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ABSTRACT

TITLE: Center of Gravity Analysis and Chaos Theory
AUTHOR: Pat A. Pentland, Lieutenant Colonel, USAF

Nearly all military authors and th=orist at one time or another refer to the Center
of Gravity (COG) concept. Clausewitz was the first o refer to COGs and placed them
within & railitary context that lay withir » social-politice! construct. Subsequent authors
have not explored COGs to any depth and have failed to provide a wider framework with
which to <nalyze their methodologies. This paper explore: COG analysis from the
context o” the new scienc of "Chaos Theory." It demonst:- ‘es that social, cultural,
economic, political, and military systems are open, and no:"inear in nature. It postulates
a sociai construct based o~ Chaos Theory, and explores the interactions of the elements
of powsr. Lastly, it showz methods to identify and disrupt COGs based upon the
dynamics of Chaos Theory.
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CZAPTER1
INTRODUCTION

Strategy and Centers of Gravity

The fundamental task any military organization faces is the prctlem of
transforming limited forces and potentially unlimited options into strategies to achieve
specific political objectives. Whether peacetime planner or wartime operator, the
essential burden remains—develop a strategy and selec an option that >alances resources,
restraints, constraints, and objectives. Strategies are c-nstructed upon larger theoretical
frameworks which often include military doctrine anc e principles of war as well as
various social, political, and economic formulations cr models. Campzign planning and
campaign targeting is the ultimate crucible where these theories must pass the test of
wartime reality. However, the decisions that implement strategy are complex and difficult
especially in the context of fighting an air campaign.! A useful concept often employed
to simplify and guide itie airpower targeting process is the notion of attacking "centers of
gravity” (COG). The CCG concept is fundamentz! to the principles of ‘war and is critical
to the combat planning and employment of airpower. COGs, however, are widely talked
about and only superficially understood. They easily become "black koles” sucking in
resources and emitting nothing but a false target of glowing ehergy.

In the classic sense, centers of gravity wers initially conceptuai’zed and presented
by Carl von Clsusewitz in his monumental work On ¥ar. The most ccmmonly quoted

definition from Ciausewitz is:

* Doctninal arguments about independent air campaigns are ~ssentially irrelevant. We ave yet to adequately
defire air warfore, air operations, cr air campaigns. I believe 2!! "sir campaigns” are *;»int air campaigns.”
All "land campazns" and "naval campaigns” are ;oint as well. I use "zirpower” in the ceneric sense. Ifit
Ties, it's airpower regardless of its parent service.




A center of gravity is always found where the mass is concentrated most
densely. It presents the most effective target for a blow; furthermore, the
heaviest blow is that struck by the center of gravity. The same holds true in
war.2

Clausewitz later identified the center of gravity as "the hub of all power and movement,
on which everything depends. That is the point against which all our energies should be
directed."* United States military doctrine, to include Air Force, incorporates the COG
concept and defines it as: "That characteristic, capatility, or locality from which a
military force, nation, or alliance derives its freedom of action, physicz] strength, or will
to fight."4 Past air strategists have commonly employed notions that did not quote
Clzusewitz verbatim, but used arguments closely mimicking his logic. They believed that
destroying certain target sets provided = disproportionate leverage or eifect that could alter
an enemy's capability to continue the war—in fact producing a war wirning leverage.s
Airpower and Centers of Gravity

After Weorld War I, both Giulio Douhet and William Mitchell <eveloped and
vopuiarized theories of strategic airpower designad to attack "vital certers."s This
influenced the Air Corps Tactical Schoci during the 1930s that develcoed its concept of

collapsing the "industrial web" by attacking "vital" systems such as elestricity,

2 Carl von Clausewitz, On ez, od. and trans. by Michael Howard and Peter Paret, (Princeton: Princeton
University Press, 1989), p. 485.
3 Ibid., p. 596.
4 Joint Pub 1, Joirt Werfare of the US Armed Forces, 11 Nov 1691, p. 34. AFM 1-1, Basic Aerospace
Doctrine of the United States Air Iorce, Voll, Department of the Air Force, Mar 1992, p. 9. FM 100-5,
Overations, Department of the Army, May 1996, pp. 179-180. The Marine Corps crveats COGs as
"eritical vuinerabilities." FMFM 1. Warfighting, HQ US Marine Corps, 6 Mar 1989, 2p. 35-37.
5 An excellent synopsis of *he history of strategi~ air pow:er thought (and an criginal +:2ory on a "national
=lements of value” medel of air power) is prese=ted by Majcr Jason B, Berlow, "Stratsgic Paralysis: An
Airpower Theory for the Present,” vnpublishied Thesis, School of Advanced Ai:powe- Studies, Air
University, May 1992.
6 Giuiio Douhet, The Command of the Air, trans. Dino Ferrari, {'ash D.C.: Office o * Air Force History,
1983), p. 57. William Mitchell, #inged Dafers2: The Development an< - cssitilities of Modern Air Power
— Economic and Military, reprint edition (New Yerk: Dover Publicatiors, 1988), pp. xvi, 126-127.
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transportation, and oil to create "self-reinforcing shortages."” British experience and
capabilities during the opening phasc of World War II caused them {0 view the industrial
web targets derisively as "panaceas." Instead the RAF stressed "comn:on denominator
targets" which in actuality led i0 a night, city-busting, counter valiue campaign.® US entry
into the war was based on the principle of daylight precision bombing and the industrial
web theory which was incorporated in the Air War Plans Division's first plan (AWFD-1).9
Modified later into AWPD-42, this new approach esserially concentrated on military
industrial "choke points” and "bottie necks" to ccllapse the production of key weapon
systems. !0 Priority switched again in 1944, as the great "oil" versus "transportation”
debate was settled by targeting both. Post WW II nuclear deterrence was centered on
destroying a selective series of "vital targets." While the technology and targeting
empbhasis varied over time, the fundamertal concept was to attack economic and/or
military centers of gravity with nuclear weapons.!! In Korea and again in Vietnam, US
airpower was dirsctec (or not directed, os some would argue) against a number of target
systems that US planners considered straiegically or operationally "vital." Recent
conventional oir theoris i3, iike Colonel john Warden III, have paid close attention to
centers of gravity. His published book The Air Campaign, and his unpublished briefings
and articles contain numerous references to COGs with primary cmphasis on enemy

leadership and command aad control.1?

7 Robert T. Finney, Kstorv of the Air Corps Tectical School 1929-1949, (Vosk D.C.: Center for Air Force
History, 1952) and Wcﬁ'i' Frank Craven and James Lea Cate, 7he Army Air “orces in World War IT, 7 Vol.
reprint ed., (Wash D.C.: ‘Office of Air Force History, 1983), Vo' I, pp. 50-52.
8 Lord Arthur Tedder, Air Power in Wer. The Lees Knowles Lectures ky Marsha! of the Royal Air Force,
(London: Hedder aad Stouchion, 1947). op. 7-93 and Sir Arthur Harrir, Bomber Offensive. (London:
Greenhitt Books, 1947), pp. 73-85.
? Haywsod S. Mansell Ir, The Tirategic A= War Arainst Carmery, ™esh D.C.. Office of Air Force
History, 1986), po. 53741,
10 Car! Kayser, "otz oa Somc Pinteric Pringiz"es of Target Selection,” RANT, RM-189, 15 July 1949.
U Benjamin § Zamheth and Flewis N, Levds, "Sconemic Targeting in Modem Warfare,” RAND, P-6735,
July 1982 and ¥ -1 N, Lewvis, "Strategic Sombing and the Thermoruc!ear Breakthrough: An Example of
Disconnected Defense Plannirg," RAND, P-5603, April 1981,
12 Jotn A. Warden WL, The Air Compaign, (Wash. D.C.; Nationa! Defense University P~1s, 1988), pp. 9-
10, 51-5% . John A. Warden I, "Zemploving Alr Power in the Twenty-First Century,” i... Future of Air
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Thus from its conception, airpower has been viewed as 2 tool to atteck strategic
COGs directly.!? In actual practice, however, the identification and targeting of COG» by
airpower has been dismal at worst and elusive at best. Often, we have experienced
political-military disconnects presenting political objectives that could not be translated
into militarily achievable objectives.!4 Because COGs in turn, flow from and must be in
harmony with the political-military objectives, they were seldom accurately identified.
We have typically stumbled across COGs by trial and crror or by accident, and we have
characteristically used such overwhelming force that tize identification of the COGs
became militarily irrelevant.!> In a similar manner, our application of COG analysis at the
operational level has usually resulted in inconclusive theater terdiction campaigns. 16
Why does a fundamental failure exist when it comes ‘¢ app’ - 1g the concept of
identifying and neutralizing COGs as an inherent part of str:“~gy?
The Paradigm Troblem

There arc several reasons for this. First, I wil, attem~ to show that our national
security decision process is based upon the wrong concepti-~ ramework to deal with the
issues at hand. This creates the political-military disconnec -ver achievable objectives.

ur mechanistic political science modcls and nationai secu: "' theories are mostly based

Perver in the Aftermath of the Gulf War, ed Richerd H. Shultz Jr and Rt L. Pfaltzgraff Jr, (Maxwell
ATR: Air University Press, 1952), pp. 57-82. John A. Warden II, "Str:~~5ic Warfare, The Enemy as a
System,” draft manuscript, 1993.

13 A difficulty for airmen has been their insistence on the unique a>™ty : ~~irpower to produce direct
political, social, and economic effzcts. While the traditional dafinit’s ~ ~7': -ccess for armies and navies is
their zbility ¢, destroy military means (enemy armies and navies), * >~ ~re of meit for airpower is often
direct political effects rather than :miiitary measures of menit.

W Mark Clodfolter, T8z Limits of Air Power, The American Doy " “arth Vietnam, (New York: The
Free Press, 1987) and Androw ¥, Xrepinevich Jr, The Army and? =7 . Baltimore: Johns Hopkins
University Prass, 1854).

iS A classic exampie ¢f this in YW/ T was the shift in 8th Air Tcoo- "~z priority from oil, to ball

bezrings, to the LufweTe, to transportation, and to oil.
16 = Gward Mark, Case Studies in Air Interdiction, unpublished ira™, © ™ = of Air F~ ~2 History, n.d. See
also FM. Sallagar, "Operation "STRANGLE" (Italy, Spring 1944); ' ~ -2 Study of Tactical Air
Inerdiction " RAND, R-851-PR, 1972.
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upon Newtonian ideas and principles.!” They assumed an international state system that
was partially "closed,” nearly linear in nature, end bordering on equilibrizm. Qur very
terminoiogy reflects its Newtonian origin: "power politics," "balance of power,"
"multi-polar,” "centers of gravity,” "mass," "friction,"” ad nauseam. The Newtonian
approach is three fold: first, with known initial conditions and (second) an understanding
of natural laws and priacipics, one can (three) caiculate the -urrent and probable future
behavior of a system. Newtonian science relies heavily on "'near canse and effect
relationships; in fact it depends on single causes.

Unfortunately, our national securiiy decision process often mirrored this
methodology and has stagnated upon its Newtonian founcztion, Social science has not
kept pace with hard scicznce in attempting to explair ¢r mere accurately describe the real
world. We see no equivalent national security framework that incorporates the insights
to be gaincd by using relativity, quantum theory, system dynamics, or "chaos” theory.18
Gur Newtonian appreach is fundamentally inappropriate for describing complex social

systems. Initial condi.icns con never be known, cniy estimated. Even "identicei" initial

17 Hans J, Morgenthau, Politics Among Nations, (New Yerk: Xnopf, 1973) end Kenneth N Waltz, Theory
of International Poiitics, (Menlo Park: Addiser-Wesley Pub Co, 1979). Most political science
methodologies for studying "svstems” derive from the sociologist Al»d Kuhn, See his The Study of
Society, A Unified Approach, (Homewood, Hllincis: Dorsey Press, 19¢3) and The Logic of Social Systems,
(San Francisco: Jossey-Bass Pub, 1974). Thesc works analyze systems by defining the independent
verigbles and contmling each in turn rather thar 2nalyzing -atterns within the entire system with the
independent verigtier uncont sled and interacting with each other. A good summary of theory is presented
by John Lewis GaZcis in "Intamaticnel Relations Theory and the End of the Cold Wer," International
Security, Winter 1622/63, Vol 17 No 3, p9. 5-53.

18 Volumes of =r-r27ch kave rocently besn ~o="~'1ed in the i ' sgier- -+ zted to chaos theory. The
popuar works 2~: James Cicick, Chaos, Ma%..:7 a New Sciczz, (Now York: Penguin Books, 1987),
Peter Coveney -~ “ Roger Highfinld, The .frror =7 Time, (Nev- York: Fawcett Columbine, 1990), Gregoire
Nicolis and Bya ™-";ogine, Exploring Complex! - An Introds::tinn, (New York: W. H. Freeman, 1989),
M. Mitctell Waldron, Complexity: The Emerg’- ~ Science at /2 -ge of Order ard Chaus, (New York:
Simon ard Schuster. 1992), Roger Lewdr, Con “avity: Sciznc: or the Edge of Choos, (New York:
Macmil' .y, 1962), Stuart A. Keuffnan, Origi=: ~FOrd-»: Sel~J-~ranization and Selection in Evolution,
(London: COxford University Drees, 1992}, VLT, Damasley co.u S.2. Demnike, ofitors, Chaotl: Dynamics and
Frecias, New York: Acz?:mic Press, 1785), TM.T. Thompse- »=2 2B, Stewart, Nonlinear Dynarics
and Claos, (New York: Wiley Prass, 1990), - Prigogine and 7. Stengers, Order Out of Chaos, (.ordon:
Heiiemann, 1684), and Benoit Mand!chret, 77~ Freetal Geon:2'ry of Nature, (New York: W.H. Frexman,
1983). Trom the mid 19375, tha scientific loumls have had & 2rowieg number of articles peitaining to
cheos thoory. Sec fin 31 belevs
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conditions can bifurcate or diverge, and self organize into totally different results because
causality is normally infinite not singular. Nature and human organizations are rough
and abrasive not smooth and simple. Social, cultural, and political systems are generally
open and interactive with their environment and each other rather than closed. They are
complex, synergistic, nonlinear, and dynamic. Applying theories that ignore and are
antithetical to these conditions renders our national security process incificient internally
and ineffective externally.!® This disconnect in "cause and effect" theory within complex
social systems, by definition, makes the :dentification of COGs by traditional linear
methods nearly impossible. The astute may question this statement, based on the
assumption that Clausewitz's entirc COG theory was Newtonian in origin. I will explore
the implications and potential solutions to this Jater, but the simple answer is that
Clausewitz used Newtonian "terms," but was fundamentaily nonlinear in approach.20

The second reason we have inadcquately dealt with COGs is because we do not
completely understand the airpower "tool" that effects and interacts with COGs. We do
not have a comprehensive theory of airpower explaining the nature of war, discussing
airpower as a political instrurnent within war or analyzing the roie cf airpower in
combincd, joint, strategic, theater, and tactical operations. We have overwhelmingly
concentrated o0 strategic theory and tactical application at the expense of operational art.
We have net explored the dynsraizs of sirpower applicaiion across the spectrum of
conflict, ot assessed dis "relationships cmoeng the physical, cognitive, 2a1d moral domains
of air power."2!  Importently, we constantly dwell on the capabiiizes cf airpower while

failing to acknowledge the fundamental limitations of this instrur-.cnt ¢{ power. Lastly,

19 An excellert o cle exploring these implications is: Steven R. Mann, "Chaos Theor; and Strategic
Thought,” Perancters, Vol 2IX1 No 2, Autumn 1992, pp. 54-68.

20 Alan Beyerchen, "Clausenwitz, Nonlincarity, 2nc the Unpredic.a3iity of War,” Jnterational Security, Vol
17 No 3. Wintar "502.93, pp. 59-90.

Sammcld Rov 0 ion, A Black Hele in the Wit 2'uc Yonder: ™ 2 Need for - Joryrehensive Theory of
Air Power," A'r Power Histery, Wol 39 No 4, Wnter 1992, pp. 32-42.
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we have not fully examined the dynamic influence of various value systems, cultures, and
social organizations on the application of airpower.

The third reason for our poor track record of identifying COGs is we have no
unifying COG theory that incorporates or compensates for the two shortfalls listed above.
A workable COG theory must explain the nonlinear dynamic processes that effect society
and cultures as a whole to include the military, political, economic, social, cultural, and
ideological elements of power. A workable COG theory must disclose how the airpower
too! is a part of this very process, and how it interacts with this openly "chaotic" system.?2
In short, it must be applicable to other forms of power besides military power or
airpower, and thus it should provide practical guidance for the development and
execution of national strategy.

Clausewitz Revisited

Before I offer a construct for these ideas, we need to re explore Clausewitz and

fully examine his notion of COGs. Clausewitz expanded hi- initial discussions in a very

instructive manner and stated:

The fighting forces of each belligerent. . .have a cer! :in unity and therefore
some cohesion. Where there is cohesion, the analog: - of the center of
graviiy can be applied. . .[In] war as in the world of inanimate matter the
effect produced on a center of gravity is determined and limited by the
cohesion of the parts. In either case, a blow may well be stronger thar the
resistance requires, and in that case it may strike nothing but air, and so be
a waste of energy. . .It is therefore a major act of strategic judgment to

22 Surprisingly, very little writing has been devoted to the subject of COG theory other than in Clausewitz,
some paragraphs in doctrinal manuals, and some campaign planning handbooks. A lot has been written
about the practical applicaticn of airpower against "vital centers,” which are synonymous with COGs
However, very few define, catagorize, or explain the interconnected mechanisms that transform csuses into
effects. None previde a thcory of COGs. For additional reference to pure COG articies see: Major EvanJ,
Hoapili, "Carl von Clausewitz: Hope o+ Fear,” unpublished paper, Nav+! War College, 13 February 1992,
James J. Schneider end Lawrence L. 1zzo, "Clausewitz's Elusive Center - * Gravity," Parameters, Sep 1987,
pp. 46-57, Lawrence L. Izzo, "The Center of Gravily is Not an Achilles > :sl," Military Review, Jan 1988,
pp. 72-77. The best discussion of COGs is in:  Stcven Metz and Frederic!: 14. Downey, "Centers of Gravity
and S*rategic Plaaning," M:litary Peview, Apr 1982, np. 23-33.
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distinguish these centers of gravity in the enemy's forces and to identify
their spheres of effectiveness.?

Clausewitz also pointed out ho .7 COGs are dependent upon objectives as well as
decisions. For example, in explaining defense of a theater he stated:

Defense consists of two different elements—the decision and the period of
waiting. . .[The] true relationship between the state of waiting and the
whole, is valid only if a decision is really intended, and is regarded as
inevitable by both sides. It is the decision that changes the centers of
gravity on each side, and the operational theaters they create, into aciive
agents. If one drops the idea of a decision, the centers of gravity are
neutralized, and so, inGeed, in a certain sense, are all the forces.24

My last quotziion from Clausewitz concentrates on identifying COGs. He stated:

The first principle is that the ultimate substance of enemy strength must be
traced back to the fewest possible sources, and ideally to one alone. The
attack on these sources must be compressed into the fewest possible
actions—again, ideally, into one. . .The task of reducing the sources of
enemy strength to a sivgle center of gravity will depend on: 1. The
distribution of the enery's political power. 2. The situation in the theater
of war where the variox's armies are operating. . .From this it follows that
the concept of separate and connected enemy power runs through every
level of operations, anc thus the effects that 2vents ii: 2 given theater will
have elsewhere can only be judged in each particular case. Only then can it
be seen how far the enemy's various centers of gravity can be reduced to
one.?’

Clausewitz alsc illustrated several e:zamples of COGs that were valid for his historical
context. These were: enemy fightinz forces; the enemy capital if there was domestic
strife; the protectorate of a smaller country; the "community of intercst” of an alliance;
and the leaders of popular uprisings.26

At this point, it is usefu! to summarize some important observations about
Clausewitz's view of COGs. First, CCGs existed on either side of a conflict in a dynamic

manner. Second, the COG is a strern 3th not a vulnerability, aad the strongest blow comes

8 Clausewitz, On War, pp. 485-86.
24 Ihid., p. 488.

25 Ibid., pp. 617-18.

26 Ibid.,, p. 596.



from a COG. Third, COGs involve complexity, cohesion, mass, and freedom of action.
Fourth, COGs exist at all levels of war and are intimately tied to ~olitical objectives. The
enemy's political aims and decisions must be considered in deter. nining his COG. Last,
strategy requires the identification and protection of COGs as well as the prioritized
decision to attack, threaten or avoid COGs.

Part of the traditional attractiveness of Clausewitz stems from the mental appeal of
his dynamic nonlinear view of the real world, and his presentation of a comprehensive
theory of land warfare within his cultural context that incorporated this princip.e.
Clausewitz in essence was a chaos theorist/practitioner, but he lacked the modem science
or the vocak!ary to express himself as such.2’ Thus Clausewitz's theory of COGs is fairly
complete because he presented a coherent "setting" in which to identify COGs, and an
over arching analysis of the tools that could affect COGs. Any modern day synthesis or
theory of COGs must accomplish these same basic tasks.

“7 Beyerchen, "Cizusewitz, Noniinearity, and the Unpredictztiity of War."

9



CHAPTER I
CHAOS THEORY

Chaos Explained

The key to COG analysis, therefore, is to incorporate the real and dynamic
complexities of the natural world explained by chaos theory. I have already noted the
growth in scientific literature pertaining to this new area of research. While all the
literature points to the obvious applicatility of chaos theory to social structures, none have -
nroposed a suitable overarching construct. I will attempt to do so, but space permits only
a bare outline. I will not recite the tenets of chaos theory easily available and contained in
extant literature. Rather, I will highlight several key points and then propose a structure
consistent with the theory and its functions. Fo.r the uninitiated, the basics of chaos will
hopefully become self-evident. 1 then propose to answer several important questions:
How does chaos theory help to identi{y and prioritize COGs? What is the nature of the
forces or "toois" that influence COGs? What are the dynamics involved when these tools
interact with COGs? Hopefully this will also answer the "so what" question: does chaos
theory help us to better understand our world and, in the process, become better airpower
strategists?

Some key propositions for chaos theory need to be understood. The theory applies
to all nonlinear, dynamic systems and "predicts” certain features that are independent of
the system's detailed stracture. Chaos theory predictions are themselves general in nature,
and describe system interactions rather than specific end states. Chaos can be either
"deterministic" (exhibiting regularities) or "stochastic" (exhibiting erratic randomness).?

23 The "degree" of chaos is often measured by the average rate at which informetion about the system is
produced and by the number of functional dimensions within the system.
10



Many of these patierns or structures of regularity and randomness are universal in nature
and apply to physics, mathematics, geometry, biology, meteorology, ecology, and-
presumably social systems. An extremely important point is that the initial conditions and
the dynamic factors that govern system dynamics can seldom be absolutely known or
defined. This occurs because systems, particularly the functions that define them, are
complex and "fractal” in nature—the further you attempt to investigate and refine them the
more intricate and detailed they become. They are often self-rzpeating, exhibiting scaled
structures. This would not be important except that minute dif>rences over time can
produce surprisingly diverse results, thus chaos theory does not lend itself to gross
simplifications or to long term predictions. It does allow you, however, to anticipate
certain functions and processes within dynamic systems that are consistent with the
theory. This "double speak” means you can usually predict sow to make some general
event happen, and why dynamic processes interact as they do, but you cannot predict
specifically what happens after the event or wffen the event will occur.

Chaos principles are extremely straight forward. First, patterns within a dynamic
system will form around functions known as "strange attractors."?® Tlese patterns will
resemble each other by exhibiting similar properties, but will never exactly repeat
themselves. Second, nature fa'>-s order along few rather than many pathways. Strange
attractors (i.e. functions) then & znify initial randomness, smali unce: tainties, and these
few pathways into larger scale patterns. Third, simplicity thus grows ‘nto complexity, and
the inner underlying patterns ultimately influence the outward forms 1 a structure. These
scaling structures, or self-similar organizations, within a system run ¢: ¢p and exhibit

49 " Attractors” ave of three types: fixed-point, limit-cycle, and strange. They are sit: ~ly terms used to
describe physical and mathematical functions associated with steedy-stete, pericdic--*:te, and dynamic
systems. Properties within dynamic systems which can be used to charcterize steange attractors are: the
rate of decey of predictability, the rete of information flow, and the tendency to <reate mixing.
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universal consistency with the laws of nature at all levels.3® Fourth, systems open to their
environment will self-organize into similar patterns in accordance with their fundamentat
structures. Nc‘e that the act, or process, of self-organization is different from the
characteristic ¢f self-similarity. Fifth, nonlinearity can stabilize systems as well as
destabilize them. Systems use feedback to detect, alter, and minimize or accentuate
perturbations. Sixth, open systems can be driven to crises points where they will either
bifurcate and self-organize again, or go into a period of stochastic chaos. Seventh, crises
points can be precipitated by: a. closing the system off from its environment and
propelling it to equilibrium; b. eliminating feedback within the system; ¢. driving any
one of the dimensional dynamics to singularity by overloading or destroying it; ord.
applying quantum amcunts of broad external enersy o the entire system. Eighth, some
systems coz create disorder in one direction while remaining trim and methodical in
another. This depends on the connectivity of the system's linkages and potential biases
within its functions.3! Lastly, chaos theory is no.t time reversible.32 The arrow of time

moves one direction, because time is required to reveal the patterns of a system.

30 The "universality" of chaos principles in dynamic systems is a critical point. It indicates that similar
processes, mechanisisms, and laws exist from the micro to the macro level, which presents a considerable
task for theorists proposing grand-unified system structures.
31 These views have been summarized from the works listed in £n. 18 above and from the following articles:
James P. Crutchfield, J. Doyne Farmer, Norman H. Packard, and Robert Shaw, "Chaos," Scientific
American, Dec 1986, pp. 46-57, Stuart A. Kauffinan, "Antichaos and Adaptation," Scientific American,
August 1991, pp.78-84, Ary L. Goldberger, David R. Rigney, and Bruce J. West, "Chaos and Fractals in
Human Physiclogy," Scientific American, Feb 1990, pp. 4349, Alan Wolf, "Simplicity and Universality in
the Transition to Chaos," Nature, Vol 305, Sep 1983, pp. 132-183, Arun Holden, "Chaos in Complicated -
Systerns,"” Nature, Vol 305, Sep 1983, p. 183, Larry L. Smarr, "An Approack to Complexity: Numerical
Computations,” Science, Vol 228 No 4698, 26 Apr 1985, pp. 403408, Per Bak and Kan Chen, "Self-
Organized Critice’ity," Scientific American, Jan 1991, pp. 46-53, Norman J. Zabusky, "Grappling with
Complexity,* Pitysics Today, Oct 1987, pp. 25-27, W. Brian \:thur, “Positive Feedbacks in the Economy,"
Scientific American, Feb 1990, pp. 92-99, Leonard M. Sander, "Fractal Growth Processes," Nature, Vol
322, 28 Aug 1986, pp. 789-793, Celso Grebogi, Edward Ott, and James A. Yorke, "Chaos, Strange
Attractors, and F-actal Basin Boundaries in Nonlinear Dynamics," Science, Vo! 228, 30 Oct 1987, pp. 632-
638, Bercit Mandelhmot, "How Long is the Coast of Britian? Ststistice! Self-Similarity and Fractional
Dimension,” Scierce, Vol 156, 5 May 1967, pp. 636-638, Robert M. Mzy, "Biclogical Populations with
Nonoverlapping Generations: Stable Points, Stable Cycles, and Chaos,” Science, Vol 186, 15 Nov 1974,
pp. 645-647, and Russell Ruthen, "Adapting to Complexity,” Scientific American, Jan 1993, pp. 130-140.
52 This may seem obvious, but Newtonian science is theoreticzlly time reversible. Acknoiwvledging time as an
irreversiblc functiom means you can never return to the stafizs gue cmte in & dynemic system.
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Let's take a moment to quickly restate the three most impcrtant aspects of chaos
theory. It instructs us how to examine dynamic systems--look for deep structures and
patterns. It shows us how dynamic systems can self-organize, howv they are closely
interrelated, and how tiizy use feedback to regulate themselve.. Zastly, it tells us how to
disrupt dynamic systems. It does not allow us to predict accrratsly the specific end states
that may develop after disruption cccurs. Nor does it permit ..::7 term prediction of
detailed end states of Gynamic systems that are not subjected > “sruption. Identifying the
deep structures and prcoesses, and predicting the zow and th of disrupting dynamic
systems closely corresponds to the processes we must use to - .='vze COGs. I submit it is
the same process.

It should be evi’ent, however, that applying chaos . ‘0 human social systems
requires both inductive and deductive approaches. Furthern  “he inherent fundamental
structures of systems, ombined with the ultimate unpredict: .. v of end results by chaos
theory should make it intriguing, if not acceMle, toboths¢ . science and historical
methodologies. The ciassic Newtonian method used to test - - and effect relationships
is to be able to repest e test. This is intrinsically impessib. with chaotic systems. To
iest these systems, cne = ten has to rely on identifying underlying dimensions, functional
variables, and statistic . patterns or properties rather {han being able to make detailed
predictions. Furtherr::re, chaos directly challenges the reducticiist method of breaking
systems down and stuz;ing each component or factor in isolatio:: as a sole method to
determine outcomes. While there are some closed, non-dynamic systems in which the
sum of the whele eguxls the sum of its parts, chaos showvs that sysiems can have
cemplicated behavie:: ihat transcend the sum of ali parts! "Chaos provides a mechanism
thet allows for free vl within 2 world governed by d=terministic laws, ™33

Chaos and Decp Soci... Structure

33 Cancnfield, Parmer, Pocz.: . and Shaw, "Chaos," Sclenfific American, p. 57.
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In many ways, the justification to apply chaos theory to cultural systems
resembles the arguments used by others who have looked for deep structures within
society. For example, I would echo the reasoning presented by Joshua Goldstein in his
work Long Cycles. He stated:

My approach acknowledges the importance of both repetitive and
evolutionary change. . .Long cycles are not 2 mechanical process but a
repetition of themes, processes, and relationships along the path of an
evolving social system. . . .They do not allow us o predict the future, but
they can help us to understand the dynamics of irternational politics in its
deep context. . . .It is not clear that scientifically meaningful statements can
be made about macrohistorical processes that are historically unique,
especially if one believes, as I do, that the future is indeterminate. 34

An obvious method one might use to begin to apply chaos theory to cultural
structures, would be to review the literature of the major social disciplines pertaining to
deep underlying processes and theories. This should include history, political science,
economics, sociology, anthropology, military studies, and even religion.35 However, a
deep structure comparison could casily become the subject nf aa entire paper or book.
Thus without dwelling on this topic too long, I point out that no single social-cultural
theorist specifically ties his methodologies to chaos. One also needs to realize that the-
bulk of contemporary social science has focused on the political, military, social, and
economic manifestations of relatively modern advanced societies. Chaos *-<ory argues
these visible forms of society stem from irner cultural stractures that are less studied or
understood.

34 Joshua S. Goldstein, Long Cycles, Prosperity ard War in the Modern Age, (New Haven: Yale University
Press, 1988), pp. 6, 8, & 12. Eriwhasis in original. There has been a new emphasis on statistical studies of
war of which Goldstein is a part. Other important scholars in this field are Jaci: Levy, Immanuel Wallerstein,
J. David Singer, Kalevi Holsti, Paul Diehl, and John Vasquez
35 1 have already mentioned the works of Morgenthau, Waltz, Kuhn, Goldstein,and Clausewitz. One would
need to review the following authors: Karl Marx, Adam Smith, Max Weber, Thomas Hobbes, David
Hume, George Modelski, Claude Levi-Strauss, Steniey Hoffmann, Benjamin Ward, John Gaddis, Morton
Kaplan, Robert Mertor, Graham Allison, Robert Jervis, Paul Kennedy, Raymond Aron, Marion Levy Jr.,
1.S. Slotkin, Pitirim Sorokin, James March, Nei! Smelser, Arthur Stinchcombe, and Reinhold Niebubr.
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Persistent indications of human patterns are as evident as the disciplines we study:
military art, politics, economics, sociblogy, cuitural anthropology, and value systems.
One could also view dialectic or cyclical economic and political processes as essentially
the dynamics of a strange attractor. The interactions between major subsystems, for
example milit- -y, political, and etc., illustrate connectivity link_ages evident in chaos
systems. Likewise, major wars could be interpreted as crises points or bifurcations, and
periods of stability under balance of power systems can be seer s periods of self
organization. Command, control, and communicaticns theories in mény ways resemble
the feedback loops and control mechanisms that are prevalent witliin dynamic systems.
Analysis of collective behavior patterns and decision: making prczesses often imitate the
descriptions of nonlinear open systcmé. Lastly, studies that explcre dynamic
interdependence within political, economic, and social systems often closely mirror the
scientific and mathematical discussions one finds of fractal boundaries. In short, chaos
essentials have been thers a long time within social science, but = have failed to
synthesize them.36

3 Pionscring work in system dynamics was made by Jay W. Forrester in ths 1960s. A management
specialist at MIT, his primary works are: Jrndustrial Dynamics, (New York: John Wiley & Sons, 1961) and
Principles of Systerss, (Cambridge: Wrigit-Allen Press, 1968) A close attempt to apply system dynamics,
but with 8 military prspective, has been two RAND propesals: David A. Shiapak, "Exploring Peralysis:
An Introduction to *-e Study,” RAND, PM-107-AF, Dec 1992; and Meg Cecchine and Mark Hoyer,
"Applying System Dynamics to Effective Air Campaigns,” RAND, PM-106-AF, Jan 1993. However, all
these studies 2re confined to the economic, political, and military leve! and do not examine or explore the
underlying sociz!, <ultural, or velue system bese. Meither RAND study attempts to use chaos theory.
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CHAPTER I
A STRUCTURE BASED ON CHAOS

Basis of Organization

The fundamental constant within social-cultural constructs is human free will,
Free will is analogous to the space-time concept in relativistic physics, defining the
dimensions of human society. Free will is always present, it permeates decisions,
‘structures and culture providing a vehicle for randomness to be introduced into the
system. Humen will occurs in various forms, but the primary ones for our purposes are:
the will to survive, the will to power, and the will to truth. 37 The highest reaches of
individual or personal will are dependent upon the social substance from which they arise
and can only be fulfilled in the context of a community. Man, like all primates, isa
communal anima! first and foremost. Communal relationships exist within all levels of
human society in endless elaboration. The necessity to define man's relationship to other
individuals, his relationship to the community, the community's relationship to nature, and
the community's relationship to other communities give rise to value systems. These
value systems reflect the will to truth and the will to power, and they comprise what many
would call norms, mores, and laws. Common expressions of value systems are religion,
etiiics, philosophy, political ideologies, and doctrine. The value systems that arise from
hrman will and community are the underlying element of power and organization within
human society from the most primitive tribe to modein nation states. Values are the

37 ] borrow this construct from Reinhold Niebuhr, The Childern of Light and the Childern of Darkness,
(New Yorlk: Charles S-ribner's Sonx, 1944), pp. 48-49. In some ways this corresponds to Masiov's
hierarchy of needs.
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gravity that rules the human universe. Values are the first element of power. They define
the orgenization and dynamics of the other clements of power.
Elements of Power

Power is not well understocd. Power is the ability to do what you want, and the
ability to influence others to conform to your desires. Power is strength that permits
freedom of action. Because power is exercised by humans and is applied to human
souieties, it is both real and perceiv=d in nature. Power is amora!. It is neither "good" nor
"bad," but it can have positive or negative effects on social organization—-sometimes both
simultuneously. This means it can increase or decrease cohesion in society. The
effectiveness of power is always situational in terms of who is using it, which element of
power is being used, where it is being used, and who or what is the object of influence.
Power is dynamic over time and its full force is rarely mustered without crossing fractal
boundaries and connecting into other sources and ypes of power. The effect of a single
type of power is rarely persuasive if used independent of other types of power, and
influence is magnified when the various elements of power are used in combination rather
than isolation. For example, military action, diplomatic ~ressure, and economic sanctions
should be coordirated to achieve maximum effect.

Power cssentially supports, defends, or implements the goals and values of society.
Each element of power is three dimensional. It consists of a "source,” a manifestation (or
"force™), and a "linkage." The linkage assists in transforming the source into a force, and
it provides conne-tivity within and between the elements of power. Each complete
element of power is a center of gravity, and each element of power is a strange attractor.
The dimensions that define it vary, tut the essential ones are: the mass of the source, the
intensity of the foree, interconnectivity within the system, and the rate of ex:change flow
within the linkaz>s. These systems szn then be characterized by their predictability, their
rate of information flow, and their ‘codency to / eate mixing.
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Sources of Power

There are relatively few true sources of power in human society. In Einstein's
terms they wouid constitu‘= the mass or "rest-enerygy" of society. These sources are the
basic substance of societies and nations, and consist of value systems, culture, economic
resources, and social organization. Important features of social organization in the
modern world are government and security or military organizations. Having already
discussed value systems, lets examine the others in turn.

Culture is the learned body of customs and knowledge within human communities.
Cultures exist for extended periods of time and may incorporate several types of societies.
Culture arises from values, and is the means by which values are defined or expressed.
Culture determines how man adjusts to his community, and how : ;cieties adjust to their
environrent. The most common approaches to the environment : -2: naturalism,
supernaturalis 2, estheticism, and mysticism.3® T7cse approaches >ften exist in mixed
form, althoug: they can exist in societies in prevalent or pure forr-=.

Econc.nic resources include populations, aatural resource-, and territory. Man and
primates were not originally territorial, but human culture and society developed
sedentary expressions *~rsus nomadic forms. Wken this occurred, territory became
closely identified (if not inseperable) with definitions of comraur "'y and thus was
incorporated into fundamental value systems.

Social organizations can be rategorized in‘o three fundarr :atal types: solidary,
contractual, and antagonistic.3 Solidary societies are typified by “milistic, tribal and
ethric aifilia:" 3, but can also exist in ecosomic 2a4 religious for :s. Normally, solidary
groups defirc .. aitempt o encompass all values for social orgas’ iion, and thus are

intense and mutnl. Contractual typss of organizations are com: .nly associated with

38J'S. Slotkin, Socic Anthropology, The Sciencr of Humar Society and Cait:- -, (New York: MacMillan
Company, 1950), pp. 143-145. Also see £n. 41 bc.. v,
39 pitirim A. Scrolir, Socicty, Culture, and Person iiy: Their Structire cnc ™ naomics, (New York:
Harper and Brothers Publishers, 1947) pp. 69-150.
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cooperative groups, where rights, nrivileges, and ~bligations are clearly deﬁne&. Onlya
few values are encompassed, projected, or monitored by the contractual group. Modern
democratic, bureaucratic nation states are the archetypal contractual organization.
Antagonistic social organizations are coercive in nature and usually involve domination of
one group by another. Antagonistic types of organizstions are normally one-sided and
involve the imposition of value systems either internally or extercally. Antagonistic
groups often assume a pseudo-solidary or pseudo-contractual gu:se, and are typifie by
ideological totalitariar states. These three types of social organization can exist in
"mixed" varieties, and they are not permanent because societies develop and chas . For
example, solidary societies can slowly evolve into co-tractus! or antagonistic forr .
Likewise, revointions can occur when major disconnects deveiop between fundar: atal
value systems and the outwardly apparent social organizations.

These broad categories can be further classified by the prevalent type of functional
interdependence between the group's members. This iccludes the ability to organize
"unibond=d" groups and "multibonded” groups.4? Unibonded gre1ps have one set of
meaningfui norms or values as the vehicle or magne* %r organization, while multibonded
groups coilate around two or more sets (or potentially large numbers) of norms or values.
The method ~f bonding helps determine the connectivity within society, but more
importantly uelps to indicate the potential "biases" or ;redispesition toward decisions that
may occur within groups.

Sclidary societies will tend to horizontally orgacize themszlves around unibonded
groups, anc will vse reinforcing unibonded groups to orgenize vertically. For example,
the tribe or the clan tzcomes the defining factor that dotermines stetus throughout social,

economic, political, 2nd iailitary organizations. These sczicties - - normally focused

%0 Itid,, pp. 171-178. Imporiant unioonded grc _ - are: perceives race, sex, a2, .unship, tefritorial
proxirity, language, occupetion, 2sonomic, reiisic s, political, scientSc, and I - “~-<hip elites. Important
mult’borded groups are: clan, tribe, nation, cact~, ~7d social claeses.
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inward upon their defining element. Contractual societies will be horizontally and
vertically organized around multibonded groups while permitting the existence of
unibonded groups. A multitude of competing and complementary pluralistic groups exist
at all levels of contractual societies. Antagonsstic societies will organize vertically along
unibonded groups, using these groups to suppress other unibonded groups and to control
multibonded groups. Antagonistic societies can be focused either internally or externally.

These fundamental classifications and characteristics, which derive from values,
help determine the outward forms of eccnomic organization, governmental function, and
military capability. This is especially evident when one studies social and cultural history
back to antiquity, and examines diverse civilizations other than mcdem Europe. Values,
culture, and socia’ groups interact in many permutations and com%inations. They form
the basis for beginning a systematic center of gravity analysis. This is especially true
when looking at the entire spectrum of conflict rathe: than just ccaventional operations.
Checklist center { gravity methodologies simply w: . not work, ncr will methods solely
focused on analyzing t:c external vestiges of socisty such as government leadership.4!
Reinhold Neibuhr points out:

Government may be the head of the body, wi “ch without - single head -
could not be or become, a single body; but it is not possit!z for a head to
create a body. . .[It is] axiomatic that the less 2 community’ is held together
by cohesive forces in the texture of its life the more must 't be held
together by power.42

The obvious corcilary of this statement is that cchesive governments and societies do not
require strong leadership to bind their social fabric together and rraintain power.
The sources of power ere not centers of gravity in and of t.emseives. They are the

raw material that gets molded into another dimension of the element of power that we call

41 Metz and Downey, "Centers of Gravity and Surategic Planning,” pp. 30-31. This is contrary to the ideas
espoused by Warden and others. For exernple, see: Bruce A. Ross, "The Case for Targeting Leadership in
War, Naval War College Review, Vo! XLVI], No 1, Winter 1993, pp. 73-93.

42 Neituhr, Childern of Light ad Cliildern of Darkness, pp. 165 & 168.
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force. Lets move on to investigate these manifestations of power and the linkages of
power that produce them.
Manifestations of Power (Force)

The important manifestatiors of power are: military force, political/diplomatic
force, economic force, cultural forcs, and ideological force. The existence and the
strength or magnitude of these varicns forces differs widely between societies and nations. -
Relative to our cultural viewpoint, some societies are incapable of organizing effective
forces, although they may occupy a seat at the General Assembly of the United Nations.
This stems from their underlying cultural values and their social organization. They may,
however, possess a deeper force. A force that binds their society together, and is capable
of eluding modern means to overccme it. To understand this, we must explain how force
is created in society and examine the dynamics of different types of force.

In the natural world we know there are four fundamental forces: gravity,
electromagnetism, and the weak and strong nuclear forces. These forces exhibit similar
characteristics and functions. They can attract and/or repel. They can exhibit positive and
some negative charges. They possess -ifferent strengths, and they exert their influence at
different ranges. For example, gravity is the weakest force, it always attracts, and it has
the longest "range," able to literaliy travel the distance of the universe. On the other hand,
in large concentrations, gravity is comulative an:d in large masses it can overcome all the
other forces to create singularities such as black holes. Another good example is the
strong nuclear force. It is 1032 timos stronger than gravity, but is only capable of exerting
its influence within the radius of the nucleus of an atom. The forces of nature are created
by constant "exchar zes" between sibatomic particles, in essence extracting and
instantaneously returning energy from "virtual” mass in accordance with E=MC2. For
example, protons and neutrons exchange quarks to create the strong nuclear force.
Electron exchanges produce clectricity, and can emit photons to create light and
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magnetism. In addition, all matter exchanges gravitons to create the force we know as
gravity.

The forces within human society exhibit similar behavior and characteristics.
They are not all of the same strength. They can be both destructive and constructive.
Their influence or power varies in its projectability over various distances. Furthermore,
human social forces are created in the same manner as the forces of nature~the constant
exchange of mass-ene:gy in the form of "things" and/or "ideas." Meither the forcss of
nature, nor the forces of human society, can be visibly touched, although their eﬁ‘ects can -
be felt. They do not have mass because they are a form of energy derived from
mechanisms of exchange. Force is therefore an event, a process, or an action that is
always covertly present and overtly felt.

Let's examine the specific force creation process for the important manifestations
of power in society. Military force arises from the consumption ard expenditure of
logistics to conduct trzining or operations. Politica! force arises from the constant.
redistribution of wealtl: and power in society. Dipiomatic force simply represents the
redistribution of wealth and power outside the boundaries of a society. Economic force is
the production and excbange of goods and services. Cultural force is the exchange of
knowledge and custom.s. Ideological force is the transmission or exchange of values.
These forces constitutc the primary "strange attractors” in human culture and the
boundaries between each of them are closely interwoven. This blurring makes it
sometimes difficult to distinguish between the elements of pure force. Indeed, the figh_ter
aircraft flown by the r:litary, procured by the government, manufactured by the economy,

43 John Gribbin, In Search of Schrodinger's Cat, Quantum Physics and Reality, Clew York: Bantam
Books, 1984. Also see: Roger Penrose, The Emperor’s New Mind, (New York: Penguin Books, 1989),
Stephen W. Hawking, A B::»f History of Time, From the Big Bang to Black Hoc!zs, (New York: Bantam
Books, 1988), Albert Einst< 2, Relativity, The Specicl and the General Theory, trans. Robert W. Lawson,
New York: Bonenza Books, 1951), Nigel Calder, Einstein's Universe, (New York: Penguin Books,
1979).
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organized by society, and conceived by a culture is a product of many interacting
systems. 4

As I previously stated, ideological force or values constitutz the "gravity" of human
society. Ideology proj-cts rapidly but weakly over long distances, however, in -
concentrated masses i dominates all other forces. In relativistic te-ms, values may
actually be the "rest enzrgy” that distorts the space time-continuum of human will,
becoming th: fabric o:: which the other forces of society play. It creates biases and
predispositions which influence the connectivity within systems determining their
susceptibility to chaos. The more solidary the system, with many unibonded groups, the
more islands of stability it will exhibit. These areas are triggered into locked state<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>