P

@ CrossMark

Modern Intellectual History (2021), 18, 171-201 CAMBRIDGE
doi:10.1017/S1479244319000271 UNIVERSITY PRESS
ARTICLE

Keynes Goes Nuclear: Thomas Schelling and the
Macroeconomic Origins of Strategic Stability

Benjamin Wilson

Department of the History of Science, Harvard University
E-mail: btwilson@fas.harvard.edu

Among the most important ideas in Cold War nuclear strategy and arms control was that of
“stability”—the notion that by protecting weapons for use in retaliation, the superpowers
would be less likely to fight a thermonuclear war. Conventional wisdom among strategists and
historians of strategy has long held that stability was inherent to the logic of rational nuclear
deterrence. This essay shows the conventional wisdom to be mistaken. It examines the technical
practice of Thomas Schelling, who introduced the stability idea in a classic 1958 paper. Celebrated
as a game theorist, Schelling was actually trained as a Keynesian macroeconomic modeler during
the second half of the 1940s. In 1958, he used Keynesian techniques to frame deterrence as a
stable system of dynamic adjustment, akin to the stable macroeconomic system he had modeled
as a young economist. Among Schelling’s fellow strategists, stability quickly became popular as a
rationalization for their preferred nuclear deployment policies.

Introduction

During the Cold War, prominent American thinkers at universities and defense
think tanks focused on a set of urgent questions. Could the United States and
the Soviet Union ensure that nuclear weapons would never be used in a general
war? Could nuclear weapons be used for more limited purposes, including diplo-
macy or coercion? The idea of “stability” became the cornerstone of their approach.
They believed that by protecting nuclear weapons for use in retaliation (for
example, by putting them on missiles in underground silos and submarines stalking
the oceans), nuclear deterrence between the superpowers would be stabilized, and a
cataclysmic thermonuclear war would be avoided.

The thinker who most deserves credit for the stability idea is Thomas Schelling,
an economist who retooled as a nuclear strategist in the late 1950s and became one
of the most influential analysts of the nuclear age. In 1958 Schelling introduced sta-
bility in a classic paper, “The Reciprocal Fear of Surprise Attack” (hereafter abbre-
viated as “Reciprocal Fear”), printed by the defense think tank RAND Corporation
and later included as a chapter of his seminal 1960 book The Strategy of Conflict."
The paper described a predicament in which two adversaries, each desiring to avoid
war, grow increasingly tempted to attack one another for fear of being attacked first.

"T. C. Schelling, “The Reciprocal Fear of Surprise Attack,” RAND P-1342 (16 April 1958; revised 28 May
1958). The paper was reprinted as chap. 9 of Thomas C. Schelling, The Strategy of Conflict (Cambridge,
MA, 1960), 207-29.
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Stability indicated the likelihood that no such attack would occur. For Schelling,
stability measured the capacity of deterrence to hold under pressure, resisting dis-
turbances that might otherwise cause its breakdown. “Mutual deterrence is consid-
ered the more stable,” he would write in 1961, “the less susceptible it is to political
and technological events, information and misinformation, accidents, alarms, and
mischief, that might upset it.”?

Schelling is perhaps best remembered as a game theorist, and nuclear strategy is
often said to have been cast in game theory’s mold. “The exemplary methodology
for the formal strategists was provided by game theory,” writes Lawrence Freedman
in his canonical history, and Schelling was “the exemplary formal strategist.”> For
many defense intellectuals, a famous game known as the prisoner’s dilemma (PD)
seemed to encapsulate the superpower nuclear standoff. In the game’s usual narra-
tive, two prisoners under separate interrogation face a choice between confessing
and not confessing to a crime. A light sentence results for both if the prisoners
remain silent, and a harsher sentence results if they both confess; but a still harsher
sentence awaits the prisoner who keeps mum while the other confesses. According
to a definition of “rationality” in which strategic actors minimize their individual
losses, the prisoners are obliged to confess, paradoxically producing greater collect-
ive harm than mutual cooperation, in the form of joint silence, would have yielded.*
In the PD’s nuclear rendition, the rational obligation to confess becomes the obli-
gation to attack. Each adversary understands that its rival must strike to mitigate the
risk of being struck first, so both feel compelled to strike.

As fascinating recent scholarship has demonstrated, the stark and stripped-down
vision of rational behavior represented by the PD and similar games—rationality as
an algorithm for private advantage—spread from military settings to numerous
fields, including neoliberal economics and political theory, psychology, and evolu-
tionary biology.” Schelling himself applied a rational-actor approach to a host of
problems, from patterns of residential segregation to smoking addiction. His own
career traces a line connecting nuclear strategy to the ascendance of rationality
throughout the Cold War academy.®

Yet something crucial is missing from this story. Of all of Schelling’s nuclear ideas,
perhaps none was more important than stability. The history of arms-control debates
after 1960 could be told largely as a set of arguments over policies that were praised
or criticized for their allegedly stabilizing or destabilizing effects. Even Albert
Wohlstetter, the superhawk RAND strategist who saw in Soviet statements and

>Thomas C. Schelling, “The Future of Arms Control,” Operations Research 9/5 (1961), 722-31, at 723.

3Lawrence Freedman, The Evolution of Nuclear Strategy (New York, 2003; first published 1981), 171.

*One finds this narrative, for example, in R. Duncan Luce and Howard Raiffa, Games and Decisions:
Introduction and Critical Survey (New York, 1957), 94-5.

5Philip Mirowski, Machine Dreams: Economics Becomes a Cyborg Science (New York, 2002);
S. M. Amadae, Rationalizing Capitalist Democracy: The Cold War Origins of Rational Choice Liberalism
(Chicago, 2003); Paul Erickson, Judy L. Klein, Lorraine Daston, Rebecca Lemov, Thomas Sturm, and
Michael D. Gordin, How Reason Almost Lost Its Mind: The Strange Career of Cold War Rationality
(Chicago, 2013); William Thomas, Rational Action: The Sciences of Policy in Britain and America, 1940-
1960 (Cambridge, MA, 2015); Paul Erickson, The World the Game Theorists Made (Chicago, 2015);
S. M. Amadae, Prisoners of Reason: Game Theory and Neoliberal Political Economy (New York, 2016).

The range of Schelling’s interests is displayed in Thomas C. Schelling, Micromotives and Macrobehavior
(New York, 2007; first published 1978), and Schelling, Choice and Consequence (Cambridge, MA, 1984).
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actions a constant threat to launch the first strike, argued in a classic essay published
soon after Schelling’s “Reciprocal Fear” that the United States, through a costly and
ongoing effort, could steer nuclear deterrence into a stable state.” The catch is that, in
Schelling’s formulation, the idea didn’t come from game theory. After all, in a strictly
PD world, nuclear war is all but inevitable. But Schelling did not think that nuclear
war was inevitable. Nor did anyone who accepted the idea of strategic stability. Their
claim was that deterrence could be stabilized—strengthened against dynamic pres-
sures to attack, including crises, mishaps, and misunderstandings.8

This essay traces stability’s genealogy to a source surprisingly distant from the
study of games, rationality, and strategy. Aided by an interview and correspondence
I carried out with Schelling before his death in 2016, I revisit the long-forgotten
intellectual context in which he was trained and formed as a thinker. In the
1940s Schelling began his career not as a game theorist but as a Keynesian macro-
economist, constructing formal models of the national economic system. In the
community in which Schelling was socialized as an economist, stability was both
an ideological precept and a routine modeling practice. In his early career
Schelling learned and refined a set of special mathematical and graphical techni-
ques for analyzing the stability of interactions between aggregate variables in the
economic system, in particular the national income, a measure of overall economic
activity and the central variable in Keynes’s theory of the economy. When Schelling
came to nuclear strategy more than a decade later, he conjured a model of nuclear
deterrence whose structure and stability mirrored that of the Keynesian models of
his youth, right down to the math.

Reading Schelling’s work in the context of his training, and putting his practice
under the microscope, brings into sharp focus what he actually did in 1958. It also
clarifies the degree to which nuclear historiography has featured a persistent trope.
The trope debuted in the 1960s when several commentators argued that game the-
ory was an important (and nefarious) instrument in the hands of the Cold War
defense intellectuals, and partly responsible, somehow, for the worsening arms
race. Schelling, who did take an interest in game theory and had used simple payoff
matrices in some of his work, was identified as a chief perpetrator. He was, in Irving
Louis Horowitz’s words, one of the “new civilian militarists” who “inhabit a world
of nightmarish intellectual ‘play’,” insouciantly applying logic puzzles to matters of
nuclear life and death.” In 2005 Schelling was awarded the Nobel Memorial Prize in
Economics “for having enhanced our understanding of conflict and cooperation
through game-theory analysis.”'’ The pejorative coloring had faded, but the
game-theorist label had stuck.

7 Albert Wohlstetter, “The Delicate Balance of Terror,” RAND P-1472 (6 Nov. 1958; revised Dec. 1958).

8In an insightful review essay, Joel Isaac describes “the stable, but mutually harmful, solution of the PD:
defection instead of cooperation.” As strategic analysts used the term “stability,” they meant the opposite
condition, in which nuclear war was unlikely. Joel Isaac, “Strategy as Intellectual History,” Modern
Intellectual History (2018), 1-15, at 3, at https://doi.org/10.1017/S1479244318000094.

°Irving Louis Horowitz, The War Game: Studies of the New Civilian Militarists (New York, 1963), 3. See
also P. M. S. Blackett, “Critique of Some Contemporary Defense Thinking,” Encounter 16/4 (1961), 9-17;
and Anatol Rapoport, Strategy and Conscience (New York, 1964).

'"Nobelprize.org, “The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel,
2005,” at www.nobelprize.org/nobel_prizes/economic-sciences/laureates/2005.
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This was a curious outcome, not least because Schelling himself repeatedly quali-
fied or denied game theory’s role in nuclear strategy and in his own work.
Reviewing Anatol Rapoport’s Strategy and Conscience in 1964, Schelling condensed
the book’s two arguments like so: “strategic thinking is bad” and “game theory is to
blame.” He disagreed with the first claim and found the second especially unper-
suasive: “The game-theory hypothesis was not a bad guess,” he wrote, “but a
wrong one.” His judgment was unchanged four decades later: “I do not believe
that any theoretical contributions to security studies has been the least dependent
on ‘game theory’.” Post-Nobel, Schelling told an interviewer that the award had
“surprised and somewhat perplexed” him. “The two of my publications to which
the [Nobel] award committee gave the most emphasis,” he wrote in another
essay, “I had published before I knew any game theory.” “I must,” he added else-
where, “have been doing game theory without knowing it.”'' A few scholars
have endorsed Schelling’s skepticism. Martin Shubik, a game-theory pioneer who
reviewed The Strategy of Conflict in 1961, wrote that “although the formal structure
of [game theory] could have been of considerable assistance to the type of analysis
presented by Schelling, there is little evidence that it has been used.” Barry O’Neill,
a leading game theorist and international-relations scholar, calls the notion that
game theory shaped nuclear strategy a “myth.” “This myth has been important
in the history of strategic studies,” he writes, “but game theory itself has not.”"?
Still, the trope persists.

To be clear, Schelling’s “Reciprocal Fear” does employ elementary game-theory
apparatus, including the payoff matrix. It describes, in the broad spirit of game the-
ory, an interaction between two agents who strive to satisfy a maxim of individual
rationality, and it begins with (but does not derive stability from) a model that is
genuinely game-theoretic. In later years, Schelling’s informal theory of bargaining,
coordination, and focal points became extremely important for game theorists
when they took up these ideas and formalized them.'’ Perhaps this is what

""The quotations are drawn from Thomas C. Schelling, “Review of Strategy and Conscience by Anatol
Rapoport,” American Economic Review 54/6 (1964), 1082-8, at 1083, 1086; Schelling, “Academics,
Decision Makers, and Security Policy during the Cold War: A Comment on Jervis,” in Edward
Mansfield and Richard Sisson, eds., The Evolution of Political Knowledge: Democracy, Autonomy, and
Conflict in Comparative and International Politics (Columbus, 2004), 137-9, at 139; Vincent
F. Hendricks and Pelle G. Hansen, Game Theory: 5 Questions (Copenhagen, 2007), 186; Thomas
C. Schelling, “Game Theory: A Practitioner’s Approach,” Economics and Philosophy 26 (2010), 27-46, at
28; and Schelling, “What Is Game Theory?”, Thomas Schelling Papers, RAND Corporation Archives,
Santa Monica, CA. In still another interview, Schelling said he had learned more about strategic behavior
“from reading ancient Greek history and by looking at salesmanship than by studying game theory.” See
Jean-Paul Carvalho, “An Interview with Thomas Schelling,” Oxonomics 2 (2007), 1-8, at 7.

>Martin Shubik, “Review of The Strategy of Conflict by T. C. Schelling and Fights, Games and Debates by
Anatol Rapoport,” Journal of Political Economy 69/5 (1961), 501-3, at 502; Barry O’Neill, “A Survey of
Game Theory Models on Peace and War,” York Centre for International and Strategic Studies
Occasional Paper Number 9 (March 1990), 2. More recently, Paul Erickson has written that Schelling’s
attempt to “reorient” game theory in another paper from 1958 “meant stripping game theory down to
the point that it had almost no content at all.” Erickson, Game Theorists, 193. Lawrence Freedman has
since modulated his view, calling Schelling’s relation to game theory “equivocal.” Lawrence Freedman,
Strategy: A History (New York, 2013), 160.

3See, for example, John C. Harsanyi and Reinhard Selten, A General Theory of Equilibrium Selection in
Games (Cambridge, MA, 1988).
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Schelling had in mind when he described himself as “a user of (elementary) game
theory,” but “not (or only somewhat) a producer.”’* The claim here isn’t that
nuclear strategy and game theory had nothing to do with each other. But a certain
vigilance is helpful in the company of a powerful trope. We cannot understand
where strategic stability came from, or why Schelling and others found the idea
so attractive, by assuming that it flowed somehow from the study of noncooperative
games, or that it was embedded in a transcendent “logic.”

What I find fascinating about Schelling’s nuclear model-making in the late 1950s
is that he treated deterrence as a kind of system. Keynesian models were not “stra-
tegic”; they didn’t involve rational calculation or individual choice. Keynesian mod-
els were about the dynamic interactions between aggregate variables like national
income and consumption. To my mind, the system analogy helps to account for
Schelling’s profound confidence in deterrence’s durability. For him, deterrence
was robust not because nuclear adversaries were perfectly strategic and rational,
but because their system of interaction was fundamentally stable.

Schelling was aware of other modeling traditions in economics and he drew on
them in crafting his surprise-attack model. He borrowed, in particular, a key
assumption from a classic market model known as the Cournot duopoly to specify
how the adversaries would behave. Yet the main part of Schelling’s effort—the
model’s dynamic adjustment, and his analysis of its stability—betrayed distinctively
Keynesian roots. This makes historical sense, according to a large body of work in
the field of science studies. In this literature, formal theory is an embodied, skill-
laden practice, and training is an intensely formative experience. Thinkers hone
skills within pedagogical communities and adapt hard-won techniques to new set-
tings and new problems. They use the tools they know how to use, and they may
not respect the smooth boundaries drawn by later convention."> Schelling worked
on Keynesian models of national income (not the duopoly) as a young researcher.
In graduate school he analyzed stability, again and again, using specifically
Keynesian techniques and terminology. Those same techniques and terms resur-
faced in “Reciprocal Fear”—and this is what it means to say that the origins of stra-
tegic stability are Keynesian.

The history of stability raises an old question about the relationship between
ideas and nuclear weapons policy. Did strategic theory guide strategic policy during
the Cold War?'® Strategists and historians of strategy have often assumed that

"Schelling, “Game Theory,” 27.

Definitive works include Andrew Pickering, The Mangle of Practice: Time, Agency, and Science
(Chicago, 1995); Peter Galison, Image and Logic: A Material Culture of Microphysics (Chicago, 1997);
Andrew Warwick, Masters of Theory: Cambridge and the Rise of Mathematical Physics (Chicago, 2003);
David Kaiser, Drawing Theories Apart: The Dispersion of Feynman Diagrams in Postwar Physics
(Chicago, 2005); Kaiser, ed., Pedagogy and the Practice of Science: Historical and Contemporary
Perspectives (Cambridge, MA, 2005). On modeling practice in economics see Mary S. Morgan, The
World in the Model: How Economists Work and Think (New York, 2012). A call for a practice-centered
approach to the history of theory in the human sciences is found in Joel Isaac, “Tangled Loops: Theory,
History, and the Human Sciences in Modern America,” Modern Intellectual History 6/2 (2009), 397-424.

16 According to Fred Kaplan’s classic The Wizards of Armageddon (Stanford, 1991; first published 1983),
10-11, RAND strategic analysts “condition[ed] an entire generation of political and military leaders to
think about the bomb the way the intellectual leaders of RAND thought about it.” For more skeptical
views on the influence of nuclear-deterrence theory on nuclear politics see Bruce J. Kucklick, Blind
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stability was an eminently policy-relevant idea, virtually synonymous with an invul-
nerable nuclear force designed for retaliatory (rather than preemptive) use: the
“secure second strike.” Thus the international-security scholar Robert Jervis writes
that instability results from the fact that “large arsenals do not produce security if
both sides’ forces are vulnerable, in which case the world will be terribly dangerous
even if no one wants to start a war.” Schelling, says Jervis, was first among analysts
who crystallized the idea with “a single-shot Prisoner’s Dilemma” and allied
“game-theoretic formulations” of surprise attack. The historian of strategy Marc
Trachtenberg writes similarly, “The stability doctrine developed in a fairly natural
way out of the body of thought that had been concerned primarily with strategic
vulnerability.”'” Stability was a natural and inevitable idea, dictated by the very
logic of rational nuclear deterrence; stability is an objective condition achieved
when nuclear forces are structured a certain way.

This essay calls these propositions into serious doubt. Stability did not fall from
the clouds of rational choice, nor was it etched into the warheads and silos. It came
from Thomas Schelling, a trained Keynesian who crafted a model of deterrence sui-
ted to the techniques he knew best. When he introduced stability in 1958, he was
not only a dabbler in game theory but a neophyte nuclear strategist, almost totally
unfamiliar with the requirements of a secure second strike. Other strategists took
his concept and applied it to basing and targeting proposals worked out years earl-
ier, stapling the idea onto policies already decided. Foremost among stability’s early
adopters was Albert Wohlstetter, the most prominent strategist to argue that stable
deterrence required that nuclear forces be made lastingly invulnerable to attack.
Stability was not found but chosen by its thinkers: first by Schelling, who sourced
it from his own intellectual biography, and then by Wohlstetter and others, who
saw in stability a tidy, technical concept to rationalize their policy preferences.
Nuclear thinkers fastened onto Schelling’s idea even as they forgot (if they had
ever known) the details of his model.'®

Oracles: Intellectuals and War from Kennan to Kissinger (Princeton, 2006); Francis J. Gavin, Nuclear
Statecraft: History and Strategy in America’s Atomic Age (Ithaca, 2012); and James Cameron, The
Double Game: The Demise of America’s First Missile Defense System and the Rise of Strategic Arms
Limitation (New York, 2018).

Robert Jervis, “Security Studies: Ideas, Policy, and Politics,” in Mansfield and Sisson, The Evolution of
Political Knowledge, 100-26, at 110; Marc Trachtenberg, History and Strategy (Princeton, 1991), 24-5.
Robert Ayson has explored Schelling’s ongoing fascination with stability in Thomas Schelling and the
Nuclear Age: Strategy as Social Science (New York, 2004). Ayson is interested in different questions than
the ones animating this article, and he employs a very different methodology. His book does not develop
a historical interpretation of Schelling’s thought, does not situate Schelling’s economic work in the context
of the larger profession, and seems to imply that Schelling’s interest in stability was preternatural, rather
than learned.

"8It should be said that a few nuclear analysts aside from Schelling also began to talk about “stability” in
the second half of the 1950s. They too worked by analogy, familiar with stability from their own training (as
physicists), but they advanced policy proposals at variance with the definition of stability worked out at
RAND in 1958-9. See, for example, C. W. Sherwin, “Securing Peace through Military Technology,”
Bulletin of the Atomic Scientists 12 (1956), 159-64, at 162, according to which a “truly stable state” obtains
when one’s nuclear forces and cities are invulnerable while the adversary’s cities and forces both are vul-
nerable. Stability’s flexible and varied application to nuclear strategy warrants a more detailed treatment.
Here I focus on the most influential formulation, by Schelling in dialogue with Wohlstetter.
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The essay is organized as follows. The next section provides context for
Schelling’s emerging view in the late 1950s that inadvertent (not deliberate) war
was the central problem of nuclear deterrence. The third section reconstructs
Schelling’s analysis in “Reciprocal Fear” to show how he built his model of inad-
vertent surprise attack and analyzed its stability. The fourth explores Schelling’s
Keynesian practice and discusses important similarities between his Keynesian
and surprise-attack models. Drawing on materials from Wohlstetter’s personal
archive, the fifth section shows how Schelling’s stability idea was incorporated
within the theory of deterrence. Finally, I revisit another of Schelling’s classic
ideas: “the threat that leaves something to chance,” the core of his theory of nuclear
coercion. Schelling’s idea of risky threats has always been interpreted as
game-theoretic. With the account developed here, it will become clear that for
Schelling a risky threat was more like a shock to a stable system, akin to the macro-
economic shocks he had modeled in the 1940s.

The problem of surprise attack

During the Cold War, most analysts regarded deterrence as a matter of calculation
and decision. Deterrence, wrote William Kaufmann in 1954, involves “a special
kind of forecast: a forecast about the costs and risks that will be run under certain
conditions, and the advantages that will be gained if those conditions are avoided.”"’
Thomas Schelling saw things differently. Since the costs of a nuclear war lavishly out-
weighed any imagined benefits, the superpowers, he reasoned, were unlikely to choose
a nuclear exchange. But they might stumble into one accidentally. The crux of the
problem of superpower deterrence wasn’t deliberation; it was inadvertence. To formu-
late this idea, Schelling began with the notion that a general war would commence
with a sudden and massive nuclear strike—the so-called problem of surprise attack.

Since 1945, commentators had often described nuclear weapons as inherently
suitable for surprise attacks. It was not until the mid-1950s, however, that many
analysts and policymakers, including President Dwight Eisenhower, began to
regard surprise as the decisive factor in an imagined World War III. In
Eisenhower’s “atoms for peace” speech to the United Nations in December 1953,
for example, he warned that even vast nuclear superiority was “no preventive, of
itself, against the fearful material damage and toll of human lives that would be
inflicted by surprise aggression.””® “Multiply the effect of Pearl Harbor,”
Eisenhower remarked in a press conference in early 1954, “which was a defeat
for the United States because it was a surprise attack, and the role of surprise
becomes apparent.””'

The 1950s saw some of the first, faltering attempts to negotiate bilateral safe-
guards against surprise attack. For the Air Force and its brain trust, however, the
more serious approach was to strengthen deterrence through early warning and

PWilliam W. Kaufmann, “The Requirements of Deterrence,” Center of International Studies, Princeton
University, Memorandum No 7 (15 Nov. 1954), 3.

*°Address by Mr Dwight D. Eisenhower, President of the United States of America, to the 470th Plenary
Meeting of the United Nations General Assembly, 8 Dec. 1953, at www.iaea.org/about/history/atoms-for-
peace-speech.

*'Walter H. Waggoner, “Eisenhower Backs Quick Retaliation,” New York Times, 14 Jan. 1954, 17.
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credible, prompt retaliation. A group led by Albert Wohlstetter at the Air
Force-funded RAND Corporation completed a series of studies on the vulnerability
of US nuclear bases at home and overseas. In a culminating RAND report, labeled
R-290 and issued in September 1956, Wohlstetter observed that preventing a Soviet
surprise attack “requires protected airpower.”>* Sheltering and dispersal of bomber
aircraft would be crucial, but the best way to protect the forces of the Strategic Air
Command (SAC), Wohlstetter argued, was through speedy response, getting SAC
planes airborne within minutes of an initial alarm. A panel appointed by the
National Security Council (NSC) in 1957, known colloquially as the Gaither
Committee, recommended a SAC ““alert’ status of 7 to 22 minutes, depending on
the location of bases.”* By October of 1957, before the ink had dried on the
Gaither report, SAC commander Thomas Power was already placing up to a
third of his bomber force on fifteen-minute alert.”*

Rather than solve the problem of surprise attack, however, the SAC alert created
the disturbing new possibility of retaliation by mistake. In R-290, Wohlstetter had
recommended a special procedure for calling off an attack, known as “fail-safe,”
according to which bombers launched in response to an early warning would pro-
ceed to target only after flying to a predesignated point and receiving a special
order. “Unfortunately,” wrote Wohlstetter, “responding to ambiguous evidence
means responding to false alarms. However, if SAC does not respond to false alarms,
there is no guarantee that it will respond to an actual enemy attack.”*> SAC imple-
mented the plan. In April 1958, when Thomas Power briefed the NSC on the fail-
safe procedure, Secretary of State John Foster Dulles immediately recognized its
dangers. Might, asked Dulles, the Soviets “be uncertain whether these flights por-
tended a real attack on the Soviet Union or not? Being thus uncertain, the Soviets
might start their deliveries of nuclear weapons against the United States even
though no actual attack by the United States on the Soviet Union was intended.”*®

Soviet officials found the SAC alert at least as troubling. In an interview with
Hearst Newspapers in November 1957, Nikita Khrushchev described “the possibil-
ity of a mental blackout when the pilot may take the slightest signal as a signal for
action and fly to the target that he had been instructed to fly to. Under such con-
ditions a war may start purely by chance, since retaliatory action would be taken
immediately.””” In an April 1958 press conference in Moscow, Soviet foreign

22 Albert Wohlstetter, Fred S. Hoffman, and Henry S. Rowen, “Protecting U.S. Power to Strike Back in the
1950’s and 1960’s,” RAND R-290 (1 Sept. 1956). On Wohlstetter and the RAND basing studies see Kaplan,
Wizards of Armageddon, 86-124. Wohlstetter’s views on surprise attack were influenced heavily by his wife
Roberta Wohlstetter’s study of the Japanese assault on Pearl Harbor. See Ron Robin, The Cold World They
Made: The Strategic Legacy of Roberta and Albert Wohlistetter (Cambridge, MA, 2016), esp. 49-73.

ZSecurity Resources Panel of the Science Advisory Committee, “Deterrence and Survival in the Nuclear
Age” (7 Nov. 1957), 6.

**Anon., “Strategic Air Chief Puts Third of Force on Alert,” New York Times, 9 Nov. 1957, 10; Richard
Witkin, “S.A.C. Operating New Alert Plan,” New York Times, 11 Nov. 1957, 12.

2>Wohlstetter, Hoffman, and Rowen, R-290, 60, emphasis in original.

*6United States Department of State, Foreign Relations of the United States (hereafter FRUS): 19581960,
vol. III, document 16.

*7“1.73 Soviet Propaganda on the Nature of the Nuclear War Threat, CIA/DI/FBIS Radio Propaganda
Report, 25 June 1958,” CIA FOIA Reading Room, Document 5166d4f999326091c6a60920, at www.cia.
gov/library/readingroom/docs/1958-06-25.pdf.

https://doi.org/10.1017/51479244319000271 Published online by Cambridge University Press


http://www.cia.gov/library/readingroom/docs/1958-06-25.pdf
http://www.cia.gov/library/readingroom/docs/1958-06-25.pdf
https://doi.org/10.1017/S1479244319000271

Modern Intellectual History 179

minister Andrei Gromyko produced an even more vivid script for accidental
Armageddon. Gromyko and his colleagues had read a United Press report claiming
that in several instances, SAC bombers had been launched on retaliatory missions
in response to meteorites and other “objects, flying in seeming formation” (i.e.
birds) fluorescing on the radarscopes of the Distant Early Warning Line.”
Imagine, Gromyko said, if the Soviets also happened to alert their bombers just
as a mistakenly launched SAC fleet approached Soviet airspace. Then “the two
air fleets sighting each other somewhere over the Arctic wastes would draw the nat-
ural conclusion that an enemy attack had indeed taken place, and mankind would
find itself plunged into the vortex of an atomic war.”*’

Thomas Schelling, who immersed himself in the study of deterrence in early
1958, gathered these separate threads and wove them together: the idea that sur-
prise offered the only advantage in general nuclear war, that early warning
would enable a quick reaction, and that hyper-alert forces and false warnings
may provoke a mistaken attack. As Gromyko made his speech, Schelling was in
London on sabbatical from the economics department at Yale. He was in the
midst of a remarkable career shift. A 1956 article on the theory of bargaining,
and one the following year on bargaining and limited war, had caught the attention
of analysts at RAND, who invited Schelling to spend the summer of 1957 as a visit-
ing consultant.’® He was not affiliated with Wohlstetter’s group at that time, and it
remains unclear what persuaded him to take surprise attack as his subject after
touching down in London the following winter.”' Some motivation was likely pro-
vided by the anxious national discussion then underway in Britain. A string of mis-
haps involving crippled planes and wayward bombs had sparked an ongoing debate
in Parliament and the press about nuclear accidents, unintentional nuclear war, and
the risks of basing of SAC aircraft on British soil.”

Most strategic theorists had assumed that the purpose of deterrence was to pre-
vent a deliberate war. In Schelling’s view, the age of intercontinental bombers, mis-
siles, and warning systems presented the harder case of preventing a war that
neither side wanted. No one desired thermonuclear war, Schelling thought, but if
war were to happen, each side might perceive an advantage to starting it.
Moreover, each would believe that its rival perceived the situation similarly. A dan-
gerous dynamic might evolve in which both sides would feel tempted to attack in
order to beat the attack of the enemy, especially during a crisis. In a tense

*8Anon., “This Is Article Cited by Soviet in Its Criticism of U.S. Flights,” New York Times, 19 April 1958,
4.

2 Anon., “Soviet Statement,” New York Times, 19 April 1958, 2. On the SAC alert and Soviet reactions
see also Eric Schlosser, Command and Control: Nuclear Weapons, the Damascus Accident, and the Illusion
of Safety (New York, 2013), 188-90.

3Thomas C. Schelling, “An Essay on Bargaining,” American Economic Review 46/4 (1956), 281-306;
Schelling, “Bargaining, Communication, and Limited War,” Conflict Resolution 1/1 (1957), 19-36;
Schelling, email to the author, 25 June 2016.

*'Schelling later remarked that surprise attack simply “seemed a problem to understand.” Schelling,
email to the author, 25 June 2016.

*?Anon., “Fire Destroys A-Bomber,” Manchester Guardian, 1 March 1958, 1; Anon., “Fuel Tank Falls
From Plane,” Manchester Guardian, 4 March 1958, 1; Anon., “A-Bomb Incident Disturbs MPs,”
Manchester Guardian, 13 March 1958, 1. See also Schlosser, Command and Control, 185-8; and Ken
Young, The American Bomb in Britain: US Air Forces’ Strategic Presence, 1946-64 (Manchester, 2016).
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atmosphere of mistrust, an accident or misunderstanding might send the super-
powers over the edge.

Deterrence, Schelling explained in a later essay, “is usually said [to be] aimed at
the rational calculator in full control of his faculties and his forces; accidents may
trigger war in spite of deterrence. But it is really better to consider accidental war as
the deterrence problem, not a separate one.”>> The outbreak or aversion of nuclear
war would not be decided by a cool-headed cost-benefit calculation. It would be the
outcome of a dynamic, autonomous process, unfolding beyond the complete, con-
scious control of the adversaries. In the new paper Schelling wrote between
February and April 1958, he modeled this process, and called it the reciprocal
fear of surprise attack.

The reciprocal fear of surprise attack

The Prussian military theorist Carl von Clausewitz described war as “nothing but a
duel [Zweikampf] on a larger scale.”** Schelling began “Reciprocal Fear” with
Zweikampf in the suburbs. Schelling-as-homeowner, gun in hand, creeps down-
stairs in the middle of the night to find a burglar similarly armed. “Even if he’d
prefer just to leave quietly,” Schelling wrote, “and I'd like him to, there is danger
that he may think I want to shoot, and shoot first. Worse, there is danger that
he may think that I think he wants to shoot. Or he may think that I think he
wants to shoot. Or he may think that I think he thinks I want to shoot. And so
on.” Does the encounter end with shots fired?*> In Clausewitzian style, Schelling
expanded this domestic duel to superpower scale. Suppose, he continued, that
there is “no ‘fundamental’ basis for an attack by either side”—that “the gains
from even successful surprise are less desired than no war at all.” Suppose, too,
that each side knows that if war occurs, it is better to be first than to be slow on
the draw. Each side, wondering what the other may be planning, grows nervous
and somewhat more prepared to attack. Yet each also knows that its rival, in the
grip of identical thoughts, must also have become more fearful and more prepared
to strike. It seems reasonable to make another cautionary increase in alertness and
attack-readiness; but again, the same worry has certainly occurred to the other side.
“It looks,” Schelling went on,

as though a modest temptation on each side to sneak in a first blow—a temp-
tation too small by itself to motivate an attack—might become compounded
through a process of interacting expectations, with ... successive cycles of
“He thinks we think he thinks we think ... he thinks we think he’ll attack;
so he thinks we shall; so he will; so we must.”*

**Thomas C. Schelling, “Meteors, Mischief, and War,” Bulletin of the Atomic Scientists 16 (1960), 2926,
at 293, emphasis in original.

34Carl von Clausewitz, On War, trans. Michael Howard and Peter Paret (New York, 2007), 13.

33Schelling, “Reciprocal Fear,” 1, emphasis in original.

**Ibid., 1. Schelling had explored similar processes of interacting expectations in his “Essay on
Bargaining” from 1956, where he introduced an early version of the classic line from “Reciprocal Fear.”
Two bargainers reach a bargain, Schelling argued, when their expectations jointly converge on an outcome.
Why one outcome rather than another? “A bargain is struck when somebody makes a final, sufficient

i=3
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Schelling began by trying to model the situation with a simple game. During his
visit to RAND the previous summer, colleagues there had suggested a new mono-
graph, R. Duncan Luce and Howard Raiffa’s Games and Decisions, and Schelling
spent, by his own estimate, perhaps a hundred hours reading it.>” In the
surprise-attack game he devised, two players confronted a choice between two
moves—attack or withhold—yielding four possible game outcomes: both could
attack, one could attack while the other withheld (and vice versa), and both
could withhold. According to the payoffs Schelling set for the game, it was better
to strike first than to be struck first, but the best outcome was to avoid war
altogether. Schelling was not, however, interested in whether either player would
decide to attack. He was interested in the possibility that the adversaries’ interacting
expectations would cause them to grow more likely to attack. To that end, he
assigned each player a probability of “irrational” (that is, inadvertent) attack—attack
against one’s better judgment—whose value could range between 0 and 1. Each
player then calculated an expected payoff for the game, weighting the value of
each alternative outcome according to the attack probabilities of both sides.
Schelling could then see whether the two attack probabilities would interlock, driv-
ing one another other upward in an escalatory spiral.

To his disappointment, he found that they would not. Depending on the payoff
assigned to a first strike, Schelling found certain critical values for the respective
attack probabilities above which neither player could afford not to strike. If either
attack probability exceeded its critical value, the game became a prisoner’s dilemma,
leading both players to strike. But if both probabilities started below these critical
values, neither player would ever choose to strike. In either case, the game had failed
to produce the dynamics Schelling had described in words. “We do not get any kind
of regular ‘multiplier’ effect out of this [game model],” he wrote.

The probabilities of the two sides do not interact to yield a higher probability,
except when they yield certainty. That is, the outcome of this game, starting
with finite probabilities of “irrational” attack on both sides, is not an enlargement
of those probabilities by the fear of surprise attack; it is either joint attack or no
attack. That is, it is a pair of decisions, not a pair of probabilities about behavior.*®

This would not do. Instead of an escalation of the attack probabilities, the game pro-
duced decision: attack or don’t. Schelling had wanted shades of gray; the game pro-
duced black and white. So he abandoned the game and tried something else.””

concession,” Schelling wrote. “Why does he concede? Because he thinks the other will not. ‘T must concede
because he won’t. He won’t because he thinks I will. He thinks I will because he thinks I think he thinks so.”
Schelling, “Essay on Bargaining,” 281.

37Schelling, email to the author, 21 July 2015.

8Schelling, “Reciprocal Fear,” 7, emphasis in original.

*Several scholars, including Jervis, Ayson, and Amadae, summarize “Reciprocal Fear” as a study of the
PD game. Strangely, none mention that halfway through the paper, Schelling dropped the game in favor of
a second, explicitly dynamic model. See Jervis, “Security Studies,” 110; Ayson, Thomas Schelling, 142-59;
Amadae, Prisoners of Reason, 87-90.
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As Schelling worked on his paper, Andrei Gromyko held his press conference in
Moscow and spoke of nuclear war beginning with an erroneous radar signal.** To
be effective, a warning system had to be sensitive. “But a warning system is not
infallible,” Schelling wrote in the second half of “Reciprocal Fear.” “A warning sys-
tem may err in either way: it may cause us to identify an attacking plane as a seagull,
and do nothing, or it may cause us to identify a seagull as an attacking plane, and
provoke our inadvertent attack on the enemy.”*' False warning and mistaken retali-
ation were the crucial elements of Schelling’s second model.

Schelling defined a new variable to connect false warning to mistaken attack. The
“reliability” of each side’s warning system, R, was the probability that the system
would accurately identify an incoming strike. The better the warning system at
spotting real attacks, however, the more likely it was to issue false positives, inter-
preting a bird as a plane and prompting a mistaken retaliation. Schelling therefore
made each adversary’s probability of inadvertent attack—denoted with the variable
B—a strictly increasing function of its warning-system reliability. You can improve
the sensitivity of your warning system so that you’ll never be caught by surprise, but
then you’ll be more likely to fight a war by mistake.

How would the adversaries behave in the model? The first of three options
Schelling considered (and the only one he explored in analytical depth) was some-
thing he called “dynamic adjustment.” Each side, he said, would continually
observe the current values of the other side’s warning-system reliability and attack
probability, then adjust its own values according to a “behavior equation,” which it
determined by minimizing its expected loss from the interaction. In this sense, both
adversaries were perfectly rational. Yet neither adversary would ever reach a deci-
sion about whether to strike or not. Each adversary “responds to an estimate of the
probability of being attacked not by an overt decision to act or abstain,” Schelling
explained, “but by adjusting the likelihood that he may mistakenly attack.”**

Then Schelling inserted a small but important mathematical detail. Each side, he
said, would minimize its losses only with respect to the variable it could control—
that is, with respect to its own attack probability (not with respect to its adversary’s
probability). This allowed Schelling to specify the entanglement between the attack
probabilities that had eluded the previous model. Because each probability variable
adjusted according to its own behavior equation, two separate relationships held
simultaneously between the two attack probability variables: one relationship
“desired” by the first side, the other “desired” by the second. The two probabilities
would push and pull one another, each constantly adjusting in an attempt to satisfy
its own behavior equation given the instantaneous value of its counterpart in the
system. The fact that each adversary minimized losses only with respect to its
own attack probability meant that neither anticipated rational behavior on the
part of its rival. Instead, each made the (continually thwarted) assumption that
its adversary’s probability would remain constant. The second model, said

“0Schelling did not cite the speech in “Reciprocal Fear,” but he did in a paper written later that same
year. See T. C. Schelling, “Surprise Attack and Disarmament,” RAND P-1574 (10 Dec. 1958), reprinted
as chap. 10 in Schelling, Strategy of Conflict, 230-54, at 248.

“ISchelling, “Reciprocal Fear,” 17.

“1bid., 17, emphasis in original.

https://doi.org/10.1017/51479244319000271 Published online by Cambridge University Press


https://doi.org/10.1017/S1479244319000271

Modern Intellectual History 183

Schelling, was one in which each side reacted “parametrically” to its environment.
Neither imagined that it played against a strategic and rational opponent. Having
stripped decision and anticipation out, Schelling had converted his game-theoretic
model into a mechanical system of dynamic adjustment.*’

The question was whether the two sides’ attack probabilities would settle down
or race upward toward certain nuclear war. Would deterrence hold or disintegrate?
Schelling moved quickly. “We can express each player’s optimum value of [B] as a
function of the other’s,” he wrote, “solve the two equations, and deduce the stability
conditions for the equilibrium.”** First he derived the behavior equations—messy,
coupled equations—and then cut through them with apparent ease. In a short pas-
sage of virtuoso math, he produced an exact condition for the equilibrium of the
system, and the stability of this equilibrium.

Pause for a moment over these terms, “equilibrium” and “stability.” Equilibrium
is the solution itself: the actual values of the two attack probabilities that jointly sat-
isfy their respective behavior equations. Stability is a quality of the equilibrium: the
tendency of the equilibrium solution to persist over time, correcting disturbances
away from it. A stable equilibrium is self-restoring; an unstable equilibrium is
one in which disturbances are self-aggravating. Think of a pencil balancing verti-
cally on a flat surface. It is in equilibrium while it remains balanced, yet the slightest
bump knocks it over. The equilibrium is quite unstable. Now think of a smoothly
curved dish resting on its rounded side. If nudged, it wobbles and returns to its ori-
ginal position. The equilibrium is stable.

In the dynamic-adjustment model, stability meant the ability of the two attack
probabilities to stick, and stay stuck, at mutual solution values.*> With astonishing
compression, Schelling described a test of this stability. Call the two adversaries “R”
and “C,” and label their respective probabilities of inadvertent attack B, and B..*®
According to Schelling,

A stable equilibrium requires that player R’s (dB, / dB.) and C’s (dB. / dB,)
should have a product less than 1, i.e., that with B, measured vertically and
B, horizontally, C’s curve should intersect R’s from below. The general “multi-
plier” expression relating changes in the B’s and R’s [i.e. the attack probability
and warning-system reliability] to shifts in the functions ... contains 1 minus
this product in the denominator.*’

**See Roger B. Meyerson, Game Theory: Analysis of Conflict (Cambridge, MA, 1991), 4, where
game-theoretic models are distinguished from non-game-theoretic models of, for example, general price
equilibrium, in which “individuals only perceive and respond to some intermediating price signals,” and
do not rationally anticipate their counterparts’ strategies or behaviors.

*Schelling, “Reciprocal Fear,” 21.

#3Schelling also described, in his first model, the matrix leading to joint withholding as “stable.” He was
at pains, however, to distinguish this “stability” from the stability of the dynamic-adjustment model.
“Stability of the matrix game, as distinct from stability of a parametric-behavior equilibrium [i.e. in the
second model],” he wrote, “is not a relevant concept for the [second model].” Ibid., 23.

*$The labels “R” and “C” were holdovers from the previous game model, where Schelling had assigned
one adversary the rows of the payoff matrix, and the other the columns.

*’Schelling, “Reciprocal Fear,” 22-3.
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And that was all. If the idea of stability in nuclear strategy has a genesis moment,
this is it.

An enormous amount of information is contained in this brief passage (a more
detailed technical discussion can be found in the appendix below). For now, note
that Schelling invites us to picture a graph—one he did not draw in the paper.
The graph measures side C’s attack probability (B.) along the horizontal axis.
Side R’s attack probability (B,) is measured along the vertical axis. Two curves—
one for side C, one for side R—show how each side’s attack probability is governed
by its behavior equation. Schelling instructs us that possible equilibria of the
dynamic system are found where these two curves intersect. For an intersection
to represent a stable equilibrium, says Schelling, “C’s curve should intersect R’s
from below” at that point. In other words, to the left of the intersection, C’s
curve should fall below R’s curve, and to the right it should rise above.

To explore Schelling’s analysis, I solved Schelling’s equations (assuming a simple
form for the dependence of each side’s attack probability on its warning-system reli-
ability) and plotted the resulting curves in Figure 1. At two points on the graph, the
two sides’ behavior equations are satisfied simultaneously: the intersections, or
equilibrium points, a and b. At only one of these points, however, does the system
come to a resting place capable of persisting over time: at b, the point of stable
equilibrium.

Why didn’t Schelling draw an illustrative graph in the paper, or explain the sta-
bility condition in more detail? It is impossible to know with certainty. When I
asked him, he remembered using “a lot of pencil and paper” to work through
the analysis, but he could no longer recall why he did not include a graph.*®
Perhaps it simply didn’t occur to him to try out sample functions, or time was
short, or he didn’t have access to plotting equipment in London. Maybe he assumed
that his readers—the strategists of RAND’s economics division, where the paper
was printed in the spring—would follow the analysis without a graph.

Schelling considered two additional behavior hypotheses in “Reciprocal Fear,”
describing these respectively as a noncooperative and a cooperative game. The non-
cooperative game was single-shot; the players simultaneously set their attack probabil-
ities once, all in one go, neither knowing what value the other had set. This game,
Schelling asserted, had an equilibrium “where the parametric-behavior [ie. the
dynamic-adjustment] hypothesis yielded a stable equilibrium.”*” How so? Schelling
didn’t say. The implication seemed to be that both players would first imagine the
dynamic-adjustment model, carry out Schelling’s stability analysis, realize that the
stable equilibrium was a point from which neither would unilaterally depart—and
then jointly select it. In other words, the result of the noncooperative game was
based on the stability analysis of the paper’s previous section. In the cooperative
game, the players would try to reduce the probability of war by, for example, nego-
tiating to lower the sensitivity of their warning systems. Schelling could find no obvi-
ous solution here; bargains between the players, he noted, were “not in all cases
stabilizing.”*® Stability seemed harder to grasp under this behavior hypothesis.

48Schelling, email to the author, 25 June 2016.
*Schelling, “Reciprocal Fear,” 24.
*%Ibid., 27.
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Figure 1. A sample graph based on a graph briefly described, but not drawn, by Thomas Schelling in “The
Reciprocal Fear of Surprise Attack.” The graph shows how each adversary adjusts its attack probability as a
function of its rival’s attack probability. Side C’s behavior equation is represented by the dashed line; side
R’s is represented by the solid line. There are two solutions, or equilibria, of the system, where the lines inter-
sect. The first intersection, at a, does not satisfy Schelling’s stability condition (namely that C’s curve should
intersect R’s from below). The equilibrium at a is therefore unstable and will not persist. The second intersec-
tion, at b, does satisfy the stability condition. Provided the system starts above and to the right of point a, it
dynamically settles at point b. When the relationship between attack probability and warning-system reliability
is more complicated than assumed for this example, additional stable and unstable equilibria are possible.

The quibble, however, mattered less than the paper’s bright new idea. Whether
nuclear thinkers pondered Schelling’s mathematics or not, the lesson they took
from “Reciprocal Fear” was the promise of “stability”: deliverance from the incen-
tive to strike first.

Stability as macroeconomic analogy

“The analogies keep tumbling out of his mind,” the decision theorist Howard Raiffa
once said of Schelling’s method, “as if he has an almost endless tabulation of con-
crete examples in his personal micro-micro computer and each new thought auto-
matically triggers a search routine.””' A preternatural gift for analogy is part of the
Schelling legend, and it has been easy to assume that stability—an idea he revisited
throughout his career—was simply his favorite among the many analogies he
selected from a realm of pure abstraction.”> Of course, stability was an analogy.
Its roots lay in eighteenth-century mechanics, where it soon found application in

SIRaiffa quoted in Richard Zeckhauser, “Distinguished Fellow: Reflections on Thomas Schelling,”
Journal of Economic Perspectives 3/2 (1989), 153-64, at 156-7.
*’[ take this to be the underlying premise of Ayson, Thomas Schelling.
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astronomy, hydrodynamics, and thermodynamics.” It had arrived in economics by
the late nineteenth century, brought there most famously by Alfred Marshall, who
had been trained as a mathematical physicist at Cambridge, and whose classic 1890
treatise Principles of Economics used mechanical metaphors to conceptualize stabil-
ity in the balance between supply and demand. In the twentieth century, stability
concepts bloomed across the social and systems sciences, from population ecology
to sociology and cybernetics.”*

There was, however, something distinctive about the kind of stability that
Schelling described: the bilateral stability of mutual adjustments between variables
in a dynamic system. This was the sort of stability that Keynesian macroeconomists
isolated in their models of national income and effective demand in the 1930s and
1940s. The resemblance was no accident. Schelling had not burst upon the world
fully formed, after all. He had begun his professional life as a Keynesian mathem-
atical modeler. The model of surprise attack he built in 1958 shared the same
dynamic adjustment—and the same stability—as the models on which he’d worked
as a young macroeconomist.

Like most formal thinkers, Schelling was trained, and his training left an indel-
ible mark. As an undergraduate at the University of California, Berkeley, and then
as a doctoral student at Harvard, Schelling learned to see the economy as a system
of dynamic adjustment whose essential property was stability. He was a follower of
the English economist John Maynard Keynes, who had published his landmark the-
ory of the economy a few years before Schelling began his formal training. Keynes
did not produce explicit mathematical models, but his many followers did.
Economists of the “Keynesian revolution” thrilled to the sense that finally, in the
wake of the Great Depression, they possessed a precise understanding of why the
economy cycled, and how governments could reverse downturns and encourage
growth. “In those days,” Schelling said of his education in the 1940s, “almost every-
one was a Keynesian.”””

Schelling studied Keynesian models in his dissertation and first book (National
Income Behavior, published in 1951) and in every article he turned out in the
1940s.>° Each of the models he constructed in this period was a system of dynamic
adjustment, featuring “behavior equations” governing the movement of macroeco-
nomic quantities: levels of consumption, investment, saving, government expend-
iture, taxes, price levels, employment, and so on. A central variable, the “national

>Remco 1. Leine, “The Historical Development of Classical Stability Concepts: Lagrange, Poisson and
Lyapunov Stability,” Nonlinear Dynamics 59 (2010), 173-82; Olivier Darrigol, “Stability and Instability
in Nineteenth-Century Fluid Mechanics,” Revue d’histoire des mathématiques 8/1 (2002), 5-65.

>*On Marshall, see E. Roy Weintraub, How Economics Became a Mathematical Science (Durham, NC,
2002), 9-40. On analogies between physics and economics see Philip Mirowski, More Heat than Light:
Economics as Social Physics: Physics as Nature’s Economics (New York, 1989). On other analogical uses
of stability see Sharon Kingsland, Modeling Nature: Episodes in the History of Population Ecology, 2nd
edn (Chicago, 1995; first published 1985).

>*Schelling, email to the author, 21 July 2015. See also John Maynard Keynes, The General Theory of
Employment, Interest and Money (London, 1973; first published 1936); Roger E. Backhouse and Bradley
W. Bateman, Capitalist Revolutionary: John Maynard Keynes (Cambridge, MA, 2011); Nicholas
Wapshott, Keynes Hayek: The Clash That Defined Modern Economics (New York, 2011).

**Thomas C. Schelling, National Income Behavior: An Introduction to Algebraic Analysis (New York,
1951).
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income,” measured the overall activity of the system.”” The task of the modeler,
Schelling explained in his dissertation-turned-book, was to “make explicit the
adjustment process which is implicit in the behavior equations.””® It is no easy
feat to grasp the simultaneous mutual adjustments of a system of many variables,
so Keynesian modelers reduced this complexity by narrowing attention to pairs of
variables and behavior equations, holding the others fixed.>® In Schelling’s models,
these were typically the national income and a quantity Keynes called the “effective
demand,” equal to the sum of consumption and capital investment.

As a young economist, Schelling was tutored in the techniques of stability. His
earliest guides were William Fellner, his undergraduate mentor at Berkeley; Arthur
Smithies, his supervisor during a year at the Fiscal Division of the US Bureau of the
Budget; and Alvin Hansen, an expert on fiscal policy known by some as the
“American Keynes,” and the closest thing to a thesis adviser Schelling had during
his years at Harvard from 1946 onward.®® Paul Samuelson, a previous student of
Hansen’s, presented a detailed discussion of static and dynamic stability in his
magisterial Foundations of Economic Analysis, published in 1947. Schelling, who
later described the book as “utterly absorbing, just what I was ready for,” immersed
himself in Samuelson’s mathematical approach to macroeconomics.®'

Among Schelling’s modeling tools, one of the most important was a graph,
whose crossing lines revealed states of stable and unstable equilibrium. By reducing
the number of dynamic variables to two, the whole model—the entire economic
system—could be summarized on a plot with the variables measured along orthog-
onal axes. This technique, too, was not original to Schelling. All of his teachers had
drawn graphs before him. Samuelson had published the first national income graph
in 1939, using it to investigate a quintessential Keynesian model he had devised
with Hansen, known as the “multiplier-accelerator.”®*

Schelling published his own national income graph for the first time in 1947,
shown in Figure 2. It was conventional to draw the national income along one
axis and the effective demand along the other. The solution to the model was
found where the line representing the behavior equation for national income inter-
sected the line representing the behavior equation for effective demand, stable

>’On the national income as an invention of econometrics in the early twentieth century see Diane
Coyle, GDP: A Brief but Affectionate History (Princeton, 2014).

58Schelling, National Income Behavior, 44.

*Ibid., 36. Marc Trachtenberg notes that among Keynesians “there seems to have been a certain pref-
erence for two-equation models ... which could be analyzed by drawing graphs.” See Marc Trachtenberg,
“Keynes Triumphant: A Study in the Social History of Economic Ideas,” Knowledge and Society 7 (1983),
17-86, at 54.

Schelling, email to the author, 21 July 2015. On Hansen see chap. 8 in William Breit, Roger L. Ransom,
and Robert M. Solow, The Academic Scribblers, 3rd edn (Princeton, 1998), 81-106.

®ISchelling, email to the author, 21 July 2015. And see Paul Anthony Samuelson, Foundations of
Economic Analysis (Cambridge, MA, 1947), esp. 257-83. On Samuelson see Roger E. Backhouse,
Founder of Modern Economics: Paul A. Samuelson, vol. 1 (New York, 2017).

2Schelling cited the following published graphs as influential for his own work: William Fellner, “Period
Analysis and Timeless Equilibrium,” Quarterly Journal of Economics 58/2 (1944), 315-22; Alvin H. Hansen,
“Three Methods of Expansion through Fiscal Policy,” American Economic Review 35/3 (1945), 382-7; and
Paul A. Samuelson, “A Synthesis of the Principle of Acceleration and the Multiplier,” Journal of Political
Economy 47/6 (1939), 786-97.
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Figure 2. Thomas Schelling’s first published national income graph, from 1947. The behavior equation for the
national income, measured along the horizontal axis, is given by the line v = x (the “forty-five-degree line” in
Keynesian parlance). The effective demand required by the Harrod-Domar model, measured along the vertical
axis, is given by the line v = ay, + B(x-y,). The equilibrium of the model is at Q, where the two lines intersect.
Because the national-income line cuts the effective demand line from above (rather than below), the equilib-
rium is unstable. Schelling concluded that the model was therefore unviable. © American Economic
Association; reproduced with permission of the American Economic Review. T. C. Schelling, “Capital
Growth and Equilibrium,” American Economic Review 37/5 (1947), 864-76, at 874.

provided the line measured by the horizontal axis cut the vertically measured line
from below. “A solution is ‘stable,” or the equilibrium it represents is ‘stable’,” wrote
Schelling in 1951, “if deviations of the variables from their solution values lead to
adjustment back to those solution values.”®® In 1947 Schelling graphed a much-
discussed model of perpetual economic growth (the “Harrod-Domar model”)
and judged it unrealistic because the model required that the national-income
line cut the aggregate demand line from above. “Clearly,” Schelling wrote, “the
usual stability requirement is absent. Since the equilibrium—if equilibrium we con-
sider it—is unstable, it is virtually irrelevant.”®*

No mere user of the graphs, Schelling was an innovator of the form, refashioning
the technique to novel ends. In just his second year of graduate school, he invented
a version of the graph to investigate the effect of a tax increase on the national
income. Paul Samuelson found the graph nifty enough to name it the “Schelling

63Schelling, National Income Behavior, 47.
*T. C. Schelling, “Capital Growth and Equilibrium,” American Economic Review 37/5 (1947), 864-76, at
870.
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SCHELLING ‘DIAGRAM
(Red curves show the effects of an autonomous increase in {tses, Black
curves show previous equilibrium at E, where C+G+l intersects
with Schelling Curve relating NNP and Disposable income,)
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Figure 3. Paul Samuelson’s hand-drawn “Schelling diagram” (undated, but almost certainly from 1948). The
effect of a tax increase was to shift the Schelling curve leftward by the amount of the increase (i.e. to the line
Samuelson has labeled New Sc), with the new equilibrium at the new intersection, labeled E'. This greatly sim-
plified an otherwise tricky algebraic calculation. Exclaimed Samuelson to Hansen: “A pretty good diagram!”
Reproduced with permission of the Harvard University Archives. Paul Samuelson to Alvin Hansen, 20 May
(likely 1948), box “Correspondence ca. 1920-1975, L-Z, 2 of 2,” folder “Samuelson, Paul,” Alvin Harvey
Hansen Papers, Harvard University Archives, Cambridge, MA.

diagram.” Figure 3 shows a hand-drawn Schelling diagram in a letter from
Samuelson to Alvin Hansen, probably based on a version Schelling himself had
published in 1948.°°> The vertical axis measures the national income (Samuelson
calls it “net national product”), and the horizontal axis measures “disposable
income,” which is the national income adjusted by a constant rate of taxation.

®*Thomas C. Schelling, “Income Determination: A Graphic Solution,” Review of Economics and Statistics
30/3 (1948), 227-9.
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The system’s equilibrium (labeled E) is found at the intersection between the line
representing the effective demand and the “Schelling curve” (labeled Sc), which
represents disposable income. We know the equilibrium is stable because the
Schelling curve, measured by the horizontal axis, cuts the vertically measured
effective-demand curve from below.

For a mid-century Keynesian like Schelling, stability was more than a modeling
aid. It was an article of faith, anchored in a conviction that the economy was a
smoothly operating machine whose downward fluctuations could be tamed by
the government’s fine-tuned fiscal adjustments. The Keynesian stimulus mechan-
ism was known as the “multiplier,” a mathematical formula dictating that an
increase in investment would raise the national income by an amount greater
than the increase in investment. It turns out that the stability of the system is guar-
anteed if the multiplier is larger than 1 but not infinite—a property that Keynes, in
his 1936 General Theory, had referred to as the “first condition of stability.”*® To
Schelling, and to everyone in his circle, the very fact that the economy could persist
at a roughly constant level of activity meant that it was fundamentally stable. For
this reason, any macroeconomic model failing to exhibit stability could safely be
discarded.”’

And so we return, finally, to 1958. To obtain the behavior equations, recall that
Schelling stipulated “parametric behavior” on the part of the adversaries. Each
adversary, adjusting its own attack probability, assumed that the other’s attack
probability would remain constant. A similar assumption arises in the Cournot
duopoly, a classic nineteenth-century model of market competition in which two
producers sell versions of the same product. Each producer changes its output
while projecting constant output on the part of its rival. Schelling would surely
have learned much about the duopoly from his teacher William Fellner, who had
written a 1949 book on simple market structures.®®

But then Schelling would also have known Fellner’s warning that the Cournot
assumptions were incoherent, rendering the duopoly intrinsically unstable.
Fellner had explained that reaction curves telling each seller how to adjust its output
or price as a function of its rival’s output or price could be used to identify the duo-
poly’s equilibria and stability. But the equilibria were spurious, said Fellner, because
the curves were themselves unstable—obtained on the shaky premise that each
seller would adjust while wrongly projecting non-adjustment on the part of its
rival. Continual disagreement between expectation and experience would induce
“doubts [that] constitute a disturbance against which the system is thoroughly
unstable.”® Fellner’s knowledge of stability was shaped by his own macroeconomic

*Keynes, The General Theory, 251. See also Backhouse and Bateman, Capitalist Revolutionary, 44. On
the importance of the multiplier in Keynesian theory see Wapshott, Keynes Hayek, 129-35.

%7 As Schelling wrote in 1947, “Any equilibrium which is unable to survive disturbances could only enjoy
ephemeral existence and would never have opportunity to exercise its functions.” Schelling, “Capital
Growth and Equilibrium,” 870.

SWilliam Fellner, Competition among the Few: Oligopoly and Similar Market Structures (New York,
1949). Schelling cited Fellner’s duopoly discussion in his 1956 “Essay on Bargaining,” at 289.

%Fellner, Competition among the Few, 66, 89-90. As Robert J. Leonard points out, in the 1950s, game
theorists identified the Nash equilibrium with the Cournot equilibrium—not because Cournot had antici-
pated game theory in the 1830s, nor because Nash had ever read Cournot (he had not), but mainly because
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practice. In 1944, years before writing about the duopoly, he had used crossed
national income and effective demand curves to assess the dynamic stability of
the economy’s response to an injection of investment.”’

In 1958, Schelling used a duopoly-type assumption to get the behavior equations.
But when he proposed that the adversaries” attack probabilities adjusted dynamically
along stable behavior curves, and when he used the multiplier to declare the system
stable as a whole, he took leave of the duopoly and reached for his Keynesian toolkit.
Here is Schelling the Keynesian in 1946: “The original assumption of a stable system,
in which all relationships are consistent with each other and with a positive level of
national income, restricts the values of [ parameters in the model], otherwise the sys-
tem is ‘explosive’—i.e., without a finite multiplier.” And Schelling the strategist in
“Reciprocal Fear,” a dozen years later: “We get a simple dynamic ‘multiplier’ system,
stable or explosive depending on the parameter values and shape of the [attack prob-
ability] function.””" A coincidence? More like an echo.

Nuclear strategy stabilized

Ask a security studies expert where the idea of stability came from, and they will tell
you that it came from the insight that it is better to catch your enemy’s weapons on
the ground than it is to be struck first by those same weapons. Such a situation is
unstable because, during a crisis, the temptation to attack might overwhelm the
normal restraints of deterrence. Protecting retaliatory forces (the “secure second
strike”) tranquilizes such first-strike incentives by eliminating the hope of launching
a surprise attack that will not be met by a punishing second strike. The result is the
opposite condition: stability. Robert Jervis, voicing a standard interpretation,
assigns credit for the discovery as follows: “Albert Wohlstetter argued that the bal-
ance of terror was delicate (i.e., that a first strike could have major advantages).
Building on this reasoning, Thomas Schelling explained that one of the greatest
dangers of war was ‘the reciprocal fear of surprise attack.””?

they sought a distinguished ancestor for Nash. Doing so required that they ignore Fellner’s “damning
indictment of the inconsistency of Cournot’s reaction curve story.” See Robert ]. Leonard, “Reading
Cournot, Reading Nash: The Creation and Stabilisation of the Nash Equilibrium,” Economic Journal
104/424 (1994), 492-511, at 504.

7°Schelling said that he had first encountered the Keynesian graphing technique in Fellner’s 1944 paper.
See Fellner, “Period Analysis”; and Schelling, “Income Determination,” 227. It is worth noting that
Schelling was not alone in applying crossed curves to models of conflict. In 1957 Anatol Rapoport, a math-
ematical biologist turned peace researcher, published an article on earlier work by Lewis Fry Richardson, a
physicist who had developed a model of arms racing. Rapoport represented rival nations’ arms levels on a
graph whose crossing lines indicated states of stable or unstable equilibrium. Had Schelling seen Rapoport’s
article? It is possible (he did not cite it in “Reciprocal Fear”)—but Schelling did not need to learn the inter-
section condition from Rapoport, having used it repeatedly in his earlier research. And Schelling’s model,
which lacked explicit time-dependence but permitted a wider range of implicit dynamic behavior, was
mathematically very different from the Richardson-Rapoport model. See Anatol Rapoport, “Lewis
F. Richardson’s Mathematical Theory of War,” Conflict Resolution 1/3 (1957), 249-99, esp. 275-9.

""Thomas C. Schelling, “Raise Profits by Raising Wages?”, Econometrica 14/3 (1946), 227-34, at 233;
Schelling, “Reciprocal Fear,” 21.

7*Robert Jervis, The Meaning of the Nuclear Revolution: Statecraft and the Prospect of Armageddon
(Ithaca, 1989), 138.
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Consider, though, that Schelling wrote “Reciprocal Fear” several months before
Wohlstetter wrote his classic essay “The Delicate Balance of Terror.” Consider that
Schelling wrote his paper in London, thousands of miles from Wohlstetter and the
RAND Corporation (with no evidence to suggest that he had seen report R-290 or
the Gaither Committee report). Consider too that a close reading of “Reciprocal
Fear” reveals that Schelling, when he wrote it, was unfamiliar with the idea of
the secure second strike. His paper was innocent of the RAND consensus on invul-
nerability, early warning, the distinction between first and second strikes, and the
role of targeting.”” A small detail, perhaps, but consider its implications. If the
secure second strike is stability, as strategic folklore would have it, then to formulate
one idea was to formulate the other. But since Schelling clearly introduced stability
with little or no knowledge of the secure second strike, that cannot be right. The
question changes—no longer how Schelling and Wobhlstetter discovered stability
in the secure second strike, but instead, how did the secure second strike become
“stabilizing”™?

In July 1958, Soviet officials agreed to Eisenhower’s proposal for an East-West
“conference of experts” on surprise attack, to be held in Geneva that autumn.”*
RAND was asked to supply background papers and to partially staff the
American delegation to the conference. Wohlstetter helped direct RAND’s efforts,
taking the opportunity to summarize his views in a new essay, “The Delicate
Balance of Terror,” printed by RAND at the end of 1958. The paper distilled pro-
posals Wohlstetter had been advancing for years, describing in rich detail the oper-
ational requirements of a secure second strike, including the dispersal, concealment,
and protection of nuclear forces.”> He and his RAND colleagues had been recom-
mending such policies for much of the 1950s. What was new for Wohlstetter was
the conceptual packaging in which he now wrapped them: equilibrium and
stability.

We can trace, at the level of line edits, how stability arrived in Wohlstetter’s pic-
ture of deterrence. “Delicate Balance” had grown out of a series of talks Wohlstetter
gave in 1957 and 1958, in which he developed his argument that the possession of
nuclear weapons did not by itself guarantee the deterrence of a general war between
the United States and the Soviet Union. Deterrence would require a difficult, costly
investment in strategic forces and their protection. To a group of military visitors at
RAND in November 1957, for example, Wohlstetter remarked that he and his
RAND associates rejected “the widespread view that there is, in [Winston]

For example, Schelling produced a vague definition of “vulnerability” in his paper that appeared incon-
sistent with a common understanding of that term among strategic experts. He drew no distinction between
first and second strikes; he said nothing about whether to target the enemy’s cities or nuclear forces, or
both. He recommended that both sides should eliminate their warning systems altogether, jointly lowering
their probabilities of inadvertent attack. This was a logical proposal in the scheme of Schelling’s model, but
one completely at odds with accepted wisdom among RAND’s strategists. Schelling, “Reciprocal Fear,” 27.

740n the surprise-attack conference see Jeremi Suri, “America’s Search for a Technological Solution to
the Arms Race: The Surprise Attack Conference of 1958 and a Challenge for ‘Eisenhower Revisionists’,”
Diplomatic History 21/3 (1997), 417-51.

">The paper included so many details, in fact, that Wohlstetter warned RAND’s associate director,
Lawrence Henderson, that it might encounter difficulty in declassification review. See the undated cover
note addressed to “Larry” in Box 149, Folder 7, Albert J. and Roberta Wohlstetter Papers, Hoover
Institution Library and Archives, Stanford (hereafter ARWP).
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Churchill’s words, a balance of terror—simply because both East and West have
nuclear weapons.””®

Immediately after Schelling’s “Reciprocal Fear” made the rounds at RAND in the
spring of 1958, a new term appeared in Wohlstetter’s speaking notes. In May 1958
(the month after the first draft of Schelling’s paper was distributed), in a lecture at
the Council on Foreign Relations, Wohlstetter now reported that his studies had
discredited the common “optimism on the stability of the balance of terror.”””
Over the summer, Wohlstetter began to rework his notes into the first complete
draft of his new paper. In September he penciled a crucial addition into a typescript
of the manuscript. “The balance is unstable,” he began—and then stopped, and
struck out the word “unstable.” He tried again: “The balance is not automatic,
because thermonuclear weapons give an enormous advantage to the aggressor. It
takes great ingenuity and realism to devise a stable equilibrium.””® Deterrence
was not automatic—this much had been clear to him for years. But a new thought
had crystallized: deterrence could be steered, with effort, into a stable equilibrium.
Deterrence could be stabilized with a secure second strike. Wohlstetter had bor-
rowed Schelling’s idea, abstracted it away from Schelling’s model, and blended it
with his own. The final version of Wohlstetter’s paper was printed by RAND at
the end of 1958 and published, in slightly condensed form, by Foreign Affairs in
early 1959, where it became perhaps the single most famous essay in the history
of nuclear strategy.”’

Schelling had arrived at RAND in late summer 1958 for a yearlong sabbatical.*
Previously unversed in RAND’s strategic lingo, he was a quick study. He now began
to borrow key ideas from Wohlstetter, especially the distinction between first and
second strikes and the notion that weapons needed protecting. By December, on
the heels of Wohlstetter’s “Delicate Balance,” Schelling had produced a new
paper in which he too argued that a secure second strike would produce stability
(a claim he had not made—had been unequipped to make—in his earlier paper).
“It is not the ‘balance’—the sheer equality or symmetry in the situation—that
constitutes ‘mutual deterrence’,” Schelling now wrote. “It is the stability of the
balance ... The situation is stable when either side can destroy the other whether
it strikes first or second—that is, when neither in striking first can destroy the

76“Stra‘fegic Deterrence Discussion (MAG),” 20 Nov. 1957, Box 130, Folder 4, ARWP. Actually,
Churchill never used the phrase “balance of terror.” In 1955 Churchill mentioned the possibility that, in
the thermonuclear age, “safety shall be the study child of terror.” Lester B. Pearson, speaking later that
year at the United Nations, adjusted Churchill’s words: “The balance of power,” he said, “has been replaced
by a balance of terror.” Wohlstetter’s exact source for the phrase is uncertain. See Alan Bullock and Stephen
Trombley, eds., The Norton Dictionary of Modern Thought (New York, 1999), 65.

77“Deterrence after 1960,” 26 May 1958, Box 130, Folder 6, ARWP, emphasis added.

78See the draft of “The Delicate Balance of Terror,” 25 Sept. 1958, Box 130, Folder 8, ARWP.

7The final version of the key sentence ran, “It takes great ingenuity and realism at any given level of
nuclear technology to devise a stable equilibrium.” Albert Wohlstetter, “The Delicate Balance of Terror,”
Foreign Affairs 37/2 (1959), 211-34, at 222.

89Schelling was on the initial recipient list when the first version of Wohlstetter’s “Delicate Balance” was
circulated at RAND in October, and he participated in a special meeting on surprise attack in Washington,
DC that same month. Schelling interview with the author, 18 Oct. 2014, Bethesda, MD; and see “Internal
Distribution,” 9 Oct. 1958, Box 149, Folder 1, ARWP.
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other’s ability to strike back.”®' In an elegant line, Schelling had equated stability
and the secure second strike, smudging the original distinction between the two
ideas. He, like everyone else, eventually forgot that they had ever been separate.*
Analysts at RAND and elsewhere took up the formula. William Kaufmann had
not mentioned stability in his essay on “the requirements of deterrence” in 1954, yet
in the fall of 1958 suddenly Kaufmann was arguing for more survivable nuclear
forces on the grounds that deterrence had “become essentially unstable.”®’
Bernard Brodie had never mentioned stability in his pathbreaking essays in The
Absolute Weapon in 1946; but in 1959 he now quoted Schelling’s definition of
stability-as-secure-second-strike.** In 1960 Henry Kissinger, who had said nothing
of the stability of deterrence in his previous studies of limited nuclear war, now
urged that nuclear weapons be protected to “define a stable equilibrium between
the opposing retaliatory forces.”® The conflation between stability and the secure
second strike was complete. An idea that had had nothing to do with nuclear weap-
ons had arrived, by a series of haphazard steps, at the center of nuclear discourse.
Stability and the secure second strike were not synonymous—until they were.

Shock to the system

In the late 1950s, strategic analysts began to perceive a credibility problem for the
declared nuclear policy of the United States. The threat of massive retaliation, meet-
ing conventional Soviet aggression with a thermonuclear response, seemed increas-
ingly suicidal given that the Soviets could (or would soon be able to) reply with
their own thermonuclear-tipped missiles. Would Washington really sacrifice
American cities because Soviet tanks had rolled over the West German border?
In early 1959, during his sabbatical year at RAND, Schelling devised what he
regarded as a more credible threat: the threat to lose control, taking deliberate
steps to raise the risk of an inadvertent general nuclear war. As Schelling explained
to Bernard Brodie, the US could coerce the Soviet Union “not by threatening to
launch general war in cold blood after some enormous blatant provocation, but
[by threatening] to get ourselves and them somewhat dangerously involved so
that even prudence on our part and prudence on their part cannot guarantee

81Thomas C. Schelling, “Surprise Attack and Disarmament,” 4, emphasis in original. Schelling’s paper
had been slated for publication alongside Wohlstetter’s as companion pieces in the Jan. 1959 issue of
Foreign Affairs. For reasons that were never explained to Schelling, his article was sidelined while
Wobhlstetter’s was published. Schelling instead published a version of his piece in the Bulletin of the
Atomic Scientists. Schelling, email to author, 26 June 2016. And see Thomas C. Schelling, “Surprise
Attack and Disarmament,” Bulletin of the Atomic Scientists 15/10 (1959), 413-18.

8See, for example, Thomas C. Schelling, “What Went Wrong with Arms Control?”, Foreign Affairs 64/2
(1985), 219-33, at 221, where Schelling writes that “secure, survivable forces were identified with what came
to be called ‘strategic stability’.” See also Thomas C. Schelling, “Foreword,” in Elbridge A. Colby and
Michael S. Gerson, eds., Strategic Stability: Contending Interpretations (Carlisle, PA, 2013), v-viii, where
Schelling actually suggests that stability is a mechanical metaphor but makes no connection to economics
or Keynesianism.

$Kaufmann quoted in Trachtenberg, History and Strategy, 24.

84Bernard Brodie, Strategy in the Missile Age (Santa Monica, 1959), 303.

%Henry A. Kissinger, “Arms Control, Inspection and Surprise Attack,” Foreign Affairs 38/4 (1960), 556-
75, at 560.
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that they can save themselves at the last moment.”®® A nuclear threatener in full
command of itself might waver at the moment of truth. The laws of chance
would not.

Where did Schelling get this incredible idea? Predictably, the most common
answer has been game theory—specifically the game of chicken, in which two
oncoming automobile drivers dare one another to swerve from their mutual colli-
sion course.”” But Schelling didn’t work with a game-theoretic formulation of
chicken, and the matrix for the game was developed only in the mid-1960s,
years after Schelling formulated the idea of risky threats.*® Others have said that
risky threats—because they must be interpreted perfectly by the threatened party
and executed coldly by the threatener—demand a breathtaking confidence in the
rationality of states and their leaders.*’

A different interpretation emerges from our reconstruction here. In a new paper
titled “Randomization of Threats and Promises,” Schelling formulated the idea of a
“probabilistic threat.”™® A probabilistic threat is a threat such that, if the threatened
party disobeys the threatener’s demand, there is a chance that the threatener will
carry out the punishment. Probabilistic threats divide the indivisible. No one can
threaten to fire half a bullet, but one can threaten to flip a coin, pulling the trigger
if the coin lands heads, holstering the gun on tails. A large threat was rendered
more credible, thought Schelling, by fractionating it into smaller, probabilistically
weighted units. To be sure, the notion of “randomizing” a threat calls to mind
the “mixed strategy” of game theory, in which players randomize their moves
over available choices. Yet Schelling went beyond this idea, mapping probabilistic
threats onto the same system of interlocking probabilities he had recently defined
in “Reciprocal Fear.”

Suppose, said Schelling, that the threatener might deliver punishment not only if
the threatened side failed to comply but even if it did comply. Suppose too that
punishment were costly to both parties, hurting threatener and threatened side
alike. Such a threat was not only probabilistic but risky. To build this idea,
Schelling defined two probabilities. The first was the chance of intentional punish-
ment (following a failure of compliance); the second, an increasing function of the
first, was the chance of accidental punishment (in spite of compliance).”’ These
were precisely the roles that warning-system reliability and the probability of inad-
vertent attack had played in “Reciprocal Fear.” In that paper, reliability had mea-
sured the chance of intentional punishment (retaliating on purpose), and the
probability of inadvertent attack had measured the chance of accidental punish-
ment (retaliating by mistake).

8Schelling to Bernard Brodie, 22 Feb. 1965, Box 2, folder “Schelling, Tom,” Bernard Brodie Papers,
University of California, Los Angeles Library Special Collections, Los Angeles, CA.

8 Freedman, The Evolution of Nuclear Strategy, 207; Robert Jervis, “Deterrence Theory Revisited,” World
Politics 31/2 (1979), 289-324, at 291-2.

880’ Neill, “Game Theory Models,” 1.

%Richard Ned Lebow, “Reason Divorced from Reality: Thomas Schelling and Strategic Bargaining,”
International Politics 43 (2006), 429-52.

0T C. Schelling, “Randomization of Threats and Promises,” RAND P-1716 (5 June 1959), printed as
chap. 7 in Schelling, Strategy of Conflict, 175-86.

*ISchelling, “Randomization,” 8-10.
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Schelling’s “Randomization” paper lacked a sense of dynamics. In a subsequent
(and more famous) paper, “The Threat That Leaves Something to Chance,” he
applied his risky-threat idea, sans mathematics, to the confrontation with the
Soviets, now making the dynamics explicit. “Suppose the Russians observe that
whenever they undertake aggressive action tension rises and this country gets
into a sensitive condition of readiness for quick action,” he wrote. “May they not
perceive that the risk of all-out war, then, depends on their own behavior, rising
when they aggress and intimidate, falling when they relax their pressure against
other countries?” A challenge to the status quo by one side (always the Soviets in
Schelling’s scenarios) would provoke an automatic and threatening adjustment
by the other. More dramatically, a threatener (always the Americans) could pur-
posefully elevate the risk of total war through “actions that ... leave everyone just
a little less sure that the war can be kept under control.””*

The threat that left something to chance inhabited the same model world
Schelling had constructed in 1958. A risky threat was a coercive manipulation of
the system of dynamically adjusting inadvertent attack probabilities. Again, echoes
from Schelling’s Keynesian past reverberated. Back in 1949, he had argued that the
government, by forcing a sudden inflation in prices, could drive the economy from
a stagnant state of underemployment into one of full employment. To make his
case, he developed a dynamic-adjustment model exhibiting bilateral stability in
the relationship between two variables: unemployment and “price flexibility” (the
rate of decline of aggregate wage and price levels). A shock was delivered in the
form of a sudden price increase—a planned inflation—which immediately pulled
the system out of equilibrium and briefly sent the economy into an even more
desperate condition. Unemployment would initially skyrocket. “A cumulative inter-
action sets in,” Schelling wrote, “a ‘multiplier effect’ which finds [unemployment]
pushing its own function value ahead at a faster rate than [unemployment] itself
can adjust for some distance.” Ultimately the system would rebound to a new stable
equilibrium, only this time at zero unemployment. “What we are talking about is a
‘cold turkey’ remedy, as opposed to a gradual tapering off,” Schelling concluded:
full employment, the holy grail of Keynesian economics, delivered by shock
therapy.”

A risky threat operates along similar lines in a world where deterrence is a sys-
tem like that depicted in Figure 1. In its most acute form, a risky threat is a discon-
tinuous manipulation of the probability of inadvertent war—a shock to the system
of attack probabilities.”* Risky threats were dangerous to the extent that they

92See Thomas C. Schelling, “The Threat That Leaves Something to Chance,” printed as chap. 10 in
Schelling, Strategy of Conflict, 187-203, at 188-9. Nuclear security experts have typically emphasized cal-
culable risk over uncertainty or blind luck, as pointed out in Benoit Pelopidas, “The Unbearable
Lightness of Luck: Three Sources of Overconfidence in the Manageability of Nuclear Crises,” European
Journal of International Security 2/2 (2017), 240-62. In an unpublished manuscript, Pelopidas criticizes
Schelling’s “The Threat That Leaves Something to Chance” on similar grounds.

*Thomas C. Schelling, “The Dynamics of Price Flexibility,” American Economic Review 39/5 (1949),
911-22, at 919, 913.

9*Schelling had explained in “Reciprocal Fear” that the model’s equilibrium was not “necessarily unique.
If it is not, the ... outcome depend][s] on initial conditions and ‘shocks’,” which move the system between
equilibria. Schelling, “Reciprocal Fear,” 24.

https://doi.org/10.1017/51479244319000271 Published online by Cambridge University Press


https://doi.org/10.1017/S1479244319000271

Modern Intellectual History 197

involved a greater chance of war. But in Schelling’s world, risky threats were safe in
a deeper sense. The system was stable. You could bend it, but it wouldn’t break.

In 1961, Schelling was invited to float his risky-threat idea at the highest levels of
decision making. In June that year, Nikita Khrushchev handed John F. Kennedy an
ultimatum demanding that the Western powers vacate West Berlin.”> Nuclear
weapons loomed over the Kennedy administration’s deliberations that summer.
Kennedy’s national security adviser McGeorge Bundy approached outside consul-
tants, including Schelling, for advice on the role of nuclear weapons in Berlin. In
early July, Schelling submitted a classified paper, “Nuclear Strategy in the Berlin
Crisis,” which Bundy included in a packet of weekend reading to accompany
Kennedy to Hyannis Port later that month.”® “The important thing in limited
nuclear war is to impress the Soviet leadership with the risk of general war—a
war that may occur whether we or they intend it or not,” Schelling wrote. If
Kennedy were considering the nuclear option, then Schelling’s recommendation
was for a “selective and threatening use” of nuclear weapons to manipulate, in
the most vivid way imaginable, the risk of a total cataclysm, and to use that risk
to coerce the Soviets into backing down.””

By what feat of conviction had Schelling asserted that thermonuclear detona-
tions could be used as a tool of deterrence—that an H bomb could be used “select-
ively” to end the Berlin crisis? Some scholars have derided Schelling’s counsel to
Kennedy in 1961 as so much rationalistic make-believe.”® We may all doubt the
wisdom of the advice, but we should be clear about the foundation of Schelling’s
confidence. It wasn’t superhuman rationality that fortified him. It was the belief
of a Keynesian fine-tuner that a stable system could withstand a shock.

Conclusion

It is a peculiar fact that Schelling never—not in his writing, nor in his communi-
cation with me—recognized any relationship between macroeconomic stability and
the stability of deterrence. He could see no connection between the two ideas, as
though his move into nuclear strategy had entailed a complete break with his
past.”” It is difficult to know why, although it must be said that memory is fickle.
It seems plausible that Schelling’s understanding of events drifted, over the years, to
match the fables generated by his considerable fame. Typical is the economist
Robert Solow, who describes Schelling’s doctoral dissertation as “an elaborately

*>0On the nuclear dimension of the Berlin crisis see Gavin, Nuclear Statecraft, 57-74.

“FRUS, 1961-1963, vol. XIV, document 56.

7Ibid. Schelling later published many of the same arguments in an unclassified article: T. C. Schelling,
“Nuclear Strategy in Europe,” World Politics 14/3 (1962), 421-32.

98Campbell Craig, Destroying the Village: Eisenhower and Thermonuclear War (New York, 1998), 152-9;
Fred Kaplan, “JFK’s First-Strike Plan,” The Atlantic, Oct. 2001, at www.theatlantic.com/magazine/archive/
2001/10/jtks-first-strike-plan/376432.

*’In my discussions with him, Schelling produced numerous memories associated with his Keynesian
training. In the two lengthiest post-Nobel autobiographical pieces he wrote, however, he mentioned
Keynes and Keynesianism not a single time. See Thomas C. Schelling autobiographical essay, in William
Breit and Barry T. Hirsch, The Lives of the Laureates: Twenty-Three Nobel Economists, 5th edn
(Cambridge, MA, 2009), 393-420; and Nobelprize.org, “Thomas C. Schelling — Biographical,” at www.
nobelprize.org/nobel_prizes/economic-sciences/laureates/2005/schelling-bio.html.
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detailed and worked-out education in static income determination ... having none
of the later Schelling’s tendency to see things from an angle no one had ever tried
before.” Only after his pivot to bargaining and game theory, says Solow, did
Schelling shed his mortal skin and become “The Later Schelling.”'” In that case
it would stand to reason that strategic stability, the handiwork of the post-
metamorphosis Schelling, had nothing to do with Schelling the Keynesian.

The finding of this article is that strategic stability did have much to do with
Schelling’s Keynesian past. He formulated stability by way of analogy with
Keynesian macroeconomic models. None of the mathematical appliances in
“Reciprocal Fear” had been dictated by some Olympian “logic” or the mandates
of strategic rationality, nor did they have anything to do with the “secure second
strike.” To appreciate this is to realize that the idea of stability in nuclear strategy
was not discovered, but made.

Analogy is directional, proceeding from an object about which knowledge is
trusted to an object about which knowledge is sought. In that case we should ask
not only about strategic stability’s target but also about its source. What fate greeted
stability in Keynesian macroeconomics? In the 1970s a crisis visited the modeling
tradition in which Schelling had been raised. Stagnant employment coupled with
abnormally high inflation (“stagflation”) rebutted the Keynesian models, like
Schelling’s shock model from 1949, that had insisted on a correlation between levels
of inflation and employment. Here in unpleasant reality was the correlation in
reverse. At the outset of the crisis, some modelers held tightly to inflationary pol-
icies as a check on unemployment. This, according to one widely noted post-
mortem critique of Keynesian methods, was “econometric failure on a grand
scale.”'”! The president of the American Economic Association assessed the wreck-
age the following decade, concluding that “basic principles of economics have suf-
fered inordinate confusion.” “To put matters bluntly,” he wrote, “many of us have
literally not known what we are talking about.”'®> Even statistics on the national
income, the bedrock of mid-century Keynesian models, were found to have been
defined in conformity with the theory purporting to explain their behavior.'*’

Some may deny that these trials for Keynesian modeling have anything to do
with the status of stability. Why should it matter if some of the macroeconomic
variables and relationships that Schelling once took for granted turned out to be
poorly defined or unreliably measured? Surely stability itself, defined abstractly,
is unthreatened by such foibles. Maybe—but the point really is that stability
came to strategy through a formal model, and models of the kind Schelling devel-
oped in the 1940s proved, in the end, unable to catch hold of an unruly world. Is
the economy like physics? Is nuclear deterrence like the economy? The philosopher

10056low quoted in Zeckhauser, “Distinguished Fellow,” 156.

191Robert E. Lucas Jr. and Thomas J. Sargent, “After Keynesian Macroeconomics,” Federal Reserve Bank
of Minneapolis Quarterly Review 3/2 (1979), 1-16, at 6.

102Robert Eisner, “Divergences of Measurement and Theory and Some Implications,” American
Economic Review 79/1 (1989), 1-13, at 2.

193Backhouse and Bateman, Capitalist Revolutionary, 37-8.
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of science R. B. Braithwaite put it well: “The price of the employment of models is
eternal vigilance.”'**

Decades after its introduction, stability lives on in nuclear analysis. Even recent
efforts to move beyond the orthodoxies of Cold War strategic thought continue to
uphold stability as a yardstick with which to measure nuclear policies. The authors
of the Department of Defense 2010 Nuclear Posture Review Report admonish pol-
icymakers to abandon “Cold War thinking,” then describe the key criterion of an
arms-reduction treaty as “supporting strategic stability through an assured second-
strike capability.”'*> Another pair of analysts claim that an ongoing technological
revolution makes nuclear disarmament “increasingly dubious as a recipe for deter-
rence stability today” because forces can be targeted with pinpoint accuracy.'®® All
of these authors position themselves as nuclear revisionists, laying aside an out-
dated conceptual architecture. Yet they share with their Cold War predecessors
the belief that stability is the objective condition promised by the proper design,
deployment, and protection of nuclear weapons.

Is it? Maybe stability has been a useful idea, encouraging policies that actually
have made preemptive strikes less likely. But perhaps stability’s main purpose, as
much today as during the Cold War, has been to provide confidence to those
who would claim intellectual mastery over weapons that shatter cities. This much
seems certain: stability was the artifact of a model, created for a different purpose
in another field, in an era before nuclear danger.

Appendix
This appendix explains in greater detail Thomas Schelling’s stability analysis in “The Reciprocal Fear of
Surprise Attack.” Here is how he describes the stability test:

A stable equilibrium requires that player R’s (dB, / dB.) and C’s (dB.. / dB;) should have a product less
than 1, i.e., that with B, measured vertically and B, horizontally, C’s curve should intersect R’s from
below. The general “multiplier” expression relating changes in the B’s and R’s to shifts in the func-
tions ... contains 1 minus this product [of derivatives] in the denominator

(i.e. the multiplier expression is W).lw

dBy ) (dBe
a8 ) \aB;

Schelling states two equivalent criteria for stability. The first is the multiplier condition.
Macroeconomists interpreted the multiplier in different ways.'°® Here we will follow Schelling’s under-
graduate mentor, William Fellner, and interpret the multiplier as a measure of the cumulative amount
of change in one variable induced by a sudden shift in its counterpart variable. We assume these two vari-
ables comprise a system of dynamic adjustment, and that both initially satisfy their respective behavior
equations (i.e. that the system begins in equilibrium). In the case of Schelling’s model in “Reciprocal
Fear,” the variables in question are the respective probabilities of inadvertent attack of sides R and C, B,
and B.. Assuming the initial shift in one side’s attack probability is relatively small, the cumulative amount

'%Braithwaite’s comment, delivered in a 1946 lecture, is reprinted in R. B. Braithwaite, Scientific
Explanation: A Study of the Function of Theory, Probability and Law in Science (New York, 1953), 93.

195United States Department of Defense, Nuclear Posture Review Report (Washington, DC, 2010), 5, 20.

1%Keir A. Lieber and Daryl G. Press, “The New Era of Counterforce: Technological Change and the
Future of Nuclear Deterrence,” International Security 41/4 (2017), 9-49, at 49.

107Schelling, “Reciprocal Fear,” 22-3.

'%8A classic treatment is Paul A. Samuelson, “A Fundamental Multiplier Identity,” Econometrica 11/3/4
(1943), 221-6.
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of change induced in the other attack probability variable is proportional to a geometric sum:

g[(%) (%)]n = W.mg

asc) \ar
If the product of derivatives, (% Z?), is less than 1, then the geometric sum converges. (The product

is always positive because Schelling requires the attack probabilities to be increasing functions of warning-
system reliability.) In that case the cumulative change in one variable induced by the shift in its counterpart
is finite. This means that the system, followinﬁ the initial shift, will eventually stop adjusting (i.e. it returns

to equilibrium). However, if the product (42} (%) js equal to or greater than 1, then the geometric sum

diverges: the cumulative induced change inljlt%e sglz:bnd variable is infinite. This means that the system, once
pushed from equilibrium, will never stop adjusting, drifting forever away. That is why Schelling says that
stability—the tendency of the system to return to equilibrium—requires that the product of derivatives
be less than 1 (equivalently, that the multiplier be finite). Note, too, that this requirement is only possible
because B, and B, obey independent behavior equations. If a one-to-one relationship held between these
variables, then the product of their respective derivatives would be equal to 1 everywhere.

The second stability criterion is the intersection condition. According to Schelling, on a graph with C’s
attack probability measured along the horizontal axis and R’s along the vertical, a stable equilibrium is
found where “C’s curve intersects R’s from below.” Note that this condition—stable where C’s curve inter-
sects R’s from below, unstable where it intersects from above—holds only if C’s and R’s curves are increas-
ing with respect to each other.

To create Figure 1, I first solved Schelling’s equations to yield the two attack probability curves.
Schelling derives the following behavior equation determining how side R adjusts its warning-system reli-
ability (and therefore its attack probability) as a function of side C’s reliability and attack probability:
j—g: = (l—PE)[l—;:ET(—I}; f]y—)Pch(l—R,) (a small typo in “Reciprocal Fear” has been corrected here), where P, =
A, + B, - A,B, is the total probability of attack for side R, A, is a constant “exogenous” attack probability
independent of the warning-system reliability, B, =f(R,) is side R’s attack probability function, R, is its
warning-system reliability, and the parameter / is the value of a successful surprise attack (-h is awarded
to the side that is attacked first). The value of joint attack is 0 and the value of joint withholding is 1, and we
assume 0 < & < 1, so that it is worse to be struck first than to strike first, but best to avoid war altogether. An
analogous equation holds for side C (with all the subscript ’s replaced with ¢’s), and side C is assumed to
have its own attack probability function, B. = ¢(R.).

To generate illustrative curves, I set Ac = A, =0 and chose a simple linear form for the two attack prob-
ability functions: B, = aR, + b and B. = aR. + 8. I then solved the equations for B, and B as implicit func-
tions of one another, and arbitrarily selected the following values for the parameters: a=a=0.3; b==0.4;
and h = 0.4. On the graph, one curve shows how C’s attack probability adjusts as a function of R’s, and the
other shows how R’s adjusts in response to C’s. A pair of probability values (B, B,) satisfying both behavior
equations simultaneously is a “solution” or “equilibrium” of the system. This is where the curves intersect.
Of the two equilibria shown on the graph, only one (at b) is stable, because C’s curve intersects R’s from
below there.

Some patience is required to see why the intersection condition implies stability. The easiest approach is
to imagine that the system begins in a state at neither a nor b, and then ask how things evolve. We can
represent this state by an imaginary point p on the graph, corresponding to the values taken by B. and
B, at that point. Side C’s attack probability, B, is measured along the horizontal axis. So if B, increases,
p slides to the right; if it decreases, p slides to the left. Notice that if p were located exactly on C’s
curve, C’s behavior equation would be completely satisfied; from C’s perspective, there would be no reason
to adjust its attack probability. But if p were located away from C’s curve, C would respond by adjusting B,
in order to move p to the left or right—whichever direction slides it toward C’s curve. The same goes for
R. If p does not lie on R’s curve, R adjusts B, to slide p (in this case up or down) to move p toward its curve.
Now suppose p lies somewhere in the middle of the graph, between the two curves. C wants to pull p to the
right, and R wants to pull it upward. Thus p slides northeast until it reaches point b, where both curves are
satisfied simultaneously. Once there, it moves no further. The reader can confirm for herself that point a
exerts no such attraction. If the system happens to reside exactly at a, then it may stay there, but only as long
as it remains impeccably undisturbed.

1%Fellner derives a similar expression in “Period Analysis.”

https://doi.org/10.1017/51479244319000271 Published online by Cambridge University Press


https://doi.org/10.1017/S1479244319000271

Modern Intellectual History 201

Note that because R, and R, are probabilities varying between 0 and 1, for the parameter values I chose
in this example, B, and B each are restricted to a range between 0.4 and 0.7. This range includes the stable
equilibrium at b but not the unstable equilibrium at a. We could imagine a different set of parameter values
for which the B variables are restricted to a range including no equilibrium or only an unstable equilibrium,
in which case additional rules are necessary to specify the system’s behavior. If the attack probability vari-
ables adjust to satisfy their behavior curves even where the curves extend to inaccessible regions of the
graph, then presumably the variables migrate to stable equilibria at the boundaries of their allowed ranges.
In any case, the system’s exact behavior depends on the relative adjustment rates of the attack probabilities.
Schelling did not include rates of adjustment in his model in “Reciprocal Fear,” nor did he in most of his
Keynesian models. His most explicit discussion of rates of dynamic adjustment is found in his 1949 article
on unemployment and price flexibility, and in his 1951 dissertation-turned-book.
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