

The economical assessment of the generated scenarios for the “plausible future” is important for putting realism in long-term defense planning and capabilities development processes. An approach was developed in relation with the context of project management methodology to assess cost of the exercise and potential cost of implementing C2 system following the results of the CAX, based on related scenarios of interest. It should be noted that the developed approach for economic analysis and project management, which is a part of the already described BEST environment [7], [8], [12] combines: different architecture (system, operational and technical) development keeping the DoDAF/NAF standards, multicriteria alternatives evaluation, planning and development of project plan and Balanced Score Card assessment of three types of resources: time, cost and people. The time schedule is measured with timetables and the performed activities via time sheets and algorithms for assessment using methods like ABC and expenditure/benefit analysis.


As far as the complete economical assessment requires an acceptable risk for emergencies, which play the role of wild cards, a risk plan should be developed in case of resource spillage/shortage. This process could be supported with optimization algorithms like linear programming, dynamic optimization and other heuristic methods and COTS software like Matlab®.

3.3
Mathematical Scenario Validation

The mathematical scenario validation requires availability of time series data sets that are representing the observed past and assumed future dynamics of different scenario building elements, dimensions and alternatives.


Official sources of information of that kind could be found, e.g. in: Annual CIA Fact Book [13], Stockholm International Peace Research Institute [14], Global Terrorism Database [15], Economics Web Institute [16] and UN Office on Drugs and Crime [17].

Here it should be marked that nowadays there have been developed a lot of mathematical solutions both in linear and non-linear forecasting (e.g. using decompositions in: Volterra, Fourier, Taylor and even wavelets, multiple regression analysis, etc.). What however is important is the complex nature of the scenarios, which certainly requires a general system view. 


Regarding this the present idea is to use available time series data and to try experimentally (assuming time series non-linear dynamics existence and non-stochastic nature of the observed processes) to build a multidimensional space Rm (m - is the number of studied dimensions) represented by a m-dimensional polytope with m + 1 vertices - (m, i.e. the convex hull of a certain scenario elements (scenario’s alternatives) and to try to project a point xi (certain scenario alternative) from this simplex (m in time, p steps (days, months, years in accordance with the time discretization) ahead.


An assumption to use the non-linear forecasting [18], [19] in time series for the above described multidimensional simplex (m is made.
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Figure 7: Interpretation of the non-linear forecasting as a mathematical method for scenario validation.

The idea represented in Figure 7 demonstrates the forecast of the point xi (considered as a variable - scenario alternative) assumed to be dependent within other nearest neighbouring points xki (other scenario alternatives - variables). The predicted value of xi → xj+p is obtained by keeping track of the xki neighbours dynamics giving them exponential weights depending on the original distance. 

In the case of Euclidean metrics usage and p steps ahead prediction, the non-linear prediction calculation could have used the modified [19]:



,

Where:


||.|| is the Euclidean distance in M dimensional space;


xki - k th closest neighbour to xi;

i,j > N, k + p < N, N is the first half of data points used for forecasting of the second one;



 - k th closest neighbour to xi, p steps ahead;

M - work space (embedding in case of single time series reconstruction) dimension;


p - number of steps ahead; ( - expert-defined constants defined for the different dimensions M. The notation of space dimension M is used because the real simplex (m dimension m could be initially unknown and M < m.


The error ( could be estimated in different ways but what was empirically evident that it is not necessary to consider ( of more than integral cubic degree of accuracy:

( = | xi+p – xi | = O (h3)


A forecasting result with an admissible error of this forecasting gives the dynamics of the non-linear interdependencies between the scenario elements and in some way is an evidence for the system character of the created (from linked scenario alternatives) (m simplex (representing a scenario from the “plausible future” set).

Here it should be noted that the presented in [19] method for forecasting is modified in two key directions:


· usage of available scenario alternatives time series dynamics assuming a certain model system dimension m instead of reconstructing the scenario system from a single component (alternative), i.e. an ergodic nature of the system, which generally in the discrete environment is not always possible [18];


· implementation of different weights (i (i =1,…, m) for the different time series curves correction for achieving the desired (.


The presented method does not claim to produce correct assumptions for the future, because it is calibrated with the available data from the past (i.e. the forecast is produced for a known time period variables’ dynamics and later projected in the future p steps) but similar to uncertainty coping [3], [20] combines the experts’ assumptions for the future in a reasonable and at the same time general manner within the system context (by means of the scenario system) and with a measurable ( error.

However, because of the system view of the scenarios and their building alternatives, the validation method allows looking for interdependencies in the generated scenario system similar to the one of Kondratiev economic cycles [21] but in the broader security context.

3.3.1
Example for Practical Implementation the Mathematical Scenario Validation Method


As far as the disclosed mathematical scenario validation method is rather abstract a short illustrative example will be given taking the scenario system analysis as a basis and assuming an existing (preliminary defined) contextual scenario.


Initially, a scenario system model of terrorist attacks is developed in the I-SCIP-SA environment (Figure 8). The developed model includes seven alternatives: “Terrorist Attacks”, “GDP of Central South Asia”, “Weapons Export”, “Opium Production”, “EU Cooperation”, “NATO Cooperation” and “Neighbouring”. This scenario system model (called “Asia Opium Control 1987-2007”) is assumed to be developed in the scenario context “New East” [2]. The model is developed with in 21 years context - 1987-2007 (see the blue labels of the links between the alternatives) because of the mathematical time series non-linear forecasting data availability.


Further on, an weighted links (see yellow labels over the links) of these scenario alternatives produced within expert support could generate a Sensitivity Diagram (Figure 10 - left) with the following alternatives classification: critical/red (“NATO Cooperation”, “EU Cooperation”) active/yellow (“Terrorist Attacks”, “Opium Production”) passive/blue (no such within the current weights) and buffering/green (“Weapons Export”, “Neighbouring”, “GDP of Central South Asia”) .
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Figure 8. A screen shot of the scenario example: “Asia Opium Control 1987-2007”.
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Figure 9. Non-linear forecasting of “Terrorist Attacks” alternative in “Asia Opium Control 1987-2007”
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Figure 10. Sensitivity Diagrams of “Asia Opium Control 1987-2007” before (left) and 
after (right) the non-linear forecast usage and experts correction 
of the “Opium Production” alternative link weight.

Secondly, a non-linear forecast (Figure 9) of the “Terrorist attacks” (the used data is for Europe) time series data is produced within the algorithm described in 3.3 and a Borland Delphi® ad-hoc application by using the scenario alternatives time series data: “Opium Production” (for South-East Asia region), “Weapons Export” (total for the world), “GDP of Central South Asia” dynamics for the period (1987-2007) by using the data from [13], [14], [15], [16] and [17].

So, we are able to forecast the future disposition by means of classification of “Terrorist attacks” in the Sensitivity Diagram four zones (green, red, blue and yellow). The given example demonstrates almost complete predicted and real time series data match for the whole time period of 21 years (the complete period is from 1987 to 2007, but on Figure 9 - 1987 and 2007 are excluded from the graphics because of the forecast algorithm requirements for known start and end variable/alternative values (i.e. 1 → 1988, 2 → 1989, …, 19 → 2006 within the “Years” axis) with an admissible absolute error ( (( < 10 % from the predicted (red line on Figure 9) and real (blue line on Figure 9) values of the “Terrorist attacks” time series data). As it is clear from Figure 9 between 13 → 2000 and 14 → 2001 the “Terrorist attacks” in Europe have been diminished.

Finally, using the non-linear forecast results and available time series data, the scenario “Asia Opium Control 1987-2007” could be modified (for the period: 13 -14, i.e. years: 2000 - 2001), e.g. by correcting of the “Opium Production” link weight (looking on Figure 9 “Opium Production” dynamics for the same period – 2000-2001) in relation to the “Terrorist attacks” ones (by means of diminishing the link weight value) and obtaining the result shown on Figure 10 - right, i.e.: new Sensitivity Diagram with the following alternatives new (moved) classification: critical/red (“Neighbouring”) active/yellow (“Terrorist Attacks”, “NATO Cooperation”, “EU Cooperation”), passive/blue (“Opium Production”) and buffering/green (“Weapons Export”, “GDP of Central South Asia”) .


The presented scenario example and control solution does not claim for uniqueness but only shows the originality of combining both non-linear forecasting in time series data and trend tendencies clear observation within the system analysis. Both processes are support by ad-hoc developed software and implemented in the scenario generation and assessment framework in support of the Comprehensive Approach different projections.


4.
Conclusions & Future Work


The presented approach of bounding scenario development with morphological, system analysis, human factor analysis, CAX, mathematical forecasting and economic assessment gives a possibility for complete and explanatory methodology production in support of the integrated security sector.

The implementation of the simple multiaspect BEST environment gives an opportunity to involve both human and societal dynamics dimension in this research area.


Future developments of tools for scientific and economic analysis (like SWOT and PEST) around agreed scenarios through use of CAX, but utilizing and other more complex exercise environments will help to improve our national capabilities for planning of structures and operations, providing contribution to the Comprehensive Approach, similar to US Joint Operations Environment.


Future work is also envisioned in relation with the improvement of scenario development and analysis tools using CAX environment with more focus on comparison of mathematical and experimental approaches as well as link between security and economic policy analysis of the scenarios and related institutional arrangements.
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ABSTRACT 


As a consequence of the ending of the Cold War, the defence forces of many countries in the world are 
going through radical transformation and reformation. For many countries, Concept Development and 
Experimentation (CD&E) has become the main vehicle for developing and testing new ideas during this 
transformation. The Swedish Armed Forces (AF) has also adopted CD&E as its main instrument in its 
endeavour to reform its forces. In order to ensure that the methodology was properly known throughout 
the Swedish AF in general, and among the officers directly involved in CD&E in particular, it was 
decided by the Swedish AF Head Quarters (HQ) that a CD&E Handbook should be produced. The author 
of this paper was one of the members of a small working group that was assigned the task of producing 
such a handbook. In the extensive literature study that was the initial step in this work, it was established 
that most of that which had hitherto been written about CD&E was either describing different 
classifications and categorisations of different types of concepts that could be developed, or was focusing 
on the different types of experiments which should ensue to test the concepts that were being developed. In 
comparison, relatively little was written about other analytical methods that could be used in order to 
ensure that, at all times, “the right concept” was being developed and that it was being developed in “the 
right way”, i.e. to make sure that the maturing concept was tested throughout its development in order to 
assure quality, ensure transparency and in order to provide an audit trail. The purpose of this paper is to 
present a case for why a structured analytical support is needed in order to ensure that, at all times, “the 
right concept” is being developed and that it is being developed in “the right way”, i.e. to promote an 
analytical approach to avoid “anarchy” in CD&E by the introduction of analytical support as quality 
assurance. For managers of CD&E, it is necessary to be able to state that scarce resources are being used 
to develop the right concept. For managers, concept developers and experimenters, it is necessary to be 
able to state that the scarce recourses are being used to develop and test the concept in the right way. For 
the analyst, it is necessary to provide managers, concept developers, and experimenters with the 
appropriate analytical support to make sure that the right concept is developed in the right way, but also 
in order to assure quality, ensure transparency and to provide an audit trail. For the scientist, it is 
necessary to provide the CD&E community with adequate input, bearing in mind that experiments are 
being conducted on social systems, i.e. systems which to a large extent involve human beings and their 
behaviour, not natural systems, i.e. systems which are being governed by the laws of nature. 


1.0 INTRODUCTION 


Two decades ago, the Berlin Wall came down, East and West Germany were reunited, the Soviet Union 
(SU) was dissolved, and the Warsaw Pact (WP) broke up, effectively putting an end to the era of the Cold 
War. In the United States (US), the ending of the Cold War and the ensuing changes in defence and 
security policies, in combination with the revolutionary development in the area of Information and 
Communication Technology (ICT) and Lessons Learned (LL) from the First Gulf War, eventually led to 
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an unprecedented military transformation, labelled a Revolution in Military Affairs (RMA). Initially, the 
RMA was based on concepts such as Dominant Battle-space Awareness (DBA) and Precision Engagement 
(PE). Later, new concepts, like Network Centric Warfare (NCW), would contribute to the transformation. 


In Sweden, both the military and the politicians were inspired by the development in the US, and about a 
decade ago, the Swedish Government decided that the Swedish defence should be transformed from a 
Cold War national defence, designed to defend Sweden, to a Post Cold War operational defence, designed 
to be flexible and deployable throughout the entire globe. As a consequence of this decision, the Swedish 
Government assigned the Swedish AF with the formidable task of developing a concept for a future 
deployable defence, based on a network concept, initially labelled a concept for a Network-Based Defence 
(NBD). Later, the network based aspect of the new defence would become subdued in favour of new 
concepts such as Effects Based Operations (EBO); the Effects Based Approach to Operations (EBAO); the 
Comprehensive Approach (CA); and, most recently, expeditionary operations.  


The ensuing development within the Swedish AF was divided into four distinct Command and Control 
(C2) system development projects in the areas of Methodology (M), Technology (T), Personnel (P), and 
Organisation (O), labelled C2-system M, C2-system T, C2-system P, and C2-system O, respectively. The 
development project C2-system T was assigned to the Swedish Defence Materiel Administration (FMV), 
i.e. the Swedish Defence Procurement Agency (DPA), and got underway more or less immediately. The 
development project C2-system M, and later also C2-system P, was assigned to the Swedish Joint Forces 
Command (JFC). After a slow start, these two projects eventually got momentum once the Joint Concept 
Development and Experimentation Centre (JCD&EC) was established as the Swedish experimental 
platform. The fourth development project, C2-system O, was never initiated, since it was decided that the 
organisational issues would be dealt with once the other parts of the new C2-system were in place.  


The development project C2-system T, which got a head start, decided to use the IBM Rational Unified 
Process (RUP), which is an iterative software development process framework, as its preferred method of 
development. Once the development project C2-system M started its development, it was decided that this 
development project should have the same development method as the development project C2-system T, 
i.e. RUP. After some adaptation, RUP-SE (Systems Engineering) was adopted as the preferred 
development method by the project. Over time, however, many other development methods were utilised, 
and evolutionary development was a principle that was established early on in the development. About 
four years ago, when the project was approaching its deadline, i.e. 2006-12-31, a reasonably stable Modus 
Operandi (M.O.) had been established within the development project C2-system M. This method 
consisted of what can only, in retrospect, be described as concept development followed by tests in the 
form of experiments. It was soon realised that this M.O. had a striking resemblance to what was known 
about a method that was becoming increasingly popular in the international transformational community, 
i.e. CD&E. What was known in Sweden about the CD&E method was, however, precious little, and, for 
some reason, it proved difficult to identify a thorough description of the method anywhere among the 
countries that were, allegedly, developing concepts in accordance with the new method. It was, however, 
surmised that the two development methods had more similarities than differences.  


Four years ago, the three development projects C2-system M, C2-system T, and C2-system P were 
terminated [1] in accordance with the original plan. However, the JCD&EC lived on, and the development 
activities were continued within the traditional military organisation. When the development projects were 
terminated, it was decided by the Swedish AF HQ [2] that all concept development within the Swedish AF 
should be pursued in accordance with the development method that had been utilised by the development 
project C2-system M, i.e. a method that had never been described in any detail, but which was considered 
to be identical with, or at least very akin to, the international CD&E method. At the JCD&EC, the 
implications of the decision by the HQ were immediately realised. Within the Swedish AF, development 
centres and development units within numerous schools would soon look to the JCD&EC for guidance 
regarding the utilisation of the CD&E method. The Swedish National Defence College (SNDC), which 
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very swiftly initiated academic CD&E courses, would certainly soon look to the JCD&EC for support. 
Within the JCD&EC it was also realised that if “all concept development within the Swedish AF” should 
follow the CD&E method, this would have to be done at development centres and development units 
within schools without the support of independent analysts and scientists. In fact, it would have to be done 
without the direct support of the JCD&EC. It was promptly decided by the JCD&EC to produce “The 
Swedish Armed Forces CD&E Handbook”. It was also decided that the handbook should not only include 
descriptions of concepts, concept development and experiments, but also descriptions of the other 
analytical tools that could be utilised during the concept development. In addition, the handbook should 
also include the managerial perspective, e.g. the decision making process. 


The author of this paper was one of the members of a very small working group that was assigned the task 
of producing such a handbook. In the extensive literature study that was an initial step in this work, it was 
established that most of that which had hitherto been written about CD&E could be categorised as 
providing contributions by: describing different definitions, classifications and hierarchies of military 
concepts [3, 4, 5, 6, 7, 8]; generally describing concept development [3, 4, 8, 9, 10]; addressing different 
types of experiments [4, 5, 10]; or focusing on how these experiments should be planned, executed and 
evaluated [10, 11, 12, 13, 14, 15, 16, 17]. Regarding different forms of analytical tools at disposal, some 
contributions could be identified, but none of these were detailed [3, 4, 5, 9, 10]. On an overall level, there 
were descriptions of the entire CD&E process [3, 4, 5, 9, 10]. From the managerial perspective, only one 
contribution could be identified [5]. On a more detailed level regarding the analytical methods that could 
be used in order to ensure that, at all times, “the right concept” was being developed and that it was being 
developed in “the right way”, i.e. to make sure that the maturing concept was validated throughout its 
development, in order to assure quality, ensure transparency and in order to provide an audit trail, precious 
little was found [4]. However, ambitious initiatives like the Integrated Analysis and Experimentation 
Campaign (IAEC) [9, 10] were referred to and comprehensively described, but would seem to presuppose 
the participation of an external, objective organisation, with the necessary competence to plan and execute 
the Integrated Analysis and Experimentation (IAE) activities. 


In this paper, some of the theoretical findings of the literature study are presented in Chapter 2.0. In 
Chapter 3.0, five different perspectives on CD&E, primarily empirically based on the author’s experience 
of CD&E in practise, are presented. In Chapter 4.0, these different perspectives are used in order to 
discuss why a analytical structure is required in CD&E. The conclusions of the paper are presented in 
Chapter 5.0. Finally, acronyms and references are presented in Chapter 6.0 and 7.0, respectively. 


The personal reflections reported in this paper are based on participation in several projects that were 
commissioned to FOI, the Swedish Defence Research Agency (DRA), by the Swedish AF. The Swedish 
AF has not, however, explicitly commissioned any research leading to the preparation of this paper. The 
opinions, conclusions, and recommendations expressed or implied within this paper are consequently 
solely those of the author. They do not necessarily represent the views of the Swedish Government, the 
Swedish Ministry of Defence (MoD), the Swedish AF, FOI, or any other Swedish Government agency. 
The paper has been cleared for public release and for unlimited distribution by FOI. 


2.0 CONCEPT DEVELOPMENT AND EXPERIMENTATION IN THEORY 


Once the project to produce a Swedish CD&E Handbook commenced, it was quickly established that 
nowhere had an identical project already been done. Similar projects were identified [9, 10], but none with 
the same level of ambition, i.e. to produce a document that could be used for education and as a theoretical 
guide for those managers, concept developers, experimenters, analysts, etc. that should use the CD&E 
method in practise. As far as the small working group could find out, there was no CD&E Handbook 
already in existence anywhere in the world. In fact, there were very few comprehensive descriptions of the 
CD&E method to be found at all [4, 9, 10]. As for the explicit components of CD&E method, i.e. 


 


There is no ´A´ in CD&E, neither for Analysis nor 
for Anarchy – Ensuring Scientific Rigour and Analytical 


Structure while Maintaining Military Relevance and Artistic Freedom  


RTO-MP-SAS-081 23 - 3 


 







descriptions of military concepts, military concept development, and military experimentation, the 
situation was decidedly better, even if consensus regarding terminology and definitions was non-existent. 
From an analytical point of view, however, existing documentation left the analyst wanting regarding the 
more implicit components of the CD&E method. Descriptions of how analysis and analytical methods and 
tools should be used in conjunction with the CD&E-method were few in existence, and without detail.  


During the first half of 2008, the author of this paper performed an extensive literature study, primarily in 
order to answer six questions: “What is a military concept?”; “What is military concept development?”; 
“What is military experimentation?”; “What is military concept development and experimentation?”; 
“What is validation of a military concept?”; and “What is analysis in military concept development and 
experimentation?”. In this chapter, some of the identified answers to these questions are presented as a 
background to the ensuing discussion. When the literature study commenced, it was already appreciated 
that it would not be trivial, if at all possible, to identify a universally accepted definition regarding what 
CD&E was. It was not anticipated, however, that there should also be such a widespread lack of consensus 
regarding what a military concept, military concept development, and military experimentation is.  


There are many definitions of what a concept is in the military context. According to NATO AAP-6 a 
concept is defined as “A notion or statement of an idea, expressing how something might be done or 
accomplished, that may lead to an accepted procedure” [6]. The Canadian Forces Experimentation Centre 
(CFEC) defines a concept as “The identification of a problem area or concern together with a hypothesis 
to remedy the situation or solve the problem. It may also be revolutionary, evolutionary and/or innovative 
forces that drive the requirement for new technology, new structure, new business processes and partners” 
[8]. Yet another contribution states that “A military concept is the description of a method or scheme for 
employing specified military capabilities in the achievement of a stated objective or aim. This description 
may range from broad to narrow. It may range from describing the employment of military forces in the 
broadest terms and at the highest levels to specifying the employment of a particular technology system or 
the application of a particular training system” [3]. 


In addition to the different definitions, there are several possible ways of categorising different types of 
concepts. The context is, of course, of paramount importance. In this paper only military concepts are 
considered. If the temporal aspect is of interest, concepts can be divided into historical, current, and future 
concepts [3]. There are four levels of military concepts, constituting a hierarchy: institutional concepts, 
which describe military institutions; operating concepts (strategic, operational, and tactical concepts), 
which describe how military forces operate; functional concepts, which describe the performance of 
individual military functions or sub-functions; and enabling concepts, which describe the capabilities 
required in order to perform military functions or sub-functions [3]. If the ground for classification is the 
purpose of the concept, concepts can be divided into capstone, enabling, and applied concepts [4]. 
Concepts can also be classified based on the maturity of the concept, whereby concepts can be defined as 
analytical, interim, and applied concepts [5]. There are, of course, other types of military concepts with 
which the concept in CD&E should not be confused. Three of these other types of concepts are Concept of 
Operations (CONOPS) [6], Concept of Employment (CONEMP) [5], and Concept of Use (CONUSE) [5].  


The Technical Cooperation Program (TTCP) made a comparison [7] among its member nations (Australia, 
New Zealand, US, UK and Canada) regarding their utilisation of different concept terminologies and 
hierarchies. The TTCP also made an attempt at establishing the smallest common denominators. The 
result is illustrated in Table 1. Terms marked with an asterisk (*) in the table are not formally parts of that 
country’s concept hierarchy, but represent attempts to identify corresponding activities in the hierarchical 
levels where these countries would otherwise have had gaps in the table. 


As is demonstrated by Table 1, there is no consensus concerning concept terminology and concept 
hierarchy among the participating countries in the TTCP. In fact, there is not even any consensus 
regarding the number of levels in the hierarchy. The column to the far right in Table 1 represents the 
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TTCP attempt at finding the common denominator among terminologies and hierarchies. Further, it 
deserves to be mentioned that while the US and Canada advocate a hierarchical, top-down perspective, the 
UK propagate an approach based on processes, and Australia emphasises the importance of relationships. 


UK Australien Kanada USA TTCP 
Analytical Joint Joint Capstone Capstone Concept 


for Joint Operations 
(CCJO) 


Defence level 


*Military Task 
Operating 
Concept 


Australian 
Military Strategy 


 Joint Operating 
Concepts  (JOC) 


Mission 


Analytical 
Environmental 


Environmental Environmental *Service Concepts Environmental 


*Hybrid Concepts Integrating Integrating *Joint Concepts Integrating 
Interim / Applied Joint Functional 


Concepts 
Interim / Applied 
Sub-concepts 
ConEmp 


 
Enabling 
 
___________ 
*ConOps/ 
ConEmp 


 
Functional 
 
___________ 
*ConOps 


Joint Integrating 
___________ 
*Capability 
Development 
Document 


ConUse  *ConOps *Capability 
Production 
Document 


 
Functional and 
Enabling 
___________ 
 
Capability 
Requirements and 
Acquisition 


  
Table 1: Anglo-Saxon concept terminology and concept hierarchies [6]. 


Definitions of what concept development is are not as abundant as are those of what a concept is. The 
Canadian Forces Experimentation Centre (CFEC) defines concept development as “The process by which 
ideas are refined, accepted or rejected through the postulation of increasingly detailed hypothesis 
statements. This process permits the exploration of any concept to determine its merit and feasibility” [8]. 
This definition eloquently and explicitly summarise those fundamental elements of concept development 
around which, perhaps, a consensus regarding the process of concept development does exist. Hence, 
concept development can be considered to be a process by which a concept matures by successive testing.  


Concepts are not initiated in full form, nor are they fully realised after a few iterations. Concept 
development is not an orderly, sequential process, resulting in an engineered solution, where the final 
result is fully blueprinted at the beginning of the process. Instead, military concepts tend to form 
iteratively and incrementally over time, and military concept development is a process of exploration and 
experimentation and tends to unfold as a hypothesis-antithesis-synthesis dialogue [3]. Figure 1 illustrates 
the iterative nature of concept development, as well as the successive testing of the maturing concept. 


Military experimentation is the main topic of several publications [9, 10, 11, 12, 13, 14, 15, 16, 17], the 
contents of which will not be repeated here. There are, however, several ways of categorising experiments, 
which deserves mentioning. Depending on the purpose; which can be to explore the effectiveness of 
something that has yet to be tested, to investigate the validity of a hypothesis, or to demonstrate a known 
truth, of the experiment; it can be classified as discovery, hypothesis-testing, or demonstration. Depending 
on the scope of the experiment, i.e. if the entire concept, parts of the concept, or only one part of the 
concept, is being tested, the experiment can be classified as Main Event (ME), Minor Integrating Event 
(MIE), and Limited Objective Experiment, (LOE), respectively. Most experiment employs some form of 
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simulation. Generally speaking, simulations can be divided into different categories based on a number of 
different criteria. Examples of such criteria include the handling of time (static or dynamic simulation), of 
probability (deterministic or stochastic simulation), and of variables (continuous or discrete simulation); as 
well as of how the simulation is finished (terminating or non-terminating simulation). In the military 
domain, simulations are traditionally categorised as constructive simulation, analytic war games, virtual 
simulation, and live simulation (field experiments). 


 


Figure 1: A generic CD&E process [11]. 


The combination of concept development and experimentation, i.e. CD&E, is described by NATO Allied 
Command Transformation (ACT) as a “Companion process to the Capability Development Process 
(CDP) … provides important means to identify possible solutions to capability gaps … CD&E is a driving 
tool for NATO’s transformation … enables structured development of creative and innovative ideas … 
provides mechanisms to turn these ideas into viable solutions … provides a pathway for new idea 
development … provides focus for future capability development … promotes collaboration amongst the 
Allies” [4]. The Bundesamt für Wehrtechnik und Beschaffnung contributes with the following definition 
of CD&E: “designates a method which allows us to predict, by way of experimentation, whether certain 
concepts, theoretical constructs, sub-systems or systems are apt to meet the requirements imposed by the 
transformation process and can be constructively integrated into an overarching system” [18].  


An essential part of CD&E is validation of the developing concept. The interdependence between concept 
development and the maturing concept has been beautifully described as “A successful concept must 
undergo a validation process by which it is tested and eventually accepted or rejected by the institution. 
Any important military concept under consideration should be the subject of an open and honest debate 
within the institution. The validation process provides a sort of crucible through which the concept must 
pass – strengthening the concept in the process if it survives. In this way validation and development are 
closely linked. Like development, validation often tends to be disorderly. It occurs both formally and 
informally. Both are necessary in validating a concept. A concept may have been officially approved, but 
is not truly validated until it has been accepted by the stakeholders of the institution. Formal validation 
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takes place through workshops, war games, experiments or other activities held by proper authority for 
the express purpose of evaluating the concept. Informal validation occurs in the operating forces, 
professional schools and the institution at large in the form of field and map exercises and articles in 
professional journals. All are important in validating the concept. Acceptance takes some unavoidable 
period to grow. Some elements of a concept may gain acceptance more quickly than others. Some 
elements may gain acceptance while others are rejected. Just as it is in the development process, strong 
leadership is essential during the validation process. As a concept gains acceptance over time it 
transforms from a tentative hypothesis to a more-or-less accepted conclusion. Reflecting this, the 
language of the concept document may become increasingly assertive over the various iterations. By the 
time a concept is formally validated, the institution should be comfortable with it or should at least have 
had adequate time to weigh in on the subject” [3]. 


It is obvious that a maturing concept must go through an iterative process during which is tested and 
validated before in continues its development. What is less obvious are the details regarding how this 
validation should be done, particularly in the early iterations of the process. When the concept approaches 
full maturity, full scale experiments are clearly appropriate, but what analytical tools that should be used 
early on in the process are less self-evident. The contents of such a process is sketchily outlined in several 
publications, e.g. “The initial exploration of ideas in military concept development may typically involve 
workshops, conferences and articles in professional journals, and is typically followed by seminars and 
manual war games and only later by larger-scale exercises and simulations” [3]; “The potential 
Integrated Analysis and Experimentation (IAE) activities to support Concept Development can be broadly 
grouped: anticipating likely scientific and technological advances (and their implementation); historical 
analysis and historical research; workshops and problem solving techniques (including brainstorming); 
seminars; scenario-based workshops; modelling (including simulation); and experimentation (including 
Warfighting Experimentation (WFE)). The applicability of activities will vary at the various stages of 
conceptual development (analytical, interim, applied).  Activities with a broader analysis base will have 
more utility earlier in the process, whereas those with greater depth will be more useful in later stages” 
[5]; and “In all likelihood, seminars, workshops, historical analysis, and the like, will also be required as 
part of the campaign to support and help inform the experimenters who will ultimately address the overall 
question. The campaign plan process must take these other activities into account within its design phase. 
The ultimate aim is to synthesise the outputs from all activities into coherent advice to the decision 
makers” [10]. While analytical components are explicitly mentioned, there are no details of the analytical 
methodology, i.e. the “what’s, when’s, where’s, how’s, who’s, and why’s” are not explicitly explained. 
Evidently, it is presupposed that an external, objective organisation with the necessary competencies 
should assist the concept developers with planning, execution, and evaluation of the analytical support. 


3.0 CONCEPT DEVELOPMENT AND EXPERIMENTATION IN PRACTISE 


From the point of view of CD&E practise in Sweden, at least five different perspectives, related to five 
archetypal stakeholders, can be identified when discussing CD&E, i.e. the perspectives of: the concept 
developer; the experimenter; the manager; the analyst; and the scientist. In this chapter, the first four of 
these perspectives are noticeably and intentionally exaggerated, whereas the remaining one, the scientific 
perspective, is intentionally fragmented and claimed to be ambiguous and multiple, in order to 
demonstrate two irrefutable points. The first point being that depending on the perspective, the 
expectations on and requirements of CD&E differ quite significantly. The second point is that there is not 
one, but several, scientific perspectives, of which that of the natural scientist is not necessarily the most 
appropriate for CD&E. The CD&E method must, within reason, strive to satisfy the different stakeholders 
with their different perspectives, once the scientific perspective has been agreed upon within the 
community. The author of this paper is not so presumptuous as to pretend to have first hand experience 
from all perspectives, but asserts to have enough experience in order to outline these deliberately 
exaggerated perspectives, to some extent inspired by empery, and to multiply the scientific perspective, 
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exclusively encouraged by theory. This assertion is based on 16 years of experience in Operational 
Research (OR), whereof six years working as a CD&E analyst, which included working in close 
cooperation with concept developers, experimenters, analysts and managers of the experimental platform, 
and four years of part time studies as a PhD candidate in parallel, which have presented abundant 
opportunities to contemplate the different aspects of the philosophy of science and research methodology.  


3.1 The exaggerated perspective of the concept developer – Artistic freedom 


The concept developer would like to identify a problem or an opportunity by himself. He would then like 
to decide for himself whether or not to develop a concept based on his findings. Should he decide to 
develop a concept to solve a problem or capitalise on an opportunity, he would like to have the resources 
he needed, when he needed them, and for as long as he needed them. He would also like to decide for 
himself if he should deliver anything at all, what to deliver, when to deliver it, where to deliver it, how to 
deliver it, and to whom to deliver it. The concept developer does not really want a CD&E method, a 
CD&E process or any other form of CD&E structure. He wants his artistic freedom to do what he wants 
to, when he wants to, where he wants to, how he wants to, and with whom he should do it.  


The concept developer does not really see the point in testing the maturing concept throughout its 
development. The concept developer is not interested in providing the manager with information at regular 
intervals concerning the current status of the maturing concept. The concept developer does not want to 
explore different alternative solutions, regardless of what the analyst advocates. The concept developer is 
not interested in serving the experimenter with his required input several months in advance of any 
impending experiments that still loom in the far distant. How should he, he asks himself, months in 
advance to boot, know which questions that he may want a distant experiment to address? 


3.2 The exaggerated perspective of the experimenter – Timely order 


The experimenter knows one thing for certain; the Experiment, with a “capital E”, was scheduled in time 
more than one year ago, in order to make sure that the necessary resources could also be allocated and 
scheduled in due course. Hence, the necessary resources, i.e. the experimental platform itself, as well as 
the required personnel, etc. have been allocated and scheduled to participate in the Experiment for at least 
one year by now. The experiments itself is less than six months away. While the resources are in place, 
even if the experimenter has learned the hard way that some of his resources will not show up for the 
Experiment, he misses one very important input in order to perfect the definite plan for the Experiment; 
which questions does the concept developer want to have answered through the Experiment? 


The experimenter does nor really care what questions the concept developer wants to have answered. The 
experimenter does not even care which answers the Experiment will provide the concept developer with. 
The only thing the experimenter cares about is getting the correct input at the correct point in time, so that 
he can produce the final plan for the experiment, and devote his attention to actually receiving the 
necessary resources on the correct day, so that the Experiment will, in fact, be able to answer any 
questions at all. The experimenter does not really care about a CD&E method, a CD&E process or any 
other form of CD&E structure. He recognises, however, that a method, process, or other form of structure 
may assist him in getting the necessary input in time. How should he, he asks himself, otherwise make 
sure that the concept developer actually provides him with the necessary input in time? 


3.3 The exaggerated perspective of the manager – Military relevance 


The manager of the experimental platform, who is also the superior officer of the concept developer and 
the experimenter, has a perspective that is at least twofold. First of all, he knows that his superior officer, 
i.e. the HQ, will at any given point in time come to him with the request to put another concept into his 
“concept development and experimentation factory”. Regardless of whether or not the requirement from 
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the HQ is a whim, based on some new three letter acronym, he knows that he must be able to answer 
questions regarding the status of the ongoing concept development projects, including predictions of the 
future success, as well as questions regarding consequences for the ongoing development, should the HQ 
decide to push a new concept into the factory. In order to give the HQ relevant answers at any given point 
in time, he knows that his factory, i.e. the experimental platform, must have a method, process or other 
form of structure, which, over time, can provide him with adequate information regarding the status of the 
ongoing concept development projects. The yearly Experiments will not be sufficient to provide him with 
the necessary information. He knows that the steering group in the HQ convenes regularly, perhaps on a 
monthly basis. Hence he knows that he needs information that is, preferably, updated at least once a 
month. Regardless of the unpredictable fads of the HQ, the manager also has an interest to ensure that his 
scarce resources are utilised efficiently. Hence, secondly, he knows that he must provide his subordinates 
with a CD&E method, a CD&E process or other form of CD&E structure, so that he can make sure that 
“concepts are being produced correctly”, or, in other words, that the scarce resources at his disposal are 
being used to develop the concepts in a fashion that is the most effective.  


The orders from the HQ are, of course, not sudden impulses. The HQ has the ultimate responsibility that, 
at any given point in time, the factory is producing that which is most relevant for the AF. In order to 
ensure this, the HQ must, of course, receive relevant information from its subordinate, i.e. the manager of 
the experimental platform, so that it is possible for the HQ to make informed decisions, i.e. to make sure 
that the “correct concepts are being developed”, or, in other words, that the scarce resources are being 
used to develop the concepts that are most relevant to the requirements of the AF. In short, the HQ 
recognises the need for gates in the process, so that concepts can be allowed to enter and exit the factory, 
as well as be terminated prematurely, etc., in an orderly fashion.  


3.4 The exaggerated perspective of the analyst – Analytical structure 


The analyst does not really care which concepts that are being developed. Even if he has an interest, it is 
not his job to do so. The military relevance is a matter that he gladly leaves with his military colleagues. 
The analyst cares about analytical structure, i.e. that concepts are being developed in the correct fashion. 
The analyst is convinced that there has to be an established CD&E method, a CD&E process or another 
form of CD&E structure, in order to make sure that concepts are being developed in the correct fashion. 
The analyst gets apprehensive when he cannot detect even the slightest evidence to suggest that any 
alternatives are being investigated by the concept developers. The analyst tries to argue that it is 
impossible for concept development to be that linear. Issues dealt with by the JCD&EC ought to be 
complex enough, the analyst argues, that different alternatives must be pursued in order to develop the 
concept in a correct fashion. The analyst argues that a trial and error approach ought to be the natural 
approach in CD&E. The analyst argues that the CD&E method must be iterative, and include tools that 
can eliminate irrelevant development branches as soon as possible. The analyst argues that an iterative 
approach, where the concept developer uses more and more advanced means of testing the maturing 
concept should be utilised. The analyst argues that the advantages of such an approach are threefold: it 
tests the maturing concept; it provides the decision makers with relevant information at regular intervals; 
and, if implemented correctly, it also provides the concept developers with an opportunity to create 
support among colleagues outside the CD&E community through the dialogue that tests like seminars, 
workshops, and war-gaming can enable.  


The analyst is adamant about the necessity of a CD&E method, a CD&E process or another form of 
CD&E structure. The analyst is convinced that only through such a structured approach can the concept be 
developed with the necessary quality assurance; the necessary information to decision makers be provided; 
transparency of process be guaranteed; and an audit trail be provided. To realise these aspects of analytical 
structure it is, of course, imperative that necessary documentation is produced throughout the concept 
development process. Hence, the CD&E method, CD&E process or other form of CD&E structure that is 
implemented must, the analyst emphasises, also dictate which documents that should be produced, what 
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the documents should encompass, when they should be produced, how they should be produced, by whom 
the should be produced, etc. 


3.5 The ambiguous perspective of the scientist – What is scientific rigour? 


Judging by the statements of some commentators within the CD&E community, it would seem that they 
champion the notion that there is only one scientific perspective, advocating only one scientific method, 
and defending only one idea regarding what scientific rigour is. In reality this is, of course, far from the 
truth. In reality, there exist an almost infinite number of different possible scientific perspectives, where 
the dominating positivist perspective of the natural sciences only constitutes one extreme of an entire, 
continuous spectrum of different perspectives in the social sciences. There is no consensus regarding the 
terminology of what constitutes the other extreme of the spectrum, but terms like anti-positivism, 
interpretivism and phenomenology are frequently used. Somewhere in the middle of the road it is often 
argued that realism, or scientific realism, has its justification. Pragmatism is a term used to encompass 
those scientists who argue that you can select research paradigm, and that the research question should 
decide which paradigm you should choose. Pragmatists are advocates of mixed methodology, or multi-
methodology, i.e. a combination of both qualitative and quantitative research methods. Even within the 
positivist paradigm, where the scientific method approximately can be outlined as consisting of asking a 
question; doing background research; constructing a hypothesis; testing the hypothesis with an 
experiment; and reporting the results; consensus is lacking regarding the testing of the hypothesis. 
Verificationists (like Lakatos) will claim that hypothesised regularities can be verified by an adequate 
experimental research programme, while falsificationists (like Popper) will maintain that hypotheses can 
only be falsified by experiments and never be demonstrated to be “true”. 


 


Figure 2: Framework for theory building [20]. 


A paradigm (as suggested by Kuhn) is a construct that specifies a general set of philosophical 
assumptions. These assumptions cover, e.g., ontology, epistemology, axiology, and methodology. One 
attempt [19], which substitutes axiology for view of human nature, at describing the extremes of the 
spectrum of possible paradigms for the social sciences, labels them the subjectivist and objectivist 
approach to social science respectively, where the latter approach corresponds to the positivistic paradigm 
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of the natural sciences. The objective approach is characterised as consisting of a realistic ontology, a 
positivistic epistemology, a deterministic view of human nature, and a nomothetic methodology. The 
subjective approach is characterised as consisting of a nominalistic ontology, an anti-positivistic 
epistemology, a voluntaristic view of human nature, and an ideographic methodology. 


Given the brief account above, it should be obvious that there is more than one scientific perspective in 
existence. From the objectivistic (positivistic) point of view it would be argued that the social world exists 
independent of our appreciation of it; that what happens in the social world can be explained and predicted 
by searching for regularities and causal relationships between its constituent elements; that the traditional 
approaches which dominate the natural sciences are applicable in the social world; that man and his 
activities should be regarded as being completely determined by the situation or “environment” in which 
he is located; and that research should be based on systematic protocol and technique, i.e. scientific rigour 
(as defined by the positivists of the natural sciences).  


 


Figure 3: Constituent components of research quality and their context [22]. 


On the other extreme of the spectrum, i.e. from the subjectivistic (anti-positivistic) point of view, it would 
be argued that the social world does not exist independent of our appreciation of it; that the world is 
essentially relativistic and can only be understood from the point of view of the individuals who are 
directly involved in the activities which are to be studied; that man is completely autonomous and free-
willed; and that one can only understand the social world by obtaining first-hand knowledge of the subject 
under investigation, i.e. by getting close to the subject and exploring its detailed background and history.  


Between these two extremes, a wide variety of different positions, or paradigms, are possible. As indicated 
previously, scientific realism is one of these. Both extremes limit their respective freedom of action. 
Hence, from the perspective of theory building, the positivist is limited to using the deductive, or the 
hypothetic-deductive research approach, whereas the interpretivist is limited to using the inductive 
research approach. The scientific realist, however, reserves himself the privilege of selecting the inductive, 
deductive, or the abductive approach to research, as he deems appropriate in each individual case. Figure 1 
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illustrates the different freedoms of action for the interpretivist, the scientific realist, and the positivist.  


The research approach at disposal is not the only aspect of the different paradigms that differentiate them 
from each other. One very poignant difference is the view on scientific rigour. From the positivistic point 
of view, scientific rigour has traditionally been discussed in terms of external validity, reliability, construct 
validity, and internal validity. Many positivists, who are predominantly quantitatively oriented in their 
approach to science, even go as far as considering their approach to scientific rigour to be the one and 
only, and maintain that it should be used also for qualitative research like case study research [21]. 


While the positivists still hold their ground, the last couple of years have seen an increased debate on the 
topic of scientific rigour. It has been argued that if there is a spectrum of possible paradigms, there ought 
to be a corresponding spectrum of possible approaches to scientific rigour and research quality. Figure 2 
illustrates such a spectrum. 


The point of view on scientific rigour is likely to depend on the scientific paradigm. The positivist of the 
natural sciences and the objectivist of the social sciences will argue that scientific rigour must be 
addressed with the classical instruments of external validity, reliability, construct validity, and internal 
validity. The extreme subjectivist of the social sciences will argue that “everything goes”. A more nuanced 
and pragmatic view is, perhaps, that trustworthiness should be considered as an alternative to the classical 
instruments when scientific rigour is discussed outside of the positivistic and objectivistic paradigms. The 
pragmatist will certainly argue that instruments for testing scientific rigour should be selected based on the 
context, i.e. based on the research question, the research approach, and the research methods.  


To summarise, there are more scientific paradigms than positivism. Consequently, there are several 
alternatives regarding paradigm, scientific method, scientific rigour, and research approach. 


4.0 DISCUSSION 


When the research leading to this paper was conducted, there was no consensus regarding what a military 
concept is. Definitions, terminologies, taxonomies and hierarchies would seem to differ even among the 
English speaking countries, making the situation even more complex for countries with other languages, 
especially for small countries with an ambition to be interoperable with the international CD&E 
community. As long as e.g. enabling concepts and applied concepts have different meanings to different 
concept developers, international cooperation will remain unnecessarily complex. As is further 
accentuated by Table 1, there is no consensus regarding concept terminologies and concept hierarchies in 
the English speaking countries. Until definitions, terminologies, taxonomies and hierarchies are 
harmonised and standardised, international communication and cooperation in the area of CD&E will 
continue to be more complicated than it should have to be. Smaller countries will also have to decide with 
whom they should be interoperable. Bearing in mind that the issues at hand, i.e. the military problems and 
opportunities that are the inputs to the process, are already extremely complex in the first place, the added 
complexity outlined above seem superfluous. 


Even if there is no consensus regarding definitions, terminologies, taxonomies, and hierarchies in the 
domain of military concepts, it seems to be quite straightforward what the most important elements of 
military concept development are, at least in principle. There are, however, a few problems in practice 
with the definition in Chapter 2.0. Should all concept development projects go all the way through to the 
major experiments? If so, based on what information should a manager of an experimental platform 
answer his superiors when they want to put a new development project into the “concept development 
factory”? If not, based on what information should development projects be terminated before reaching the 
major experiments? It seems obvious that CD&E must involve a process, enabling premature termination 
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of concepts, which provides relevant information to decision makers during the concept development. 


There are also problems with the suggested definitions of what CD&E is. Is experimentation the only way 
of testing a developing concept’s validity? Clearly, as is evident from the description of validation and 
IAE, experimentation is not the only form of testing. In addition to tests in the form of experiments, tests 
in the form of workshops, seminars, war gaming, Modelling and Simulation (M&S), etc, are suggested in 
the literature. Perhaps then, the name CD&E is misleading? Perhaps CD&IAE, for Concept Development 
& Integrated Analysis and Experimentation should be justified and even more appropriate? Or perhaps the 
interpretation of experimentation is too narrow? Perhaps experimentation should be interpreted so that it 
includes all the different forms of testing, from workshops to full-scale experiments? If so, however, most 
detailed descriptions concerning military experimentation would have to be fundamentally revised, since 
they are based on the “scientific method”, i.e. the positivist experimental method of the natural sciences, 
which seems to be an inadequate and inappropriate method for the evaluation of workshops and seminars. 


The lacking “A”, for Analysis, in CD&E is problematic from the point of view of a smaller country with 
ambitions to use CD&E. Perhaps the answer lies in fact that hitherto, the CD&E method have primarily 
been described and outlined by large nations, like the US or the UK, or large, international organisations 
like the NATO ACT and the TTCP? Perhaps these countries and organisations see it as so obvious that 
analysis should be dealt with by an external organisation, so as bordering on being not only the self-
evident practical solution, but also being the only theoretical solution? Judging by their descriptions of the 
CD&E method, it certainly does seem more than likely that they presuppose that planning, execution, and 
evaluation of IAE will be handled by an independent organisation. This is a luxury that smaller countries 
may, perhaps, not enjoy. Hence, from the point of view of a smaller country, where perhaps only one 
organisation, like a JCD&EC, will have to plan, execute, and evaluate all aspects of the testing of the 
maturing concept, including all elements of IEA, perhaps the CD&IAE method, including descriptions of 
all forms of testing the concept, would be a better name? Or perhaps CD&E is too complex for it to be 
applicable without the assistance of an external organisation for IAE? 


Military concept development deals with highly complex problems and opportunities. Hence, concept 
development must be allowed to be a very creative and innovative process, i.e. with a considerable portion 
of “artistic freedom”. Even though he does not really want a method, the concept developer must 
eventually realise that concept development for several reasons must follow some sort of structure. The 
CD&E method must, however, be able to provide enough analytical rigour, while, at the same time, it 
avoids suffocating creativity and innovation.  


From the point of view of the experimenter, the Experiment, with a “capital E”, is his part of CD&E. To 
satisfy the requirements of the experimenter, the CD&E method, or CD&E process, must describe when, 
how, in what form, etc., input is to be given from the concept developer to the experimenter. The CD&E 
method does not necessarily have to address this subject. A parallel description of the CD&E process or a 
Standing Operating Procedure (SOP) at the JCD&EC will suffice, but experience demonstrates beyond 
any reasonable doubt that this is an essential aspect of CD&E, and that it must be dealt with accordingly.  


Regardless of source, the manager requires relevant information in order so ensure “military relevance”, 
i.e. that at every given point in time “the correct concepts are being produced”, and that “the concepts are 
being produced correctly”. The manager definitely needs a formalised CD&E process, dictating who 
should produce which artefacts, and when, etc., so that he can give the HQ relevant information when it 
requires it. This process does not, however, have to be a part of the CD&E method per se.  


The analyst has no preferences regarding the contents of the ongoing concept development. The analyst 
does, however, make a strong case for “analytical structure”. Since military concept development is a 
complex issue, it seems justified that there should be a formal, iterative method that “forces” concept 
developers to study different alternative solutions and to test the maturing concept, with increasingly 
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intricate tests, as it develops. Quality assurance is an obvious and direct consequence of analytical 
structure. Another aspect of analytical structure is transparency of process. Since concept development 
does not results in the “right” or the “wrong” answer, it is imperative that is possible to follow the logic of 
how the answer has been produced. In combination with documented decisions regarding why specific 
concepts have been developed, while others have not, and documented decisions regarding premature 
termination, continuation, approvals, etc., the transparent development process will also contribute to the 
establishment of an audit trail.  


The scientist perspective is not one, but an all but infinite number of possible perspectives. Hitherto, it is 
obvious that the positivist view of the natural sciences has been allowed to assume a predominant position. 
Whether or not this is intentional, based on meticulous deliberations, is difficult to establish built on 
existing literature in the field. The adoption of the positivist paradigm of the natural sciences means that 
the research approach must be deductive, or hypothetic-deductive, resulting in the “scientific method”, the 
experimental method, or the empirical method. Within the positivistic paradigm scientific rigour is 
extremely rigidly discussed in terms of external validity, reliability, construct validity, and internal 
validity. The selection of the positivist paradigm excludes other paradigms like interpretivism, scientific 
realism, and pragmatism. Hence, research approaches like induction and abduction are also excluded, as is 
different views on scientific method and scientific rigour.  


5.0 CONCLUSIONS 


There is no consensus regarding concept definitions, terminologies, taxonomies and hierarchies within the 
CD&E community. Especially smaller countries, and countries with other first languages than English, 
would benefit tremendously from harmonisation and standardisation. Among other issues that might be 
resolved, interoperability would certainly be facilitated.  


There is no question that CD&E is an iterative concept development process, during which a maturing 
concept’s validity is being tested through increasingly more complex tests, and eventually terminated, 
detained, or approved. From a smaller country perspective, however, the question of validation activities, 
other than large scale experiments, constitutes a problem. Lacking the IAE resources of larger countries, 
enabling larger countries to rely on external organisations for the planning and execution of IAE, smaller 
countries must attempt different approaches to IAE. One solution is to describe IAE activities explicitly in 
the CD&E method, perhaps motivating a change of name to the CD&IAE method. Another solution is to 
accept that smaller countries can not utilise the CD&E method as it is described by larger countries.  


There is no “A” in CD&E, neither for “Analysis” nor for “Anarchy”. The CD&E method must certainly 
respect the requirement for a necessary degree of “Artistic Freedom” for the concept developers, but it 
definitely can not allow anarchy. Quite to the contrary, the CD&E method must instead provide enough 
“Analytical Structure” in order to assure concept quality and concept development quality, ensure 
transparency of process, and enable an audit trail. The CD&E method must also assist the production of 
relevant information to the decision makers, so that “Military Relevance” can be guaranteed, i.e. that at 
every given point in time “the correct concepts are being produced”, and that “the concepts are being 
produced correctly”. The issue of “Scientific Rigour” in CD&E would seem to require further deliberation 
within the CD&E community. It is far from clear whether or not the positivistic paradigm has been 
selected intentionally. Regardless of which, the CD&E community ought to deliberately consider, perhaps 
reconsider, which paradigm that should be used for CD&E. It is far from obvious that the positivistic 
paradigm of the natural sciences is the most appropriate paradigm for CD&E. Conversely, it seems likely 
that paradigms from the social sciences, such as interpretivism, scientific realism, or pragmatism, should 
be better suited to address CD&E. With such paradigms, the issues of scientific method and scientific 
rigour would come into an entirely new light. 
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6.0 ACRONYMS AND ABBREVIATIONS 


ACT: Allied Command Transformation 


AF: Armed Forces  


C2:  Command and Control 


C2-system M: Swedish transformational development project for C2 system methodology 


C2-system O: Swedish transformational development project for C2 system organisation 


C2-system P: Swedish transformational development project for C2 system personnel 


C2-system T: Swedish transformational development project for C2 system technology 


CA: Comprehensive Approach 


CD&E: Concept Development and Experimentation 


CD&IAE: Concept Development & Integrated Analysis and Experimentation 


CDP: Capability Development Process 


CFEC: Canadian Forces Experimentation Centre 


CONEMP Concept of Employment: 


CONOPS: Concept of Operations 


CONUSE: Concept of Use 


DBA: Dominant Battle-space Awareness 


DPA: Defence Procurement Agency 


DRA: Defence Research Agency 


EBAO: Effects Based Approach to Operations 


EBO: Effects Based Operations 


FMV: The Swedish Defence Materiel Administration 


FOI: The Swedish Defence Research Agency 


HQ: Head Quarters 


IAE: Integrated Analysis and Experimentation 


IAEC: Integrated Analysis and Experimentation Campaign 


IBM: International Business Machines 


ICT: Information and Communication Technology 


JCD&EC: Joint Concept Development and Experimentation Centre 


JFC: Joint Forces Command 


LL: Lessons Learned 


LOE: Limited Objective Experiment 


M&S: Modelling and Simulation 


ME: Main Event 


MIE: Minor Integrating Event 
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M.O.: Modus Operandi 


MoD: Ministry of Defence 


NATO: North Atlantic Treaty Organisation 


NBD: Network-Based Defence 


NCW: Network Centric Warfare 


OR:  Operational Research 


PE: Precision Engagement 


RMA: Revolution in Military Affairs 


RUP: Rational Unified Process 


SE: Systems Engineering 


SNDC: Swedish National Defence College 


SOP: Standing Operating Procedure 


SU: Soviet Union 


TTCP: The Technical Cooperation Program (Australia, New Zealand, US, UK and Canada) 


UK: United Kingdom (of Great Britain and Northern Ireland) 


US: United States (of America) 


WFE: Warfighting Experimentation 


WP: Warsaw Pact 
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Abstract


Transformation of military operations demands new tools to support the performance of coalition forces in multinational operations.


This paper contributes to one of the fundamental objectives of SAS-081/RSY, namely to the objective to share experience from the implementation of methods and tools and latest research results in support of transformation and management in the new security environment. In addition, it focuses on the cognitive and human aspects of defence transformation.


The goal of the paper is to investigate potential models and tools for understanding, explaining, and measuring organisational effectiveness of coalition HQs conducting Non-article 5 crisis response operations.


The paper will present intermediate results of the work of NATO RTO HFM Task Group (TG)163 “Improving Organisational Effectiveness of Coalition Operations”, which is composed of researchers from 11 nations (i.e., eight NATO, two PfP and one MD). In addition, NATO ex-officio bodies are represented in the group (i.e., NATO Defence College, NATO School SHAPE and NATO SACT).


First, HFM RTG 163 organized subject matter experts (SMEs) discussions at NATO School SHAPE and at NATO Allied Command Transformation to define the term “organisational effectiveness” of coalition HQs at the operational level and to categorize factors critical to organisational effectiveness.


Second, the TG drafted a theoretical model of organisational effectiveness, based on the results of SMEs discussions, a literature review of the relevant models and variables, as well as products other NATO RTGs had developed; for example, the CTEF Model developed by HFM-087, and the Network Enabled Capability (NNEC) C2 Maturity Model developed by SAS-065. The model implies that most important for organisational effectiveness is strategically aligning Structure, People, Processes, and Culture towards the organisation’s operative goals, which are a) effective and timely sharing of information, b) quick and timely decision making, and c) improved shared awareness of tasks and responsibilities.


Third, based on this theoretical model the TG developed a draft instrument (i.e., questionnaire) for data collection that can be used to 1) investigate the impacts of different influencing factors, 2) localize inefficiencies in NATO headquarters (HQ), and 3) determine measures to achieve better organisational effectiveness of coalition HQs.


INTRODUCTION


The end of the Cold War implicated downsizing the number and pruning the budget of armed forces. Simultaneously, the number and tasks of missions escalated due to the unblocking of the UN Security Council. Nowadays, missions range from peacekeeping, peace enforcement, anti-terrorist action, policing, to humanitarian aid (23, 42(. Furthermore, the changing security situation (e.g., attacks of the 11 September 2001) showed that neither do national borders adequately protect against external threats nor does geographical distance play a significant role in the security-political analysis of a state (29(. Consequently, multinational alliances and cooperation between armed forces of different nations are more important today than ever before.


However, this “internationalization of military life” (30( in the last twenty years has led to new organisational challenges, too. The collaboration of forces with different weapons, information and communication systems requires not only technological interoperability, but their national background with different languages, leadership styles, rotation systems, trainings, military traditions, hierarchy systems and so forth also demand a high level of non-technical interoperability. Thus, the interaction of a complex socio-technical system where structure, processes, people, and culture are aligned towards goal achievement is essential to fulfil missions successfully and effectively. Though, the multinationality of these coalition operations impedes their organisational effectiveness.


In order for these operations to achieve and maintain their organisational effectiveness at a high level, adaptive, flexible, and mobile forces are needed (11(. NATO meets this challenge by a transformation process emphasizing “reduction in size and readiness”, “increasing flexibility and mobility”, and “multinationality” (35(.


This paper ties in with the above-mentioned issue of multinationality and investigates potential models and tools for understanding, explaining, and measuring organisational effectiveness of coalition headquarters (HQ) conducting non-article 5 crisis response operations. Its aim is also to provide a theoretical basis for the formulation of recommendations regarding how to improve their organisational effectiveness. It is the result of the work of NATO Research and Technology Organisation (RTO) Task Group HFM-163 “Improving Organisational Effectiveness of Coalition Operations”, which is composed of researchers from 11 nations (i.e., eight NATO, two Partnership for Peace and one Mediterranean Dialogue country). In addition, several NATO ex-officio bodies are represented in the group (i.e., NATO Defence College, NATO School SHAPE and NATO SACT).


The goal of this paper is 1) to define what military experts mean by organisational effectiveness, 2) to outline the existing theories and models of organisational effectiveness, 3) to assess how these models can be combined to form a new model of organisational effectiveness of peace-promoting multinational operations' HQs, 4) to investigate which factors influence this effectiveness, and 5) to understand how effectiveness can be measured. 


ORGANISATIONAL EFFECTIVENESS


Definition


Generally speaking, the term organisational effectiveness describes the degree to which an organisation reaches its goals (17(. This section of the paper addresses how experts in the military field fill this broad definition of the term organisational effectiveness with HQ-specific content. It presents the analysis of the results obtained from Subject Matter Experts (SMEs) discussions carried out in the framework of the Task Group HFM-163 in NATO School, Oberammergau, Germany in October 2008 and in NATO Allied Command Transformation, Norfolk, VA, USA in June 2009. The two groups of SMEs comprised commissioned officers with diverse national backgrounds and with extensive experience in multinational NATO operations, including the International Stabilization and Assistance Force (ISAF) HQ. The objective of the SMEs discussions was threefold: 1) to help define the term organisational effectiveness of NATO coalition operations, 2) to identify barriers to organisational effectiveness of NATO HQs at the operational level, and 3) to summarize suggestions for improving organisational effectiveness of multinational NATO HQs. 


The experts described the effective coalition HQs as “able to achieve the goals”, “able to make a decision quickly”, “providing orientation for the commanders”, “having good leadership”, “adaptable to change”, “adjusting quickly to the changing situation”, “able to learn from mistakes”, “producing information for sharing with others”, “able to go beyond task description and taking initiative” and “open to diverse cultures”. 


The factors influencing organisational effectiveness of coalition operations that act as barriers for successful cooperation, according to the SMEs, can be clustered in four groups: 

The first group contains factors related to political-military decision making. Among the most frequently mentioned problems are “unclear and unstable goals, changing tasks, and lack of common understanding of goals and missions end state” among the coalition partners. In addition, according to the experts, the “lack of a comprehensive approach to doctrines and concepts” is a major problem. Another important issue is “different national and NATO education and training systems and different amounts of experience in multinational operations”. The experts agreed “there is still a lack of NATO pre-deployment training”. Moreover, a traditional barrier to organisational effectiveness of coalition operations is the capabilities and technological gap among the coalition partners as well as a “lack of adequate resources allocated to implement the mission”. Among many other important challenges, the “lack of technological interoperability” in national systems hampers information sharing and creates difficulties for cooperation among the different contributing nations in the coalition. Last, SMEs considered “nation-centric politics, related to imposing restrictive caveats to employ the troops during the operation” as a major negative influence on the coalition operation’s effectiveness. The problem is that “the troops are forced to work around these political barriers, which at times increases the immediate risk to the people on the ground and undermines the trust among coalition partners”.


The second group includes factors related to processes management in NATO HQ. Among the most frequently discussed issues were “different rotation timeframe among national positions in the HQ” and “the lack of synchronisation of national rotations”. In this regard, experts concurred “different rotation cycles hurt organisational effectiveness”, creating difficulties in the adaptation among the national representatives and in the development of social networks. In addition, some of the experts identified as a problem the “rapid turnover of leadership and personnel” hampering the learning process. Some of the experts considered “the tour of length too short” (typically 4-6 months) and argued that “learning takes a long time to develop, as does the social network, and then you are getting ready to come home”. On the other end, a few SMEs mentioned that “most of nations prefer comparatively short periods of rotation because of the high intensity of the operations related with high stress to military personnel”. Obviously, this is a problem deserving of particular attention and additional investigation. The next important barrier to organisational effectiveness according to SMEs is the “lack of organisational knowledge because lessons learned are not systematically passed on”. This relates to the organisation of the process of hand-over of the positions in the HQ and the willingness of the representatives of different nations to share information with their successors. From a national standpoint, the experts considered problematic the fact that “there is no debriefing for many personnel returning from a NATO assignment.” Another important barrier to effectiveness of coalition HQs according to the experts has to do with a “lack of communication and poor information sharing process”. The problems here are multidimensional, technological and human in nature. Some typical situations include “people not wanting to share information”, “lack of social networking opportunities”, “lack of info sharing systems” and “lack of understanding of team members' information needs”. 


The third group of factors allude to the people in the organisation. One of the most important barriers according to the experts is the “lack of adequate manning”. The SMEs shared the opinion that “frequently, individuals are not qualified for their assigned role” and that “some nations never contribute, but merely ride out their time.” This situation generates problems with respect to a reasonable distribution of tasks and responsibilities among collation partners as well as to the development of internal social networks in the HQ. Another concern is the “lack of cultural awareness training” of the personnel, participating in NATO multinational operations. Related to this issue is “the quality of English communication”. The problem is multifaceted. On the one side, “non-native English speakers often do not comprehend the meaning or context of English speech”. On the other side, “native English speakers also have difficulties with non-native speakers and therefore, sometimes assume incompetence on the part of non-native English speakers. Another problem is the use of NATO abbreviations and so-called “NATO slang,” which further hinders communication.


Finally, the fourth group of factors relates to the influence of cultural differences on organisational effectiveness and the process of formation of a unique organisational culture in the NATO HQ. The experts described the organisational culture of a NATO HQ as a mixture of different national, military and service cultures affecting its organisational effectiveness. A typical example in this regard is “the mental process of uncertainty overcoming,” related to cognitive culturally-based biases in the need for information to make a decision. This process may affect decision making if an individual needs more information or is afraid of making an incorrect decision. Both cases can undermine organisational effectiveness of the HQ. Another essential issue is “the effect of different leadership styles” (e.g., direct vs. indirect) which can lead to a misunderstanding or misperception of the intention of the leader. The experts were unanimous with respect to the role of leadership as a factor that shapes the organisational culture in the HQ and thus influences effectiveness of coalition operations. The role of the leader and specific leadership capabilities in a multinational environment are critical factors regarding establishing shared vision and awareness with respect to goals and tasks. In this regard, the experts suggested the “leader be committed to the mission, not to the nation.” Another factor which deserves attention, also influenced by different national cultures, is “task orientation versus the need to spend time building and maintaining relationships”. Lastly, the experts identified as a potential problem the “lack of individual, organisational and national trust”. The issue of trust among coalition partners deserves particular attention because it is related to information sharing and the coalition operations’ effectiveness as a whole.


According to the experts, the enablers of organisational effectiveness include the improvement of processes in the HQ as well as strategic decision-making when planning and implementing a NATO operation. A few of their suggestions regarding the organisational structure and culture follow.

The first group of recommendations has to do with strategies for processes improvement in NATO HQs. The experts were unanimous regarding the role of information sharing as an enabler of organisational effectiveness of a coalition HQ as illustrated by the statement “the more understanding of where information comes from the better”. In order to improve the information sharing process, a strategy for changing people’s mind and attitude “not wanting to share” has to be implemented. A full-spectrum technical interoperability among coalition partners also has to be put in place. Another important enabler of organisational effectiveness of coalition operations is related to the development of the HQ as a learning organisation. The SMEs suggested “introducing Standing Operating Procedures (SOPs) in order to avoid gaps of changeover” and “to transfer lessons learned”. In addition, they considered important to introduce “effective mentoring program to support hand-over procedure so you don't start from scratch every time” and to “learn from the mistakes” of their predecessors. Besides, the experts considered the “process of social networking” and development of “informal networks” as key elements in reaching organisational effectiveness. In this regard, they suggested “ad hoc meetings in open environment in multicultural settings” be organized, as well as the creation of “opportunities for people to talk to each other informally” such as ice-breakers/social events and the use of the officer's club for social networking. Moreover, SMEs rated among the most important factors that influence coalition HQs’ effectiveness “an unreserved commitment from the senior leadership in the HQ”. They agreed “the HQ will be effective if the leader is not there to serve the nation but to make the HQ work”. Having in mind the complex character of current NATO operations, SMEs identified the need for leaders to be able to prioritize conflicting items.


The second group of suggestions relates to improving the strategic decision-making process of planning and conducting a NATO coalition operation. Among the most discussed issues is the need to introduce “NATO standardization for education and training for coalition operations”. The experts commented “HQ staff has to have prior experience working together as a group”. In addition, they considered the “pre-deployment training on how to work in NATO/coalition environment as a must”. Finally, SMEs deemed “elimination of national political caveats for mission execution” a priority task because “this challenges trust among nations”.


The recommendations of the SMEs with respect to structural factors that influence coalition operation effectiveness were focused on the format of cooperation (i.e., lead nation - framework nation - multinational formation). They gave priority to multinational cooperation, which was characterized by the statement “no single nation has to be predominantly represented on HQ staff.”


Finally, with respect to culture, the experts’ suggestions had to do with improving the cross-cultural education and training and building intercultural competencies among the NATO HQ staff. In addition, they considered development of “NATO HQ culture”, “pushing for development of NATO identity” and to “be more NATO-oriented than nation-oriented” to be critical. 


To summarize, at the beginning of the discussions, the experts did not distinguish clearly between the broad term “operational effectiveness”, representing factors external to an organisation, and the term “organisational effectiveness”, targeting  the internal capabilities of an organisation. Therefore, they focused on external preconditions for successful cooperation, namely political-military decision making regarding planning and participation in NATO coalition operations. In the course of the discussions, however, they agreed upon the description of the effective coalition HQ as an organisation with the basic characteristics summarized in Table 1 below.


Table 1: Basic Characteristics of An Effective Coalition HQ


		Political-military decision making

		Internal 
processes management

		People

		Cultural differences



		· Able to achieve its goals

· Establishing priorities

		· Learning organisation

· Stimulating information sharing

· The HQ is willing to adapt its structures to the ever-changing conditions where necessary

· Processes improvement strategies implementation to facilitate information sharing, social networking and top leaders’ commitment to achieving HQ goals

· Making efficient use of the available resources

		· Able to take initiative

· The leaders are able to make fast and timely decisions

· Existing flexible human resources management system to guarantee high motivation, cohesion, organisational and interpersonal trust

		· Openness to diverse cultures; development of intercultural competences

· Using common language and terminology

· Using common formats/standardization of different procedures

· Using common doctrine and concepts





Review of Organisational Effectiveness Models and Approaches

After a brief description of the SMEs’ recommendations, we now introduce theoretical approaches and existing models of organisational effectiveness. Based on these concepts, we designed a model tailored to coalition HQs. We describe and discuss three distinct models – the Command Team Effectiveness (CTEF) Model (16(, the Star Model (19(, and the 7-S-Model (37( – and the Internal System Approach to organisational effectiveness and then adapt their conceptual ideas to our purposes. 


Command Team Effectiveness Model


The Command Team Effectiveness (CTEF) Model (16( (Fig. 1) enables the observation, evaluation, and promotion of group activities. The model is based on the assumption  that successful leaders have to understand and take into account the following factors: 1) conditions (i.e., operation framework, task, organisation, leader, team members, and team), 2) behaviour and processes occurring during the operation (a distinction is made between behaviour/processes related to tasks and those related to groups), 3) evaluating the result of these processes (again distinguishing between behaviour related to tasks and groups), and 4) adapting processes and conditions in order to become more effective.


Figure 1: CTEF Model (16(

This model was developed by a NATO RTO task group. Existing models were used as an inspiration to identify the different factors (e.g., 14, 39, 31, 10(. Moreover, articles and chapters on organisational effectiveness were consulted and interviews with experts were conducted. 


The advantages of this model are its strong theoretical foundation, and the fact that it includes learning and adjustment loops and takes the mission framework and context into consideration. However, it lacks the (inter-)cultural aspects of multinational operations. Additionally, its focus on team and task characteristics, does not match a HQ’s perspective. At the HQ level, there are other vulnerabilities, for example, organisational culture and structure. Another drawback of the CTEF model is its complex cause-and-effect structure, which can only be verified partially in practice.


Star Model


The basic premise of Galbraith’ Star Model (19( (Fig. 2) is simple but powerful: Different strategies require different organisations to execute them. The Star Model framework for organisational design is the foundation on which an organisation bases its design choices. This framework consists of a series of design policies that can be influenced by leadership and impact employee behaviour. The policies are the tools with which leaders must become skilled in order to shape the decisions and behaviours of their organisations effectively. In the Star Model, design policies fall into five categories: strategy, structure, processes, rewards and people.


Figure 2: Star Model (19(

In order to be effective as an organisation, all these policies must be aligned, interacting harmoniously with one another. This idea of alignment is fundamental to the Star Model. But to solely focus on aligning, the organisation is to become vulnerable, because alignment around a focused strategy can impede the adaptation of a new strategy. Today, every organisation needs to be adaptive and able to change as quickly as its context may change. If not, it risks falling behind. And if change is constant, an organisation needs to be designed so as to be constantly changeable.  Organisational structures and processes have to be easily reconfigured and realigned with a constantly changing environment. This asks for the skilled use of extensive internal and external networking capabilities (19(.

One advantage of this model is the concept of strategic alignment. This alignment of the diverse policies ensures goal-oriented functioning and therefore, organisational effectiveness. Another of its advantages is the consideration of the notion of adaptability to a constantly changing environment. Nevertheless, the Star Model is not tailored to the organisation of a NATO HQ – but rather to business and market-oriented companies. Other weak points are that effectiveness is not a direct output of the design policies and culture is only understood as an output, not as an input. For our purposes, that is, in a multinational HQ where people from different nations are working together, culture has to be seen as an input variable as well.

7-S-Model


The 7-S-Model of the former McKinsey management consultants Peters and Waterman Jr. (37( divide organisations into “hard” and “soft” factors. The “hard” factors cover concrete elements that can be exposed with policy papers, plans, and documentation on the development of the organisation. The three “hard” or “cold” factors of an organisation are strategy, structure, and systems. The expression “soft” refers to substantially and only marginally concrete elements of an organisation that can hardly be described. These elements develop permanently and can be planed or controlled only limitedly because they are highly dependent on the members of the organisation. These “soft” or “warm” factors are namely skills, staff, style/culture, and shared values/superordinate goals (Fig. 3). While the hard factors are easier to test, the assessment of the soft factors is much more difficult, albeit they are at least as important for the organisation.

Figure 3: 7-S-Model (37(

Effectively functioning organisations are characterized by a coordinated balance of theses seven factors. In times of change and adjustment, it should be noted that the modification of one factor also has an impact on the other factors. A well-functioning organisation must aspire to reach the right balance between the above introduced factors. In practice, it is often the case that leaders are only focusing on the hard factors. Peters and Waterman Jr. (37( argue, however, that the most successful organisations focus their attention also on the optimum balance of the soft factors as they can be decisive for success because new structures and strategies can barely be built on completely opposed cultures and values.


This praxis proven model has the advantage of taking into consideration hard as well as soft factors and  emphasizing the importance of a balance between those factors. 

Internal System Approach to Organisational Effectiveness


The internal system approach to organisational effectiveness examines the organisation’s functioning from the inside. Effectiveness is assessed by indicators of internal conditions and efficiency, such as efficient use of resources and harmonious coordination between departments. Managers, therefore, generate goals that they can use to assess how well the organisation is performing. Jones (28( describes two types of goals that can be used to evaluate organisational effectiveness: official goals and operative goals. Official goals are the organisation’s guiding principles that are usually formally stated in its annual report and in other public documents. Typically these goals describe the mission of the organisation –why does the organisation exist and what should it be doing. Operative goals are specific goals that put managers and employees on the right track as they perform the work of the organisation. Managers can use operative goals, such as reduce decision-making time, increase motivation of employees, or reduce conflict between organisation members, to evaluate organisational effectiveness. Organisations must be careful to align their official and operative goals and remove any tension between them (28(.


Preliminary Conclusions on the Models

These approaches and models have different foci and cover different aspects of organisational effectiveness. The aim of this paper is to combine the aspects that are most relevant and applicable to the effectiveness of coalition HQs to form a new, tailored model.

Based on the analysis of the results from SMEs discussions and a literature review, we define organisational effectiveness in NATO HQs as the degree of fit, or alignment, among various dimensions of organisations such as organisational structure, processes, people and culture towards goal achievement. In addition, experts’ discussions led us to the conclusion that the main (official) goal of a NATO HQ is to support the troops on the ground. Furthermore, we made a decision to evaluate the organisational effectiveness of NATO HQs by assessing the following operative goals: a) effective and timely sharing of information, b) quick and timely decision making, and c) improved shared awareness of tasks and responsibilities.


DESCRIPTION OF THE MODEL


From the most relevant conclusions from the expert’s opinion and the already existing theory, we can state the following concepts and components of a new model for the organisational effectiveness of non-article 5 crisis response operations’ HQs:


· Assessment of the internal effectiveness of the organisation;

· Distinction between operative and official goals; 


· Three-step design with a direct link from the input factors through the operative goals to the official goal of the organisation;

· Concept of internal alignment which states that the input factors must be in optimum balance to result in effective goal achievement; 


· Consideration of hard (i.e., structures, processes) as well as soft (i.e., people, culture) input factors;

· Simple model that can be easily tested and applied in practice.

In an internal system approach, these requirements are combined to from a new HQ-specific effectiveness model.


Internal Alignment


Effective organisations make sure their operative and official goals are aligned both in terms of their fit with the external environment and with other factors internal to the organisation. In this section, we describe the NATO HQ’s internal factors that have to be aligned with its operative and official goals.


Our definition assumes the mission of NATO HQs is to support the troops on the ground. This mission can be attained by increasing effective and timely information sharing and decision making, and improving shared awareness of tasks and responsibilities. Previous research on organisational effectiveness revealed that structure, people, processes, and culture must be aligned towards these operative goals in order to effectively reaching the main goal (38(. So, NATO HQs have to make sure that the choices made regarding the NATO HQ’s structure, processes, people, and culture support accomplishing the operative goals: a) increasing effective and timely sharing of information, b) increasing effective and timely decision making, and c) improving shared awareness of tasks and responsibilities. Figure 4 shows this hypothesized process.


Figure 4: Model of Organisational Effectiveness 
of Non-Article 5 Crisis Response Operations’ HQ


In the following paragraphs, we describe the three factors that have to be internally aligned to support achieving the operative goals.


Structure and Processes


Organisational structure is the formal system of task and authority relationships that control how people coordinate their actions and use resources to achieve organisational goals (28(. Organisational structure shapes the behaviour of people and the organisation. Organisational processes refer to the way the organisation implements its goals in the framework of the given organisational structure (37(. That is to say that processes cut across the organisation’s structure; if structure is thought of as the anatomy of the organisation, processes are its physiology or functioning (19(. 


The environmental circumstances in which military forces have to operate are changing. Therefore, it is necessary to implement organisational changes, for example, NATO Network Enabled Capabilities (NNEC). The military needs to change into an organisation that supports agility, flexibility, jointness and interoperability. An organisational design that fits the transformed military organisation is the network organisation design. A network organisation is an organic organisational structure. Jones (28( summarizes important aspects of organic structures: Organisations with an organic organisational structure are decentralized. They have an organisational set up whereby the authority to make important decisions is delegated to persons at all levels of the hierarchy. An organic structure stimulates flexibility, so that employees can innovate and quickly adapt to changing circumstances, and take responsibility to make decisions when necessary. Roles are loosely defined; organisational members with different functions work together to solve problems and are involved in each other’s activities. A high level of integration is needed to enable organisational members to share information quickly and easily. Rules and norms emerge from the ongoing interaction between organisational members. Interaction between organisational members is horizontal as well as vertical. 


We assume that for NATO HQs to be able to reach its three goals (i.e. increasing effective and timely sharing of information and decision making, and improving shared awareness of tasks and responsibilities) its organisational structure and processes must be classified as organic (as opposed to mechanistic). The greater the degree to which the NATO HQ’s organisational structure and processes resemble organic structure and processes, the more likely it will be to reach its operative goals.


People


The element “People” is central to the effectiveness of an organisation, and therefore a key factor in many effectiveness models (e.g., 19, 37, 16(. Following upon the experts’ feedback, we concentrate on the sub-factors leadership, rotation and training.


The SMEs indicated the effectiveness of HQs is mostly a matter of the style of leadership. In numerous studies, Bass and Avolio (4( examine the impact of leadership style on effectiveness. They state that in a transformational style of leadership, the leader enhances the motivation, morale, and performance of his followers through focusing on ‘transforming’ his followers to help and look out for each other, to be encouraging and harmonious, and to look out for the organisation as a whole. 

We assume that for the NATO HQ to be able to attain its three goals (i.e. effective and timely sharing of information, quick and timely decision making, and improved shared awareness of tasks and responsibilities) its leadership must be classified as transformational (as opposed to transactional). The greater the degree to which the NATO HQ’s organisational leadership resembles transformational leadership, the more likely it will be to reach its operative goals.

Training is another key contributor to organisational effectiveness. The lack of attendance in NATO pre-deployment training on how to work in coalition operations can be an important barrier to organisational effectiveness in NATO HQs. Without training, individuals show a lack of competencies, do not know each other, and they have not had the chance to clarify their roles and expertise before starting working together. We are interested by whether and how much pre-deployment training affects individuals’ knowledge, skills, and other behaviours, namely information sharing, decision making and shared awareness of tasks and responsibilities. Training is most likely to have a significant impact on such outcomes when delivered within a job-specific and skills-focused context. A very important aspect of NATO pre-deployment training is the process of teambuilding, as teams in multinational HQs are characterized by high heterogeneity. Overall, research on diversity and heterogeneity of teams and their effectiveness has led to inconsistent results (cp. literature reviews in: 27, 40, 48(. While some authors have discovered better solutions and performance with increasing diversity, because heterogeneous teams possess richer perspectives and greater potential (e.g., 46, 50, 34(, others have demonstrated poorer integration and dissatisfaction with increasing cultural diversity which in turn negatively impacts the team’s effectiveness (e.g., 25, 36, 49(. Thus, heterogeneity seems to influence team effectiveness via multiple, simultaneous factors (2, 15, 26( which can be either performance enhancing (e.g., diversity and creativity of generated solutions) or reducing (e.g., low cohesion). It is therefore extremely important that pre-deployment training promotes team cohesion so that the innovative and creative potential of its heterogeneity can be exploited. The future team members normally know which task they will be performing (i.e., functional dimension) and where they will be located in the HQ’s hierarchy (i.e., hierarchical dimension) during deployment. However, they cannot position themselves within the team or organisation (i.e., central vs. peripheric position) until deployment (24(. Without integration, they cannot embrace the interpersonal activity that leads to collective strength and shared awareness, thus the participation of each member is crucial and should be encouraged as early as during pre-deployment training (3(. At that point, future team members develop shared perceptions, attitudes, and values leading to shared interpretations and understanding. Thereby, potential misunderstandings in the daily cooperation are reduced (47(. The more heterogeneous is a team, the longer its members need to develop a joint approach and communication routines (see 33(. 

We assume that for NATO HQs to be able to attain its three goals (i.e. effective and timely sharing of information, quick and timely decision making, and improved shared awareness of tasks and responsibilities) staffs’ active participation in NATO pre-deployment training is necessary. The greater the personnel’s participation in NATO pre-deployment, the more likely it will be to reach its operative goals.

As already noted by the SMEs, the rotation practices in NATO HQs can be a central barrier to organisational effectiveness. They mentioned different aspects of the rotation practices such as no handover/mentoring programme, gaps of transition, difference or shortness of tour length, and national rotations that are not synced. Studies on personnel rotation revealed possible causes for negative impacts of rotation on performance. Hartman, Stoner and Arora (22( show that after each rotation the newcomers need to acquire skills and knowledge concerning structure, equipment, and processes. In addition, feelings of isolation, frustration and deprivation of a group identity (21( or difficulties in adopting new social structures and rules (13, 43( can occur among new members of the HQ. Such challenges can result in lower organisational effectiveness. 

Therefore, we assume that for a NATO HQ to be able to attain its three goals (i.e. effective and and timely sharing of information, quick and timely decision making, and improved shared awareness of tasks and responsibilities) the rotation practice of the contributing nations must be coordinated and a comprehensive handover must be assured. The greater the degree to which the rotation practice achieves these issues, the more likely it will be to reach its operative goals.


Culture


Organisational culture is formed by the set of values and norms that influence its organisational members’ interactions with each other and with people outside the organisation (28(. An organisation’s culture can be used to increase its effectiveness (41(, because organisational culture influences the way members make decisions, the way they understand and deal with the organisation’s environment, what they do with information, and how they behave (12(. Organisational values are general criteria people use to establish which behaviours are desirable or undesirable (28(. Two kinds of values can be distinguished (Fig. 5). Terminal values represent outcomes people and the organisation want to achieve, such as excellence, reliability, innovativeness, stability, and predictability. The NATO HQ might adopt the terminal values flexibility and agility of processes and stability of the organisational structure as guiding principles. Instrumental values, on the other hand, are desired modes of behaviour, such as working hard, being creative and courageous, being conservative and cautious, taking risks and maintaining high standards. The NATO HQ might embrace trusting each other, being open to diversity, and having an improvement orientation as guidelines. Team members who trust each other are better able to examine and improve team processes and hence, to self-manage their own performance (18, 20(. Besides, employees report lack of trust as one reason they resist being introduced to a team in the first place, and that its absence interferes with the effective functioning of work teams (32(. NATO HQ’s organisation members are characterized by high diversity in national background and expertise. High diversity within teams and organisations can cause integration problems, low cohesion and dissatisfaction, which in turn affects the team’s effectiveness negatively (e. g., 25, 49(. An organisational culture that promotes being open to diversity stimulates team cohesion and allows the innovative and creative potential of the heterogeneity to be exploited. In organisations valuing an improvement-oriented culture organisational members demonstrate a high level of proactivity in trying to improve. This can lead to improved collaboration between different departments and an increased emphasis on efficient cooperation among employees. 

Hence, an organisation’s culture consists of the end states the organisation wants to reach (i.e., its terminal values) and the modes of behaviour it supports (i.e., its instrumental values). The NATO HQ’s mission statement and official goals (i.e. supporting the troops on the ground by agility and flexibility of the processes and stability of the organisational structure) should be reflected in the terminal values it adopts. And for the NATO HQ staff to understand and be able to act in accordance with the instrumental values, the NATO HQ should develop specific norms, rules and standard operating procedures that typify its specific instrumental values.
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Figure 5: Terminal and Instrumental Values in A NATO HQ’s Organisational Culture. 
Source: (28(

We assume that for the NATO HQ to be able to attain its three goals (i.e. effective and timely sharing of information, quick and timely decision making, and improved shared awareness of tasks and responsibilities) its terminal cultural values must reflect flexibility and agility in its processes, but stability in the organisational structure, and its instrumental cultural values should include trusting each other, being open to diversity, and having an improvement orientation. The greater the degree to which the NATO HQ has developed these cultural values, the more likely it will be to reach its operative goals.


DESCRIPTION OF THE instrumENT


The last purpose of this paper is to outline an instrument on the basis of the above-introduced model of organisational effectiveness of non-article 5 crisis response operations HQs. It assesses the degree to which ”Structure and Processes”, ”People”, and ”Culture” align with the HQ’s operative goals (i.e., effective and timely sharing of information, quick and timely decision making, and improved shared awareness of tasks and responsibilities). Assessing these makes it possible to test the relationship between the input factors and the goal achievement of the HQ. 


Operative Goals


In order to measure the operative goals of effective and timely sharing of information, decision making, and shared awareness of tasks and responsibilities, we propose using items originating from the U.S. Surface Warfare Officers’ School’s Team Assessment Instrument (44(. We will select three items per construct, for a total of nine items. The 7-point rating scales will range from “Very Uncharacteristic” to “Very Characteristic”. Sample items representing the information sharing, decision making, and shared awareness constructs are, respectively, “Information is shared in a timely manner, that is, in time to act on the information given,” “Our decision making process fosters innovative, far-reaching decisions,” and “It is clear to team members how the mission is related to overall organisational goals.”


Structure and Processes


As described earlier, in order for the NATO HQ to be able to attain its operative goals, its organisational structure and processes must be organic. As defined previously, an organic structure is flat, decentralized, and flexible. Thus we will assess the organisation’s structure (i.e.,“flatness”), decentralization, and flexibility. The three structure items, the three decentralization items, and the three flexibility items will all come from the work of Bjørnstad (6, 7, 8(. The participants will rate the nine items on 5-point rating scales with varying labels depending on the construct. Samples items assessing the structure, decentralization, and flexibility constructs are, respectively, “How would you describe the organisation’s hierarchy”, “In your opinion, who makes most decisions in the organisation” and “How would you describe the flexibility of the organisation in terms of switching between centralized and decentralized processes.”


People


Leadership. As mentioned previously, for the NATO HQ to meet its goals, its leadership must be described as transformational. We will assess transformational leadership with items originating from Bass and Avolio (5(. Transformational leadership can be described with four “I’s”, idealized influence (attributes/behaviours), inspirational motivation, intellectual stimulation, and individualized consideration (see 4 for more detail(. We will select three items per construct from the Multifactor Leadership Questionnaire (MLQ) (5(, for a total of 15 items. The participants will rate the items on 5-point rating scales ranging from “Not at all” to “Frequently”. Sample items representative of the idealized influence (both attitudes and behaviours), inspirational motivation, intellectual stimulation, and individualized consideration constructs are, respectively, “The person I am rating acts in ways that builds my respect,” “The person I am rating emphasizes the importance of having a collective sense of mission,” “The person I am rating talks enthusiastically about what needs to be accomplished,” and “The person I am rating suggests new ways of looking at how to complete assignments.”


Pre-deployment training. Also mentioned earlier was the importance of the staff’s active participation in NATO pre-deployment training. We developed a dichotomous (i.e., Yes/No) screening item, “I attended NATO pre-deployment training,” to classify participants who took part in NATO pre-deployment training versus those who did not. We will then ask those participants who participated in such training three additional questions, such as “My NATO pre-deployment training helped me position myself within the social network of my team.” The participants will rate these items on 7-point rating scales ranging from “Strongly disagree” to “Strongly agree”. 


Rotation. Lastly, we will assess the rotation practices in the NATO HQ by asking the participants three questions such as “Different tour lengths make working together difficult.” The participants will rate these items on 7-point rating scales ranging from “Strongly disagree” to “Strongly agree”.


Culture


We suggest that, in order to reach its operative goals, the NATO HQ should develop the instrumental values of trust, openness to diversity, and improvement orientation.

Trust. Blais and Thompson (9(, based on the work of Adams and Sartori (1(, developed measures of trust in teams and trust in leaders to be used at the level of small military units. We will adapt the Trust in Teams Scale to the context of NATO HQs. Specifically, we will assess the constructs of benevolence, competence, integrity, and predictability, each of which is defined as a dimension of trust in teams. We will select three items per construct, for a total of 12 items, and the participants will rate these items on 7-point rating scales ranging from “Strongly disagree” to “Strongly agree”. Samples items indicative of the benevolence, competence, integrity, and predictability dimensions are, respectively, “Even in tough times, my team members are supportive, “My teammates are capable at their jobs,” “My teammates have strong ethics,” and “I know what to expect from my team.”


Openness to diversity. In order to assess the organisation’s level of openness to diversity, we wrote three items such as “National differences were considered important by most members of the organisation (reverse-scored).” The participants will rate these items on 7-point rating scales ranging from “Strongly disagree” to “Strongly agree”.


Improvement orientation. Finally, to evaluate the level of organisational member’s improvement orientation, we will use three items originating from the work of Van den Berg and Wilderom (45(. The participants will rate these items on a 7-point rating scale ranging from “Strongly disagree” to “Strongly agree”. Sample items include “Employees take initiatives to improve the way in which the work is done.”


CONCLUSION


The purpose of this paper was to investigate potential models and tools for understanding, explaining, and measuring organisational effectiveness of coalition HQs conducting Non-article 5 crisis response operations in order to overcome challenges caused by its multinational setting. 


Military and management experts define organisational effectiveness as the ability of an organisation to achieve its goals and describe an effective HQ as an organisation which a) is stimulating information sharing, b) is able to make fast and timely decisions, and c) has a common understanding of its internal tasks and responsibilities. Organisational effectiveness research show that these operative goals of a HQ can only be attained if internal factors such as structure and processes, people, and culture are strategically aligned towards them. On the basis of these assumptions we designed a model displaying this chain of goal achievement and drafted an instrument measuring organisational effectiveness in the particular context of a NATO HQ. 


We believe that this instrument offers great promise in providing a diagnostic tool for improving the ability of an HQ to assess and then trace through the impact of the alignment of internal organisational structure and processes, people and culture with its mission. We also believe that this tool enables the identification of inefficiencies in coalition HQs and offers some insight into what factors are vital to address in achieving this alignment. Consequently, possible adaptations and improvements in order for the organisation to become more organisationally effective can be formulated. 


The instrument needs to be tested in a coalition HQ in order to see whether we have captured the relevant components and concepts. For validation purposes, it needs to be tested in a variety of coalition HQs conducting Non-article 5 crisis response operations.
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Abstract


There are several systems that are evolving to support the operational data needs of the warfighter. These include the Combined Information Data Network (CIDNE), Tactical Ground Reporting (TIGR), and the Civil Affairs Operating System (CAOS). However, there are several problems in dealing with these systems with respect to the analyst’s needs. For example, the data that are collected by these systems are too atomistic, there are inadequate mechanisms for “rolling up” the data to deal with strategic questions, and the data are not used to project effectively into the future.


The objective of this paper is to explore the data needs for analysts to support senior decision makers in the context of Irregular Warfare (IW) and Stability, Security, Transition, and Reconstruction (SSTR) operations. To focus the effort, consideration is given to the issues posed by senior decision makers for Afghanistan-Pakistan. The result of the study is to formulate recommendations to provide the data needed by analysts to support senior decision makers.


To achieve that objective, the paper has adopted the following approach. First, it began with the twenty one questions posed by Major General Flynn, CJ2, International Security Assistance Force (ISAF). Second, it restructured the questions to identify sub-themes associated with these questions. This restructuring gave rise to the following sub-themes:  narrative shaping and strategic communication; economics and corruption; security; situational awareness; Taliban-related; and rule of law, norm building, and governance. Each of the questions was analyzed to identify the data that are needed to address these questions. Subsequently, the paper identifies actions to implement these data actions. It critically assesses the recent proposal by MG Flynn to revise the intelligence process and it addresses several forthcoming data activities.


In summary, this paper identifies a set of data actions that are need to support the analyst in addressing the questions posed by senior defense makers. As an example, specific actions include taking steps so that the data do not reflect the “Western way” of perceiving the situation (e.g., asking people to write poems to express their perceptions). In addition, it suggests developing a new way for ethnographers to support the evolving form of warfare (e.g., undertaking a pilot effort in Bangladesh). Furthermore, the paper recommends changes to training of key personnel (e.g., civil affairs, operators) to make them more effective in collecting needed data.


a.
Introduction


The paper begins by characterizing the goal and scope of the paper. As a foundation, we characterize the nature of the data problem to support analysts. That is followed by a discussion of the data workshop that was convened at the National Defense University (NDU) in the fall of 2009. Subsequently, the paper identifies the next steps that might be taken to acquire the data needed by the analysis community. The paper concludes with an Appendix that summarizes some of the insights on data needs that were developed during the course of the NDU workshop.


b.
Goal and Scope


The goal of this paper is to explore the data needs for analysts to support senior decision makers in the context of Irregular Warfare (IW) and Stability, Security, Transition, and Reconstruction (SSTR) operations. The paper has been restricted in two key dimensions. First, the paper focuses on the data issues associated with the Afghanistan-Pakistan (AFPAK) Area of Responsibility (AoR). Second, the deliberations begin with the strategic questions posed by MG Flynn, J2, ISAF.

C.
The Nature of the Problem


Over the past two years, there have been a number of workshops, conferences, and studies about the challenge of providing IW data for the analyst. This section briefly summarizes some of the major findings and recommendations from those events. The section begins with observations made by Dr. Michael Bauman, Director of the Training and Doctrine Command Analysis Center (TRAC). That is followed by brief overviews of the insights developed at the workshops sponsored by the Military Operations Research Society (MORS), the Human, Social, Cultural Behavior (HSCB) workshops, IW studies, and NATO-sponsored conferences.

C.1 
Bauman Insights

Key insights on the IW data problem were provided by Dr. Michael Bauman In a recent interview (Bauman 2009) on the data problem. 


· “The US military’s data collection efforts are in need of serious reform.”


· “Data collection is a cottage industry. We really don’t have a coherent program for gathering data in-theater, which, in my opinion, is missing a tremendous opportunity.”


· “There are a lot of people out there who believe that the data is out there, and all we have to do is analyze it. That’s not true.”


· “The data is incomplete in many instances, in terms of the context in which the data was collected, or what the consequences were.”


Many of these points were identified in recent meetings (see below).


C.2
MORS Workshops

In December 2007, MORS convened a workshop at the Naval Postgraduate School (NPS), Monterey, CA. At the workshop it was noted that there is a need to cope with data challenges with respect to social environmental data and  “on the ground” human intelligence (HUMINT) data. Subsequently, MORS convened a workshop at Tampa in the Spring 2009. At that meeting, it was noted that it was vital to Identify, create, and sustain credible IW data for the analyst. In addition, MORS is planning to re-address the question at a workshop in the Spring 2010 (see below). That workshop will address the question of metrics, assessment, and needed data.

C.3 
HSCB Workshops

The Center for Technology and National Security Policy (CTNSP), NDU, convened two workshops to address key analysis issues for HSCB issues. Those workshops served to decompose the problem and provide, inter alia, key data needs. 

Figure 1 depicts the twelve areas where the HSCB workshop I identified key needs. These needs can be aggregated into groups that reflect the stakeholders that have the primary responsibility.


The process begins with the representative questions that are raised by the users. These questions can be decomposed into those that are posed by senior decision makers (e.g., appropriate for a future Quadrennial Defense Review) and operational users that seek to formulate and select preferred courses of action (COAs). For this paper, the strategic questions posed by MG Flynn, CJ2, ISAF, will be employed as a point of departure (see below).
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Figure 1. Decomposing the IW Problem


The NDU workshop participants identified three basic data issues. First, they observed that existing IW data sets are diffused, difficult to find and access. Second, the data lack the necessary information to support analysis (e.g., adequate metadata, indications of pedigree). Finally, they observed that data are rarely ready for use; they require clean up, conversion to fit current needs.


To address these issues, the workshop participants identified six key themes for data needs. First, there is a need to develop appropriate IW taxonomies and ontologies. Second, it was observed that there is a need to implement efforts to tailor IW data to satisfy the intended purposes. Third, it is important to perform and record data verification and validation (V&V) efforts (e.g., integrity, consistency, reliability, source) as metadata. Fourth, it is vital to avoid “stale” data. Thus, there is a need to update local and national data, with appropriate periodicity. Fifth, the complexity of the questions requires that we capture data capabilities in many dimensions. As a partial listing, we need data in the areas of the environment, medical, attitudes, affiliations, and legal systems. Finally, given the dispersion of the data, it was recommended that we perform an assessment of the desirability of a Federated IW Data Repository.  That study should address a variety of issues including classification, access, open source data, legal, granularity, qualitative data, maintenance, and dissemination.

Consistent with the questions posed by senior decision makers (see Table 1 below), there is a need to collect and organize the data of interest. It is anticipated that all of the stakeholders will be involved in this area for the lifetime of this program. As examples, social scientists will provide data on the Human Terrain, operations analysts will play a key role in generating relevant scenarios and vignettes, and the users will provide appropriate contextual data. It is anticipated that eventually this data collection and organization activity will evolve into a knowledge management task.


From a social scientist perspective, they will play a major role in clarifying key definitions, pursuing basic research on IW, developing theories for key issues, and developing meaningful Political, Military, Economic, Social, Infrastructure, and Information (PMESII) Measures of Merit (MoMs). Of course, all the other stakeholders will be involved in these needs, as well.


From an operations analyst perspective, the primary areas of responsibility will be in the development of tools (to include representation in tools and characterization of the ability to explore outcomes) and the design of experiments.


Finally, the users will play a major role in participating in the verification, validation, and accreditation (VV&A) of the products, educating and training of the stakeholders, and supporting outreach (e.g., transitioning IW products to the operational user).

Subsequently, a conference on HSCB Focus 2010 was held in Chantilly, VA, in July 2009. To summarize the data insights that were developed at that event, Dr. Jeff Morrison, CTTSO/TSWG, made the following observations at the conclusion of the conference:


· Useful models need good, reliable data, therefore good data is the key to solving the HSCB problem!


· Data interoperability is a must!

· Model development and data collection take time (and will evolve asynchronously)


· Don’t forget the Users!


C.4 
TRAC Studies

Consistent with that theme, TRAC led a study to identify the major gaps associated with IW analyses. Ultimately, they identified the major gaps that gave rise to substantial risks for the analysis community. These risks focused on areas that gave rise to substantial consequences (e.g., catastrophic or critical) that arose frequently. Of these gaps, 34 of the 35 gaps were attributable to a lack of credible data while 20 of the 35 gaps required at least some “soft science” solutions. Subsequently, they initiated an IW Working Group to systematically address the challenges associated with IW analyses.


In addition, an IW conference was held in August 2009 to consider all aspects of IW analyses. The break-out group on assessment was chaired by COL Tom Ciopppa, Military Deputy to Dr. Bauman. That meeting noted that data are fragmented, disjointed, and not well organized and managed. As a potential solution, it was recommended that we establish and resource a comprehensive Army data-management program that is not solely focused on lethality.

C.5 
NATO Studies

In March 2009, NATO SAS-071 was convened in Ottobrun, Germany. Working Group 6, on Strategic IW, recommended that we encourage ISAF to collect relevant data needed for evolving tools. In addition, we need to ensure that existing data bases are updated periodically to ensure that they are complete, comprehensive, and relevant. The overall conference concluded that NATO should enhance the data that are available to support IW analyses.

D.
NDU Workshop on Data


This section of the paper briefly summarizes the Data Workshop that was held at NDU on November 17, 2009. The purpose of the workshop was to develop recommendations for the IW M&S Senior Coordinating Group (SCG) on how to mitigate key IW data gaps for analysis. To accomplish that goal, 51 Subject Matter Experts (SMEs) were assembled. These included 28 representatives from the Department of Defense, 17 representatives from industry, four members from the Interagency, and two members from non-profit organizations. 

To achieve that objective, the workshop began by providing presentations of key operational data systems. Subsequently, we convened breakout groups to address discrete issues.

Figure 2 characterizes the approach that was employed during the workshop. Since this was the first in a series of workshops, attention was focused on characterizing the “as is” operational data architecture, assessing key strategic questions, identifying data needs, and characterizing current capabilities. These included presentations on Joint Data System (JDS) perspective / Nature of the Problem; Unrestricted Warfare Analysis Center (UWAC) ; SKOPE; Civil Affairs Operating System (CAOS); Human Terrain System; Humanitarian Information Unit (HIU); Combined Information Data Network Exchange (CIDNE); and Tactical Ground Reporting (TIGR). The remainder of the approach will be pursued in future workshops.
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Figure 2. Approach to the Problem


Based on the presentations and the subsequent discussion, It was concluded that data on AFPAK are distributed among a number of different stove-piped sources in a variety of structured and unstructured formats with no clear standards or intended purposes. The participants at the workshop observed that there is a lack of data sharing; fragmented situational awareness; non-optimal decision making; and increased costs in terms of resources, assets, credibility, and lives.

As can be seen in Figure 3, there are “islands” of data that characterize the existing architecture. For example, one can discern separate systems and processes that characterize the DoD (e.g., CIDNE, which collects operational reports), Interagency participants (e.g., HIU of the Department of State), and international entities. Many of the supporting data systems associated with the participants and their processes are non-interoperable. Furthermore, participating entities pursue concepts of operation that exacerbate the problem. For example, selected Human Terrain Teams (HTTs) enter their data into the SIPRNET to facilitate interaction with the Brigade Combat Teams. However, most of the HTT data is unclassified. Thus, it is extremely difficult to share that data with Interagency officials, International partners, or non-governmental organizations (NGOs). In addition, many of the data providers input qualitative data. However, creators of IW M&S require quantitative data to achieve their objectives. It is unclear what non-parametric statistical techniques might be employed to support that transformation of selected qualitative data into a more quantitative format. 
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Figure 3. Manifestations of the Data Problem


To focus the discussions, the workshop was subdivided into three break-out groups. Each group was given several of MG Flynn’s questions to analyze to identify the data that were needed to illuminate the questions (see Table 1).  Based on a clustering algorithm, MG Flynn’s questions were aggregated into six broad categories: narrative shaping and strategic communication; economics and corruption; security; situational awareness; Taliban-related; and rule of law, norm building, and governance. Specific insights on the data needed to address selected questions are provided in the Appendix.

Table 1. MG Flynn’s Questions
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Narrative Shaping & Strategic Communication•How is the population informed?•How do they like to be informed?•How does the population respond to strategic communication?•What narratives do the Taliban use to get popular support?Economics and Corruption•What is the importance of the poppy trade to the Afghan population?•How does the government corruption impact the Afghan population and its relation to drug trade?Security•How will the population respond to the new Stryker brigade that is coming in?


•How does the population respond to basic force maneuvering?


Situational Awareness•How does the population interact as tribes?•How much of the population is affected, disaffected?•What are the preferences of people on a district level?•What efforts have historically been successful on a district level?•What kind of development do people prefer on a district level?•What part of the population is disaffected and why? What is the percentage?•How can we visualize/layer data from geography through population dynamics?Taliban-related•How does the population relate to the Taliban as an organization,  not as an insurgency? (e.g., how they operate and how people are affected by them as an organization)•How do we split the population away from the Taliban, especially in Helmand /Kandahar?•What tactics of intimidation do they use?Rule of Law, Norm Building, and Governance•How does the population define rule of law and justice?•How can we institute a sense of rule of law?•How can the central government more effectively dole out justice to be as swift as Sharia law?•How does the population accept and see governance?•How is the population’s historical response to governance, not being governed, and warlordism?
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During the course of the Data Workshop, four major gaps were identified and explored. First, it appears as if operational data will not fully support the needs of analysts in addressing strategic questions. It was observed that operational data are at the tactical level while many of the key policy issues are at the strategic level. Furthermore, there is an urgent need for standards (e.g., metadata). Finally, clarification is needed on data structure, in transforming from qualitative to quantitative data.

Second, steps should be taken to enhance data discovery. As a foundation, it was noted that needed data are widely distributed (e.g., DoD, Interagency, international, NGO). To deal with this issue, it must be recognized that this is a multidisciplinary, Whole of Society issue.

Third, there is a major issue in integrating the available data. It is postulated that an organization is needed to take responsibility for the data needed to support analysis. This organization should take the lead in developing needed ontologies, metadata, and pedigree. Note that the security classification issue is of particular concern.

Finally, the credibility issue must be addressed. There is little effort to V&V the key data (e.g., accuracy, currency). Consequently, discipline is required to plan for and execute V&V and to implement a configuration control board.

E.
Potential Next Steps


This section of the paper provides observations on key data needs, identifies the intellectual capital that is needed to address the key issues, provides key thoughts on an appropriate approach, and suggests an organizational approach for further data development. In addition, it briefly assesses MG Flynn’s proposal to revise the intelligence process and it identifies selected forthcoming data activities.


E. 1 
Foundation


As a foundation, there is a need to create a data base that characterizes the population for the AoR. Elements of the data base should include, inter alia, demographics (district-level description of age, gender, family size, tribal allegiance, language, literacy) and projections (e.g., current, future; lasting factors versus transient factors (e.g., level of affectation)).                                                                


To address the issues posed by MG Flynn, it is necessary to assemble a broad array of intellectual capital. Table 2 briefly summarizes the capabilities that are needed.

Table 2. Key Intellectual Capital
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Narrative Shaping 
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•Anthropologists


•Political Scientists


•Sociologists


•Demographers


•Psychologists


Economics & 


Corruption


•Experts on drug societies


•Economists (focus on corruption)


Security


•Military analysts


•Social scientists


Situation 


Awareness


•Geographic Information System (GIS) specialist


Taliban-related


•Experts on Taliban organization, narratives, tactics


•Experts on criminality


Rule of Law, 


Governance


•Experts on Sharialaw; judges; attorneys


•Social scientists


•Journalists




Subsequently, the following approach might be pursued. First, assemble a multi-disciplinary team drawing on the intellectual capital cited in Table 2. If organic capability is not available, it is necessary to develop a reach-back capability.


Second, begin to evolve a data base, drawing on inputs from a variety of data sources. These might include inputs from CIDNE, TIGR, CIA information, HTT, Provisional Reconstruction Teams (PRTs), Interagency results (e.g., HIU), and results of academic studies (e.g., demographers). Third, the team should generate a family of MoMs  (and the linkage among them). These should include consideration of Measures of Performance, Measure of Effectiveness, and Measures of Policy Effectiveness. Fourth, the team should take advantage of prior analyses and studies. For example, the team might exploit the insights that were developed using the Synthetic Evaluation and Analysis System (SEAS) used in Afghanistan. With this foundation, the multi-disciplinary team should conduct a seminar game (e.g., the Peace Support Operations Model (PSOM)) to develop broad insights into MG Flynn’s questions.

Next, the multi-disciplinary team might selectively bring to bear specific tools to address narrower and deeper issues. For example, one of MG Flynn’s questions dealt with the challenges associated with strategic communication. To address that issue, it might be appropriate to apply one or more of the competing Strategic Communication tools (e.g., Information Operations (IO) Joint Munitions Effectiveness Manual (JMEM) Effectiveness of Psychological Influence Calculator (EPIC); Soar Technology Target Audience Simulation Kit for Influence Operations (TASK – IO); Oak Ridge National Laboratory (ORNL) Cultural & Media Influence on Opinion (CAMIO); Simulex SEAS; Conflict Modeling, Planning & Outcomes Experimentation (COMPOEX) (media model)), surveys or polls (e.g., Gallup); and  system dynamic models.


Once results have been generated from selected tools, it is probably useful to replay the seminar game (e.g., using a game-M&S-game paradigm) and to explore sensitivities.  As necessary, it is important to initiate research to address specific questions (probably in the areas of social sciences).

The multi-disciplinary team should initiate verification and verification (V&V) at the outset of the initiative and continue the effort for the life of the studies. This requires plans for VV&A and a disciplined process for recording the results. The V&V results should be captured by simple tools (e.g., spider diagrams) to help the accreditor make an appropriate decision. Note that a prior International Command and Control Research and Technology Symposium (ICCRTS) paper on VV&A for societal models should be followed to prepare to perform this vital function (ICCRTS 2008).


Figure  4 provides a point of departure for organizing to acquire and sustain the data needed by analysts. Four points are clear from this organizational chart. First, it is very big job! Second, there is a need for appropriate visualization tools. Third, it will be quite difficult to cope with structured and unstructured data. Finally, many issues remain to be resolved (e.g., metadata, pedigree, classification).
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Figure 4. Organization Chart for Data Development


E.2
MG Flynn’s Proposal


Recently, MG Flynn, et al (Reference) issued a report entitled “Fixing Intelligence: A Blueprint for Making Intelligence Relevant in Afghanistan”. This report has serious implications for the data that are needed to support future analyses in Afghanistan.


The report notes that the current focus of intelligence is the enemy (i.e., “the overwhelming majority of collection efforts and analytical brainpower (is) on insurgent groups”). Accordingly, these efforts focus on the kinetic dimension of warfare (e.g., improvised explosive devices (IEDs)). In contrast to that approach, MG Flynn suggests that the proposed focus of analysts should be “the people of Afghanistan”. He observes that “our intelligence apparatus still finds itself unable to answer fundamental questions about the environment in which we operate and the people we are trying to protect and persuade (note: see Table )” Thus, he recommends that analyses be expanded to address the non-kinetic dimension of the operation.


Consistent with those observations, the report proposes changes in the data collection and assessment processes. At the “grass roots” (battalion level) it is recommended that analysts will divide their work along geographic lines vice functional lines. In this proposal, analysts will write comprehensive district assessments (e.g., subsuming governance, development, and stability factors) vice functional assessments. To support these analyses, the analysts will draw on a rich source of data, most of which is open source. These data sources include civil affairs officers, Provisional Reconstruction Teams (PRTs), atmospheric teams, Afghan liaison officers, female engagement teams, willing Non-governmental teams, United Nations officials, psychological operations teams, Human Terrain Teams (HTTs), and infantry battalions.


MG Flynn’s report envisions these “grass root” efforts working in conjunction with higher echelon, regional groups. At the regional level, the focus will be on “information brokers”. These “brokers” will organize and disseminate all reports and data gathered at the “grass roots” level. They would work in Stability Operations Information Centers (SOICs), in part to deal with classification issues. They recommend that the SOICs be staffed with “the best, most extroverted and hungriest analysts”.


This provocative concept raises key questions about the analysis teams and the data that the analysis teams should collect. With respect to the analysis team, at least four questions must be addressed. First, do we need an interdisciplinary team (e.g., mix of operations analysts and social scientists)? Second, what should be the composition of the team? Third, what education and training are needed by the analysis team? Note that the report suggests a week of activity in Kabul, but that may not be sufficient. Finally, is it appropriate to implement a reach-back capability to support organic capabilities?


Similarly, there are basic questions about the data that the analysis team should collect. A partial list of questions about the data includes the following. First, should we develop a template for the needed data? What metadata are needed to make sense of the collected data? How does the regional level integrate across the sources of data cited above? How does the collected data relate to the MoMs called out by the senior decision makers? Finally, what MoMs should be used (ranging from Measures of Performance to Measures of Policy Effectiveness).


Overall, the report concludes that “the highly complex environment in Afghanistan requires an adaptive way of thinking and operating”. However, it is important to assess the concept with pilot efforts to explore the various options and to ensure that the concept is sufficiently adaptable.


E.3
Forthcoming Data Activities


There are several planned activities that may contribute substantially to the quality of Afghanistan data that are available to the analyst.


Afghanistan Consolidated Knowledge System (ACK-SYS) 


There are at least five polls that are being conducted in Afghanistan by different agencies. At the request of NATO ISAF, the Center for Army Analysis (CAA) is creating a data base that consolidates the available polling data so that all contributing agencies can use the data for analyses. In the longer term, this data base will be expanded to include data types outside of the polling data. Residual issues include the data base interface, the releasability of data, the verification of the data, and the integration with other data bases (e.g., CIDNE).


Third MORS Workshop on Irregular Warfare


In April 2010, MORS is convening a third workshop on Irregular Warfare entitled “Improving Analytical Support to the Warfighter: Campaign Assessments, Operational Analysis, and Data Management”. As noted in the Terms of Reference for the workshop “Unfortunately, the data that are collected, stored, and analyzed are not always the right or best data to answer the challenging questions commanders are asking.  In many cases, analysts are asked by commanders to provide assessments of the IW campaign, without having the necessary data.  While our analysts do their best with what they have, the OR community could probably do a better job of influencing the whole data management process.” Consistent with that statement, working group 1 will consider the subject of data and knowledge management. Among its responsibilities, that working group will address the following questions:


· What are some of the historical mistakes and oversights in the area of data and knowledge management? How do we overcome these?


· How are data sources linked and integrated?


Tactical Conflict Assessment and Planning Framework (TCAPF)


In 2006, USAID began the program entitled “Tactical Conflict Assessment and Planning Framework (TCAPF)”. The overall objective of the program was to overcome key obstacles to stabilization. As an example, the program was designed to deal with the lack of a standardized assessment process and the failure to make the local population the focal point.


To address these obstacles, the program is designed around four key questions. In each case, the questions are to be followed by “why?” The four key questions are as follows:


· Has the number of people in the village changed in the last year?


· What are the most important problems facing the village?


· Who do you believe can solve your problems?


· What should be done first to help the village?


f.
Summary


There is broad agreement that we have a major IW data problem for the analysts. To address this problem, it is recommended that MG Flynn’s questions be aggregated into clusters. To address these clusters, multidisciplinary teams are needed. As a point of departure, an immediate effort is needed to evolve a data base that characterizes the population for the AoR. Subsequently, a methodology is suggested that features meaningful MoMs, mining prior analyses (e.g., SEAS results), pursuing a game-M&S-game paradigm, applying appropriate M&S tools, and pursuing research to deal with key unresolved issues. Subsequently, the process should be iterated to converge to answers that are useful for senior decision makers.


To address the residual issues, several additional workshops are planned on the subject. In the next workshop, International participation will be a key to provide a broader view of the problem.

Appendix: Taliban-Related Issues


To illustrate the assessment of MG Flynn’s questions, the following section discusses the deliberations for Taliban-related issues that occurred at the NDU workshop on data.


The breakout group for the “Taliban-related” questions decided that the title for this set of questions was inappropriate. Given the nature of the heterogeneous adversaries, it was suggested that the questions be re-labeled as “Adversary Related”. This reflects that fact that the Pakistan Taliban are seeking world-wide jihad while the Afghanistan Taliban seek to “get NATO forces out” of the country. In addition, there is great concern about the criminal element that is infecting Afghanistan (e.g., drug-related). Their objective is to maximize profits and their modus operandi is not well studied.


One of the challenges posed by MG Flynn was to get a non-western perspective. To achieve that objective, the breakout group concluded that it was important to conduct more open-ended social science-oriented studies. It was observed that Afghans are “survey fatigued”. Thus, it was recommended that we use alternative techniques to get them to express their perspectives. For example, it might be useful to get them to write poems to communicate their views. In addition, it was important to get alternative perspectives from the other stakeholders. For example, it was noted that it would be useful to get an annotated map of the situation as seen by NGOs and nations from ISAF.


The “bottom line” is that our current techniques are probably providing the wrong answers. It was emphasized that Afghanis are unlikely to tell the truth until they know you.


The breakout group observed that there are several key areas to address. First, it was emphasized that aggregating across Afghanistan geography is probably not very useful. It is important to understand the local situation (note: as stated by the group: “one size does not fit all”). Second, it would be very useful to augment our assessment by conducting Social Network Analyses. For example, we might focus on those individuals that appear in the periphery of the analyses, vice the individuals who are closest to the key subjects.  Finally, it was observed that we need to conduct social science studies of key rituals (e.g., marriage, death, labor exchange). These studies would suggest innovate solutions to many of our problems. For example, marriage rites are normally conducted among cousins with associated bridal costs. The Taliban could provide alternative options that might be more attractive to the younger generation.


In addition, there was a discussion about the residual issues associated with HTTs. Typically, these HTTs are extremely responsive to the Commanders of Brigade Combat Teams. Consequently, they tend to be very problem focused, very constrained, and tend to lack a long term research agenda. However, it was noted that all HTTs are different.

Ultimately the following approach was proposed to address MG Flynn’s questions. First, it is necessary to get scientists involved in long term studies. Second, we need to pursue a new way of doing ethnography during warfare. Third, we need to implement new ways of training participants in data gathering. For example, new training techniques are needed for Civil Affairs personnel and key operators. As a point of departure, we should develop lessons learned from the NPS data collection effort in Bangladesh.

Disclaimer: The views expressed in this article are those of the authors and do not reflect the official policy or position of the National Defense University, the Department of Defense or the U.S. Government. All information and sources for this paper were drawn from unclassified materials.
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The above figure characterizes the approach that was employed during the workshop. Since this was the first in a series of workshops, attention was focused on characterizing the “as is” data architecture, assessing key strategic questions, identifying data needs, and characterizing current capabilities. These included presentations on Joint Data System (JDS) perspective/Nature of the Problem; Unrestricted Warfare Analysis Center (UWAC); ;SKOPE; Civil Affairs Operating System (CAOS); Human Terrain System; Humanitarian Information Unit (HIU); Combined Information Data Network Exchange (CIDNE); and Tactical Ground Reporting (TIGR). The remainder of the approach will be pursued in future workshops.
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			Area			Key Questions


			Narrative Shaping & Strategic Communication			How is the population informed?
How do they like to be informed?
How does the population respond to strategic communication?
What narratives do the Taliban use to get popular support?


			Economics and Corruption			What is the importance of the poppy trade to the Afghan population?
How does the government corruption impact the Afghan population and its relation to drug trade?


			Security			How will the population respond to the new Stryker brigade that is coming in?
How does the population respond to basic force maneuvering?


			Situational Awareness			How does the population interact as tribes?
How much of the population is affected, disaffected?
What are the preferences of people on a district level?
What efforts have historically been successful on a district level?
What kind of development do people prefer on a district level?
What part of the population is disaffected and why? What is the percentage?
How can we visualize/layer data from geography through population dynamics?


			Taliban-related			How does the population relate to the Taliban as an organization,  not as an insurgency? 
(e.g., how they operate and how people are affected by them as an organization)
How do we split the population away from the Taliban, especially in Helmand /Kandahar?
What tactics of intimidation do they use?


			Rule of Law, Norm Building, and Governance			How does the population define rule of law and justice?
How can we institute a sense of rule of law?
How can the central government more effectively dole out justice to be as swift as Sharia law?
How does the population accept and see governance?
How is the population’s historical response to governance, not being governed, and warlordism?
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To focus the discussions, the workshop was subdivided into three break-out groups. Each group was given several of MG Flynn’s questions to analyze to discern that data that were needed to illuminate the questions. Specific insights on the data needed to address the questions are provided in the Appendices.
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2. Data


The HSCB data problem is extremely challenging. As noted above, there are many issues that must be overcome if timely, complete, usable data are to be available to the key stakeholders. The figure suggests some of the challenges that confront the analysis community.
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abstract

As Sir Rupert Smith emphasizes we are facing a paradigm change. Most of current conflicts are fought “amongst population”, war as an armed struggle between Nation-States is fading. Thus the ability to understand the human terrain becomes a key factor towards stabilization of a given country. How to take into account this critical change in a defence transformation endeavour ? Our paper will stress the need to develop new tools in order to implement human sciences teachings in the defence field (conflict's analysis and forces format). We contend that a relevant human sciences concept must be formalized enough to enable Modelling & Simulation (M&S) efforts and intelligence data organisation. This modelling analysis foster the knowledge of insurgent’s behaviour and can be implemented to help “rational decision making” at all levels.


In this paper we will argue that  a classical human science concept, the traditional to modern transition, may be formalized enough to deliver an operational concept, relevant for Coin’s stakeholders on the field : tribe building. It is noteworthy that we are not only intervening in failed states contexts but also in "detribalize" areas, "eroded by conflict or population displacement". In this case, our article states the need to repair tribal structures first. It is an interesting paradox that restoring the traditional fabric of society is the best way to achieve peaceful transitions toward democracy.


In conclusion, this article proposes to carry state & nation building activities coherently with tribe building activities.

Introduction


As a result of the current trend for wars fought “amongst the population”
, the professional study of population during war is growing

: human science disciplines such as economics, sociology, political sciences, anthropology and religious studies are becoming increasingly relevant. An important example is the Human Terrain System (HTS), a deployment of 150 anthropologists in Afghanistan and Iraq designed to help field commanders with intelligence collection. Another example is the Counter-Insurgency (COIN) field manual FM 3-24, partly written by McFate, a professional anthropologist
, and the Stability field manual FM 3-07 and UK JDP 3-40 inspired by political science works such as Fukuyama's.


The use of research from human sciences is problematic for a COIN stakeholder, as the field fails to render fully conclusive evidence (as there is in electronics or aerodynamics for example). Indeed, human sciences are always crippled by the impossibility of performing reproducible experiments
, and seemingly lack clearly delineated concepts.


Therefore, when selecting a relevant human sciences concept for a COIN stakeholder, the following criteria are proposed:


· The concept should have proven fruitfulness, having defined new areas of research, discussed by social scientists. 


· The concept’s assumptions should be testable in the field. One should be able to verify a concept by interviewing individuals who are the object of the concept.


· The concept should deliver operational concepts for COIN's stakeholders.


· The concept should be formalized to such an extent as to enable Modelling & Simulation (M&S) efforts and intelligence data organisation
.


This article is such a contribution. It introduces an anthropological concept: the traditional to modern transition and how it can prove useful in understanding the different reactions of traditional populations facing modern influence. It is noteworthy that we are not only intervening in the context of failed states but also in "detribalized" areas, "eroded by conflict or population displacement"
. Thus, this article proposes the need to repair tribal structures first through tribe building, an operational concept to help societies at the traditional stage proceed peacefully toward modernity, whilst ensuring that this happens in cohesion with state and nation building activities. 


The traditional to modern concept


Traditional to Modern Metrics

A society holds traditional and modern traits. Whilst some are more obvious than others, all can be helpful for understanding tensions between traditional and modern forces. Measurements can be collected by COIN's stakeholders by interviewing host nation individuals. This section presents some of those metrics.


Birth Rate

One major non-ambiguous metric of modernity is birth rate. A high birth rate (6 or above) is a generally accepted trait of pre-modern society. A moderate birth rate (around 2) does not, however, automatically indicate a modern society but does provide a reliable harbinger. 


Asking an individual how many children he or she has or wants may give an insight into their adherence to modern values. Fewer children will enable the parent to invest time, attention and money into their upbringing as well as ensure good education. However, as we will see, their upbringing will not necessarily lead to an adherence to modern values. 


Illiteracy vs Literacy

A statistical indicator of modernity is the literacy level. For example, compared to Iraq
 ( 74,1 %), China (90,9 %) or India (61 %), Afghanistan is backward (28,1 %). Literacy is an enabler of modern phenomena such as formal justice, capitalism, taxes and press.


Worker Productivity

A common definition of modernity is productivity per worker: productivity is higher in Germany than in Amazonian's tribes
. This metric can mesured by analysing the degree of workers's specialization. Notice that productivity is strongly related to modern factors such as literacy, technical innovation and the ability of a society to solve business disputes (judicial security). 


Tribe Solidarity vs. Individualism

For a visitor from a modern society, some traits of traditional societies such as tribal solidarity are difficult to grasp.


In traditional societies, inter-individual relations are based on the respect of a code of honour that defines the group
. As long as it is respected, people can behave freely. This code is enforced at the family, clan, tribe or ethnic levels and within each, members "honour" their group by following the code. In tribe intensive societies, a clan is responsible for every member and vice versa. It is difficult to ask a tribe member to behave in a certain way if his tribe will not endorse him. (The Elders’ role is to decide whether certain behaviour is respectful of the code of honour). It is therefore recommended to address a tribe or a clan as a cohesive group
, as decisions are made collectively.


Conversely, seen from a traditional society, individualism can be equally foreign. Our societies are based on the juridical standard of individual responsibility wherein adults take sole responsibility for their actions.


Traditional and Modern Value Spaces

Weber at the end of the 19th century argues that a traditional society sees its multiple domains of activity: religion, morality, politics, justice, economy, and sexuality as closely linked. All of these domains are encompassed by common values that shape, to a certain extent, the behaviour of individuals. For instance, in Afghanistan, the code of honour of true pashtun, "pashtunwali," incorporates all those domains; it implies "courage, revenge, hospitality, generosity to a defeated enemy, [...]heeding the voice of the jirga [...]and the protection of women’s honour"
.


On the other hand, a modern society is characterised by the division of all domains of activities into separate systems, each with its own specific value, for instance: 


· Public policy: around the 15th century in Europe, the policy domain slowly became independent from religion. Thus, politics has been isolated from morality or religion for many centuries
.


· Economy: this domain is not only dedicated to satisfaction of the community's needs but also to accumulation of wealth for its own sake.


· Higher education: university as an institution independent from religion or politics is a clear marker of a modern society.


It would, however, be a mistake for each COIN stakeholder on the field to grasp such social change as representative of a transition from traditional to modern society, as each society simultaneously maintains both traditional and modern organisation of values. 


As described in the following figure, the concept can be modelled by stipulating that in all societies, individuals are bound by "value spaces"
. A traditional society is characterized by a large traditional value space and small modern value spaces. Conversely, a modern society is characterized by a moderate or small traditional space and numerous modern spaces of significant sizes.
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Figure 1 : Schematic view of the traditional to modern concept. The population of the society in transition towards modernity is composed of individuals. (Each plain disk at the top of the figure represents an individual). According to its activity, each individual is within a traditional or a modern space. (Position within the space is depicted by the tip of the arrow which extends from the individual). More precisely, when an individual is within a space, he is an implicit adherent to a particular value, related, for example, to his cast or rank. (Values are represented as empty disks). A system of values enables an individual to position himself at remote or proximate distance from other individuals. (Relations between individuals are represented as bi-directional arrows, bold and dotted in the case where relations are of a remote type, bold and plain bi-directional arrows where they are of a proximate type). Each value system enables a hierarchy, a distance production mechanism that is essential for the stability of a group of individuals. An important anthropological concept emerges that, within the traditional space, all values are coordinated (for example religion and law). However, at other moments, the same individual can be situated in a modern space, one in which activities are innovative to tradition. (For example, education for girls, capitalist economy, job with a salary, etc.). Modern spaces are plural because they each carry value systems that are independent from one space to the other (for example between the modern space of economy and the modern space of democratic politics). Changes are results of internal dynamics and exterior influences.


Rationalization Process

Having outlined the differences between traditional and modern value spaces our next step is to propose a transition model of traditional to modern dynamics.


The emergence and growth of modern spaces within a traditional society is the result of a rationalization process. (The term was coined by Weber). A modern value space emerges or grows because people have come to believe that it is more efficient. In terms of economics, the purpose is to accumulate wealth: a purpose autonomous from any local customs or religious beliefs.


Likewise, rationalization of political power is the creation of a value space that is independent from religion or morality: it is the search for how to conquer, wield and maintain political power. It may give rise to sovereignty of political leaders over traditional authorities (elders, religious leaders) but also to a bureaucratic administration. This last feature is closely related to modernity. As emphasized by Weber, modern life is impossible without mass administration
. The man wielding administrative power is therefore no longer the owner of a public charge following the group code of honour. He faces his commitments only by enforcing impersonal and rational rules, according to his specialized training
. 


Thus, in their concern regarding state building, COIN stakeholders will have to face the problematic issue that it is generally not customary for a chief to administrate over his people
. His aim is rather to maintain personal relationships with his subjects using ability to interpret tradition or trade "political goods" for loyalty
.


A question arises in countries affected by unrest: should an administrative power coming from a central government be the main ruler? Some argue that every population has a desire to be administrated
. However, because in some tribal areas the rationalization process has not yet occurred, the potential efficiency of an administration (search for an efficient and equal treatment of citizens) is questionable.


This is not to say that tribes are devoid of organization. The major expectation in weakened tribal areas is justice. For instance, the success of the Taliban movement is ascribed to their proficiency in giving fair justice to people
. If many people living in a tribal area do not want to be ruled by a centralized administration they expect that their quarrels can be settled quickly by tribunals enforcing traditional values. After restoration of public order, fair justice administration seems to be the first expectation of the people
. 


The account of this rationalization process helps to debunk a common misunderstanding: that a nation building's strategy presupposes a modern interpretation of society, related to the rationalization of politics. A traditional society doesn't perceive itself as a nation because political actions are not yet an autonomous field of values
. A national vision arises in individualist ideology when people try to convert all social relations in links of citizenship between individuals
. It is erroneous to think that all traditional societies will and are becoming nations.


Individualistic and Holistic Values

Louis Dumont, a French anthropologist, tackles the notion of values from a different stance, highlighting the idea that man can interpret social life from an either holistic or individualistic perspective. A holistic ideology promotes the perception of society as a whole, within which values such as, kinship, hierarchy, solidarity, and redistribution play a vital role. On the contrary, in an individualistic ideology, society is perceived as composed of isolated individuals; characterized by liberty, self reliance, freedom of consciousness, and social climbing
. 


One must nevertheless understand that neither ideology alone can be used to accurately describe the social construction of each society. In a traditional society with a powerful holistic ideology, some individualistic values will always remain. (Some traditional societies tolerate forms of religious individualism, such as the "renonceur" in India, or promote self reliance, as in pashtunwali or in Bedouin's tribes
). Likewise, in a modern society built on an individualistic ideology, some aspects of social life will still be ruled by holistic values (for instance, kinship values, social justice). It is therefore futile to explain the new social conflicts as a result of the clash between antagonistic traditional and modern values. In India, for example, holistic values at the core of the caste system coexist with the expansion of democracy and a market economy
. Moreover, those people who receive an occidental education view the caste ideology as a way to possess an honoured status, protecting them against an intensive social mobility working in others parts of society.

Non Violent Transitions

There are, fortunately, non-violent transitions to modernity. One example is the Somaliland, an autonomous northern area of Somalia. The relative stability amid an otherwise troubled environment is, according to local leaders, the result of a balance between traditional and modern political forces. There are two assemblies; one where each clan is represented and the other, an assembly of elected representatives. The Elder's assembly possesses more power than the elected assembly but it allows elected representatives to run state functions. In other words, the traditional value space gives room to modern value spaces through a rationalization process; a dynamic endorsed by the authorities (the elders) of traditional value spaces.


India provides another interesting example of a successful and balanced transition to modernity, and one which nevertheless maintains respect for tradition. In India, the traditional value space is the caste system. Whilst workers of different castes are willing to share labour space freed from traditional hierarchy, outside of the workplace caste system is inevitably present.


According to history and the traditional to modern concept, few cultural premises in a traditional society forbid a non-violent transition to modernity.


Violent Transitions and Totalitarian Reaction

Even if each transition is unique, a pattern emerges: many transitions to modernity involve the risk of violent uprisings. This risk can be explained by:


· Humiliation as the result of an overly fast transformation of the traditional space: individuals attached to traditional values are prone to violent reaction because they have lost their status. They expect to restore traditional society in order to recover their dignity.


· Frustration as the result of an overly slow transformation of the traditional space: individuals, especially youths, welcome modernity and are frustrated by the pace of growth of modern spaces. They are prone to provoking conflicts in order to accelerate the transition to modernity.


Both problems do coexist. They may be exacerbated by generational conflicts that occur in a tribal society (where elders hold most of the privileges), as the youth can be prone to fight either for higher traditional status or a modern way of life (As stated by Gluckman, those conflicts feed on the lack of opportunities related to low workers's specialization). But are such factors enough of a catalyst to unleash violence? It will later be seen that an ideological catalyst is needed for violence to erupt.


In order to recover the confidence in their society, a political movement will often propose, as indicated in the following figure, a complete restoration of social order with totalitarian values. Totalitarian values are different from modern or traditional values in that they cover all domains of activity, mirroring some traditional values through promotion of the idea that a cohesive society is being rebuilt ("everybody is included"). On the other hand, totalitarianism promotes equality among individuals, a message at odds with the implicit hierarchy of traditional values and societies. 
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Figure 2 : Schematic view of the traditional to modern concept with a totalitarian value space. A totalitarian value space can emerge within a weakened society. In typical totalitarian circumstances, the recently weakness of society is associated with a perceived hindrance from alien individuals: the "others". In order to restore weakened bonds between individuals, the totalitarian movement invents new bonds between individuals based on abstract values (in comparison with traditional social life). These values are said to be totalitarian because they are intended to govern all individuals requiring whole-heart allegiance. As indicated in the figure, those new inter-individuals bonds create conflicts (depicted by curved bi directional bonds) with individuals who are not adhere to totalitarian values.


Totalitarianism as a reaction to modernity embodies some contemporary features: it is literate and delivers an equalitarian message, stressing the new dignity offered to all. But its values are essentially opposed to those of both traditional and modern systems
. In other words, reaction to modernity is seldom about going back to traditional society, but about proposing a new order based on totalitarian values, destroying both individual liberty and traditional hierarchy.

People in a state of anomy
 can be drawn towards another sub type of totalitarianism: religious totalitarianism, an attempt to reunify a weakened society through abstract religious values, separate from social traditions. It will later be explained how these religious values, innocuous by themselves, have been transformed into totalitarian values capable of taking over the lives of individuals.


Stability and Secession in Tribal Societies

Our modern way of thinking may compel us to disregard the stability of a tribal society devoid of centralized institutions. Yet, as Max Gluckman argued, the cohesion of a traditional society depends on competing forms of allegiance that bind individuals
. As depicted in the following figure, it is because each individual is simultaneously obliged to belong to different kin groups and adhere to the interests of the resident group that feuds seldom break out.
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Figure 3: Gluckman schema of traditional inter-group feuds. Two individuals can be allied or opposed. Between groups, conflicts can erupt because there is an inter-individual feud (depicted as a curved double arrow). However, because groups possess many types of relationship, those inter-individual feuds rarely turn into inter-group violence. In the presented case, individuals A and B are in the same residence group and C and D are in others residence groups. B and D are in a troubled relationship but since A and C are in the same kin-group (they are brothers in law for instance), a conflict between A+B and C+D is unlikely to arise.


Kilcullen emphasizes that in Afghanistan, most pasthun are reluctant to engage themselves in blood-feuds
. Thus, it becomes clear that the Taliban’s aim is to create one main fake identity from existing opposite allegiances in order to exacerbate social quarrels, while, in a tribal society, it is impossible to expect a wholeheart allegiance from individuals
.

Replacing several forms of traditional allegiances with a single and exclusive identity is a well known modern tactic to arouse conflicts. In Iraq, AQ intended to trigger a civil war between Sunni and Shi'a by reducing the fabric of society to this abstract opposition. For it is not rare to see Iraqi tribes with both Sunni and Shi'a branches
; in a traditional society, identities are characterised by their non-fixity and complexity
.  Two individuals can be, for example, opposed as a result of antagonistic religious affiliations but be simultaneously allied if they belong to the same tribe.
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Figure 4: Inter-group violence after a totalitarian group takes hold. In this case, former inter- group relationships ruled by opposite allegiances are replaced with systematic conflicting relationships.


There is common concern that this type of "tribe building" acts more as a catalyst for the renewal of old clannish quarrels than as a solution to the problem. 


In a traditional society each individual comprehends and embraces the values of the group and this is why these societies, as Durkheim argued, are vulnerable to secessions. A band of young men unified by brotherhood of arms can split from the clan and establish a new authority elsewhere based on the same holistic values
. This secession process, made possible by holistic ideology is an internal dynamic of tribal society that can give rise to a warlord's domination. Tribes may then fall under the domination of warlords instead of reliable elders
. However, only altered traditional structures that leave individuals in a state of anomy-where they are no longer ruled by the authority of opposite allegiances-lead to endless conflicts
. 


It is a common assessment that the Taliban movement is not unified (Shura of Quetta, Haqqani network, warlord Hekmatyar's Islamic party, Mashud heers...)
. But tribal secessions and fundamentalist movement divisions are not led by the same dynamic. In religious contexts, the secession's principle is not holistic, based on common values, but individualist. It is actuated by the ability of the mollah 
 propounding, in order to build a separate identity, a new vision of classical beliefs
. 


The Taliban movement, as a totalitarian reaction coming from the pashtun tribes, is still ruled by two principles: tribal secession and fundamentalist division. This complexity undermines the ability to predict usual behavior.

Tribe building


Tribe building is a set of practices with a desired "end state": the smooth growth of modern value spaces endorsed by traditional authorities, and a rejection of totalitarian forces. This chapter outlines some of those practices, which should be performed with great care due to the difficulty of knowing a priori which modern space should be developed first, who the traditional authorities are or what the level of endorsement is.


Intelligence Preparation for the Battlefield

During interviews with individuals, adherence to traditional, modern or totalitarian values should be assessed. Note that it will occur that people express mixed feelings toward traditional or modern values. For instance, a totalitarian movement can use modern values, as formal democracy, to alter the fabric of traditional society.


Road Building

One of the highly advocated "hearts and minds" activities is to build roads in order to win the support of the population. But winning that support requires more than improving the population’s standard of living
. Counterinsurgents shouldn't take for granted that members of a given society are only interested in economic well being
, freedom of motion, and improvements of the living or working conditions, notably in landlocked areas
.


As Kilcullen points out, even if it shows COIN's long-term commitment, building a road, by itself, could have both positive and negative effects
. In a counterintuitive way, the main interest seems to be the restoration of the cohesion of traditional society, a "tribe building"
 activity. Road building achieves the restoration of tribal values such as clannish solidarity by, notably, helping elders to weave new forms of patronage
.


Traditional Patronage and Graft

Part of the popularity of the Taliban, and other extremist religious movements, relies on the rejection of bribery in traditional societies. But in their attempt to counter the Taliban's claims, COIN stakeholders must make a clear distinction between graft and patronage, a system where economy is encompassed by traditional values. At a local level, if a tribal elder uses his social position to concentrate wealth, it is to beget loyalties through distribution of goods. In that sense, graft, at the tribal level, is not pernicious and can be a good practice
. 


Inversely, if a non-tribal leader, representing the modern state at any level takes graft, (the money from poppy smuggling, for instance
), it is pure and simple theft because it will not be redistributed.


In this respect, Kilcullen quotes a critical example. In Afghanistan, president Karzaï unfortunately used such political goods trading in order to weaken the strong tribes ruling the south of the country. Men from outside the tribal organisation were promoted as provincial governors to maintain the president's tribe supremacy. As a result of this dubious strategy-using clientelism to erode the tribal structure-Kilcullen noticed that in the south, such social disorganisation
 strengthened the Taliban uprising. 


Strengthening Tribal Forces

A straightforward practice for COIN's stakeholders to carry out is the strengthening of tribal forces in order to recover the first stage of social order. It should be done without losing sight of their feasible reintegration into more centralized institutions
 as tribe building endeavours will, in the end, encounter a classical problem: transforming irregular forces into a regular army
. During the stabilization phase, a national army may face ethnic or clannish divisions (currently occurring in the training of the Afghanistan Army). Likewise, in Iraq in 2006-2007, the central state was a sectarian force in the Shi'a Sunni civil war
. At that time, it was considered unwise to stabilize the country by increasing the central state’s power. Instead, tribal authorities were given autonomous force to support stabilization of troubled provinces, for it is the stabilization of tribes that enables state legitimization and not the opposite. With empirical evidence, some practitioners, such as Jim Gant in Afghanistan, have reached similar conclusion
.

Disaggregation's Strategy

In his brilliant study on the driving forces behind "hybrid war" Kilcullen points out a powerful solution: the disaggregation strategy
. COIN's stakeholders must be able to distinguish between people who fight to protect their traditional way of life and groups who endeavour to build a new society based on abstract religious values
 which may be contrary to tribal customs
. This strategy has been corroborated by the successful split that in Iraq separates Sunni tribes from the foreign fighters of AQ, or some Shi'a tribes from Shi'a extremists
. 


The method can in theory be applied in Afghanistan, but it seems to rely on incomplete premises: the group trying to build a new form of fraternity is under the control of foreign fighters who come from outside the tribal structure, looking for a way to permeate it
. But the reasons why Pashtun people become part of the Taliban are rarely examined.
 The main concern is whether insurgents are local or are concealed foreign fighters with their own goals
.


A French anthropologist, Georges Balandier, inspired by the work of Max Gluckman, makes a relevant assumption that brings about an interesting theory. A normally functioning holistic society does not have any totalitarian tendencies. But a tribal society, after having being weakened by external actions, strives to rebuild itself on a wider basis
. This means, for instance, that the Taliban movement's attempt to establish a great "pashtunistan"
 is the result of an internal dynamic of the eroded tribal structure and not only an external exploitation of its failures
.


As Georges Balandier argues, in West Africa in the 50's, numerous messianic movements
 occurred in reaction to the disruption of tribal values by the colonialist authority. Traditional hierarchies offer status to individuals so when these are eroded, religion may propose a new dignity carried by messianic identity. This desire for new dignity by disenfranchised individuals can explain totalitarian abuse of religious values and provides an explanation as to why religious leadership grows in reaction to an external invasion
.


Thus, the Taliban uprising may be grasped, for one part, as an internal reaction of pashtun society altered by thirty years of war and external interference. Even if this uprising stemmed partially from the outside presence, its internal dynamic cannot be explained by support of foreign countries alone. Moreover, religious beliefs are not the main drivers of this hybrid war. Despite the supposed creed of suicide bombing as a highway to heaven, religion itself is an inadequate explanation for violent behaviour
. 


Ideological Warfare

Ideological warfare is discussed in the context of Afghanistan. It is safe to say that the Shura of Quetta Taliban have traits of a totalitarian movement. They propose a totalitarian value space that enforces its principles in every domain of life and suppresses individual liberty. 


From this, we can distinguish Taliban strengths and weaknesses: 


The Taliban's ideology offers an opportunity for youths. More literate than their elders and attracted by the meritocracy of modernity or the righteousness of democracy
, youths somehow wish to challenge traditional society. That the subsequent reaction against western modernity is fuelled by literate, ambitious and religious youths is an apparent paradox
. For, apart from warfare, a religious context offers the best opportunities for social climbing in a traditional society. (A counter argument may be made that opening spaces of modernity offers equally great opportunity for social climbing, offering education support and job opportunities.)


From an ideological warfare point of view, some weaknesses should be highlighted:


· Contrary to their claim, the Taliban’s aim is not the restoration of genuine tribal values. At the core, their message is ideological, based on a messianic identity that delivers an equalitarian message. 


· The Taliban unleash inter-tribal violence: tribe men have multiple allegiances
 to residence groups, wife clans, revenge clans, etc… (see above). These mixed allegiances enable a relatively peaceful cohabitation between clans. By enforcing an exclusive allegiance to the Islamic brotherhood among tribes, the Taliban destroy these networks of loyalties and trigger brutal inter-tribal conflicts.


· In the end, the Taliban do not propose a viable transition toward modernity. History is cruel in this regard-all attempts to maintain a messianic resistance to modernity have resulted in endless violence.


Conclusion


This article proposed two concepts: the traditional to modern analytical concept and the operational tribe building concept. It proposes that in COIN operations, tribe building should be balanced with nation and state building activities. From a broader perspective, it advocates a more systematic formalization of human sciences into concepts to enable its use by COIN stakeholders
.


Tribe building’s ultimate goal is the restoration of tribal structure, a first step toward stabilization. It enables the bringing together of conditions that eventually give rise to a democratic evolution
.In some contexts, if not preceded by tribe building, offering people the right to vote is an upside down strategy
. The first stages toward public order should entail the repair of social structures, which poses the interesting paradox that restoring the traditional fabric of society is the best way to achieve peaceful transitions toward democracy. As stated by Stuart Mill, recognizing the people's right to self determination is accepting that western democracy won't necessarily be the result of it and therefore, that imposing democracy from outside carries the risk of depriving societies of virtues won in a struggle for freedom
.
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Abstract


The current Norwegian Defence White paper emphasises that the Defence is a knowledge organisation and needs to collect and analyse all relevant experiences in a systematic and methodical way. Lessons learned should be realised through amendments to current best practice, and consequences for Defence planning need to be investigated. 


In the Norwegian Defence there is not a Lessons Learned (LL) unit with capacity to actively collect lessons in a broad manner. This implies that the overall system is based on reports at pre-defined reporting points. These reports are staffed at the appropriate level and are stored in the FERDABALL-database as a central repository. 


Experiences from support to current operations, shows that the overall Lessons Learned system does not capture all relevant experiences. At the same time tactical units do have their own Lessons learned-process, but these are largely unit-internal – and to some extent unit-specific. As a consequence, different units could have different best practices for the same task. When different units rotate into operations, filling the same position, this will on many occasions have a negative impact on performance. 


At the same time analysis of reports currently stored in the LL-database shows that reported lessons are recurring, thus indicating weak linkages from the Lessons Learned process to the overall Defence planning process. 


1.0 Introduction


This paper is written in the context of a research project at the Norwegian Defence Research Establishment (FFI) covering operational analysis (OA) support to military operations. Since 2008 our research project has had a small study of the lessons learned (LL) process in the Norwegian Defence. In late 2008 a report was published on this subject [1]. This report was primarily focusing on the systems perspective of LL. We do also have a more practical approach to lessons learned, and have since December 2008 had an operational analyst deployed to the Norwegian led Provincial Reconstruction Team (PRT) in Afghanistan. Among other tasks this operational analyst has been looking at lessons identified (LI) and lessons learned in PRT Maimana (PRT MMN). The LL process in the PRT is a three folded process. The units have their own internal LL process, there is a PRT internal LL process for some of the “bigger” missions and in addition you have the formal LL process that is centred on two standardized reports. 


2.0 Background


Defence white papers from 2003-2004 defines transformation as “a qualitative change in the military context, which means to change the force composition and the ways of operating” [2]. The goal is to become better at solving the challenges the military faces, i.e. increase the operational capability. The Defence’s transformation is further described by the “transformation wheel”, where “Lessons from operations” is one of four interacting main processes/activities for the development of the Defence, see Figure 1. 
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Figure 1: Transformation wheel.

To draw lessons from operations is a process of collecting, analysing and addressing experiences. This is referred to as experiential learning.


Two central documents have discussed lessons learned in the Armed Forces:


· The 2008 Defence Policy Committee study, "A strengthened defence", points out that "there is room for improvement compared to today’s situation" [3].


· The 2007 Auditor General Report, "Auditor General's investigation of Defence requirements for participation in operations abroad", concludes that "the lessons learned process in the military is not good enough compared to the ambition given in the Defence white paper" [4]. The reason for this is partly inadequate reporting and partly that the reports have different format so that comparative analysis is difficult.


The conclusions from these documents are supported in the Norwegian Defence white paper from 2007, "A Defence for the protection of Norway's security, interests and values" [5]. It states that the military is a knowledge organisation and needs a knowledge strategy in order to:


· Implement a systematic and methodical collection of experiences on the tactical and operational level.


· Perform analysis of these experiences and draw lessons from them.


· Implement lessons learned into doctrine, tactics, techniques and procedures, and identify consequences for Defence Planning.


· Communicate this knowledge in education, training and practice, and implement new practices in operational units.


A simple comparison with the previous Defence white paper shows that this knowledge strategy for all practical purposes is consistent with what has previously been described as a lessons learned process. The conclusions from these documents sets the requirements for a further investigation of the lessons learned process in the Norwegian Defence.


3.0 the Lessons learned process


All organisations have to adapt to changes in the environment they operate in. This requires a flexible organisation where people learn. By learning it is in this context meant to improve the ability to perform effective actions, while a lesson is an observation from an event or activity in which an individual or group can gather knowledge. An organisation that encourages members or employees to learn, and facilitates this, will in a greater degree than other organisations adapt to new ideas and new ways of working. This will in the long run make the organisation better equipped to meet challenges [1]. 


To describe organisational learning we have chosen a model presented by Kim [6]. This general model discusses the relation between individual and organisational learning. The model is well suited to illustrate some of the challenges related to the lessons learned process in the Norwegian armed forces.


It is important to note that in an organisation it is the people who learn. It is persons who, on behalf of the organisation, is acting and observing. The organisations as such do not learn. It is therefore important to have an understanding of individual learning as a basis.


For our study a simple model for individual learning is sufficient. Kim uses what he calls an OADI loop consisting of the following elements, see also Figure 2:


· Observe – The loop begins with a person who observes the world around and make a concrete lesson.


· Assess – The person who observes reflects on the observation.


· Design – The person generalizes and develops abstract concepts to understand and respond to the observation.


· Implement – The abstract concepts are tested by implementing the preferred response in the real world.


This is an iterative cycle. The implementation in the concrete world leads to a new concrete experience, commencing another cycle. 


Kim’s OADI loop has several parallels to Boyd’s OODA loop which is often used to describe the decision process in military operations. This means that Kim’s model is intuitively transmitted to the military domain.
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Figure 2: The Observe-Assess-Design-Implement (OADI) cycle of individual learning.

A main problem with the outlined model of learning is that it does not describe the role of memory in the process. This can be addressed by including what is called an individual mental model [6]. This model is twofold:


· A part that includes the operational knowledge or know how. This is knowledge of how things should be carried out, and affects the operational part of the OADI loop.


· A second part that includes the framework or know why, which explains why we act like we do. This does not necessarily need to be proven knowledge, but also includes attitudes, ideas and so on. This part affects first and foremost the conceptual part of OADI loop (Assess and Design).


The next step will be to include the model of individual learning in a model of organisational learning. This is called a shared mental model and has, as the individual’s mental model, two parts:


· The first consists of the written material that the organisation acts upon and what it is managed by. This includes the typical doctrines, procedural descriptions (Standing Operating Procedures – SOP’s), regulations and textbooks.


· The second part consists of “what is in the walls”. In social sciences this is often called for the world view or “weltanschauung”. It can also be seen as a cognitive structure and it do not need to be conscious, but helps to form the basis for how the individuals in a structure interprets the world around them.


In Figure 3 a shared mental model and an individual mental model has been added to the OADI loop to create a model for organisational learning [6]. In addition it is added two actions; one individual action that a single person is performing, and an aggregated quantity that is called organisational action. This last action is of course influenced by the persons in the organisation and their shared mental model. 
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Figure 3: Lessons learned model – Relationship between individual and organisational learning.

A basic lesson learned loop is presented in Figure 4. This loop presents the four important stages in a well functioning military lessons learned system. 
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Figure 4: Lessons learned loop.

The foundation represents the knowledge the organisation has and acts from, i.e. the basis for own actions. This is the same as the mental models in Kim’s model above. The next step is to make lessons. To do this you have to act and observe. Most humans do this automatically. The first difficult step that the organisation has to address is the reporting stage. Very often we see that the organisation builds a database to collect the lessons, but it is not easy to construct a LL database that works in a complex organization with a broad spectrum of lessons from many different people. The more complex an organisation is, the more difficult it is to create a reporting system and database that fulfil all needs. The next step in the process is the analysis. In this step we need to address the question: What do the reported lessons mean for the organisations foundation? Or in Kim’s terms: Which part of the individual learned lessons should be included in the shared mental model? 


Important challenges for a military organisation are the reporting and analysis parts. As discussed above reporting is challenging due to the complexity of the organisation and the many different needs, i.e. the operational HQ has very different needs than an army soldier on the ground, troubling with his/hers personal weapon. Traditionally the analysis part has also been a huge challenge for military organisations. The reason for this is of course partly cultural, but in the last decades the large transformations (read reductions) in the western armed forces, has forced harsh prioritising and more often than not, the analysis departments have been on the bottom of the list. 


This means that the foundation/shared mental model has started to disintegrate and new knowledge is not always included. 


4.0 Norwegian Lessons Learned System


The Norwegian lessons learned system is managed by a small section at the Defence University College, called the Centre for Military Experience and Lessons learned (CME-LL) CME-LL is responsible for the overarching LL system in Norway and has the overall responsibility for coordination and management of operational lessons in the Norwegian Defence. 


Figure 5 shows a simple comparison of how the CME-LL compares their role to the role of NATO JALLC (Joint Analysis and Lessons Learned Centre) in an OODA-loop context. The figure illustrates that CME-LL mainly operates in the ‘Orientate’-phase whereas it to a larger extent could be argued that the JALLC operates both in the ‘Observe’ and ‘Orientate’ phase. 


CME-LL is responsible for FERDABALL, which is the database the Norwegian Defences lessons learned process is centred around. FERDABALL is based on reports at pre-defined reporting points. These reports are staffed at the appropriate level and are stored in the FERDABALL-database as a central repository.


[image: image5.png]





Figure 5: Simple comparison of the roles of NATO JALLC and the Norwegian CME-LL.

Figure 6 illustrates the formal LL loop in the Norwegian defence. This is basically the same loop as discussed in section 3.0 with observation, collection and reporting of lessons on the top and then analysis with assessment and implementation. In practice the Norwegian armed forces have a well-functioning system for collecting and processing single reports, but struggle more when reports are to be compared and analysed in a systematic manner over time. 


The consequence is that there are weak connections between the lessons collected in the database and the organisational learning. Compared with Kim’s model in Figure 3, this implies that the link between the mental model of the individual and the shared mental model is weak. 
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Figure 6: Lessons learned loop in the Defence.

However, in addition to the more system related process centred on the FERDABALL database, you also find other learning arenas. This is related to processes within the different units and the fact that the Army, the Navy and the Air Force all are responsible for LL in their own services. This implies that LL is an important part of the soldiers’ education and training in all services (although only the Army has a dedicated function for LL). As such after action reviews (AARs), debriefs, incident reports and the use of personnel with recent experiences from deployment as instructors are important measures for more ‘informal’ organisational learning. In addition social networks (e.g. Facebook) are becoming an important arena. This is particularly obvious when studying ad hoc organisations as the PRT. The discussion of the PRT below expands on some of these issues.


5.0 Case PRT


The Norwegian led PRT can be characterized as an ad-hoc organisation built mainly from Norwegian army battalions. In peacetime these units primary role are force generation. Two central units within the PRT are the Intelligence, Surveillance, Target Acquisition and Reconnaissance (ISTAR) unit and the Task Unit (TU), which is the PRT manoeuvre element. The ISTAR unit in the PRT is mainly built from the Norwegian ISTAR battalion, whereas the Norwegian manoeuvre battalions rotate the responsibility of filling the TU. 


The units in PRT MMN have their own internal evaluation process, and in addition there is a lessons learned process for the PRT as a whole. On every level in the units you have best practises and processes trying to improve the skills, from the soldiers trying to evolve their individual skills and equipment, to the commander trying to improve the PRT as a whole. Exchange of experiences on soldier level are done between soldiers in the field, but are also transferred to the soldiers who are doing pre-deployment training back in Norway through word of mouth, and through written documents.


After each mission and operation in Afghanistan there is an After Action Review (AAR) process. During this process lessons from each unit are collected and presented for other units/commanders and other interested parties. These documents are also passed on to units back home in Norway, and lessons are then incorporated in the pre-mission training to prepare the new units for their mission in a later contingent. 


This exchange of information about lessons is quite good for the units in field, and works to satisfaction for home units in training for the next contingent. However, the lessons collected in Afghanistan are not transferred to the battalions in the ordinary force generation system. This means that lessons are only learned by the battalions that participate in the PRT.  


This challenge can be illustrated by the difference between the ISTAR battalion and the manoeuvre battalions. The ISTAR battalion participates in every rotation, while the manoeuvre battalion generally contributes every second or third rotation. This means that the ISTAR battalion has a more continuous process where they draw lessons from every contingent, whereas it can be argued that the different manoeuvre battalions lack this continuity. This is amplified through other issues affecting the knowledge foundation, as the fact that the manoeuvre battalions have different peace-time missions, are located differently and individually have strong traditions. Over time this affects the foundation (see section 3.0) or shared mental model and therefore the Task Units built from different battalions will respond differently from contingent to contingent. 


Another, different but related, challenge for transmission of lessons is the continuity challenge with respect to rotation of the force. Almost all the PRT are rotated at the same time. That means that transmission of the situational awareness and current lessons must be done in a very short time during a “hand-over-take-over” (HOTO) period, and that all of the experience gained during the spell in Afghanistan must be transferred to the new PRT contingent. 


6.0 Conclusions


Our study of the Norwegian lessons learned system shows that there are still challenges to be solved. Looking at the enterprise level system built on the FERDABALL database, it is quite obvious that analysis resources are scarce. Currently the database is used as an archive and not as an active tool for learning processes. The consequence is that important lessons are not being institutionalized. 


Operational experiences are centred on the lessons from Afghanistan. As the PRT is an ad-hoc organisation the force generating battalions mainly learn lessons when their own forces contribute in the PRT. Over time this creates differences in the knowledge foundations/shared mental models in the manoeuvre battalions, thus implying that quality and tasks varies between contingents. 


We have identified four key parts in a well functioning military lessons learned system. Firstly, the foundation, i.e. the knowledge the organisation has and acts from must be in place. Secondly, the organisation must act to collect lessons. Thirdly, these lessons must be reported and stored in an appropriate way, and last but not least, the lessons must be analyzed to see which lessons that should be incorporated into the foundation.
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Abstract

In this paper we present how a cross impact matrix may be used in effects-based planning and effects-based assessment for plan evaluation, plan refinement, generation of alternative plans, and subjective assessment of plans and plan elements. The purpose of using a cross impact matrix within the effects-based planning process is to find inconsistencies and decisive influences within developed plans. The cross impact matrix represents the impact between all activities, supporting effects, decisive conditions, and military end state of the plan. We develop morphological methods for analyzing activities, evaluating and refining plans, and sensitivity based methods using Dempster-Shafer theory to find the decisive influences. For the effects-based assessment process we develop a method that takes subjective assessments regarding the activities of a plan as inputs. From these assessments and the cross impact matrix we calculate assessments for all other plan elements. The method is based on belief functions and their combination under a new generalization of the discounting operation. The methods are implemented in a Collaboration Synchronization Management Tool (CSMT).

1
INTRODUCTION

A cross impact matrix (CIM) [3, 4] can be used for morphological analysis [5] on the operational command level by the staff of a joint task force headquarter in an Effects-Based Approach to Operations [6] during planning, execution and assessment of an operation. In morphological analysis we break down the plan into essential sub-concepts, each concept representing a dimension in the CIM. The purpose of using morphological analysis is to find inconsistencies in plans developed within the effects-based planning (EBP) [7] process. The CIM consists of all activities (A), supporting effects (SE), decisive conditions (DC) and military end state (MES) of the plan. In this paper we use British concepts [8]. It is created by a broad working group which must assess how each activity impacts every other activity and supporting effect, how each supporting effect impacts every decisive condition (and possibly other supporting effects), and how every decisive condition impacts the military end state (and possibly other decisive conditions). In this paper we present how a CIM may be used in EBP for plan evaluation, plan refinement and generation of alternative plans. We develop methods for analyzing activities and evaluating and refining plans within EBP, and develop a subjective method for effects-based assessment (EBA) based on Dempster-Shafer theory of belief functions [914] and the CIM.


The cross impact will aid the planning staff to find and exploit synergies by making all identified relationships between planned activities and their impact upon the supporting effects, etc. explicit. The values entered in the CIM during planning can be continuously updated during execution of the plan as the staff increases its knowledge of the current operational environment. Together with other information about the operation the explicit values in the CIM can therefore aid decision makers in gaining a more similar understanding of the situation, possibly leading to better decisions. The CIM can also be used during assessment of the operation as it should contain the most current view of what impact all supporting effects have on the decisive conditions and what impact all decisive conditions have on the military end state.


Accepting human subjective assessments regarding the successful outcome of activities of the plan, we can use the impacts between plan elements as described by the CIM to calculate similar subjective assessments of all desired supporting effects, decisive conditions and the military end state. Using this methodology we get an early assessment of all plan elements during effects-based execution (EBE) and may early on observe if activities and desired effects are developing according to plan. By observing the change over time of these subjective assessments of effects and conditions as assessments of activities are updated, we notice if trends are moving in the right direction as more activities are further executed.


The methods are implemented in a Collaboration Synchronization Management Tool (CSMT) [15].


In Sec. 2 we describe the construction of a CIM and analysis of plan elements using the CIM. We continue to analyze and refine alternative plans. In Sec. 3 we develop an algorithm for assessment of plan elements using the CIM, and show how this may be used for subjective assessment of all desired effects. Finally, in Sec. 4 conclusions are drawn.

2
The creation of the cross impact matrix

The cross impact matrix will initially be created during the planning process. It should be created by a working group containing key subject matter experts as required by the type of operation planned. The working group will first need to enter all planned activities into the CIM, and it is important that all activities are well defined. They will then have to decide which positive or negative impact each activity will have on every other activity. It is important to note that even if activity A1 has a positive impact on activity A2 then A2 could have a negative impact on A1. In the next step the working group must decide what impact all activities have on the supporting effects, what impact all supporting effects have on the decisive conditions and what impact the decisive conditions have on the military end state.


It is important to note that the CIM will not be able to handle the effects of synergy. If the combined effect of performing activities A1, A2 and A3 simultaneously is higher than the sum of performing each one separately, this can not be modeled within standard CIM analysis. However, it can be managed if A1, A2 and A3 are combined into one activity with several alternatives.


The CIM can be introduced in EBP and used for evaluation of the plan and generation of alternative plans. The work with CIM in EBP may be conducted using the following tasks.

2.1
Form a Plan

Before the CIM is constructed, a plan must be formed according to EBP, see Figure 1. A plan is formed top-down from the MES, where the MES is broken down into effects and actions that should lead to the desired MES. This work is outside the scope of this article.
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Figure 1: Effects-based planning: MES = military end state, DC = decisive condition, 
SE = supporting effect, A = activity.


2.2
Construct the CIM Based on the Plan

The plan consists of a military end state, decisive conditions, supporting effects and activities. The number of these elements is denoted n. Construct a CIM with n-1 rows and n columns. Listing these elements, except the military end state, to the left of the CIM and list the elements, including the military end state, above the CIM, see Figure 2. The CIM consists of values ranging from -9 to 9, where -9 denotes large negative influence, 0 means no influence and 9 denotes high positive influence. For example, an impact value of 8, i.e., “high positive influence”, might be assigned between the activity of “securing an area” and the activity of “transporting through that area”. How much the element of row i influences the element of column j is stored in cell(i, j) in the CIM (for example the activity A2 influence the activity A4 in a positive way with a factor 2, but A4 influence A2 in a negative way by a factor of -2).
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Figure 2: The CIM contains military end state, decisive conditions, supporting effects and activities (dark gray cells always contain zeros).


It is important to separate between direct and indirect influence. Only direct influence should be stated in the CIM. Also, one should be very careful not to assign any direct influences between two activities if these more properly concern influences between each of the two activities and the supporting effect.


At this initial stage of the construction of the CIM we include the basic elements of the plan meaning that each element usually has only one alternative. Thus, all activities should be performed and all supporting effects and decisive conditions should be reached. In Figure 3 an implementation of the CIM is shown.
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Figure 3: A complete CIM with activities, supporting effects, 
decisive conditions and military end state.


2.3
Opportunities: Create New Alternatives

It may be possible to state some alternative decisive conditions, supporting effects or activities. For instance, we may have two different activities we have to decide between. They could describe different things to do, or they could do the same thing at different times or places. Then we would have two different instances of the plan.


We calculate consistency and stability for each element of the plan (activities, supporting effects and decisive conditions) relative all other elements. When calculating for each row we obtain how much each element influences other elements (by column how much it is influenced by other elements). For each row we have
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where the coefficient value CV(i, j) is calculated as



[image: image7.wmf]CV


i


j


,


(


)


impact


i


j


,


(


)


1


+


,


impact


i


j


,


(


)


0


³


1


1


impact


–


i


j


,


(


)


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


-


,


impact


i


j


,


(


)


0


<


î


ï


í


ï


ì


=


.
(3)

For the sake of legibility we present the consistency values normalized and the stability values normalized and logarithmized according to
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and
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[image: image10.emf]

Figure 4: The figure shows how different activities influence other activities. For example, activity A39 influence others strongly positive, while A42 influence some in a positive manner (green) and others in a negative way (red). Average in blue.


In Figure 5 we observe the influence and stability for all activities.


[image: image11.emf]

Figure 5: Top view contains all elements of the plan. Bottom view contains all activities ranked by how much they influence and are influenced by other activities. Circle size correspond to instability (large circles implies high instability).


We may now create new alternatives, mostly alternative activities to realize some supporting effect, but it is also possible to consider new alternative supporting effects or decisive conditions to reach the intended military end state. For each new alternative it is important to note which activity, supporting effect or decisive condition it belongs to, Figure 6.

		

		Military


End State

		DC1

		DC2

		SE1

		SE2

		A1

		A2

		A3

		A4



		

		

		DC11

		DC12

		

		SE11

		SE12

		

		A11

		A12

		

		

		



		DC1

		DC11

		5

		0

		0

		6

		0

		0

		0

		0

		0

		0

		0

		0



		

		DC12

		6

		0

		0

		6

		0

		0

		0

		0

		0

		0

		0

		0



		DC2

		8

		6

		8

		0

		0

		0

		0

		0

		0

		0

		0

		0



		SE1

		SE11

		0

		5

		4

		2

		0

		0

		0

		0

		0

		0

		0

		-3



		

		SE12

		0

		6

		3

		2

		0

		0

		2

		0

		0

		0

		0

		2



		SE2

		0

		5

		5

		8

		0

		0

		0

		0

		0

		0

		0

		0



		A1

		A11

		0

		0

		0

		0

		3

		8

		3

		0

		0

		4

		-2

		-3



		

		A12

		0

		0

		0

		0

		7

		9

		1

		0

		0

		2

		2

		3



		A2

		0

		0

		0

		0

		3

		1

		-2

		3

		1

		0

		0

		2



		A3

		0

		0

		0

		0

		3

		5

		6

		0

		0

		8

		0

		0



		A4

		0

		0

		0

		0

		4

		7

		-2

		-7

		-1

		-2

		0

		0





Figure 6: The CIM now contains alternatives for many decisive conditions, 
supporting effects and activities.


These new alternative are introduced into the CIM and all new matrix values must be assigned. After this is done new consistency and stabilities can be calculated. This procedure can be repeated until satisfaction is reached and a suitable set of alternatives are at hand. If a new alternative gives good consistency and stability for some element of the plan this may be found satisfying and work may continue on finding new alternatives for other elements. However, if the new alternative gives poor values we must try to find further alternatives for the same element. When this process has been repeated until satisfaction is reached for all elements of the plan, we have a CIM with several alternatives for many of the activities, supporting effects and decisive conditions.


The CIM is now expanded with several alternatives activities, supporting effects and decisive conditions (e.g., A12, SE12 and DC12). The alternative activity may for example be a change in timing or intensity of an activity in order to improve on the plan. When this is done we may evaluate the plan with different alternative activities.


2.4
Leverage Points: Decisive Influence from Activities

We can calculate which activities that provides a decisive influence on a particular supporting effect, decisive condition or on the military end state by performing a sensitivity analysis using Dempster-Shafer theory. In this analysis we assume simple frames of discernment for each supporting effect, decisive condition and the military end state with only two possible outcomes, [image: image12.wmf]Q
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 on each hierarchical level of the plan, where AdP means an Adequate Plan. Either the desired supporting effect, decisive condition or the military end state is achieved or it is not. The calculation is made by first, for a certain activity Ak, calculating the support for the requested [image: image13.wmf]m
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. By selecting these mass functions as input data we will be able to perform numerical differentiation of all supporting effects, decisive conditions and the military end state with respect to each individual activity. The value of these derivatives shows the influence of the individual activities on these effects, conditions and end state.


If we are only interested in which activities have a decisive influence on some particular supporting effect or decisive condition then we may choose to calculate only these values, but if we are interested in which activities have a decisive influence on the plan at large, then we must perform the calculation for the military end state level.


Before combining the mass functions we discount them using the impact values of the CIM. This ensures that each activity influences the supporting effect to its proper degree. We have
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where the discounting factor
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This is a generalization where discounting factors may assume values less than 0, i.e., (kj= {0.9, 0.8, 0.7, ..., 0.9}. These discounted mass functions are combined using Dempster’s rule.


For each activity Ak and every supporting effect SEj we can calculate
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 where
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 in Eq. (8) we calculate for each activity Ak and each decisive condition DCj which influence this activity has on this decisive condition,
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where
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However, most interesting is perhaps the influences the different activities have on the plan at large, i.e., the military end state. By substituting [image: image33.wmf]m
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 in Eq. (8) we calculate for each activity which influence it has on the military end state, [image: image34.wmf]DecisiveInfluence
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. Since we only have one military end state we get one value for each activity and may thus rank these by the calculated
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where
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These calculations can be made both with the initial CIM where each activity has only one alternative and with the later CIM where some activities have two or more alternatives. If the calculations are made for the later CIM then we must carry out the calculation separately for each alternative i, e.g., for activity Ak and military end state
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after which the decisive influence by activity Ak on the military end state is calculated as
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An example of decisive influence on the military end state is shown in Figure 7.


[image: image39.emf]

Figure 7: Leverage points show the impact of success of each activity on the success of the military end state. Activities A21, A22, A40 and A41 have high impact.


2.5
Plan refinement


We may now evaluate the current plan and propose incremental changes to the plan by performing a CIM analysis, or make a complete CIM analysis to obtain the optimal plan according to the given CIM. These alternative modes of procedure are based on the same analysis and only represent different ways to sort evaluated instances (I) of the plan. In each mode of procedure a complete CIM analysis is performed.


The evaluation is performed by calculating consistency and stability for each possible instance of the plan, according to
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and
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In Figure 8 the eight alternative plans of Figure 6 are evaluated by consistency and stability
.

		

		DC1

		DC2

		SE1

		SE2

		A1

		A2

		A3

		A4

		Con

		Sta



		Plan 1

		DC11

		DC2

		SE11

		SE2

		A11

		A2

		A3

		A4

		63

		-3,43



		Plan 2

		DC11

		DC2

		SE11

		SE2

		A12

		A2

		A3

		A4

		77

		-3,47



		Plan 3

		DC11

		DC2

		SE12

		SE2

		A11

		A2

		A3

		A4

		79

		-3,44



		Plan 4

		DC11

		DC2

		SE12

		SE2

		A12

		A2

		A3

		A4

		90

		-3,34



		Plan 5

		DC12

		DC2

		SE11

		SE2

		A11

		A2

		A3

		A4

		65

		-3,45



		Plan 6

		DC12

		DC2

		SE11

		SE2

		A12

		A2

		A3

		A4

		79

		-3,50



		Plan 7

		DC12

		DC2

		SE12

		SE2

		A11

		A2

		A3

		A4

		79

		-3,30



		Plan 8

		DC12

		DC2

		SE12

		SE2

		A12

		A2

		A3

		A4

		90

		-3,20





Figure 8: A list over the plans with consistency (Con) and stability (Sta) values. Both plan 4 and plan 8 have high consistency (= 90). However, plan 8 has the higher stability, making this the preferred plan. [The stability values are logarithmized and normalized (≤ 0,00); The elements are from the CIM in Figure 6].


3
Assessment of plan elements


The CIM is a model of influence between elements of the plan. In assessment, our interest is on the impact between activities on the lowest level and supporting effects on the next level, and so forth. We receive subjective assessments regarding activities as user input. These are in the form of basic belief assignments (bbas) that express support for and against the success of that activity, encoded as AdP and (AdP, respectively.


3.1
Combining Assessments

In this problem we have the same simple frame of discernment as in Sec. 2,
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on each hierarchical level of the plan.


We have a set of n bbas each with three bodies of evidence, i.e., [image: image43.wmf]AdP
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 is the first body of evidence of the ith bba giving support to AdP. Thus, for the ith bba we have,
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The CIM contains all information regarding the impact of each activity on all supporting effects. When the impact on a particular supporting effect SEj is less than full we discount the bba mi in relation to its degree of impact on SEj
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Combining all [image: image49.wmf]m
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 where
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Thus, Eq. (21) becomes the subjective assessment of SEj as calculated using the subjective input assessments of all activities Ai that impact upon SEj.


What is calculated for supporting effects from subjective assessment of activities can in a second phase be calculated for decisive conditions using the newly calculated assessments of supporting effects. In the same way we can calculate the subjective assessment of the military end state from the assessment of decisive conditions.


3.2
Combining Assessments Regarding Plan Elements Using the CIM

At the activities level we have a frame of discernment
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In order to map this onto the problem of combining assessments, Sec. 3.1, we must first generalize the discounting operation.


The discounting operation was introduced to handle the case when the source of some piece of evidence is lacking in credibility [11]. The credibility of the source, 0 < ( < 1, also became the credibility of the piece of evidence. The situation was handled by discounting each supported proposition other than ( with the credibility ( and by adding the discounted mass to (;
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We generalize the discounting operation by allowing the credibility to take values in the interval [image: image54.wmf]1
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is a generalized discounting of m where [image: image58.wmf]m
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 is an inverse simple support function (ISSF) [16] whenever ( < 0.


Before combining the mass functions we discount them using the impact values of the CIM. This ensures that each activity influences the supporting effect to its proper degree.


For SEj and Ai we have
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 where the discounting factor is defined as
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This is a generalization of the discounting operator where discounting factors may assume values less than 0, i.e., [image: image61.wmf]a
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We combine all bbas on the activities level and bring the result to the supporting effects level. At the supporting effects level we have a similar frame of discernment
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Using Eq. (21), Eq. (26) and Eq. (27), we define
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In the same way we may calculate the support for decisive conditions, and the military end state. For decisive conditions, we have
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Similarly, for the military end state, we have
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With these calculations we have all pieces of a subjective EBA algorithm (Algorithm 1).


[image: image75]

Algorithm 1: Subjective EBA
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•
Return all calculated values.
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In Figure 9 the calculated values of Algorithm 1 are presented in the upper part labelled “Impact”, together with the initial subjective assessments [image: image89.wmf]m


A


j


AdP


(


)


, [image: image90.wmf]m


A


j


AdP


Ø


(


)


, and [image: image91.wmf]m


A


j


Q


(


)


 in the lower part labelled “Activities” within the CSMT. Obviously, m(AdP) is indicated by green, m((AdP) by red and the uncommitted m(() by gray.
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Figure 9: Subjective effects-based assessment (EBA) in the collaborative synchronization management tool (CSMT).


In order to further enhance the usability it may be of value to include a diagram of the change over time for these assessments. In Figure 10 this is exemplified for the Military End State as calculated by Eq. (35), Eq. (36) and Eq. (37) at different times.
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Figure 10: Subjective assessments over time of Military End State (MES).


4
Conclusions


We have demonstrated that it is possible to evaluate and refine a plan within effects-based planning using morphological analysis of the cross impact matrix. Furthermore, we show that we can find the decisive influences from activities by using Dempster-Shafer theory and sensitivity analysis. By doing both we can find any weaknesses and all strengths of the plan as described by the cross impact matrix before the effects-based execution phase.


We have developed a subjective effects-based assessment method for making subjective assessment of plans and plan elements within the effects-based approach to operations. We have shown that such subjective assessments can be performed of all supporting effects, decisive conditions and the military end state by taking human subjective assessments about activities as input and extending those assessments to all other plan elements using a cross impact matrix.
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ABSTRACT


Supporting the SAS-081/RSY focus on cognitive and human aspects of defense transformation and the HFM-163/RTG focus on improving organizational effectiveness in coalition operations, this paper presents results from research aimed at identifying factors that are critical for effective cooperation between coalition partners.  Past research on teams and organizations is utilized to propose a framework for studying and enhancing collaboration between coalition partners.  The sample used was Bulgarian and U.S. military personnel engaged in a tactical-level, joint military training exercise (n=145) held at the Novo Selo Army Training Range, Sliven, Bulgaria.  In the framework of the NATO Research and Technology Organization (RTO), this research was implemented by the U.S. Army Research Institute for the Behavioral and Social Sciences (ARI), the U.S. Air Force Research Laboratory (AFRL: 711th Human Performance Wing), and the Bulgarian Defense Advanced Research Institute (DARI) at G.S. Rakovski National Defense Academy.  Financial support was provided, in part, by the NATO Research and Technology Agency (RTA).  Implications for multicultural collaboration are discussed.

1.0
INTRODUCTION


1.1
NATO Current Operations

As NATO continues to expand its presence across the full spectrum of crisis management operations, coalition partnerships are becoming increasingly more widespread and collaboration between coalition partners is held to higher and higher standards of performance by the global military community.  Representative of this transformation are NATO operations and coalition of willing in Afghanistan, Kosovo, Iraq, Somalia, the Mediterranean, off the Horn of Africa, which include increased NATO and coalition presence.  With a growing need to collaborate with coalition partners in support of full spectrum operations, research in the cognitive and social science domains is important to help advance the understanding of human factors that facilitate collaboration in multicultural coalitions.     


1.2
Goals of Paper

In response to the operational needs described above, the goal of this research is to identify factors that are critical for effective collaboration between coalition partners during joint exercises and operations.  The latest research results of U.S. and Bulgarian teams engaged in a tactical-level bilateral training exercise are shared in support of transformation and management in the new security environment with a focus on cognitive and human aspects of defense transformation.  Since 2006, an agreement has been in place between the U.S. and Bulgarian governments to enhance defense cooperation through security cooperation exercises, joint/combined training activities, humanitarian and disaster relief activities, contingency operations, etc. (see http://bulgaria.usembassy.gov/odc.html for official document).  Among other purposes, these exercises are used to develop skills necessary for task executions during NATO operations and to improve interoperability between Bulgarian and U.S. military.  The current research explores the human and organizational factors that affect coalition teamwork, including information sharing, collaboration, and coalition team effectiveness, by studying U.S. and Bulgarian military personnel engaged in combined training.


1.3
Model of Organizational Effectiveness for Coalition Teamwork


Multinational operations require collaboration and information sharing between many different teams of individuals that extend from diverse cultural backgrounds (organizational and national) [6].  In this paper, a targeted approach to understanding and enhancing coalition team effectiveness is taken, with a focus on the factors that influence basic team collaboration through information sharing.  Others have taken a similar approach, suggesting that effectiveness is tied to the ability to acquire lacking information and to manage the information possessed [9].  Correspondingly, Galbraith [10] supports the assumption that information sharing, quick and timely decision making, and developing shared awareness are needed to meet organizational goals effectively.  


Many models of inputs, processes, and outcomes within multinational teams exist.  This research combines critical factors of those models that relate to information sharing, collaboration, and ultimately, effectiveness.  More specifically, focus is placed on team inputs and processes related to information sharing between coalition partners coming from diverse organizational and cultural backgrounds, that are expected to affect the collaborative capacity of the coalition.  While many existing models focus on various aspects of teamwork, our model focuses on individual and organizational factors influencing coalition team effectiveness through team information sharing and collaborative processes.   


1.3.1
Performance, Role interdependence, Information Sharing Model (PRISM)
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Figure 1: The Performance, Role interdependence, Information Sharing Model (PRISM) was adapted from several existing team models [14, 17, 18].

A model of effectiveness within complex teams was adapted from existing team models [14, 17, 18] by researchers at the U.S. Army Research Institute to represent a subset of team inputs and processes affecting the relationship between information sharing (i.e. communication) and performance (see Figure 1) [11].  The PRISM model can be applied at a team, multiteam, and organizational level, depending on complexity of the distributed operations.  Multiple studies are being conducted to examine different aspects of the model.  Past research has demonstrated support for some of these relationships (e.g. interdependence moderates the relationship between trust and information sharing), but more research is needed to better understand the multiple factors that influence performance in complex, distributed operations [18]. 


This model was adopted for use in the current study to help identify some of the critical factors influencing information sharing, collaboration, and ultimately coalition team effectiveness within a multinational coalition context.  The model suggests that individual attitudes, cultural influences, and trustworthiness are key influencers of information sharing and collaboration between coalition partners.  In turn, information sharing affects team states and processes such as trust and cohesion, which ultimately impact effectiveness.  Additionally, the actual and perceived interdependence among the coalition partners is likely to change the nature and importance of some of these relationships, modifying the criticality of information sharing and collaboration for individual members of the coalition.  The propositions of this model led to the selection of scales that attempted to measure the key constructs inherent in the reciprocal process described above, with the goal of better understanding the critical aspects of coalition teamwork that lead to organizational effectiveness.  


1.3.2
Interorganizational Collaborative Capacity


The PRISM model identifies many constructs affecting coalition team effectiveness through information sharing and collaboration within coalition teams, but focuses on what unfolds when a team is formed.  Identifying the factors that individuals and organizations bring to the team that influence information sharing and collaboration is also important to this research.  Recently, a model of interorganizational collaborative capacity (ICC) was proposed by researchers at the Naval Postgraduate School [12] which provides a framework for understanding the individual and organizational factors that are brought to a newly formed team, which are likely to influence team collaboration.  


As defined in the initial research, ICC is the capability of organizations (or a set of organizations) to enter into, develop, and sustain interorganizational systems in pursuit of collective outcomes.  The model of ICC was generated through theoretical and empirical research aimed at linking factors inhibiting and promoting collaboration to each of [10] organizational subsystem domains.  This approach is similar to other NATO research on organizational effectiveness, which also uses the Galbraith model of organizational design to organize elements of the organization that may impact effectiveness [3].  From this model, a questionnaire was developed to systematically assess an organization (or organizational set’s) collaborative capacity.  This questionnaire was used in the current study to examine individual and organizational factors existing prior to the multinational training exercise that are likely to affect collaboration.


1.4
Summary

The goal of this research is to identify factors important for enhancing coalition team effectiveness in joint exercises and operations with a focus on individual and organizational factors influencing collaboration.  Some factors identified by the PRISM model are assessed to examine attitudes and behaviors that unfold as the team is formed.  Additional factors (both individual and organizational) existing prior to the multinational training exercise are also examined and expected to influence coalition team effectiveness.  These individual and organizational factors are explored in terms of their relationship with perceived coalition team effectiveness within both U.S. and Bulgarian samples.

2.0
METHODS


2.1
Participants

The data was collected in September 2009 at the end of a joint U.S. – Bulgarian tactical-level training exercise on “Novo Selo” Army training range in Bulgaria.  A total of 145 military personnel from both U.S. (n = 81) and Bulgaria (n = 64) provided responses to the questionnaire assessing factors expected to influence coalition teamwork.  U.S. respondents were 94% male, with a mean age of 28.  Bulgarian respondents were 100% male, with a mean age of 29.  Thirty-four percent of U.S. Soldiers obtained a degree higher than a high school diploma, while 20% of Bulgarian Soldiers held degrees at the undergraduate level or above.  In both the U.S. and Bulgarian samples, approximately 50% of respondents reported that they had previous experience being deployed in a multinational headquarters.


2.2
Measures


Questionnaires, consisting of 77 self-report items, were administered to participants in their native language. For small groups ranging in size from 6 – 20 persons, two native-English speaking researchers monitored native-English speaking participants and one bilingual (Bulgarian/English) Bulgarian researcher monitored native-Bulgarian speaking participants while they completed their questionnaires.  Questions from participants were answered immediately and privately. All items on the questionnaire were rated on a 7-point Likert-type scale ranging from -3 to +3 as follows: -3 (Strongly Disagree), -2 (Disagree), -1 (Moderately Disagree), 0 (Neither Agree nor Disagree), +1 (Moderately Agree), +2 (Agree), and +3 (Strongly Agree). 

The constructs assessed were identified through the theoretical models described above as critical factors influencing collaboration between coalition partners.  The first 12 scales were modified from the Interorganizational Collaborative Capacity questionnaire [12].  These scales assess constructs identified as critical for the capability of organizations (or a set of organizations) to enter into, develop, and sustain interorganizational systems in pursuit of collective outcomes.  The 12 scales are described below.

· Need to collaborate – A felt need for or motivational energy and effort directed toward collaboration with other coalition members.

· Strategic collaboration – Emphasizes establishing and addressing goals for collaboration and considering the interest of other coalition members in planning.  Focus is placed on the role of leadership in addressing interorganizational coalition goals and conferring with leaders of other organizations.

· Resource investment in collaboration – Investing, committing, or assigning budget, resources, and personnel to coalition collaboration.  

· Structural flexibility – The degree to which respondents perceive that their organization is flexible and responsive, quickly forming and modifying policies, processes, procedures, and partnerships.

· Reward systems – Individuals’ perceptions of the consequences of their behavior in terms of their own personal payoffs.  The items assess the degree to which collaborative work, activities, and talents result in rewards, career advancement, and promotion.

· Metrics for collaboration – The degree to which an organization has identified or established measurement criteria and performance standards to assess coalition collaboration efforts.

· Information sharing norms – Lateral mechanisms and lateral processes within the organization that provide norms for information sharing.  Higher scores reflect organizations with stronger norms for greater information sharing.

· Collaborative learning – The degree to which the organization commits resources to training, works with coalition partners to identify lessons learned, and develops strong norms for learning from coalition partners.

· Social capital – The degree to which organizational members take the initiative to build relationships and know who to contact within other coalition partner organizations.  

· Individual collaborative capacity – Skills, capabilities, expertise, understanding, and knowledge of other coalition partners’ work; willingness to engage in shared decision-making and collaboration.

· Barriers to collaboration – Aspects of history, individual collaborative capacity, role conflict, policies, and unique requirements that create barriers to effective coalition collaboration.  A high score on this scale indicates more barriers to collaboration. 

· Support to Coalition Team – Assesses the degree of support and authority given to coalition teams by the higher organization.  

The next 8 scales were constructs identified in the PRISM model, as related to performance in complex teams.  All variables in the PRISM model were not measured because the survey methodology utilized in the current study was not deemed adequate for assessing these constructs (e.g. shared mental models).  However, particular variables from the model were measured where appropriate and validated scales were utilized in the past and shown to relate to team performance as suggested by the PRISM model.  These 8 scales are described below:  


· Perceived Interdependence - Assesses the degree of reciprocal interdependence required to successfully complete tasks, including perceptions of the degree that the responder needs to depend on coalition partners for information and vice versa. Higher scores reflect a greater degree of perceived interdependence between coalition team members [15, 16].

· Information Sharing – Self-reported rating of information sharing behaviors occurring between coalition partners throughout the exercise. Higher scores reflect the perceptions that more information sharing occurred between coalition partners [5, 13, 18].

· Task Cohesion – Assesses commitment or attraction to the group task or goal. Higher scores reflect greater engagement in and enjoyment of the coalition team tasks [7].

· Interpersonal Cohesion – Defined as attraction to or liking of the group.  Scores reflect how much the respondent likes or gets along with coalition team members, with higher scores reflecting greater liking of and similarity to coalition team members [7].

· Trustworthiness: Assesses a quality of the trustee as perceived by the trustor relating to one of the four dimensions of trust as defined by Adams and colleagues [1, 2] and Blais [4].  

· Benevolence – Judgment that the trustee has a genuine concern for the welfare of others.

· Integrity – Judgment of the trustee’s morale and ethics, credible communications, and a strong sense of justice.

· Predictability - Judgment of the trustee’s consistency of work and action.

· Competence – Judgment of the trustee’s competence in performing their job.

Finally, two additional scales were included to assess satisfaction of coalition team members and perceived coalition effectiveness [8].  The purpose of including these measures was to examine outcomes associated with coalition team collaboration.  The two scales are described below.     


· Job Satisfaction:  Indicates the degree of satisfaction the respondent has with his or her current job.  Higher scores reflect more satisfaction.

· Coalition Team Effectiveness:  Reflects the degree to which the coalition team is perceived to be productive and effective in accomplishing its mission.  Higher scores reflect perceptions that the coalition team is performing well.

3.0
RESULTS


The methodology applied was aimed at assessing organizational factors related to collaboration between coalition partners.  Results are presented separately for the U.S. and Bulgarian samples and compared to examine differences in means between nations on the factors assessed, as well as differences in patterns of correlations between critical relationships suggested by past research (e.g. PRISM, ICC).   

3.1
Reliability

The analysis of the data presented in Table 1 shows high to very high reliability of the 12 scales assessing interorganizational collaborative capacity.  The Cronbach’s alpha coefficients for the data collected from U.S. military vary between 0.67 and 0.92.  For the data collected from the Bulgarian military on the same scales, the Cronbach’s coefficients vary between 0.56 and 0.87, also demonstrating high reliability.  On the whole, the reliability coefficients for the Bulgarian sample are lower in comparison to the alpha coefficients for the U.S. sample, which might result from the translation of the questionnaire in the Bulgarian language and probable influence of the cultural differences on understanding of the different constructs.  Despite this, the alpha coefficients are satisfactory and the scales can be used as a reliable basis for analysis. We should mention that the reliability coefficients in this survey are close to the coefficients reported by the authors of the original questionnaire, which vary between 0.75 and 0.88. 

For the 8 scales assessing constructs identified in the PRISM model, the alpha coefficients demonstrate high reliability for both the U.S. and the Bulgarian samples. They vary from 0.68 to 0.94 for the data on US sample and 0.70 to 0.89 for the data on Bulgarian sample.  


Finally, the 2 scales from DEOMI questionnaire “Job satisfaction” and “Perceived coalition effectiveness” also demonstrate high to very high reliability. Indicative in this regard are alpha coefficients 0.65 and 0.85 for US data and 0.72 and 0.73 for the Bulgarian data. 

Table 1: Means, Standard Deviations, and Coefficient Alpha for the Scales


		Scale

		Nation

		Mean

		Standard Deviation

		t-value

		#


items

		Coefficient Alpha 



		Need to Collaborate

		USA 

		2.07

		1.06

		1.98*

		3

		.89



		

		BGR

		1.72

		1.03

		

		

		.71



		Strategic Collaboration

		USA 

		1.62

		1.14

		.34

		5

		.92



		

		BGR

		1.56

		.86

		

		

		.83



		Resource Investment in Collaboration

		USA 

		1.31

		1.53

		2.98*

		3

		.87



		

		BGR

		.57

		1.42

		

		

		.76



		Structural Flexibility

		USA 

		1.51

		1.10

		3.28*

		4

		.82



		

		BGR

		.89

		1.18

		

		

		.77



		Reward Systems

		USA 

		.29

		1.51

		-1.77

		4

		.89



		

		BGR

		.71

		1.37

		

		

		.81



		Metrics for Collaboration

		USA 

		.52

		1.46

		-1.13

		2

		.79



		

		BGR

		.80

		1.42

		

		

		.87



		Information Sharing Norms

		USA 

		.91

		1.45

		-1.37

		3

		.88



		

		BGR

		1.21

		1.00

		

		

		.56



		Collaborative Learning

		USA 

		1.25

		1.39

		2.70*

		3

		.84



		

		BGR

		.61

		1.46

		

		

		.81



		Social Capital

		USA 

		1.24

		1.32

		-.64

		2

		.67



		

		BGR

		1.38

		1.16

		

		

		.66



		Individual Collaborative Capacity

		USA 

		1.33

		1.11

		-1.57

		7

		.92



		

		BGR

		1.59

		.84

		

		

		.87



		Barriers to Collaboration

		USA 

		.08

		1.19

		1.72

		5

		.78



		

		BGR

		-.25

		1.09

		

		

		.69



		Support to Coalition Team

		USA 

		.70

		1.24

		-.35

		2

		.70



		

		BGR

		.77

		1.22

		

		

		.74



		Perceived Interdependence

		USA 

		.72

		1.68

		-3.79*

		3

		.86



		

		BGR

		1.65

		1.14

		

		

		.86



		Information Sharing Behavior

		USA 

		.78

		1.46

		-2.04*

		2

		.68



		

		BGR

		1.21

		.92

		

		

		.70



		Task Cohesion

		USA 

		1.37

		1.12

		-2.51*

		5

		.87



		

		BGR

		1.77

		.71

		

		

		.79



		Interpersonal Cohesion

		USA 

		1.50

		.97

		-1.02

		5

		.83



		

		BGR

		1.65

		.72

		

		

		.78



		Trustworthiness – Benevolence

		USA 

		1.09

		1.28

		-1.85

		3

		.90



		

		BGR

		1.44

		.94

		

		

		.83



		Trustworthiness – Integrity

		USA 

		1.01

		1.28

		-1.56

		3

		.93



		

		BGR

		1.30

		.92

		

		

		.73



		Trustworthiness – Predictability

		USA 

		.92

		1.45

		-.24

		3

		.96



		

		BGR

		.97

		1.07

		

		

		.89



		Trustworthiness – Competence

		USA 

		1.13

		1.18

		-1.48

		3

		.94



		

		BGR

		1.39

		.89

		

		

		.75



		Job Satisfaction

		USA 

		1.36

		1.40

		-3.22*

		3

		.65



		

		BGR

		1.92

		.82

		

		

		.72



		Coalition Effectiveness

		USA 

		1.00

		1.40

		-1.83

		3

		.85



		

		BGR

		1.37

		.82

		

		

		.73





Note: * indicates that t-value is significant at p<.05.

3.2
Differences in Means 

The comparison of the arithmetic mean scores on the scales over the U.S. and the Bulgarian samples (Table 1) shows significant differences on several dimensions.  The U.S. respondents score higher than the Bulgarians on the scales “Need to collaborate” (p=0.050), “Resource investment in collaboration” (p=0.003), “Structural flexibility” (p=0.001) and “Collaborative learning” (p=0.008).  The Bulgarian respondents score higher in comparison to the US military on the scales “Perceived interdependence” (p=0.000), “Information sharing behavior” (p=0.043), “Task cohesion” (p=0.013) and “Job satisfaction” (p=0.002).  There are no significant differences in the arithmetic mean scores on the rest of the scales used in the survey.  Figure 2 shows the distribution of means for both U.S. and Bulgarian samples on each scale.  
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Figure 2: Differences in means between U.S. and Bulgarian samples


3.3
Correlations


As mentioned above, it is important to identify factors that individuals and organizations bring to the coalition team that are related and influence information sharing and collaboration in multinational/bilateral coalitions. Therefore, we focused our attention on the relationships between the ICC scales that measure the capacity for interorganizational collaboration as a prerequisite for achieving the tasks of the coalition and processes/
outcomes of this cooperation such as information sharing, trust, perceived task cohesion and perceived coalition effectiveness. In addition, we focus on differences between the two samples of U.S. and Bulgarian military, participating in the research. 


The first correlational analysis presented in Table 2 examines the relationship between the individual and organizational factors present prior to the coalition team formation (ICC scales) and self-reported information sharing behavior between coalition partners.  The analysis of the data shows that all of the correlation coefficients between the ICC scales and the information sharing scale are significant at level 0.05 for both samples. With respect of the U.S. sample, the strongest relationships with information sharing include the Individual Collaborative Capacity scale (r=0.663), Social Capital scale (r=0.606), Collaborative Learning scale (r=0.564), Information Sharing Norms scale (r=0.553), and Reward Systems scale (r=0.503).  Generally, the pattern of relationships with respect to the Bulgarian sample is close to the U.S. sample. The strongest relationships with information sharing include the Individual Collaborative Capacity scale (r=0.705), Information Sharing Norms scale (r=0.650), Social Capital scale (r=0.564), Strategic collaboration scale (r=0.525), Metrics of collaboration scale (r=0.506), and Collaborative Learning scale (r=0.550).  


The only difference between the two samples is with respect to the U.S. military, the analysis suggested the existence of strong correlation between Reward Systems scale and information sharing behavior, while with respect to the Bulgarian sample this correlation is low. Conversely, in the Bulgarian sample a strong correlation was found between the strategic collaboration and information sharing behavior, while in the U.S. sample this correlation was low.


Table 2: Correlations between the ICC scales and the information sharing scale

		Information Sharing Behavior scale by ICC scales




		Significant correlations, n=81, p< 0.05


U.S. data

		Significant correlations, 


N=64, p< 0.05


BGR data



		Need to Collaborate

		0.283

		0.326



		Strategic Collaboration

		0.359

		0.525



		Resource Investment

		0.314

		0.314



		Structural Flexibility

		0.380

		0.419



		Reward Systems

		0.503

		0.345



		Metrics for Collaboration

		0.491

		0.506



		Information Sharing Norms

		0.553

		0.650



		Collaborative Learning 

		0.564

		0.500



		Social Capital

		0.606

		0.564



		Individual Collaborative Capacity

		0.662

		0.705



		Barriers to Collaboration

		-.0.314

		-0.315



		Support to Coalition Team

		0.512

		0.455





Next, we examine the relationship between each of the dimensions of trustworthiness and information sharing behavior.  The PRISM model suggests that a reciprocal relationship will exist between information sharing and trust, such that perceptions of trustworthiness will lead to more information sharing; and in turn, information sharing is likely to affect perceptions of the trustee in terms of benevolence, integrity, predictability, and competence.  The analysis of the data revealed moderate correlations between the information sharing behavior scale and the trustworthiness scales (Table 3). There are no significant differences in the pattern of relationships between the information sharing behavior scale and the four scales measuring different dimensions of trustworthiness between the U.S. and the Bulgarian samples. 


Table 3: Correlations between the information sharing and trustworthiness

		Information Sharing Behavior scale by Trustworthiness scales




		Significant correlations, 


n=81, p< 0.05


U.S. data

		Significant correlations, 


n=64, p< 0.05


BGR data



		Benevolence

		0.543

		0.450



		Integrity

		0.417

		0.458



		Predictability

		0.425

		0.451



		Competence

		0.459

		0.425





The PRISM model suggests that the reciprocal relationship between trust (operationalized here as perceptions of trustworthiness) and information sharing behavior will affect team cohesion.  Table 4 presents correlations including each of the dimensions of trustworthiness and information sharing behavior with task and interpersonal cohesion for both the U.S. and Bulgarian samples.  The results demonstrate that all dimensions of trustworthiness are related to both task and interpersonal cohesion for both the U.S. and Bulgarian samples.  Additionally, information sharing is significantly related to task and interpersonal cohesion in both samples.  For both samples, benevolence had the strongest relationship with task cohesion.    


Table 4: Correlating cohesion with trustworthiness and information sharing 


		

		Task Cohesion

		Interpersonal Cohesion



		Cohesion scale by Trustworthiness and Information Sharing



		Significant correlations, 


n=81, p< 0.05


U.S. data

		Significant correlations, 


n=64, p< 0.05


BGR data

		Significant correlations, 


n=81, p< 0.05


U.S. data

		Significant correlations, 


n=64, p< 0.05


BGR data



		Benevolence

		0.716

		0.742

		0.738

		0.622



		Integrity

		0.608

		0.563

		0.595

		0.637



		Predictability

		0.578

		0.458

		0.495

		0.564



		Competence

		0.655

		0.567

		0.563

		0.533



		Information Sharing

		0.620

		0.598

		0.501

		0.514





While the PRISM model suggests that cohesion will be influenced by trust and information sharing, the model also suggests that other individual, team, and organizational factors may also influence these relationships.  Because the ICC scales were developed to predict collaborative capacity, they are likely to relate to other variables in the PRISM model that lead to enhanced collaboration, including task cohesion.  The data, presented at Table 5 suggests the existence of a strong relationship between the perceived task cohesion scale and the ICC scales. As far as the U.S. sample is concerned, the strongest relationships are between task cohesion scale and correspondingly Support to Coalition Team scale (r=0.657), Individual Collaborative Capacity scale (r=0.662), Social Capital scale (r=0.632), Information Sharing Norms scale (r=0.622), Collaborative Learning scale (r=0.620), and Structural Flexibility scale (r=0.526).  With respect to the Bulgarian sample the strongest relationships are between task cohesion scale and correspondingly, Strategic collaboration scale (r=0.591), Individual Collaborative Capacity scale (r=0.552), Information Sharing Norms scale (r=0.522) and Social Capital scale (r=0.477). 


Table 5: Correlations between the ICC scales and Task cohesion scale

		Task cohesion scale by ICC scales




		Significant correlations, n=81, p< 0.05


U.S. data

		Significant correlations, 


n=64, p< 0.05


BGR data



		Need to Collaborate

		0.411

		0.423



		Strategic Collaboration

		0.427

		0.591



		Resource Investment

		0.347

		0.268



		Structural Flexibility

		0.526

		0.338



		Reward Systems

		0.497

		0.401



		Metrics for Collaboration

		0.437

		0.289



		Information Sharing Norms

		0.622

		0.522



		Collaborative Learning 

		0.620

		0.414



		Social Capital

		0.632

		0.477



		Individual Collaborative Capacity

		0.662

		0.552



		Barriers to Collaboration

		-0.309

		-0.269



		Support to Coalition Team

		0.657

		0.382





Finally, critical to this research is the idea that the factors examined will ultimately relate to coalition team effectiveness.  To begin to examine whether this variables do, indeed, relate to coalition team effectiveness, self-reported ratings of respondents’ perceptions of effectiveness are examined in relation to the other research variables.  Results of this analysis are presented in Table 6.  


In regards to the ICC scales, strong to moderate correlations are found between perceived coalition effectiveness among the U.S. personnel participating in the research and the scales Individual Collaborative Capacity (r=0.558), Support to Coalition Team (r=0.555), Information Sharing Norms (r=0.449), Reward Systems (r=0.463), and Structural Flexibility (r=0.458).  With respect to the Bulgarian sample the strongest correlation was found between perceived coalition effectiveness and the scales Support to Coalition Team (r=0.501), Individual Collaborative Capacity (r=0.495), Strategic collaboration scale (r=0.466) and Social capital scale (r=0.430). 


Significant differences exist in the patterns of the correlations between perceived coalition effectiveness scale and the ICC scales between the U.S. and the Bulgarian samples. This result might be indicative of different understanding and different perception of the coalition effectiveness among the Bulgarian and the U.S. military personnel, participating in the exercise. The existing data does not give enough ground to identify the factors that probably shape these differing perceptions, an important topic for further collaborative research efforts. 


In regards to the factors identified in the PRISM model, all variables were significantly related to perceived coalition effectiveness in both the U.S. and Bulgarian samples.  Overall, the correlations between the PRISM variables and perceived coalition effectiveness were slightly stronger than the ICC scales.  This pattern of relationships makes sense, as the PRISM model suggests relationships that are more directly related to collaboration and coalition team effectiveness than the ICC scales.  


Table 6: Correlations between the ICC scales and Perceived coalition effectiveness scale

		Perceived coalition effectiveness  scale by ICC scales




		Significant correlations, n=81, p< 0.05


U.S. data

		Significant correlations, 


n=64, p< 0.05


BGR data



		Need to Collaborate

		0.346

		-



		Strategic Collaboration

		0.416

		0.466



		Resource Investment 

		0.333

		-



		Structural Flexibility

		0.458

		0.292



		Reward Systems

		0.463

		0.260



		Metrics for Collaboration

		0.414

		-



		Information Sharing Norms

		0.449

		0.312



		Collaborative Learning 

		0.505

		0.311



		Social Capital

		0.426

		0.430



		Individual Collaborative Capacity

		0.558

		0.495



		Barriers to Collaboration

		-

		-



		Support to Coalition Team

		0.555

		0.501



		Perceived Interdependence

		0.251

		0.377



		Information Sharing

		0.488

		0.430



		Task Cohesion

		0.677

		0.613



		Interpersonal Cohesion

		0.660

		0.514



		Benevolence

		0.630

		0.664



		Integrity

		0.499

		0.457



		Predictability

		0.458

		0.344



		Competence

		0.512

		0.653





4.0
DISCUSSION


The research presented takes an initial look at factors likely to influence coalition team effectiveness.  Focus was placed on reliability of the scales, mean differences between U.S. and Bulgarian samples, and correlations between the research variables.  More directed analyses of these relationships are needed in future research, but this preliminary exploration into these factors begins to suggest future research topics for parties interested in enhancing coalition team effectiveness.  


Differences in means were found on some of the research variables between U.S. and Bulgarian samples.  Moreover, these mean differences seemed to follow a pattern, where U.S. generally scored higher on the ICC scales, which assessed individual and organizational factors existing prior to the multinational training exercise that were likely to affect collaboration.  A higher score on the need to collaborate scale shows that the US military perceive their organization as one for which coalition collaboration is a priority, it understands the importance to collaborate with coalition partners to achieve its mission and value the benefits of coalition cooperation.  In comparison to the Bulgarian respondents, U.S. respondents seem to perceive the U.S. military as an organization that invests more resources to achieve successful coalition cooperation and is more flexible to adapt procedures and make cooperation successful.  U.S. respondents also indicated perceiving the U.S. military as more of a learning organization that highly values lessons learned process and considers each coalition cooperation as a contribution to mutual learning


Conversely, the Bulgarian means were generally higher for the scales assessing constructs from the PRISM model, which focus on what unfolds once the coalition team is formed in terms of factors affecting coalition team effectiveness through information sharing and collaboration.  Bulgarian respondents demonstrate a high level of perceived interdependence between coalition partners to achieve the goals of the exercise/operation both with respect to implementation of the tasks and particularly as far as the exchange of information is concerned.  Additionally, the Bulgarian military share the perception that the coalition partners understand the role of timely information exchange and do everything possible to keep the partners up to date about their activities; they feel that their organization shares information openly with the coalition partners. Moreover, the Bulgarian respondents perceive the coalition collaboration as meaningful and important for both sides and therefore, consider the cohesion among the coalition team as high; working with coalition partners is enjoyable and rewarding.  Finally, the Bulgarians demonstrate high level of job satisfaction particularly working with U.S. partners in this exercise. 


These findings provide insight into problems that need to be addressed within organizations in order to enhance coalition effectiveness in the future.  The U.S. respondents seem to indicate that they have a greater capacity for collaboration in terms of the culture of the U.S. military as an organization and the resources it provides.  However, once engaged in the exercise, the U.S. respondents may have benefitted from a greater understanding of the interdependencies inherent in the joint training exercise (e.g. How can the coalition partnership be enhanced in the joint training example through greater information sharing?  What information should be shared with whom and for what reason?).  Conversely, the results of this research suggest that Bulgarian respondents have a better understanding of the interdependencies, want to share available information, and have more positive attitudes toward the coalition team once engaged, but may benefit from organizational cultural changes such as increased flexibility and resources to collaborate.  No definitive conclusions can be drawn from this data, but this research begins to suggest ways of improving coalition team effectiveness.  Future research should also examine generalizability to other types of coalition teamwork to see if similar differences are found between other nations.


In general, the correlations between the research variables were consistent with expectations.  Factors were identified by the PRISM model and research on interorganizational collaborative capacity that were expected to relate perceived coalition effectiveness.  The significant correlations presented in the results section suggest that the constructs identified are indeed likely to predict coalition team effectiveness through their relationships with information sharing and collaboration.  Overall, the correlations between the PRISM variables and perceived coalition effectiveness were slightly stronger than the ICC scales.  Because the PRISM model suggests relationships that are more directly related to collaboration and coalition team effectiveness than the ICC scales, this pattern of relationships was expected.  Plans for future research include approaching this problem with a more sophisticated statistical analysis to examine the fit of a model developed as a combination of PRISM and the ICC variables.  This will be useful in better understanding the relationships between these variables and identifying the most useful predictors of coalition team effectiveness.  Further refinements to the scales used to measure these constructs, including means of measuring constructs more objectively, as well as more precise outcome measures are important to further validate the model.   


4.1
Military Benefits


This research utilized past theoretical and empirical research to identify factors considered critical for coalition team effectiveness, including organizational and national cultural differences relating to information sharing and trust, fostering collaboration among coalition partners.  The findings from this research could be used to improve military training and the organization of coalition teams.  For example, organizational structure may inhibit information sharing in current coalition teamwork.  Additionally, individual attitudes toward the need for collaboration and differences in perceived interdependence between coalition partners may be barriers to coalition teamwork.  By exploring these critical factors, we can begin to understand areas that should be targeted for improving organizational effectiveness in coalition operations. 


Additionally, the identification of these factors influencing collaboration in coalition teams also gives rise to better means of assessing coalition team effectiveness, or likelihood of success in future NATO missions.  This research, along with future projects, could be utilized to develop a method of assessing the readiness of coalition team members prior to beginning a mission and training could be targeted to address areas of improvement.       
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Abstract 


The ACT Operational Analysis Workshop has been held yearly since 2007 and fulfils in a need to bring together the NATO Operational Analysis community to discuss the  common threads on the application of scientific methods to support the decision making process in the various NATO commands and agencies and at the national level.  While Operational Analysis (OA) is applied at various decision making levels, the commonality of the practice of OA makes it possible but also necessary to discuss challenges, exchange best practices, gain insights and think about potential improvements.  One of its main objectives is to compare the use of OA within the NATO Allied Command Operations (ACO), the NATO Allied Command Transformation (ACT), and the national laboratories and technical centres, and to determine how to improve synergy, cohesion and coordination between Operational Analysts within the NATO command and force structure and the nations.  Furthermore, the OA Workshop explores opportunities to cooperate between NATO and national entities.  The themes of the three workshops so far have been very diverse, but all have been within the overall aim “To coordinate and improve the contributions of Operational Analysis to NATO operations and capability development”.  

This paper will discuss the contribution of the three workshops to the continuing challenges that the operational environment and the transformational agenda is being confronted with and touches upon the expectations of what the fourth workshop to be held in June 2010 will bring.  Some of the greatest challenges include dealing with the complexity of the current operational environment with less emphasis on kinetic solutions.  Non-military dimensions and out-of-area operations have made clear that more analytical resources need to be applied towards “softer” analytical methods making less use of mathematical optimization, statistical application and “number crunching”.  Equally challenging is the problem of using experimentation to better understand and evaluate military capabilities, and how to support concept development with analytical efforts.  The workshops have been striving to find ways to improve the value that OA brings to decision-makers in operations and in capabilities development.

Keywords:  Operational Analysis, Complexity, Experimentation, ACT

1
INTRODUCTION


From the successes of applying scientific methods to decision making and military problems during World War II, the field of Operational Analysis (OA) rapidly grew into a successful profession that supported decision making in a variety of industries, organisations and governments. Within the military, OA remained a speciality discipline and many defence organisations in nations have created OA capabilities to support equipment procurement, capability development and military operations.


The OA community in NATO is diverse, with staff employed to: provide assessment of progress of operations; support concept development and experimentation; analyse lessons learned, and optimise and evaluate training, to name a few.  Given this diversity in application of structured and scientific decision making support, many staff felt that a regular meeting was required to establish a sense of community and professional identity. 


Following the expression of this requirement, on 13 – 16 March, 2007, at the Little Creek Conference Centre, Norfolk, the OA Branch at Headquarters Supreme Allied Commander Transformation (HQ SACT) hosted the first NATO-wide OA Workshop that brought together many analysts from throughout the NATO structure. The focus was on establishing an analysis community and attendees were called to give briefs on their current work and responsibilities. A good understanding of the wide variety of NATO analysis ongoing and current practices was received, and a realisation that many of those current practices needed improvement.


On 17 November, 2008, the HQ SACT OA Branch hosted the second NATO OA Workshop, as a pre-event to the Concept Development and Experimentation conference in Oslo, Norway.  This time, the focus was primarily on campaign assessment. It was realised that there was a serious problem with the way in which NATO assesses progress as a result of the lack of both standardised processes and connections between staffs at strategic, operational and more tactical/in-theatre levels.


NATO HQ SACT hosted the 3rd Annual NATO Operational Analysis Workshop on 9 – 11 June, 2009, at the Norfolk Naval Base.  The core theme of this event was utilisation of analysis: how to ensure that analytical products from defence experimentation, analysis activities supporting operations, and lessons learned are fully used by customers and stakeholders in these respective communities.  A critical question that is intimately tied with the issue of utilisation was also raised: the existence, definition and membership of the analysis community.

In 2010, HQ SACT will host the 4th OA Workshop from 15 – 17 June 2010.  The theme of this event is to examine the problems that Concept Developers face and the role of analysis in supporting Concept Development. Within NATO, Concepts are a primary mechanism for initiating and debating change, yet in comparison to Experiments, it has been challenging to apply a wide variety of analytical techniques. It is our intention to determine analysis requirements and fit analytical methods to problems. The outputs will be used to inform best practice for Concepts Development within NATO.


The purpose of this paper is to give an overview of the aim of the OA workshops and to discuss how an event as the OA workshop can influence the discussion of problems within NATO, how the OA workshop functions as a gathering of likeminded people and what the fall-out of the meetings are for the OA community and for NATO as a whole.  


2
Conduct of the Workshops


2.1
Aim

All four workshops have been constructed with a similar aim and set of objectives that have remained reasonably robust over the years.  While there are some differences in the exact formulation of the aim of the workshops, the general genesis of the aim has been: 


· To coordinate and improve the contributions of Operational Analysis to NATO operations and capability development.


Within that context the contributions from the OA practitioners within the Allied Command Operations (ACO) concentrated on how OA supported the NATO operations in Afghanistan, Balkans, off-the-coast of Sudan, the Pakistan earthquake relief efforts, and Operation Active Endeavour.  The OA contributions in capability development have been concentrated in Allied Command Transformation mainly to support Defence Planning, Concept Development and Experimentation, and Research and Technology.  Analytical efforts in NATO Agencies have been in support of ACO and ACT in these areas.  


2.2
Objectives

The Operational Analysis efforts faced various challenges in conducting this support, and the OA Workshop’s objectives were to understand these challenges from the various entities and see how coordination between the Operational Analysts could assist in finding solutions for them.  The objectives for the workshops therefore have also been very constant from 2007 onwards:

· Review the various ways that Operational Analysis is currently contributing to NATO (commands and nations) operations and capability (looking at ACO, ACT and the nations);


· Discuss challenges, best practices, external insights and potential improvements;


· Determine how to improve synergy, cohesion and coordination between the Operational Analysts within NATO command and force structure and the nations;


· Identify additional challenges and opportunities for the OA Community to address together for the good of the Alliance.


However, the actual conduct of the workshops has been quite different.  While the 2007 workshop served as an introduction to all NATO command and agencies of what kind of activities the Operational Analysts were involved in and sought to define what kind of mechanisms could improve the coordination between the various entities, the 2008 workshop focused on the single topic of Assessment.  In 2009, the emphasis was on how analysis supported three different strands of work in NATO, and in 2010, the focus will be on how operational analysis interacts with the single activity of Concept Development and attempts to build understanding with non-analysts on what OA brings.  The following sections provide details on the topics and the outcome of each of the workshops.


3
OA Workshop 2007


The 2007 OA workshop was an opportunity for all NATO entities to present on current work and methods, for individual OA analysts to present a topic or study result, and for the forming of syndicates to discuss the future of OA.  At that time, Operational Analysts were situated in all the ACO Joint Force Commands (JFC), their Air, Land and Maritime Component Commands (CC), at HQ SACT, at Joint Warfighting Centre (JWC), at Joint Analysis Lessons Learned Centre (JALLC), at the NATO Consultation Command & Control Agency (NC3A) and at the NATO Undersea Research Centre (NURC).  Additionally, in the NATO Force Structure, the Corps HQs had OA experts.  


3.1
Current Work


A full day of the workshop was devoted to these HQs and Agencies to brief on their OA experiences, what they were working on, and how their advice and expertise was used by their superiors.  The focus of the ACO JFCs and CCs naturally was on supporting the operational planning for the NATO Operations in Afghanistan (ISAF), Kosovo (KFOR), Pakistan (Earthquake Relief) and in the Mediterranean (Operation Active Endeavour), and on assistance to the NATO Training Mission in Iraq, Hurricane Katrina relief and monitoring Dafur.  Emphasis was placed on supporting the then developing Effects Based Thinking, and on campaign and operational assessment through the measuring of effectiveness and progress of missions.  Their work was further broadened to support the same functions in the NATO Response Force exercises where substantial efforts were spent in supporting the course of actions by wargaming with NC3A developed tools.  On the ACT side, analysts in various HQ SACT branches supported the development of requirements – hand in hand with NC3A – for the Defence Requirements Review (DRR) and  Long Term Capability Requirements (LTCR), provided strategic analysis for ACT’s and Bi-SC Seminars and Conferences, conducted the analysis for Concept Development and in Experiments, while the JWC analysis concentrated on CD&E projects, the JALLC produced various reports on burning issues in NATO’s operations and exercises, and NURC reported on OA support to projects in port protection, autonomous underwater vehicles and maritime situational awareness.


3.2
Future of OA in NATO


Keynote addresses from Dr. George Rose (UK) and Mr. Michael Bauman (US) provided a welcome introduction into how two major NATO nations undertook transformation of their analysis focus to the future.  Dr. Rose spoke about the need to go back to the roots of OA by collecting data and forward deploy analysts together with the troops to learn of the operational problems and to support them with science and technology (S&T), either directly, or by reach-back to the UK Defence Science and Technology Lab (DSTL).  Mr. Bauman spoke about the need for OA to team up with the Subject Matter Experts and to engage major stakeholders, while maintaining OA integrity and professionalism, to support the development of concepts.


Four syndicates were formed to discuss the future of Operational Analysis in NATO.  It has been perceived that the role of the operational analyst is to work in support of the projects and staff work in the HQs, and therefore is mainly invisible or in the background.  The lack of procedures, vision, or a recognized program of work may undercut the ability of maintaining analytical expertise specifically in times when the old paradigms of cold-war analysis have become obsolete and new methods and tools have to be developed to be able to support the current type of missions of NATO.  A need to explain the analytical method, to gather requirements for analytical work, to learn new methodology and to share locally developed models, was discussed in each of the four syndicates:


· NATO Operational Analysis Handbook


· Analysis Requirements List


· Operational Analysis Education and Training


· Sharing Analytical Models


The four syndicates briefed back on the last day of the workshop on their contribution to the formulation of a common analytical approach on: 

· Principles on division of responsibilities and rules of cooperation in analytical work in NATO;


· An agreement to consolidate the combined NATO requirements for Operational Analysis into a single Analysis Requirements List (ARL) and initiate the formulation of business rules for the use and implementation of the ARL;


· Draft an outline of a NATO Operational Analysis Handbook and an agreement on sharing methods, models, database formats, dictionaries and contents;


· Principles on conducting peer review of OA work, on creating training opportunities and on building a NATO OA/OR network.


3.3
Special Topics


During the 2007 workshop there was also the opportunity to present analytical work done on special topics.  These special topics were grouped under four headings:


· OA in Concept Development and Experimentation


· OA to support Operational Plans


· OA Case Studies


· OA in Campaign Assessment


Two presentations on CD&E discussed how analysis supports Concept Development through problem structuring, formulation, brainstorming, simple modelling and risk and feasibility analysis, and how vital it is to insert the analyst into the design of the experiment from the beginning to ensure that the aims and objectives of the experiment can be met by a well-designed data capturing and analysis plan.  Examples were given for the concepts of Joint Urban Operations (JUO) and Joint Intelligence Surveillance and Reconnaissance (JISR) and the Multinational Experiments (MNE) on the Effects Based Approach to Operations (EBAO).  A third presentation detailed the needs for proper survey and questionnaire design.  


The second group contained a briefing on the NC3A model GAMMA (Global Aggregated Model for Military Assessment) and how it was used in a reach-back mode to support the JFCs in planning.  NC3A further briefed on the models that are used in the DRR project to determine the Minimum Military Requirement for forces over the medium term informing the Defence Planning Process on force structures required from the nations.  The Air CC Izmir briefing was on a network optimization model used to plan for humanitarian relief in a NATO consequence management mission.  


The case study on social network analysis having potential uses in analyzing Command and Control vulnerabilities, situational awareness, lessons learned, concept development etc highlighted the capabilities of a new method to be used in NATO analysis.  A presentation on logistics regression provided a way to cope with binary data analysis resulting from data collection through surveys.  A analysis of the tasks that need to be conducted in countering piracy of the Horn of Africa used a mind mapping method to brainstorm and structure the problem.


Campaign assessment in exercises and operations faces a number of challenges, current practices and methods to tackle the problem were discussed in three separate briefs on the topic.  


3.4
Conclusion


The 2007 OA workshop concluded with promises to develop an OA handbook, to build a NATO OA community, to develop a consolidated ARL and to look for opportunities to develop an introductory course for military staffers that are placed in an OA billet or aspire to conduct analysis to appreciate and understand principles of analysis.


4
OA WORKSHOP 2008

While the 2007 OA workshop was conducted over three days, the choice to conduct in 2008 a one-day OA workshop on the role of analysis in supporting Campaign Assessment at both the Strategic and Operational levels, was given by the urgent need by the ACO commands to change their approach to assessment in light of developments in ISAF.  The one-day workshop was an add-on to the CD&E conference, but only for organizational purposes and to maximize participation. The workshop allowed for participation by national representatives from NATO nations, who were either invited through the mechanisms of the RTO or had professional links with the topic assessment. The workshop covered in two sessions the role of analysis in supporting assessments at the operational level and at the strategic level.  Each session was introduced by two presentations after which a plenary debate under the direction of a panel discussed the following topics: 


· What is the state-of-the-art with respect to tools and techniques for conducting campaign assessments?


· What are the challenges facing analysts conducting analysis at Operational and Strategic levels?


· What are the relationships between Operational and Strategic level assessments: are there hierarchical links or are they independent? 


4.1
Urgent Need


The urgent need to discuss assessment was given by operational considerations that were the topic of discussions in which SACEUR himself was involved.  Finally, in December 2007 SACEUR’s Strategic Commanders’ Conference identified a need for a continuing Strategic Assessment process to inform SACEUR of the progress of the ISAF mission
.  As a result an Urgent Operational Requirement for an ISAF Strategic Assessment Capability (ISAC) was drafted by SHAPE and was approved by the Military Committee in August 2008
.  The final solution for the ISAC includes programmatic support for the Campaign Assessment Tool developed by NC3A and calls for a dedicated analyst support in situ in ISAF.


4.2
Presentations


The first session contained a Netherlands presentation on how Influence Diagrams were used to assess the operation of the Dutch ISAF contingent in Uruzgan.  The tool used provided useful information and in concert with the data collection done by the embedded Operational Analysts, allowed for a comprehensive national assessment of the operation in Uruzgan.  The presentation of the developments on the NATO Assessment Handbook produced by a sub group that is part of the Bi-SC EBAO Working Group, gave the participants an appreciation of work progress on assessment since the introduction of the EBAO concept.  The handbook outlines how the measures of effectiveness and measures of performance are constructed and derived from the formulation of effects and actions, and gives guidance on how to construct them.  The second session on strategic level assessment provided a brief on the ISAF Strategic Assessment Capability itself, and showed that the method used was very much tailored to the ISAF situation.  A subsequent presentation warned for the oversimplification of aggregation of assessment results, the implicit cause and effect relations that some of the operational plans contain, and the difficulty to design and construct measures of effectiveness and performance, especially when the operational plan already had been constructed without consideration of these measures.

4.3
Plenary Discussion and Conclusion

The workshop concluded that the overall the implementation of assessment is inconsistent across NATO: where there are dedicated resources and expertise then there are areas of good practice.  There is a continuing need for Campaign Assessment within NATO, in line with Comprehensive Political Guidance
, but an overall concept to ensure robust delivery of NATO’s campaign assessment requirements is lacking.  It was recommended to develop an Assessment Concept that should be based on an integrated process that delivers products at the Tactical, Operational, Theatre Strategic, and Grand Strategic levels, focusing on Operational and Theatre Strategic products while identifying key interfaces between all products.  Products would be prepared and delivered by Assessment staff, and supported by Analysis staff that can undertake deeper analysis where necessary. The products should be flexible to meet the appropriate commander’s needs, but best practice should be identified for the content and format.  The Assessment Concept should be cognisant of the complexity of the operating environment.  This has implications for the measures selected, the assumptions pertaining to the relationship between measures, and the tools and techniques.  The Assessment Concept needs to be coherent across DOTMLPFI to maximise the benefits of its implementation. The Assessment Concept should be a Bi-SC deliverable.


5
OA WORKSHOP 2009 


As in 2008, the OA workshop extended invitations to the nations through the R&T Agency (RTA) Systems Analysis and Studies (SAS) Panel representatives.  A number of nations attended and provided briefings.  The 2009 OA workshop was constructed around three broad strands of OA work, each having their own sub-objectives:  


· Analysis in Experimentation, with the objective to explore and seek improvements to the OA contribution to operational experimentation in NATO, to expose the entire OA community to approaches to operational experimentation as described in the GUIDEx
, the Code of Best Practices (COBP) for Experimentation
, and the developing NATO CD&E Guide, and to discuss among a limited group of experiment-focused participants the successes, challenges and potential improvements to OA’s contribution to NATO operational experimentation;


· Systems Analysis in Operations, Planning and Assessment, with the objective to explore and seek improvements to the OA contribution to systemic analysis in support of planning and assessment in NATO operations in a complex operational environment, to expose the entire OA community to the NATO approaches to systems analysis (known by a variety of systems names) as it is applied to supporting operational planners and decision-makers in NATO operations, and to discuss among a limited group of systems-analysis participants the successes, challenges and potential improvements to OA’s contribution to operational planning, assessing and decision-making;

· Operational Analysis for Capability Improvement (Lessons Learned), with the objective to explore and seek improvements to the analytical contributions to NATO’s lessons learned processes, primarily as conducted by the Joint Centre for Operational Analysis (JCOA) and the Joint Analysis and Lessons Learned Centre (JALLC), to expose the entire OA community to the NATO approaches to analytical support to lessons learned and the way results are incorporated into capability improvements, and to discuss among a limited group of lessons learned-focused participants the successes, challenges and potential ways to improve analytical contributions to operational capabilities and capability development.


5.1
Keynote Addresses and Plenary Presentations

Major General Skare, Assistant Chief of Staff for Implementation at HQ SACT opened the meeting in a plenary session, reminding the audience that he understands “the value that [the analytical community] adds and the need for ensuring that [it] is relevant today”.  However, he challenged the audience to define themselves as problem solvers not as people that have a tendency to “fall in love with the problem.”


Brigadier-General Crutchfield, Director of the United States Joint Centre for Operational Analysis (JCOA), provided the first keynote address in which he explained how his organisation has been more successful lately ensuring the utilisation of their analytical products. Consequently, the JCOA is now tasked to maximum capacity to analyse a number of critical operational problems in Iraq and Afghanistan.  He pointed out that a team effort between the staff from his ‘Engagement’ division and the ‘Studies and Analysis’ division, has made all the difference: whilst the latter produces and delivers the analysis reports, the former visits all relevant stakeholders and interested customers with a focused brief on what the results and recommendations mean for their particular areas.  


The second keynote address was given by Mr. Paul Labbé, Head of Science and Technology Capability Management at Defence Research and Development Canada, and chair of the international study group which drafted the GUIDEx.  The GUIDEx provides the foundation for experimentation campaigns at ACT and in many nations.  Mr. Labbé explained that experimentation itself must be seen as a campaign in which the problem statement is investigated through concept development, analytical games, modeling and simulation, studies and analysis, and event-like experiments, in which equal time is spent between understanding the problem and solving it.  He showed that experimentation is a team effort between analysts, scientists and operators. 

The morning plenary sessions of the second and third day were filled with a challenging and diverse set of briefings: the role of operational analysis in a campaign of chemical, biological, radiological and nuclear detection capability concept development and experimentation; the ability of and modelling and simulation to support each other; the nature of today’s defence problems which tend to be “wicked” and complex and the challenges this brings; a novel technique of disruptive technology games to develop concepts; the NATO ACT Multiple Futures project; the exploitation of work from the NATO Research and Technology Organisation; and the new NATO Defence Planning Process.  


5.2
Analysis in Experimentation

The purpose of subdividing the workshop into three strands was to allow analysts to present their work to a peer group, and to discuss the critical issues of how to improve utilisation of analysis results and how to maintain an analytical community.  

5.2.1
Analysis Community in Experimentation


Given that NATO and many nations are involved in experimentation and commit significant resources, money and intellectual development, the need for a professional forum was discussed.  Often the analytical problems faced by analysts and experimenters are very similar, even across diverse fields. For example, the issue of how to measure situational awareness has arisen in many past experiments, and is now an issue for upcoming experiments.  Performing a basic literature review in the defence experimentation field is difficult, as a good body of published knowledge is not available.  It is quite typical for projects to start from scratch and reinvent the wheel with regard to commonly measured defence parameters such a situational awareness, network robustness, plan effectiveness and information timeliness—a significant waste of resources and time.  Developing a strong, professional analysis community is the primary way in which to resolve this situation.  This requires several activities of the defence experimentation community: 


· Knowledge Sharing in Published Literature: Most professional fields have a publication in which new methods, results and news can be shared.  The experimentation community should be encouraged to publish the methods and results of concept development and experimentation campaigns in a professional journal.  NATO HQ SACT is currently investigating the possibility of creating an annual, peer-reviewed, online journal with the NATO Research and Technology Organisation or the US Command and Control Research Program.


· Regular Conferences and Workshops: Most professions have regular conferences where members can network, share work, educate, discuss common problems, and most importantly, maintain a professional identity. The need for a regular, annual conference for the defence experimentation community was reaffirmed.  


· Training and Continuous Education: The previous two points will address the need for continuous education to some extent, however, there is little in the way of suitable training for the field of concept development and experimentation. For example, the use of modelling and simulation in support of concept development and experimentation is not well established.  The purposes of a professional community are to set standards, develop best techniques and promote learning – the overall result is better quality for the customer. The community should strive to seek and develop appropriate training materials and guides. Although the HQ SACT teaches an introductory course at the NATO School Oberammergau, several nations are interested in more advanced courses focusing on methods.


5.2.2
Experimentation Issues


The issues of rigour and validity in experimentation were discussed.  A set of scientific principles, encapsulated within the GUIDEx, guide experimenters and analysts in the correct and scientific method of experimentation; however, these are difficult to maintain with the many organisational, resource and time constraints usually present.


Much of the activity in experimentation campaigns does not fall under the strict scientific definition of ‘experiment’, however, care must be taken to distinguish between an ‘experiment’ – which is the formal, hypothesis test to establish a causal relationship by showing covariance between variables in a controlled environment – and ‘experimentation’ which is now understood in a broader sense as the wide variety of activities that contribute to the overall development of a capability. This can include an iterative cycle of paper studies, modelling and simulation, observational studies, limited discovery experiments, which then may, or may not culminate in a ‘full-blown’ scientific experiment.  Although organisational limitations, budgets and politics are often major constraints, the idea of experimentation campaigns need to be emphasised.

5.2.3
Utilisation of Experimentation Results


Primarily, the way in which results from experimentation are used depends on a complex combination of organisational structural issues, leadership and management and budgetary processes; factors that are difficult to change by one single group of people. However, there are several actions that analysts, in concert with concept developers and experimenters, can do to improve utilisation.


· Focus on Conclusions and Recommendations: Reports should be ‘utilisation-focused’ from their outset. This involves carefully structuring, presenting and emphasising the recommendations, and directing them towards appropriate customers and stakeholders.


· Focus on Gaining Leadership Support: The success of any effort ultimately depends on critical support of key leadership. Flag and General Officers will have to underscore the need for experimentation by confirming the objectives, re-assessing the concept or conceptual framework, and their stake in the experiment. Without this, the utilisation of results will fail.


· Focus on Marketing Successes and Results: Although such activities are not typically the purview of analysts and scientists, the power of good marketing must be accepted.  For each experiment, concept development or analysis study, analysts must ensure that accompanying ‘glossy’ brochures, websites, weekly updates, posters, and tri-fold leaflets are produced in order to spread awareness and gain leadership acceptance. It was suggested that leadership should require that all ongoing and completed work is published in command quarterlies or magazines.

5.3
Systems Analysis and Assessment in Support of Operations


As more nations commit significant resources in Afghanistan and other operational theatres, there is increased recognition of the need to demonstrate progress.  SACEUR himself testified to the US Senate Armed Services Committee recently, acknowledging that there was no reliable way to measure progress in Afghanistan.  Given the large changes implemented at the operational level in the NATO command structure, which involves the creation of ‘Assessment’ branches, the time is right for a significant improvement in the way in which NATO measures operational progress.  In common with Assessment, the new field of systems analysis and knowledge development is requiring changing NATO operational structures and processes. 


5.3.1
Customer Support and Understanding


Given that both Assessment and Systems Analysis are relatively new subject areas in NATO and many nations, there is a significant need for basic training in these areas for customers of analysis products and key leadership. The analytical community should maintain involvement with the relevant training authorities to ensure the quality of training courses.

5.3.2
Ongoing Projects in ACT and ACO to Develop the NATO Assessment Process


The current NATO assessment processes are is in the process of being developed.  The 2007 and 2008 workshops, in which almost all the NATO commands were represented, confirmed the need for urgent action on creating an improved assessment process.  Currently, the processes used by analysts in operations are ad-hoc and not formalised and there is no NATO doctrine on which to base practice.  The publication of a new NATO operations planning process should go some way towards rectifying this situation, although much work remains. Supporting software tools are also in development by NC3A, although they of course depend on the development of the doctrine and processes. The Workshop was an opportunity to demonstrate the various work projects ongoing in the area of Assessment, which are outlined below. 


· Bi-Strategic Command Effects-Based Approach to Operations Working Group (Bi-SC EBAO WG):  This working group has a sub-working group which is refining the NATO Assessment Handbook, and recently began work on the Assessment components of the NATO Operations Planning Process document. 


· ISAF Strategic Assessment Capability: The ISAF Strategic Assessment Capability (ISAC) project was created at SACEUR’s request to rectify the deficiency of assessment at the strategic level. Although there are many beneficial aspects and novel aspects to this project, it was felt that this work was a temporary fix, and that the analysis community needs to work towards ensuring that the project is generalised into a strategic level assessment.


· Multi-National Experiment 6: During the conference, the way in which civilian institutions and organisations such as the United Nations perform assessment (“evaluation”) was discussed.  The Bi-SC EBAO WG is considering these methods in the development of the NATO Assessment Handbook.  A brief was given on Multinational Experiment 6 (MNE 6), a campaign of concept development and experimentation which is examining civilian methods and looking for areas where the military can use well developed techniques and practices.  All Assessment staffs in the Allied Command Operations structure are encouraged to be involved in this program.


· NATO Research and Technology Organisation: A study on Assessment (HFM-185) has been initiated by a request from several nations (USA, CAN, GBR, NLD, DEU). The aim of the study is to share current practices and best practices on Assessment, and determine where these can be applied to NATO practices. 


· United States Measuring Progress in Conflict Environments (MPICE): Dr. Barbara Sotirin presented the work of her team at the US Army Corps of Engineers. Although a national project, the work is well developed and operationally tested, and should be investigated by NATO to extract beneficial and applicable aspects.


5.3.3
Training


Although NATO civilian analyst posts are filled by pre-qualified experts, there is no such guarantee for the many military posts in the new Assessment and Knowledge Development branches in the Joint Force Commands. The necessity for development of training courses in Assessment was discussed, as there is currently no formal training (outside of limited instruction for exercises).


5.4
Analysis in Support of Lessons Learned and Capability Improvement


This strand featured both the NATO and US national lessons learned process and a wide range of issues were discussed.


5.4.1
Use of Analysis Products in Lessons Learned


Analysis in support of both the NATO and US lessons learned process generally has a well-defined customer from which initial requirements are generated. It was considered that analysis products are used effectively to bring about change across the DOTMLPFI
 lines of capability development.  The importance of keeping the leadership engaged was emphasised, and stakeholder analysis makes an important contribution.  Although both NATO and national organisations focus on operational issues, frequently strategic and tactical issues are addressed.  When tactical issues are observed by the analysis teams in-theatre, they need to be brought to the attention of the local Commander as soon as possible, and certainly in the out-brief as the team departs from theatre.  Discussions on training needs analysis resulted in the view that training is a consumer of analysis products that demonstrate the gaps in training (i.e. the T in DOTMLPF recommendations).  The JALLC Lessons Learned Database was viewed as a useful tool to be able to communicate information and analysis products in the NATO environment, but an effective search engine is essential for information management.


5.4.2
Organisational Complexity and Political Considerations

Organisational complexity adds difficulty to the handling of recommendations made in analysis reports and often results in time delays.  It was noted that the findings and recommendations in JALLC analysis reports, once signed-off by the JALLC Commander, are sent to the two NATO strategic commands for endorsement. Although not ideal, seeking endorsement by HQ SACT and then by SHAPE results in additional delays in the release of reports.  It is perceived that developing relationships between the different entities involved in Lessons Learned implementation processes is key: as stated in the NATO bi-strategic command lessons learned directive, the key principles are: cooperation, coordination, communication.


Discussion centred on the fine balance between making findings and recommendations “palatable” and being able to “tell it how it is”.  An essential skill for report writers is being able to write in a politically acceptable way, yet ensuring that the context is not lost.


5.4.3
Stakeholder Customer Involvement with the Analysis Task


As generally the NATO and national Lessons Learned processes have a well-defined customer, this was not viewed to be a significant issue; however, it is recognised that the rotation of military staff may change the requirement for the analysis study.  Within the NATO process the first step in the procedure is to engage with the customer to clarify the analysis requirement.


The key issue with customer involvement is seen to be building trust between the customer, identified stakeholders and the analysis team.  Stakeholder analysis at project initiation is seen to be essential part of this trust building.  The JALLC uses a ‘Coordinating Draft’ report distributed to all identified stakeholders to elicit customer review and comment before publication of the final report.  The analysis team must not be viewed by the command staff as being evaluators: the aim of the analysis is to identify those factors that lead to lead to systematic errors, not to evaluate the performance of the staff.


5.4.4
Presentation of Results


The presentation of analysis results in a way that assists the user of these results is an essential aspect to consider when considering the output of an analysis study – the final user of the study must be considered from the outset.  Writing a well structured report with an executive summary is fundamental.  For example, JCOA presents results in a matrix of recommendations against DOTMLPF (+P) lines of capability development, and JALLC adopts the same approach in its analysis reports where appropriate.  It was noted that the US system can accept unformatted entries (e.g. reports can simply be embedded) whereas the current NATO Lessons Learned database is constrained to the “observation, discussion, conclusion and recommendation format”.  It was felt that a “finding, discussion and recommendation” format may be a more natural way of presenting Lessons Learned analysis results and it was agreed that this is an approach that should be investigated by HQ SACT and the JALLC when reviewing the user requirements for the new NATO Lessons Learned database software.


The participants noted the function of the JCOA Engagement Division in providing contact and the push of analysis results to customers and stakeholders.  It was recognised that this not being well done in the NATO Lessons Learned process and could be improved.  JCOA analysis reports are finally signed off by the report’s customer whereas JALLC reports are signed off by the Commander JALLC and then are sent to the Bi-SCs for endorsement.


5.5
The NATO Analysis Community


The proposed changes in NATO structure have brought a difficult challenge to the Operational Analysis community, which traditionally (and informally) has been defined in NATO as those expert civilian staff who employ structured and scientific methods to support decision-making in operations in all fields. Now, operational analysis staff are being distributed in various places in ACO including within new Assessment branches and in new Knowledge Development branches.  Additionally, within ACT, Operational Analysis manpower has been cut.  Some questions now arise, how do we define “Operational Analysis” and who should be considered as an operational analyst?

This dispersion of OA will not guarantee the professional standing and development of the OA practices. Additionally, including generic military analysts without a professional education or background in OA will further affect the quality of headquarters’ OA capability, to the extent that questions arise whether or not OA is present in the HQ. 

5.5.1
Professional Communities

Military planners, military logisticians, doctors, teachers, lawyers and engineers have professional communities. There is a large and established body of people whose profession is the application of scientific and structured analysis to support decision-making in various fields in defence and the need has been expressed by many to have an established professional community that can allow the following:


· Establish a professional identity with an external component – recognition by customers – and an internal component – self-identification; 


· Education, training and professional development;

· Networking;

· Collaboration on projects;

· Technical development, to include Identification and definition of shared theories and concepts; Best Practices and setting technical, ethical standards and values; and mechanism to share (and validate) work of common interest to members of the community;

· Identification of issues of future importance;

· Community support to include representation, moral & social support, and rewarding and recognising achievement.

5.5.2
An Analysis Community?


We propose that the field of ‘Operational Analysis’ be considered as those professionally trained analysis staff that are experts in applying rigorous, structured, scientific methods to understand complex problems to assist decision-makers within the military domain with independent advice.

There are significant changes in the OA staffs in NATO: in ACO, OA branches are being disbanded and dispersed amongst Assessment, Knowledge Development, Plans and Command Group branches; in NC3A, there is a project focus in which the OR Division has been replaced by a loosely defined ‘OR Community’; and in ACT the OA branch has been reduced to 50% manning in the new PE structure.


There is sufficient evidence to suggest that OA posts in Knowledge Development, Plans and Assessment are still necessary and that additional analysis functions can be justified, such as political, social, and economic analyses.  The question is here, whether these other analysis functions should be included into the OA community to form a wider “Analysis Community”.


OA functionality within in NATO Commands is needed, whether this is for support to operations, derivation of lessons, transformational activities in CD&E, requirement derivation or events analysis. The need to form an OA community is enhanced as OA becomes more dispersed within the new PE structure.  

6
2010 OA workshop

On 15-17 June 2010, HQ SACT will be hosting the 2010 Operational Analysis (OA) Workshop. This three day workshop will focus on methods of analysis to develop concepts, and aims to bring together Analysts and Concept Development practitioners in order to examine the problems that Concept Developers face and the role of analysis in supporting Concept Development.   Within NATO, Concepts are a primary mechanism for initiating and debating change, yet in comparison to Experiments, it has been challenging to apply a wide variety of analytical techniques. It is the workshop’s intention to determine analysis requirements and fit analytical methods to problems. The outputs will be used to inform best practice for Concepts Development within NATO.  Again nations have been invited to attend the workshop and to present their ideas on Concept Development.  The workshop will be a mix of plenary and breakout sessions. Issues to be discussed will include:


· Case studies from NATO and national Concept Development centres;


· The types of issues and problems facing Concept Developers;


· The state-of-the-art with respect to tools and techniques for analysing a Concept;


· Opportunities for Operational Analysis in supporting Concept Development;


· The challenges facing analysts conducting Concepts analysis at various conceptual levels – Capstone, Operating, and Functional.


7
Conclusions


The OA Workshops fulfil a need in the NATO analysis community to gather on an annual basis the practitioners of analysis within the NATO commands, centres and agencies, augmented by many OA analysts from the national laboratories, centres and organizations.   The OA workshop started out to allow for a general display of what the participants were engaged in and worked on in their parent organizations, but quickly devoted itself to discuss specific topics, reaching out to the military staffs to allow their participation to grow understanding and awareness of analytical issues.  

The promises of the first OA workshop in 2007 to develop an OA handbook were shelved when it became clear that the first priority of the NATO OA community was to survive the restructuring of the NATO Peace Establishment Review, and that attempts to build processes and procedures on OA could only disenchant the leadership as they were asking questions on the value that OA brings to their staff work.  It must be assessed whether subsequent re-arrangement and re-assignment of analysts to branches not solely oriented on OA may have done the OA cause good or has been detrimental to it.  Attempts to build a consolidated Analysis Requirements List were diverted when it became clear that the list was only meant to build a program of work for the JALLC.  Several steps have been set to build a NATO OA community and to conduct analysis training.  Firstly, the OA workshop is now in an annual rhythm and it is the intention of the OA in HQ SACT to continue to provide this forum.  Additionally, a full-week analysis course exists for JALLC staffers introducing them to analysis tasks they need to perform when tasked to investigate operational issues within the NATO operational theatres or during exercises.  The NATO CD&E course at NATO School Oberammergau contains three modules on analysis: introduction, concepts analysis and experimentation analysis.  The NC3A has build an Operations Research Peer Network, that functions as an internal entity for discussion, training, education and invites guest speakers to talk about special topics in Operations Research.  Plans to extend the NATO School curriculum with an introductory course on appreciation of Operational Analysis have been voiced but are still in the embryonic phase.  

The 2008 and 2009 OA Workshops have been well-attended and highly appreciated, particularly by the military staffers that either sought a forum to discuss a topic on its analytical merits, or had a desire to broaden their knowledge on analysis and gain exposure to the wider NATO OA community.   Fall-out and follow-on actions from the 2008 workshop on assessment allowed for clearer formulation of what assessment in operations planning needed to be.  The 2009 OA workshop raised the awareness of some decision makers on what OA stood for.  The session on systems analysis and operations planning during this workshop was very well attended and allowed for discussion between analysts and military staff on the current issues, but also gave the opportunity to display national viewpoints and opinions.  The discussion on experimentation allowed for the management of expectations from experimentation projects in ACT, and has given rise to possibilities for experimentation looking less like exercises, and more like seminars and war games.  The prime example of that is the Concept Development Assessment Game (CDAG) on Maritime Situational Awareness that will be held in May with assistance from the SAS-086 Specialist Team.  

A lesson that was learned from the JCOA specialists was that engagement of the stakeholder in the analysis task is vital for the acceptance of the recommendations that fall out of the analysis, whether it is in experimentation, in exercises or in operations.  Efforts to engage our leadership to understand what Operational Analysis brings, is vital for our profession.  Equally important is the engagement of the analyst in the project, topic or issue for which analysis is provided.  Close proximity to the military staff that needs to be supported is needed, so the question arises whether the restructuring of the OA in ACO and re-assignment into other branches will turn out well for the cause of analysis.


A continuing engagement with and support to the military staff by the OA analyst has been identified as the prime reason for a steady request for Operational Analysis in any form.  While initially this support may not immediately be focused on solving problems with analytical methods and tools, the inclusion of the OA analyst in projects will guarantee the infusion of logic and subsequently analytical methods and scientific reasoning will make their way into the project’s work allowing it to be based on sound principles and common rules.  It may be that in operations and exercises, the analytical support will have to be immediate and to the point to be effective, however, in longer term projects such as experiments or concept development, there is ample time to inject analysis.  
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