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inputs to prcvide quantitative estimates of effec-
tiveness useful for decisicnmakina. This Report
surveys the quality of both the data and the com-
bat models. Attention is given to the concepts

of firepower scores and indexes, estimates of
terminal ordnance effects, and estimates of
anmunition expenditure which are used in mest
models. It is shown that major deficiencies,
exist in both the quality and kinds of empi?ﬁcul
data necessary for adequate analysis of comba.
operations. There is inadequate testing of most
of the behavior relationships embedded in models.
Combat mode}ing appears scructured t¢ accomodate
the inadequate data base, with much of the avail-
able data being of either unkncy 2 relevance ovr
obscure empirics: foundation. The structural
inadequancies of combat modeis and the ocor data
quality appear to be mutuaily reinfercina. Atten-
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PREFACE

This Repost, prepared as part of a Rand study of improved air-
ground warfare analysis methods, addresses the problems of dara and
models used in the management of conventionzl armed forces. It was
motivated by cvsnuncern about the guality of intormation provided by the
methoeds employed during rhe recent past.

A prominent featuie of Department of Defense study and planning
is the extent to which it has supported modern guantitative method-
ology as an aspect of decisionmzking: o«perations research, cost-

effectiveness analysis, paming and simulation, and so on. Much of

= this activity consists of setting up mathemalical models that are used

%

to simulate phases of combat, including campaigas :iavolving thc use of
diverse comhat =+ _jalties such as z2rmor, i{nfantry, artillery, and
tactical aircraft.

The use of combat models f£o simulate combat and campaigns requires
data, which are inputs {or the mcdels. The quality or worth of the
findiass of any model is a2 fuaction of both the model®s structvre and
the quality, or reievance, of its data inputs. This Report critically

sutveys both of these compsnents.
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g
s

The major positive recowmendaticn ¢f the Report, aimed at armed
forces de.isionmakers -~ specifically, those Involved with weapon-

system development, evaluation, and itecsting, as well as {force planning —-

.
Fbiil "@ G

is that relatively more cumphasis must be placed on empirical work, and

%

3

particula-ly on operational testinf,. The Report does not suggest that

Ay

quantitative methodology can handle s}l problems of choice that are

e

DTS

encounterea in military affsirs. 1t merely arguas :that the application
of quantitative methodology can tw of great help and. further, that it

likely has not achieved its fulles«< potentiai.

£
g
'

The shortcomings of the data and modeis encountered in DoD-spon-

.

sored study and analysis result from iunstitutionat, political, and
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bureaucratic pressures.  Bat the fault does not lie exclusively with
the suppliers of that study and analysis, for it is the Lrewlor- —-
that is, the decisionmakers ~- whe, in large part, create the institu-
t1onail pressures and incentives. Thear role will be the subject of a

futurce Report.
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SUMMARY
This Report surveys the - ort to analyze and study conventional

military forces by mathematical-statistical methods. A combat mode!
is one necessary part of this activity. Empirical data, or statistics,
are the other necessary part. This Repcrt treats both subijects.

For general-purpose forces and conventional war, combat models
fall into two categories: (1) those that treat specific combat
actions, e.g., a small unit infantry firefight or tank engagement, in
detail; and (2) *hose that analyze large confrontations of torce
aggrepgations in a campaign. We label these Z-rail..? and 2o rative
models, respectively.

Detailed models that simulate two-siided engagements usually
employ hit probability functions, P(H)s, of weapons against target
systems. By means of copditional kill probabilities, P(K/H)s, which
describe iterminal ordnance effects, kiil probabilities, P(K)s, and
kill raties are estimated. Detailed models have been used to evaluate
weapon-design objectives and to advocate specific weapon concepts.

Aggregitive models have thus far mainly relied on firepower
scores and indexes to measure force ratios. Manipulation of a model
(usually by a computer sim:lation} rencrates numerical estimates of
cffectiveness. such as Red and Blue casualties and derived exchange
rates, movement from a defense lize, etr. 1In some instances, the
firepower index has beea taken as a measure of relative force strengths
and even advanced as a measure of relative effectiveness.

This Report dissects both the conceptual and empitrical under-
pirnings of the firepower-index concept to provide a case study of
what is actualiy an admixture of a scientific methodology problem and
what might be considered an corganization problem. As for the substan-
tive worth of the firepower-index concept, onr conclusions are tuwofold:

First, the conceptual feoundations of firepower indexes (due to
what may be described as the weighting problem, by which relative

importance is attached to different military specialties such as

raci vy
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infantry, armor, artillery, and aitrcraft) are uncound or questionable.
To resolve the weighting problem requires much more knowledge about war
than we currently have. To acquire this kind of knowledge at a minimum
necessitates much more empirical work. To the extent that firepower
indexes masked these shortcomings and concealed large elements of sub-
jectiveness and uncertainty, their widespread use was unfortunate.
Their use, therefore, detracted from the potential contribution that
analytical techniques and the application of scientific inquiry could
make to military force planning and weapon system evaluation.

Second, although the empirical foundation of the firepower index
is logically derivable from the work done in the separate fields of
ballistics research and operational testing, including operational
research that explicitly tries to employ data and information generated
from actual military operations, our conclusions are again tw~fold.
First, the ballistics data employed as inputs to firepower indexes con-
tain major uncertainties. Second, hard operational-testing data are
virtually nonexistent. Given these deficiencies, the empirical founda-
tion for existing firepower indexes (or anything that might be substi-
tuted for them) is shaky.

But, even if the relevant empirical data were greatly improved,
the firepower index concept, because of the weighting problem, appears
nevertheless to remain a questionable intellectual undertaking.

Increased unease about the firepowe. index has been evident over
the last few years. Consequently, effort is under way to develop
campaign models that are extensions of detailed combat models. How-
ever, the outputs or assertions of these models are of questionable
worth because of inadequate empirical work, which should consist of
both operational testing (i.e., controlled and instrumented field
experimentation, as contrasted with engineering testing car—-ied out by
technical establishments) and empirical study of past wars. Moreover,
operational testing is a way ot both testiiy or validating detailed
models themselves and gaining better insight on how tiiese models may
be structured. Without increased and defirnitive operational testing
and empirical studies, the use of detailed models to treat larger force
aggregations is probably of limited value in the analysis of conven-

ticnal wars. Cverall, we are left with faulty concepts, such as the
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firepower indexes, as empirical inputs for aggregative models, and an
abundance of unverified -- or only partially verified -- detailed models.
This condition results from an imbalance between empirical and
theoretical endeavor in DoD analysis and stuly. The image of scien-
tific activity -- an image that depicts theories and models as being
independently tested by experiment or appeal to experience, with the
empirical work in turn casting up new insight that contributes to
theoretical advance -- does not seem to prevail in the military
establishment. One aspect of this situation is that the unverified
findings of modeling conducted by one organization can be taken as

fact by another organization and used as inputs for the latter's

N

model. Another aspect is that a number or a set of numbers consti-
tuting data can be admixtures of subtle concepts, subjective evalua-
tions, and limited but hard evidence based on actual physical testing.
The particular testing, however, may have Leen undertaken for purposes
remote from the use that another study makes of the data. The lethal
areud concept, as well as estimates of a tank P(K/H), embedded in
firepower scores and indexes are an interesting illustration of this
latter point, which is developed in this study. The case in point,
incidentaliyv, is not intended teo criticize the work aone in the
iaboratories Rather, it seeks to emphasize that research conducted
by specialized subgroups in large, hierarchical organizations can
have unintended consequences.

The overall conditions suggest two recommendations. The first

is that eny nwmber, when confronted by an analyst, decisionmaker, or

AR IS S INTSHPHDRRINIRENST ¢ T o

any other interested party, shculd be probed by at least the following
questions: Is it the output of a model, or the result of some physical
measurement? If it is the cutput of a model, to what extent is it an
untested and therefore contestabie hypothesis? That is, has the mode!
been validated by some independent test? 1f not the latter, then what
is the structure of the model -- i.e., what is the theory? If a model

has been tested, or if a set of numbers are the resulc of physical

Catmtraond i T iad sy

testing or some other empirical source, then what was the experimental

matrix and what are possible instrumentation errors, or what were the

T

reporting methods employed? How was the data filtered and aggregated

W!\’Eﬂ' L avaeat Lol
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as it moved wpwaras vand rfrea  désays) n the bureaucriric hicrarchy?
[f the subjective (sressneity ¢ i» ivi'us s are ussd Jor certarn kinds
of data generation, who were the = andivid.als and whao bas been their

experience and iInstitutioral aff | ,tlon?

T

If these and similar questicis were svstenatizally asked ard
vigorously pursued, a seconc recnt#ndz2rion, in »ur vies. would suzgest
itself: The need fcr bettar and 'w-2 empiricai work, iwcluding opera-
tional testing, is of such a magnit.le that & major reallecating of
talent from model buiiding to fundamenzal empirical werd is cailed for.
This paper develops =ome of the benefits that an expanda2d experimental
and empirical effort could have, and examines some of tne vbjections
to operational testirg.

It is argued that a major benefit of greater emphasis c¢n empirical

work is that insights can be gained about military production processes,

or production functions relevant to the fighting end of the business.

Presently, assertions about nmilitary production functions 3re generated

> e

a priori, by means of combat models, with technical engineering data
(much of which ic derived a priori from engineering equations) consti-
tuting the data inputs for the models. These images of production
functions have, in turn, been advanced and employed as the underpinnings
of military cost-effectiveness analyses, despite the fact that few of

the assertions they embody have been empirically verified.
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1. TINTRODUCTION

Much effort has beer expnended to analyze the subject of cenven-

%
= £

tional war by techniques of quantitative methodology, including
mathematizal statistical methods. A combat or campaign model is often
the result of this cffort. A large number of mndels has been produced

*
during recent years, and new ones are forthcoming.

Ny

The end result of a model is some indication of comparat ve
outcomes, as inputs vary, about a military operation, expressed in
juantitative or numerical terms. These statements are precduced by
manipulating the model, usually by means of a computer simulatica.
The model must also take in certain numerical data or inputs. The
structure of the model -- as specified by either its equations or
computational rcutines -- transforms the selected numerical inputs

into the numerical assertions that are the model's outputs.

*
For a partial irndicator of the magnitvde, see for example,

Combat Developments: rataiog of Computerized Models, United States
Army Combat Development Command, USACDC Pamphlet 71-11, 1 Julr 1909;
Air Dejense Model Index, Department of the Army, Frankford Arsenal,
May 1970; and Martin Shubik and Garry D. Brewer, Models, Sirmloiions,
and Cames -~ A Survey, The Rand Corporation, R-1060-ARPA/RC, May 1972.

Shubik and Brewer identified about "450 active military models,
simulations, and games ... in catalogs and inventories" (p. 11), and
undertook a questionnaire survey of 150 of them, most of which were
of the type we would label combat models. (Some of the 450 may have
been logistics or cost models.) However, the 450 that they catalogued
we.e only a portion of the total formal modeling effort. For example,
much modeling is undertaken by weapons developers and suppliers. Also,
considerable effort is expended modifying or refining selected existing
models to address specific problems.

The catalogs cited above and the Shubik-Brewer survey predate the
emergence of a number of newer models designed to address the problems
associated with large aggregations of general-purpose forces. it is
not inaccurate to state that there is an old and a forthcoming new
generation of models, and that we may currently be in a state of
transition. Aspects of this transition is one of the subjects of this
study.
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The assertions, or outputs, of combat models have been advanced

to assist analysis and decisionmaking that bear upon 2 wide range of
resource-allocation issueg that arise in the management of armed

forces. Among th2se issues are:

o How do we assess a pessible opponent's military
capability, and how large should our military forces
be to meet the perceived threat?

0o How should the total force be structured between
major services, such as land forces and tacrtical air
forces?

o How snould the land forces be structurel with respect
to (1) combat branches, such as infantry and tanks,
and (2) service speciaities that provide logistic and
personnel support?

o What should be the technical performance and physicail
specifications of new weapons that wiil be the cbject
of engineering development programs? Givenr the
availability of new weapons, what should be their
tactical usage, how many of them should be procured,
and in what organizational and command context should

they be employed?

Each of these and related questions entails many complexities for
which information is uncertain. The totality of these questions poses
staggering information demands, and the even more difficult problem of
assimilating widely diverse kinds of knowledge and information. One
view cf the extensive use of combat models employing quantitative
methodology is that they provide help by way of assimilating diverse
information and organizi.g it in ways that are helpful for decision-
making. Indeed, science —— based, of course, on mathematical models --
has been characterized as an information-economizing device. Thus, 3
formula, a set of equations, or a computer algorithm treating aspects

of military operations would seem to have simila: pctential, and thereby
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be helpful. But is it

Tais is a major qu-stion. Any answer to it

will be mixed becau-# the subject possesses many complex phases. The
purpose of this Report is 1o offer some critical assessmnt of the
current state of combat modeling of general purpose {orces and conven-

ticnal war and the use of such medels in the decivicomaking process.
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1L THE MAJOR ISSUES AND PROBLEMS

The modeling activity that this study examines has grown in
resporse to the needs of the Defense Department decisionmaking pro-
cess. The design specification and selection of new weapons, the
allocation of resources between air and land forces and, within land
fcrees, between infantry and artillery, how tactical air capability
m. ght bte allocated among diverse missions, the amount of logistic
support that the combat elements of field forces shouid have, the
rate at which forces might be mobilized and deployed, and finailly,
the issue of hou large the f{orces should be are the major subjects
that a2nalysts have attempted to study by means of analytical models
and associated computerized simulations of systems behavior.* The
kinds of decisions mentioned have long appeared to be critical to

cffectiveness in war and, by implication, to war's deterrence.

A. _ANALYSIS VERSUS JUDGMENT

It should be acknowledged that men, through their political
and military institutions, have always made these kinds of resource-
allocation decisions —- even before tie application ef medern quanti-
tative methodology to military affairs. Today, the idea is often
advanced that the use of quantitative methedology possesses advan-
tages over the traditional approach to decisionmaking, which relies
on professional judgment. The achievements of scientific endecaver
in technical fields iends at least superficial support to this view.
The accomplishments of World War Il operations research, alcng with the
notion that war and armed forces possess a high technical content
due to the application of technological change to weapons, add weight
to this idea. It is also argued that quantitative methodology has

the virtue of making the assumptions of an ana2lysis explicit and that

For a precise discussion of some of the key terms used here,
specifically, model and sirularicn, see George Evans 11, Graham F.
Wallace, and Georgia L. Sutherland, Simulaiion I~inc Digital Compuciers,
Prentice-Hall, Inc., Englewood Cliffs, New Jjersey, 1967, pp. 3-15.
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the analytical praocess by which conclusicns are deduced is fransparent.
Although these interrelated arguments posssss merit in certain coatexts,
they can nask a fundameniai difficulty, if not coenfusion.

A practitioner of guantitative wethodology, such as a physicist,
or au engineer well-grounded in physics, can -- by extending his
technical expertise to, say, the terminal ballistics aspects of
weapon design —- uffer much sugeestive insight fo assist military
decisionmakers.* The same physicist, pondering the less techmical or
the unfamiliar phases of tne broader subject, however, might try 1o
extend models or concepts known to him —- e.g., the Newtonian paradigm -~-
to the less well understood subject mztter. Similarly, 3n economist
versed in the neoclassical econcmic theory of production and the
associated production-functior concept, with its welli-behaved, negative

second partial derivatives, seeks to extend this particular constructicn

to aspects of military affairs.

Such extensions of diverse theoietical constructions (or models)

)

i

to military affairs can provide insights. But zhe core subject -~-

combat and as-.ociated military operations -- can possess elements that

‘W@;

are obscure aund uncertain and therefore discomforting tc the analyst.
The challenge of this conditioa, in turn, stimulates attempis fc model
the actual combat operations, one striking result of which his ceen the

proliferation of combat models. But the preliferation suggests a degree

*Perhaps the best example of this point is provided by F. W.
Lanchester, Aireraft in Warfcre: The Damm of the Fourth Aws, Constuble
and Company, London, 1916. This book hrims over with what were at the
time it was written fruitful leads, suggestions, insights, and testabie
propositions pertaining to numercus technical and tactical possibilities
bearing upon the use of aircraft in war. The overall effect of the bosk
is to illustrate how an imaginative engineer or technician can contribute
to military planning and study. dowever, Lanchester is presently esteemed
for his "combat model,” and specifically his "N-square law" of combat,
which is nothing more than a mathematical formulation of the age-old
military rrinciple of force concentration. That there is ao clear
empirical verification of this law, or that Lanchester's madel or
preseat versions of ic may in fact be incapable of verificaction, have

not detracted from this source of his luster.
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of immaturity" with regard either to understanding the subject
addressed, cr to how the analytical techniques are to be applied.
It also gives rise to the methodological question of just how inqguiry
should te carried out.

There also existys a body of knowledge relevant to military
operations, which is possessed by the Officer Corps and is the
product of both experience and intensive study. This body of hnowl-
adge is of:ien rveferred ro as military judgment. That expression
is unfortunate vhenever _Lhe context sugzests that the kind of infor-
mation it incorperates« is either inferior or superiocr to knowledge
that ic produced by application of scientific quantitative methodology.
Particularly mislead®ng is the idea that knowledze pruduced by the
application of quantitative methodc.ogy is cbjective, whereas military
judgmen is subjertive. Assertions er beliefs along -hese lines may
not even be meaiingful hvpotheses that can be tested or resolved in

%%
any satisfactory way. This Report develops aspects of this point.

B._ THE FIREPOWER iNDEX AND THE AGGRECATION PROBLEM

Any study endeavor possesses both a thesretical and an empirical
side, and these twn elements are related and critically connected.
it is the purpose of this Report to demonstrate that the analysis of
conventionail military affairs presently suffers from an inadequate
empirical endecavor, an apparent misuse of what empirical data there
are, and a large-scale production of "pseudodata." Further there

appears to be a widespread practice of using "data” generated from

i

“The word tmmatur? i shculd not be interpreted to have a pejorative
connotation. Rather, it describes a situaticn in whilch the subiect
matter is poorly understood and, more specifically, the correspondence
between 1heor. and the reqlity treated by the discipline is peoorly
developed. An example of a nature discipline is ¢lassical physics
where, in many if not most applications, the distinction between theory
and fact (or reality) is scarcely appereat. In such a discipline,
practiti iers are seldom concerned with methodology in the szensze that
the word is used here. Thus, it is primarily in immature discipiires
that discourse on methodology frequently becomes relevant.

*%

For a comprehensive treatment of the issue. see Ralph F. Strauch,
Arritieal Assessmect of gupelidative Mot dolosu ao L Peliew Anainais
“ncl, The Rand Torperation, P-5282, August 1974.
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models, or by a priori methods, as numerical inputs for othei models,
vhich in turn, may be either unverified or inadequately tested. 1In
some instances, the outputs of the prior model, although adequate for
the questions initially addressed, may be inappropriate for subsequent
refinements, formulations, or uses of the data made at a later time and,
often, by a user other than the one that conceived the model or did the
related empirical work. 1In other instances, empiricai data based on
historical experience may be inadequately assessed, analyzed, and modi-
fied so as to serve properly the analytical purpose at hand. Often,
the basis for modifications that are made is obscure. This set of
probl?ms may be illumiaated by a dotailed examination of the firepcinr-
fndnx* concept that has been employed in military studies.

A firepower index is but one of many measures of effectivisess
indexes (MEIs) that have been advanced and extensively discussed by
milirary snalysts during recent years.** Some of these so-called
indexes, however, are not rezlly index numbers in the strict meaning

of the term. For example, the number cf rounds fired per period by a

*
Various terms have been used. The current one is Index(es) of

Firepower Potential (IFP): see Theater Baille Model (TBY 68), Vol. I -
Part II] - Appendizes - Theater War Gome Modei (U) (TWGM), Research
Analysis Corporation, RAC-R-36, January 1968 (Secret). Elsewhere,
jirepower roteniiai is used: see Ernest Heiberg et al., Measuring
tombat Effectiveress, Vol. 111, Heapon and Unit Firepower Potentials ),
United States Army Combat Pevelopments Comand, CCRG-M-272, September
1968 (Secret); Measuring Tombat Effectiveness, Vol. 1, Firerower
Potential Methodelogy (U), United States Army Combat Developments
Command, March 1967 (Confidentiz2l). The measures in question have also
been called Index(2s) of Comiat Effect-venzss (ICE). These concepts
have an antecedent in the concept of a j7irercuer scerc, which, very
likely, is as old as military maneuvers and map (including gaming)
exercises: see, for example, Mancuver Contrrl, Department of the Army,
F14-105-5, February 1958, pp. 69-73, which uses the term firepowcr score.

The words sccre and index should not be regarded as synonymous,
however. It is more precise to apply the concept of a firepower scoie
to a snecific weapon, and particulariy to its munitionm, and the coucept
of an index -- which is derived by sumning scores -- to some aggregation
of diverse weapons. Zntailed in this overall subject is a classic
example of the "index uumber problem” as it is encountereZ in economics;
the index number problem will be discussed later.

xk

For a good brief summary and discussion of some cf these, see
John R. Bode, Indices of Effectiveness in General Purpose Forec Analysis,
Braddock, Dunn, and McDonald, Inc., 1974, especially pp. Z-4,
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weapon is simply a nwnber in that it is capable of being determined by
direct empirical methods. The advancement of such a measure as an
indey of effectiveness really means that the proponent believes (or
the context justifies) that the entity might be a good prexy measure
~f effectiveness. Similarly, the time of flight of an antitank
missil2 for a tactically relevant distance may be regarded as such a
proxy. This latter number may be either measured directly or deduced
from physical models. Still other indexes of effectiveness are esti-
mates deduced by analytical methods, or from models. The number of
enemy killed, this figure relative to friendly losses or the resulting
exchange ratioc, and territory taken are examples. Finally, there

are indexes per se, which are weighte! aggrezations of selected numbers
or of cross products, or of other arithmetic operations applied to
diverse sets of data. “he {irepower index is of tne latter kind.

The emergence of an index number concept as part of military study
arisec from the fact that combat usually involves the use of mixes of
diverse military specialties. For example, in a company-sized engage-
ment, one side may have two platoons of infantry, a tank platoon, plus
mortdr and recoilless-rifle sections. The mixes of such diverse comhat
elements can vary endlessly, ana much of command skill is to tailor
appropriate aggregatious ad hoc to carry out operational tasks. This
decisionmaking entails such valuations as, for example, that under some
circumstances it is better to combine a platoon of tanks with the
infantry than, say, a platoon of engineers, or vice versa. Similar
judgments or assessments are involved in battalion, brigade, and larger
operaticens.

Implicit in these kinds of evalvations is the idea of military
capability, power, effectiveness, or utility. Firepower is often used
as a surrogate for thzse -- although that word is susceptable to mis-
understanding. What is central to the subject, however, is that
conventional military operations involve the combined use of diverse
specialties and require the evaluation of these in the context of some
perceived pattern of diffesrent combat situations, or a scenaric. These
evaluations and perceptions provide the ingredients for an index number.
Conversely. an index number may be viewed as a way of handling the

aggregation problem that confronts military force planners.




Variations of the aggregatica problem are extensive in the
analysis of general purpose forces. One phase of this analysis centers
on the question of just what should be counted, given opposing force
arrays that can differ in their structure, cr in their contemplated

doctrinal usage, or both. One wav to deal with this probiem is to

_ 4%_ develop index numbers, or collections of indexes. The aggregation

i ;% problem has posed difficuities for model builders and users, and these
s 3 difficulties have given rise to a crude dichotumy that may be charac-
i 'g terized as aggrsgate versus detailed models.

N g

Aggregate modeis address the subject of major confrcntations

¥ et

between forces composed of diverse combat elements, in the context of
a large area lik¢ .&= NATO Central Front. Here the -~vwiters or
measures of relative force size can be such entities as divisions,
division forces, air wings, or iandex numbers representing these. When
units like divisions are used, effort must be made to take account of
the possibility that one side's division may possess more or different

fighting capability thar the other side's division. Or, these differ-
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ences may be incorporated in an index number. At the outset there is
an evaluation complicated by the aggregation problem.

Detailed models treat small-unit actions like the infantry fire-

fight, tank versus antitank, aircraft versus air defense, and so on.

These models generally trv to deduce something about weapon effective-
ness from technical performance data like rate of fire, weapon accuracy,
and so on. These models are ofter highlv detailed in terms of (he data
they use. Huwever, so rhat they car be manageable, they abstract from

the larger context cf an cngagement. Although they may avoid the

v ) 38 Syt Y
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agnregation problem, they run into a problem caused by excessive or

4]
crpta

improper abstraction. The degree of abstraction chusen involves the
judgment of the model builder, which in part may be influenced by mili-
tary men whose advice and insight the model builder seeks.

Thus a hierarchy of models exists. Some are analytical; others,
judgmental. The outputs of scme modols are often inputs for other

models. Campaign models have emplc yed agg:egative mea<ures (o convey
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something about major interderendencies that characterize the larger
system. But aggregative measures can mask important distinctions.

On the one hand, there is a danger from excessive abstraction; on the
other hand, there is an aggregalion problem.

The problems posed by hierarchies of models and their inter-
relationships is complicated by another set of difficulties that
surtound the word data. 1In certain settings and fields of inquiry,
it is possible to resort to logical positivism or overaticnalism.

Given a well-received paradigm or body of theory, the test of a model

is simple: does it square with the jacts as determined by an independ-
ent experiment or set of vvbservations? Although this hard-nosed
approach may at first glance seem to be a nealthy manifestation of
critical scientific spirit, it possesses difficulties. 1In most affairs
affecting the human condition, many if uci most of the facts are them-
selves the result of some model, or set of abstractions. In most social
affairs, the analyst must take the data as he finds them —- as determined
bv the questions the Census Bureau asks, or the conventions of business
accounting that govern financial date, or an iagency's operating and
reporting rules, which in turn are determined by its prevaiiing beliefs
and procedures. Even in the physical sciences, both the structure of
exreriments and the design of instrumentation have been constriained,

if not governed, by the prevailing paradigms.* Thus, there is not a
clean distinction between data and models, especially when there is not
a well-founded body of theory. The present state of analysis and data
bearing upon general purpose forces -- to be discussed in this Recport --

illustrates aspects of these problems.

~

* -
See Thomas S. Kuhn, [#7¢ Structure of sefentije
2d Ed., Univercity of Chicago Press, Chicago, 1llinois, 1970, passim.

U
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Iil. CONTROLLING MANFUVERS AND MILITARY GAMES: THE CONCEPTS
OF FiREPOWER SCORES AND INDEXES

Maneuvers, tactical exeicises, and battle drills are an intrinsic
part of armed forces. Their primary purpose is to train unit commanders
and staff, although they serve zn equally important training function
for troops and crews through exposing them to many of the physical
conditions encountered in military operations.

Much of the business of conducting military operations consists of

moving un.ts, salecting terrain either to be defended or from which to

pois

nitiate an assault, and timing these activities so they are coordinated
with the availability of supporting arms and services, including artil-
lery and airborne fire support, as well as engineer support. Other
critical activities are the gathering of local inteiligence and the
establishment and use of communications links between cooperating and
supporting units. All combat activity, in turn, must t~ keyed to
logistic and personnel support, including the care of wounded, the
rearward processing of captured prisoners, and so on. These activitiies
can also be simulated in a map or command-post exercise. Refinement of
such a simulation —- by the use of rules, procedures, and such arti-
facts as ways o provide players with the imperfect information that
characterizes military iatelligence -~ becomes a "military game.”

The activities of moving, communicating, gathering intelligence, 1and
transporting and supplying combat units are undertaken to influence

the outcome of engagenents, or the -ontacts that involve actual shooting.
It is in the confrontztions of the shooting elements that something
called firepower comes into play. How might this concept be specified
and assessad for purposes of carrying out exercises, inclading map
studies, campaign planning, and so on? (Bear in mind that land forces

are composed of mixes of different weapons, and these mixes can increase

*

For a good account of the evolution of military game., see
John P. Young, History and Bibliography o War Gaming, Opcrations
Research Office, ORO-SP-13, April 1957.
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in variety as a force becomes larger.; One answer is by means of
firepower scores, index numbers for combat units, and criteria for

damage assessment and attrition.

A. COMBAT PLANNING FACTORS BASED ON MILITARY EXPERIENCE AND JUDGMENT

Examples of firepower scores, 'nit index numbers, and damage and
attrition criteria are shown in Tables 1-4, which are taken from the
1973 issue of the Army Field Manual on Maneuver Cont?ol.* Table 1
shows firepower scores assigned to selected direct-fire and fragmenting
weapons. Table 2 shows scores for selected tactical units, derived by
multiplying the number of weapons of a given type in a unit by scores
such as those shown in Table 1, and summing the products. These and
similar scores for cother tactical units, in turnr, can be derived for
a given confrontation that may be eitiwxr postulated or the result of
prior maneuver or assessed damage.

These aggregations, with adjustments ac determined by rules
derived from experience or otherwise specified, can be rendered into
indicators of relative combat pcwer. The 1973 Field Manual on Muncuvor
Control, for example, cuggests that the combat power derived from the
firepower ratio between an attacker and a defender should be converted
as a function of whether the defender is in the open, in a hasty defense
positicn, or in a2 fortified position, and whether the attack is from
the front or a flank. Thus, if the defender has a ccore of 1040,

composed as foilows:

Rifle tompany ................. .. 540
105-mm Howitzer battalion

€iring in support ccccccccce--- __300

Total .ottt i it eee s 1,040

*The expression mancuver control can be interpreted to encompass
more than a "field maneuver in which troops and armament of both sides
are present in whole or in part ... in which more than one division
normally participates ...." (p. 2-3). The manual identifies nine
kinds of tactical exercises, with znd without troops, and including
map maneuvers or exercises that may be controlled or uncontrolled and
involve a sequence of command staff actions against =ither opposing
players or umpires who represent an opponent (pp. 2-1 tec 2-4).
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Table 1
ILLUSTRATIVE FIREPCUER SCORES OF U.S. WEAPONS

P ,Amwm%'ﬂﬁ@m

Range (Meters)
Direct-Fire Weapons -
300 500 1000
Rifle, 7.62 or 5.56 mm 1 0.5 - i
Machinegun, 7.62 mm 6 6 6
Grenade Launcher, 40 mm 5 - -
Tank,d 105-mm gun 32 32 32
Dragon 50 50 50
TOW 60 60 60
, —
Indirect-Fire Weapons Range (Meters) i Score
Mortar, 81 mm 100-3650 12
Mortar, 4.2 in. 777-5486 15
Howitzer, 155 mm, self-propelled G-156,000 : 50
Howitzer, 8 in. 0-18,000 100
Tank, 105-mm gun 0-22,290 20

SOURCE: Maneuver (ontrol, 1973, Tables E-1 and E-2, pp. F-1 and E-2.
4Combined score for main gun and secondary armament.

Table 2
FIREPOWER SCORES FOR SELECTED AGGRESSOR AND U.S. UNITS

Range (Meters)
Military Units 7 ]
300 ! 500 1060
Tponernt,

Motorized Rifle Battalion 1200 700 500

Medium Tank Battalion 1200 1200 1200

Motorized Division Artillery 3800 3800 3800

v.S.

Mechanized Infantry Battalion 3346 2426 1792

Armored Cavalry Squadron 4327 3187 3013

Tank Battalion i 2843 2419 2083
Howitzer Bn., 155 mm, -
self-propelled Range: 0-18,000 meters; Score: 900

] —_—

SOURCE: Maieuvry Jomilrni, 1973, Tables F-2, F-3, G-2, and G-3,
pp. F-2, F-3, G-2, and G-3.
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and the attacker has:

Two infantry companies (540 each)

attacking frortally ............. ee...-. 1,080
One tank company (600), attacking from
the flank (600 x 2) ......... eseeeaa ... 1,200
One 155-mm Howitzer battalion
firing in support ........... ceeecsenenn 500
Total ...eeeeennns. Ceeesctencacann ... 3,180

and if the defender is in a hasty or fortified defense position, then

the ratio of combat power is

3180

1040 or 3.06 to 1.

1f the defender is iu the open, the attacker's score is doubled, and
the ratio of combat power is 6.1 to l.* If the combat ratio is 3 to 1,
the attacker, if mechanized, is permitted to advance in open terrain

at a rate of 1100 meters per hour; if 5 to 1, the mcvement rate is

3300 meters per hour.**

Unit firepower scores and hence combat power is adjusted to take
account of casualties. Casualty assessment is governed by factors
applied to different kinds of weapons (e.g., smali =rms, artillery
fires, air-delivered ordnance) as a function of terrain, troop posiure
and density, force ratio, time under fire, and s~ on. Table 3 shows
loss assessment criteria for tank~versus-tank engagements; Table &,
for close air support strikes against selected ground combat elements.
More detailed assessmonts of losses can be derived: for example,
personnel casualties per vehicle destroyed,*** as a function of time
expos2d to small acms fire,**** and as a function of varying densities

*rkkk
of artillery fire applicable to different troop postures.

x
See Manecuver Control, 1973, pp. D-10 and D-11.
%k
ibid., Table H~4, p. H-3.

3
"
-3

St

4 *k%
4 1bid., Table D-2, p. D-8.
3 *kkx

: Ibid., p. D-12.

9 P

Ibid., p. D-13 and Tables H-7 and H-8, p. H-5.

(Riei 34
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Table 3

LOSS ASSESSMENT FOR TANK-VERSUS-TANK ENGAGEMENTS

Attacker-Defender
Combat Ratio

Tank Losses per 5 Tanks

to
to
to
to
to

Vs W N
b ot pod et b

per Hour
Attacker Defender
2 1
2 1
1 1
1 2
1 2

SOURCE: Maneuver Control, 1973, p. D-15.

Table 4

GENERAL GUIDE FOR DAMAGE ASSESSMENT OF STRIKES
BY TWO AIRCRAFT

Expected Damage

Type of Target Ordnance (2 immobilized)
S tanks in column on road Smai« bombs 95
CBU 35
4 armored personnel carriers Smart bombs 95
CBY 50
5 tanks in defens> Smart bombs 80
5 tanks in attack Smart bombs 80

SOURCE: Manewver Control, 1973, pp. D-14 and D-15.
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¥ It is intended, in the context of a maneuver, that the damage or
casualty assessmeni and allowabie rates of advance as evaluated by
umpires take account of various relevant conditions such as visibility,

available fields of fire, skill with which aircraft make their passes,

and so on. Where feasible or appropriate, as in the case of tracking
time for air defense weapons, whicn is considered to increase accuracy,
the use of randcm numbers for damage assessment is suggestad. But

A overall it is expected that the damage assessment and related movement
2 rates (as determined by the umpires) be tempered by professional

E judgment that takes account of circumstances prevailing in the centext

of the activity. Guidelines like those suggested in Tablcs 3 and 4

ST Rt
4a

3 are not to be applied in an arbitrary r uncritical way.

3 The firepower scores discussed thus far are designed to deal with
3 detailed activities and operations. For map exercises or war games

A treating larger aggregations of forces, it is necessary either t
aggregate or to develop computational aids, or some of both. Aggrega-
tion employed in this fashion facilitates "quick gaming.” The use of
computational aids has led to the development of computer-assisted
“free-play," rigidly assessed games, of which the Armv-spensored

“; TACSPIEL is a good example.*

Table 5 cshows some illustrative aggregative firepower scores that

might be used for a corps-level quick-war game. Here are reflected

o the ideas, for example, that a mechanized divisicn -- being relatively
3 intensive in infantry -- possesses an advantage n a defersive mode,
3 whereas an armored division has a relatively greater offensive power.

Note also that an artillery group (assigned to a corps) is judged to
A make a greater contribution to a defensive, as contrasted to an
offensive, effort. Among the reasons for this difference are that

(1) artillery elements on the offensive must move, during which time

they cannot shoot and (2) a defensive posture often permits better

*See Edward W. Gira-d et al., TACSPIEL War Gume Procedires and
Rules of Play (U), Research Analysis Corporation, RAC-TP-111, November
1963 (Secret); and lLawrerce J. Dondero et al., TATSPIEL War-Game
Proc:dures and Rules of Fewy for Guerriila/Counterguerilia (peraticns,
Research Analysis Corporation, RAC-TP-223, August 1966.
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Table 5

ILLUSTRATIVY AGGREATED FIREPOWER SCORES FOR
COMMITTED UNMITS: CORPS WAR GAME

Unit Strength
91-1N0 Fercent 81-906 T-rcent
Unit Offease | Yefense | Offensc ! Jefense
. }
1
Mechanized Division 25 2¢ 20 15
Armored Division 30 15 23 11
Armored Cavalry Regt. 3 € 2 4
Artillery Group % 3 4 2 | 3
4 ! _

SOURCE: Maneuver { sitrol, 1973, Table D-6, p. D-29.

knowiedge about one's position and the reierence poiuts, a situation
that permits better shooting. It is of interest that for purposes of
assessing the contribution of close air sippori, the Maneuv.r donir !
manual also suggests that a close-zir-support sortie increases the
supported unit's firepower score by .1 when the urit is in cortact.

When there is no contact, the firspower score of tie attacked unit is

.
to be reduced "to a realistic jewal..."

Firepower scores like thowe in Tables 1, 2, and 5 raise two
questions: How are they derived? And just what do they mean? The
answers are interrelated. The derivation of the scores generally rests
on judgment derived irom experience and from ordinal ranking of weapons
when the weapons' technical chzracteristics provide plausible support
for a ranking. An example of tmis latter kind of ranking is the larger
score given to the 4.2-ir. wnortar, as contrasted with the 8l-wm mortar,
as shown in Table 1. But why is the 8l-mm mortar given a score of 12,
and the %4.2-in. mortar given only 152 Might not a reiatively larger
score be given the latter, especially in view of its 50 percent greater

maximum range, or it5 much greater weight per round? Such gyuestions

*
YMoiewuverr ot ’.’723 1977, D. D-292.
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were no doubt discussed extensively by those who advanced these scores.

Among the points likely considered in the deliberations were (1) that

LEE KL Sl e Gt "' :' ki g

B the two types of mortars are complementary, especiallv given the fact

. that the 81-mm mortar has a shorter - inimum range, and (2) that it can
f;; fire a iarger number of rounds, given a weight constraint on infantry
g{f operations. Although these details are important in certain contexts,
g, the precise value attached tc these two w=2apons may not be of importance

g

PV

-
e

if the opposing sides have a roughly comparable mix of the weapons irn
their infantry units. This point is further reinforced by taking
account of the analytical ccntext in which the particular scores are
to be vsed. And it is this context that is central to the second
question of just what any particular set of scores may mean.

A good example of how the approach to analysis can and should
influence the spec<fication of numerical inputs is provided by the
TACSPIEL war game. This game was initially designed to deal with

division-level engagements, to be a free-play game, and to be rigidly

o PRI Y ;
i) oo i it ol

assessed by means of a computer, eliminating assessments by umpires
{vandom numbers are used extensively in the target acquisition and
casualty assessments). Because the game treats division-level engage-
ments and beczuse these involve mixes of infantry and tanks, the
problem existed at the outset of how to handle either predominently
tank or infantry, or mixed engagements -- e.g., a tank-heavy force
against an infantry defense with or without tank support. This problem
was handled by assigning effectiveress values to the antipersonnel and
antitank capabilities of opposing infantry and tank companies. Table 6
shows these values.

The rationale for determining these relative values is involved.
Some of the differences between Blue (U.S.) and Red (USSR) units is

accounted for by the fact that the Blue units are larger, e.g., 15

™ —— g
Sy, iRabyrgsd AT, (rhbta b gl
T RS I ORI NS VAN, IO vy vr

E versus 9 tanks per company. The interesting parts of the assessments,

<ee

however, were based on the judgment that in tank engagements tne Red
medium tank was about 83 percent as effective as the Blue tank, and
that hoth tanks were equally effective against personnel. Tank anti-
personnel capability was then given a nominal value of cne per tank.

It was judged that the antitank capabtility of the tank units was abgut
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Table 6

ANTIPERSONNEL AND ANTITANK EFFECTIVENESS VALUES ASSIGNEL TO
OPPOSING INFANTRY AND TANK COMPANIES FOR TACSPIEL WAR GAME

Capability
Company Antipersonnel | Antitank Mixeau
Blue Infantry 24 10 24
Blue Tank (medium) i5 24 24
Red Tnfantry 12 5 17
Red Tank (medium) 9 12 12

SOURCE: Girard, TACSPIEL, Appendix B.

60 percent greater than their antipersonnel capability. Each infantry
unit's antitank capability was assessed and values were estab.ished.

A separate assessment of the number of rifles, automatic riflee,
machineguns, grenade launchers, and mortars in the respective infantry
companies (and a pro rata share¢ of battalion heavy weapons) concluded
that the Blue rifle company had twice the antipersonnel capability of

the Red rifle company. The judgment that an infantry company's anti-
personnel capability was worth more than twice its antitank effectiveness
established a value of 12 (by simultaneously solving three linear in-
equalities), which put the rifie company antipersonnel effectiveness
values at 24 for Blue and 12 for Red, as shown in Table 6. The scores
for mixed engagements reflects the point that an infantry unit's infantry
elements engage opposing infantry, and its antitank sections engage
tanks, whereas an attacked tank unit concentrates on opposing tanks.

The assessment of the relative effectiveness of the two infantry
companics, based on a tabulation of their respective weapon mixes,
including a company's share of battalion support weapons, is shown in
Table 7. 1t was assumed that a machinegun or an automatic rifle was
worth three rifles and that a U.S. 40-mm grenade launcher was worth
one-sixth of an 81/82-mm mortar. Comparisons of (1) these two units

with the authorized equippage of the World War Il German infantry
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Table 7
NUMBER OF WEAPONS IN CPPO>ING INFANTRY CGMPANIES
AND ASSIGNED EFFECTIVFNESS VALUES, 1963
Infantry Company Blue Red

Antiperscnnel weapons

Rifles tiiiiiiiiii it i e eeaaaeannn 54 63
Machineguns and automatic rifles ... 24 142
Grenade launchers, 40 mm ........... 18 -
81/82-mm 1OTLArS - v.veveecnncacoanan 3 2
Effeetivencss 3alac voeiiieieennn. 2 :

Antitank Yeapons

Squad antitank weapons (RP6-3) ..... -~ g
3.5-in. rocket launchers ........... 3a -
90-mm recoilless rifles ............ 6 -
Antitank guided missiles or 106-mm a a
recoilless rifles ................ 2 2
82-mm or 107-mm recoilless rifles .. —- 22
57-mm self-propelled antitank gun .. —- 12

e :
Fjfeetivencss valive. oo eeeaaan. In

SOURCE: Girard, TACSCIFL, Appendix B.

“Some or all of Lhese weapons are located in
Battalion Weapons or Headquarters Company. One
third of these weapons are assumed allocated tc
each of a battalion's three rifle companies.

company and (2) U.S. World War 11 casualties caused by bullet: versus
those caused by mortars led to the conclusion that onc 81/82-mm mortar
had the casualty-production capability of 40 rifles. These estimates
provided the justification for the relative antipersonnel effective-
ness of the two units.

These and similar estimates fer other types of small units, such
as combat engineer and assault gun, can be aggregated to provide the
opposing force ratios for whatever sequence of engagements emerges
during the free play of the game. In the course of the play, a uait’s
effectiveness is scaled down in accordance with assessed attrition,
out-of-commission vehicles, and other factors that can reduce unit

combat ability.
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The unit assessments unveloped for the TACSPIEL war game were
made by experienced officers in the infantry and combat arms, engaging
in a dialogue with the analysts whe developed the game's model. Esti-
mates like those in Table 6, and especiaily some of the judgments that
provide their rationale, can be argued about and cubsequently modified.
For example, was the rationale for concluding that one 81/82-mm mortar
is worth 40 rifles valid? Should an automacic rifie like the U.S.
M14E2, then in use, be given as much weight as a machinegun, and should
a machinegun be considered equivalent to three rather than, say, {our
or five rifles? Such debate can go on endlessly, and in certain con-
texts it is important; but, for purposes of developing the artifacts
for a larger analytic game, some of these finer points need not be of
interest.

Cne thing that is important about numbers such as these of Table 7,
however, is that they do reflect the judgments of people who have had
comn.and (and combat) experience. They would, therefore, seem to say
something about the kinds of on-the-spot assessments that would be made
by unit commanders in actual combat during the initial phases of a cam-
paign. The validity of these initial assessments would be tested, and
modified. Moreover, it is likeiy that actual weapons mixes would them-
selves be modified quickly as a result of new experience. The opponent
would make comparable assessments aand changes. Thus, for example, if
in actual operations machineguns turned out to be worth more reilative
to rifles than the 1 to J ratio employed in the Table 6 assessments,
platoon and cempany machinegun density could guickly be increased.

Such an increase is relatively simple to achieve: Inasmuch as infantry
units are seldom at full authorized personnel strength due to casual-

%
ties, the weapon mix can be varied wh2n the shortages are allccated.

*Because of the incidence of cuasualties, a case can be made that
the 1963 estimate for TA{SPIE] of one 81/82-mm mortar's being equal to
40 rifles is perhaps excessive, and the relative worth of machineguns
to rifles of 1 to 3 mav be too low. Given that German infantry com-
panies during World War 1l were usually understirength and that infantry
squad authorized strength was one machinegun (and a three-man crew) and
seven rifiles, it is likely that machinegun strength was maintained to a
higher degree than was rifle strength. Hence, machinegua densities
were higher than suggested by authorized strength, and the ratio of
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B. NEW FIREPOWER INDEXES AND SOME REACTIONS TO THEM

The analysis of general purpose forces expanded greatly dnring
the 1960s due to debate over budgets and capability stimulated by the
greater emphasis placed on conventional forces in the NATO context.*
The thrust of effort was twofold: First, there emerged new models and
computer simulations that simulated campaigns involving aggregations
of specialized combat elements. The Research Analysis Corporation's
ATLAS model can be regarded as the prototype of this family.** Other
models of this kind were WSEG/IDA's GACAM,*** and Rand's TALLY/TOTEM.****
A prominent feature of these models was their use of a new firepower
index concept to aggregate either all or major portions of the diverse
combat specialties and to specify force ratios.***** The improved

firepower index, called the Index of Combat Effectiveness (ICE), can

be regarded as the second part of the twofold effort.

machineguns and rif{les to movtars was in fact lower, since there would
be a tendency to maintain mortar strength, especially in the predomi-
nantly defensive operations that characterized German activity after
1942.

*
See Alain C. Enthk ‘ven and K. Wavne Smith, How Much Is Fnoujn:
Snaping the Defense Program, 1561-1269, Harper and Row Publishers, Inc.,
New York, 1971, pp. 117-164, which provides one account of the dialogue.

X%

See E. P. Kerlin and R. H. Cole, ATLAS: A Tactieal, Logistical,
and Air Simulation, Research Analysis Corporation, RAC-TP-338, April
1969.

*xk
Jerome Bracken et al, Mcthodology for Gei:eral Purpose Forces

Plaviing, Vol. 11, Ground-Air Campaigr Mod-1 (GACAM) (U), Institute for
Defense Analyses, R-175, March 1971 (Secret).
ET T
See P. M. Dadant, Measures of Effectiveness and the TALLI/
TOTEY Methodology, The Rand Corporation, P-5062, July 1973.
*Ekkk%
The differences between these models are important at a cer-—

tain methodological level. The ATLAS model consists of a battle routine
that operates in different sectors, where the forces specified in each
sector are expressed in terms of the firepower index concept. TALLY/
TOTEM, in a sense, can be viewed as a ground battle model (TOTEM) and an
air battle model (TALLY). TOTEM is a refinement of the ATLAS model and
employs the firepower index. TALLY simulates the air battle in a more
fine-grained way, and permits aircraft sorties to be allocated to Jdiffer-
ent missions, including combat air support or attacks against enemy
ground forces. 1In the latter case, damage per sortie against grcund
combat elements -- e.g., combat vehicles -- is postulated as a function
of the type of ordnance, and the attacked ground forces are thereby
attrited, as reilected by firepower index. The changing ratio of

ground forces is subjected to the TOTEM routine.




PRCNS

ey
(oA

VAR PRI

W,

AL

- -ﬁm

23

The new firepower indexes, promulgated by the Army Combat
Development Command,* drew upon concepts and data produced from
ballistics research conducted by Army laboratories. One concept that
grew out of that research was that of the lethal area (LA) of a frag-
menting munition. For a given munition, the lethal area times the
quantity fired could provide a score for a weapor using that muniticn.
Account could then be taken of mixes of munitions, as well as quanti-
ties expended. The quantity expended was termed the estimated
expenditure of ammunition (EEA). Similar refinements, again drawing
on terminal ballistics research undertaken mainly during the 1950s,
were incorporated in the firepower index concept for armor-defeating
devices, with tank conditional kill probabilities, P(K/H), being the
counterpart cf the lethal areas. These refinements, along with the
way small arms were treated, provided an alternative basis for aggre-
gating diverse weapons and major combat arms, as well as for treating
logistics capabilities and constraints affecting ammunition supply.

The resulting sums of products, roughly speaking, constituted an

index number for diverse weapons and collectively formed the Index(es)

of Combat Effectiveness. The precise numbers of different weapons
could be determined through separate inquiry (1) by reference to
organizational tables of equipment or order of battle estimates,
(2) as a function of assumed or planned mobilization and deployment
rates, or (3) by assumption.

When used to specify force ratios of a combined arms battle, the
i1CE was an input measure. If the units aggregated by the ICE are
deploved and maneuvered in a map exercise or computer model, force
ratios can then be generated. The logical sequence is the scenario-
like campaign analysis trom which new force ratios are deduced as a
function of casualty exchange. From these latter force ratios, as
well as initial ones, movement rates can be deduced. Here, the heart

of a campaign model is the relationships postulated betwecen force

* -
See Heiberg, Measuring Combat Effectiveress.

ok JVRALL
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*
ratios and casuelties, and force ratios and movement rates. From

movement rates, when related to the selected geography, it is possible
to estimate territory surrendered or gained.
The use of the new firepower indexes to specify force ratios

endowed the indexes with a dua} quality. 1In some circles, they were

%%
regarded as a measure, or proxy measure, of combat power. The acronym,

€Y, with the  representing 2ombat and f effectivencss, may have
sustained this impression. Accordingly, the indexes came t¢ be viewed

as static measures of effectiveness, as contrasted with the outputs
or results of computer simulations -- which take such forms as esti-

mates of casualties, casualty exchange rates, or territory lost -- as

Hkx
dvnamic measures of effectiveness.

hThere is a substantial amount of literature on this subject, both
theoretical and empirical. The subject of the relationship between
force ratios and casualties (cr attrition) is the focus of the Lanchester
differential equation model, for which empirical verification is both
scanty and ambiguous. Extensive efforts have been 2iso made to estimate
the relationship between movement rates and force ratios. For a survey
of much of this literature and the results of recent empiriczl study of
the World War II Northwest Europe campaign, see Leonard Wainstein, ~afcs
o5 Adowe e D Ingancry Diwision Attacks in the Yormandu-=Yorihe ms Fpan
and Sieafriod Line Oﬂﬂur;nun Institute for Defense Analyqes, P-990,
December 1973; idem, :in Framinaiion of the Parsons and finlse Papore .
Aares o Adepmiee, Institute for Defense Analyses, P-991, Dlecember 1973.

ax

"“Enthoven and Smith, pp. 138-139, use the expression combat row. »,
although tney had made reference to the firepower 7ndcxr on page 136.
They state that "the weights used were largely arbitrary, with little
basis in theory or combat experience.'" Yet in the next sentence they
note that the "firepower scores still indicated that a U.S. division had
much more firepower than a Soviet division.” Over the next three pages,
they refer to combat power.

*"*This distinction btetween dynamic and static measures or indica-
tors of effectiveness has been advanced in L. .T. Dondero et al.,
Moghoioi oz, fop Frree Cequivenmen:s Determiinagtlon (MEFCFD) (U), Research
Analysis Corporation, R-121, May 1971 (Secret), pp. 6-7. This study
provides interesting background about the dialogue between the 0OSD
Systems Analysis Office and Army. Its main theme is that the Systems
Analysis Office focused on static indicators of effectiveness to support
positions on »pab?l’tirs, whereas the Army tended to employ models like
ATLAS (and, hence, dvnamic indicators) as inputs for its ASOP and JSOP
deliberations to generate statements of r~juircments. It contends that
this was a major reason why the two parties may have been talking past
each other, and suggests chat both parties should settle on a commonlv
accepted model as a way to reduce this prcblem.

o
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This dichotowy between siatic and dynamic indicators of
effectiveness is troublesome. To some, the adjective siatic can have
a pejorative connotation, whereas dynamic is good. In the context of
general purpose forces analysis and modeling, however, the cperative
content of the distinction is that most combat models explicitly
incorporate or treat time.* Such variables as time-of-flight for a
projectile, or time to acquire a target, the specification and bounding
of conditional orders in some sequential fashion, or the employment
of differential equations as illustrated by the Lanchester model are
prominent examples of how time enters into combat models and computer
simulations. The same models produce state histories,** or outputs,
in nunevical form. Because these are in numerical form, they have
been labeled mrasures. But it is more accurate to viev these measures
or state histories as hypotheses in the scientific meaning of the word.
At 2 minimum, they are creatures of both the model and the set of data
fed inro the model. The dichotomy between static and dynamic measures,
therefore, might be viewed as oue between something that is physically
measured or ccunted versus the assertions or hypotheses of a model.***

However, this distinction is somewhat off the mark in the context
of efforts 1y, evaluate general purpose forces, and is illustrated by
the Index of Combat Effectiveness. Different force structures, changes
in these due to weapon acquisition or force structure decisions, and

critical aspects of logistic support -- e.g., ammunition supply -- can

be expressed in terms of this index. Standing alone, the resulting

"It should be emphasized that a model need not necessarily
explicitly treat time as a variable (as do many physical model, and
engineering equations).

x4k

This term is taken from Fvans, Wallace, and Sutherland, p. 6:
"simulation consists of construction of a state history." Ibid.
kkk

In this distinction, no conclusion should be drawn regarding
the relative merits of the two types of measures. Although something
may be measured physically, that measure may be irrelevant to the
question at hand. Conversely, the assertions of a model may be either
verified or unverified by tests or experieace. When verified, the
model may be regarded as a success, and its assertions can even come
to be accepted as "fact." 1t should also be recognized that much
prior "unsuzcessful" modeling may have contributed to the development
of the successful model.
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numerical values have been cited as an indicator of relative effective-
ness or potential. This particular measure, along with others (also
static) came to figure in the Defense Department dialogue. One of the
issues in this dialogue was whether dynamic measures (the results of
models) or arrays of static measures (including the firepower indexes)
were preferable.* For this reason interest focused on what the fire-
power index really meant, quite apart from the point that it served to
specify input values for major modeling effort.

Reflection about the firepower index generated much criticism of
%
the concept, and stimulated attempts to formulate alternative index

*kk
nurber concepts. One consequence of this question-raising has been

to stimulate less aggregative approaches to model the subject, even-

tually perhaps to produce a second generation of conventional forces

. *kkk
campaign models.

“See Dondero, MEFORD, pp. E4~ES.
%
See, e.g., ibid., pp. 3i-36.
* k%
Prominent in this effort were the weapons effectiveness indexes

(WEIs), which when weighted, were converted into scores, or weighted
unit values (WUVs), assigned to combat units. Classes of weapons were
specified -- e.g., tanks. Characteristics like firepower, reliability,
and so on were defined. By Delphi technique, weights were assigned to
define these characteristics for a given weapon —- e.g., an M60Al
tank. Given the point that different classes of weapons, e.g., an 16
rifle versus an M6CAl tank, are in a given unit, a further weighting
question arises on this point. At this juncture, two approaches were
employed: judgment and cost. For a further account and criticism of
this and other indexes, see D. M. Lester and R. F. Robinson, Raeview of
Index Measures of Combat Ejfectiveness, 1973 (Xeroxed).

TkLx
The principal feature of these newer models, from our view-

point, is that they avoid aggregation by means of an index number,
either by "playing"” each Blue class of weapons against each Red class
to fill the cells of a rather large attrition matrix, or by drawing
upon the outputs of detailed simulations of combat -- e.g., that play
weapon against weapon at the battalion level -- for inputs. In the
latter case, there is an interrelated hierarchy cf models. In both
cases, admixtures of engineering, ballistics, and other detailed data
are employed. Prominent examples of these two approaches are, respec-
tively, Veetor-0 and the General Research Corporation's (formerly RAC)
Hivrarchy of Models. See S. Bonder, Vector-0, The Battle Model Prot -
typr: Volume 11, /4 User's uide, Weapons Systems Evaluation Group,
Report 222, December 1973, and 4 fHiercrchy of Combet Arna’usis Models,
General Research Corporation, Gaming and Simulation Department, NB 7056,
January 1973.
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The potential of these newer models will depend upoa how they
treat the effects of weapons, including their tactical application.
Any combat or campaign model makes assertions about casualt:es or
other effects of weapons and munitions. Such assertions must be
based on some perception or understanding of many different facets of
combat. Since these assertionc take a numerical or quantitative form,
they must also be based upon or deduced from quantitative statements
about weapons and munitions effects, target acquisition and identifi-
cation, and many other technical and tactical matters.

What is the nature of the empirical data bearing upon these
subjects? What is its quality? What does much of the data really
mean? Firepower scores and indexes svught to capture the seeming
substance of much data. Yet these concepts are criticized for many
reasons. Although less aggregated nodels may avoid some of the
objections to the firepower :ndex concept, can they avert all of them?
Or might they eventually be criticized for reasons that have a founda~
tion in the quality and nature of the data they use? These are rather
fundamental questions that bear upon military study in its entirety.

The rest of this study addresses this general problem.
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1V. TERMINAL BALLISTICS CONCEPTS AND DATA

A. INTRODUCTION

The new firepower indexes advanced by the Armv's Combat Develcpments
Command in the middle sixties was the result of work that began a decade
earlier. This effort in turn drew upon ballistics study carried out by
Army laboratories. The key elements of this ballistics research, which
were adapted to th. new firepower index, are the concepts of (1) a lethal
arca for a fragmenting munition and (2) the conditional kill probability,
P(K/H), of an antivehicle device, given # hit. These councepts are subtle,
however, because they cut across the fields of ballistics, with its
initial foundation in physics, on the one hand, and operational research
and evaluation, on the other hand. To use data based on these concepts
for ar index number that was further to be employed either a5 a static
measure of effectiveness or as an input measure for campaign models en-
dowed them with additional operational significance. BRecause the new
firepower indexes had part of their foundation in ballistics study,
which consisted of some experimental work, an impression may have been
created that they were more objective than measures or assessments such
as those published in the Maneuvor Conircl Field Manual, or judgmental
assessments such as those developed for the TACSPIEL war game.

Awareness that the new firepower indexes may possess troublesome
features suggestea by the word jJudjrienf has increased. A result has
been to stimulate development of campaign modeis that are more detailed
in their structure. Much of this detail consists of assertions that
draw upon ballistics data. Thus, the quality of these data can be even
more relevant to modeling that seeks to avoid reliance on indexes derived
from firepower scores. The purpose of this Section is tc provide some

insight into this phase of weapon analvsis.

B. FRAGMENTING MUNITIONS AND THE LETHAL AREA CONCEPT

*
The lethal area concept for a fragmenting munition is derived from

* .
Lothal is used in this discussion to mean damaging or destructive,
in which context it is understood that death is a probability.
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work done in the complex field of terminal ballistics. Termidal
ballistics, in turn, addresses two complex subfields and their inter-
actions: (1) the behavior of munitions with regard to their penetra-
tion (terminal velocity) and fragmenting characteristics, including
size, dispersion, velocity, and other physical characteristics of
fragments and (2) the capacity of a human target to resist or absorb
the energy of fragments or projectiles relative to heing incapacitated.
The concept of incapacitation can, in turn, be defined relative to
ability to perform some mission or missions. The subject of terminal
ballistics as applied to antipzrsonnel weapons thus critically ties
into wound ballistics, which essentially is an assessment of the
medical-pathological effects of munitions on human tissue and senses.

To make assertions regarding the lethal areca, therefore, presunposes
knowledge about interactions between two separately complex ficids (the
physics of fragmentation and their dispersion, and wound pathology),
and how these relationships are further complicated by operational
factors. Fragment and bullet behavior, in terms of energy imparted to
human tissuve, is further affected by other material they might have to
penetrate (brush, fcliage, winter clothing, and so forth). Operational
factors can include possible countermeasures (such as the use of nets
to catch submunitions or the redist:iburion of a combat infantryman's
load), which troops might employ in the field. That incapacitation
might be defined relative tc different combat tasks (e.g., assault,
defense, etc.) has been pursued by wcund ballistics researchers and has
led to efforts to specify criteria in terms of these different tasks.

Thus, the concept of a i1ethal area is complex. Indeed, the conceprt
is itsclf an index number. This latter point may not be adequately
realized by all weapon system analysts and cperations researchers.
Since we are interested in evaluating the new firepower index concept
and ascertaining ite empirical foundation, a general description of

*
lethal area measure is of interest.

*For a detailed treatment, including a summary of the background
and citatiocas on technical work done with regard to fragment behavior,
see Herbert K. Weiss, Methods for Computing the Effectiveness o) Freg-
mentation Weapons Ajzainst Tarjets on the Ground (U), Ballistic Research
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1. The Lethal Area Concept

Consider a shell exploding at a specific altitude, a given angle
relative to the horizontal plane, and a given forward speed. The 0,0
axis in Fig. 1 is designated to be that detonation point. For that given
altitude, angle, and forward speed, the shell, upon bursting, issues
fragments that vary in size, distribution density over various segments
of the ground surface, and terminal velocity upon striking the ground.
These conditions are a functior of the shell's physical characteristics.
The most important physical characteristics are the ratio of explosive
to metal, rhe kind of explosive, the kird of metal (e.g., cast iron for
some mortar rounds, machined steel for artillery rounds), special design
of th: metal case to achieve fragment-size controi (e.g., such as the
grooved, Z0-pound air-dropped "frag' bombs used in World War 11), and the
varying thickness of the metal at the side as compared with the nose and

tail. The distribution pattern of the striking fragments resembles the

shape of a butterfly due to the phenomenon of sidespray, which results

Fig. 1 -- lethal area concept and isoprobability contours
indicating probability of decapacitation

N _—- -— —

Laborato."ies, Report No. 800, January 1952 (Confidential), especially

3 pp- 32-80. For a refinement of Weiss' method and a summary of the lethal
y area concept, see K A. Myers, An Improp, 7 Mothod for Tomputing Lethal

3 Areas Inder i Assumptiion f a Sidee,ray, Ballistic Research Labora-

' tories, Memorandum Report No. 1021, July 1956.
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f-ox the fact .h:t the shell's sides produce nmost of the fragments, and

%
1 i .t is alcng the side that the most favorable ratio of explosive to metal
,; ; exists to genercte initially high--velocity fragments. (Spherirail muni-
? ; tions do eot, of course, produce a butterily pattern.)
; ; The piobability that a target (expressed as the vulnerable area of
3 % a given target) will be hit by a lethal fragment(s) is a decreasing

: function of the target's distance from point 0,0. For this reason,
4 % the lethal area is not literally an area in tha sense that, in a
£ 3

bounded real space specified by the lethal area, a man would necessarily

RS I

be a casualty. Rathker, the ilethal area may be conceptualized as incre-
ments of real area, weighted by the probabilities that a target within
the area will be a casualty. The concept is depicted by the isoproba-
bility casualty contours shown in Fig. 1.*

The .8-probability iscquant, immediately surrounding pecint 0,0, can

literally embrace real space -- say, 50 square meters. The .8 figure,
therefore, specifies the minimum probability that any standing man
within that area will be a casuaity. Similarly, outside this isoquant,
another area can be specified (where the fragments are less dense and
will have a lower velocity) in which the minimum probability of a
standing man's being a casualty is .5. This area may contain 200 square
meters. Figure 1 also shows a .l-probability isoquant, ~utside the .5
contour, which is assumed to contain 400 square meters. (lsoquants for
successively lower probabilities embracing successively larger areas,
can be conceptualized.) The minimum lethal area, based on the three
isoquants shown ir Fig. 1, is thz three real areas weighted by the
respective probabilities -- that is:

<

(50 x .8) + (200 x .5) + (400 x .1) = 180.

N R T R AT AN E S MRS o 1 e v TN SRR YRNY

%
For an example that explains the formulation of this expository

device, see William B. Ford, 4 Method of Evaluating Effectivences of
Field Artillery (1), Research Analysis Corporation, Technical Paper

RAC-TP-48, November 1961 (Confidential}, p. 1l4.

&%
If one envisages finer gradaticns of t¥z isoquants shown in

Fig. 1, increments of area can become very :small. <€alculus can then be
used to define the lethal area (AL) more rignrously as the double integral

AL =-/:/i;Pk(dA)dh, )]
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The weighted probabilities and the derived lethal area are a
critical function of the vulnerable exposed areas of the target(s)
relative to the real area over which fragments are distributed. A
given lethal area, like that illustrated in Fig. 1, might zpply to
a target of standing men, a target that, on the average, exposes
4 square feet per man. Other postures and dogrees of exposure can
be postulated (prone, sitting, kneeling, in foxholes, in a horseshoe
trench, and so on).* The lethal areas for these less exposed postures
will be smaller than that for a standing man. Account can also be
taken cf different average statures of men. For example, in some
studies, it is assamed that the average Asian is smaller by a speci-
fied amount than the average American.**

Fragment density distribution, mass and velocity, then, are the
real ingredients upon which the lethal area concept is based. It
stould be kept in mind that any given lethal area is a function of a
projectile's burst height, angle of fall, and terminal velocity, as
well as of the ta-get's vulnerability, as examplified by the 4 sgjuare
feet constituting the exposed or presented area of a standing man.
Projectile burst height, angle, and forward speed can vary both from
round to round and as a function of tactical deployment. Projectiie
fragmenting behavior can differ from round to round due to variation

in man:facturing quality control; hence, the lethal area is a random

where P, (dA; is the probability that a target in an increment of area
dA is incapacitated, and the integral over the area R assumes the
targets are uniformly distributed over the ground. Hence, the lethal
area is a weighted area where the weights are derived from P, (dA). As
the increments of area, such as those bounded by the probability con-
tours depicted in Fig. 1, become smaller, they approach dA. However,
there can be uncertainty regarding the concept of incapacitatioan (see

the discussion below).
*

For an example of an analvsis employing a variety of postures

and degrees of protection, see William B. Ford et al., The Effectivrness

of Idirect-Fire Weapons Agairs' Machinequn Crevs (U), Operations Re-
search Office, Technical Paper ORO-T?-26, January 1951 (Confidential).

See Heiberg, Measuring Combat Efje.:tivenes, p. 292. However,
whether or not the size of vulnerable organs and parts of the tody is
proportionally less for smaller-statured men has been questioned.
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variable. Actual fragment behavior is further affected by terrain
(softness or hardness of soil with impact detonation; richochet of
fragments from air bursts; rock fragments). Any given lethal area
number, therefore, is an average of some, or even all, of these
variables, or assumptions about these averages.

Thus far, we have discussed the lethal area concept only in terms
of the spray of fragments emanating from a bursting munition. This
spray can consist of a distribution of sizes, shapes, and velocities,
with the velocity of a given fragment being a function of (1) the
distance traveled from its burst point and (2) its mass and c.oss-
section relationship, which determines drag. These nunition spray
characteristics can bc measured in a straightforward manner by well-
established and instrumented testing techniques. The product of such
testing is actually a frequency distribution of fragment densities
and their respective mass/velocity characteristics. This information,
however, says nothing about lethality. Upon striking, the fragment
must first penetrate and then damage the target's interior vital parts.
This damage is what the word lechality describes and what the vast
subject matter of wound ballistics is about. Although fragment behavior
in terms of density of mass/velocity combinations can be measured ob-
jectively, it is not entirely so with what it is that fragments are
designed to do. Yet to estimate a lethal area measure, or P(K/H),
ordnance terminal effects as described by such words as Tethality or
inrapacitation must be combined with fragment physical data in some
quantitative way. However, estimates of terminal ordnance effects

appear necessarily to contain elements of subjectiveness.

2. Wound Ballistics, Incapacitation Criteria,
and the Concept of Lethality

Hundreds of years of warfare have confronted men with the subject
matter of wound ballistics. FYor most of that experience, the thrust
of whatever intellectual effort so stimulated appears to i-ave been
directed mainly toward the business of the military surgeon. However,

understanding even in this department does not appear to have grown

EEey
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much until just prior to the turn of the present century, when a
revolution in medical technique and technology resulted in some funda-
ment2l changes (to be availabie, happily, for World War 1). During
roughly the same transition period, the recent advent of smokeless
powder was beginning to produce evidence that raised suggestive new
hypotheses relevant to weapon and, especially, small-arms design.

Apart from drastically reducing pollution on the battlefield,
smokeless powder effected a revolution in small-arms design because
its efficiency, or power per unit of weight, and its combustion
characteristics permitted attainment of much higher bullet-muzzle
velocities. This possibility, in turn, provided many more options for
bullet mass/velocity combinations. The availability of these options,
however, primarily generated emotional controversy between opposing
schools of thought on rifle and machinegun design. But whatever the
pros and cons of these issues, all military students (to say nothing
of troops in the field) were confronted with high-velocity bullets.
Surgeons came to observe internal damage to tissue and organs that was
difficult to rationalize or explain relative to the small bullet wound
tracks and, especially, entry holes.*

The concept of lethality entails incapacitation. 1In the United
States there had emerged during World War 11 the so-called 58 foot-
pound rule, which assumed that any missile possessing a force of
58 footr-pounds of kinetic energy was sufficient to render a man a

&%
casualty, provided the man was struck in some vital part of the body.

*
For an account of the evolution of research and thought on the

concept of lethality and, in particular, wound mechanisms, see James
Boyd Coates, Jr. (Ed.), Wound Ballisticc, United States Army, Medical
Department, 1962, especially pp. 91-235. For a summary of the post-
Worid War II work sponsored by the U.S. Army, see Joseph Sperrazza,
Casualty riteria for Woinding Soidiers (U), Ballistic Research
Laboratories, Technical Note 1486, June 1962 (Secret), and William
Kokinakis and Joseph Sperrazza, riteria for incapacitating Soldicre
wiih Fragments and Flechetics (U), Ballistic Research Laboratories,
Report 1269, January 1965 (Secret).

*“See Coates, p. 111.
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The vital area of the human anatomy was, of course, less than the fully
erxposed area. For example, a wound in part of the fleshy anterior
aspect was not normally deemed to generate a casualty relative to per-
forming some task. Thus, the probability of getting a "kill,” given a
random hit on the exposed body, would necessarily have to be less than
1.0.

However, the 38 foot-pound rule was, at best, a crude benchmark
and was nc doubt derived from pre-World War I FEuropean research.* Never-
theless, it was probably better than the more prevalent "pine-board
tests" employed in the United States, whereby munitions were judged by
their ability to penetrate l-inch pine boards spaced 1 inch apart. But
neither of these tests was satisfactory, because the ~riteria of what
constituted a casualty were inadequate, and this inadequacy derived in
large part from insufficient understanding of wound mechanicms.

These and related uncertain intricacies of munitions design,
lethkality, and operational considerations are illustrated by the story
of shrapnel. On the eve of World War I, shrapnel-lcaded shells had
become the standard antipersonnel artillery munition, and tons of them
were fired during that war. However, as the war dragged on, au increasing
proportion of high-explosive (HE) munitions came to be used, mainly to
inflict damage on entrenchments by means of blast effects. The HE muni-
tions were, on the whole, probably far more effective for antipersonnel
purposes than was the shrapne. because the shell fragments -- due to
the kigher ratio of explosive to metal -- possessed much greater initial
velocities than did shrapnel "bullets" weighting around 10 grams.**

Shrapnel bullets derived most of their velocitv-caused kinetic

energy from the forwaid velocity of the shell in which they were

*

Support for this assertion can be found in Wilhelm Balck, et
Vol. 2, Cavalry, Field and Heavy crtiilers In Fic/Q warfiro, translated
by Walter Krueger, U.S. Cavalry Asscciation, ¥ort leavenworth, Kansas,
4th ed., 1914, p. 235. Balck states that 8 kg-m is censidered sufficient
to "disable human beings" (8 kg-m equals 57.8 foot-pounds). Bzlck notes

also that the comparable criterion in France at that time was 4.8 kg-m.

3
xBalck, loc. cit., indicates that the Germans employed a 10-gram
bullet of 12.3-mm diameter.
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contained at the time of detonation, and this would vary as a function
of firing distance. A shell with zero velocity -- which wculd i.e the
case with a ground-impact burst -- was apt tc¢ produce little damare.
This point was dramatically conveyed by an incident when a shrapnel
sheli exploded amidst a group of close observers, resulting in the loss
of only a couple of fingers for the m.n holding it and some bruises for
the bystanders who were struck. There were apparently few shrzpnel

wounds recorded in Worid War I; those that were so called may h-ve been
*
mainly produced by chell fragments.

Overall, prior to World War 11, the fullest expicitation of the
improved technology -- as illustrated by the advent of smckeless powder
and the metallurgical and design changes that permitted the hollow-shell
and loager range, quick-firing gun -- to achieve combat utility was
inhibited by inadequate knowledge about leth2lity mechanisms, and wound
ballistics in particular.

However, by 1928 it became known in some U.S. Army circles that
velocity was a critical variable affecting lethality, as a result of
the deliberations of the "Pig Board," so named because eighteen live
pigs were the object of live-fire experimentation at the Aberdeen Preving

Ground in which varying calibers and types of rifle ammunition were fired

“Coates, p- 112. However, this assertion may need to be carefully
quzxlified, and is intertwined with subtle aspects of field artillery
doctrine. On the eve of World War 1, much of prevailing doctrine was
directed toward troops in skirmish lines or hastily prepared, open
fortifications, against which air-bursts would be employed. A field
gun with a muzzle velocicy of 1500 to 1800 ft/sec could produce shrapnel
sprays in which the bullets would have velocities of 800 to 930 feet
per second at ranges between 4000 and 5000 meters, and which would meet
the 58 foot-pound rule. Moreover, tecause of their flatter trajectory,
field guns of the French moudel 1897 (75 mm) and the German model 1896
(76 mm) produced a deeper spray than did howitzers. This, plus their
rapid rate of fire and better mobility, may have rendered them close
to optimal for the kind of war contemplated at the time of their design.
However, as the war became static, howitzers, with their higher angile
trajectories and high-explosive ammunition, proved increasingly useful.
Therefore, shrapnel may have been more effective than suggested by the
above example of the accidentally detornated round; however, it may not
have been as effective against personnel as a high-explosive, high-
velocity munition would have been.
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at the animals. But little came of these insights, by way either of
new weapon cor munitions design, or the pursuit of further knowledge.
Systematic research cn wound ballistics did not get under way in the
United States until World War I1, when the Office of Scientific Research
and Development (OSRD) sponsored the work of the Princetcon University

i{ological Labgratorirv, which -- with the aid of improved instrumen-

Y

tation -- undertovok controlled experimentation.*ﬂ These findings, along
with those of British wartime studies that fccused mainly on aircraft-
launched munitions, provided the foundation for a postwar U.S. Army
research nregram on wound ballistics. The results of this research,
combined with new knowivdge and insights regarding fragment dispersion
and velocity, provided the basis of the Jetral-area concept and deriva-
tive measures.

The key to postwar wound ballistics work was srovided by the
recognition of the phenomenon of temporary wcund cevitation. This
phenomenon results from high-velocity (supersoric) bullets and fragments
creating an "explosive effect," by which shock waves damage tissues and
vital organs beyond the wound track proper, through the medium of fluids

and soft tissues, displaced from the wound track, moving away from the

*?eport of the Beard oj Officcrs to Recormend a speeifie Caliber
for tle Future Development of the Semiautomatic Shoulder #1fle, July
1928. The Board recommendad that the U.S. Army adopt a smaller caliber
rifle. The recommendation was eventually turned down and laid to rest

by Army Chief of Staff Douglas MacArthur. The reason given was the cost
entailed by a new caliber rendering obsolete the existing standby tooling

rnecessary for wartime ammunition production.
x%
For an account of the OSRD-sponsored work, carried out between

February 1943 and November 1945, see Coates, pp. 143-235. After November
1945, the responsibility for the American work was transferred to the
Surgeon General, Army, and an experimentation program was undertaken by
the Biophysics Division of the Army Chemical Research and Development
Laboratories (CRDL;. The findings of the latter efforts vere, in turn,
adapted to the technicalities of fragment (and lcter flechette and
bullet) behavior by the Army's Ballistic Research iaboratories (BRL).

For an a2ccount of the initial evolution of the postwar endeaver, with

an emphasis on the formulation of "incapacitation critiera,” see F. Allen
and J. Sperrazza, Vow Casualiy Criteria for Woimding by Fragrents (U),
Report 996, October 1956 (Regraded Confidentialj, esp. pp. 9-15.




£183 Yo

)

R

oL Ay

AYENTAY XLt

Sl bt St

raxe
AR AL B

372 0nnf 4]

E!

path of the projectile at supersonic speed.* However, appreciation of

a phenomenon is only a small but necessary first step. Real understand-
ing requires measurement, and that generally requires instrumeatation.
The availability and adaptation to wound ballistics research of high-
speed cameras (as high as 800 frames per sccond) and the ability te
produce roentgenograms with an exposure of a millionth of a second
provided the means to get on with the sericus and fruitful work.

The Princeton Biological Laboratories pioneered in the wartime
experimental method. There they fired variois sizes of steel spheres
(.251 to 16.05 grains) at differing controiled velocities (as high as
4000 ft/sec) into water, a 20 percent gelatin solution (to simulate
body tissues more closely), and cats and other anatomicail miscellany.**
Explicit in the Princeton and immediately subsequent work was the
postulate that certain parts of the body were invulrz2rable, an assump-
tion that placed an upper limit upon the maximum proportion ot vulner-
able to presented area for certain parts of the body. This constrairnt,
in turn, limited i{he P(K/H), regardless of variations in missile mass/
velocity combinations.*** The substantial finding of these efforts,
however, was that the 58 foot-pound energy rule had poor or no predic-
tive worth with regard to fatal or severe wounds. The concepts s¢iore
and jr!«’ were the wouad (or effectiveness) criteria. That this binary
measure was inadequate became apparent 1s a result of this initial and
subsequent work.

Further experimeatal work conducted by the Army's Biophysics
Laboratory, plus the pondering of its results and those of the Princeton
vork, led to the consideration of fragment cross section. The Princeton

X

xSeo Coates, pp. 143-147 for an account of an earlier observation
of the phenomenon, particulariy on the part ol surgeons, and attempts
to ratinnalize it. The present and correct explanation is called the
cealoratcd ,')(l.’"‘I.r.‘]' !"il"\’f'.i (ibid., p. 145).

*A
Ibid., pp. 152-189,.

&k
Allen and Sperrazza, p. 1l.

——
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experiments used spheres; the Biophysics Laboratory's first work used
squares and spreres (and later it extended experiments to flechettes).
These experimental findings were generalized and extended to chunky
fragments by multiple regression techniques and judgment. Angora goats
were used as esperimental subjecrs (in lieu of cats and, earlier, pigs).*
The experiment consisted of firing three different sizes of fragments,
each fragment at three different velocities, to provide nine mass-
velocity combinations and sets of observations. The goats were autop-
sied, and wound tracks were mapped out and "assessed on the basis of
the level of incapacitation which a3 man would experience were he sub-
jected to roughly the same wound."**

The Princcton work used the concept of fatal and severe wounds.
The Ar..y's efferts sought to formulate casualty criteria that were both
less ambiguous and more sophisticated, relevant to performing military
functions. To this end, fourteen time-sensitive tactical/functional
categories weve postulated. Subsequently, after the curve fitting and
analysis, it was decided that the following four categeries could

* k%
repr~senl the fouiteen:

Defense ........... 1/2 minute
Assault ........... 1/2 minute
Assault ........... 5 minutes
Supply ..o, 1/2 day

*
It is poss?’ 1e that the experience of the "Pig Board," which

reported that "snaving of the whole animal was found very necessary, as
much trouble was experienced in locating wounds of entrance where the
animal had been only partially shaved" (Report), had a bearing upon che
selection of goats as oxperimentation subjects. The choice of goats
rather than chimpanzees was dictated by cost.

**Allen and Sperrazza. The initial goat experiments were conducted
with grenades, to which various-sized, preformed fragments were pasted.
Subsequent experiments employed special guns that discharged individual
missiles. For an account of these methods, see Kokinakis and Sperrazza.

* k%
1hid., p. 27.
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Placement in a given category indicates that the wound is sufficiently
severe to render a ran incapable of performing a particular mission or
job at the end of the specified time. Thus a more severe wound is
required to incapacitate a man within one-half minute of the time he is
hit than is required to incapacitate within 5 minutes. Renderinz the
limbs inoperative is the criterion that the medical assessors employed

in evaluatiny weand tracks with regard to these functions. This does

o N

not necessdarily imply that the wound must be received in the extremities;

for example, wounds received in the spinal column can have the same
2ffect.

Wounds were categorized into sixteen wound classes -- e.g., skull
wound, lung wound, bone and cardiovascuiar wound, and so forth.* Any
hypothetical wound, inflicted by a given mass/velocity combination
striking the body at a specified segment was assessed in terms of
severity. Severity was gauged in terms of five degrees of incapacita-
tion -- from zero to 100 percent, in 25 percent increments. Thus, a
leg would require a higher degree of incapacitation for assault than
for defense. It was assumed for the purpose of these assessments that
a naked man, standing upright, received a wound in each of the small
segments into which the body had been divided, and from different
angles. A degree u. incapacitation was assessed for each assumed
wound at a given mass/velocity combination. The weighting of these
assessments provided a P(K/H) for a random hit.

To make the assessments, a surgeon examined the goat wound-track
information fcr 2 wound produced by a given fragmeut mass/velocity
combination, and estimated the degree of incapacitation the wound
would cause if a human were struck in a specified segment of the body.
That is, the observed damage as inflicted on goats by a fragment of
given mass and velocity was translated or projected to a human, in
terms of some degree of incapacitation relative to performing each of
fourteen time~sensitive military fuactions and with respect to specified
body segments being hit from different horizoatal angles. The equal

For a listing and definition of these wound categories, see
J. Sperrazza, pp. 19-20.
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weighting of these probabilities is the cverall P(K/H) for a given

‘
¢ A e DB SO B !

fragment size.

It appears that assessments of goat wound tracks by ome surgeon
constituted the basis of the estimates for humans, although this point
is obscure. Two individuals were involved in these assessments: one
of them treated only one of the fragments and its three velocities and
the other assessed the remaining fragments. Adjustments were made to
reconcile the estimates of the two assessors.*

The next important part of the effort was to generalize the
findings. (This task was undertaken by the Ballistic Research Labora-
tories, whereas the wound assessments had been made by the Chemical
Research and Development Laboratories.) This endeavor involved specifi-
cation of a mathematical equation and estimation of its coefficients by

means of fitting a curve to the empirical observations. The equation

selected was
8 n

P(K/H) = 1 - exp 2(WV ~ D) @
where the exponent is the base of natural logarithms, m is fragment
weight in grains, v is velocity in feet per second, and a, b, and n are
parameters derived for each tactical situation and its associated time
period (e.g., 1/2-minute assault). It should be emphasized that the
parameters of the a, b, n, and B8 coefficients are unknowns for which the
value of £ Is critical if the formula and the empirical findings that
it portrays are to be appliad to such matters as fragment and warhead
design.

The curve fitting procedure employed was, first, to ascertain the
important B coefficient. It was generally agreed -- given the observed
phenomenon of tissue damage beyond the wound tracks proper -- that ¢
should be greater than 1. If it was believed that kinetic energy is
the principal cause of tissue damage, then the R coefficient could
approach 2. It could also be argued that "work done," which is a func-

tion of v3, is the relevant concept and that the B8 coefficient should

%
Allen and Sperrazza, p. 17.
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therefore apnroach 3. This issue had been debated.* However, plotting
the nine experimental mass/velocity combirations for each tactical
situation and fitting a visual, free-hanc curve to those points served
to establish a specific numerical value for 8. Next, the b coefficient
was specified in terms of some minimum threshhold of energy nscessary to
penetrate the skin. Finally, given these two parameters, the remaining
two, a and n, were determined by applying the least squares methcd to

each set of nine observations, as applicable to a giveu combat situztion
%%
or task.

1t should be noted that the Eq. (2) approach entails three elements
of judgment. First, is the selection of the particular mathematical
form of Eq. (2), which is essentially the "model.” Other formulations
might be worthy of consideration, some of which would imply diifecent
concepts of lethality. For example, a Weibull probability density
function, which is employed in reliability models to estimate mean time
to failure, is one interesting alternative (various mean times estimates,
and their higher moments, to incapacitsation, death, or more objective

manifestations of other clinical behavior could be adapted to such an
* %

*

approach). However, given the Eq. (2) specification, there is next
the assessment of human incapacitation with respect to the time-sensitive
military functions, or the "transformation” of goat wound-track observa-

tions to humans. Another final question centers around the selection,

%
See Coates, pp. 117-18, for a discussion of this point. It should

be noted that a long-prevailing view was that momentum, as expressed by
mv, was the relevant measure and that it was responsible for the prefer-
ence on the part of big-game hunters for large-caliber weapons. Some

of this sentiment has also been encountered in military circles.
*x
However, the b coefficient was varied somewhat between different
tactical situations so as to help minimize the residuals with respect

to the a and n parameters.
*kx
i am indebted to Dr. Frank Grubbs who called my attention to

this line of thought. For an interesting and imaginative extension of
Weibull theory (which is well established in the reliability field) tc
a broader military application and combat modeling, see Frank E. Grubbs
and John H. Shuford, "A New Formulation of Lanchester Combat 1heory,"
Mverations Researeh, Vol. 21, No. 4 (July-August, 1973), pp. 926-9«1.
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by visual technique, of the critical 8 parameter for £q. (2). A
question also arises about the appropriateness of fitting such a compli-
cated curve to only nine sets of observations -- that is, nine wass/
velocity combinations.* The overall impact of these judgments is that
there is some unknown element of error in any prediction that relates a
P(K/H) to a particular mass/velocity combination. Moreover, it remains
something of a statistical challenge to determine what the error esti-
mates wigh: be, or what they might mean even if they were determined.
One reply to these points is that the work and the estimates were
adequate for the purpose for which they were undertaken. That purpose
was tc take explicit account of new insights about wound mechanisms as
they might bear upon munitions design, and to address the question of
whether fragments should be sized at around, say, 100 grains, or some
order of magnitude smaller. It can alsc be argued that subsequent
follow-on empirical work that cxamined the results of both occasional

accidential detonations and recent combat experience h.ve provided a
*%

rough verification of the findings. However, in the latter cases,

*
There appear to have been twelve mass/veiocity combinations

treated in the iaboratory work, but one fragment (and its three veloci-
ties) was thrown out. Hence, nine mass/velocity observations constitute
the data points employed to estimate the Eq. (2) parameters.

However, ancther aspect of the issue regarding the number of obser-
vations centers not over the number of fragment mass/velocity combinations,
but over the .aumber of surgeons (or other qualified persons) making the
assessments by which the goat wound-track information was translated to
estimates of humar incapacitation. For example, if several individuals
had assessed each mass/velocity combination, 27 observations would have
been available, which may have permitted estimation of a useful error
term. But, if such an approach had been taken, an equation differrnt
from the one actually employed might have been suggested. In all inis
are some subtle but important issues cf model specification and statis-
tical inference.

ot ke

""See, for example, Keith A. Myers, » “ergarisown of Lef-al e
Arising from ar 3-Ineh faitner Sl deeident ol th The rer Teal
Fsiimatos (U), Ballistic Research Laboratories, Memorandum Report No.
1503, August 1963 (Confidential), and J. R. Lind, K. Harris, and G. S.
Spring, FAST-YilL: Jwrary Reportoown the Corparison of Medel owordh oo i
Fesults (Infantri Firel7iné Seoorcs old Efjveciooscan of Dml drma,
Awmbg, Aetiliem piui Moriar ownds (U), The Rand Corporation, R-810-PR,
November 1971 (Secret).
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the criterion measured is numbers of hospitalized or evacuated casualties.

This experience, within limits, may partially support the direction that

JERRPLINTD

some munitions design has taken. But it would not seem either to verify

or to refute the time-sensitive, functionally specified casualty criteria.
3 Indeed, the fact that the original fourteen categories were combined into
four, after the visual plottings were made, lends support to the idea that

perhaps the distinctions among the four may be hard to maintain. One may

Bisidy t e

then go a step further and simplify Eq. (2) by making it log-linear.

Partial additional justification for this approach may be derived from

(!

other uncercainties that bear upon ordnance terminal effects. Yet, over

]

the years and in connection with important weapon development and acquisi-

AT

tion issues, the estimates derived from Eq. (2) and its parameters have

figured cignificantly in assertions regarding effectiveness.

o

3. Tetminal Lethality, Field Conditions, and Ball Ammunition

Ml s

Munitions lethality might be degraded., or in some cases enhanced,
by field conditicns as affected by terrain, vegetation, or operations.
Although most of the consequences of field coaditions can be handled

conceptually by the formal models currently deve 'ped to treat terminal

AL

effects, substantial ranges of uncertainty rema. . These problems are,
perhaps, even more severe with respect to the lethality of bali, or small-
arms, ammunition, and can impact upon the effectiveness of infantry
systems.

A lerhal-area measurs is a function of the portion of the soldier's

body that is exposed (i.e., presented area), and is recognized by such

R IUL Sy s (e i SR b ot K

categories as stanils i, pronc, and crouching {n jorios! s, Consider,
then, the situation in which troops are assaulting, when it could be
postulated that some of them are standing and others 3re prone. The
exposed portion of prone troops may be a critical function of minor
variations in the terrain, from which they could derive the benefit of

terrain masking, depending on the shell's burst height and delivery
*
angle. Some munitions, however, provide a sound signature that warns

*
For an example of an effort to treat terrain variation, see

B. W. Harris and K. A. Myers, ‘over Funct/oms for Frome and Staniing
Mon Tarceia o Various Tupes of 7orpa’n (U), Ballistic Research
lLaboratories, Memorandum Report No. 1203, Marcnh 1959 (Confidential).
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of their arrival, allowing the troops sufficient time to seek cover.

Not only will the standing men resort to a prone position, but also all
the troops may seek out terrain masks that provide maximum protection.
Munitions signatures differ markedly -- a point well knowa with regard

to conventional artillery versus mortars and high-velocity flat-trajectory
guns. It appears that the lethal areas assigned to these weapons do not
take account of the differences. Or conversely, to take account of these
differences may obligate the analyst to assume that weapons with a scund
signature should be evaluated in terms of a larger number of soldiers in
a prone and masked position than is the case with mortars or tank anti-
personnel munitions.

Terrain, soil, and foliage conditions operate to retard fragment
velocities. Soft soil or snow reduces sharply the proport:on of submuni-
tions that detonate upon impact. Marsh grass, tree foliage, and brush
retard fragment velocities. However, these same factors can enhance
bullet lethality by inducing the bullet to tumblc.* Rocky terrain, such
as mountains, can enhance terminal lethalities of impact-fuzed rounds,
the blast effect of which produces rock fragments (in the World War 11
Cassino action, opthamologist sections had to be added to field medical
units to accommodate the higher~than-normal incidence of eye injuries
caused by rock fragments). Finally, elements of the soldier’s cembat
load, such as packs, rifle magazines, canteens, and so un, provide a

*%
form of armor prctection.

*For an example of brush tests, see Robert E. Carn :r:id Albert W.
Toepel, The Effect of Brusk on Projccetile idspersion, #.- -rpabilicy
ard Striking Veloeity ;7 Variows Srgl? drer Projec {000 (U, Ballistic
Research Laboratories, Technical Note No. 1618, *ovemher 1466 (Confiden-
tial). We have already noted that pigs, cats, and goats have been shot

at. For brush tests, honeysuckle was the experimentation material.
*%
For an account of these and other factors that can degrade

munitions' antipersonnel effects, ser P'rojeet New Light Docirinal duid -
lines Defense Ayainst rofran (U), U.S. Army Combat Developments Command,
Final Report, August 1966 (Secret). The same point has been emphasized
in European literature; see Baick, Vol. 2, pp. 125-26.
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All these phenomena, of course, can be handied conceptually by
applying the appropriate retardation factors or formulas to the predic-
tions that one makes about fragment velocity behavior.* But these
predictions should be subjected to extensive experimental work and more
h rigorously modeled relative to probable exposures as influenced by
Z signatures and possibly other field expedients permitted or constrained
A by tactical situations.**

Actual estimates of bullet lethality have not entered into the new
firepower scores. Nevertheless, it is useful to address this subject,
both to fil!l out the main technical aspects of terminal effects and their
relsted uncertainties and, more important, to provide background that
dears upon the vital subject of the relacive importance attributed to
major combat arms -- especially infantry and artillery -- which will be
8 treated laster.

: It should be pointed out that most of the post-World War I1 wound

N

ballistics research focused on fragments, both in terms of the specific

aspects of the experimentation efforts and the major design and systems

no
"

choices, the awareness of which stimulated and drove those deliberations.

See, for example, John J. McCarthy and Mary Ella Kelly, Leihal Arcua
Fseimaion fp o 80 fpeillors Prejeeriles (U), Army Materiel Systems
Analysis Agency, Technical Memorandum No. 23, March 1969 (Confidential),
especially pp. 8-19, which outlines the methodology for deriving such
¥ factors.

Ry %%

v
a
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During recent years (roughly since 1965) a large amount of effort
has been devoted to modeling the subject of terminal effects, with a
primary focus on air-to-surface munitions, as part of the preparation of
the 7-irt Mo it g T o0l ivovens Maiwal (SMEM).  See, especially, the
E volume on ifinc.r.lory (Confidential). A number of elegant models have

been developed, and accordingly, it is possible to cenclude that progress

f has been made. Much of this work, in our view, however, seems to consist
mainly of combining in 3 single model {(or computer algorithm) aspects of
rhe overall subject previously Ireated in separate mcdels. Some even
provide for taking account of aiming errors, a provisicn that transforms
a set of essentially technical phenomena into a tactical-technical set.
Whether the overal! subject matter is really better understood is meot,
since the emnirical work haz not been commensurate with the modeling.
The point seems to be acknowledged in the last tws pages {143-150) of

the % iwed 7oL, voiume.
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x The systems choice centered on the relative merits of fragment sizes in
: the neighborhood of one hundred or more grains versus those that were
: much smaller.* This research provided information that contributed to
R the design characteristics of newer fragmenting munitions. However,

its application to ball ammunition, and especially to small-arms design,

L *k
was indirect.

Although for certain purposes ball ammunition may be regarded as a

: \ fragment, its lethality is inseparable from design features of the weapon
} 3 that launches it. The design of small arms, in turn, was long governed by
: s other performance characteristics judged to be relevant to operational

: K effecriveness or combat utility. Thus, by around 1900, most countries had
;. settled on around .30-caliber ball ammunition for military use, based on

: % the belief that long—range*** accuracy and lethality were desirable effec-

tiveness attributes. The U.S. 1903 Springfield (which was essentially the

X

H

o -‘“\:vu 3
ait

*Although the research on this subject derived its initial thrust
from the World War I1 effort, its support was no doubt sustained by our
Korean War infantry casualty experience with Chinese mortars. The "tech-
nologically inferior" Chinese used iron in the manufacture of mortar
ammunition, as contrasted with the machined steel preferred by our
Ordnance Corps. It is now well understood that mortar rounds permit a
high ratio of explosive to metal, a quz2lity which enhances initial frag-
ment velocity, and chat iren breaks into small fragmeats with a more
effective spray.

X
However, pre-World War IT1 concern with bullet lethality was
probably a major force in stimulating thought on the relationship between
wound ballistics and ordnance design. We have already noted the insights
generated by the U.S. Army's "Pig Board" of the late 1920s. Observant
surgeons were also struck by the phenomenon and seeming paradox of small
entry and exit holes accompanied by large bullet wound tracks, which are
caused by tumbling within the body, as well as by secondary cavitation.

Kk %

'l
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The specification of long raage as it applies to infantry small
arms is itseilf a controversial subject, and one for which it is not pos-
sible to provide a precise number. However, it is nct necessary te¢ be
precise, since relevant issues bearing upon the selection of infantrvy
weapons, tactics, and organization center around the pros and cons of
differences in magnitude. Specificaslly, the issue is: GShould the stan-
dard infantry weanon (with which the majority of infantrymen are equipped)
be optimized with respect to engagemernt ranges of less thaa 203-400 meters
(as is the case with such weapons as the M6 and AK47), or should it ke
keyed to the concept of "aimed fire"” to and bevond 1000 or so meters {(as
were the high-velocity, .30-caliber weapons that had bhecome so prevalent

by 1900)?
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German Mauser design), fcr example, fired a projectile of abcut 200
grains, with a rcund nose.* By around 1910, the Germans had introduced
a pointed bullet (the so-called Spitzer) with a "boat tail,” which the
United States and other countries quickly adopted; thereafter, the United
States standard .20-caliber ball ammunition weighed about 150 grainms.
The lethality of ball ammunition is, of ceurse, a function of its
mass and velocity, and its velocity is s decreasing function of range,
dependent upon the drag coefficient applizable to the specific projec-
tiles's mass and cross-section. A bullet -- or any projectile -- will
yaw when launched; that is, it will turn at a cyclically varying angle
about its own longitudinal axis as it travels.** Yaw results from
barrel whip, which is a function of the weapon's design. As 2 result of
yaw, a fired bullet's center of gravity and the center of the forces
retarding it differ, creating a "lever" effect, which, in turn, causes
a bullet to tumble upon striking and penetrating a denser medium. The
energy imparted by striking and penetrating can increase substantially
in the wound tracks. A bullet's cavitation effect can also he influ-
enced (and likely in ways that render the bullet more damaging at high
velocity) by the levering when it strikes foliage or bonz, or when it
penetrates clothing. The tendency of a bullet to tumble due to the
leverage effect, however, can be mitigated or enhanced by the degree of
barrel twist, which governs the rotation or spin imp.rted to the bullet
and its stability. Hence, a small projectile that possesses high velocity
but low stability due to a low spin rate can be extremely damaging. The
same projectile, however, will likely be less accurate and possess less
penetration capability at a longer range against nonhuman targets than
would a more stable bullet.

The round-nose bullet was also favored by big-game hunters because
of its allegedly superior hitting power.

*The same phenomenon should not be confused with the "keyhole
effect” (although the terminal effects are similar) which can occur at
very long ranges (and when observed in early times was confused with
rumbling). The kevhole effect was produced by the bullet’s retention,
throughout its trajectory, of the elevation angle at which it is launched.
For a discussion of these and related points, see Coates, pp. 127-132.
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For these reasons, estimates of bullet lethality cannot be

unambiguously extrapolated from the estimates treating {ragments ex-

hibiting similar mass/velocity combinations. Because of differences
in barrel wnip and barrel twist between different weapons capable of
firing the same ammunition, lethality for a given ball ammmition can
difier between weapons. This lethality is also sensitive to range,
although not necessarily in a simple way. However, bullets varying in
size from 50 grains to 150 grains, launched at muzzle velocities of
around 3200 ft per second for the American 5.56 mm and 2700 ft per
second for the NATO 7.62 mm, are extremely damaging at the relatively
shoct engagement ranges that characterizes most infantrv firefights.
Field conditions, including foliage, often enhance this quality by
inducing tumbling. With automatic weapens, barrel heating caused by
high firing rates reduces bullst stability and increases vaw and the
size of wound tracks. It was for this latter reason, incidentalily,
that Ml6-rifle-wound tracks observed i Soutli Vietnam were substantially

g

jfarger than those predicted from equatiorns based on laboratoryv work.

C. _ANTIARMOR CONDITIONAL KILlL PROBABILITIES

The role of armored vehicles, especially main battle tanks, in
present-day land forces looms large, if only because of their cost
implications. The effectiveness of both armored vehicles and weapons
designed to defeat them has become increasingly shrouded with uncer-
tainties -- in analysis, if not in tactics -- as a result of technical
thanges. Consequently, armor and antiarmor systems properly attract
much analytical attention. For this purpose, the counterpart of the

lethal-area concept as it applies to a fragmenting munition is the

R e ST O NPT e .

probability of an armor-defeating device producing a kill, given a
hit. It might seem that the terminal lethalitv of antiarmor and other
antimateriel devices would be somewhat votter understood than human
; incapacitation effects, primarily because it is feasihle i conduct

. experiments in which munitions are employed against materiel. But

*
See Joseph R. Btair, "Analyzing Data on Munitions Effectiveness

and Wounds," Avrmy Manaaement Views, U.S. Army Management School,
Ft. Belvoir, Virginia, Vol. 15, Book 1, especially pp. 133-135.
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this is not necessarily so. Many rounds have been expend=2d against
tanks and armor plate for the purpose of addressing the complex
technicalities of both vehicle and munitions design.* However,
critical uncertainties and ambiguities pervade endeavors to apply
this information to estimating the kill probabilities or the force
ratios that are the outputs of models that simulate combat or campaigns.
Attempts have also been made to incerporate antiarmor capabilities in
firepower indexes used to derive force ratios, and these estimates have
some foundation in technical ballistics work.

Experimental processes consist of firing rounds against varying

thicknesses of armor at different angles of obliquity. A standard
measure is the "VSO" concept, or the terminal velocity at which 50 per-
cent of the rounds will penetrate armor of a given thickness. For

shaped and plastic charges, information on both armor-penetration depth

*%
and armor-spalling characteristics is sought.

Prediction of penetration probabilities as applied to a vehicle

(as contrasted wirth armor) is tricky. ''Many target and projectiie
y g proj

There is an eno~mous literature on this subject. In addition to
those cited below, the following items serve to provide a useful over-
view of its major branches: Bernard N. Goulet, Report of Support Pro-
2idod by Ballistice Research Laboratories for TATAWS 11, Part 1, Computor
Simi/atioma (U), Ballistic Research Laboratories, Memorandum Report
No. 1817, February 1967 (Secret), provides useful general technical
descriptions of antimateriel (armor) weapons and munitions, plus a good
summary of the "numbers" about which this paper voices skepticism;

E. A. Zeller, Mozhods of Analysisc cf Terminal Ejfects of Projeztiles
Azrinst Tamks (U), Memorandum Report No. 1342, April 1961 (Secret/
Noforn}; and for a recent description and c¢ritical evaluation of the
BRL methodology, see R. R. Kneece ~t o1., Tirsc mound tirt and Kill
Procablliviee S Jank tmels: Methelodeiivs and Fesults (U), Tastitute
tor Defense Analyses, Study S$-363, August 1970 (Secret), especially

pp. 25-55, which treats cornditional kill prcbability.

**For a discussion of the Vg concept, sve Robert C. Conroy,
Fpalraiion (ritepia fop VEFW-5 Candidates vs. a Lightly Armored
vehtele (), taliistic Research lLaboratories, Technical Note No. 1689,
May 1968, pp. 27-30 {Secret). For a technical account of measuring
shaped-charge performance, see Robart DiPersio et 3l., Shaped Chirge
Horhead P pformancs (U), Ballistic Research Laboratories, Manuscript,
September 1965 (Confidentiazl), and Julius Simon et al., Ceramic Armmor
Appiique:  an Foalwrtion for Doferse Azalnst Shaped Charges (U),
Bailistic Research Laboratories, Memorandum Report No. 1853, June 1967

{Confidential).
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parameters ... are practically impossible to measure in detail during
testing. Furthermore, it would be virtually impossible to predict

their occurrence in target vehicles."* If the armor thickness of the
vehicle varies substantially relative to vulnerable components inside
the vehicle, penetration probabilities can change abruptly, depending
on range of engagement and azimuth of fire. Nevertheless, estimates

of penetration probabilities are made, by means o computer simulations
for a given device, from various angles of fire and at different ranges,
against different segments of the vehicle.** These penetration proba-
bilities then need to be weighted to derive an overall penetration
probability given a random 1it. One method is to weight them in
proportion to the surface area of the different vehicle segments them-
selves (as is done with respect to antipersonnel munitions and human
incapacitation). Another method is to weight the penetration proba-
bilities that apply to each of the segments in proportion to some
expected relative frequency of hits that different segments might
receive. It is believed that tanks receive relatively more hits in

the front than they do in the rear; hence, the penetration probabilities
for the frontal section are weighted more heavily than are those esti-

mated for the sides or rear. This line of reascning led to the "angular

k%
frequency of attack'" concept, or the "cardioid distribution,” and
e

Conroy, p. 27.

* - -

See, for example, W. T. Miller and A. J. Romito, .iw :2mor Sgl/ysis
of the Soviet BPRE-50P APC, PP-76 Light Tank, REDM Heconredd ssanes Yeniele,

and the U.S. M111 Cwamand and Recoonnaisaawis Vehicelo (U), Ballistic
Research Laboratories, Memorandum Report No. 1710, October 1965 (Confi-
dential); and Robert R. Andrews et al., Tarzc! Jcseripii noand drmep
DMatribution rAnatysin of the USS5h Bih-50F, »rc (1), Ballistic Research
Laboratories, Memorandum Report No. 1720, October 1565 (Confidential).
The recently developed BRL "Method B" for treating thickness of armor
distribution conceptualizes the vehicle into four-inch grids for seven

attack azimuth angles; see Miller and Romito, pp. 15-19.
*xk . . . “ e s
See, for example, A. E. Roden, Distribution of Sovict Armor (U),

Ballistic Research Laboratories, Memcrandum Report No. 612, June 1952,
pp. 11-13 (Confidential), for a description of the concept and its
equation, and an empirical estimate based orn World War 11 experience.
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empirical estimates of it have been derived from examination of World
War I1 data.ﬁ For this reason, an overall single P(K/I}) so derived
ceases to be a purely technical or physical measure. Rather, it is an
index number that employs a set of weights entailing estimates about
tactics.

Given a specific penetration, derivation of a kill probability
involves estimating what happens to the interior of the vehicle and
its different components. Frrgments, including kinetic energy devices,
spew inside the tank; spalling from plastic rounds is conceptualized as
fragments; shaped charges produce very-high-temperature metals, includ-
ing the copper "slug" that is part of the shaped charge, to function as
penetrators. [hese fragments possess their own velocities and proceed
to damage operating components inside the tank. and crew members. A
vehicle is conceptualized in terms of four-inch square grids. For each
of the grids receiving attacks from scven azimuth angles ranging from
0 tc 180°, penetrating fragments are then "projected” to the interior
components. The terminal lethality of these fragments is a function
of a set of factors, including space between the armor and :he compo-
nents, the tumbling characteristics of the penetrators, the number and
size distribution and the dispersion of fragments, and the vulnerability
of internal components {c.g., generators, people, optical glass) that
are apt to be struck. Although much firing at old tanks has been con-

ducted, it has been noted that "verv little information exists to relate

’.

“This subject quickly blends into that of treatiang the anatomy of
armor/antiarmor engagements. Several good empirical studies exist
treating past wars. They are: Alvin D. Coox and L. Vanloan Naisawald,
Savpe s FAIIIed Tonk Caoo27t a0 W e W T (U), Operations Research
‘Miice, ORO-T-117, 31 March 1951 (Confidential); Vincent V. McRae and
Alvin D. Coox, "pil—Vs=Tnw Cwdop Do oper (1), Operations Research
Office, ORO-T-278, 8 September 1954 (Confidential); and D. . Hardison
et al., “orrain and Foines of D hrrnomerts (U), Ballistic Research
Laboratories, Memorandum Report No. 702, June 1953 (Confidential).
These studies are highly complementarv. ORO-T-117 is encvelopedic in
its analysis of some 12,000 tank casualties in various theaters and
periods, and among aliies. ORO~T-278 undertakes a similar analysis tor
Korea, wherce the action was concentrated in the first six or so months
of that war. The BRI Meworandum is a much more detailed analvsis of
the subject suggested by its title.
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the penetration capabilities of kinetic energy penetrators to non-armor
materials and/or combinations of target components and space."*

The subject of vehicle conditional kill probability, given a hit
and a penetration, may be approached in two ways: One approach is to
estimate the probability of "killing"” the vehicle. This concept may
be unambiguous if it refers to a permanent loss to the inventory, which
occurs if stowed ammunition explodes or its internal fuel burns. The
so-called K-kill measure treats this probability. The second, and more
sophisticated approach, in addition to treating K-kills, attempts to
develop estimates of so-called mobility and firepower -- or M- and F- —-
kills. Although these latter concepts strongly appeal to the intuitive
believe that various kinds of damage short of causing a K-kill can
degrade a vehicle's combat effectiveness, they are troublesome because
they must be derived from the judgments of assessors.

With regard to the F- and M-kill concepts, judgment of the assessors
enters at two levels. First, an estimate must be made of whether a frag-
ment (s) hits and renders, say, a rangefinder or a radio inoperative.
Next, the question of whether rendering a rangefinder inoperative treduces
the tank's firepower must be addressed. The answer to this question
depends on one's view of whether a rangefinder makes any difference with

*%
regard to tank-gun accuracy. This subject entails assumptions about

*Conroy, p. 29. The author continues, "Since the methodology for
predicting the narformance of kinetic energy projectiles against a
target as simple as solid-homogenes s armor plate is nct well in hand,
it is premature to expect to be abl. to accurately estimate the perform-
ance against non-homogeneous materials with or without space separating
them." 1t should be emphasized that the date of this publication is
May 1968.

*This and similar issues need not be purely a matfer of judgment
or uncertainties bearing upon tactical/cperational unknowns. For example,
if the engagement in question occurs at short range, and if the tank has
higi-velocity kinetic-energy rounds, the loss of the rangefinder might
not be of moment in a tank duel. (It may not matter in long engagement
ranges either.) For examples of some of the complexities beariag on
this subject, see Floyd I. Hill et al, Siudy of the Ravge Finder jfor the
L7 iht Tark T41E]1 (U), Ballistic Research lLahorateries, Memorandum Report
No. 554, June 1951 (Confidential), and R. C. Hu and B. K. Goulet, #An
w2l 578 o) the Times Fequirea for Tank Crews Lo Fire Fivst and Sobaes
jont Main Armament Founds (U), Ballistic Research Laboratories,
Memorandum Repor:¢ No. 1307, November 1960 (Confidential).
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subtle issues bearing upon operational effectiveness, and many of
these assumptions are either uncertain or controversial. Similarly,
destruction of the tank's radio can affect mobility of the tactical
unit. Thus, there is uncertainty bearing upon both the narrower
physics of peanetration and internal physical damage assessment, and
what impact these judged effects will have upon operational perform-
ance, as suggestcd by the concepts of mobility and firepower kills.

As 1iilustrated by the rangefinder and radio examples, the mear ing and
operational effectiveness implications of seemingly "narrow" technical

*
damage is unclear if not highly uncertain.

We have not by any means addressed all of the complexities of
the interaction between the phenomena of penetration and lethality.
One highly important related field that poses conceptual problems
similar to those discussed with armor is the effects of fragmenting
munitions (artillery and bombs) on thinner-skinned vehicles. See, for
example, Robert R. Hare, Jr. and Martin N. Chase, Effectiveness of Air-
Burst Airtillcry Shells Against Persomnel and Trucks, Operaticns Research
Office, ORO-T-303, June 1955 (Unclassified).

Similarly, small arms have a limited antiarmor capability, and in
this case the peretration induces "tumbling," which affects human inca-
pacitation. For an example of the znalyses of the former phenomenon.
see theodore C. Carlson et al., Penztrational Capalility of Various Spin
wid Fia Stabiliaed Projeciiles (nto Armor Taragets (U), Ballistic
Research Laboratories, Memorandum Report No. 1789, September 1966
(Confidential}.

It should also be noted that blast effacts of certain munitions can
be quite harmful to lightly armored vehicles. See R. F. Wilkie and
N. H. Ethridge, Z7o:r Damase o MI1E drmored Pepsonniel Carrics Exposed
iooa 500-ion TAT Fxyloaion nn theration Sneoball (U), Ballistic Research
Laboratories, Memcorandum Report No. 1888. September 1967 (Confidential).
It is also possible that a hit by a heavy infantry ond antitank weapon,
such as the TOW, on a "nonvulnerable" portion of an armored personnel
carrier could render the vehicle nonoperative frem the blast effect alone.

A closely related and important subject, which is also related ro
{(or "mixed" with) the subject cf wound ballistics, i¢ the employment of
main tank armament against perscnnel, both in the open and under various
proteci.ive means, such as hastyv field fortifications. Informative works
are T. Donald Dixon et al., 4 Crmaricon of HEAT arnd FEP "k Arvueritiorn
Against Point-Type CJoft Tara-te (U), Research Anmalysis Corporation,
RAC-T-434, October 1964 (Confidential); Andrew J. Eckles I1I, Tank
Giomery Techniques to Explo®i HEP Frogarevtarion Effects (U), Research
Analysis Corporation, RAC-SP-188, February 1963 (Secret); Glenn P.
Beichler and Laura K. Ross, 4 cerparisen 7 the [06-rm MI35 HED, MiS6
HEAT and Beehive Projectiics in koles Fogquiping Flpe Jnilver & 70
Targets (U), Ballistic Research lLaboratories, Memnrandum Report No.
1728, January 1366 (Confidential); G. P. Beichler and L. K. Pitts,
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It should be repeated that the discussion in this section concen-
trates on kill probabilities, given a hit. Getting a hit is a separate
subject fraught with numerous operational complexities, and is treated
in a later section. However, as noted, kill probabilities ~-- like
lethality -- are themselves concepis that possess operational content,
as illustrated by the incapacitation criteria applied to troops and
the M-, F-, and K-kill concepts applied to vehicles. It is these
latter —- particularly the mobility and firepower kills -- that figure
in the P(X/H)s employed in the new firepower scores or in detailed

models treating tank engagement.

D. SUMMARY ON MUNITIONS TERMINAL-EFFECTS DATA

Ballistics research as it relates to operational effectiveness of

weapons is not an exact science, and probably never will be. Numbers

A T N By S A A A A KR R AN

that specify lethal areas and conditional tank-kill probabilitiecs are
subjected to several distinct sources of uncertainty. The human inca-
pacitation criteria are the results of a subjective evaluation process
on the part of medical men. Principal elements of judgment centered
on how the observed goat wound tracks would produce patholegical
effects on human beings. As judgments, they may thus be subject

to a degree of error that is sim:lianeously both different from and

LAURS TRt U ST A L el e L

perhaps greater than the kinds of estimating error with which statis-

ticians normally work. However, an estimate of possible "errors in

I RLEPERITN

judgment" as exhibited by possible differences among surgeon-evaluators

is not provided.

A vehicle P(K/H) is a weighted average for hits received in each
of the vehicle's segments. An estimate for a specific hit is subject
to unknown errors about vehicle penetration. The firepower- and
mobility-kill concepts, in turn, are based on judgments about

(1) whether and the extent to which a particular interior component

The Dowmrarge Effcctiv.aess of the 105-mm XMEZ4ED Bechive Proyoeril
Against Persomnel Targets (U), Ballistic Research lLaboratories, Techni-
cal Note No. 1656, May 1967 (Confidential); and Glenn P. Beichler and
Laura K. Ross, Compariscn of the 195-rm M4GC HEAT Fouwnd ana the 1 L-rev
M393 HEP FRound Against Soft Trraets Requiring HFE Fire (U), Ballistic
Research Laboratories, Memorandum Report No. 1€20, Decemher 1964
(Confidential).
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will be damaged and (2) the degree to which the component contributes
to either "firepower" or "mobility.”" If the people making these
judgments are also participants in an institutional setting that
advocates sophisticated fire-control and communications equipment,
it is highly likely that their firepower- and mobility-kill estimates
may be excessive or optimistic. Combat models using these estimates
as data inputs could produce peculiar conclusions.

Both the humar and vehicle P(K/H)s would seem to describe a degree
of incapacitation, rather than a probability of incapacitating, given a
hit. This definition appears clearly to be the case with vehicle fire-
power and mobility P(K/H)s. But it would also seem to extend to the human
and the vehicle K-kills. That is, say, if four individuals receive random
hits by fragments with a .25 probability of incapacitating, the method of
formulating the incapacitation criterion would suggest that each indi-
vidual is 25 bercent incapacitated. 1In detailed models of firefights,
such a happening might be interpreted » mean that one inaividual (or
vehicle) is 100 percent incapacitated. Yet, if a model purports to
probe the dynamics of a firefight, it may make an important difference
which of the two outcomes is postulated. For models that assert that
finite numbers of targets are killed, or 100 percent incapacitated, it
is not clear how the estimates are derived. One line of argument that
can be advanced to counter these questions is that "a hit is a hit,"
and it is sufficient to take a man out of action either physically or
by sufficiently shaking him so as to render him ineffective. The szme
argument could be extended to vehicle combat effectiveness, provic 1
armor penetration is achieved.

Whether the present state of empirical knowledge derived from
terminal ballistics work provides a basis for attaching useful numbers
to sophisticated concepts, such as the lethal area index or the weighted
firepower- and mobility-kill probabilities, is unclear. It is quite
possible that the present state of empirical knowledge is not adequate
for this purpose and that the numbers currently used to "meacure” these
concepts, at best, mask many intertwined subjective judgments. Whethe:
more refined termiial baliistics work (which can be justifiel in its own

right for purposes of ordmnance, component, and weapon design) can serve
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to make thess terminal effects concepts useful for combat or campaign
modeling is a separate and highly debatable issue.

That is, it does nct necessarily follow that, even if the ordnance
terminal effects estimates were greatly "improved" as a result of more
work, they would be helpful numerical inputs for detailed combat modeis,
in view of other un-ertainties pertaining to operational effectiveness.
But before exploring this issue, let us take up the second ingredient
that was embedded in che new firepower indexes: the EEA (estimated

expenditure of ammunition).
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V. _AMMUNITION QUANTITY AS AN ELEMENT OF

FORCE-EFFECTIVENESS INDEXES

A.____INTRODUCTION

The concept of a leth2l area of a fragmenting munition -- whether
based on the methodolegy recounted in the previous section, or some
other methodology -- describes some of the effects of a specific
munition. Modern artillery (and mortars), however, fire different
kinds of munitions, and for many of these it is possible to vary the
burst height by fuze selection or setting. High-velocity guns employ
a variety of armor-defeating devices -- including some, such as shaped
charges and plastic rounds, which issue fragments damaging to perscunel
as well as high-explosive and phosphorus ammunition. Each of the muni-
tions, in turn, possesses its distinctive ballistics characteristics,
which partially govern both terminal velocity and angular aspect rela-
tive to the ground, and which influence the fragment spray and hence the
lethal area. For these reasons, no single lethal-area figure can be
assigned to a given artillery piece or mortar, or even to the high-
explosive munition available for tank guns. Nor can a single conditional
kill-probability number -- even for a given range -- be estimated for a
tank gun, given a variety of armor-defeating munitions available for any
system.

The idea prevails that the capability of a military unit is partly
a function of ability to sustain operations. Sustainability is at least
constrained by available ammunition: 1If two forces possess equal capa-
bility in all other respects, the one with the most ammunition and re-
lated logistic support should prevail. Consequently, a large amount of
resources are tied up in ammunition stocks and the means to manage and
distribute it. This capability, however, incurs a cost and affords a
tradeoff opportunity that is summarized by the expression "teeth versus
tail” as an aspect of designing the force.

These and other considerations have provided a rationale to try to
incorporate ammunition expenditure as an element of the new firepower

indexes. Table 8 illustrates the idea, using hypothetical numvers.
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Table 8
HYPOTHETICAL FIREPOWER INDEX FOR 105-MM HOWITZER BATTALION

Lethal Rounds/

i i Product
| Area Weapon/Day ' or
Type of Munition ; (Sq m) (EEA) | Index
HE, Point-Impact Fuze | 120 20 i 2,400
H t
HE, VT Fuze i 200 10 : 2,000
1 )
Ant ipersonnel ? 300 i 5 i 1,500
Total/Gun ' i 5,900
x 18 Guns/Battalion !

106,200

———— v = ——— ———— . = - v ——— - D - e - - P

The first column shows the lethal-area index for each of several types
of ammunition available for a weapon. The second cclumn shows the num—
ber of rounds available (or projec-ed) per day for each ammunition type.
These figures are called Eifimalod Frpevditure 7 Jwesuund P79 (EEA).  The
sum of these products provides firepower score per gun. Multiplying

the latter number by the number of guns per battalion gives the fire-
power index for the unit. Similar numbers can be generated for infantry
company and battalion mortar sections, tur field artillery units equipped
with other types of weapons, naval gunfire, and per-aircraft sortie.
Larger aggregaticns of these, of course, constitute the measure of a
force as employed in models such as ATLAS. This section develops some
of the problems associated with the EEA variable when it is incorporated

in an index number used to represent force ratios.

B WAYS TO TREAT AMMUNITION QUANTITY

A variety of approaches exists for determining an ammunition allow-
ance (or factor) from which to derive a firepower measure. The Army

Field Manual FM 101-10-1, for example, presents data on:

1. Combat vehicle ammunition loads
2. Estimated expenditures of ammunition i.
a. rounds per weapon per day

b. tons per unit per day

Mok
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3. Artillery expenditures in
a. rounds per weapon per hour
b. tons per battalion per day

*
4. "Basic loads™ by TO&E units

Other ways of measuring ammunition expenditure can be, and are, con-
ceptualized. Payload per aircraft sortie, which is also a function of
mission radius, can be applied to air operations. Or, it is even
possible to contemplate existing or planned stocks of munitions,
wherever they might be. Any and all of these measures might be multi-
plied by the appropriate lethal areas or vehicle P(K/H)s to gencrate
an estimated firepower potential.

"Basic load," is not, of course, an expenditure (or flow) measure.
Rather, it is a "stock” figure determined by the design of equipment,
organizational Tables of Equipment, or doctrine. Thus, a rifleman's
basic load may be 300 rounds of 5.56-mm ammunition; that of a tank
will be determined by its design. Usually, battalions possess addi-
tional stocks, as permitted by organic transport. In addition,
battalions can draw upon divisional stocks.

Maximum rate of fire for a very short period -- say, two or three
minutes -~ is another important way of measuring ammunition expenditure,
since it describes the "surge" -apability of fire support systems. Con-
cern with this attribute is central to much of force structure design,
equipment sclection, and doctrine. Surge capability, however, is also
a function of a weapon's range, rate of fire, speed, and payload, since
these characteristics affect the ability to concentrate force and fire.
It is with regard to these relationships that issues related to mortars
versus guns versus missiles versus airplanes come to a head. Also,
it is possible to equip guns with automatic or semiautomatic loaders,

whereby the consequent increased rate-of-fire per gun might enable a

ok . . - e

Stafs ClFiecps! Field Manal:  Oroaontzation, Teernlecl, and
Locistieal cal:, Department of the Army, FM 101-10-1, January 1966,
pPp. 5-48 and 5-106.
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four-pun battery to produce a peak fire -qual to that of a six-gun bat-
tery. But budget, manpower, and command-slot allocations among mili-
tary services, as well as among combat specialties wirhin a service,
are potentially at stake when such choices are considered; hence,

they are approached gingerly. It is perhaps for this reason that the
ammwunitiorn "day of suppiy” measure has been the basis for firepawer
indexes that have been usced in some force-planning models. This mea-
sure is based on a mixture of experience and estimating procedures.

Some probing of its nature is relevant.

C._ AMMUNITION "DAY OF SUPPLY" ESTIMATES BASED ON EXPERIENCE

The amminition day of supply is expressed in terms of rounds per
weapon per day required to sustain operations in a theater. [t encom-
passes each type of munition (e.g., high explosive, white phosphorous)
employed for each type of weapon and a mix of appropriate fuzes (e.g.,
VT, point detonating) for each munition.* The numbers are published
in dsmy Dqply bulletln JH LH-l. They are also changed periodically
to reflect ammunition-procurement objectives, and are consequently
influenced by such forces as the political-budgetary negotiations that
take place at the higher levels of government decisionmaking. Fhat
these data do have some relationship to ammunition-expenditure expe-
rience during past wars, as recorded in terms of ammunition thiat enters
combat theaters, does not alter the fact that much uncertainty prevails
regarding their relevance to future combat, or to different combat s. u-
ations. For example, a certain amount of the ammunition that entered
combat theaters was lost, captured, or destroyed by enemy action. Some
was expended in training -- this is particularly so with regard to small-
arms ammunition, bhecause troops in a reserve status or awaiting assign-
ment in replacemeunt depots are often occupied vn firing ranges, if only

to give them something to do to relicve boredom. But these "lcakages"

*
For an exhaustive treatment of the concept, including its origin,

evolution, uses, and relationship to the basic load concept, see Dorothy
Kneeland Clark, Adramee D07 v oy 070 4y W op/ld W o 2 it Operations
Research Office, ORO-TP-18, December 1960.
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pose a minor problem relative to the major analytical difficulties that
pervade the subiect.

buring the early planning stages of World War [1, U.S. force planners
were attracted to the German model of a field army that placed emphasis
upon mobility, which was facilitated by dispensing with large artillery
trains. They were aiso motivated to deploy divisions overseas quickly,
in the tace of severe shipping constraints. Hence, there was an in-
centive to keep both the division and its field army "slice" as light
as possiblv.* Simultancously, large resources were to be allocated
to the Army Air Force, which also generated the expectation that air
power could be substituted for much of the medium and heavy (nondivisional)
artillery. All the while, the War Department had to adapt its planning
and procurement objectives to those of the Navy, and both the War and
Navy Departments were waging a major bureaucratic war against the
common enemy that represented civilian requirements. As overseas
forces built up (especially in Europe), theater commanders requested
ammunition supply that exceeded production allocations. Army Head-
quarters realized, however, that there was an element of “gaming" in
these requests and that subordinate commanders always had a tendency
to squirrel stocks away for future emergency or opportunity.

An important turning point in ground force planning occurred with
the Battle of tassino, after tbe attempt to facilitate the capture of
the town by means of saturatioan bombing on March 19, 1944.** The main
conclusion drawn by ground force planners was that airplanes could not

e g
The driving force behind implementing this philosophy was General
Leslie McNair, chief of the newly created Army Ground Forces. For
those who might think that vigor and hard-nosed question-raising in

defense management was something invented by civilians during the 1960s,
it is informative to read the history on General McNair's cfforts. See

Kent Roberts Greenficeld et al., . %/ i d Clado e T o Wordd War i7:
“he Armg Gp o el i s TR cwin oo Tor T e el T gt Tronpa,
Department of the Army, 1947, pp. 265-432.

*

*

This action should not be confusced with the highly controversial
bombing and destruction of the Abbey of lonte Cassino, overlooking the
town, which took place on February 15, 1944.
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deliver the desired results and that the earlier decision to minimize
the number of medium and heavy artillery battalions in the Troop

*
Basis might have been overdone. Promptly, force plans were changed

and additional 155-mm, 8-inch, and 240-mm artillery battalions were

programmed. Meanwhile the "artillery deficiency" could be partially

ST SRR

compensated for by higher firing allowances, to the extent that in-
creased ammunition production and availability of shipping space per-
mitted. By early 1944 the shipping space constraint was less severe
duc to increased production and to having coped with the submarine

threat. But with the mitigation of these constraints, a new set

4

began tco take hold after large ground forces were operating in North-
west Europe. Overland transportation, as illustrated by increased
shortages of trucks and trucking companies, and the hard choicve of
allocating this resource between POL and ammunition, began to dominate
Theater logistics decisicnmaking (and even major strategy decisions),

as well as procurement and programming in Washington.

*This interpretation is controversial, and its resolution and
"lessons learned" are more relevant fer current problems. Air advo-
cates can reply that the infantry follow-up was laggard, in vigor and
level of c{fort. The point is probably correct as far as it gocs,
since the New Zealand Division had heen in the line for over a month,
and was considerably shopworn. It was alsc true that the ground
attack was not well prepared, partly due to insufficient time to plan
it. The reason there may have been insufficient time was that Air Force
planners indicated that the attack had to take place on that particular
day because weather forecasts offered the prospect of clearing in
central Italy and further north, a circumstance that facilitated return-
ing to the more favored Air Force missions of theater interdiction and
strategic bombing. Also, the overall quality of bombing and its accu-
racy were poor. Bombs fell among the advanced waiting elements ot the
assaulting troops, 1000 yards from the town; among friendly aitillery
vnits; and in the corps commander's bivouac area, to destroy his house
trailer. One B-24 group mistook the "initial point"™ (IP), which was
the town of Venafro some 20 miles away, for the target, and got good
results on field hospitals containing French Morrocan troops. Had
all this Adestruction been visited exclusively on the German enemv, and
had the ground attack been better planned and executed with fresh
troops, the results could well have met planners' expectations. The
failure, in our view, was one of command and control, and the technical
proficiency of some 15th Air Force units, wiiich »ere newly arrived in
the Theater, in performing a close support mission.
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Artillery expenditure rates in the Korean War greatly exceeded those
in Worlé War {§. Excess stocks were yuickly expended, and the subsequent
shortages were the object of Congressional investigation. The motivation
for the greater expenditure rates in Korea was the laudsbie aim of theater
commanders to save the lives of friendly troops. The day of supply in-
creased predictably. One major uncertainty remained; it was epitomized
by cne of those theater commanders, Gen. Maxwell D. Taylor, who said at
the close of the war "that he could not judge whether 1710 or 10 times
as much ammunition shouid have been expended in Korea."*

A case can be made that the artillery ammuaition-expenditure rates
experieonced in past wars provide an ambiguous indicator for estimating
a force's capability and, especially, the ratios between possibly
oppesing forces. These particular historical data for one side re-
fiect a myriad of allocation and strategic decisions that affected the
conduct of a war. Strategic decisiens, in turn, often are governed
hy the ability te provide field logistic support. Given the capacity
of a ficld army's logistic transportation apparatus, a ctationale can
exist to cxpend ammunition to avoid piling it up at Theater supply
pointz. Such behavior is not necessarily irrational, because some
capacity to muve smmunition must nevertheless be maintained, and it
is not likely to be maimiiined well if it is not also exercised. Thus,
given the size of a Theater Army's logistic apparatus, beth the oppor-
tunity and a "requirement” to sheot will he created. Yet the size and,
kence, capacity of the logistic system has te be determined, and such
a determination must be related partly to desired anticipated firing
rates. There is an inescapable element of circularity in this. The
probiem has lorng bedeviled f-rce planners. However, to couch it in
torms of firepower, when it is more accurately an issu. ceatering around
the kind of field logistics capability one should have, may detract
attention from the difficult problem of just how the support apparatus
should be desi;ned.

Norothv Kneeland Clark, p. 40,
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D. THE METHODOLOGY OF AMMUNITION STUDIES

Historical experience provides an input, if not a foundation, for
ammunition expenditure planning factors and, hence, for EFAs employed
in firepower measures. It should be emphasized, however, that any
actual numbers encountered are not necessarily based exclusively on
empirical data. Ammunition expenditure planning factors are periodi-
cally revised as a result of study. Examples of a recent revision are
shown in Table 9.

Table 9 displays published planning factors for selected weapon
and unit expenditure rates as a function of kinds of combat. The 1966
estimates were based on World War Il and Korean War experience. Those
of 1971 indicate a sharp upward revision. For division units, an in-
crease in tonnage partly reflects the fact that present-day divisions
are heavier and larger than the World War Il divisions. The data for
corps howitzer battalions and, espec.ally, the weapons types nevertheless
indicate more intense rates ci fire per weapon.

How migl-t changes like these be derived? One approach is illus-
trated »y a series of Army ammunition studies* that employed formal
modeling techniques. The effort used various detailed models by which
targets are acquired, fires assigned, and casualties assessvd.** and
a separate tank-antitank engagement model. Personnel casualty assess-
ment is based on the 5-minute assault criterion of incapacitation. The
account of the artillery submodel of the ammunition study states that am-
munition requirements are genevated from "requirements" that ave developed
separately for various artillery functions. Thus, antipersonnel
casualty production objectives (e.g., the 30 percent casualty critevion,
which seemed to be considered a unit's break point) are provided by

ammunition expenditures. To this amount is added a requirement for

* .. . . v s ,
3 See Nommuiclear Svemaii *7on Combat hatosy Procpamm’ o (Y Ze Garao-
I=73) (WY, Vol. 1, #:™+ wipoe and dmnexes A, R, H, I, and -, May 1968,
(Secret/Noforn).
*k .
See ibid., Veol. 2, Minear ¢ - ¥Moth ~.1/‘/.-.,'@u, pp. C-1 to C-11-B-6,
for the discussion account of the method.
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"harassment and interdiction"” (H&I) fire, which is another artillery
mission. However, in this estimate, no esoteric moleiing is employed.
Rather, H&I expenditure rates experienced in South Vietnam were

R

applied.h H&I fire may be defined in various ways. Bu: one working

=

3 have nothing else to do and when ammunition stocks are available.

definition is that it is the shooti.ag .hat gunrers engage in when they

A question can be raised regarding the application of, . d inter-

3

A ﬁ relationships among, firepower scores as proxies for force ratios and

; ; the use of campaign models as adapted to artillery studies for

: % generating estimates of future ammunition requirements. First, force

ﬁc ; ratios are expressed in terms of firepower indexes. Next, the artillery
;i : "game" is rlayed, in which ammunition expenditures fall out as the de-
_; ; pendent variable that produces the desired "objective function” in terms
i 3 % of casualties produced or relatiso force ratio changes. 71hus a "require-
2: 4 ment" emerges for new EEAs for the weapons. But these new EFAs might
- be applied to the lethal areas and tank-antirank P(K/H)s to produce

rew indexes of unit combat effectiveness. The znalytical process

appears circular. It can even suggest that one can counter an opponent

oo

3 solely by ammunition expenditures -- especially of those items that
y by y

have high lethal areas or theoretical accur-cies. But this tendency

AT R R ILEY T

can be ¢ fset by assuming that an opponent employs similar increases

in ammunition expendicure. Some study work appears to have adopted

3 ; this approach, which avoids developing the full implications of the

idea that ammunition expenditure can be linearly substirvuted for
**%
launcherc and tubes.

A related troublesome feature of incorporating an ammunition expendi-

ture rate in a3 measure intended to estimate force ratios is thrat it

Ibid., Vol. 4, p. C-1V-16.

* % . . . . .
See fheter Bpttl.o k7, which shows evidence of adapting this

expedient. Tables A-1 and A-2, pp. A-9 to A-11, present ELAs for
major U.S5./NATO and Soviet/Chicom weapons.
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rzquires useful information about an opponent's logistics capabilities
and his doctrine. Suppose, for example, that an opponent has a doc-
trine of using artillery in an assault role, rather than one which
emphasizes centrally controlled, indirect fire? The force structures,
including that of logistics support of these divergent outlooks, car
differ in many respects. The respective planned ammunition objectives
would also differ in numerous ways. The use of a firepower index

that is significantly influenced by estimated expenditures of ammunition
would seem to incur the risk of not examining the pros and cons of two

fundamentally different approaches.
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VI. ASSESSING THE RELATIVE WORTH OF THE MAJOR COMBAT SPECTALTIES

A. INTRODGCTION

The armies of different ccuntries, prior te World War I, did not
possez: markedly different structures with regard to the three major
combat specialties: infantry, cavalry, and arcillerv. Firsr, the reed
to feed horses limited th. relative sizes of both the cavalry and artil-
lery arms, and either constrained strategic mobility or limited military
operations to seasons and territory that privided lush forage. The
amount oif rctillery in a force was further restricted by the tactical
requirement of infantry to protect the artillery, as well as by the fact
that artillery horse teams, caissons, and supply trains required a dis-
proportionate share of the length of a division when on the road. This
latter factor hampered the ability to deploy quickly irto battle order
after completing movement. Hence, there were no significant differences
between major armies with respect to artillery densities (as measured by
number of guns per 1000 infantry), and the ratio of cavalry to infantry
in major camraigns hovered betweer 30 to 10 percent, with 2 convergence
tnward the lower figure 2fter the Napoleonic wars. For these reasons,
force comparisons could be made on the basis of "battalioas" -- i.e.,
infantry —- or even "divisions." An army might also possess sone number
of howitzers and heavy siege guns suited for busting fortresses such as
Metz or Namur, and thereby take care of what it was hoped were limited
"static" phases nf operations. These howitzers and heavy guns were

*

assigned to a corps cr army on an as-needed basis.

*This roughly describes the majcr constraints on land forces planning
and structure from the period of the French Revolution to World War 1.
The period started out with very low arrillery and cavairy ratios, ex-
Libited by the French and also characteristic of Wellington's Peninsular
Army. That Napoleop practiced the nassing of divisional artillery tends
to mask the fact that French field armies were often outnumbered in terms
of guns.
These observations

et

are hased mainly or Caston Bodart, .
o el pamioxr i Sido i (. W. Stern, Vienna, 1908, and
Balek, Vols. 1 and 2. Bodart provides, through battle-strength infor-
mation, insight about force~structure tvends. Balck distills and com-
p.ras much information from drill regulations of various countries and
data that is relevant to imm.diate pre-World War [ force structure.
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The militarv application of the internal combustion engine altered
these essentially horse-determined constraints on the ability to vary
the force structur. on the basis of major combat specialties, although
similar constraints prevail today. Tanks, functioning initially in
World War 1 as an infantry suppert weapon, revived the cavalry tradi-
tion and gave rise to an extremely sophisticated combined-arms style of
combat operations. PNivision artillery and trains could be of shorter
length, and ammunition resupply capability was enhanced. It was possi-
ble to increase both the ratio of guus to other force elements and
their weighted average caliber. Airplanes could perform some of the
cavalry aad artillery functions. The substitution possibilities among
combat specialties seemed uch greater. There also appeared to be
greater scope to substitute cugp.l{al, as embodied in artillery, airccaft,
and tanks (and other combat vehicles), for 7zlor in the production of
military force. Tuvough these forms of capital investment, to be
greatly expanded by the a,plication of electronics equipment, something
called teehnio?ow;s came to be purposefully applied to and embedded in
the force structure.

These changes confounded the problem of counting and, esperially,
of assessing opposing forcecs. The more capital-intensive combat ele-
ments necessitated expanded maintenance and supply services to be
provided by uniformed personnei. The proportion of the armed force
actually engaging in combat fell sharply, and a mere count of people
ceased to have rlear meaning. As part of the same set of efferts,
numbers of divisions {or other administrative units, such as battalions
and squadrons) became unclear metrics. An explicit rcocognition of the
inadequacy of body or division counts may have provided the Impetus to
the advancement of the new fircpower index concepts as a force o .nt.on.
Thus, it might be argued that, even though there are uncertainties about
terminal ordnance concepts and effects and the relevant ammunition
expenditure rates from which the new firepower indexes were constructed,
the indexes are a better measure than either bodies or divisions. 1I{
one takes this rosition, it might also be reasoned tha*t the uncertainties

about lethal area, tank P(K/H), and amnunition expenditure estimates
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will affect firepower indexes for both sides and that, therefore, one
need not worry about the detailed building blocks of the index.

As it stands, this argument is correct. It derives force from
the point that the new firepower indexes, which incorporate estimated
expenditure of ammunition, are extremely sensitive to that variable.
{Other indexes, like those developed for maneuver-control purposes or
the TACSPIEL model, do not depend on ammunition expenditure, because
rates of fire are constrained in the context of the model or war game
in which the indexes are used.) However, the new firepower-index
concept, which is keyed to the lethal area, tank P(K/H), and EEA for
each type of ammunition, posed a weighting problem. As illustrated by
the lethal-area and tank-P(K/H) concepts, which tend to have an "effec-
tiveness" flavor, quite distinct military functions are cdenoted by the
word firepower. Thus the problem arises: How are these diverse types
of firepower weighted for purposes of constructing an overal! index?
Specifically, how are ball ammunition or infantry smail arms, fragment-
ing munitions, and tank-defeating devices to be wnrocatcd?  This
aggregation can also involve making estimates about the relative

importance of infantry, armor, and artiilery.

B. BALL AMMUNITION VERSUS FRAGMENTING MUNITIONS

An attempt was made, in formulating the new firepower indexes, to
assign a lethal-area value to a round of ball ammunition; this value
is then nultiplied by the number of rounds assumed to be fired by rifles,
automatic rifles, or machineguns.* There is nothing irherently wrong in
the concept of a lethal area for bullets. A bullet or a burst of bullets
can be viewed as a fragment or fragments, and the resulting spray can be
related to a target's presented area.** lits approach is consistent with

the treatment of fragmenting munitions, given the assumption of uniform

distribution of targets over the terrain. However, given their long

* - s v »

See Miasurin: Comitat Fjfootioocse, Volo 1, pp. 9-11, for a
description of the methcdology.

%

In the same manner, a lethal area for tank-defecating devices
could be estimated.
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ranges (1000 meters or more), bullets would exhibit very high lethal
areas. Such numbers, incidentally, would lend support to a widely held
view that bullets are highly effective.

Another approach is to take account of the belief that bullet fire
is aimed. Here the analysis tends to focus on hit probability, with
aiming errors and tactical doctrine becoming critical variables. But
this approach entails developing empirically valid assertions about the
anatomy of infantry firefights, especially as they might relate to the
relative effectiveness of different weapons and tactical doctrine. To
pursue that line of inquiry would also suggest that it be applied to
the operational performance of artillery and armor systems. So another
approach was adopted.

The reference point is World War I7. On the basis of interpreting

the evidence of casualty-causing agents upen U.S. troops in the Medi-

terranean and European theaters, it was concluded that "approximately

20 percent (of casualties) were caused by point-fire weapons and 80 per-
cent by area-fire weapons."* From estimates of lethal areas of U.S.
World War Il munitions, and their respective expenditure rates, an
aggregate lethal-area estimate was made for the U.S. Werld War 11 divi-
H sion force. On the basis of the 80 to 20 ratio of fragmenting-artillery
and mortars to ball-ammunition casualties developed from the interpreta-
tion of World War Il casualties, a 25 percent portion of the fragmenting
weapons' lethality potential is assigned to weapons firing ball ammuni-
tion. Estimates of the amount of ball ammunition expended by weapons

in World War II infantry companies are divided into this latter figure.
The result of the arithmetic is the lethal area for a bullet. The
number of small arms and their EEAs in existing organizations is then
multiplied by this bullet-lethal-area measure, which takes account of

the point that battalion sizes differ according to time, country, or

infantry specialties.
One criticism that can be raised about this approach is that the

80 to 20 ratio of artillery and mortars tc ball ammurition is not

Mooty oot By

el vness, Voll 1, pl 9.
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supportable by the World War 11 historical evidence. Although an
Operations Researcn Office study is cited to support the assertion
that 83.2 percent of the U.S. Army casualties experienced in Northwest
Europe (ETQ) and 73.2 of those in the Mediterranian (MTQ) were due to
"Mortar and Artillery" (table capticn),* the cited study indicates

*x

that the ratio was 64 and 69.1 percent, respectively. " It does not

R

seem correct to attribute all or most nonball ammunition (e.g., hand

grenade ard mine) casualties to artillery and mortars. Nor does the
80 to 20 ratio take account of the likelihood that a bullet wound
wou.d inflict a higler degree of incapacitation than wouald a fragment
wound -- a point suggested by the fact that a higher portion of bullet
wounds are fatal than are fragment wounds.***

A question might also be raised as to why the relative casualty

produv-tion of weapons on an enemy is inferred from information on the

AT T IR IR T

casualties nis weapons mir inflicted upon us. Ideally, it would e
desirable Lo know the nature of his casualties by causative agent.
This kind of information is diffi:ult to get, and it is probably why
friendly wound statistics are used But none of the enemies of the

“Ibid., p. 9.

“L. VanLoan Naisawald, ‘7 -awsatii Aaente o Friedo cae il
7w world Wor [, Operations Research Office, ORO-T-241, July 1953,
p. 3.

& k%

See Gilbert W. Beeb: and Michael E. Debakey, #:f:/. nwi?!lor:
Ineidenee, Mortality, and [oaist e “rnsiderations, Charles €. Thomas,
Springfic.d, Iliinoils, 195/, pp. 132-136.

It should be pointed out that casualty analysis, in terms of
ascertaining causative agencies, is difficult tor a number of 1easons,
although much painst.:king, careful, and good work has been done. See,
also, the more recent study by Jeffrey Burt et al., “/«'r'i .7+ ©
Comi 1t Cagwalvies Pw Caus (#4100 Awnts (U), Research Analysis Corperation,
RAC-T-445, March 1965 (Lonfidential), which employs multiple regression
techniques connecting engagement conditions with rasualty causation,
especially Tatle 8, p. 27. Here, the "artillerv-small arms™ ratio looks
markedly different, w.th the 80 to 20 ratio approximated onlv in the
case of "attacking ar almost imoregnable enemy" -- a case where the
encmy is no doubt avie to do extensive prior registration. In manv
tactical modes, the 1aitio is close to 1 to 1. Mines and "miscellanenus”
(the latter includ'.ng one's own "instruments') are substantial casuvaitv

prroducers.
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United States in World War II and the Korean War possessed the
artillery densities or expended the munitions tonnages we did -- both
because of censcious force-structure programming and because our air-
interdiction programs did inhibit tonnage throughput.* For this
reason, one might expect that U.S. fragmenting muritions may hsve
been responsible for an even higher proporticn of enemy casualties
than our experience indicated. iowever, interrogation of a sample of
1000 prisoners-of-war wounded in action ia the Korean War suggests

. . %%
this may not be the case. The findings were as follows:

Casualty-Producing Agent Percent

Ground Weapons

"Gunshot" ........ ciiiaan. 43.0
Shell Fragment ............. 23.5
Grenade ......cciciiiennin... 1.2
Total ............. ceeerrenace.. 67.7
Air Weapons
Machinegun ................. 9.4
Bomb ...... i, 1.9
Rocket ........ .. Ceeeanen .es 3.0
Napalm .....cciiivennnnnn. - 4.4
Total ..... et etireceeaan . I |
Nonbattle ......ceiieiiiiininannnanes 4.6

These Jatter criticisms, however, necd nct carry much force with
respect to their impact on the values attached to firepower indexes
for actual units. The values do warrant criticism, however, to the
extent that they result in any particular significance being attached
to the enpirically incorrect ratio of 26:80, or a possibly correct one
of 50:50, or to the extent that they suggest anything sbcout the relative

importance of different weapons or combat specialties. The us2 of lethal

* ~

See Commitment of Flak and Fighters to Protzet the jermz: fowte o
Sply Te Ttaly, 1344-1945, Department of the Army, Office of the Chief
cf Military History, MS D-191.

*k

Coates, p. 723. The prisoners were interrcgated in January 1951;
therefore, they were wounded prior to the very heavy artillery fires
that care to characterize the later phase of U.S. action.
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area figures may not exert a transparent influence on estimates of
relative force size, whether derived from ballistics concepts or im-
puted, because a firepower index that employs an estimated expenditure
of ammunition can be dominated by the assumed cr specified ammunition

expenditure rates.

C. ANTITANK CAPABILITY

The lethal-area aggregate derived for a unit bv the use of the

method described above may provide some rough estimate cf a potentizl
to inflict personnel casualties. All combat units also have some
potential to kill armored vehicles. The antipersoanel and antivehicle
capabilities, however, are not directly addable. How is the problem
caused by this fact handled in the formulation of the new firepower
indexes?

The main element of the approach was, first, to estimate tank
kills for tanks and infantry battal:i.us. This is done by multiplying
a munition's P(K/H), for either a firepower or mobility kill, by a
hit-probability number estimated for each weapon and each munition
category -— e.g., an M60 Eank and a 105-mm high-velocity, armor-
piercing round. The "hit probabilities"” are related to hitting a
7.5~ by 7.5-ft. target at varying known di<iances. (Some of these
sstimates may actually have been verified ou a proving ground; others
are Jdeduced {rom physicil equations.) Thus a kill-probability estimate
for each type of munition, per round, is obtained. Account was also
taker of a weapon's maximum effective range: If the range was less
than 500 meters, the kii' probability was multiplied by 1; for 500 to
1000 meters, the multiplier was 2; for a range greater than 1000 meters,
3. Multiplication of these numbers by the EFEAs for each munitioa type
and number of weapons per unit provided an antitank kill potential for
each unit. Thus, for a hypothetical division one could arrive at the

following pair of aggregate antipersonnel and antitank "firepower-

potential" estimates:

E
|
E
|
|
k.
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Ant ipersonnel (lethal area) ...... .... 900,000

Antitank (kills) .......

.............. 200

Obviously, a lethal-area-derived firepower index number and a tank-

kill-per-unit estimate are not directly addable. So what was done to

develop an index number?

Recourse was taken to the set of inequalities used in the TACSPIEL

*
war game, which evaluated the relative worth of small-unit antitank

Ak
and antipersonnel capabilities.

For 1965 TO&E units, tank-kill and

antipersonnel potentials derived from the ballistics and ammunition-

expenditure data were substituted

the following inequalities:

Antitank Potential

Infantry Company 28.7 f
Infantry Company 28.7 ¢

2 Infantry Companies 57.4 f

For the then-prevailing U.S.
between 3631 and 11,694 satisfied
3750 was selected. Multiplying a

number was advanced as a means of

into the TACSPIEL equations to yield

Antipersonnel Potential

Tank Platoon 47,313
Taenk Company 189,250

Infantry Company 264,700

organizations, any value for f of
these inequalities. A value of
unit's "antitank potential’ by this

adding a unit's antitank and anti-

personnel capabilities.

D. _SUMMARY OF THE WEIGHTING PROBLEM

The conceptual difficulty in the new firepower indexes may be
summarized as follows: A firepower index is an index number. An
index number, in turn, is an aggregation of unlike things by means of

some valuation process. The formuiation ¢f an index number requircs

See Moasnrde s comiagt PG o Toer ey Voll 1, pp. 17-19, for an
account of the methods. Sce also icster and robinson, pp. 5-7, for an
unclassified discussion of the techniques and the relevant numerical

estimates.
&% . L i . .
These values are described in Section 111 of this Report in the

discussion centering around Table 6.
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a theory, or a set of principles, by which value weights are attached

BN OO LT

to the unlike things. 1If principles are lacking, however, ihe index

3,
o
DL

can take on highly arbitrary values.

AR i

If index nusbers are the main numerical inputs for, say, the

b
1
£

construction of a model or theory of war, or for a campaign entailing

K3
it B

the use of general ourpose forces, we have a situation where arbitirary
or postulated numbers are inputs for a theoretical model. There may
not be anything inherently bad about such a situation, if it is recog-
nized that the end product of the model itseli is assertions in the
form of quantitative statements that can in principle be refuted by

some independent test. But without a testing process, or similar

T

empirical effort, which demonstrates that one (or a selected subset)

413

of models employing one set of arbitrary data inputs is the best of

all such conceivable combinations, it is not clear just where the

L AR v

irtellectual effort leads. 1If one accepts the idea that a model (or

theory) should have predictive —-- or explanatory -- worth, it is even

possible that a good model might be rejected because it has poor pre-

dictive worth, when the reason for the poor performance will have been

the poor (or irrelevant) numerical inputs. Thus, the procedure seems
to be an extremely inefficient wav to try to discover a good theory by
trial and error. At best, it is a computational exercise with a Jimited
or murky empirical foundation.

The new firepower indexcs, based on munition lethal areas and
theoretical tank kills, are extremely sensitive to the estinated
expendicure of ammunition assigned to each weapon. They also exhibit

an admixture of grecision in the use of some data, adjusted by rough

T Y AT

A factors, particularly in deriving tank-kill estimates. Thus they would
seen to be poor indicators of relative force capability. At best, they

5 might provide rough estimates of relative capability, if both sides

possessed comparable force structures and employed similar artillery
practices, since it is the lethal areas of fragmenting munitions that
weigh heavily in the index.

It must be concluded that the new firepower indexes are extremely
rough estimators. This feature in itself is not sufficient ground on

which to condemn them insofar as they are used for modeling purposes

Wmmw-;q T AT NI e T Y N PPV Yy
3
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VII. DETAILED MODELS AND OPERATIONAL EFFECTIVENESS

A.__THE MILITARY PRODUCTION FUNCTION

The principal shortcoming of the firepower-index concept is its
linear quality. This assertion means that the output derived from any
of the inputs -- e.g., a given type of munition -- is c-nstant. Con-~
stant marginal returns are awkward for a modeling effort that treats
large aggregations of diverse combat specialties, in a context in which
there are latent questions of the force mix -- or, more accurately, the
allocation of fiscal and manpower resources among those speciailties.

It is awkward because constant returns (or marginal products) for
each of two or more inputs are another way of saying that each input is
a perfect substitute in production for any other input. And, if this
is true, the problem of optimizing the force structure is simple: Buy
mlis the cheapest input. Hence, the force could be all machinegun
squads, or 155-mm howitzers, or B-52s, and so on. The resource alloca-
tion problems suggested by the expression optirer rmir would not exist,
because no rix need be required at all.

Acknowledgment of the point that the marginal product of an input
is not constant, however, raises the question of just what is the
marginal product of a single input as a function of other irputs, and
what are the marginal products of other inputs that may be substituted
for it? If the answer to this question were available, then optimal
allocation would be achieved by equating the ratios of marginal products

to marginal costs of the respective ianputs. The fundamental question

that has to be answered is: What is the military ; voductTon e o0 7o0?

It might also be noted that if knowledge of the parameters of the produc-
tion function were available, then the problem of constructing an index

of combat effectiveness would be simple: the weighting factors for the

AL NI YT FID EA LT T ) 5D

diverse inputs could be derived from the marginal products themselves.

ey

But then why any need of an index number at all? Whatever else might

be said about the firepower index, it sweeps most of the tough problems

of military-resource management under the rug.

WY&}?WYH CITEAT LN IRT
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The subject can be illuminated by recourse to aspects of the formal
theory of production encountered in economic literature. Essentially,

the general mathematical form of the production function is:

P = f(x), X2, «-vs X)), 3)

when P represents the product and the x's are tve various inputs. For
our purposes, assume these inputs to be military specialties such as
infantry, artillery, tactical aircraft, and so on.* (Let us put aside
the question of precisely what ccnstitutes the product.)

The objectior to the firepower index's linear quality (assuming the
index's value as an indicator of effectiveness or productivity) is an

objection to the idea that a less general specification of Eq. (3) is:
P = 1% + Ar2XDy o oey + (ann. (3-1)

As £q. (3.1) stands, the independent variables zre independent of each

other, and the respective marginal products of the x's are simply the
"t" coefficients. Specification that the independent variables are
independent of each other means that the substitution elasticities be-
tween them are infinite. It is this case whicrh says that a military

force could be all one specialty.

An opposite casz is alsoc consistent with the linear condition, and
is encountered in the application of linear-programming techniques to

production management. In this case, it is assumed that to get any output,

“For treating many problems that are the object of economic analvsis,
the inputs are specified in terms of the services of "factors of produc-
tion,”" especially labor (L) and capital (X}, which, logically, can be
broken down into more specific inputs such as machines, tractors, and so
on. Acquired ingredients like power and raw materials can aiso be speci-
fied as inputs. Similarly, one could specify the labor and the capital
(weapons) for the infantry, armor, and other combat specialties, as well
as procured inputs such as POL and munitions, in estimating military
preduction functions. ror a good general survey of nroduction functio
literature in economics, see A. A. Lalters, "Production and Cost Func-
tions: An Econometric Survey," Xcww.rprli, Vol. 31, January-aApril
1963, pp. 1-66.
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each of the inputs must be employed in fixed proportions as asserted
by the ratios of oy, @y, ... o, to each other. Here the substitution
clasticities between inputs are zero. A military example is the
assertion that the composition of a carrier task force must be two
attack carriers, three frigates, six destroyers, and a specifiszd
logistics train.

It is generally recognized that most production processes are
not linear in the sense postulated by either linear specification of
Eq. (3.1). Rather, nonzero, finite substitution possibilities exist
in the majority of cases. A frequently encountered example in economic

literature of a nonlinear production function is:

= a & a
P = Axl X22 oo X,nn, (3.2)
where ay +ap ... taoy 21
P [

8xy’ T 6%y

52p 82p
=2 a2 < O
n

The specification that the first partial derivatives (marginal products)
exceed zero conveys the point that the practical problem is one of con-
strained maximization (as are all resource-allocation problems). The

negative second partial derivatives capture what is meant by th2 so-

*
called law of diminishing returns.

*The assumption in Eq. (3.2) that the exponents Z 1 captures the
question of whether the activity exhibits "economies or disecrnomies of
scale." There is much controversy on this subject in economic litera-
ture centering around the cause o. apparent economies or diseconomies,
and much resulting ad hoc theorizin’. One school of thcught argues that
any actual observed economies are duc to the existence of "lumpy" inputs,
improved technology, or inadequate identification of inputs cr factors of
production, or combinations of these. So-called diseconomies arise from
inefficient management, which potentially can be avoided by decentraliza-
iion, or from inadequate property-right specification that is responsible
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Nonlinear prcduction functions like Eq. (2.2) express in
mathematical terms much of shat military thinker: have been concerned
with over the centuries. W¥When Carl von Clauzwitz observed that an
army should hzove a structure of one eight-gun artillery battery per
1000 to 3000 infantry and from 20 to 30 percent as much cavairy as
tliere was infantry (with variations depending on relative costs ond
geogiaphy), he was both assigning specific bounds to the "u" coeffi-
cients in Eq. (3.2) and taking into account the relative costs of the
combat specialties. When William Mitchell advocated air power, he
was implicitly arguing that the "a" coefficients for battieships and
crast artillery were considerably smaller than commonly believed.
Vhen present-day policymakers and analysts urge that we must find
ways to reduce relative military-manpower costs by substituting
capital equipment and w2apons for labor, they are asserting some
specific beliefs absut military production functions. Spec!®ically,
they believe that rather high substituticn elasticities exist
betwzen capital and labor, or capital-intensive force elements fe.g.,
tactical aircraft and artillery) and labor-intensive ones (e.g.,
infantry) or both.* The difficult problem associated with the
production-function formulacioa, then, is to deteruwine empiricalily
what the relevant coefficients are. This problem is further compli-

cated by the impact of chang.ng techrology.

for perverse incentives affecting the use of certain resources or
inputs. To specify that the sum of the coefficients can be unequail to
one permics overlocking these kinds of problems, an assumpticn that is
convenient for many theoretical purposes. However, to take a military
example, it may not do to assume away such "lumps™ as an air-defense
warning net, or a commsnd ané control asparatus, and so on.

-~

“In this case, the Equation 2.2 specification does not apply
because its form asserts that the substitution elasticitiec ave 1.
This means that the relative shares in terms cf dollar budgets allo-
cated te any given input (the specialty) remain constant, given
changes in the relative cost of inputs. The argument that there be
greater substitution of capital for labor, to the extent that it
entails spending relatively more on capital, svems to imply that the
relevant substitution elasticities must be greaier than unity, or
that R&D =ffort can change the relevant parameters.
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The effect of technical change alters the coefficlients of the
production function. The numerical values assigned in Eq. (2.2} o
any one, some, or all of A, a;, 25, and so c¢a, would differ fre—= what
existed prior to a technical change. How to estimate these changes
can be as difficult as determining the coefficients of an existing
production function. The techniques emplcyed range from making
deductions from the relevant physical or engineering canzticns to
applying empirical methods, and usually some combinaticn of these.

In the civilian sector, trial-and-error methods are often used --
perhaps in a pilot plant. Both thecretical and experimental tech-
niques are likely to be more fruitful when there is good knowledge
about the existing production process. The field of agriculture is
a geod example of one where much empirical data about existing pro-
duction functions exist and where, incidentally, rather modest R&D
expenditures have provided numerous specracular inventions and
resulting shifts in preduction functions. Research and development
applied to milictary matters, of course, is zn attempt either to
create new production functions or to evcke favorable shifts in
existing omnes.

Military exercises, maneuvers, troop tests, field trials, and
studies, including combat and campaign modeling, can all be viewed
as efforts to produce knowledge about the military production function.
Campaign modeling, or analysis of the use of large force aggregzations
in a theater context, may further be viewed as an effort to generate
assertions or insights about an sggregated military production func-
tien. It is alsc aa attempt to address the modera counterpart of the
"men, horses, and guns' guestion discussed in the previcus section;
but the subject is greatly complicated by the presence of opposing
air forces and air defense systems. It is complicated further because
centinual injection of new weapons into the force causes the production
function to shift in some unknowrn way.

To view the intertwined problems of determining the optimum force
mix in the cci.text of changing weapon technology in terms of production
theory might display more sharply some critical aspects of general-

purpose-forces study and modeling. The firepower or similar index as
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an indicator of force capability would seem to eantail the lipear assump-

tion. The logical implications of this assumption may be avoided or

mitigated, however, by numerous ad hoc qualifications that explicitly

or implicitly change the veights assigned to different inputs. 1he

iieflaciind i

weapons effectivencss indexes (WEIs) advanced by the Army's Strategic

WY

Analysis Group {STAG) in 1971 illustrate such an approach. That they

At &
i\
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rely on judgments to assign weights to weapon technical performance
attributes (to define the WEIS), and on either judgments or relazive
costs of weapons to derive indexes for tactical units consisting of
diverse weapons (WUis), is regarded by many tc be a shortcoming. For

one thing, the resulting indexes are still linear; for another, the

i hiMe s

basis for determining the weights is not transparent. Hence, the prob-
% : lem remzins of how to get some indicators of military marginal productis

x
that are relevant to the fighting end of the husiness.

B. THE USE OF DETAILED MODELS TO ASSESS EFFECTIVENESS
i OF LARGE- FORCE AGGREGATIONS

Dissatisfaction with firepower and similar indexes has stimulated
effort to model campaigns by using less aggregated approaches. Indeed,
there is in the offing a new generation of campaign models in various
stages of development,** all of which appear to have two common features.

The first is that they attempt to estimate casualties, damage, and
attrition, and In some cases, suppressicn, of major groups of weapons
against each other in the concext of a large confrontation. This idea

is illustrated by Table 10, which we label a "combined arms attritior

*It should be pointed out that much information can be and is
develcped which is relevant to activities that provide "intermediate
outputs,”" of which aspects of logistics support is the prime example.
For example, the product of Eq. (3.2) can be specified to be some rate
of flying hours or number of scrties. Determination of a production
function can be a fairly straightforward endeavor. For a good example,
see George F. Brown, Jr. and Aracld N. Schwartz, A Study of Aviation
Resources and Readiness Relatienships, Vol. 2, A Ready-Hour Produstion
Funetien for Haval Aviation, Center for Naval Analyses, Institute of
Naval Analyses Study 32, June 197C. But when we focus on combat effec-

tiveness, the subject acquires its difficult coloration,
%k i .
See, e.g., S. Bonder, Viciar-3; A Hierarchy of Combat Analusis

Models; Dondero, MEFORD; and Lulejian and Associates, “mtotupe of a
Theater-Level Tactical {ompat Modol, Vol. 2, Moderl Loaie and Equetiona,
Ueapons System Evaluation Group, WSEG Report 227, February 1974.
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Table 10

AN TLLUSTRATIVE COMBINED ARMS ATTRITION MATRIX
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matrix.” The Table portrays, for erample, that Blue's artillery and

43T 4 X

mortars can inflict damage on Red's infantry, antitank weapons, tanks,
and artiliery. Conversely, Red's artillery can produce similar effocts
on comparable Blue elements. {These interactions arc indicated by the
letters “B" and "R" in the respective cormers of the reievant cells.)

Cells containing both an "R" and a "B" pertray the established or

b
'£: especially intense types of engagements that characterize, for example,
;E infantry firefights, flak suppression by aircrait, artiilery counter-
$ battery fires, etc. Where there is only one letter in a cell, relevant
i interact ions between the opposing elements are, for the most part, one-
j sided. For example, it is unlikely under most circumstances that in-
j‘ fantry would destroy actillery; consequently, questions regarding the
f' effectiveness of infantry weapons and doctrine shoiuid be focused cn how

% infantry can best deal with and destroy opposing infantry, tanks, ctc.
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A blank cell implies virtually no direct inleraction or potential for

mutual aterition.

Effort to model such a complex of activities in detail may, in one
sense, involve a misuse of the word midzl. Perhaps a better descrigtion
of what appears to be going on is that effort is made to pices togyethr
or somehow t> 7ntegrate the outputs of separwtc models that treat in
detail various subsets of engagements. Thus, in s given study, frequent
reference is made to an “artillery model," a "combat-air-support model,"
etc.* Any single e¢ndeavor may also aggregate selected aspects of the
subject. For example, TALLY/TOTEM aggregated the first four elements
of Table 10 in TOTEM, which is essentially the firepower—index/ATLAS
model, but employed a more detailed air-battle model (TALLY) to treat
the last three elements. Similarly, an existing detailed air-defense
and aircraft-pencetration model (of which there are many) might be modi-
fied so as to make it compatible with a given integrated mcdel. Simi-
larly, a number of helicopter-combat models have been developed in
recent years, and choices are available among these.

Table 10 should not be construed to suggest the precise uporoach
of any specific model, especially with respect to assessing interactions
among groups of weapons. For example, the category "Air Defense” in
Table 10 apgregates guns and missiles. However, if accouat is taken of
forsard-area air-defense systems that contain a high density of guns in
the f4-mm to 57-mm regime, these can be useful in other combat roles.
Moreover, numerous other groupings are feasible, and various conceivable
combinat icns provide a basis to sustain a large amount of modeling.

The precise way weapons or force elements are grouped and-sggre—

gated will also govern aspects of the techniques of analysis. Technique

; ir this context refers to whether critical core parts of the analysis of
combat relies mainly on stochastic or determiristic models. These
different approaches are illustrated by the %7, rarch; appreach, as
pursued by the General Research Corporation, and the Verfor-0 set of
models. Both of these study strategies, however, employ the same data
basz, which is the second common feature they and other current models

share. That data base is the main one from which the improved firepower

R - )
See, €.g., 5. Bonder, Ve.-t :p-’, passim.
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index is derived. A comparison of two current medels can illustrate

this point.

C. THE L FEARCHY OF MODFLS AND VECTCR-C APPRCACHES

TO ANALYZING LARGER FOKCE AGGREGATICONS

The Hierurchy cof Models aud Yeector-C approaches differ inm how they

generalize about the effectiveness or marginal products of key combat
elements —— particularly manevver battalions composed of diverse mixes
of weapons -- to derive assertions about the contributions of any type
of weapon in the larger conte:ut of a campaign.

The Hiecrarchy of Modcls approach relies on the ORO/RAC Carmonette
(or a similar stochastic) model as its initial building block.* Up to
54 weapons, on both sides, !n a platoon or comoany context (e.g., a
platoon in defense against a company in attack) can be played with
Carmonette, in a very fine-gratred way. Its use to simulate the fire-
fight entails, at = _uavioral level, two major aspects. The first is
target acquisition; the second is shooting and, it is hoped, getting
a hit and damaging or destroying the target. The target-acquisition
problem is handled in Carmonette by means of its terrain model, which
generates line~of-sight oppertunities, and by oppesing weapon signatures

as iniluvenced by firing behavigr. Crews and riilemen acquire targets.

*Carmonette has had a loag {and cnyoing) gestation period. For its
early versicn, sec Hebron E. adams et al., Cawonetie: A Computer
Played Combat Simulatior, Operatises Research Office, ORO-T-389, 196L.
For 2 more recent version, see Morman W. Parsons, Jarmonettc IV and
Carmomette V, Research Analysis Corporation, draft of RAC Di2-CR,
October 1972. And for an interesting recent appiication, see
R. E. Zimm rman et al., Fqugl Coant Tirgpower Study 1T (ECF:11) (U),
Vol. 1, Main Repcrt and Appendizes A through ¢ (U), Research Analysis
Corporation, RAC~R-146, Septowmher 1972 {Secret).

It shouid be zmphasized that the itigrarciy of Models approach
discusszd in the text does not necessarily have to be based on
Carmonette. Other combined arms stochastic models can also serve.

A prominent altermative is DYNTACS, which was developed to treat
armor problems. TFor a description, see Aibert R. Bishop and Gordon
M. Clark, 'he Tank Weapon Sysiers: Final Feport, U.S. Army Combat
Developments Command, Armor Agency, Repor. AR69-4, September 1963.
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Tiey fire, in accordance with specified doctrine. The effects of fire
are then deduced from input data such as P(X/H), time to fire upon
acquiring target, probability of getting a hit for a specified range,
time of flight of the projectile or missile, and time to fire a second
round {f the first round missed. Similar data are used for small arms
or heavier automatic weapons, but applied o bursts when appropriate.
Since the model is stochastic, a half dozen or more replications for
each set of opposing weapons, conditional orders, w:is:7er and terrain
conditions, and so on, must be undertaken. The model’'s outputs take
the form of frequency distributions of kills, or other estimates
tegarded or judged to be proxies of effectiveness.

The results of the simulated Carmonette engagements are processed
and employed as inputs to another routine called Commonex, which is
keyed to the Lanchester paradigm.* Here, regression analysis techniques,
for which Carmonette outputs are the inputs, are used to ascertaln the
coefficients for the differential equations that doscribe the rates at
whicn opposing weapons or force elements attrit each other.

The results of Commonex are then used as inputs for a division
battle model. The results of the division battle model are further
extended, by means of regression analysis, tc a larger theater frame-
work. At higher levels of aggregation, such as the division or theater,
the models are constrained by logistic considerations as influenced, for
example, by theater supplies or air interdiction. By sufficient repli-
cations of the Carmonette/Commonex mcdels, it is possible to estimate
indexes of unit effectiveness. And, of course, there is no reason why
the same ocutputs could not be used to estimate by multiple regression
techniques the first derivatives and perhaps the scale parameters of
production-function equations such as Eq. (3.2) above.

Vector-0 can be contrasted with the Carmonette-based Hierarchy
insofar as it is deterministic and eschews the detail of Carmonette.

Ground engagement takes place at battalion levels. Vector-0 vecognizes

*

See G. M. Clark, The Coambat Ana’ysis Model, University Microfilms,
Ann Armor, Michigan, 1969, pp. 139-210, fer a development of this transi-
tion.
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five weapon systems: armor, antitank weapons, riflemen not associated

with special weapons, infantry -- automatic weapons, and infantry --

*
area fire weapons. Thesz five groups are aggregated into two distinct

groups of three, depending on whether the engagement is armor- or

*k
infantry-intensive. That is, in any given battalion sector, there is

either an armor battle -- which, in turn, could involve either tanks

T TP WS 5 Y

and infantrvy on both sides or only infantry-manned antitank elements on

Akk
the defendin, side -- or an infantry battle. In the infantry battle,

battalion antitank weapons are apparently not engaged.
Within this framework, the engagement entails sequential target-

TP

acquisition and firing processes. Target acquisition involves deter-

mining line-of-sight (on the part of the model), acquisition, and
Either of two target-acquisition

e

Lo

selection (on the part of firersj.
E 2 3 34
serial and parallel. It should

. -
Y

and selection modes can be assumed:
be noted that this (or any other) target-acquisition model involves a

oo &
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number of implicit assumptions on the modeler's part of just what it is

that stressed or fatigued combatants see, or think they see, in the

7

Casrld A;JJ\.»‘A Rlfe oo

context of a firefignt.
With rhe selection of targets, a fire "model" is invoked.

AR RS -

Specifi-

oA

cally, two importan: equaticns (labeled "Markov fire'") are emploved,
For armor engagements,

e

respectiy :ly, for armer and infantrv engagements.

. . kRkAkx
it 1s:

usp i

B S

*
S. Bonder, Vector-:, p. 72.

*%
Ibid., pp. B81-82.
k%

To give an idea of the scale of the Vector-0 ground combat
routine,