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Abstract

If outer space becomes an active theater of war, the impact to daily life on earth would be
substantial. Unintended consequences of attacks in space are hard to contain and are not always
readily reversible—debris or radiation generating attacks render specific orbits unusable, not just
for the duration of the war, but for the foreseeable future. With the loss of those orbits, our lives
would be very different—accurate weather maps, overhead imagery, access to breaking
international news, and navigation services that guide our cars, airplanes, and ships would all
disappear. Even in the absence of catastrophic attacks, war in space would have a chilling effect
on commercial uses. Deploying new capability in space is risky, and war would make it
infinitely more so. Space entrepreneurship would grind to a halt, denying mankind capabilities
we have yet to dream of.
In this dissertation, I use a game theoretic model of space war to examine how sentiments in
multiple dimensions impact state decisions regarding whether to expand a ground war into the
space domain. Key innovations of this model are a) the use of prospect theory in lieu of rational
choice and b) the assumption of non-unitary actors with independent sentiments regarding
different dimensions of national interests. I offer a new way to visualize and think about how
sentiment impacts the ability to tailor a deterrence strategy to specific circumstances. These
innovations enable a rich exploration of how space war might play out across a wide range of
futures. Based on that exploration, I recommend specific steps spacefaring nations should take
to robustly deter the expansion of wars into the space domain. My recommendations are
applicable across a wide range of opponent capabilities and sentiments under both rational
choice and prospect theory.
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Introduction

In 1954, before the first satellite was ever launched, a RAND report noted that “The military
value of a successful satellite is assumed. But its employment may have undesirable political
consequences. […] If a shift in strategic capabilities is great enough, the [losing party] may be
either discouraged and induced to make concessions or, on the contrary, frightened into initiating
war at the earliest possible moment.”1 Not much has changed since 1954. Whenever a new
military strategic capability is deployed and demonstrated in space, there is debate regarding the
political and psychological consequences of that deployment. Even systems designed to provide
defensive capabilities in space can have an offensive use, exacerbating the normal security
dilemma that arises from preparations for conflict. It is in those times of great uncertainty that
the weaponization of space and the expansion of war into outer space is contemplated.
Today, with China’s rising space power and Russia’s resurgent space capability, the U.S.
space and intelligence community is engaged in debates regarding the military impacts of
weaponizing outer space and the use of weapons against space assets. As in 1954, there is
concern, but little theory, regarding the political and psychological impacts of preparing to
defend and fight in outer space. In discussing the political and psychological impacts, arguments
tend to rely on explanatory narrative rather than evidence based analysis. To partially fill that
gap, this dissertation provides a theoretical basis for understanding political and psychological
impacts of military actions on deterrence of space warfare. This approach, grounded in
behavioral economics and political science, uses classical game theory as its starting point.
While the research is exploratory, it suggests new ways of thinking about deterrence of space
war.
In reviewing the history of human space use, this is not the first period in which
weaponization of space appears imminent. As always, there are well reasoned arguments
detailing why war in outer space is inevitable and why space will/must be weaponized. Yet, the
spacefaring nations have so far avoided the step of overtly weaponizing space and no terrestrial
conflicts to date have expanded overtly into the space domain.2 This may suggest that more than
rational weightings of military advantage are at work in deterring the spread of conflict to outer
space. Therefore, in this dissertation I examine how war might expand into the space domain,

1

Lipp, J. E. and Robert M. Salter. Project Feedback Summary Report: Volume I. Santa Monica, CA: RAND
Corporation, 1954. https://www.rand.org/pubs/reports/R262z1.html
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By overt expansion, I mean attacks that go beyond the denial of space communications services via electronic
jamming or other fully reversible and non-destructive acts. We have yet to see debilitating and destructive attacks
against space systems in times of war.
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not simply as a function of “rational”3 factors such as the strategic balance of space power and
the military value of space, but also as a function of a) players’ psychological sentiments and b)
political consequences of using military force in outer space. To conduct my exploration, I use a
game theoretic model of space warfare that allows me to a) insert psychological sentiment into
the players’ decision calculus in place of rational choice theory and b) to model non-unitary
actors, so that a nation’s military sentiments can be different than their political sentiments. The
impact of sentiments on the players’ decision making processes is modelled using prospect
theory, a behavioral economics model based on the observation that while humans like to win,
they more strongly prefer “not losing”.4 As I will discuss in this dissertation, the ability to model
political and military sentiments as separate dimensions of state decision making is critical in
exploring the role of political consequences in deterring the use of military force in space.
The primary conclusion I have reached after playing games of war across a wide range of
political and military space power imbalances and player sentiments, is that sentiments matter.
How nations feel about their standing under the status quo has a larger effect on outcomes than
any of the rational factors I studied. In fact, asymmetry in sentiments is a critical predictor of the
intensity of conflict in my research. The implications of this finding for space security experts is
that diplomacy and framing of issues matter as much as, if not more than, our offensive and
defensive space capabilities in determining whether wars will be fought in space. If prospect
theory applies to the decision calculus of state actors (and the historic record provides evidence
that it may), then our best strategy to deter debilitating attacks on space systems is to ensure that
opponents in any future conflict feel they have “something to lose” if that war were to expand
into outer space. A second observation is that encouraging behavioral norms regarding the
peaceful use of space—and thereby increasing the political stigma of using weapons in space—is
desirable. I find that even relatively weak political stigmas can deter attacks in space for players
with something to lose.
Unfortunately, my work also confirms that when states feel they have little to lose and
everything to gain by expanding a ground war into the space domain, restraints on attacks in
space will break down. While political consequences of attacks in space may mute the intensity
of conflict, political considerations are unlikely to deter the horizontal expansion of ground war
into the space domain in all situations modelled here. Since space is a difficult regime in which
to deploy systems, the added risks of collateral damage during times of war would likely have a
chilling effect on commercial and international space ventures.5 At worst, debris or radiation
3

Although I will use the terms “rational” and “non-rational” in their academic context of decision theory, I have
never met a rational human. We are creatures of emotion and intuition. When considering deterrence and war,
failing to take account for human non-rationality strikes me as particularly irrational.
4
Daniel Kahneman and Amos Tversky, “Prospect Theory: An Analysis of Decision under Risk,” Econometrica,
Vol. 47, No. 2, 1979, pp. 263-292.
5

To provide perspective, only 16% of the 1461 satellites in orbit today are explicitly for national military uses. 40%
have a solely commercial use, while the remainder are mixed use. Loss of investment in commercial and mixed use
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effects in space would destroy the space environment, making it unusable for all nations and for
all purposes. Therefore, all spacefaring nations have a stake in deterring war in space.
Although I use space warfare as the basis for my dissertation, the methodology used to
incorporate prospect theory and non-unitary actors into a game theoretic model lends itself to a
variety of explorations regarding how emotionally influenced decision making plays out in
games of strategy. The insight that asymmetry of sentiments is a strong predictor of both
deterrence and deterrence breakdown can be used to understand war more generally. However,
understanding those asymmetries in multiple dimensions of state power is not straightforward.
Intuitions gained from deterrence in a single dimension may be catastrophically incorrect when
applied to a multi-dimensional deterrence problem.6 Similarly, emotions are adversary and
situation dependent—what deterred an opponent previously can backfire dramatically when
applied under different prospects. For readers who are primarily interested in exploring how
sentiments impact the probabilities of deterrence, my colleagues and I have written a short paper
for the International Studies Association that explains our work at a high level.7 At the time we
wrote that paper, we understood that it was the inclusion of non-unitary actors and asymmetric
sentiments mapped in the political and military dimensions of state power that was the predictor
of deterrence but, as noted in the paper, our work was in its infancy. In this dissertation, I now
offer a more complete examination of the impact of asymmetric sentiments and, more
specifically, the role that political consequences play in determining our results.
The background section of this dissertation first provides summary overviews of the history
of space weapons8 and implications for space war drawn from the literature on grand strategy
and deterrence. It additionally provides background material regarding the principles of game
theory and prospect theory and lessons from prominent studies in each as applied to space
warfare.
In the methodology section, I begin with a discussion of the limitation of this research.
While introducing prospects and non-unitary actors removes some of the more glaringly
unrealistic assumptions of game theory, these changes do not fully address the issue of bounded
rationality. While my work helps to explain aspects of space war deterrence and perhaps

ventures would fundamentally change the landscape of human use of space. These percentages are calculated from
the current Satellite Database from the Union of Concerned Scientists.
6

Note that domain, as used here, is not synonymous with dimensions. Under U.S. military doctrine, the domains of
warfare are land, air, sea, space and cyber while the dimensions on which warfare is judged are political, military,
economic, social, information and infrastructure. The domains of sentiment and prospect theory are the domain of
gains and the domain of losses.
7
Bonnie Triezenberg, etal. 2017. "Deterring War in Outer Space: A Game Theoretic Analysis Incorporating
Prospect Theory to Explore Decision Making under Uncertainty." International Studies Association Annual
Conference, Baltimore.
8

By space weapons, I mean those weapons that are designed to disrupt, damage or destroy satellites in orbit. A
“space weapon” may therefore be space based or terrestrially based. Although any object in space can be used as a
weapon, I reserve the term to those that were designed for that use.
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deterrence more generally, I strongly caution against viewing it as predictive. With this caution
in mind, I then review prior work that marries prospect theory and game theory to examine
deterrence. I next describe the approach I took to construct a series of explorations into the role
of sentiment and the role of political consequences in deterring space warfare.
The next two sections deal specifically with my findings regarding the role of sentiment and
the role of political consequences in deterring the horizontal escalation of terrestrial conflict into
space, followed by a final section that discusses policy implications of those findings. Several of
my findings are non-intuitive. To understand them requires that we dig deeply into both game
theory and prospect theory while thinking in multiple dimensions. In the hope of communicating
my ideas clearly, I have tried to avoid the “math” of the model in favor of narrative and twodimensional visualizations. In doing so, I risk annoying both those readers who want simple
explanations and those who want to see the detailed math, but I ask for your forgiveness.
Appendix A provides additional detail on the structure and rules of the space war game
model used as the basis for my analysis. Finally, Appendix B provides observations on the
mechanization of the game and the computational tractability of complex game theoretic models.

4

The Policy Issue
Today, there is a growing danger that space may become overtly weaponized or become an
active theater in which war is waged, stifling commercial and social uses of space. This is not
the first time in the short history of man’s use of space that there is enhanced risk of terrestrial
conflict expanding into the space domain. Since the beginning of the space race, when the
Russians orbited Sputnik, space has been used for military applications. Militaries rely on space
capabilities to monitor nuclear arms treaties, to monitor troop movements, to guide missiles and
unmanned vehicles, and for worldwide strategic and tactical communications. During both the
early Cold War and again in the “Star Wars” years of the mid-1980s, strategists’ discussions
regarding attacks on space assets spilled over into the public sphere, with sometimes vocal
advocates insisting that space must be weaponized for its own protection. Today, while space
has not yet been overtly weaponized and no wars have been fought in space, strategists are
concerned that the U.S. military’s current asymmetric reliance on vulnerable space-based assets
to project global power may induce adversaries
in a conventional ground war to attack our assets
in space.9 These strategists believe that the
potential military gains that could be realized by
depriving the U.S. of the use of our space
systems is too great to be ignored and that any
rational opponent would attack.
Discussions of war preparations become
more public with each demonstration of space
weapons. In 2007, China demonstrated the
ability to destroy a satellite in low earth orbit
using a ground-launched missile. The United
Figure 1. Debris ring (red) created by
States conducted a similar demonstration in
China’s 2007 anti‐satellite weapon
2008.10 More recently (2015), Russia positioned
demonstration continues to interfere with
space operations.
a spacecraft within 10 km of commercial
satellites, raising suspicions of intent to conduct
9

Paradoxically, in the mid-1970s it was Russia’s growing dependence on space to project power into a ground
theater of war that had U.S. strategists advocating for development and deployment of anti-satellite weapons. See
Scowcroft, Brent. 1977. "U.S. Anti-Satellite Capabilities." Washington DC.: U.S. National Security Council,
January.
10

For an unclassified history of anti-satellite weapons, see Laura Grego, "A History of Anti-Satellite Programs,"
Union of Concerned Scientists, January 2012. Similar to a United States anti-satellite demonstration in 1985,
China’s 2007 action took place in an orbit where the resultant debris ring remained in space, as opposed to being
pulled into the earth’s atmosphere where it would disintegrate upon re-entry. The 2008 US action took place at a
lower orbit to avoid generating a similar debris field. For an account of the US action see NBC News, "Navy Says
Missile Smashed Wayward Satellite," NBC News, Febuary 21, 2008.
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malicious activities.11 In October 2016, Russia conducted its fifth test of an anti-satellite missile
capable of degrading U.S. strategic communications and other systems critical to national
defense.12 The US is also pursuing options for fighting conflicts in outer-space.13 Space war
preparations are becoming more visible.
Like an earlier US demonstration in 1985, the Chinese action in 2007 created a significant
debris ring (see Figure 1).14,15 This debris endangers all other satellites using that orbit,
regardless of their national origin or intended use, and serves as a reminder of how easily the
environment of space could be destroyed. While the natural environment of space is harsh;
introducing man-made effects such as debris may make that environment unsustainable,
potentially depriving modern society of the many benefits of space16. Those benefits include
early warning of hurricanes and typhoons; monitoring the health of our oceans and atmosphere;
ubiquitous and instant communication across the globe thru telephone, television and internet;
affordable near-real time overhead imagery; and navigation services such as the Global
11

The Russian satellite approached commercial satellites operated by Intelsat, one of the largest international
satellite service providers, headquartered in Washington DC, incorporated in Bermuda. At one point, the Russian
satellite positioned directly between two Intelsat satellites located within half a degree of one another in
geostationary orbit 36,000 kilometers above the earth. While cooperative satellites can be operated this closely, a
sudden maneuver by an uncooperative satellite could lead to collision or force a satellite to maneuver away, wasting
valuable fuel and limiting service life. Both private and public appeals in a wide number of venues were made, but
Russia did not acknowledge or comment for several months. For a contemporaneous news account, see Mike Gruss,
"Russian Satellite Maneuvers, Silence Worries Intelsat," Space News, Oct 9, 2015.

12

Bill Gertz, “Russia has conducted the fifth test of a new anti-satellite weapon that could knock out US
communications,” The Washington Free Beacon, December 21, 2016: http://freebeacon.com/nationalsecurity/russia-conducts-fifth-test-new-anti-satellite-missile/
13

In written testimony to Congress in 2016, Gen. Hyten (then Commander of US Space Command) stated “<We
are> fully occupied figuring out how to prepare to effectively fight conflict that extends into the space domain”
(Mike Gruss. 2016. "Hyten tells Senate DoD needs to focus on space control, battle management system." Space
News. September 2016.)

14

For an analysis of the magnitude of the 1985 debris ring caused by the U.S., see Stansbery, G, M Matney, Liou
J.C., and Whitlock D. 2008. "A comparison of catastrophic on-orbit collisions." 2008 AMOS Confernce. 17-19.
Perhaps every nation needs to learn for themselves the lesson that although we talk of shooting “down” satellites,
instead they shatter into throusands of pieces that then orbit for years. By 2004, NASA estimated that the U.S.
created debris had finally dissipated. Orbital Debris Program Office. 2004. History of On-Orbit Satellite
Fragmentations, 13th Ed. JSC 62530, Houston: NASA, Johnson Space Center.
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In Figure 1 (STK-generated images courtesy of CSSI www.centerforspace.com), the solid green line maps the
orbital path of the international space station (ISS) as it passes through the debris (shown in red) twice an orbit.
Green dots show the position of other satellites in low earth orbit, most with orbital paths similar to the ISS. Debris
in space is extremely dangerous due to the large relative speed between objects. In May 2016, a small flex of paint
created 7mm hole in the outer glazing of a window on the ISS (Rachel Feltman, "A Bit of Debris Chipped the
International Space Station - That's just one piece of a much bigger problem," The Washington Post, May 12, 2016).
16 Unfortunately, it is relatively easy to damage or degrade satellites. While built to withstand the harsh environment
of space—extreme temperatures and increased natural radiation—spacecraft are uniquely vulnerable to kinetic
forces. After launch, spacecraft unfurl their appendages and deploy into surprisingly fragile structures, equipped
only to accommodate the relatively weak forces exerted by the solar wind, gravitational pull and the earth’s
magnetic field. Introducing even a pebble into that environment can cause substantial harm. It is an environment
where David can easily bring down Goliath.

6

Positioning System (GPS), which millions of us routinely access directly from our automobiles
and the phone in our pocket. Sustaining our current way of life without these space services
would be difficult. Even short of destruction, attacks on space assets would have a chilling effect
on investments in space, depriving us of future benefits we may not yet have imagined.

7

Background

This background section is structured as a series of short essays on the nature of space
warfare from differing perspectives. These essays draw from a variety of sources on space
security, strategy and warfare, game theory and rational choice, prospect theory and behavioral
economics, and deterrence. I read widely on these topics and my sources are listed in the Works
Consulted section of this dissertation. By necessity, I cannot do justice to this vast literature, nor
can I cite all of it. Instead, I discuss specific concepts and themes that shaped my approach to
exploring the political and psychological aspects of deterring the spread of armed conflict to the
domain of space. I begin with the history of space weaponization and a perspective on how the
space war domain fits into the overall history of warfare and end with a perspective on how
space war might play out in the future. Between those bookends, I explore the concepts of grand
strategy, deterrence, game theory, prospect theory and the role of perception in deterrence.

A History of Space Weaponization17
When Russia’s Sputnik (1957) and the U.S.’s Corona (1960) satellites were initially
deployed, both sides believed that these satellites would shift the strategic balance of the Cold
War and, in fact, the satellites may have.18 Despite the fact that these spacecraft barely skimmed
the earth’s atmosphere and may not have been significantly harder to target than the U.S.’s U2
reconnaissance aircraft, neither country attempted to attack them kinetically. However, both
Russia and the U.S. conducted testing of nuclear warheads in outer space from 1958 to 1962.
Their motivations were multi-faceted, but at least partially driven by the search for anti-satellite
(ASAT) weapons—while kinetic kill of satellites required higher accuracy missiles, nuclear
warheads could be effective at relatively large distances from their target.19 A 1954 RAND study
states that the thermal heat from a nuclear blast within 2 to 4 miles of a satellite would be
catastrophic. In accord with the conventional wisdom of that era, the RAND analysts focused on
the heat from the explosion and dismissed radiation effects as inconsequential. Fortunately for
17

Although almost any object in space can become a weapon, in this section I discuss only those systems that were
designed to be anti-satellite weapons.

18

While the impact of Sputnik was largely psychological, Corona imagery of the U.S.S.R. was used to definitively
disprove the “Missile Gap” narrative that animated U.S. Cold War thinking prior to 1960, providing both a military
advantage and a psychological boost to U.S. strategists. Richelson, Jeffrey T. n.d. "U.S. Satellite Imagery, 19601999; National Security Archive Electronic Briefing Book No. 13." National Security Archive, George Washington
University. Accessed June 2016. http://nsarchive.gwu.edu/NSAEBB/NSAEBB13/

19

In fact, the U.S. produced two ASAT missile systems intended to defend space with nuclear weapons. The
existence of these systems (Program 505: Nike Zeus, aka MUDFLAP, and Program 437:Thor) was referenced by
President Johnson in a speech in Sacramento, CA in 1964. For a full description of these systems, see Paul Stares,
1985. The Militarization of Space, US Policy 1945-1984. Ithaca, NY: Cornell University Press.
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the preservation of space, scientists quickly learned that nuclear bombs in space release far more
radiation than at sea level and that those impacts linger for years.20 In fact, collateral damage
from nuclear weapon testing in space could not be contained—in the year following the 1962
U.S. ‘Starfish Prime’ detonation of a 1.4 megaton bomb in low earth orbit at 248 miles above the
earth, one third of all spacecraft in that orbit ceased to function, most likely due to radiation
effects.21 22 The effects on spacecraft were so profound and the danger that radiation presented
to human space flight was so worrisome that there was little, if any, opposition to including outer
space in the Partial Nuclear Test Ban Treaty signed by Russia and the U.S. in 1963. In addition,
UN Resolution 1884, adopted by the UN General Assembly in October of 1963, called on states
to refrain from placing nuclear weapons or “any other kinds of weapons of mass destruction”
into orbit around the earth. The Outer Space Treaty of 1967 formalized that ban. This rapid
spread of norms against nuclear weapons in space was highly intertwined with the spread of
norms regarding nuclear weapons.
The Outer Space treaty does nothing to exclude more conventional weapons in space or the
use of weapons in space, although it does obligate signatories to conduct their activities in outer
space “with due regard to the corresponding interests of all other States”.23 In the mid 1980s,
during my formative years in the satellite industry, President Reagan’s “Star Wars” initiative
proposed to use space platforms to conduct ballistic missile defense—a development that was
sure to upset the strategic balance of the Cold War. Again, both sides demonstrated anti-satellite
weapons, but backed away from their overt deployment and use. The most infamous U.S. ASAT
of this period was the Air-Launched Miniature Vehicle (ALMV), a kinetic kill vehicle launched
from an F-15 aircraft in 1985 that generated significant debris upon impact.24 25 Paul Stares,
writing in The Militarization of Space (1985) notes that:
“For those familiar with the history of the US military space programme, there
must be a strong sense of déjà vu. The very same weapons systems that are
currently being developed were all proposed in a remarkably similar way during
the late 1950s and early 1960s. Even the arguments that were used to promote
these space weapons proposals are similar. For example, the use of such
20
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concepts as “space denial”, “space control” and the need to take the “high
ground”, which are familiar today, were just as common in the early days of the
26
space age.”

Ultimately, proposals to place defensive weapons in space were shelved when the U.S. and
Russia negotiated new nuclear arms control agreements. Public discussions of development of
anti-satellite weapons also abated.
As discussed above, deterrence of space weaponization in both the 1960s and 1980s was
entangled with deterrence of nuclear war. It is difficult to separate the two issues when
analyzing these periods. Today, following the demonstrated use of U.S. space assets to provide
tactical advantage in conventional warfare during the Gulf Wars, we are again in a period where
all space powers (Russia, China and the U.S.) are demonstrating their space offensive and
defensive capabilities. As noted in my introduction to the policy issue, both the U.S. and China
have demonstrated the ability to successfully implement kinetic kill technologies, Russia
continues to demonstrate directed energy weapons and both the U.S. and Russia continue to
demonstrate co-orbital approach capabilities. This time, however, space weaponization and
conflict is less entangled with the threat of thermonuclear war and consequently may be harder to
deter.27 Space arms control initiatives under the auspices of the UN have foundered since 1967,
with Russia and China advocating for a ban on stationing weapons in space and the U.S.
advocating for a ban on using weapons in space.28 In the face of resurgent demonstrations of
anti-satellite weapons and discussions of space warfare, and given the current stalemate on space
arms control, deterrence may be our best hope for the continued peaceful use of space. Hence
this study.
Before moving on to discuss theories of warfare, strategy and deterrence, a short discussion
of the history of space “inspection” systems is warranted. While systems designed to approach
and inspect other satellites are ostensibly peaceful, their ability to maneuver in close proximity to
another satellite is inherently ominous. In 1959, the U.S. Air Force approved development of
Project SAINT (SAtellite INTerceptor), to demonstrate the feasibility of a co-orbital rendezvous
and inspection satellite. The impetus for approval of this project may have been alarms over the
discovery of an “unknown” object in space that inflamed public fears in the U.S. regarding the
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threat of surprise Russian attacks from space.29 Although SAINT was only ever authorized to
carry instruments for inspection, arming SAINT with the means to destroy an opponent’s
satellite if it found signs of malicious intent was openly discussed. As a result, SAINT is
generally considered to be one of the first U.S. anti-satellite programs. The program was
cancelled in 1963 and never completed.30 During the Cold War period, Russia also developed a
number of co-orbital vehicles to maneuver and approach other satellites. The purpose of these
co-orbital vehicles has never been publicly revealed, but are assumed by many to be ASATs.
Russian launched vehicles continue to perform uncooperative close approaches to other satellites
even today.31 The U.S. Space Shuttle and the X-37B Space Plane with their ability to maneuver
and approach have similarly been assumed to represent an ASAT capability, despite U.S. denials
and the fact that they have never performed uncooperative approaches to any satellite.32 The
U.S. also experiments openly with inspection and repair satellites—in 2007 a DARPA funded
satellite, Orbital Express, successfully rendezvoused with another satellite and used its robot arm
to refuel the target satellite and to replace electrical components.33 Given the ambiguous nature
of these “inspection and repair” systems, they may be destabilizing to the status quo in space. Of
all the objects in space, they are the most likely to produce a security dilemma in which actions
taken to increase security or simply to preserve existing investments are seen by the opponent as
a decrease in their own security, thereby destabilizing the status quo the first actor is seeking to
preserve.34 In this initial work on the psychological and political impacts of preparing for space
warfare, I do not explore the impacts of ambiguous intent—i.e. for the model used here, a
nation’s space capabilities are classified as being either a weapon or an asset, but not both. Yet,
in my final remarks on implications for space policy, I will return to this topic and offer a few
tentative observations.
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Space and Warfare – A Historical Perspective
The history of warfare has been punctuated by technology advances that have, over time,
removed many of the geospatial limitations of waging war. While even in the earliest eras, an
adversary could compel his opponent to do his will35 by applying force through other than
physical combat (i.e. through cultural norms or by depriving the opponent of the basic necessities
of food, water and/or shelter), physical proximity to the opponent was still necessary to exert
power. With the invention of the spear and the sling, humans could make war at a distance of
10s of meters; the invention of the bow lengthened the distance and the advent of gun powder
lengthened it further still. Until the advent of rocketry, however, physical proximity was
constrained to fairly short distances, perhaps at most a kilometer. While aircraft could rain
destruction from above, they did have to be above the battlefield. Similarly, ships needed to be
within reasonable proximity of their target to be effective. The need for physical proximity
relaxed over time, but until the last century, that relaxation was quite small.
In the 20th century, rocketry changed distances from being measured in meters to being
measured in kilometers. Attacks were no longer limited to line of sight. While initial rockets
were relatively inefficient (in 1944, Germany fired 2600 V2 rockets into Britain and Antwerp
during the WWII, killing only 2500 people36), accuracy rapidly increased. The event that seized
the public imagination and had a lasting psychological impact was the use of a Soviet rocket to
launch the first Sputnik into orbit in 1957. With that act, it became clear that not only had man
created a devastatingly lethal weapon in the atomic bomb (just 13 short years prior), but that
bomb could be launched from half a world away. An enemy population and infrastructure could
be annihilated while the attacker stayed comfortably at home. In less than 50 years, humanity
moved from the grueling trench warfare of World War I, where opposing soldiers could share
Christmas hymns across the battlefield, to being able to wipe out civilization at the push of a
button. Had inter-continental ballistic missiles and the atomic bomb been invented even 50 years
apart, one wonders if the psychological impact would have been as great. We are fortunate,
perhaps, that they were so coincident since the psychological shock resulted in both a taboo
against first use and a fear of mutual assured destruction that has successfully deterred their use
for nearly 70 years.
Based on fear of a missile gap with the Soviet Union, the Cold War “space race” was ignited.
Despite the formation of the United Nations Committee on the Peaceful Uses of Outer Space in
1959, the initial decades of the exploration and use of space were largely painted in nationalistic
and militarized terms. Yet, in spite of militarized beginnings and the potential to use space to
deploy weapons that “hurtle from space to earth delivering enormous amounts of kinetic energy
35
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against their targets hundreds of miles below”37, no nation has fielded a weapon to hurl either
kinetic or nuclear bombs from space (or for that matter, to shoot lasers). Furthermore, although
nations have demonstrated weapons capable of destroying assets in space, no nation has yet
overtly used such a weapon against an opponent. While this is a welcome development, it is
unreasonable to assume restraint will continue indefinitely. In the following paragraphs, I
explore possible reasons why restraint has been exercised to date.
Deterrence is hard to prove. The absence of action can be due to any number of things, many
having little to do with the actions of the players involved. Claims that “event X caused
deterrence” may often simply be wishful thinking. Therefore, it is useful to examine a wide
range of possible reasons deterrence of space war has persisted for nearly 60 years and to ask “If
this is the reason we have deterrence today, what changes would cause deterrence to fail?”
One theory for the apparent deterrence of use of space for warfare is that space has benefited
from being inextricably linked with nuclear arms for much of its early history. In addition to
space being used to test and deliver nuclear weapons using ICBMs, imaging satellites provide
surveillance of nuclear and missile installations and have a key role in verification of compliance
with nuclear arms treaties.38 Satellites also provide early warning of ICBM launch and provide a
vital link in the chain of events that lead to deterrence of nuclear first strike through assured
second strike. Forest Morgan (2010) theorizes that the taboos of nuclear war have had a
spillover effect into a taboo on space warfare and is concerned that the increased use of space to
support conventional warfare—through instantaneous communication, ubiquitous imagery and
GPS guided aircraft and missiles—has weakened that taboo.39 If taboo is the only force
deterring advantageous use of weapons in or against space, it is unlikely that nations will restrain
their use indefinitely.
However, it may also simply be that the inhospitable nature of space has prevented nations
from exploiting it for the purposes of war. As Daniel Moran writes in his essay on “Geography
and Strategy”, “Warfare, the making of war, is first of all about making the most of one’s
chances within the constraints imposed by nature. Only after that has been accomplished can the
enemy be given the attention he deserves.” 40 In space, the constraints of nature are severe indeed
and largely alien to our earth-based experiences. Temperatures fluctuate wildly, in mere hours,
dependent on the orientation to the extreme heat of the sun or the deep cold of outer space. The
natural radiation environment causes electronic “upsets” to occur regularly, causing computers to
3737
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output nonsense and violating our expectations regarding the “reliability” of computer generated
outputs. Perhaps most damaging, the physics of earth orbit endow objects with massive relative
velocities, such that even the smallest piece of debris is turned into a free-floating weapon of
destructive capability. In outer-space, Mother Nature may be the primary deterrent, not acts of
man.
Another explanation for the lack of weapons in space may be the fact that there is no natural
“cover” to hide such a weapon. There are no hills, islands, clouds or even a horizon to hide
behind. As Moran notes, “The transparency that makes space such an ideal environment for
reconnaissance and communications makes it a poor place for weapons.”41 However, this is
true not only of space—due to surveillance from space, most weapons have lost their ability to
hide and this does not seem to have deterred their deployment or use. I hypothesize that this lack
of deterrence is because while one cannot hide presence or location, adversaries have instead
found ways to “cognitively” hide the use of those weapons, e.g. they hide when and how the
weapons will be used. As Thomas Mahnken noted concerning more conventional weapons:
“Although the intelligence community, [is] relatively adept at counting weapons, particularly
with the advent of space-based imagery, it [is] not particularly adept at developing the deeper
understanding necessary to explain how the Soviet Union was likely to employ them.”42 I suspect
that these “information hiding” techniques would be equally useful for space weapons and that
something else besides lack of hiding places is at work in deterring the weaponization of space.
Perhaps the reason attacks in space and the weaponization of space have not occurred is that
it is simply not (yet) worth the effort. It is in the increasingly critical realm of information
warfare that space has transformed the nature of war just as certainly as the invention of the bow
or the invention of gunpowder transformed war in earlier times. While ships, railroads and
airplanes changed how physical elements are delivered to the battlefield and resulted in wholly
new strategies for waging war, space has changed how information elements are delivered to and
collected from the battlefield. It is questionable whether nations have yet fully adapted to this
new reality. Until the United States and/or our adversaries learn how to make better use of the
capabilities of information provided from space, it may be that space will not be attacked simply
because it is not worth the effort.43
Another argument regarding why space war has been deterred is analogous to that of
mutually assured destruction. Although space is vast, there are a limited number of regions that
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are useful.44 If weapons were used to destroy satellites in those useful orbits, the “dead”
satellites themselves (especially if they are fragmented) become weapons in their own right.
These newly created weapons are not under anyone’s control and, as such, they indiscriminately
impact all other satellites around them, regardless of country of origin or intended use of those
satellites.45 This threat of uncontrolled fratricide may indeed deter other users of space (or those
who hope to be users someday) from using kinetic weapons in space. However, for those who
do not value the use of space for themselves, it offers little incentive for deterrence.
The above discussion suggests that a likely means to achieve deterrence of acts of war in
outer space is to increase civilian dependence on space to support day-to-day life—if everyone
on earth is equally dependent on space, no one has an incentive to destroy space. Largely by
accident, this dependence appears to have, in fact, occurred. The space age was born in an age of
affluence and rapid economic expansion; space quickly became a domain of international
commerce as well as a domain of national military use. Space assets and the systems they enable
have transformed social, infrastructure and information uses perhaps more visibly than they have
transformed military uses. In fact, in the current satellite database published by the Union of
Concerned Scientists, of the 1461 satellites in orbit 40% support purely commercial ventures,
while only 16% have a strictly military use.46 The first commercial broadcast by a satellite in
geo-synchronous orbit was of international news between Europe and the United States.47 The
first telephony uniting the far flung islands of Indonesia was enabled by satellite48. Those of us
who are old enough remember the 1960s “magic” of intercontinental phone calls and
international “breaking news” delivered by satellite. Today, most social and infrastructure uses
of space are taken for granted – even in remote locales of Africa, people expect to be able to
monitor the weather, communicate seamlessly with colleagues and to find their way to new and
unfamiliar locations using the GPS in their phones. All of us use space every day.49 These
unrestricted economic and social uses of space may be the best deterrent, making everyone on all
sides of combat equally dependent on space and heightening the taboo against weaponizing
space or threatening space assets with weapons.
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Table 1 below summarizes these possible means of deterrence of attacks on space assets and
weaponization of space. It also lists key factors that, if changed, might lead to a breakdown of
that deterrence. It is sobering to realize that several of the disruptive factors are in play in
today’s environment. Some are within the control of U.S. space security organizations and
others are not. For instance, U.S. policy will not significantly slow the reductions in cost to
achieve orbit, as these reductions are currently driven by both international and U.S. market
forces. Space entrepreneurship is growing rapidly. U.S. space policy experts can, however,
decide whether space based “inspection and repair” satellites are worth the destabilization they
might cause. Ideally, a tool designed to study space warfare and deterrence would allow me to
explore each of these disruptive factors, but even the study of a few adds to our understanding.
Table 1. Possible Reasons for Deterrence of War in Outer Space
Means of Deterrence
Spillover of Nuclear
Taboo

Key Factors

Disruptive Factors

Use of Space to detect nuclear arms
treaty violations
Use of Space to provide early
nd
warning essential to 2 strike
needed for nuclear deterrence.

Inhospitable terrain

Cost of deploying weapons into
space.

Investment in mixed use satellite
constellations that blur the strategic and
tactical use of space.

Improvements in effective use of terrestrially
based weapons against space assets.
Investments that lower the costs of access to
space and/or spacecraft.

Lack of Cover

Visibility of objects in space making it
hard to hide the existence of
weapons.

Investments in technologies that reduce or
hinder our visibility of objects in space.

Use of space in
conventional warfare is
not highly leveraged.

Dependency on space to project war
power is still small compared to
Land, Air and Sea.

Investments that change the ratio of
dependency on space to project power
between adversaries or between domains of
warfare.

Potential for uncontrolled
fratricide from space
debris.

Lack of means to control space
debris.

Investments in methods to collect or
otherwise constrain the production or
distribution of space debris.

Commercial value of
space outweighs military
value of space.

Space is strongly associated with
commercial multi-national uses that
are not legitimate targets of war.

Investments that shift the current ratio in
commercial and military uses of space
towards the military use.
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Investments in satellites that can be either
weapon or asset (possibly increasing their
legitimacy as a target of war).

Grand Strategy and Theories of Decision Making in War and Conflict
Theories of decision making (i.e. strategy) in war and conflict are often categorized by their
intended effect on an opponent, an ally or on neutral 3rd parties. Compellence, or positive
suasion, is used to describe a set of activities where the intent is to compel others to act or to stop
doing something they are currently doing—i.e. to change the status quo. Deterrence, or negative
suasion, is used to describe a set of activities where the intent is to deter actions by other so that
the status quo is maintained. The decision making that leads to a strategy to compel or deter
others is often termed “grand strategy”, which Edward Luttwak defines as “The highest level of
interaction between any parties capable of using unregulated force against one another”.50 Strategy
as thus defined is a set of activities designed to achieve a specific goal of either causing another
to act or to maintain the status quo. Luttwak wisely notes that the results of grand strategy are “a
matter of subjective interpretation: how outcomes are seen depends on what goals are being pursued
[…T]he preservation of an unchanged status quo may be deemed highly successful by one government
51
and a crushing failure by another.”

Means of achieving the intended effects of compellence or deterrence can include prevention,
protection and what Luttwak calls armed suasion:
“That portion of the power of states that derives from their military strength.
[… M]anifest both when adversaries feel themselves compelled to act as they
are bid to do and when friends are encouraged to persist in friendship by their
expectation of armed help in time of need. Thus both adversaries and friends
may be persuaded, as adversaries alone may be dissuaded, but always by their
own doing: the suasion is not by the keeping of armed strength, but rather in
52
the response of others to such strength.”

Authors writing on theories of decision making in war and conflict reinforce Luttwak in
emphasizing that outcomes of strategy must always be predicated on the responses of the other
parties. There is a recurrent emphasis that “strategies” that do not take into account the
opponent’s response to one’s own words or actions are not truly strategy and are simply a set of
goals.53 Therefore, something like game theory, with its emphasis on examining both sides of
the conflict, is necessary if we are to understand and develop strategies for deterrence.
Although the literature on compellence and deterrence provide theories by which they can be
achieved, and many examples of success and failure are cited, we cannot know if action or the
deterrence of action can be attributed to the specific set of strategic actions taken. Deterrence, in
particular, is notoriously difficult to attribute to specific acts. Lawrence Freedman points out that
50
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since the status quo is maintained, “all that is known is that X has not happened. That could be
because [the opponent] had never intended to do X in the first place, or …if he had the intention and
54
then held back, this could be because of a whole range of factors, both internal and external.”
As I

outlined in the section above, there could be many reasons why space has not yet been overtly
weaponized, and only a few are tied to specific deliberate acts by nation states.
Although deterrence cannot be proved, in the late 20th century, after the invention and
demonstration of the atomic bomb and subsequent enhancements that had the potential to
extinguish life on earth, deterrence became a subject of intense study. The dominant theory of
deterrence used armed suasion to present a credible threat of punishment. Deterrence by threat of
punishment is enshrined in the U.S. doctrine of assured nuclear 2nd strike. To implement the
doctrine, the U.S. invested in assuring that a sufficient portion of its nuclear arsenal would
survive a 1st strike and in convincing opponents that strike back would be automatic and assured,
even if that meant ending civilization. Although ending civilization is abhorrent, as Luttwak
wrote in 1987, “It is not for normal times that dissuasion is needed, but precisely for abnormal
times when even quite reasonable leaders may act unreasonably.”55 He also notes the paradoxes
of this approach in which “the victim must actually appear reckless, ready to act in a selfdestructive manner, in order to dissuade. The aggressor by contrast has to be prudent in order to
be dissuaded, and certainly must not be self-destructive.” 56 This doctrine, based on the assured
recklessness of the victim and the prudence of the aggressor, has survived (and presumably
deterred the unthinkable) for the better part of 70 years. When considering the question of why,
Freedman theorizes that “Once certain courses of action have been precluded through fear of the
consequences…, this conclusion may become embedded. It requires little further deliberation.”57
In this way, the aggressor only has to be prudent (and the victim credibly reckless) for a limited
time period in order for the deterrence to have lasting effect. I will return to this theme later in
discussing prospect theory – this automatic casting of a course of action into a domain of losses
may be the reason deterrence of nuclear war has persisted, not rational weightings of 1st and 2nd
strike capabilities. Labelling 2nd strike capability as “mutually assured destruction”—or MAD as
it is commonly known—and thus invoking the domain of losses may be the emotionally deciding
factor in deterring nuclear war.58
54

Freedman, Lawrence. 2004. Deterrence. Cambridge, UK: Polity Press,, p.29.

55

Luttwak, Edward N. 1987. Strategy: The Logic of War and Peace. Cambridge, MA: The Belknap Press of
Harvard University Press, p. 201.
56

Ibid, p199.

57

Freedman, Lawrence. 2004. Deterrence. Cambridge, UK: Polity Press, p. 30.

58

I am not unaware of the irony of writing this statement while sitting at RAND headquarters in Santa Monica.
Although the doctrine of 2nd strike was advocated by RAND strategists, the MAD label was rejected as being absurd
when pushed to its logical conclusion. Yet it may have been the very absurdity and resonance of the concept in the
public domain that has preserved deterrence. Abella, Alex. 2008. Soldiers of Reason; The RAND Corporation and
the Rise of the American Empire. New York: Houghton Mifflin Harcourt

18

Yet, the prudence cited above is often thought of as a “rational” weighing of costs and
benefits. Although the advent of rational choice theory is generally associated with the “net
assessment” approach implemented by Robert McNamara’s Office of the Secretary of Defense in
the 1960s, its roots are much older. Von Clausewitz, in the 1800s, theorized “Since war is not an
act of senseless passion, but is controlled by its political object, the value of the object must
determine the sacrifices to be made for it in magnitude and also in duration.”59 This rational
weighting of values and sacrifices leads to a second main theory of deterrence, denial of gains.
If defenses are effective or if systems can be made robust (i.e. able to absorb attacks in one arena
while continuing to function effectively in others), then the gains of aggression can be less than
the costs of even a moderate or uncertain punishment. In those cases where losses outweigh
gains, an opponent can be deterred from an act of aggression. Thus, denial of gains is primarily
a strategy of prevention. Denial of gains has the advantage of working even when the sacrifices
are not catastrophic, as is true in space warfare.
No matter whether one choses a strategy of compellance, deterrence by threat of punishment,
deterrence by denial of gains or some combination, successful strategy is always elusive. In
describing the difficulties in conceiving and implementing strategy, Thomas Mahnken notes six
barriers to success (it italics below), each of which has implications for space war.60
1. Strategies are always guesses about how things might play out. Failures of imagination
regarding how circumstance may change often contribute to failed strategies. Those of
us who work in space know that our imagination often fails us – nothing works in space
exactly as we had anticipated. The early failure to correctly predict the effects of nuclear
detonations on the space environment is a prime example of how failures of imagination
impact space security strategies.
2. The problems strategies must address are “wicked”; i.e. they have many complex
interactions, making their responses to specific actions difficult to predict or foresee.
Space warfare, with its entwined impacts upon multiple dimensions of state power, fits
this definition.
3. Limited resources constrain choices; sometimes our choices are constrained to the “least
bad” option. While the cost of doing business in space has reduced in recent years, it
still requires enormous intellectual capital and human effort. There simply aren’t that
many “rocket scientists” and we need to choose how to employ them and for what
purpose.
4. Human rationality is bounded. The strategies of armed dissuasion (threat of punishment)
and dissuasion by denial of gains both depend on a weighing of costs and benefits, yet we
know humans often take “shortcuts” when reasoning about courses of action.
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Reasonable assumptions can be made about which shortcuts might be taken, as I do in
substituting prospect theory for rational actor theory, but even that is a highly uncertain
endeavor.
5. Goals are substituted for executable strategy. The recurrent U.S. emphasis on
“dominating space” or “controlling the high ground of space” should not be mistaken for
a strategy.
6. Implementation takes effort and patience, something that may be difficult to sustain
through changes in leadership or changes in priorities. Nowhere is that more apparent
than in the US space program, where any single initiative spans multiple administrations.
Given the above challenges, should we just give up on the notion of “grand strategy”,
especially for something as complex and interdependent as space warfare? Historians, military
theoreticians, and political scientists note that recurring patterns of strategic thought can be
observed throughout history, an indication of their usefulness. Whether there is evolutionary
value to be found in strategic thinking or whether humans simply need the illusion of control that
strategic thinking provides is, perhaps, a moot question. We appear to be ‘wired’ to try. Like
others before me, I too am inspired to try. The game I use in this dissertation is explicitly
designed to explore both deterrence by threat of punishment and deterrence by denial of gains
over a wide range of possible futures. Of necessity, I have narrowed my focus to just a few of
those futures in order to gain understanding of some of the basic principles. It could easily be
that my selection of the futures to focus on is my own “failure of imagination”.
Unfortunately, space systems can take as much as a decade to conceive and implement-planning today to deter attacks in space several
Opponent
Operational
years from now is no small task. In 2002, Paul
Capability
Uncertainty
Davis proposed a model containing more than 20
Deterrence
interacting factors of deterrence, which I have
of Act
simplified in Figure 2.61 While Davis considered
only operational uncertainty, for space war all of
Attacker
Attacker Risk
the elements of the model are uncertain. We do
Motivation
Perceptions
not know where wars will be fought, who the
Figure 2. Factors that determine the opponent will be or what weapon or asset
capabilities he might have. We do not know the
deterrence of an act.
opponent’s or even our own future motivation or
risk perceptions. These deep uncertainties make the task of deciding today how to deter space
attacks tomorrow an uncertain task. Therefore, I spread a wide net in order to mitigate the risk of
my own failures of imagination when formulating my research design. With that in mind, the
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following sections review lessons on cooperation and conflict first from the literature of rational
choice and game theory and then from the literature of psychology and deterrence.

Game Theory, Rational Choice and the Study of Cooperation and Conflict
In this essay, I discuss benefits and limitation of game theoretic analysis. I also explore how
space warfare can be related to insights derived from three studies of strategic cooperation and
competition with game theoretic roots. The first study is from Robert Axelrod’s Evolution of
Cooperation, the second from Charles Glaser’s Rational Theory of International Politics, while
the third is from Ellen Ostrom’s observations on sustaining cooperation in governing common
resources.
Game theory came to prominence in the early days of the Cold War as a means to
mathematically describe the interdependencies between the U.S. and U.S.S.R. that govern
decisions on whether or not to engage in nuclear attacks. Game theory is built on the idea of
“rational choice” -- that individuals (or, in this case, nation states) will always act in their own
self-interest and, in fact, will seek to maximize their own welfare. In order to maximize welfare,
rational choice assumes that 1) individuals have fixed known preferences that define the
“payoff” of different courses of action (the computation of the payoff is called an objective
function) and 2) an individual will always choose the course of action that provides the greatest
payoff, i.e. the course of action that maximizes her objective function.
Although the rational choice model of decision making has appeal and can explain some
human behavior, it has obvious flaws. For example, when faced with a tough decision, I may
consider two or three paths forward, but I rarely have the time or patience to work through all the
possible courses of action and how they would play out over time. I also find that I often do not
know my “real” preferences for one outcome vs. another until I have experienced those
outcomes.62 This phenomenon is called “bounded rationality” – we are constrained by our
intellectual capacity, imagination and experience when making decisions.63 When uncertainty
enters the picture, the rational choice model of decision making strays even further from reality
by assuming that individuals not only know the payouts of a course of action, but that they also
know the probability of achieving that payout! Under rational choice, a “rational actor” makes
her decisions based on choosing not just the highest payout course of action, but the course of
action that has the highest score when payout is multiplied by probability. Yet, social scientists
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have repeatedly demonstrated that people over-estimate small probabilities (if we did not,
lotteries would not be as heavily subscribed) and under-estimate large probabilities (a
phenomenon called risk aversion). Real decision making is rarely “rational.”
Game theory takes rational choice further by recognizing that only some of the factors that
determine a party’s welfare are under their own control and are instead determined by others (or
by chance). In two player games (the simplest to understand), each player maximizes welfare
using the levers under her own control and assumes her opponent will use the levers under his
control to maximize his value (all while knowing she is doing the same). In mathematical terms,
the challenge of a game theoretic model is to find the conditions where both players are as well
off as they could possibly be without making their opponent worse off. To solve for this
condition, we need to know not only the objective functions of both players, we need to know
their perceptions of the probabilities of each payout. This is a high bar indeed.64
Given we do not understand our own decision calculus and cannot ever fully understand our
opponent’s decision calculus, why use game theory? The first reason to use a game theoretic
model is that by playing a range of decision models against each other under different conditions,
we observe common solutions (i.e. design patterns) to certain types of circumstances. In this
way, we learn from games the lessons that would be too painful to learn from real experience.
Just as we train our pilots on flight simulators, we train our strategists on game theory. A second
reason to use a game theoretic model is that it expands our imagination. The “bounded
rationality” of a computer is less constrained than the human mind. While humans program the
computers and so the input set remains constrained by human imagination, the output set is not
constrained by time, patience or math skills. Even after 35 years in space and space security, I
am amazed by the brilliance of some of the moves made during play of the theoretic space war
game – moves that I might have written off as “never a good idea” are precisely the right moves
at the right time and in the right circumstance.65 This is the advantage of using a computational
game theoretic model.
In the spirit of using game theory and rational choice to discover the unexpected, I offer
insights from three well known studies. In The Evolution of Cooperation (1984), Robert Axelrod
discusses the characteristics of strategies that performed well in a series of head-to-head
competitions in a computer Prisoner’s Dilemma tournament. The Prisoner’s Dilemma (PD) is a
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two player game where players do not know their opponent’s strategy, i.e. the rules the opponent
will use to determine what move to make. The Prisoner’s Dilemma is named for the way in
which the payouts are structured. PD games are those in which both players can gain more from
cooperation than from conflict, but can win even more if they chose conflict when their opponent
chooses cooperation. In Axelrod’s tournaments, individuals submitted rules (strategies) for
decision making that were then played against other submitted strategies in a PD game. The
submitted strategies could “learn” from the results of prior iterations against the opponent, and so
were scored over multiple rounds.
The model of space war that I use for my dissertation has some resemblance to a PD
game66—if both sides refrain from attacks in outer space, they both benefit by being able to use
their space assets to project power both in times of peace and in times of war. However, given
the relative lack of defenses in space and the inability of spacecraft to run or to hide, attacks in
space can quickly degrade an opponent’s ability to project power and give an attacker a
significant advantage (albeit temporary) in a ground theater of war. Therefore, the game rules
reflect that the payout of cooperation is higher than the payout of conflict, but ground war
introduces a potential payout for “defection” —attacks on military space assets can cause periods
of vulnerability in the opponent’s ability to project power into a ground theater of war. We
structured the game this way because the advantage is amplified if one of the players is more
dependent on space than the other. This gave me a way to explicitly explore the hypothesis that
an increasing dependence of the U.S. on space to conduct conventional war gives our opponents
an asymmetric advantage when executing a “first strike” in space.
From Axelrod’s analysis of the strategies that performed consistently well against a range of
opponent strategies, he derives four principles (i.e. design patterns in italics below) for success in
a durable iterated PD game such as space war:
1. Don’t be envious – rarely is the world a zero sum game. The 1960s “Space Race” was
cast by many as a zero-sum game where if the U.S.S.R. was winning then the U.S. was
losing. However, history has clearly demonstrated that human space based activities
benefit all of humanity – the “view from space” is available to all.
2. Don’t be the first to attack. In games of repeated interaction or with high visibility of
observation of defection, it does not pay to be the first to attack. In the world of space,
where attribution is relatively easy, retaliation for a first strike is almost inevitable.
3. Reciprocate both cooperation and defection. The strategy that did best in Axelrod’s
tournaments is a simple rule called Tit-for-Tat: after cooperating on the first move, this
strategy simply reciprocates what the other player does. If the other player cooperated,
peace is maintained. If the opponent attacked, the player strikes back. Our space war
game model often emulates this tit-for-tat behavior in low intensity conflicts.
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4. Don’t be too clever. Axelrod inveighs against the use of complex methods by which
player’s make inferences about the opponent’s goals and objectives. In tournaments
against multiple and diverse strategies, these inferences are inevitably wrong in a
majority of cases. While our Space War game is, in fact, very complex and presumably
clever, I use it to find robust strategies that play well against multiple futures and multiple
opponent strategies. If Axelrod is correct, the simpler strategies will also be the most
robust across a wide array of futures.
In Charles Glaser’s Rational Theory of International Politics (2010), he postulates that a
state’s “best strategy” regarding whether to cooperate or compete is determined not by the simple
rules of Axelrod but by a relatively complex function of the state’s objectives (what it wants), the
state’s capabilities (what it can achieve) and what it knows about its opponent’s objectives. With
respect to a state’s capabilities, he finds that a key parameter is the offensive/defensive balance
of the competition. Therefore, the game theoretic model that I use is designed to explore a) the
interaction of a state’s objectives and its capabilities and b) the offensive/defensive balance of
those capabilities.
Elinor Ostrom’s Governing the Commons (1990) focusses on the socio/economic conditions
by which stable and enduring cooperation can be achieved between peers without the oversight
of a hierarchical or centralized governing body, when the payoffs are structured as in the
Prisoner’s Dilemma. The case studies that she considers are those of common pool resources
(CPRs) – a “natural or man-made resource system that is sufficiently large as to make it costly,
but not impossible, to exclude potential beneficiaries”.67 A defining characteristic of Ostrom’s
CPR is that it is a limited resource, where overuse by any one entity adversely affects all users.
The peaceful use of space as an earth-observation post has not yet realized such a limitation, but
there are aspects of the use of space, especially those that might arise during space war, that have
CPR-like aspects. Specific orbits are becoming more crowded and debris in those orbits is a
symptom of over use that threatens all satellites in those orbits. Ostrom’s work informs my
analysis by hypothesizing the role that consequences may play in regulating decisions regarding
cooperation vs. competition in space.
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Prospect Theory and the Role of Perception in Deterrence
In 2004, Lawrence Freedman wrote “strategic theories that depend on the intelligence and
rationality of others are unwise. But then, of course, so are theories which depend on
assumptions of stupidity.”68 Thomas Schelling, winner of a Nobel Prize based on his work in
game theory, has said when considering deterrence “There is something here that looks like a
mixture of game theory, organizational theory, communication theory, theory of choice and
theory of collective decision.”69 Both Freedman and Schelling have studied conflict and
cooperation closely, and it is clear to them that more than rational choice and game theory are
required to fully explore the conditions under which deterrence can be achieved. As I noted
above, two of the unrealistic aspects of rational choice theory are a) the assumption that people
make decisions based on a mathematical reasoning about the probabilities of success or failure in
evaluating courses of action and b) that preferences are stable. Yet work in the field of
psychology demonstrate that this is almost never the case. When stakes are low, we make our
decisions without much information and when stakes are high, emotions color our weightings of
gains and losses. Therefore, in this section, I review what the psychologists have to say about
deterrence.
While a number of authors have applied findings from psychology to the study of decision
making, giving rise to a new field of study termed behavioral economics, few have applied
psychology to the study of deterrence. In one of the most notable exceptions, Robert Jervis’s
Psychology and Deterrence (1985), six different authors examine the historical record of
conflicts in the late 20th century to illuminate the ways in which preferences and circumstance
failed to deter conventional limited war. In particular, the authors look at both sides of the
conflict to highlight differences in the decision making calculus of those seeking to change the
status-quo and those whose strategic goal is to maintain the status quo.70 This focus on how
adversary perceptions of the status quo impact decision making echoes the pioneering work in
behavioral economics by Kahneman and Tversky just a few short years earlier, in which they
posit “Prospect Theory”: that while humans are risk adverse when they are happy with the status
quo, they become risk seeking when dissatisfied with the status quo.71 Fortunately for my work,
Kahneman and Tversky did not simply articulate a theory of how people evaluate probable gains
and losses—they and those who subsequently developed prospect theory into the field of
behavioral economics developed a mathematical model. The model is based on experimental
data reflecting our inability to correctly evaluate probabilities based on the psychological impacts
of the gain or loss associated with a course of action. Given the math model of prospects, we can
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insert it into game theory. In doing so, the goal is not to replace game theory, but to “replace the
rationality postulate […] while preserving the deductive structure of the theories”.72
This math model is the classic “prospect
curve” of Kahneman and Tversky, shown
graphically in Figure 3.73 The horizontal axis
is the actual value of a particular course of
action (what game theorists call the payoff),
while the vertical axis is the perceived value
of that course of action. The “rational actor”
of game theory assumes that actual value and
perceived value are identical, as shown by the
diagonal straight line in the figure. The “nonrational actor” of prospect theory, however,
sees gains and losses through the lens of her
reference point. This reference point is set at
the value the player feels entitled to; it may be
aspirational or based on a prior standing.

Figure 3. Prospect Theory vs. Rational
Actor Theory

For example, a prospect theorist might hypothesize that Russia’s reference point is that of
super power and their goal is to regain that status. If that is the case, prospect theorists would
say that Russia is operating in a “domain of losses” and is evaluating payoffs that impact their
power status using the curve to the lower left of the reference point. Under this scenario, Russia
views their current political power under the status quo as below their Cold War standing as one
of two super powers and will evaluate gains that move them in the direction of regaining their
super power status as 2 to 3 times more impactful (the slope of the curve below the reference
point) than the actual payoff of those moves. A comparable loss is also exaggerated, but slightly
discounted due to the bend in the curve. This bend and the flattening out of the curve represents
the phenomenon of being “saturated in losses”. Russia’s evaluation of a course of action is thus
highly influenced by their frame of reference, i.e. where they stand under the status quo relative
to where they “should be”. A player operating below their reference point is said to be “risk
seeking in gains” or in the extreme case, to feel they have nothing left to lose. Therefore, players
in this position are willing to upset the status quo.74
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Conversely, a nation state that is comfortable with the status quo or feels that they are
operating slightly above their reference point will evaluate a gain reasonably rationally, although
they will discount large gains. Furthermore, they will be highly sensitive to losses that move
them below their reference point, perceiving such a loss as being two or three times its actual
value. Prospect theorists say that a player at or slightly above their reference point is operating
in a “domain of gains” and is “highly loss adverse”. These players are much less likely to upset
the status quo. In fact, prospect theory teaches us that players in a domain of gains are
emotionally invested in maintaining the status quo.
Given the complexity of modelling individual decision making processes, extending such a
model to state actors is highly controversial—there are those who argue that the deliberation of
states makes them more rational than individual actors75 and those who argue that the competing
interests within those deliberations make the outcomes appear less rational and even random.76
Paul K. Davis in a recent discussion of deterrence, reflecting on his own earlier work in cognitive
modelling of Saddam Hussein in 1990-1991, warns that: “It is not prudent to assume that we can
build a ‘correct’ cognitive model of an adversary.”77 It is even more rash to assume that we can
build a correct cognitive model of both sides of a conflict. Therefore, in my research design, the
cognitive models of the players are treated as a structural element of deep uncertainty. I do not
presume to predict the cognitive models, but only to say that “if the cognitive models look like X
and Y, then it has Z effect on deterrence.”
A second difficulty in extending prospect theory to games of war is that ethical
considerations prevent researchers from conducting high stakes experiments on human subjects.
Therefore, the math model of how prospects impact decision making have only been validated in
relatively low stakes games; certainly not in circumstance remotely resembling war. Hence, the
case studies in Jervis’s “Psychology and Deterrence” may be the best evidence we have in
determining how or whether nation states also exhibit something akin to prospect theory when
considering whether or not to wage war. As with the three cases from the rational choice and
game theory literature I discussed above, these case studies also may teach us some important
lessons for space war.
In the first and, for me, most compelling of these case studies, Janice Gross Stein examines
the calculations of Egyptian and Israeli leaders in the years 1969 to 1973 – five years in which
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Egypt considered the use of force in the Sinai five different times.78 This period is immediately
after the war of 1967, which ended with Israeli occupation of the Sinai, the Golan Heights and
the West Bank of the Jordan, and it is relatively clear that Egypt was dissatisfied with the status
quo. While Egypt was perceived (in both Egypt and Israel) to be militarily less capable than
Israel, Egypt repeatedly challenged the status quo – planning military action 5 times and actually
attacking twice. Since Israel attempted to deter each of the planned actions, Stein examines the
differences between the times in which an attack was deterred and the times when deterrence
failed. She compares the two in an attempt to identify the factors that made the difference. In a
2nd case study, Richard Lebow explores the origins of the war between Argentina and the United
Kingdom over the sovereignty of the Falkland Islands.79
Both Stein and Lebow find that players consider their national interests in deciding their own
courses of action, supporting rational choice theory. However, they also find that players
primarily hypothesize their adversary’s course of action from history. They assume their
adversary will pursue the same or similar course of action taken previously. It is almost a truism
that nations are prepared to fight the last war. Stein and Lebow do not find, however, that this
failure to fully consider the adversary’s point of view and decision calculus is a determining
factor in determining whether or not armed conflict occurs. What does appear to matter is the
perception of the availability or success of alternatives to force. In this regard, they find that
trends matter. When bargaining appears hopeless and alternatives are perceived to be shutting
down, a determined adversary of the status quo will be driven to attack even when a rational
weighting of gains and losses “should” deter that attack.80 This hints strongly of prospect theory
– when all alternatives are bad, even high risk gambles are perceived to be worth taking.
Of particular interest is Stein’s analysis of Egypt’s decision to attack in the Sinai in 1973.
Based on her research of the contemporaneous record and on later reflections by those involved
in the deliberations, Egypt’s primary concern was not what they could gain from the attack
militarily, but the political loss of face and humiliation they would face if they did not attack.
Rather than a reasoned weighting of gains and losses, Egypt’s goal was simply to minimize
losses.81 A second insight from Stein’s analysis is that Egypt’s 1973 decision was influenced by
non- military considerations. Political standing was not only a factor, but the deciding factor in
the leaderships decision making calculus. Although Egypt may have felt they were in a domain
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of losses militarily, they did not yet feel they were in domain of losses politically. In fact, they
had gained some sympathetic political capital within the Arab world as a result of their prior
losses in the 1967 war. It was the prospect of losing that leverage and being pushed into a
domain of losses politically that was the deciding factor. In light of this, a primary output of my
research is a visual map to describe the interplay of a nation’s political and military prospects.
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Space and Warfare – A Future Perspective
For my last essay in this background series, I consider what the future of space warfare might
look like. The uses of space for warfare are still relatively new, but they will mature. In 1989,
Timothy Garden wrote in The Technology Trap that “today’s miracle weapon is tomorrow’s
dead end”.82 This certainly appears to be true in any examination of the long history of weapons
and war. While strategies wax, wane and are reborn again, weapons tend to have their moment
of disruptive impact on the balance of power and then slowly fade in importance. In considering
how new technologies come to be used in war, Martin van Creveld notes in Technology and War
that the invention of new war technologies in past centuries was often happenstance and
accidental. However, in the 20th century the invention of new war technologies has more often
been a deliberate act of nation-states, becoming “an exercise in managing the future.”83
Sometimes, however, it can feel like an exercise in futility. Each new technology either
eliminates a vulnerability or introduces one—often seeming to do both at once; and in its turn
inducing a new round of invention as each side in a conflict strives to gain the upper hand in the
balance of power.
The process of adopting new technologies to warfare has been extensively studied. Both
Garden and van Creveld note that the technologies that have had the largest impact on the
conduct of war are not always those that are technically superior (e.g. the biggest, the fastest, the
most agile). Instead, the impact of a technology on warfare is largely unrealized unless
accompanied by “the thoughtful applications of well-understood techniques”.84 Michael
Horowitz has taken this thought and developed it into a theory of diffusion for military power.
For Horowitz, whether or not a state adopts a new innovation for warfare depends on:85
a. The financial capital needed to realize the new technology
b. The organizational capital needed to incorporate it into doctrine, standard operating
procedures, etc.
Space assets that allow states to project power far from their homelands require both high
financial capital and high organizational capital. As such, diffusion has been slow, with a long
lasting disruptive impact on the balance of power providing a relatively long term first mover
advantage. Some space weapons, on the other hand, can be relatively crude, requiring very little
financial capital, albeit a relatively high level of organizational capital. Horowitz notes that
technologies such as these weapons, with low financial/ high organizational costs, risk reordering
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the global balance of power in ways likely to threaten existing powers.86 If he is correct, whether
or for how long the world can avoid the adoption of space weapons as a normal part of warfare is
primarily a function of how powerful the status quo is.
The power of that status quo stems largely from stigma, a sense that space is a sanctuary to
be shared by all the nations of the earth. This sense of “space sanctuary” is reinforced by the
international character of many space assets. Due to the high financial and technical costs
involved in putting assets into outer space, international consortiums have often shared the
financial and technical risks (and benefits) across multiple countries, enhancing a culture of
cooperative use. However, the need for international consortiums may be changing. Recent
authors (including those at RAND) have pointed to the “democratization of space” brought about
by the lower financial risks of smaller satellites and commercial launch services.87 While lower
financial costs will certainly allow more nations to use space assets for military purposes—
increasing the diffusion of technologies for war; those lower costs simultaneously allow more
firms to use space for commercial purposes. Depending on the international vs. nationalistic
character of those commercial users, both of these effects from the lowering of space costs may
work against deterrence. Whether we can continue to deter the use of weapons in space through
stigma is therefore a primary topic of this dissertation.
If terrestrial conflict were to extend into outer space, what might it look like? Van Creveld
notes that technology is most advantageous in cognitively “simple” environments. In the
complexity and chaos of a ground war, technology is just one factor that determines the
success/failure of the adversaries. In naval and aerial warfare, the environment in which war
takes place is relatively simpler and more predictable, making technology a bigger factor in
overall outcomes.88 It would seem that space, where weapons and assets move in fixed orbits
and are highly visible, represents a battlefield where technology may be the primary, if not the
sole, determinate of outcomes. Michael Howard notes in War in European History that
technology has made the participation of the mass of the population in war irrelevant. War today
is increasingly a contest between small groups of professionals and an even smaller group of
scientists and technologists.89 War in space, it would seem, may be the ultimate battle of the
technologists. This leads to two observations:


Significant technical knowledge is required if one is to engage the enemy. By its very
nature, war in space demands the application of logic, not emotion, perhaps lowering the
threat of escalation.
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To the extent that the club of spacefaring nations remains small and the technologists
who fill that club have a shared experience battling the harshness of the space
environment, it may be that war in outer space will take on a highly ritualized form. Van
Creveld persuasively argues that war has a tendency to become ritualized when
opponents share a common culture and civilization.90

If space war is waged by technologists with a shared common culture, we might expect that
attacks in space would be signaled well in advance and that opponents would abide by relatively
strict rules of engagement to ensure that debris generation and collateral damage are minimized.
One might also expect these rituals to be designed to ensure that space assets needed to detect
and deter nuclear war would be spared from attack. In such an environment, the highest risks in
space warfare would arise from outside the club of spacefaring nations. U.S. investments and
counter space preparations should, perhaps, be driven less by fear of attack from a near-peer
adversary and more by fear of attack from so called “rogue nations” with nothing to lose and
everything to gain. Since the definition of a rogue nation is one that cannot be deterred by threat
of punishment or by stigma, deterrence by denial of gains is needed to if the peaceful uses of
space are to be maintained. Therefore, in my research I took care to include cases where the
opponent is much less dependent on space than the U.S. and may therefore be motivated to “go
rogue”.
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Research Objectives

In each of the above essays, I identified factors that I believe have applicability to the study
of space warfare. In a sense, these became the “requirements” for the design of my research.
Based on them, I formulated the objective of my research as an exploration of the following
three research questions:




What impact does a U.S. asymmetric dependency on space have on our ability to deter
acts of conventional war from spilling over into the space domain?
How does the above answer change when I include psychological impacts on decision
making when modelling the U.S. and our potential opponent?
What is the role of political stigma or taboo in deterring the use of weapons in space?

To meet my research objective, I use a game theoretic model of space warfare that includes
the following factors which are hypothesized to impact the ability to achieve deterrence:







Opponents who are near peer adversaries and thus have “something to lose” if active
warfare expands to the space domain, as well as opponents who have very little at stake
and therefore may act as rogue nations.
A wide range of assumptions regarding the offensive/defensive balance of the players.
When modelling psychological impacts, I use a prospect model that allows me to:
o Delineate between the impact of political prospects and military prospects.
o Delineate the differences in deterring an opponent who is making decisions in a
domain of political gains vs. in a domain of political losses.
When modelling the impacts of stigma and taboo, I differentiate between:
o Commercial, international and military uses of space as these have differing
legitimacy as targets of war.
o Tactical and strategic military uses as the latter may benefit from the taboo
against nuclear war.

In addition, moves in the game allow players to deter by threat of punishment as well as by
denial of gains. Players can attack or defend. Additionally, they can invest in weapons, in assets
or in information about the opponent’s assets and weapons as a means to change the
offensive/defensive balance. Furthermore, the game includes a) orbital destruction that arises
from space debris created by kinetic weapons91 and b) the human capital and effort required to
invest in space technology.
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Methodology

The first, and perhaps most important, aspect to note about the methodology used here is that
this is exploratory research. The model of space war used in this research is not intended to be
predictive, but is used only to explore a range of conditions that I hypothesize are important in
deterring conflict in space. The purpose of that exploration is to discover design patterns that
can inform our strategic thinking regarding how we might deter the expansion of terrestrial wars
into the space domain. The purpose is not to discover specific tactics that the U.S. should use in
time of space war, although it is sometimes tempting to draw such conclusions. As I wrote
earlier, we do not know where such a war would be fought and what the motivations and
capabilities of the U.S. or our adversary might be.
The second critical aspect to note is that models have their limitations. As is commonly said,
“all models are wrong, but some are useful”.92 Conflict is rarely confined to two players as it is
in the game theoretic model used here. Game theory’s basic assumption that both players know
the other’s values and capabilities and seek to optimize their own values and capabilities
assuming their opponent will also optimize for their own values and capabilities is aspirational.
Nothing, it seems, is further from the truth. The historical record shows that while the
deliberations of states include reasoning about their own values and capabilities, they often
assume that their opponents will repeat their past behavior, ignoring evidence that is inconsistent
with their narratives and beliefs regarding how conflict will play out. Furthermore, while we
know decision makers are not rational, they are also unlikely to exactly fit the model of prospect
theory. As the essays above indicate, prospects and the psychological impact of a state’s
perception of its standing under the status quo do influence state decision making; however, the
decision making process of nation states is likely to be much more variable than the decision
making process of individuals. Finally, Kahneman himself points out that prospect theory does
not model disappointment or regret, both of which are strong psychological factors in decision
making.93
So where does this lead us in using game theory and prospect theory to analyze deterrence?
It appears that the best I can do is to substitute prospect like calculus into our game and then, as
Jervis suggests, “try to reach the more modest goal of developing policies that have high payoffs
if the assumptions about the adversary that underlie them are correct, yet have tolerable costs if
those premises are wrong.”94
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Combining Prospect and Game Theory
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Although my RAND colleagues and I may be the first to insert prospect theory into a large
game theoretic model, we are not the first to consider the implication of prospect theory on game
theory and deterrence. Jeffrey Berejikian has analyzed deterrence theory as a simple game of
chicken and shown that prospect theory fully explains how deterrence breaks down when a
nation state perceives itself to be in a domain of losses,95 but little work has been done to extend
his work to more complex games. To take his work further, let’s begin with a simple game
theoretic construct for space war. As we have seen, if both players refrain from attacks in space,
both will benefit from the continued peaceful use of space. However, the first player to attack
space could create a temporary advantage in a ground war by delivering a knock out blow that
deprives his opponent of the military use of space. Unfortunately, if his opponent
counterattacks, there is a strong probability that both will be deprived of all uses of space for the
foreseeable future due to debris
generation. To provide a worked
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example, assume that the players’
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Red can only be deterred
if Blue’s probability of
counter attack is greater
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Figure 4. Comparison of Red payouts when considering
a 1st strike under Rational Choice and under Prospect
Theory for different reference points.

In the traditional 2x2 matrix used to illustrate simple game theoretic models, the rational
payout matrix for the Red player contemplating a 1st strike in space is shown in the upper left
diagram of Figure 4. In this case, Red would have to be 67% confident that Blue would not
counter attack (thereby reducing Red’s payout to zero) for the attack strategy to be his best
95

Jeffrey Berejikian, “A Cognitive Theory of Deterrence”, Journal of Peace Research, vol. 39, no. 2, 2002, pp.
165-183.

35

option. That is, if the probability of Blue counter attack is greater than 33%, Red will be
deterred since the “expected value” of maintaining the status quo will outweigh the expected
value he would realize if he attacked first.96 If Blue’s calculus is similar, there exists a region,
mapped as a function of the probabilities of counter strike, where both are deterred and the status
quo will be maintained.
Now suppose that Red is a stable or rising power who feels entitled to his position in world
affairs. Furthermore, he feels entitled to the peaceful use of space, so assume his reference point
is 5. The rational and prospect payout matrices for this case are shown in the center of Figure
4.97 If he were to attack in space, under prospects he would see his gain as roughly
commensurate with its actual value, but he would perceive his losses as twice their actual value.
In fact, were he to lose all use of space, it would not simply be felt as a loss of 5, but as a loss of
9 – the value at which his loss curve saturates. While stating the rational payout relative to the
reference point does not change the probability of Blue counter attack at which Red will be
deterred (it stays at 33%), the transformation to a relative reference does change the outcome
under prospects. Solving this case under prospects (i.e. using the middle lower payout matrix)
shows that Red can be deterred from attacking even if there is only a 22% chance of Blue
counter attack. As this example illustrates, behavioral economists say that a person operating at
their reference point is more “loss averse” than he rationally should be.
Now reframe the problem assuming that Red is very dissatisfied with the status quo and is
operating in a domain of losses. He not only feels entitled to the peaceful use of space, he
believes that he is entitled to dominate in space and has lost a previously held advantage. In this
case, I model his reference point as 7 and the payout matrices on the right in Figure 4 show his
rational payout (top) and his prospect payout (bottom). In this case, he perceives maintaining the
status quo as a loss of 4, having an exaggerated sense of loss from his previously held advantage.
In fact, he believes that if he attacks and blue does not counterattack, his gain will bring him
back to his reference point of dominance in space. Similarly, he feels that if he were to maintain
the status quo but Blue attacked, he would lose twice his actual losses for a net payout of -6.
However, if he were to attack 1st and Blue counter attacks, the resultant loss of all uses of space
would feel only minimally worse (-9) because he is saturated in losses. The payout matrix for
Red in this case is shown on the right in Figure 4. In this case, Red will be strongly tempted to
gamble on a 1st strike. In fact, Red is now willing to attack even if there is a 57% chance of
counter strike! This increase from 33% to 57% illustrates the principle that players who make
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their decisions from a domain of losses are less risk adverse than they should rationally be.
Behavioral economists describe players in this position as “risk seeking in gains”. This same
principle holds for more complex games in which Red and Blue each try to maximize their own
expected values while subject to the constraint that their opponent is doing the same -- players in
a domain of losses are harder to deter than they should rationally be.
Now that we have an understanding of how prospects impact individual decision making,
consider the dynamics when there are two players, both with their own reference points. Game
theoretic models solve for the outcome when both players are at the maximum value they can
achieve without making either player worse off. As such, if both players have the same payout
matrix and make their decisions independently and simultaneously, in all cases the rational
solution to the game is to maintain the status quo. If we insert even slight advantage into the
game, such as first mover advantage, the equilibrium point of maintaining the status quo is not
stable. The first to attack does gain a slight advantage, even though it is momentary.
When both players are operating at their reference point, both will be loss averse and the
deterrence regions (i.e. the range over which the probabilities of counter attack can deter attacks)
becomes wider. Conversely, if both are risk seeking, the deterrence region becomes smaller, but
it does still exist. The reason it still exists is that both players have the same threshold of
probability of counterattack at which they can be deterred. Neither has an advantage over the
other. However, if the players have asymmetric sentiments, i.e. if one player is risk averse and
the other is risk seeking, it is nearly impossible to achieve deterrence. The risk seeking player
who knows he is facing a loss averse opponent also knows that his opponent’s threshold for
probability of counter attack is less than his own. Therefore, he has an advantage he can use to
his benefit. Risk seeking two year olds instinctively grasp this principle--when faced with an
adult unwilling to incur the discomfort (loss) that comes with disciplining a child, they will act
out much more than they would otherwise.

Modelling Sentiment in Space War Deterrence
Dimensions of Warfare and State Power
As the above analysis of a simple game of chicken indicates, introducing prospect theory in a
game theoretic analysis changes the conditions under which we can achieve deterrence. While
the simple game above assumes that all gains and losses were evaluated on a single scale with a
single prospect curve, space is used for many dimensions of state power and, as we saw in
Stein’s analysis of Egypt’s 1973 decision to attack in the Sinai, sometimes the sentiment that
drives the impetus for conflict is in an entirely different dimension of power than the dimension
in which wars are fought. Therefore, in the game used for this analysis, I defined 4 dimensions
of state power and allow the players to have different reference points for each. In defining these
dimensions, I started from a construct of state power used by the U.S.: Political, Military,
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Economic, Societal, Information and Infrastructure (PMESII).98 Keeping score in multiple
dimensions is inherently complex, so I pared the set down to just P, M and SII. The political
dimension (P) is critical to any decisions regarding the escalation of war vs. deterrence and is a
focal point of my analysis. The military dimension of power (M) is essential to war, so of
necessity it needed to be included in the analysis. However, for spacefaring nations a growing
segment of their social, information and infrastructure (SII) power is enabled by satellites. That
capability is also at risk if ground war were to spill over into space. Not only does collateral
damage occur in times of war, but the total destruction of an orbit due to debris or radiation from
nuclear detonations indiscriminately impacts all uses of space. Therefore, I added SII as a
separate dimension.
For an example of how these dimensions of war could interact, consider an attack against the
U.S. Global Positioning System (GPS). The system enhances the U.S.’s ability to project power
into a ground theater through precision guided bombs. In conjunction with a mapping service, it
also allows U.S. warships and land vehicles to navigate precisely in unfamiliar environments,
negating some of the home advantages of an opponent who is fighting on familiar ground. As
such, GPS is a tempting military target for an opponent in a ground war. However, GPS is also
essential to the everyday business and social transactions of billions of global users. Therefore,
an attack on the GPS system would also degrade societal, information and infrastructure (SII)
capability. Furthermore, the GPS satellites carry a sensor for detecting nuclear events and an
attack on the system could be misconstrued as preparation for nuclear war. Such an attack could
politically stigmatize the attacker while creating sympathy for the U.S., resulting in a significant
strengthening of U.S. political power on the international stage. The net result of an attack on
the GPS system is then modelled as a loss in M and SII as well as an increase in P, all accruing
to the victim. The increase in P is due to stigma attached to violating norms against interfering
with another nation’s means of verifying nuclear arms control treaties. I also model a possible
loss in P to the attacker if the weapon used has a stigma associated with it. As we will see later,
the decision to model political impacts as both a P gain for the victim and a P loss for the
attacker significantly impacted my results. Therefore, I will return to the issue of modelling
political consequences of attacks later in this methodology discussion.
Continuing with the current discussion of the dimensions of power involved in space warfare,
note that the space theater of war is internal to the game theoretic model while the ground theater
of war is external. Therefore, it also became necessary to separate the military (M) dimension
between the space assets (such as GPS) that allow military power to be projected into the ground
theater of war (Ma) and the space weapons that allow military power to be projected into the
space theater of war (Mw). In total then, I need to define reference points in 4 dimensions: P,
Ma, Mw, and SII.
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Reference Point Definitions
The first decision that needed to made regarding reference points was whether to keep them
fixed throughout game play vs. allowing them to be updated in response to actions taken in the
game. While there is evidence that reference points are readily revised upward as we gain new
capabilities, they are rarely revised downward.99 Since my dissertation is primarily concerned
with the impact of attacks that degrade space capabilities (i.e. that might move a reference point
downward), in the interest of simplicity I elected to leave the reference points fixed throughout
game play.
The second decision was how to set the reference points. For Political standing, I set the
reference point independently of any other parameter in the game. That is, political standing is
an independent variable in the research design and its impact on the ability to achieve deterrence
is the dependent variable. Ma and SII thresholds represent the aspirations of spacefaring nations.
They are goals to be reached. To set them, I had to define what it would mean to have 100% of a
space capability. Luckily, the physics of orbits and fields of view for many of the space systems
studied provide a fairly unambiguous standard regarding the number of satellites necessary to
provide full capability. For instance, in the U.S. GPS system, 24 satellites are needed to provide
full availability of the service. Therefore, the Ma and SII reference points are set to reflect 24
GPS satellites. For any period in which the U.S. has less than 24 satellite, the U.S. will be in a
domain of losses in both Ma and SII. A more interesting question is how to treat redundant
satellites above that threshold. For instance, the U.S. routinely keeps 30+ GPS satellites in orbit
at any one time; these “extra” satellites provide resilience, but not enhanced capability.
Therefore, the game treats the 100% capacity level as a saturation threshold. The last reference
point to define is for Mw – the level of space weapons that a nation feels it needs. After much
discussion with colleagues, it was decided to set these reference points to reflect an arms race
mentality—i.e. my reference point is my opponent’s capability—if my opponent has a new
weapon, then I need one too. To mechanize this as a fixed threshold in the game, we defined the
player’s “objective to be maximized” as the difference between his weapons capability and his
opponent’s weapons capability (i.e. the difference in Mw, which I will refer to as dMw) and
fixed the reference point at zero. This dimension of the game is the only one which is zero-sum,
i.e. if the U.S. wins, then the adversary loses and vice versa.
Keeping Score
The next set of decisions to be made was to define a “worth” associated with each satellite’s
contribution to Ma and SII, of each space weapon, and of political gains and losses. I will
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discuss the first two here, leaving the discussion of political modelling to the section on Political
consequences.
The worth of each satellite in a constellation was set after discussions with subject matter
experts both internal to RAND and at the sponsoring organization. Since I had already defined
how many satellites were needed to achieve full mission capability, the only remaining question
to be answered was how much of a state’s total M and total SII capability were represented by
that constellation. For the three categories of assets used in this analysis (military
communications, mixed use military and commercial communications and navigation services) it
was relatively easy to achieve a rough consensus as to the proportion of M and SII they
represented. The only wrinkle was that the military (M) capability represented by a constellation
is dependent on where the ground theater is located with respect to the homeland. For wars
fought far from the homeland, a player’s space assets represent a larger percentage of his overall
military capacity since he is reliant on space to project power. Players who have “home field
advantage” are much less reliant on space to project military power. Therefore, each player’s
military dependency on space is set as an independent variable in the research design and I
explore the impact of the ratio of those dependencies on deterrence. For the results shown in this
paper, I used 1:1, 3:1 and 5:1 ratios. The 1:1 ratio represents situations where the U.S. and our
opponent are both equally dependent on space to project power, i.e. where near peer adversaries
are both playing far from their homelands, perhaps in a proxy war. The 3:1 and 5:1 ratios
represent situations where the U.S. is further from home (or has more capable satellites) than the
opponent. To simplify drawing inferences from my results, the players’ SII dependencies on
space were treated as a fixed parameter in the research design and I assume the U.S. and our
opponents are at parity in their SII dependence.
The worth of space weapons became a much more interesting conversation than the worth of
space assets. The critical question that had to be answered was whether weapons had an intrinsic
value outside of the space war game itself. If these weapons were only valuable in the context of
the damage they could inflict in the game, then there was no need to use Mw in the player’s
objective function. Player’s would or would not build the weapons necessary to gain advantage
in the ground war. We finally decided that the possession of weapons in and of themselves
contributes to a nation’s sense of prestige and well being. Possessing the latest and most
advanced weapons matters at a psychological level. Therefore, I assigned value to the
possession of at least one of each weapon type, with each player’s objective being to possess
more types of weapons than his opponent. Higher values were assigned to weapon types that are
more versatile or more effective. The value of weapons is, perhaps, the most subjective of the
parameters of the game.
Objective Functions
After defining the dimensions of play, the reference points of the players and the worth of
space assets and weapons, the last step in the research design for exploring the impacts of
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sentiment on deterrence of space war is to define the objective functions of the players. To
define the objective functions, we need to ask what the players care about. What motivates their
actions? What do they want to maximize? Our answer is that in times of peace, spacefaring
nations want to maximize their own use of space for both military and social /information
/infrastructure purposes. Additionally, they want to possess more types of space weapons than
their opponents. However, in times of ground war, they are also interested in depriving their
opponent of the use of space for military purposes and, to a lesser degree, for social purposes.
Finally, in both peace and war, nations value their own political standing in the world as this
represents political “capital” that they can use to their advantage. Therefore, the simple answer
to the question of “what are a state’s objectives?” is “to maximize P, Ma, SII and dMw at all
times, and in wartime to additionally value periods in which their opponent’s space capability is
below 100%.” The more complex answer is to formulate this into a mathematical expression
that will yield a well formulated optimization problem.
Since many of the means to attack space are temporary and reversible, it is not enough
simply to maximize P, Ma, SII and dMw at any given point in time. What matters is maximizing
capability over time. For instance, would you rather lose your ability to hear higher pitched
sounds for the rest of your life, or lose all of your ability to hear for one month? In formulating
your answer to that question, you probably considered both the time frame and the magnitude of
the hearing loss. There is an entire sub-field in behavioral economics dedicated to developing
models for how humans make decisions when confronted with different time impacts. Research
shows we tend to discount long term effects when all other things are equal, but the severity of
the impacts above are not equal. In the interest of simplifying my research, I treat a loss of 2 for
one year as being equal to a loss of 1 for two years. Mathematically, these two impacts are equal
if we integrate capability over time. Therefore, I formulate the elements of the objective
functions as integrals of scores over time; i.e. the player objective functions are formulated from
the integrals of P, Ma, SII and dMw over time. The formal definitions of the elements of the
player objective functions are:
1. Players seek to maximize the integral of the Military capability of their own space assets
over time. (TG = game duration)
∆
2. Players seek to maximize the integral of the SII capability of their own space assets over
time.
∆
5. Players seek to maximize the integral of their own Political capability (
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) over time.

∆ ,
6. Players seek to maximize the integral of the delta between the Military capability of their
own space weapons over time and their opponent’s space weapons over time:
∆

∆

7. Players seek to maximize the opponent’s Military vulnerabilities during the ground war
(Ma capability below threshold) over time:
= Duration of the Ground War.
∆
8. Players seek to maximize the integral of the opponent’s SII vulnerabilities during the
ground war (SII capability below threshold) over time:
∆

The next question to answer is one of degree, how much do the players value each of these
objectives versus the others? Are some elements more important than others? These weightings
are treated as independent variables of the research design.
Perhaps the most important of these weights is how much a player values minimizing his
own vulnerabilities vs. maximizing his opponent’s during times of ground war. I chose to set
this weight based on the player’s relative dependency on space to project power into the theater
element of the player objective function
of the ground war. Specifically, I weight the
by

, where DM is the military dependency on space. As a worked example, if 30 percent

of the U.S. total military power in theater is projected from space, but the opponent has “home
field advantage” and only needs to project 10 percent of their total military power through space,
then the opponent will value maximizing the U.S. vulnerabilities three times more than he values
minimizing his own

.
.

3.

The weights for all other factors in the objective function are set to either zero or one—either
the player values them or does not value them. At the highest levels of escalation, what Fredrich
Glasl terms “War of Total Destruction”100, I set the values so that players only value the
destruction of their opponent. I also normalized each of the factors so that none had undue
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influence on the optimization. Therefore, the formal specification of the Blue (U.S.) player’s
objective function is given below. The Red player’s objective function mirrors it.101
max
∆

The terms # represent the player’s preference or weighting of a particular element of the
objective function. Therefore, any player’s decision model is defined by:
1. Their preferences for the elements of the objective function (
2. Their escalation level
3. Whether the ground war is in progress and, if so, the ratio of

,…
.

A critical concept in my formulation of the objective function is that players are, to quote
General Hyten, “playing to win” in the ground war.102 What they value is keeping their own
ability to project power from space at a maximum and, in times of ground war, driving the
adversary as far below the threshold of power projection from space as possible and for as long
as possible. Even players who value the political consequences of their moves in space do so
purely from what it can gain them in pursuit of that goal—they accumulate political capital only
to spend it on retaliatory attacks. When deterrence is observed in the game, it arises as an
emergent property because the opponent has created a “no win” situation, not because the
players have held back due to a desire to maximize peace and stability in space.

101

The alert and careful reader might note that there is no
in the objective function. The model does have a
such a parameter and it is applied to the integral of the opponent’s time below a political threshold. It was set to
zero when we realized that attempting to maximize an opponent’s time below a political threshold serves no purpose
in the ground war. While an inflamed and risk seeking opponent is sometimes to one’s advantage, it is not prudent
to maximize that emotion. By zeroing this term in the objective function, inciting risk seeking behavior becomes a
tool used in maximizing the other objectives, not a goal in and of itself.

102

I was fortunate to attend the 2017 Deterrence Symposium at which in his closing remarks General Hyten, now
Commander of U.S. Strategic Command, stated that he was tempted to bring in more military panelists who
“understand the importance of winning.” Deterrence in space must be a bi-product of playing to win in the ground
war, not an end in itself.
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Research Design for Exploring the Impact of Sentiment on Deterrence of
Space Warfare
Defining the Base Cases.
Recall that the research questions my model of sentiment is designed to explore are:



What impact does a U.S. asymmetric dependency on space have on our ability to deter
acts of conventional war from expanding into the space domain?
How does the above answer change when I include psychological impacts on decision
making when modelling the U.S. and our potential opponent?

To answer the first question, the U.S. dependency on space is the primary independent
variable (i.e. the input) and deterrence is the dependent variable (i.e. the output). I model
dependency on space as a ratio of the U.S. to the opponent’s ability/need to project military
power from space into a ground theater of war: 1:1 for near peer adversaries, 3:1 for near peers,
but where one of the opponents is on his home turf, and 5:1 where one of the opponents has little
to lose and therefore may act as a rogue nation. Given that games of strategy often depend on
the offensive and defensive capabilities of the opponents, it is important to understand how
deterrence changes based on the offensive and defensive preparations of the players. I change
the initial offensive-defensive balance by varying the quantity and quality of the player’s initial
endowment of space assets and space weapons. For instance, I can start games where both the
U.S. and her prospective opponent have invested heavily in redundancy and resilience of their
spacecraft but have not built any space weapons. Conversely, I can start games in which players
have built minimal space resilience but a significant cache of space weapons. Or they can start
with a little of both. The game then plays for 10 years, with ground war starting at the beginning
of the 2nd year.103 Players can invest to change the offensive-defensive balance during the game.
Each possible combination of investments, attacks and defenses employed by each player,
including the timing of those acts, comprise the different courses of action evaluated to
determine the “optimal” solution – i.e. the course of action for each player that maximizes his
objective function subject to the constraint that his opponent also maximizes his objective
function. The number of possible courses of action evaluated for each 10 year game is > 10
trillion.104

103

Space war can break out at any time since it, like space war deterrence, is an emergent property of the game.

104

See Appendix C for a discussion of how we dealt with solving for optimal strategies when faced with the need to
evaluate trillions of courses of action.
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Red Opponent

In total, I play 9 different cases for each of
All Weapons,
the three dependency ratios. The 9 offensiveNo
Case 7
Case 8
Case 9
Redundancy
defensive balance cases are described in Figure
5 as a function of the initial weapons allocation
50%
Weapons,
Case 4
Case 5
Case 6
and resiliency posture of each player. Cases on
+1
Redundancy
the diagonal from the lower left to upper right
No Weapons,
are cases where the players have symmetric
+2
Case 1
Case 2
Case 3
Redundancy
initial allocations. At the lower left, they have
No Weapons,
50% Weapons,
All Weapons,
invested in redundancy for all of their systems
+2 Redundancy
+1 Redundancy No Redundancy
Blue: United States
but have not invested in any weapons. At the
upper right, they have both invested in
Figure 5. Definition of the Nine Offensive‐
weapons, but not redundancy. Rational play
Defensive Balance Cases.
for these 27 cases (9 offensive-defensive
balance x 3 dependency ratios) then becomes the base from which I explore the impact of
including sentiment in the players’ decision models.
To complete the rational play research design, I also need a measure of the dependent (or
output) variable: deterrence. Specifically, my dependent variable is the degree to which
expansion of ground hostilities into the space domain is deterred. As such, measuring deterrence
must be more nuanced than simply whether attacks on space assets occur. Ideally, it should also
be a function of the intensity of conflict. Therefore, I turned to the literature on escalation and
adapted Fredrich Glasl’s nine state model of escalation to my use.105 While the last five stages of
Glasl’s state model become the scale on which I measure escalation, I also need to define what
actions in the game are escalatory or de-escalatory. Revisiting Forrest Morgan’s recent
discussions of escalation in space warfare106 led to a model of escalation where first attacks on
specific assets types (such as a first attack on a military communication satellite or a first attack
on a commercial imaging satellite) would transition the game to a given level of escalation. For
instance, attacks on a nation’s nuclear arms treaty verification satellite or on their nuclear
command and control satellites immediately escalates that nation into the mindset of “Total War
of Destruction”, the highest level in the game. De-escalation is modelled as function of time
without further escalatory acts occurring. As with the valuations of assets and weapons, the
definitions of escalatory acts were vetted by subject matter experts at RAND and at the sponsor’s
organization. As such, the definitions are representative of what current U.S. space security
105

The last 5 stages of Glasl’s escalation model (in order of increasing escalation) are: loss of face, threats, war of
limited destruction, war of fragmentation, culminating in a war of total destruction when self preservation no longer
matters and only the destruction of the enemy is important. I did not use the first four more cooperative stages since
my analysis assumes the players are at war (at least terrestrially). Glasl, Fredrich. 1997. Konfliktmanagement. Ein
Handbuch fuer Fuehrungskraefte, Beraterinnen und Berater. Bern: Verlag Paul Haupt.
106

Morgan, Forest E. 2010. Deterrence and First Strike Stability in Space. MG-916-AF, Santa Monica, CA.:
RAND Corporation
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strategists would deem escalatory acts. To keep the research design simple, I used the same
escalation definitions for both the U.S. and our opponent, although it is highly unlikely that this
would be true in reality. Failures to understand what an opponent finds escalatory abound in the
historic record of conflict.
Having a definition of escalation, I use it as one component in defining the intensity of
conflict. The other components of the intensity of conflict are the number of attacks made
against space assets and the number of attacks made against space weapons. That is, conflict
intensity is a function of both the types of attacks made (which raises and/or sustains a given
level of escalation) and the number of attacks. The mathematical representations of these
measures are:


Measure of Escalation: The metric of escalation is computed as the integral of the time
during which the escalation level of either player is equal to or greater than War of
Limited Destruction. Attacks on space weapons or on legitimate targets of conventional
warfare do not escalate the players into a state of war of limited destruction, but attacks
on commercial or international satellites would rise to this level.
∆ ,



Intensity of Conflict: The intensity of conflict in the space war is a function of the
measure of escalation, which is based on the legitimacy of the target of an attack, times
the number of attacks made against space assets. Since attacks made against weapons are
not escalatory, I account for them separately and linearly add the two.
.

.

Exploring the Impact of Sentiment.
After establishing the base cases for comparison, I can now define the cases that allow me to
explore the impact of sentiments on deterrence. To understand the baseline impact of sentiment
on deterrence, I repeated the above set of 27 (9 x 3) games with players who, at game start, are
operating at their political reference point. Their sentiments for Ma, SII and dMw, however, are
determined by the offensive-balance of the game.
In defining the 9 cases, I chose not to start either player in a domain of space military or SII
gains or losses. Given the maturity of space systems development in the world today, I chose to
only model cases where players started from a full complement of space assets. While some
spacefaring nations have fewer assets that others, all of those nations current demonstrating
space weapons capability (U.S., Russia and China) have sufficient assets to project significant
military and SII power from space, should they do choose to do so. Therefore, the lowest case of
offensive-defensive balance that I considered is when the player has not built resilience. In those
cases, the loss of a single asset will plunge her into the loss domain.
46

For cases where there is an asymmetric offensive-defensive balance, the players begin in
either a domain of gains or a domain of losses due to the imbalance in space weaponry. Recall
that the gains and losses from possession of space weapons is formulated as a zero sum game. If
the game starts with Blue possessing a weapon type that Red does not, Blue will be in a domain
of gains and Red will be in a domain of losses. These asymmetric games also start with one
player’s assets more vulnerable (less resilient) than the other and therefore more likely to be
placed into a situation where they are in a domain of losses.
After game start, sentiments in each of the P, M, SII and dMw dimensions change as a result
of moves in the game. For instance, consider Case 1 where the dependency ratio is 1:1. In this
case, both players begin the game comfortable in the status quo because each has fully redundant
satellite constellations and neither is at a disadvantage in the space arms race. If one player
invests in building a space weapon, the other perceives themselves to be in a domain of losses
with respect to weapons. As with our simple 2x2 payout matrices above, in a domain of losses a
player will perceive investments in his own weapons as having a higher payout than they
rationally would. Therefore, he will invest in weapons even though the rational payout simply
does not justify doing so.
A more complex example of the impact of game play on sentiments happens when a player
attacks a highly illegitimate target such as a satellite known to be associated with nuclear war. In
these cases, the attacker experiences a military gain, but also may experience a loss politically on
the world stage. In contrast, the victim suffers a military loss, but may feel emboldened
politically as allies rally around her. This interplay of political factors with military is the subject
of the next section.

Understanding the Impact of Prospects in a Multi-Dimensional Frame
Given that contests in space have always had undertones of both military and political
competition, I spent a considerable amount of time and mental energy developing a way to
visualize how separate prospects in these two dimensions would interact and what impact that
interaction would have on deterrence. Basically, I was struggling to find a quick visual similar to
the slopes of the prospect curve. While I did not find anything quite so elegant and parsimonious
as Kahneman and Tversky’s curve, I was eventually satisfied with what I call a “sentiment map”.
An example of a sentiment map is shown in Figure 6.
To understand a basic map, consider a simple case in which an individual player’s military
gains from attack rationally equal his political losses. Decision theorists call this the “rationally
agnostic” case because, when evaluated objectively, our player’s choice is essentially the flip of
a fair coin—i.e. she is agnostic as to which route to take. As an example of an attack that might
generate equal political loss as military gain, consider a kinetic attack on a commercial satellite
that has a dual military and commercial use. While the loss of a purely military satellite, a
legitimate target of war, might not generate significant political stigma, loss of a dual military
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and commercial satellite might. Furthermore, the attack will cause significant political stigma if
it generates debris and adversely impacts neighboring commercial satellites or those of third
parties.
For this multi-dimensional decision,
Political Sentiment
Satisfied
Dissatisfied
the “sentiment map” of Figure 6
0
illustrates how our player’s sentiments
Domain of
Domain of
regarding his position under the status
Military and
Military Gains
Political
and Political
quo impact his decision. For a single
Gains
Losses
dimension prospect curve, the impact is
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determined by the slope of the line
Domain of
Domain of
above and below the player’s current
Military and
Military Losses
position under the status quo. In two
Political
and Political
dimensions, I instead map that impact as
Losses
Gains
a color over four quadrants. The upper
Dissatisfied
Political Sentiment
Satisfied
right quadrant is when the player is in a
Figure 6. Sentiment Map for a player
domain of gains both militarily and
considering
an attack when military gain equals
politically, while the lower left
political loss.
represents sentiments when the player is
The rational decision for this case is agnostic – i.e. yellow.
in a domain of losses in both
Players in a green domain with decide to maintain the status quo,
dimensions. The upper left represents
while players in a red domain will decide to attack.
sentiments when the player is in a
domain of military gain but political loss and the lower right is the inverse – players are in the
domain of military game and political loss. Attacks that begin with the attacker operating as his
reference points (the center of the chart) generally move attackers into the upper left quadrant—
military gain, but political loss. Victims, on the other hand are driven into the opposite quadrant
(lower right)—military loss, but political gain. This dynamic of driving the attacker and victim
to opposite sentiments turned out to be a critical factor in my model. Models that do not separate
political prospects from military prospects will give very different results than those shown in
this dissertation.
To read the map, locate the player’s current position with respect to their P and M reference
points. The color at that location indicates the player’s perception of the value of the attack.
Yellow indicates that the player will be agnostic as to whether to attack or to maintain the status
quo (in this case, the rational decision); green indicates where the player will perceive the payout
of the attack as a net loss and will thus maintain the status quo; and red indicates where he will
perceive the payout of the attack as a net gain.
Players satisfied with the status quo both militarily and politically (the upper right quadrant),
will generally be deterred for the same reasons they are deterred in unidimensional play: the
political loss is exaggerated (he hates losing) while the military gain is not. In fact, play along a
diagonal line drawn from the lower left (the player is deeply dissatisfied with both his political

and his military standing) to the upper right (the player is deeply satisfied with both his political
and military standing) of Figure 6 is identical to what we expect under prospect theory in
unidimensional play. Away from that diagonal line, however, play can be very different from
that which either rational or unidimensional prospect theory would suggest. In fact, attacks that
extract a gain in one dimension and a loss in the 2nd dimension move victim and attacker at right
angles away from the diagonal line. The implications of this insight is that intuitions gained
from deterrence in a single dimension may be catastrophically incorrect when applied to a multidimensional deterrence problem.107
Let’s look at Figure 6 more closely. Recall that the rational decision for this case is agnostic
(yellow). However, the figure shows that a player will be strongly motivated to attack (red)
when moderately unhappy with her military standing in the status quo almost independent of her
perceptions political standing. To deter an attack (green) under these conditions, care must be
taken to neither stigmatize or embolden the adversary politically. If the opponent can be kept in
a narrow range just below her political reference point, small deviations in either a positive or
negative direction militarily can achieve deterrence. Conversely, players who are feeling either
extremely threatened or extremely strong in the political status quo may attack even when they
are militarily in a domain of gains. These results suggest that offsets in one dimension of state
power can effectively be used to counter gains in another dimension even when rational theory
might predict otherwise. While multi-dimensional deterrence can be difficult to conceptualize
under prospect theory, the sentiment map shows it can be quite powerful if applied carefully.
The map also reinforces the caution that multi-dimensional deterrence must be handled carefully
if we are to achieve the desired effects. For example, when using sanctions to deter military
action, diplomatic efforts to moderate an adversary’s sentiments regarding their political standing
would enhance the possibility of achieving deterrence, but applying sanctions to a nation already
operating in a domain of political losses is likely to be quite ineffective.

107

Note that domain, as used here, is not synonymous with dimensions. Under U.S. military doctrine, the domains
of warfare are land, air, sea, space and cyber while the dimensions on which warfare is judged are political, military,
economic, social, information and infrastructure. The domains of sentiment and prospect theory are the domain of
gains and the domain of losses.
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Modelling Political Consequences in Space War Deterrence
Political stigma can be externally invoked by a regulatory body or internally imposed by
adherence to international norms of behavior. In considering space warfare, using international
norms of behavior to deter attacks on space may have special appeal. Per the current satellite
database published by the Union of Concerned Scientists, of the 1461 satellites in orbit only 16%
have a strictly military use, with the rest supporting commercial, civil and non-military
government uses.108 In fact, commercial users dominate space today with 40% of the total.
These commercial uses of space are in turn dominated by large international consortiums with an
economic incentive to establish and reinforce norms regarding the peaceful use of space.
Nation-state organizations (such as the U.N.) may be less effective at establishing norms against
the weaponization of space given that nations may have a legitimate interest in offensive military
uses of space.109
Independent of considerations as to who has the role of establishing and enforcing norms or
creating stigma concerning space warfare, we can ask “how strong do norms have to be to deter
attacks in space?” If the impact of the stigma is equal to the magnitude of the military advantage
of attack, as it is in rationally agnostic case of the Figure 6, how much do we have to increase
stigma to turn the majority of the graph green? How much do we have to decrease it to turn the
graph red? While we can answer those questions from a purely analytic viewpoint (as I will
shortly), the more interesting question is “how does that play out in the game”?
Stigma cannot be attached to all attacks equally. There are legitimate targets of war and
there are weapons and attack consequences that carry little stigma. For instance, using a cyber
weapon against a purely tactical military satellite might excite few strong emotions among those
who have long considered tactical military satellites a legitimate target of war.110 However,
using that same cyber weapon against a commercial satellite would likely excite stronger
emotions.111 The weapon used also makes a difference. Using a weapon that creates nuclear
radiation has become highly stigmatized and stigma attached to debris creation is growing.
Therefore, in the space war game, I model stigma as both a function of the legitimacy of targets
and the legitimacy of weapons.

108

Union of Concerned Scientists. 2016. Satellite Database. December
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At times, I have contemplated whether I could re-parameterize the game to reflect conflict and cooperation
between the large international commercial users of space and the military users represented by nation states.
Unfortunately, the game is not formulated to study that question.
110

This is not to say that an attack on a military spacecraft could not be used to create a “rally around the flag”
effect for the victim. In the game model, all attacks on space assets create some political sympathy for the victim.
111

The Office of Personnel Management hack and the Sony Pictures hack in 2015 illustrate this point. Although
the OPM hack created far more military damage, as a legitimate target of espionage it did not provoke the same
public outrage as the Sony Pictures hack. This is despite the fact that the Sony Pictures hack had very little impact
on any of the PMESII dimensions of U.S. power. Target legitimacy matters.
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To build intuition regarding stigma, let’s return to sentiment maps. There are several
combinations of political loss magnitude and duration that can offset a particular military gains.
In fact, the specific parameters used to create the map in Figure 6 was a 30% military gain for 8
days and a 4% political loss for 60 days. These parameters model the military impact of a
knockout blow against the satellite as a devastating attack with a quick recovery, followed by a
stigma that lasts for a much longer time. 112 The sentiment map for these parameters is shown to
the far left in Figure 7. The middle diagram in Figure 7 then shows what happens if we lengthen
the stigma by 90 days (presumably by keeping it alive in the media and therefore in people’s
hearts and minds) and the one on the far right shows how the map changes if the stigma fades
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Figure 7. The duration of stigma significantly impacts the sentiments that lead to a
decision to attack or to maintain the status quo.

within 30 days. As should be evident from these diagrams, the ability to extend the impact of
stigma has a powerful impact on deterrence. These sentiment maps reinforce the value of
convincing an opponent that you have a long memory.
To realize the time domain effects of political stigma, my model of the political sympathy
generated for the victim of an attack sets both the magnitude and duration of that sympathy based
on the legitimacy of the target. In my model, attacks on military satellites generate the least
sympathy for the least amount of time, while attacks on international satellites generate the most
sympathy for the longest time. Attacks which are reversible—i.e. that only disrupt or degrade as
opposed to destroy, also generate a lower magnitude of political capital for the victim. Political
stigma similarly varies in both magnitude and duration, based on the legitimacy of the weapon
used. The duration of political stigma associated with use of a nuclear weapon is set to years,
112

Knockout blows are unlikely to last for long. The U.S. military is remarkably resilient and although an attack on
space might create a temporary vulnerability, my work assumes that workarounds begin to have an effect within a
week or so of the worst damage. Stigma, on the other hand, seems to have a long memory. Fifteen years after 9/11,
the emotional impact still lingers.
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while the stigma of using a cyber weapon dissipates within a matter of weeks. In this way, the
attacker can modulate his attacks to achieve the maximum military gain while not politically
emboldening his opponent. In studying detailed game moves, we clearly see the effects of this
model on game play.
To more fully understand the implications of this model of political impacts, consider the
case where players have initially symmetric sentiments in that both a) have “something to lose”
and b) are playing at their reference points. Hence they are both risk averse and, as I illustrated
with the simple game of chicken, will be deterred.
Political Sentiment
This uni-dimensional impact of prospects is amplified
in the multi-dimensional game shown in the sentiment
map of Figure 8 because any attack moves the victim
A
(V) strongly into an “attack” mindset and the attacker
V
(A) into a “deterrence” mindset. Figure 8 illustrates
this by mapping the post-attack positions of the players
onto the sentiment map of Figure 6 (30% military
Political Sentiment
impact for 8 days offset by a 4% political stigma for 60
days). In a game theoretic model the attacker knows
Figure
8. Post‐attack
Military
Gain Offsetpositions
the sentiment map of both herself and her opponent.
from an
byattack
Politicalwhere
Stigmamilitary
of
4%
for
60
days stigma.
gain are offset by political
Therefore, she knows that an attack under these
conditions will lead to counterattack and is deterred by
Assumes both Attacker (A) and Victim (V)
start at their reference points.
threat of punishment from conducting the initial attack.
The sentiment map shown in Figure 8 assumes that
the players have an equal dependency on space and thus have the same sentiment map. The
pattern it depicts, where the attacker moves in the direction of deterrence and the victim becomes
more risk seeking, holds across a fairly wide range of initial political sentiments. The only
instances in which the pattern does not hold are a) when the victim is deeply in a domain of
political loss or b) when either the victim or attacker are deeply in the domain of political gains
(this latter is an unlikely occurrence due to our human tendency to adjust our reference points
upward). Therefore, for this dependency ratio, the inclusion of political sentiments in the
players’ objective functions strongly reinforces deterrence behaviors.
The same cannot be said at the other dependency ratios. For the 3:1 and 5:1 dependency
ratios, it is much more common to encounter conditions where the net result of including
political sentiments is that attackers become more risk seeking and victims become more firmly
invested in the status quo. As I will discuss in the section regarding my examination of the role
of political stigma in deterring space war, in these cases the inclusion of political sentiments
greatly intensifies conflict.
Dissatisfied

40

50

60

70

80

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

80

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

70

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

60

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

50

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

40

1

1

1

1

1

1

‐4

‐4

‐4

‐4

‐1

‐1

‐1

‐1

1

1

1

1

1

30

1

1

1

1

1

1

‐3

‐3

‐3

‐3

‐1

‐1

‐1

‐1

1

1

1

1

1

20

2

2

2

2

2

2

‐2

‐2

‐2

‐2

0

0

0

0

2

2

2

2

2

10

2

2

2

2

2

2

‐2

‐2

‐2

‐2

0

0

0

0

2

2

2

2

2

‐10

3

3

3

3

3

3

‐2

‐2

‐2

‐2

1

1

1

1

3

3

3

3

3

‐20

3

3

3

3

3

3

‐1

‐1

‐1

‐1

2

2

2

2

3

3

3

3

3

‐30

4

4

4

4

4

4

0

0

0

0

2

2

2

2

4

4

4

4

4

‐40

4

4

4

4

4

4

0

0

0

0

2

2

2

2

4

4

4

4

4

‐50

3

3

3

3

3

3

‐1

‐1

‐1

‐1

1

1

1

1

3

3

3

3

3

‐60

1

1

1

1

1

1

‐3

‐3

‐3

‐3

0

0

0

0

1

1

1

1

1

‐70

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

0 100
0 90
0 80
0 70
0 60
0 50
1 40
1 30
2 20
2 10

3 ‐10
3 ‐20

4 ‐30
4 ‐40

3 ‐50
1 ‐60

‐80

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

‐90

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0

0 ‐70
0 ‐80
0 ‐90

0

0

0

0

0

0

‐4

‐4

‐4

‐4

‐2

‐2

‐2

‐2

0

0

0

0

0 ‐100

‐100 ‐90 ‐80 ‐70 ‐60 ‐50 ‐40 ‐30 ‐20 ‐10

10

20

30

40

50

60

70

‐100

Dissatisfied

52

90 100

0

80

90 100

Satisfied

Military Sentiment

30

0

Dissatisfied

Military Sentiment

Satisfi

‐100 ‐90 ‐80 ‐70 ‐60 ‐50 ‐40 ‐30 ‐20 ‐10

Dissatisfied

20

0

90

Satisfie

Satisfied

10

100

Research Design for Exploring the Role of Politics in Deterrence of Space
Warfare
For stigma to be an effective deterrent, the opponent must value her political standing on the
world stage. Therefore, my first set of cases in examining the role of stigma repeat the 9
offensive-defensive balance cases but now assume that neither the U.S. or her opponent value
their reputation as a peaceful spacefaring nation. Although it may be difficult in times of peace
to imagine that such a case should arise, it is not beyond the realm of possibility if the stakes in
the ground war represent an existential threat to national survival. For this reason, I use the near
peer adversary dependency ratio of 1:1 to compare to the base cases for sentiment.
It is not enough, however, simply to look at how political stigma impacts deterrence when
the players are both operating at their political reference point. If the lessons from history as
documented in Jervis’s Psychology and Deterrence (1991) are to teach us anything, we need to
look at cases where at least one of the adversaries is in a domain of political gains or political
losses. As we saw from the sentiment maps of Figures 7 and 8, moving the player into the
domain of political gains or of losses, especially when accompanied by a slight military loss, can
significantly impact the player’s attack decision calculus. Players who are emboldened by
success or desperate for gains are equally dangerous. To keep the number of runs manageable, I
repeat the four corner cases for offensive-defensive balance (Cases 1, 3, 7 and 9) at each of the
three dependency ratios for an opponent who is in a domain of significant political loss and then
repeat those cases again for an opponent who is in a domain of significant gain.
When studying the impact of starting from a domain of political gain or loss, it is critical to
look at dependency ratios other than 1:1. In a 1:1 dependency game, the players’ sentiments can
both be shown on a single map and, we saw in Figure 8, the dynamics of my political model
generally reinforces deterrence. However, at dependency ratios other than 1:1, the player’s
sentiment maps are widely different because the more dependent player has more to lose. This
difference can lead to cases where the dynamics of our political model reinforce risk seeking
behavior, as opposed to reinforcing deterrence behavior. Later, when discussing what I learned
regarding the role of stigma in deterrence, I examine three such cases from games runs at the 5:1
dependency ratio. In one of them, risk seeking behavior is reinforced by the dynamics of the
political stigma model, in another the impact is neutral, while for the third case deterrence is
amplified.
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The Role of Sentiment in Deterrence

As explained in the research design section, to explore the role of sentiment in deterrence I
ran 27 cases (9 offensive/defensive x 3 dependency ratios) under rational choice theory and then
repeated them under prospect theory. Figure 9 shows the intensity of conflict metric that was
computed from the results of those games. The result of each game is a square in the chart that
has been colored using a numeric scale of green (deterrence) /yellow (minor conflict) /red (major
conflict) to indicate the intensity of the observed conflict. I used a numeric value based tri-color
scale so that the colors accurately reflect the numeric value of the intensity of conflict (computed
from the degree of escalation and number of attacks made in the games). The results have been
plotted for the three different space dependency ratios: 1:1, 3:1 and 5:1, covering a range of
conflicts defined by the offensive and defensive capabilities of each player.

Figure 9. Impact of pre‐grame investments in resilience vs. weapons on the intensity of
subsequent conflict.

Recall that the lowest offensive/defensive balance is when the player invests solely in
redundancy and resilience of her assets and does not build any weapons prior to game start. The
highest offensive/defensive balance is when the player does nothing to invest in either building
redundancy or resilience for space assets prior to game start and instead acquires multiple
quantities of each space weapon. Finally, a mid level of offensive /defensive balance is one in
which the player invests in a compromise—some investment is made in redundancy and
resilience of the assets and some is made in space weapons. Games along the diagonal of the 9
offensive-defensive balance conditions (from lower left to upper right) are those where the
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players have both chosen the same pre-game investment strategy. The off-diagonal cases are
those in which one player has chosen to emphasize the build of weapons and the other has
chosen to emphasize building redundancy and resilience.
A first observation to make regarding the above results is that when our future opponent
builds redundancy and resilience and refrains from building weapons, we achieve deterence in all
cases. That is, no matter how the U.S. invests or how much more dependent on space the
U.S. is than the opponent, terrestrial war will not expand to space if the opponent has
invested in resilience and does not initially have space weapons. Although the opponent may
build space weapons during the game, he is deterred from using them either because the U.S.
assets are resilient to them or because the U.S. has weapons to counter with. The U.S. is deterred
from attack primarily by the fact that our opponent’s resilience means we have little to gain.113
This observation holds under both rational decision making and under prospect theory.
A second related observation is that a U.S. decision to build redundancy in lieu of weapons is
NOT a deterrent over the entire range of cases studied here. If the U.S. is more dependent on
space to project power into a ground theater of war, then the increased redundancy and
resilience studied here are inadequate to deter our opponent from attacking our space
assets. I will also point out that this is more true under prospect theory than under rational
choice. Under prospect theory, opponents are emboldened by their advantage in possessing
space weapons.
Closely related to this observation is the third: If the U.S. objective is to deter space
warfare, investing in resilience and redundancy over investment in weapons is always the
better strategy. While the investments studied here were inadequate to fully deter space war in
all cases, the intensity of conflict is always less if the U.S. favors building resilience over
building weapons. This can be seen by observing the columns for each level of U.S.
offensive/defensive balance – as we move from left to right across the diagrams (i.e. an
increasing U.S. investment in weapons), space war becomes more intense. This is true under
rational theory and under prospect theory.
A fourth and final observation is that parity in dependence on space is always stabilizing.
When players are equally dependent on space, even under rational decision theory the U.S. can
achieve deterrence simply by investing in redundancy and resilience. In fact, if both sides are
equally dependent on space to project power, then a unilateral decision by either side to
forego building weapons in favor of investments in resilience will always result in
deterrence. In Figure 9, these are the green cases along the leftmost and bottom rows of the
rational cases for 1:1 dependency.
Parity in dependence on space is even more stabilizing under prospect theory. For all cases
studied, no matter how each side has chosen to invest, both will be deterred from
113

Since our opponent has invested in resilience, the military gains of an attack by the U.S. are less than the
political stigma such an attack would incur.
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expanding the conflict to space if they both have “something to lose”. This can be seen
visually by comparing the 9 games played at a 1:1 dependency ratio under rational decision
making to those same 9 games played under prospect theory (i.e. compare the lowest sets of runs
in Figure 8). Under rational decision theory, the intensity of the conflict in space is signifcant
when both players have at least some space weapons. The most extreme case is where both
players have invested in space weapons to the detriment of redundancy and resilience, which
results in a highly intense conflict and the destruction of the geo-synchronous orbit such that
neither side can use it.114 However, if decisions are based on prospect theory, the emotional
impact of the threat of a mutual loss of space assets deters the players from engaging in any
significant conflict in space. This deterence holds over the entire region of offensive/defensive
balances I explored. When considering the implications of this finding for other types of
warfare, it is worth noting that continued deterrence of nuclear war may be as dependent on
maintaining the certainty of catestrophic and equal losses than on any country’s
offensive/defensive capability.
This last finding—that under prospect theory, deterrence holds across the entire range of
offensive/defensive balance—is at odds with the simple 2x2 payout matrices discussed in the
methodology section. As we saw, players with an assymetric advantage in capability should be
extremely difficult to deter under prospects. Therefore, I had to dig deeper to understand these
results—something more than prospects must be at work. What I found was that this nonintuitive result is due to a) the fact that prospects are applied separately to the dimensions of state
power and b) the role of political consequences, which I will discuss next.
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In a detailed examination of this case, I observed that the U.S. had created a significant amount of debris by
repeatedly attacking U.S. assets in geo-synchronous orbit. Later in the game, Red counter-attacked using kinetic
weapons with the full knowledge that doing so would destroy the orbit for both players. This is a rare case where
mutual destruction was preferable to maintaining the status quo. This behavior was entirely deterred by the
introduction of prospect theory. When both players “hate to lose”, neither initiated any debris generating attacks.
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The Role of Political Stigma in Space War Deterrence

It is a legitimate question whether political consequences of attacks in space are a potent tool
for deterrence. In human space war games, the political consequences of attacks in outer space
are sometimes discounted simply because attacks in space do not directly cause human casualties
or loss of territory. Therefore, considering how game outcomes change if neither party to the
conflict values the political stigma or sympathy generated by attacks in space is of more than
simple academic interest. These cases may be predictive of how space war plays out in real
situations.
Furthermore, to develop intuition regarding the role of both psychological sentiment and
political stigma, it is critical to compare the results of games in which players do not value the
political consequences of their moves to those in which they do. The simpler, more unidimensional, games that play out when political consequences are not valued resemble the
simple 2x2 payout of the game of chicken. Therefore, I expect a better match to the theory
developed earlier. Repeating the 9 cases of offensive-defensive balance for conflict between
rational near-peer adversaries with an equal dependence on space are shown on the left hand
side of Figure 10. Play under
Rational w/ Political, D Ratio = 1
Prospects w/ Political, D Ratio = 1
prospects are shown on the right.
90
957
1636
180
2
2
In the upper diagrams, I show the
results of games when political
0
523
347
90
41
131
consequences are valued (i.e. these
are same results as shown in the
0
1
41
0
1
40
lowest diagrams of Figure 9, but
this time I am also including the
numeric conflict intensity scores).
Rational, No Political, D Ratio = 1
Prospects, No Political, D Ratio = 1
The lower diagrams of Figure 10
181
1063
3283
2041
458
1982
show results for those same games
when political consequences are
0
913
1529
360
391
540
not valued by either player.
Comparing the left hand two
0
1
40
0
161
1001
sets of results, I find that when
rational players do not value the
political consequences of their
moves (bottom) the intensity of
Figure 10. Rational vs. Prospect Play with and without
considering political consequences of attacks.
conflict is higher than when they
do (top). This is as we might expect
The number in each cell indicates the Conflict Intensity score. All results
– the absence of a deterrent should
are for the 1:1 Dependency ratio cases.
Red Opponent

Has Weapons,
No Redundancy

50% Weapons,
+1 Redundancy

No Weapons,
+2 Redundancy

No Weapons,
+2 Redundancy

50% Weapons,
+1 Redundancy

Has Weapons,
No Redundancy

No Weapons,
+2 Redundancy

Blue: United States

50% Weapons,
+1 Redundancy

Has Weapons,
No Redundancy

Blue: United States

Red Opponent

Has Weapons,
No Redundancy

50% Weapons,
+1 Redundancy

No Weapons,
+2 Redundancy

No Weapons,
+2 Redundancy
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50% Weapons,
Has Weapons,
+1 Redundancy No Redundancy
Blue: United States

No Weapons,
+2 Redundancy

50% Weapons,
Has Weapons,
+1 Redundancy
No Redundancy
Blue: United States

lead to more intense play. More importantly, the overall “trend” in the results over the 9 games is
not significantly different between the two sets. Rational play remains rational. The findings
documented above for the role of rational sentiments are not dramatically changed.
However, the same cannot be said for play under prospect theory. The intensity of conflict
when players under prospects do not value the political consequences of their moves (lower right
Figure 10) are strikingly different from the results of games where political consequences are
valued (upper right). While play under prospects when political consequences are valued results
in deterrence across the entire range of offensive-defensive capabilities studied, that finding is
not true for play when political consequences are not valued. In fact, in these more unidimensional games, play under prospects more closely mimics that which we expect from our
2x2 payout matrices in the simple game of chicken. For the cases on the lower left to upper right
diagonal, in which both players have invested symmetrically prior to game start, prospects still
have a significant deterrence effect when compared to rational play—i.e. the intensity of conflict
is significantly lower under prospects than it is under rational play. However, the near total
deterrence observed across the range when political consequences were valued has vanished.
Instead, when the players have invested asymmetrically, such that one player begins the game
with an advantage in capability or in sentiments, play under prospects is more intense than
rational play. As we saw in our 2x2 game payout modelling, if one player has a significant
advantage over the other, prospects make it much harder to deter that player than rational choice
game theory would suggest. Political scientists say that such a player is “emboldened” by her
advantage and so attacks more aggressively—i.e. is more willing to risk escalation—than is
rationally required to meet her objectives.
The multi-dimensional cases are shown in the two diagrams (top in Figure 10) where players
value both political and military consequences of their actions. First note that even rational play
(top left) is more muted when our players value their political standing. This is because my
model assumes that attacks on illegitimate targets creates sympathy for the victim, increasing
their political capital, and that the use of illegitimate weapons creates stigma for the attacker,
decreasing their political capital. To avoid these political consequences, players will skew their
attacks away from commercial or international satellites and towards weapons and military
satellites. Furthermore, they will avoid the use of debris or radiation generating weapons. The
skew towards more legitimate targets lowers escalation and hence the intensity of conflict.
Next consider play under prospects (top right). Although we see slightly more aggressive
play when one player has an asymmetric weapons advantage, it is significantly muted by the
political considerations. It is along the symmetric investment cases (the diagonal cases from
lower left to upper right) that the impact of prospects vs. rational play is most dramatic when we
add political considerations. In fact, in the case where both players chose to build weapons, the
conflict intensity dropped from 1636 under rational play to 2(!) under prospects. To understand
why, we need to return to our earlier discussion of sentiment and sentiment maps. What I find is
that there are three reinforcing reasons why prospects effectively deter the expansion of the
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terrestrial war into outer space when we add political consequences to these symmetric
investment cases. Those reasons evolve from the initially symmetric sentiments of the players
where both a) have “something to lose” and b) are playing at their reference points. The first
reason is that they are both risk averse and as I illustrated with the simple game of chicken, more
likely to stick with the status quo. The second reason is that risk aversion is amplified in the
multi-domain game because any attack would move the victim more strongly into an “attack”
mindset and the attacker into a “deterrence” mindset as I illustrated in the sentiment map of
Figure 8. In these conditions, the attacker knows her attack will lead to counterattack, deterring
her from conducting the initial attack. A third reinforcing reason attacks are so strongly deterred
in this case is that my model lengthens the duration of political consequences as a function of
illegitimacy. As shown in the sentiment maps of Figure 7, this expands the deterrence region,
making it less likely that players will attack highly illegitimate targets and so avoid escalation.
To further understand the role of political
stigma and sentiment, I also played a series of
games under prospect theory where I initialized
the political sentiments of the players to be
either in a domain of gains or a domain of
losses. Initially, the results of these games
appeared to have no pattern. When I mapped
them onto sentiment maps, however, the
pattern appeared. If a player is in a position
where he moves into a deterrence sentiment
(green) and his victim moves into an attack
sentiment (red), he will be deterred from
initiating space war by threat of counterstrike
as discussed previously. However, if the attack
will move him more strongly into an attack
sentiment, but his opponent into a deterrence
sentiment, then a high intensity conflict is
almost a certainty.
Consider a 5:1 dependency ratio where it is
clearly in the adversary’s rational best interest
to attack U.S. assets in outer space, but it is in
the U.S.’s rational best interest to maintain the
status quo. For this reason, the player’s initial
sentiment maps (as shown in Figure 11) are
very different—the U.S. sentiment is
Figure 11. Impact of prospects in the
predominately green and the opponent’s scenario where Red rationally attacks and
sentiment is predominately red. Consider then
the U.S. rationally defends the status quo.
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three instances of this game, one when both the U.S. and the adversary are operating at their
political and military reference points, one in which both are dissatisfied with their political
standing in the status quo (i.e., in a domain of losses), and one where both are satisfied with their
political standing in the status quo (i.e., in a domain of gains). These cases are denoted as points
1, 2 and 3 respectively in the sentiment maps shown in Figure 11. The rational outcome of this
scenario is that the adversary’s (Red’s) best strategy is to attack U.S. (Blue) assets in space using
kinetic weapons, but to stop short of generating the debris that would lead to the total destruction
of geosynchronous orbit. In the face of this Red strategy, the best rational U.S. strategy is to
maintain the status quo by refraining from making attacks against the adversary’s assets
(although the U.S. does conduct limited attacks against the adversary’s weapons) and build
redundancy and resilience into space assets. Arrows in Figure 11 indicate the direction that
player sentiments would move based on this rational play. The adversary’s attacks on U.S.
assets induce a feeling of military loss on the part of the U.S. and of military gain of the part of
the adversary. However, use of kinetic weapons creates orbital debris, creating sympathy for the
U.S. and stigma for the adversary in the political realm.
When starting from the condition where both players are neutral regarding their political
standing in the status quo (Case 1), game play for this scenario was twice as intense than it
would be rationally.115 The adversary again attacked with kinetic weapons, but more
aggressively, destroying the use of geosynchronous orbit for all spacecraft, including his own.
The U.S. also took more aggressive action, attacking the adversary’s space assets with both
cyber and kinetic weapons. In this case, the attacker moves to an attack sentiment and the victim
moves to a deterrence sentiment, making the attacker virtually impossible to deter. In other
words, at a 5:1 dependency on space, we see behavior completely opposite to that observed when
there is a 1:1 dependency. For the 1:1 dependency, an attack moves the victim to an attack
sentiment and the attacker towards deterrence. However, in the 5:1 dependency case, an attack
by the adversary drives the U.S. into a domain where the best strategy is to do everything
possible to maintain the status quo, but drives the attacker into a domain where his best strategy
is to attack even more aggressively.
Now consider the case in which both players are unhappy with the political status quo (Case
2). In this case, attacks by the adversary move his own sentiments to be slightly less aggressive,
but those attacks also drive the U.S. player’s sentiment to be more aggressive, with the net
impact being that sentiments become more symmetric due to the attacks by the adversary. In the
game results for this case, both players’ actions closely mirror that seen in rational play. The
adversary attacks, but not excessively, and the U.S. primarily defends the status quo.
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Our metric of the intensity of conflict in the space war is a function of the type of weapon used in attacks, the
legitimacy of the target the weapon is used against and the number of attacks made.
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Finally, consider the case in which both players are happy with the political status quo. In
this case, attacks on U.S. assets by the adversary will drive both players into a situation where,
when viewed through the lens of prospects, they are agnostic as to whether they should engage in
further attacks. Not only are they agnostic, they are symmetrically agnostic. In the game results
for this case, both players engage in attacks on the opponent’s weaponry, but attacks on space
assets are largely deterred. The lone exception is an attack on a U.S. asset by an adversary using
a cyber weapon, a move that carries very little political stigma and so does not move the players
into the region of assymetric sentiments.
As these simple cases illustrate, the impact of prospects on multi-dimesional deterrence is
difficult to understand without detailed analysis. What works when the adversary is in a gains
frame will fail when the adversaries are in a domain of losses. To understand how a deterrence
approach can be structured to deter a specific adversary with specific sentiments, running the
game theoretic model is clearly the most straightforward method. Short of developing a
complete game model, however, it is possible to use sentiment maps to predict whether
deterrence or more intense conflict can be expected given the players’ reference points. For this
reason, I generated a simple excel tool to generate sentiments maps as a function of rational
military gain vs. loss in another dimension of state power. While I used the political dimension
to offset miltiary gains in the space war, the map can be used more generally when deterrence
plays out in any two dimensions of national power.116 It is available online from the author on
request.
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For example, recent Ukraine/Russia conflict is currently manifesting as cyber attacks and economic sanctions
impacting electrical power generation. To understand this stage of the conflict from a “prospects point of view”, I
might model it as playing out primarily in the Infrastructure vs. Political dimensions of state power. While I might
be reasonably confident in modelling Ukraine as operating from a domain of losses, Russian sentiments are more
ambiguous and my analysis might focus on understanding how their sentiments might drive future conflict.
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Implications for Space Policy

Perhaps the most important finding from my results is that sentiments matter. The influence
of sentiment in the cases I used in my analysis is much more dramatic than the influence of
rational factors of balance of power and dependency on space. More importantly, sometimes
emotions help us deter the adversary and sometimes they make it nearly impossible.
Understanding those dynamics is crucial to developing a tailored deterrence strategy.
Therefore, my first recommendation is that U.S. deterrence analyses include sentiment and
emotion into “hard number” analyses. I believe that including prospect theory into game
theory gave me insights into the space war deterrence problem that I would never have found
using rational choice game theory alone. For decision makers who value making decisions based
on “hard number” analyses, this approach allows analysts to provide quantitative comparative
measures of the range of behaviors that could result from player sentiment and emotion.
A second crucial finding is that including the accumulation or loss of “soft” political capital
that might accrue to a player as a function of the legitimacy of targets or weapons impacts
deterrence in ways that are fundamentally different than when I evaluate deterrence considering
only “hard” losses of satellites or weapons. Under prospects, instincts formulated from playing
single dimensional game theoretic models are not applicable when applied to multi-dimensional
deterrence. This requires that we train analysts to think in more than one dimension. Therefore,
my second recommendation is that U.S. strategists invest in tools and exercises, including
war games, that play out in multiple dimensions (political, economic, military, social,
information and infrastructure) of state power. Note that this is different than the current
push to invest in tools and exercises to examine multi-domain (land, sea, air, space, cyber)
deterrence. Although multi-domain analyses are also useful, a firm understanding of multidimensional deterrence may be needed before we consider all the ways in which the military
domains interact.
For me, the third compelling finding is that when players are at parity – i.e. when conflict is
between “near peer adversaries” – political consequences can deter almost all attacks on space
assets. If we can successfully cast the worst attacks on space in a way that generates sympathy
for victims and stigma for attackers (similar to the way in which MAD influences world opinion
concerning nuclear attacks), the horizontal escalation of war to outer space between near peer
adversaries can be avoided. I believe this deterrence is essential since it is in cases of conflict
between near peers that space weapons use may escalate to the point where the space
environment is catastrophically impacted. As a space community, in the past we have
miscalculated the impact of both radiation and kinetic kill weapons on the space environment
and I fear that our collective failure of imagination may result in catastrophic damage from new
weapons in the future. Therefore, my third recommendation is that the U.S. space
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community, both commercial and government, invest in activities that delegitimize all
attacks on space assets. These activities could include 1) new NASA investments in multinational space endeavors such as the International Space Station, 2) new initiatives at the UN, in
the press and on social media to stigmatize nations who generate debris or radiation in space,
especially from testing or use of weapons against space assets, 3) discussion at the U.N, in the
press and on social media regarding the illegitimacy of attacks on space assets that supply social,
information and infrastructure services. Perhaps more controversially, I would actively support
efforts to label space as a sanctuary. Just as labelling nuclear deterrence “mutually assured
destruction” frames sentiments concerning nuclear war so that all players act from a symmetric
domain of losses, labelling space as a sanctuary can be used to frame sentiments concerning
space war.
As shown by the results of the games where the U.S. is 5 times more dependent on space to
project power, I find that responsible spacefaring nations have the most to fear from a rouge
nation—i.e. a nation who either does not value their own political standing or who has “nothing
left to lose” under the status quo. In an era where the democratization of space means that
everyone has access to space, it is relatively easy to deploy crude space weapons. If an
adversary’s goal is to shutdown access to space, she doesn’t need targeted weapons—any
significant debris generator will do the job. Furthermore, all nuclear armed nations have the
capacity to destroy much of low earth orbit with a nuclear detonation similar to the U.S. 1962
Starfish Prime weapons test. This means that most nation states and some non-state actors are
fully capable of mounting attacks against space assets. While neither building weapons or
redundancy and resilience will deter a truly “rogue” state, the recommendations above to invest
in delegitimizing attacks in space will help. Furthermore, I recommend that U.S. policy
make it easier for commercial firms to do business in space and for U.S. satellite
manufacturers to build commercial satellites for the international markets. These changes
will make it easier for commercial international firms to supply space services to even (or
especially to) “rogue” nations. These services are stabilizing in that they give all other nations
“something to lose” if war were to expand into the space domain.
Finally, I have recommendations specific to U.S. military decisions regarding current and
future investments in space assets and weapons. As suggested earlier, strategies which do well
regardless of the assumptions of the model of player’s sentiments or objective functions are
robust and offer a sound basis for policy recommendations and investment decisions. To
effectively deter space war over a wide range of futures, there are three investment related
findings which apply under both rational choice and prospect theory and across the range of
offensive-defensive balance cases:
1. Investments in resiliency and redundancy for space assets consistently provide better
deterrence than investments in space weapons. In other words, deterrence by denial of
gains is more effective than deterrence by threat of punishment, although both have their
place.
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2. Parity in dependency on space to project power is always stabilizing. Opponents with
something to lose can be deterred. This is a powerful and non-intuitive finding that those
who advocate for U.S. “dominance” in space misunderstand. While either dominance or
perceived weakness may invite warfare, parity in dependency deters it.
3. As Axelrod found in his PD game tournaments, my work also indicates that tit for tat
attacks may be required to maintain deterrence in space. Therefore, some investment in
space weapons appears prudent.
Therefore, I recommend that the U.S. military continue to build redundancy and
resiliency for U.S. military satellites. By far the most popular tactic used in the game to
improve deterrence through denial of gains is to build redundant satellites for on-orbit spares or
to integrate services from allied constellations. Although I caution against using game outputs to
recommend specific tactics the U.S. could take in deterring space war, other resiliency options
that play well in the game include building decoys, fractionating services and hardening against
cyber weapons.
Furthermore, I recommend that the U.S. military exercise great care in preparing for the
defense of space. Only 16% of all satellites in space have purely national military uses. Of
those, a significant portion have some capabilities that support nuclear arms treaty verification or
nuclear launch detection. Threatening those satellites can destabilize nuclear war deterrence.
While another 10% of satellites in orbit have mixed commercial/military use, most satellites in
space support international social, informational and infrastructures (SII) uses. The results of my
games show that collateral damage to those SII uses is highly likely if terrestrial war were to
expand into the space domain. While game results show that developing a limited quantity of
space weapons is prudent, I recommend that the U.S. military devote significant effort to
developing doctrine and operating procedures regarding their legitimate use. Axelrod’s
lessons of conflict and cooperation appear to hold – to ensure the continued use of space for
future generations, don’t be greedy, don’t be the first to attack and reciprocate attacks in a tit-fortat manner.
For my last recommendation on investments in space, I recommend that the U.S.
government provide as much transparency as possible when developing and operating
inspection and repair satellites. Uncooperative maneuvers of these satellites will likely be
construed as an indication of use as a space weapon. Ample warning regarding the activity of
these satellites may be essential to preventing them from being mistaken as legitimate targets
during a terrestrial conflict. Transparency of intent and operation of these satellites may be
crucial in determining if space war can be deterred.
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Final Thoughts

None of the findings or recommendations contained in this dissertation are earth shattering. I
am not calling for a radical rework of U.S. space policy, nor did I find a magic silver bullet that
always deters the expansion of terrestrial conflict into outer space. However, in contrast to some
of my peers, I do not believe that calls for U.S. “dominance” in space makes us safer. Under
prospect theory, an assumption of a right to “dominate” in space is destabilizing, as demonstrated
by the simple 2x2 matrices used in Figure 4. Finally, as I said in my introduction, the primary
conclusion I have reached after completing the political and behavioral science research for this
dissertation and after playing games of space war across a wide range of political and military
space power imbalances and player sentiments, is that sentiments matter. In fact, under prospect
theory, asymmetry in sentiments is as critical in predicting deterrence as the balance of power.
Relatively small changes in sentiments produce large changes in the intensity of conflict.
Diplomacy and framing of issues matter as much as, if not more than, our offensive and
defensive space capabilities in determining whether wars will be fought in space. And that may
be a radical thought.

65

Appendix A. Structure and Rules of the Space Security Game
Theoretic Model

The game model I used for this analysis is necessarily complex given that attacks and
defenses of space assets are constrained by the dynamics of maneuvering in space, the
capabilities of the weapons used, the defenses of the assets attacked and the myriad of ways in
which both offensive and defensive means can be employed.
The game-theoretic formulation is outlined with respect to the player, their payoff functions,
the actions they can take (the things they can change), and the information they have access to.
As shown in Figure A-1, I use a two-player game in which each player’s cognitive decision
model is defined by both an objective and by a mindset. The player’s objective is based upon the
game score in the Political (P), Military (M), and Social, Infrastructure, and Information (SII)
dimensions of state power. Mindset is a composite variable based on the level of escalation in
the game, the player’s sentiment regarding his standing in the status quo relative to his reference
point, and whether he prefers offense to defense. To simplify the results discussed in this paper,
the player’s mindset is defensive (he prefers defense over offense when considering war in outer
space) and his sentiment regarding his standing under the status quo is impacted only by his
reference point and not by escalation. At each time step of the game (daily), each player has a
set of actions and information available on which to base his decisions.
Information includes:




The type and quantity of space assets belonging to each player
The defensive capabilities of each asset
The quantity and capabilities of weapons available for use.

For the games played in support of this dissertation, I limited the number of space asset
constellations to three per player and the number of weapon types was also limited to three per
player. In reality, spacefaring nations have many more space capabilities than these and weapon
types are rapidly expanding. However, I have also run selected games with up to five assets
constellations and five weapons types and observed no significant changes in the patterns
documented in this paper. The games simply take much longer to run. For the games reported
here, each player has or can invest in a military space communications constellation, a mixed
military and commercial space communications constellation (both at GEO) and a navigation
constellation such as the U.S. GPS system. For weapons, they can invest in jammers, ground
launched kinetic kill vehicles and cyber. Assets, weapons, and capabilities may be hidden from
the adversary, making them more difficult to target. As discussed in the background section, it is
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nearly impossible to hide in space and the probabilities of targeting reflect this even for so called
“hidden” assets and weapons. Hiding of capabilities is often a more effective tactic.
Moves (or actions) in the game
Table A-1. Available Defensive and Investment
include:
Moves.
 Initiating attacks on the
adversary’s assets or weapons
 Activating defenses against
attacks
 Initiating investments in assets
(building or upgrading defenses or
resilience), investments in weapons or
investments in intelligence gathering.
Attacks can use any weapon against
any target (asset or weapon) with a
specific intent to deny, deceive,
disrupt, degrade or destroy the target.
The specific defensive and investment
moves currently available in the game
are listed in Table A-1.
Parameters in the game define the
probability of attack effectivity based
on the intent of the attack and the
characteristics of both the weapon and
target.117 Parameters also define the
probabilities of success and timing of
defensive moves. The “payoff” for
moves in the game can be a change in the probability of successful attack or defense, in the
durability of a defense, in the durations in service outages due to attack or the employment of
defenses, etc. The key parameters that define the investment moves are the probability of
success and the time required to realize the investment.
I use the game to play a variety of futures. Each future is a state of the world defined by:


A U.S. (Blue) objective value function and an opponent’s (Red) objective value function.
The objectives are formulated as a weighting of the player’s ability to project power (P,
M and SII), the value they place on possessing anti-satellite weapons, and the value they
place on creating vulnerabilities in their opponent’s ability to project M and SII power

117

For instance, a direct ascent kinetic kill ASAT has a higher probability of effectiveness when used against a nonmaneuverable target in low earth orbit than when used against a highly maneuverable target in geo-synchronous
orbit.

67



from space during a ground war. The ratio of the players’ dependencies on space to
project power into a ground theater of war impacts the rational weighting of the benefit to
a player of creating vulnerabilities in the opponent’s ability to project that power during a
ground war. This ratio allows me to vary the balance of military power projected from
space for each future. Asymmetries in this balance are a major factor in determining
when deterrence can be achieved in game play.
A set of initial conditions for the game, including the actual, or ‘game truth’ for assets,
weapons, political capital, payoff uncertainties, player mindsets, etc. as well as each
player’s perceptions of their opponent’s objective value functions, mindset, assets,
weapons and capabilities. For the results discussed in this dissertation, players are
assumed to know their opponent’s objective values and functions, but some assets,
weapons and capabilities are hidden or uncertain. Structuring the initial conditions as
different views of reality will allow me in future work to explore futures in which
perceptions of adversary power differ greatly from actual power.

During game play, each player selects the actions that optimize his objective function, given
his view of reality, including his view of his opponent’s reality. A strategy is defined to be the
series of moves the player takes in the game. In this dissertation, I discuss the strategies that
result from the game only in general terms so as not to distract from the goal of understanding
how sentiments impact decision-making and to guard against readers trying to use my work to
develop specific tactics for specific futures. The game results should not be viewed as
predictive.
The decision models used in the game are formulated as a function of both a player’s
objective and his mindset. Play is called rational if objectives are evaluated based on a player’s
observable game truth. Play is termed non-rational if objectives are evaluated based on
subjective evaluations of gains and losses shaped by the player’s sentiment as postulated by
prospect theory. Substituting prospect theory for rational choice is as simple as uploading a
mathematical representation of the prospect curve. Other utility functions could be incorporated
that correspond to different levels of escalation if supported by psychological research.
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Figure A‐1. Basic Components of the Game Theoretic Model
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Appendix B. Game Mechanism and Computational Challenge

As noted in the body of this dissertation, the space war game theoretic model must evaluate
over 10 trillion possible combinations of investment, attacks, defenses and time steps.
Originally, we tried a simple brute force approach of simply evaluating each option and choosing
the maximum result. A game with this implementation was started on August 4, 2016 on a high
performance laptop (64 bit machine with at least 4GB of RAM that can be dedicated to program
execution). That game instance is still computing possible combinations as of July 22, 2017.
Realizing the intractability of this brute force evaluation approach, the author of the game (James
Pita of Avata Intelligence) implemented a branch and price algorithm to solve the game. The
key principle of this approach is to start with a small subset of the game space that has a high
likelihood of containing an optimal solution and then to slowly expand the game space (the
branch and bound search) until optimality is achieved. This allows the optimal strategy to be
discovered without examining the entire state space.
For our model, the selection of moves to incorporate into the initial game space is done by
playing one full game in which each player plays individually while preventing the other player
from taking any action. Since the original player does not need to consider what the opponent
will do at any time step, this approach creates a simplified version of the game in which each
player chooses his best actions. It also mimics how political scientists think nations often
formulate their action space—without reference to or with minimal consideration of their
opponent’s strategy. Each action is then sorted per its current value and the top n actions are
chosen to be added to the initial action set where n is the number of concurrent actions allowed.
If any of the actions already exist in the set from a previous time-step, then the set is only
extended by the other n-1 actions. The action set at the end of this game forms the initial set of
actions available to each player. This subset of actions is then played in the normal way so that
each player optimizes his objective by choosing actions from this subset while considering the
future actions of the opponent. This implementation allows us to compare the initial game scores
(what players thought they might achieve) with what they achieve when this initial game set is
solved. Invariably, performance against objectives is radically different when both players must
optimize assuming their opponent is also optimizing.
These initial, although suboptimal, game results for a three-asset/three-weapon game space
can be obtained within a few hours and form the lower bound on optimality. The game then adds
each possible investment and attack (“column generation”) to determine if a higher-value
solution can be found within the expanded game space. If no additional action can improve a
player’s strategy (i.e., improve that player’s outcome even at a cost to the other player) then
optimality has been achieved. When a higher-value solution is found, it then becomes the
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benchmark for evaluating subsequent game space expansions.118 Using this approach, I can
complete the search and find optimal solutions within a week to 10 days on a high performance
laptop in most cases for the 3 asset/3 weapon game space. Rational game play when both
players have built weapons instead of redundancy at the 1:1 dependency ratio are the longest to
complete given that players are so well matched and search diligently for the slightest of
advantages. In that case the game can take two months or more to solve for the optimal solution.
In contrast, this same game with prospects takes only two days – illustrating the principle that
prospect theory provides a way to model the “shortcuts” that allow our human brains to deal with
complexity. Even a computer can solve the game faster knowing it “hates losing more than it
enjoys winning”.
Complex game theoretic models such as ours are computationally tractable, but our
experience shows they should not be undertaken lightly. Two months to solve for one case
strains our ability to perform sensitivity analyses, comprehensive parameter sweeps and more
complete game sets. High performance computing solutions that would parallelize the search for
higher value solutions are being explored. In addition to allowing me to conduct additional
sensitivity studies or to solve larger games, a parallelized computing solution may also allow me
to play signaling games where uncertainty is introduced into player’s knowledge of their
opponent’s objectives, assets, weapons and actions. That uncertainty regarding “what is game
truth?” can then be manipulated through public statements, demonstration or investments in
intelligence gathering. While there is a significant body of game theoretic work on signaling,
none has yet included prospect theory. The ability to explore signaling under prospects is an
exciting possibility.
As noted earlier, “some models are useful” and ours has proven highly useful in allowing me
to explore the role of sentiment and political consequences on deterrence despite the current
processing time. My hope is that others will be inspired by my experience and use similar
methods to insert emotion and sentiments into “hard number” analyses.

118

Note that previously evaluated moves must be re-evaluated once a new move is added to the solution space,
making this a time consuming effort.
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