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Preface to the Revised Edition

doubt my original hypothesis that Clausewitzian friction is a basic

structural feature of combat interactions between opposing polities.
As General Tommy Franks said of the fighting at Takur Ghar,
Afghanistan, during Operation Anaconda in 2002, “that battle showed
heroism, it showed fog, uncertainty, it showed friction—elements com-
mon to every war I think we’ve ever fought.” He is right; friction has been
a consistent, recurring feature of wars, not only in our own time but also
as far back as the wars of Greek city states and the Persian empire. The
further realization that every actor in war—from polities and nations to
individual combatants and military forces—are complex adaptive systems
only underscores my central argument: friction is unlikely to be elimi-
nated from future war regardless of technological advances.

Widespread debate over the power of technology to eliminate
friction from war confirms that military theory in the United States is im-
mature. Not only is a broad theory of war and combat lacking, our volu-
minous literature on technologies in particular wars offers little in the
way of a defensible schema to explain the general role of technology in
combat interactions. My working hypothesis is that technological advan-
tages, like frictional ones, increase the options of their possessor in possi-
bility space, decrease those of the opponent, or some combination of the
two. If this hypothesis continues to escape decisive falsification—as I be-
lieve it will—it would certainly imply that progress toward a mature, em-
pirically based theory of war is possible.

I suggest in the afterword to this paper that tools such as genetic
algorithms and other applications of agent- and rule-based mathematics
along the lines pursued by Andrew Ilachinski at the Center for Naval
Analyses could help in this endeavor. I am also strongly inclined to adopt
evolutionary biology as a better model for military theory than physics,
whether classical or quantum. Regardless of whether these suggestions
bear fruit, if war is about what FA. Hayek termed essentially complex

Since this paper first appeared in 1996, I have had little reason to
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phenomena in his Nobel lecture, then our theories of war will seldom, if
ever, permit us to predict precise outcomes with any certainty. Instead,
we will be limited to Hayek’s mere pattern predictions—that is, “predic-
tions of some of the general attributes” of war’s emergent structures, but
“not containing specific statements about the individual elements of
which the structures will be made up.” This is an important caveat that
military theory should emulate and one that is wholly consistent with
the view that friction cannot be eliminated.

With regard to achieving a mature and sophisticated theory of
war as a whole, however, it is doubtful that we have reached even the end
of the beginning. Again, one must decide whether general friction will
persist in future war or can be overcome by technological advances. That
genuine disagreement persists on such a basic point suggests how far mil-
itary theory must advance to achieve a solid empirical grounding.

In 1990, Colin Gray observed, “The U.S. defense community is not
the beneficiary of a mature and sophisticated theory of war as a whole.”
Worse, most involved in military affairs in the United States seem quite
content with this situation. Few in the Armed Forces are exercised over the
dearth of theory—even when it is focused on coping with real-world
problems. American officers have generally seen themselves as doers rather
than thinkers and have usually disdained even applied theory.

Since 1996, the U.S. military has mounted three major combat op-
erations: Allied Force in 1999, which sought to stop ethnic cleansing in
Kosovo; Enduring Freedom in 2001-2002, which aimed at eliminating both
the Taliban and al Qaeda from Afghanistan in response to the terrorist at-
tacks on the World Trade Center and the Pentagon on September 11; and
Iraqi Freedom in 2003, whose immediate goal was removing Saddam Hus-
sein and his entourage from power. On the one hand, the performance of
the American military during the major combat phases of these conflicts
was exemplary, as it had been in Operation Desert Storm in 1991. In con-
trast to mediocre-to-poor performance from the Battle of Long Island to
Ia Drang Valley, the U.S. military displayed levels of first-battle compe-
tence largely without precedent in prior American history.

On the other hand, the Taliban, al Qaeda, and Iraqis were not
exactly first-rate military opponents, particularly in comparison with
the German military of World War II. Moreover, the most troubling
manifestation of general friction in America’s most recent conflicts has
been achieving long-term political ends after the cessation of major
combat operations. The end state for Iraqi Freedom is a comparatively
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stable—at least somewhat democratic—and economically prosperous
Iraq. Yet more than a year after major combat ended, it is far from clear
how successful the United States will be in achieving its ends. As Antulio
Echevarria of the U.S. Army War College wrote in March 2004, the
dominant “American way of war tends to shy away from thinking about
the complicated process of turning military triumphs, whether on the
scale of major campaigns or small-unit actions, into strategic successes.”
The problem that he highlights is fundamentally a manifestation of fric-
tion. It involves the recurring difficulties of connecting ends and means
in war—difficulties that for Clausewitz were a basic source of friction.
Looking ahead to the global war on terrorism that could last a genera-
tion, I would hazard the prediction that more attention will have to be
given to this particular component of general friction.

This revised edition was made possible by the Institute for Na-
tional Strategic Studies (INSS), which expressed interest in reissuing this
paper for students of military strategy. The Publication Directorate of
INSS—George Maerz, Lisa Yambrick, and Jeffrey Smotherman—brought
this edition to completion under the supervision of Robert A. Silano,
Director of Publications. I want to thank them all for their hard work in
producing this paper anew.

Bethesda, Maryland
July 2004






Preface to the First Edition

was condensed by Williamson Murray, editor of Brassey’s Mershon

American Defense Annual, for the 1996-1997 edition. This conden-
sation did not include three entire sections that are part of this present
study (chapter 3 on Scharnhorst’s influence, chapter 6 on strategic sur-
prise, and chapter 9, which contained air combat data bearing on the role
of friction in future war). Dr. Murray also cut significant parts of other
sections, especially in chapter 10, and precipitated a fair amount of
rewriting as he and I worked toward a version that met his length con-
straint but still reflected the essence of the original paper. While this
process led to many textual improvements, it did not generate any sub-
stantive changes.

The impetus for substantive changes came from Alan Beyerchen, of
the Ohio State University, in May 1996. Dr. Beyerchen, a formidable stu-
dent of both Clausewitz and nonlinear dynamics, raised an important issue
concerning possible measures of general friction that harked back to
Andrew Marshall’s query in late 1995 as to whether general friction had
been declining in recent decades. After much discussion, I added several
pages of new material in chapters 5 and 9 that introduced decision-cycle
times and viable option sets in “possibility space” as candidate measures.

These additions prompted others, primarily in chapter 10. Besides
expanding and improving the treatment of nonlinearity, the discussion of
chance was thoroughly revised in light of Poincaré’s 1908 essay on the
same subject, again after much discussion with Beyerchen.

By the time these changes had been completed, the condensation
of the original paper for Brassey’s Mershon American Defense Annual was
far enough along that the best I could do was make its text consistent with
the post-Beyerchen version. There was no room to incorporate substantive
changes. Thus, the present text restores most of the original and goes a step
beyond it conceptually; this is one reason why the Director of NDU Press,
Dr. Frederick Kiley, elected to go ahead with separate publication of the

The original version of this paper, completed in December 1995,

ix
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complete paper. Dr. Kiley and I then decided to modify the title of this
longer version to make it distinguishable from a reference standpoint.

Lastly, a special word of thanks is due Andrew Marshall, the
Director of Net Assessment since 1973. He encouraged this project from
the outset and, as always, provided probing questions and invaluable
suggestions at every step of the way.

Bethesda, Maryland
September 1996



Chapter 1

The Once and Future Problem

discussion of the possibility that technological advances in the

means of combat will produce fundamental changes in how future
wars will be fought. A number of observers have suggested that the nature
of war itself will be transformed. Some proponents of this view have gone
so far as to predict that these changes will include great reductions in, if
not the outright elimination of, the various impediments to timely and
effective action in war for which the Prussian theorist and soldier Carl
von Clausewitz (1780-1831) introduced the term friction. Friction in war,
of course, has a long historical lineage. It predates Clausewitz by centuries
and has remained a stubbornly recurring factor in combat outcomes right
down to the 1991 Persian Gulf War and subsequent conflicts. In looking
to the future, a seminal question is whether Clausewitzian friction will
succumb to the changes in leading-edge warfare that may lie ahead, or
whether such impediments reflect more enduring aspects of war that
technology can but marginally affect. It is this question that the present
paper examines.

Clausewitz’s earliest known use of the term friction to “describe
the effect of reality on ideas and intentions in war” occurred in a Septem-
ber 29 letter written to his future wife, Marie von Briihl, less than 3 weeks
before France defeated Prussia at the twin battles of Jena and Auerstidt
on October 14, 1806.! By the time Clausewitz died in 1831, his original
insight regarding friction’s debilitating effects on the campaign of 1806
had grown into a central theme of the unfinished manuscript that his
widow published as On War [Vom Kriege].?

American military officers today most often refer to Clausewitz’s
unified concept of a general friction (Gesamtbegriff einer allgemeinen
Friktion) as the “fog and friction” of war.? The diverse difficulties and im-
pediments to the effective use of military force that those possessing
military experience instinctively associate with this phrase are generally

Since the end of the U.S.-Soviet Cold War, there has been growing
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acknowledged to have played significant roles in most, if not all, the wars
that have taken place since Clausewitz’s time. Even in a conflict as inun-
dated with technically advanced weaponry as the 1991 Gulf War (Opera-
tion Desert Storm), there was no shortage of friction at any level—tactical,
operational, strategic, or even political. Indeed, close examination of
Desert Storm suggests that frictional impediments experienced by the
winning side were not appreciably different in scope or magnitude than
they were for the Germans during their lightning conquest of France and
the Low Countries in May 1940.

The historical persistence of friction, despite vast changes in the
means of war since Clausewitz’s time, suggests that his concept may re-
flect far more than a transitory or contingent feature of land warfare dur-
ing the Napoleonic era. Yet, as we try to think about how war may change
over the next couple decades in response to technological advances, noth-
ing precludes us from wondering whether the scope or overall magnitude
of Clausewitzian friction may change. Some U.S. military officers who
have grappled with how future wars may be fought have suggested that
foreseeable advances in surveillance and information technologies will
sufficiently lift the fog of war to enable future American commanders to
“see and understand everything on a battlefield.”* Nor are visionary mili-
tary officers alone in this speculation. During a 6-month assessment con-
ducted by a Washington policy center on the prospects for a “military
technical revolution” (MTR), the participants concluded that “what the
MTR promises, more than precision attacks or laser beams, is. .. to
imbue the information loop with near-perfect clarity and accuracy, to re-
duce its operation to a matter of minutes or seconds, and—perhaps most
important of all—to deny it in its entirety to the enemy.””

These forecasts concerning conflict in the information age raise
at least three first-order questions about Clausewitz’s unified concept of a
general friction. First, is it likely, contrary to what he probably thought,
that general friction is a transitory, nonstructural feature of the violent
interaction between contending political entities we call war and
amenable to technical solutions? Second, even if friction is, instead, an
enduring, structural feature of combat processes, can technological ad-
vances appreciably reduce the aggregate quantities of friction experienced
by one side or the other in future conflicts? Third, do wars since Clause-
witz’s time, or foreseeable advances in the means of waging future wars,
demand major modifications of Clausewitz’s original concept? Alterna-
tively, how might his original concept change if interpreted in light of
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contemporary knowledge—particularly from the standpoint of disci-
plines such as evolutionary biology and nonlinear dynamics?

The first task is clarifying Clausewitz’s mature notion of general
friction. To establish a common baseline for discussion, we will review the
evolution of friction in Clausewitz’s thought (chapter 2), and its origins
in the intellectual clarity of his mentor and second father, Gerhard Jo-
hann David von Scharnhorst (chapter 3). Using this baseline, the taxon-
omy of Clausewitz’s mature concept will then be clarified and extended
(chapter 4).

The second task is to subject our baseline understanding of gen-
eral friction to the test of empirical evidence. What does the Persian Gulf
War suggest about the persistence of Clausewitzian friction (chapter 5)?
And does the role of friction in that conflict provide any grounds for con-
cluding that its potential role or “magnitude” has appreciably diminished
since World War II?

The third task is examining the prospective role of friction in fu-
ture conflicts. This task presents special problems insofar as direct evi-
dence about wars yet to be fought is not possible. Instead, arguments for
friction’s undiminished persistence in future war will have to be con-
structed on the basis of related structural limitations in other areas. The
discussion will aim, therefore, at establishing three conclusions by various
indirect arguments. First, the prospects for eliminating friction entirely ap-
pear quite dim because friction gives every evidence of being a built-in or
structural feature of combat processes.® Second, whether friction’s overall
magnitude for one side or the other can be appreciably reduced by techno-
logical advances is less important than whether such advances facilitate
being able to shift the relative balance of friction between opponents more
in one’s favor. Third, recasting Clausewitz’s concept in contemporary
terms is a useful step toward better understanding its likely role in future
war regardless of what one may conclude about the possibility of either
side largely eliminating its frictional impediments.

What sorts of arguments and evidence might build a case for
these conclusions? Before military conflict even begins, there is the appar-
ent intractability of the prospect of strategic surprise, which offers a “pre-
combat” parallel to general friction (chapter 6). The inaccessibility to cen-
tral economic planners of all the information needed to run a national
economy more efficiently than market forces driven by a myriad of indi-
vidual choices reveals an economic friction comparable to that built into
military organizations (chapter 7). The propensities and constraints built
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into humankind by biological evolution provide a wellspring for general
friction that seems likely to persist at some level as long as Homo sapiens
does (chapter 8). Finally, air combat data and related experimental evi-
dence can be used to quantify, within a single area of tactical interaction,
the degree to which the presence of man himself “in the loop” dominates
engagement outcomes (chapter 9).

With these indirect arguments for general friction’s relatively
undiminished persistence in future war in hand, the final task is to exploit
the modern notion of nonlinearity as a basis for reconstructing Clause-
witz’s original concept in more contemporary terms (chapter 10). Among
other things, the contemporary understanding of nonlinear dynamics re-
veals how nonlinearities built into combat processes can render the
course and outcome of combat unpredictable in the long run by repeat-
edly magnifying the effects of differences between our constructs of un-
folding military operations and their actuality.



Chapter 2

Development of the Unified
Concept

his chapter and the next recapitulate current scholarship concern-

ing Scharnhorst, Clausewitz, and their concept of general friction.

While this recapitulation does not go appreciably beyond what
can be found scattered throughout Clausewitz and the State by Peter Paret
and related works pertaining to the origins, development, conceptualiza-
tion, and theoretical aspects of general friction, it is important to pull the
main threads of the story together in one place to provide a baseline un-
derstanding of Clausewitzian friction on which to build.

Once again, Clausewitz’s earliest known use of the term friction
occurred in a September 29, 1806, letter to his future wife. Written while in
the field with the Prussian Prince August’s grenadier battalion, Clausewitz
invoked Friktion to voice his growing anxiety over the resistance Scharn-
horst (1755-1813) was encountering to any all-out, bold, or well-
conceived employment of Prussia’s full military potential against the
French under Napoleon Bonaparte.” As Clausewitz observed to Marie von
Briihl, the Prussian army at that time had “three commanders-in-chief and
two chiefs of staff,” a situation that provoked him to lament: “How much
must the effectiveness of a gifted man [Scharnhorst] be reduced when he
is constantly confronted by obstacles of convenience and tradition, when
he is paralyzed by constant friction with the opinions of others.”®

In hindsight, Clausewitz’s anxiety was warranted. Prussia’s de-
feats at the twin battles of Jena and Auerstddt destroyed the Prussian
army created by Frederick the Great (1712-1786), and, after the remnants
were defeated at the battle of Friedland in June 1807, led to the reduction
of the independent state that Frederick had managed to thrust into the
first rank of European powers into a mere satellite of the French empire.’

When Clausewitz first used Friktion in the 1806 letter to Marie, he
could only guess, despite his forebodings, how the campaign would
actually turn out. Thus, to read this first known reference to friction in its
actual historical context, the term was introduced to refer to the powerful

5
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resistance to sound decisions and effective action that had developed
within the Prussian army itself before the outcome of the war was known.

Over the next 6 years Clausewitz expanded this original notion,
incrementally identifying other sources of the vast differences that he and
Scharnhorst saw between theory, plans, and intentions in war and war as
it actually is (eigentliche Krieg).!* By 1811, Clausewitz’s summary lecture
at the Berlin war college on the use of detachments mentioned two dis-
tinct sources of what he termed “the friction of the whole machinery”:
“the numerous chance events, which touch everything” and “the numer-
ous difficulties that inhibit accurate execution of the precise plans that
theory tends to formulate.”!! The second source of friction mentioned in
this passage—internal resistance to precise plans—recalls the type of fric-
tional impediment in Clausewitz’s 1806 letter to Marie. The first—the
play of chance—represents a significant expansion of the original notion
through the addition of a second major category or source of friction.

By April of the following year, shortly before Clausewitz resigned
his Prussian commission to switch sides and oppose both his king (Fred-
erick William III) and the French in Napoleon’s 1812 invasion of Russia,
he had pushed the concept even further. In an essay Clausewitz sent to
the Prussian crown prince (later Frederick William IV), whom he had
been tutoring in addition to his duties on the war academy faculty,
Clausewitz listed eight major sources of the “tremendous friction” that
makes even the simplest plans and actions so difficult to execute in war:

= insufficient knowledge of the enemy

= rumors (information gained by remote observation or spies)

= uncertainty about one’s own strength and position

= the uncertainties that cause friendly troops to tend to exaggerate
their own difficulties

= differences between expectations and reality

= the fact that one’s own army is never as strong as it appears on
paper

= the difficulties in keeping an army supplied

= the tendency to change or abandon well-thought-out plans when

confronted with the vivid physical images and perceptions of the
battlefield.'?

This taxonomy exhibits some overlap, if not redundancy. It also
lacks the conceptual clarity exhibited by Clausewitz’s discussion of the
unified concept of a general friction (Gesamtbegriff einer allgemeinen
Friktion) in the final chapters of On War’s first book. Nevertheless, this
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expanded formulation goes well beyond the letter of 1806 and, according
to Peter Paret, constitutes Clausewitz’s first systematic development of
friction, including its positive as well as its negative aspects.!?

Insofar as Clausewitz’s efforts to reach a scientifically valid (or
defensible) understanding of eigentliche Krieg (war as it actually is) are
concerned, friction remained an enduring theoretical concern.!* Un-
doubtedly the challenges and frictions he experienced both with the Russ-
ian army in 1812 and during the last 3 years of the Napoleonic wars
(1813-1815) “strengthened his already pronounced realism,” thereby re-
inforcing his intellectual propensity to find a comprehensive way to “dis-
tinguish real war from war on paper.”’* Still, to realize how central a con-
cern friction became for Clausewitz, we need look no further than the
unfinished manuscript that his widow published after his death as Vom
Kriege—a work that “almost completely” occupied the last 12 years of his
life and has since overshadowed everything else that Clausewitz wrote.!
Not only is the unified concept treated at length in chapters 5 through 8
of On War’s first book but it also, as Paret has observed, “runs throughout
the entire work.”!”

Paret’s judgment of general friction’s central role in On War can
be readily confirmed by considering the overall argumentative thrust of
the book’s opening chapter—the only one of the manuscript’s 125 chap-
ters that Clausewitz considered finished at the time of his death.!® The
chapter’s title poses the question: “What Is War?” In response, Vom Kriege
begins by trying to abstract the essence of war from its pure concept by
establishing the properties that war must have to be what it is.!” Reflec-
tion on the essence of the concept leads immediately to the conclusion
that war is the use of force to compel the enemy to do our will. From this
theoretical conclusion, it is a short step to the equally theoretical implica-
tion that, since war is an act of force, “there is no logical limit to the appli-
cation of that force.”?

The sixth section of chapter 1 (“Modifications in Practice”), how-
ever, juxtaposes this implication of pure theory with the empirical fact
that in the real world “the whole thing looks quite different.”?! A series of
short sections, whose titles alone indicate the inadequacy of purely theo-
retical conclusions about war, then argue the validity of this empirical
modification of war’s abstract essence. As the section titles declare:

7. WAR IS NEVER AN ISOLATED ACT
8. WAR DOES NOT CONSIST OF A SINGLE SHORT BLOW
9. IN WAR THE RESULT IS NEVER FINAL
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10. THE PROBABILITIES OF REAL LIFE REPLACE THE EXTREME AND THE AB-
SOLUTE REQUIRED BY THEORY

11. THE POLITICAL OBJECT NOW COMES TO THE FORE AGAIN

12. ANY INTERRUPTION OF MILITARY ACTIVITY IS NOT EXPLAINED BY ANY-
THING YET SAID.

The last section title introduces the problem of the suspension of
activity often observed in actual war. Explaining how it can occur seem-
ingly contrary to war’s abstract essence occupies sections 13 through 20.
All that need be said for present purposes concerning their content is
that imperfect knowledge and chance are introduced as part of the ex-
planation. With this difficulty in hand, Clausewitz’s argument concludes
as follows:

If we now consider briefly the subjective nature of war—the means by
which war has to be fought—it will look more than ever like a gamble. . ..

In short, absolute, so-called mathematical factors never find a firm basis
in military calculations. From the very start there is an interplay of pos-
sibilities, probabilities, good luck and bad that weaves its way through-
out the length and breadth of the tapestry. In the whole range of human
activities, war most closely resembles a game of cards.?

The pattern of argument in the opening chapter of On War, then,
is one of contrast between military theories, plans, or intentions and war
as it actually is. The role of general friction in Clausewitz’s theoretical
writings must be understood in this context. To repeat the oft-cited defin-
ition given in chapter 7, book one, of On War: The unified concept of a
general friction alone “more or less corresponds to the factors that distin-
guish real war from war on paper.”” The diverse sources of general fric-
tion are the things that render action in war “like movement in a resistant
element” and “span the gap between the pure concept of war and the con-
crete form that, as a general rule, war assumes.”**

From Clausewitz’s first use of the term friction in 1806 to his
final revisions of On War between 1827 and 1830, friction was unques-
tionably among the conceptual tools he employed to understand the
phenomena of war. Friction was not simply a notion that Clausewitz
toyed with from time to time. Rather, the idea of 1806 grew over the
course of more than two decades into a theoretical concept that lies at
the very heart of his mature approach to the theory and conduct of war.



Chapter 3

Clarity about War as It
Actually Is

notion of Friktion to refer to the impediments encountered in war.

It is probably fair to say that he was the first to explore both the
positive and negative aspects of general friction as a theoretical device for
mediating the differences between war in theory and war in practice.
Nonetheless, the concept has roots in the thinking of Clausewitz’s mentor
Scharnhorst. As with On War as a whole, it was Scharnhorst who “first
showed him the right course.”?> This chapter explores Scharnhorst’s influ-
ence on the Clausewitzian notion of general friction.

Scharnhorst began his military career with the Hanoverian army.
Early recognition of his potential as a teacher resulted in his first 15 years
of service with Hanover being largely devoted to the teaching of officers
and military scholarship.?® By the early 1790s, he had “established a repu-
tation throughout the armies of central Europe as a knowledgeable and
prolific writer on military subjects, inventor of improvements in gunnery,
and editor of several military periodicals.”%

During the campaigns of 1793-1795, which were part of the War
of the First Coalition against the First French Republic, he quickly proved
his competence under fire while serving with the armies of the allied
monarchies that opposed France’s expansion into Flanders and Holland.?®
At the battle of Hondschoote, in September 1793, Scharnhorst took con-
trol of several weakened Hanoverian units fleeing the battlefield and
turned the impending rout into an orderly rear-guard action that helped
to preserve the entire corps.”” The following year, when the Hanoverian
general Rudolf von Hammerstein was ordered to occupy the town of
Menin in southern Belgium, Scharnhorst served as his principal staff offi-
cer. At Menin, Scharnhorst improvised a system of ditches and barricades
that enabled the garrison of 2,400 men to repel several French assaults

T oday Clausewitz is widely credited with having introduced the

9
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following encirclement by 20,000 troops under Jean-Victor Moreau. After
rejecting a French offer of honorable capitulation, Hammerstein decided
to save his force by breaking through the siege. Scharnhorst took com-
mand of a part of the corps to make the attempt and, on the night of
April 30, 1794, succeeded against strong French opposition. Though
Menin was lost as expected, the deliverance of “the garrison was seen by
the Allies as a moral victory and became a feat of arms famous in the mil-
itary chronicle of those years” in which Scharnhorst’s contributions were
fully recognized.*

After the campaigns of 1793-1795, Scharnhorst returned to
Hanover and began to use “his recent experience to clarify his ideas about
the revolution in warfare that was obviously taking place in Europe.”!
The changes in warfare to which Scharnhorst now began to seek a re-
sponse were well summarized by Clausewitz in the final book of On War.
From the emergence of modern standing armies during the period
1560-1660°? to the French Revolution in 1789, European wars had been
fought mostly for the aims of the monarch by professional armies whose
officers were drawn from the nobility while their ranks were filled with
conscripted peasants, press-ganged “volunteers,” or mercenaries.* In the
“diplomatic type of warfare” that came to dominate the pre-1789 era, the
aggressor’s usual plan was to seize an enemy province or two during the
summer campaign season while the defender tried to prevent him from
doing so; no battle was ever sought, or fought, unless it served to further
the moderate or limited ends of one side or the other within the Euro-
pean balance of power; and such wars, being primarily the concern of the
government, were estranged from the interests of the people.** When bat-
tles were waged, the focus of prerevolutionary armies on delivering the
greatest possible concentration of firepower “produced linear tactics—the
deployment of troops in long, thin lines blazing away at each other at
point-blank range—which turned pitched battles into murderous set-
pieces that commanders of expensive regular forces avoided if they possi-
bly could.”* Beginning in 1793, though, this age of diplomatic wars
waged by professional armies for limited ends came to an abrupt end
with the emergence of the French nation-in-arms.’® As Clausewitz wrote:

Suddenly war again became the business of the people—a people of
thirty millions [in the case of revolutionary France], all of whom con-
sidered themselves to be citizens. . . . The people therefore became a par-
ticipant in war; instead of governments and armies as heretofore, the
full weight of the nation was thrown into the balance. The resources and
efforts now available for use surpassed all conventional limits; nothing
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now impeded the vigor with which war could be waged, and conse-
quently the opponents of France faced the utmost peril.*”

The great peril posed by revolutionary France from 1793 to 1815
did not lie fundamentally in advanced weaponry or military technique—
although the French armies of the period were second to none in artillery
and “made ingenious use of the new flexible and dispersed infantry for-
mations” which had been in development even before 1789.3 The issue
that came to occupy Scharnhorst by 1795 was more fundamental:

How was it that this rabble, untrained, undisciplined, under-officered,
its generals as often as not jumped-up NCOs [noncommissioned offi-
cers], with no adequate supply system, let alone any serious administra-
tive structure, how did it come about that these . . . forces could not only
hold their own against the professional soldiers of the European powers
but actually defeat them?

In response, Scharnhorst took full note of the advantages in
strategic position, numbers, unified political and military command, and
incentive that France had enjoyed over the allies of the First Coalition; he
also delineated with objectivity and precision the superior effectiveness
of French organization and tactics.*’ But beyond these military consider-
ations he discerned a deeper reason for French success: the greater
strength possessed by a freer nation, a condition that was closely con-
nected with the transformation of French society stemming from the
revolution and the emergence of the idea of nationhood.*' By revolu-
tionizing society, the French state “set in motion new means and new
forces” which enabled the energies of society to be exploited for war “as
never before.”#> As Howard explains:

For manpower they depended not on highly trained and expensive reg-
ular troops but on patriotic volunteers and, later, conscripts in appar-
ently unlimited quantities whose services were virtually free. The French
troops foraged for themselves, and if they deserted there were plenty
more to take their place. Insufficiently trained for linear tactics in battle,
they substituted a combination of free-firing skirmishers and dense
columns of attack, first to wear down and then to overwhelm a defence
that was in any case likely to be badly outnumbered. And to these
hordes of self-sacrificing infantry Bonaparte was to add artillery in ever
increasing proportions, and cavalry trained in merciless pursuit.

The upshot of Scharnhorst’s analysis of the deeper reasons for
French success, first published in 1797, was clear recognition of a revolu-
tion in military affairs driven primarily by social and political changes.
Granted, as Jean Colin argued in 1900, this revolution was not without
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any technological component: the latter half of the 18" century saw im-
provements in artillery, road building, and cartography that undoubtedly
abetted the rise of a new kind of warfare after 1789.* Still, on the whole,
modern scholars agree with Scharnhorst and Clausewitz that the primary
changes were social-political. If so, then the military revolution of the
1793-1815 period is quite different from the contemporary hypothesis
that, in coming decades, ongoing advances in microelectronics, informa-
tion technologies and software, satellite communications, advanced sen-
sors, and low-observable technologies will give rise to a technologically
driven revolution in warfare akin to the development of mobile, armored
warfare (blitzkrieg) or strategic bombing during 1918-1939.% It is the
strong technological component of the emerging military revolution that
has given rise to the further conjecture that American commanders will
be liberated from the tyranny of Clausewitzian friction in future wars.

Armed with a clear understanding of the social-political basis of
French military power after 1789, the next question for Scharnhorst be-
came: How could monarchies like Hanover or Prussia deal with the chal-
lenge of the French nation-in-arms? If the wellspring of France’s military
prowess was the emergence of the French nation, went Scharnhorst’s an-
swer, then the monarchies, too, had to turn themselves into nations. But
“was it possible to create a Nation except, as the French had done, by the
overthrow of monarchical institutions and the creation of a plebiscitary
dictatorship ruling by terror?”¢ Scharnhorst’s solution was to propose
the modernization of Hanover’s military institutions. He advocated bet-
ter education of commissioned and noncommissioned officers, promo-
tion to lieutenant by examination, the abolition of nepotism and fa-
voritism, more sensible application of military justice, expansion and
reequipment of the artillery, transformation of infantry tactics along
French lines, institution of a permanent general staff, reorganization of
the army into all-arms divisions, and the introduction of conscription to
diminish the mercenary character of the army.*’

These reforms clearly entailed important political changes in
Hanoverian society. In this sense, the revolution in military affairs that
confronted Scharnhorst was a greater challenge than the technologically
driven changes in how wars are fought that confronted militaries around
the globe between 1918 and 1939. The requirement of monarchies like
Prussia to reform their societies as well as their armies suggests that coun-
ters to the Napoleonic revolution demanded more fundamental adapta-
tions than the technology-driven changes in warfare that the American
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military may face in the decades ahead. In fact, the challenge of military
transformation that the German monarchies faced after 1789 was more
akin to the challenges of American economic strength and such military
technical innovations as Assault Breaker and the Strategic Defense Initia-
tive that the Soviet General Staff faced in the 1980s. While those Ameri-
can military innovations remained immature through the final decade of
the Cold War, senior Soviet military leaders recognized that, without fun-
damental restructuring of the flagging Soviet economy, they had little
hope of being able to hold up their end of the long-term military compe-
tition with the West.

As compelling as Scharnhorst’s analysis of the transformational
challenge posed by revolutionary France may appear to us today, he
found little support in Hanover. The Hanoverian military was not per-
suaded of the need for fundamental reform in the military sphere, and no
one in the government of George I1I wanted to risk testing the willingness
of the Hanoverian aristocracy to defend its longstanding privileges. In-
stead, “Scharnhorst was disregarded as a visionary or ambitious trouble-
maker, and vacancies in the higher ranks continued to be filled with men
who were no match for him.”

It was this turn of events that brought Scharnhorst to Berlin in
the late spring of 1801. Though he had turned down the original offer to
enter Prussian service, he subsequently reopened negotiations, and, when
Frederick William III met his terms, Scharnhorst resigned his Hanoverian
commission and accepted appointment as a lieutenant colonel in the
Prussian artillery. Stationed in Berlin, he set about trying to enact his re-
forms in the army created by Frederick the Great.

One of the duties Scharnhorst assumed in his new role was to re-
cast the Berlin Institute for Young Officers into a national academy.*
Since Scharnhorst himself lectured on strategy, tactics, and the duties of
the general staff at the school during his initial years in Prussian service,
he soon came into contact with Clausewitz. The young officer quickly
attached himself to Scharnhorst as an admiring disciple, “his own ideas
germinating and sprouting in the rays of that genial sun,” and Scharn-
horst reciprocated with an equal affection for the brilliant and receptive
young man.*® When, in the spring of 1804, Clausewitz completed the 3-
year course at the head of his class, Scharnhorst had already reported to
the king, Frederick William III, that Lieutenant von Clausewitz exhibited,
among other qualities, “unusually good analysis of the whole.”>!
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Scharnhorst, 46 years old when he arrived in Berlin, was at the
height of his powers. Despite the fact that his initial lectures at the Berlin
war college still presented the traditional argument that theory should
eliminate accident and chance from war, in practice Scharnhorst, with his
pronounced sense of realism, “had long given up this belief.”>?

The humane, rationalist hope of late 18®*-century military writ-
ers such as Henry Lloyd (1720-1783) and Dietritch Adam Heinrich von
Biilow (1757-1807) was to find a set of “rational principles based on
hard, quantifiable data that might reduce the conduct of war to a branch
of the natural sciences. .. from which the play of chance and uncer-
tainty” could be entirely eliminated.>® Lloyd, who held important field
commands in the Austrian army during the Seven Years’ War
(1756-1763), became well known in Europe for his criticism of Freder-
ick II (the Great) as a strategist based on his purported application of
scientific principles to the historical events of that conflict.** Foreshad-
owing the mathematical approach that would later be pursued by the
English automotive engineer Frederick W. Lanchester,”> Lloyd’s enthusi-
asm for achieving certainty in war led him to argue that whoever under-
stands the relevant military data stemming from things like topological
and geographical measurements, march tables, supply needs, and the
geometrical relationship of supply lines to fighting fronts (or of armies
to their bases) would be “in a position to initiate military operations
with mathematical precision and to keep on waging war without ever
being under the necessity of striking a blow.”>® Biilow, an army officer by
training but without command experience, took an even more strongly
quantitative position in Reine und angewandete Strategie [Pure and Ap-
plied Strategy]. Published in 1804, it claimed that the success of a mili-
tary operation depended largely on the angle formed by two lines run-
ning from the extreme ends of the base of operations to the objective: If
the base of the operation was suitably placed and sufficiently extended
for the two lines to converge on the target at an angle of 90 degrees or
more, “victory was as certain as could reasonably be expected.”>

While Scharnhorst covered these viewpoints in lectures he gave
while Lieutenant Clausewitz was a student in Berlin during 1801-1804,
Scharnhorst’s own views about the art of war were quite different than
those of Lloyd and Biilow. Especially during the period 1802—1806, when
Scharnhorst concentrated on teaching and building a “true military acad-
emy, his lectures began to address a part of the art of war that, as Clause-
witz later wrote in Scharnhorst’s obituary, had been virtually ignored in
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Prussian “books and lecture halls: war as it actually is.”>® Perhaps the best

account of what Clausewitz was seeking is contained in a summary by

Peter Paret of Scharnhorst’s theoretical views:
No military theorist of the time was as conscious as Scharnhorst of the
innate conflict between theory and reality. His elaboration of this funda-
mental issue, and his refusal to seek its solution in increasingly complex
abstractions, constitute the most important lesson he taught Clause-
witz. . .. Rather than emphasize that sound theory could eliminate acci-
dent, which was obviously sometimes the case, it might be pedagogically
more productive, he [Scharnhorst] thought, and far more realistic, to
stress the ability of theory to help men deal with surprise, to help them
exploit the unforeseen. From there it was only a short step...to recog-
nize the fortuitous not as a negative but as a positive force, an indispens-
able part of reality.>

Clausewitz took this short-but-difficult step with the develop-
ment of his unified concept of a general friction. General friction
became the concept that mediated between abstract theory based on the
analysis of pure concepts and the realities of late 18- and early
19th-century warfare.

The mature concept of general friction was not, therefore, Clause-
witz’s invention alone. Its origins also had roots in the realism and clarity
of his teacher Scharnhorst about war as it actually is, the limits of pure
theory, and the impossibility of eliminating chance—a powerful source of
general friction—from military operations. The positive aspects of the so-
lution that Clausewitz reached to the play of chance in war deserve special
emphasis. Where theorists like Lloyd and Biilow saw in chance impedi-
ments that needed to be constrained, if not eliminated, Clausewitz came to
see opportunities that able, alert commanders could exploit.®






Chapter 4

The Mature Clausewitzian
Concept

ith the foundation provided by chapters 2 and 3, we can now
complete the initial task of clarifying Clausewitz’s mature no-
tion of general friction. The account of the concept in On
War contains two interlocking difficulties: the absence of a reasonably ex-
haustive taxonomy of general friction’s various components or sources
and the confusing use of the term Friktion to refer both to the unified
concept and to one of general friction’s components or sources. The easi-
est way to clarify, much less extend, Clausewitz’s original concept is to re-
solve these difficulties, and the place to begin is with what Clausewitz
calls “the atmosphere of war.”
The first book of On War lists various things that, for Clausewitz,
coalesce to form the atmosphere of war (der Atmosphiire des Kreiges):

Chapter 3: Chapter 8:
danger danger

exertion physical exertion
uncertainty intelligence
chance®! friction®

What do these lists represent? Ignoring for the moment the dis-
crepancies in the last two places of both lists and the perplexing occur-
rence of “friction” in the second, the answer is that these lists detail vari-
ous elements or sources of general friction. This interpretation can be
readily confirmed by observing that danger, physical exertion, intelli-
gence, and chance (construed as the countless minor incidents that one
can never foresee) are all unambiguously identified in On War as sources
or components of friction in the inclusive sense of the unified concept
that distinguishes real war from war on paper.®®

Next, can the apparent discrepancies in the third and fourth
items in the two lists be resolved? As a prelude to answering this question,
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it is useful to review the detailed meanings Clausewitz attached to danger
and physical exertion as sources of general friction. A close reading of
chapter 4 in book 1 of On War, titled “On Danger in War,” reveals that the
phenomenon at issue consists of the debilitating effects that the immi-
nent threat of death or mutilation in battle has on the ability of combat-
ants at every level to think clearly and act effectively. Physical exertion is
much the same: the extraordinary physical demands that combat so often
makes on participants can quickly begin to impede clear thought or effec-
tive action. For a sense of what danger and exertion have meant even on
late 20™-century battlefields, the reader need look no further than Harold
Moore and Joseph Galloway’s searing account of the battles fought by two
air-mobile infantry battalions of the 1*t Cavalry Division in the Ia Drang
Valley against three North Vietnamese regiments during November 1965;
or, for an equally searing account of armored warfare, the reader might
wish to examine Avigdor Kahalani’s description of the defense mounted
by the Israeli army on the Golan Heights in October 1973.%4

Turning to intelligence versus uncertainty, On War initially de-
scribes the former in terms of “every sort of information about the
enemy and his country—the basis, in short, of our own plans and opera-
tions.”% Further discussion, however, turns quickly to the uncertainties
and imperfections that pervade the information on which action in war
is unavoidably based. Among other things, imperfect knowledge of a
combat situation can not only lead to mistaken judgments as to what to
do, but also undermine one’s resolve to act at all.®® The seeming discrep-
ancy between the third items in the two lists is, therefore, more apparent
than real. Perhaps all that need be added from a contemporary perspec-
tive is that in light of the fundamental role uncertainty plays in fields like
quantum mechanics and information theory, uncertainty is the deeper,
more pervasive concept of the two. For this reason uncertainty seems the
preferable term.

What about chance versus friction at the end of both lists? Here
the discrepancy is more substantive. The opening paragraph of the rele-
vant chapter in On War (book one, chapter 7, “Friction in War”), as well
as the opening sentence of the third paragraph, seem to be about the uni-
fied concept of general friction, which Paret terms “the ‘general concept’
of friction”; by contrast, the second and fourth paragraphs—and all of
the third save for the opening sentence—appear to focus on friction “in
the narrow sense,” which Paret interprets as “the impediments to smooth
action produced by the thousands of individuals who make up an
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army.”” Can one reconcile these apparently divergent aspects of general
friction? In this case, they appear to be genuinely distinct. Friction in the
narrow sense is certainly a robust source of resistance to effective action
in war. It recalls the meaning Clausewitz originally attached to the term
Friktion when he first used it in the 1806 letter written to Marie von Briihl
before the battle of Auerstidt—a meaning that is reiterated toward the
end of the third paragraph in chapter 7. However, it is not reasonable to
equate this source of friction with chance in the sense of the unforesee-
able accidents, the play of good luck and bad, that runs throughout the
tapestry of war. Chance, understood as the countless accidents one can
never foresee, is unquestionably a legitimate source of general friction,
but seems quite distinct from friction in the narrow sense. This difference
argues that chance (meaning fortuitous events rather than complete ran-
domness) and friction (in the narrow sense) constitute distinct sources of
general friction.

The analysis to this point suggests, therefore, replacing On War’s
four-item lists with an expanded list containing five sources of general
friction:

1. danger’s impact on the ability to think clearly and act effectively
in war

2. the effects on thought and action of combat’s demands for exertion

3. uncertainties and imperfections in the information on which
action in war is unavoidably based

4. friction in the narrow sense of the internal resistance to effective
action stemming from the interactions between the many men and
machines making up one’s own forces

5. the play of chance, of good luck and bad, whose consequences
combatants can never fully foresee.

Besides resolving the textual ambiguities about friction’s various sources
in On War, this list also tries to characterize each component in sufficient
detail to make its role in war as clear as possible.

How complete is this taxonomy of general friction? If the general
concept is construed as all the disparate things that distinguish real war
from war on paper, it is not difficult to find other important and distinct
sources of general friction in On War. Consider, once again, Clausewitz’s
argument from the first chapter as to why the actual conduct of war falls
so far short of the maximum possible application of violence implicit in
war’s pure concept. One of the reasons Clausewitz gave concerns the spa-
tial and temporal limitations to the employment of military force in the
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Napoleonic era: “War does not consist of a single short blow.” In an age of
intercontinental, thermonuclear weapons, these physical limits may be
considerably less than they were in Napoleon’s day. Nonetheless, physical
limits remain even with thermonuclear weapons, and to these physical
limits must be added the political limitations of war’s subordination to
policy. In the final analysis, the political reason why nuclear weapons were
not used during the Cold War was that American and Soviet policymak-
ers alike came to realize that an all-out nuclear exchange between the two
countries could serve no useful end.®® Thus, physical and, above all, politi-
cal limits to the unrestricted use of military force offer another source of
general friction.

One can cull at least two more sources from the pages of On War.
In book two, which discusses the theory of war, Clausewitz emphasizes
the unpredictability of interaction with the enemy stemming from the
opponent’s independent will.*> As will be suggested in chapter 10, unpre-
dictability stemming from human decisions and interventions in the
course of battle can be linked to chance in the sense of unforeseeable
events. For now, though, it seems best to leave the unpredictability of in-
teraction as a separate source of friction.

One further source of general friction can be found: Clausewitz’s
injunctions in book eight of On War that the means of war be suited to its
ends.”® Perhaps the most telling 20t™"-century case in point is the U.S. in-
tervention in Vietnam. While the widely accepted view that the war was
unwinnable entails a degree of determinism that is seldom warranted in
human affairs, neither the firepower-intensive, “search-and-destroy” ap-
proach that the Army adopted under General William Westmoreland,
with its misplaced focus on body counts, nor the incremental bombing of
North Vietnam itself proved suitable means for building a viable South
Vietnamese nation that would be capable of defending itself. As Scharn-
horst said of the War of the First Coalition, “One side had everything to
lose, the other little.””! Given that Ho Chi Minh had calculated in the
1940s that he could beat the French if he lost only 10 of his own soldiers
for every French soldier killed, much the same appears to have been true
of America in Vietnam.”

With the three additional sources just sketched, one can give the

3« :

following taxonomy for Clausewitz’s “unified concept of a general friction

[Gesamtbegriff einer allgemeinen Friktion]”:
1. danger

2. physical exertion
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3. uncertainties and imperfections in the information on which ac-
tion in war is based

4. friction in the narrow sense of the resistance within one’s own
forces

5. chance events that cannot be readily foreseen

6. physical and political limits to the use of military force

7. unpredictability stemming from interaction with the enemy
8. disconnects between ends and means in war.”

This taxonomy clearly goes well beyond traditional and most contempo-
rary readings of Vom Kriege.”* Instead it suggests a view of general friction
closer to what Clausewitz might have reached if he had lived long enough
to revise On War to his satisfaction.
This paper began with three first-order questions about Clause-
witzian friction:
1. Is it a structural feature of war or something more transitory?

2. Even if general friction cannot be eliminated altogether, can its
magnitude for one adversary or the other be substantially reduced
by technological advances such as those now anticipated in the in-
formation dimensions of future war?

3. What might Clausewitz’s original notion look like if reformulated
in the language and concepts of more contemporary disciplines like
nonlinear dynamics?

The initial step toward answering these questions was to clarify Clause-
witz’s original concept, which we have now done. The next task, which
will be the focus of chapter 5, is to present empirical evidence for general
friction’s persistence down to the present day.

Although we are not yet far enough along to offer full answers to
the original questions about general friction, some preliminary insights
can be drawn from the clarification of Clausewitz’s general concept so far.
Regarding the first question, Scharnhorst’s and Clausewitz’s staunch re-
fusal to accept that any theories, systems, or principles of war could elimi-
nate chance suggests that, in their view, friction was an inherent feature of
violent conflict between nation-states. From the lowest-ranking soldier to
generals and field marshals, friction was a force with which combatants
on both sides had to cope.

Yet, turning to the second question, Clausewitz himself suggested
various “lubricants” that could ease the “abrasion” or resistance that
friction caused for one’s own military operations. In On War, combat



22 CLAUSEWITZIAN FRICTION AND FUTURE WAR

experience, maneuvers sufficiently realistic to train officers’ judgment for
coping with friction, and the genius of a leader like Napoleon are all men-
tioned as viable means of reducing general friction within one’s own
army.”” The German general staff system’s emphasis on individual initiative
and judgment, for which Scharnhorst deserves considerable credit, consti-
tuted an institutional lubricant to general friction. And, as has been men-
tioned, there are at least hints in On War that elements like chance could
provide opportunities to exploit friction’s “equally pervasive force . . . on the
enemy’s side.””® Thus, Scharnhorst and Clausewitz evidently believed that
the relative balance of friction between two opponents could be manipu-
lated to one’s advantage, even if they were skeptical about driving up enemy
friction as opposed to reducing one’s own.

As for the third question, Friktion, like Clausewitz’s notion of the
opponent’s center of gravity, was undoubtedly borrowed from Newton-
ian physics via Kantian concerns about how physics was possible as a
body of knowledge. The first edition of Isaac Newton’s Philosophice Nat-
uralis Principia Mathematica [Mathematical Principles of Natural Philoso-
phy], with which modern physics begins, appeared in 1687, and the core
question of Immanuel Kant’s Critique of Pure Reason, published in 1781,
was how certain a priori synthetic judgments—like the equality of action
and reaction in the exchange of motion,”” which lay at the core of New-
tonian physics—could be possible.”® Clausewitz was familiar with these
Newtonian and Kantian ideas and, even in On War, invoked the mecha-
nistic image of the army as a machine whose internal friction “cannot, as
in mechanics, be reduced to a few points.”” Nonetheless, it is evident
from the final list of general friction’s sources developed in this section
that, over time, his unified concept moved increasingly away from its
mechanistic origins. Indeed, not one of the entries in the reconstructed
taxonomy is inherently mechanical. Moreover, all of them, including
chance, ultimately reduce to phenomena that affect the ability of human
beings to think clearly and act effectively in war. Consequently, general
friction may have more in common with 20"-century fields like nonlin-
ear dynamics and the neo-Darwinian synthesis of evolution biology than
first meets the eye.



Chapter 5

Friction and Desert Storm

as general friction been a continuing feature of war since

Clausewitz’s time? If so, is there any evidence that the “magni-

tude” of its influence has changed appreciably in recent
decades? A minimalist response would be simply to note that detailed
campaign history since Napoleon has consistently and strongly confirmed
general friction’s persistence. In this regard, a colleague with many years
of teaching experience at the National War College has observed that fric-
tion’s persistence is the one Clausewitzian concept that most military offi-
cers—especially those from combat arms—instinctively embrace.® In-
deed, friction is the one part of On War that uniformed students at
American war colleges usually think they understand.

This minimal response, however, is unlikely to satisfy those lack-
ing either firsthand experience with military operations or in-depth famil-
iarity with the history of at least a few campaigns since Napoleon (particu-
larly 20t*-century military campaigns). Nor does it offer much insight into
the possibility that the “magnitude” of general friction’s influence on com-
bat processes and outcomes may have changed over the years.

To furnish a more complete response to the questions about fric-
tion’s role in recent times, therefore, this chapter will review evidence
from the 1991 Persian Gulf War. Operation Desert Storm has been chosen
for various reasons. First, when this paper was written, it was the most re-
cent, large-scale conflict available. Second, coalition forces employed
many of the most technologically advanced military systems in existence,
including satellite communications and reconnaissance, direct-attack and
standoff precision-guided weapons—for instance, Paveway III laser-
guided bombs and the Tomahawk Land Attack Missile (TLAM)—and
low-observable aircraft (the F-117). Third, having participated in the
Gulf War Air Power Survey, the author is reasonably confident of having a
solid grasp on what actually occurred during this 43-day campaign, par-
ticularly in the air.!
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At the tactical level of the coalition air campaign, even the most
cursory look at day-to-day operations suggests that there was no shortage
of general friction. Aircrews had to cope with equipment malfunctions,
inadequate mission-planning materials, lapses in intelligence on both tar-
gets and enemy defenses, coordination problems between strike and sup-
port aircraft (including a number of F-111F sorties aborted on the third
day of the war because tankers for prestrike air refueling could not be
found),® target and time-on-target changes after takeoff, unanticipated
adjustments in prewar tactics, adverse weather, the traditional lack of
timely bomb damage assessment, and, in many wings, minimal under-
standing of what higher headquarters was trying to accomplish from one
day to the next. None of these problems was new under the sun in 1991.
Indeed, the author personally experienced virtually all of them flying
F—4s over North Vietnam during 1967—-1968.

Elaboration of two examples from the preceding list should suf-
fice to substantiate friction’s seemingly undiminished pervasiveness at the
tactical level of Desert Storm. After the initial 3 days of actual operations
(January 17-19, 1991), coalition air commanders began to shift from
low-altitude bombing operations to medium altitude in order to mini-
mize further losses to Iraqi low-altitude air defenses, which consisted of
large numbers of antiaircraft artillery (AAA) and infrared surface-to-air
missiles (SAMs).33 While this decision did not appreciably affect the accu-
racy of laser-guided bombs (LGBs) delivered from F-111Fs or F-117s al-
ready operating at medium altitude, it did degrade the visual-bombing
accuracy of platforms like the F~16 and F/A—18 when pilots began releas-
ing unguided bombs from altitudes well above 10,000 feet.?* Since the
F-16s and F/A-18s predominantly employed unguided munitions during
Desert Storm, the persistence of this restriction until the coalition’s
ground offensive began on February 24 severely limited the ability of
these aircraft to hit pinpoint targets such as bridges, fiber-optic cable
junctions linking Baghdad to its forces in southern Iraq and Kuwait, or
dug-in Iraqi armor.®® Thus, in 1991, the combination of coalition sensitiv-
ity to losses, coupled with the impracticability of eliminating more than a
fraction of Iraqi AAA and infrared SAMs, imposed an unexpected degra-
dation in the visual bombing accuracy of coalition aircraft that persisted
to the end of the campaign. During the Vietnam war, most air-to-ground
bombing was done manually or with very early computerized bombing
systems. As in 1991, staying high enough to avoid losses to low-altitude
AAA systematically degraded bombing accuracies.
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Adverse weather, which Clausewitz explicitly associated with fric-
tion in On War,% offers another unambiguous example of the frictional
impediments to the execution of plans and intentions in Desert Storm.
Adverse weather conditions substantially disrupted operations, especially
during the early days of the air campaign and the coalition’s ground of-
fensive at the conflict’s end. On the second and third nights of the war,
more than half of the planned F-117 strikes were aborted or unsuccessful
due to low clouds over Baghdad; on the second day of the ground cam-
paign (February 25, 1991), all F-117 sorties were canceled due to
weather.?” So disruptive did the cumulative effects of adverse weather be-
come to the air campaign that the coalition’s head air planner, then-
Brigadier General Buster C. Glosson, came to view it as his “number-one
problem” and, by implication, as a greater impediment than the Iraqi Air
Force.® Similar assessments of weather’s disruptive effects on air opera-
tions can be found as far back as World War II. In reflecting on the Com-
bined Bomber Offensive against Nazi Germany that he helped both to
plan and execute, Major General Haywood Hansell observed in 1972 that
“weather was actually a greater hazard and obstacle than the German Air
Force” during 1942-1945.% In the case of adverse weather, therefore, it
would probably be fair to say that it has consistently been a major fric-
tional impediment to effective war in the air since the emergence of air-
craft as a military weapon during World War 1.7

Given the lopsided military outcome of Desert Storm, tactical-
level friction was unquestionably far, far worse on the Iraqi side of the
hill. If coalition air forces typically found themselves knee deep in various
tactical frictions, the Iraqis drowned in it. In air-to-air combat, the Iraqi
Air Force suffered 33 losses in exchange for a single coalition fighter be-
lieved to have been shot down by an Iraqi MiG-25 on the first night of
the war.”! So quickly did the Iraqis lose effective control of their own air-
space that, over 43 days of fighting, they are known to have mounted only
2 air-to-surface attack sorties against coalition targets, and both of the
Mirage F-1s involved were shot down prior to weapons release by an
F-15 of the Royal Saudi Air Force.”? The dominance of coalition air forces
is, if anything, even more apparent in sortie comparisons between the op-
posing sides: by the end of Desert Storm, coalition fighter and bomber
crews had flown over 68,000 shooter sorties—meaning sorties on which
the aircraft involved carried air-to-air or air-to-ground munitions—to
appreciably fewer than 1,000 by the Iraqis.”
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In fairness, it should be said that the Iraqi Air Force was neither
designed to deal with an adversary as large and capable as the coalition air
forces it faced in 1991, nor did it seriously attempt to contest control of
the air. Instead, the Iraqi Air Force seems to have hoped merely to impose
some losses on its opponents’ strike operations while riding out coalition
airstrikes, if not the war, inside its hardened aircraft shelters.”* Imagine,
then, the shock—and friction—imposed on Iraqi squadrons when, on the
night of January 22, 1991, coalition aircraft begin taking out individual
shelters with LGBs.”

Coalition airpower imposed a similar shock on Iraqi ground
forces. Saddam Hussein’s strategy was not to rely on his air force for deci-
sive results but, instead, to bank on his army being able to inflict enough
casualties on coalition ground units that the allies would not be able to
stand the pain; his model of future combat was the kind of bloody
ground battles of attrition that had dominated the 1980-1988 Iran-Iraq
war.”® When, in late January 1991, Saddam Hussein ordered the probing
attacks that precipitated the Battle of Khafji, he assumed that Iraqi
ground forces could move at night despite the presence of coalition air-
power. This assumption, however, 