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Abstract 

Department of Defense leadership have asserted that slow space acquisition timelines may 
threaten American space superiority, but the link between acquisition timelines and space 
conflict has not been rigorously investigated in prior research. This dissertation questions that 
assertion through a mixed-methods approach of game-theoretic modeling informed by case study 
analysis. I found that acquisition timelines primarily drive underlying strategies, but not 
necessarily the outcomes of space conflict and deterrence and that the US should tailor its 
strategy to the conditions it faces. If an actor is slow, they can mitigate that disadvantage by 
investing in relatively simple redundancies and resiliencies supporting their space architecture 
and by remaining reserved through conflict. As timelines improve, I find the appropriate strategy 
is to invest in more complex systems and to take an increasingly assertive posture in conflict. 
Given leadership’s statements and this dissertations’ conclusions on American space acquisition 
timelines, the United States should prioritize relatively simple investments that support its 
resilience in space.  
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Introduction 

The study of warfare and its theory development have uncovered several preeminent 
principles that drive universal efforts in pursuit of military supremacy. Two of those 
fundamentals are the enduring pursuit of technological advance to generate superiority over an 
enemy and the securing of the high ground to enable strategic surveillance and intelligence. 
These two tenets of warfare quickly, naturally, and perhaps unknowingly converged as man 
turned its eyes to space. The Space Race marked the confluence of the pursuits for technological 
advantage and the seizure of the high ground, as the US and Soviet Russia vied for superiority in 
space. Through these efforts, Russia and the United States developed space capabilities apace 
and established technological capabilities far exceeding those of the Space Race spectators. 
Although the Space Race concluded with Apollo 11 in 1969, the benefits of the technological 
advances made during that era were precursors for the space technologies of today that have long 
benefited mankind. 

The United States, Russia, and an increasing number of other nations have since 
populated space with satellites to support a wide range of functions. These include providing 
satellite television, communication support in rural areas or distressed regions, navigation 
information, weather information, and a range of safety functions like search and rescue support 
and observation of wildfires, ocean and wind currents, and airborne pollution. Satellites have 
benefitted the economy by enabling immediate credit card transaction authorization and ATM 
withdrawals to consumers. They inform farmers when their orchards are over or under-watered 
allowing for more efficient irrigation and subsequent production and have generally improved 
the efficiency of producers and distributors to the satisfaction and benefit of consumers 
worldwide.1 While this is far from a comprehensive list of ever-expanding domestic functions 
that satellites provide globally, it conveys our increasing reliance on space for everyday 
functions. 

Although satellites have benefitted the US and the international communities in 
peacetime, they have also disruptively multiplied the power, precision, and efficiency of 
militaries abroad and perhaps none more so than the United States’ military. Adrian Lewis, a 
military historian, details this multiplicative power in his book “The American Culture of War: 
the history of U.S. military force from World War II to Operation Iraqi Freedom.” Of the US 
military in the Second Persian Gulf War he writes: 

Outer space was used as never before in war. The array of satellites and their capabilities 
was as impressive as the airpower employed…Global Positioning System Satellites 

1 (Union of Concerned Scientists, 2015), (Gottschalk, 2017)
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directed precision-guided weapons on target through sandstorms, rain, and wind. Imaging 
radar satellites detected and pinpointed the movement of Republican Guard forces so they 
could be destroyed by airpower. Satellites listened in on Iraqi communications, providing 
usable battlefield information. Satellites provided photographic information for planning 
and conducting special operations; provided communications facilitating command and 
control, and reducing the response time of shooters; provided weather data for pilots and 
Navy ships; directed UAVs such as the Predator and Global Hawk; and even facilitated 
logistical efforts, tracking supplies and making possible more precise coordination of the 
delivery of supplies. The dependency of the U.S. Armed Forces on space-based systems 
is complete.2 

The US largely built this space advantage and reliance in an international security 
environment where few, if any, global competitors were capable of the same technological 
development and deployment. Major General Franklin Blaisdell, then Air Force Director of 
Space Operations and Integration, captured this supremacy concisely during the Second Persian 
Gulf War: “We are so dominant in space that I pity a country that would come up against us.”3 
At the time of Blaisdell’s statement, the US and Russia were still the world’s preeminent space 
powers, having each launched 24 payloads into space that year alone compared to China’s 6 and 
the rest of the world’s 4.4 Space was generally uncontested and unpopulated, which allowed the 
US to amass enabling space architectures over the last several decades that provided military 
support, but these conditions may have lulled military planners into the belief that space would 
remain an uncontested sanctuary. 

This unchallenged environment allowed the Department of Defense (DoD) to invest in 
capable monolithic5 satellite constellations without much concern for evolving threats. These 
monoliths often sacrificed schedule for what is colloquially referred to as gold-plating, or the 
excessive addition of capabilities.6 The development, procurement, and deployment times have 
accordingly suffered long development acquisition timelines and schedule overruns due to 
technical complexity which ultimately delays capability delivery to the warfighter.7 For example, 

2 (Lewis, 2007)
3 (Lewis, 2007)
4 This metric is only a proxy for space power, which is contingent on several other factors like the capabilities of the
payloads themselves and the integration of those capabilities into warfighting strategy, operations and tactics. 
(Center for Strategic and International Studies, 2019) 
5 Monolithic here means that all the subsystems for a function are housed under a single unit, as opposed to
distributed where single satellites are replaced by clusters of smaller satellites to provide the same function. 
6 This is often in response to the relatively small number of both satellites and space programs.
7 One of the key challenges is that once a satellite is deployed, it is intended to operate without repairs or upgrades
for 10-15 years before it is replaced. For contrast, aircrafts can be flown/tested, fixed or upgraded, and then flown 
again. (Anon., 2008) Other challenges are that space assets are both complex and expensive which drives risk 
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in the Space-Based Infrared System (SBIRS) constellation, the first geosynchronous orbit (GEO) 
satellite, GEO-1, experienced a delay of nine years from the initial planned deployment date and 
was launched 15 years after the contract award. Another example of delayed schedules and long 
acquisition timelines is the Advanced Extremely High Frequency (AEHF) system, with initial 
operating capability (IOC) slipping from November 2007 to July 2015, roughly 16 years after the 
development contract was awarded.8 These systems are far from an exhaustive list of satellites or 
capabilities characterized by protracted development in the DoD space acquisition portfolio, but 
convey, if not the extent, the direction of concern for DoD satellite development. 

intolerance. Satellites can cost over $3 Billion with single launch costs exceeding $100 million. (Chaplain, 2016), 
(Kim, et al., 2015) 
8 Ibid, (Anon., 2015)
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In a scenario where the US remained the solitary or dominant space-faring nation these 
acquisition timelines may not be concerning, but through globalization, international 
modernization, and the United States’ demonstration of space power in warfare, the US is no 
longer the only 
nation that brings 
space capabilities to 
bear on war and 
peace. Other 
nations are and 
have been rapidly 
improving their 
space capabilities. 
Russia is revamping 
its antiquated and 
defunct space 
systems to include 
the development of a new iteration of its GLONASS positioning, navigation, and timing (PNT) 
system that provides positioning, navigation and timing (PNT) and intends to upgrade its 
imaging capabilities over the next decade.9 China is a more recent ascendant to space power (see 
figures 1 and 210) and has extensively invested in its earth observation, communication, and PNT 
capabilities. It has rapidly developed strategies for the military application and defense of its 
space assets and advanced its launch capabilities to now include solid-fueled rockets and low-
cost vehicles that allow China to rapidly and efficiently surge satellites into orbit.11 Other nations 
including India, Iran, Israel, Japan, North Korea and the European Space Agency join China and 
Russia as space-farers, all of which maintain independent launch capabilities.12 These space-
faring nations are quickly matching and occasionally surpassing the United States in space. This 
is not to demonize these nations for improving their space capabilities. Rather, it provides the 
necessary context for more concerning developments in the space security environment.13  

9 (Harrison, et al., 2018)
10 In Figure 1, US government and military launches are compared to all Chinese launches.  Unlike in the US, which
has a robust commercial and civil space capability distinct from our military and intelligence community, most of 
China’s space assets are developed and operated by government, military, or state-owned enterprises. 
11 (Anon., 2018), (Erickson, 2014)
12 (Anon., 2018), (The National Air and Space Intelligence Center, 2018)
13 One of the ways the US has been surpassed is in the sheer number of systems deployed by China in the last 5
years. 

Figure	1:	Satellites	Deployed	by	Country
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As foreign nations continue to deploy satellite systems and become increasingly reliant on 
those assets for domestic and military use, they will have a stronger interest in defending their 
systems and may threaten American space superiority in periods of conflict.14 
Consistent with this concern, foreign nations are pursuing antisatellite (ASAT) weapons that 
threaten both the peaceful use of space and the US military’s ability to leverage space for 
operations abroad. Although Russia and China both advocate for the peaceful use of space, they 
have each developed and tested a broad portfolio of anti-satellite weapons that are capable of 
both soft and hard kills against American satellites.15 One of the most notable tests was the 2007 
Chinese direct-ascent ASAT test that blew up a defunct meteorological satellite and littered 
space with debris, which threatened even the peaceful uses of the orbit. More recently, India 
conducted a test in March 2019 and destroyed one of its microsatellites 300km above earth.16  

 Beyond developing capable anti-satellite weapons, foreign nations have integrated space-
superiority and 
space-denial 
concepts into their 
military strategies to 
defend their assets 
and to control space 
operability in future 
conflict. Russia, for 
example, cites the 
necessity of space-
supremacy in 
achieving its 
military objectives, 
which may entail 
more than just 

14 The Joint Publication for Space Operations defines space superiority as the “degree of control in space of one
force over any others that permits the conduct of its operations at a given time and place without prohibitive 
interference from terrestrial and space-based threats.” The definition of space superiority requires the ability to deny 
adversaries access to space, but does not include the denial of adversarial space use as a component of space 
superiority. Rather, the capability to deny adversarial space use serves as both a deterrent and tactical component 
should the Outer Space Treaty fail. (Joint Chiefs of Staff, 2018) 
15 Soft kill attacks are reversible and temporary like computer network attacks or electronic jamming. Hard kill
methods physically destroy the assets and include weapons like direct ascent kinetic weapons, microwave attacks, 
laser attacks, particle-beams, directed energy weapons, or nuclear EMP detonations. (Cliff, et al., 2007) 
16 It is important to note that US has also invested in and tested several anti-satellite capabilities like the Army’s
kinetic-energy ASAT program or its Air-Launched Miniature Vehicle in the 1980’s (Langbroek, 2019), (Union of 
Concerned Scientists, 2012) 

Figure	2:	Chinese	Payloads	by	Type
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maintaining its own capabilities and include denying adversaries their respective capabilities.17 
Chinese strategists have similarly developed their counter-space strategies to support operations 
against technologically superior adversaries like the US.18 These space-denial concepts 
combined with anti-satellite weaponry demonstrate a commitment to counter-space strategy that 
may threaten American space superiority in conflict. 

 The combination of international counter-space capabilities and counter-space doctrine 
have shifted the space environment towards an increasingly contested and deniable warfighting 
domain that is forcing US leaders to reconsider our space acquisition priorities. The reduction of 
acquisition timelines is at the forefront of those considerations. Both the National Space Council 
and its Users Advisory Group confirm that the speed of space acquisition is their number one 
priority.19 The Assistant Secretary of the Air Force for Acquisition, Technology, and Logistics 
commented that “[speed is] not the only thing in acquisition, but it’s the only thing you need to 
do to win. It’s the only thing that’s going to ultimately matter.”20 This has manifested as several 
ongoing reform efforts intended to accelerate DoD space acquisition timelines. For example, the 
Space and Missile Systems Center (SMC), which is the primary acquirer for space capabilities in 
the US military, was recently restructured into SMC 2.0 to support faster space acquisition.21 The 
United States is also establishing new organizations to prioritize speed, including the Space 
Rapid Capabilities Office (RCO) and the Space Development Agency.22  

 The reform efforts prioritizing speed seem to be predicated on three assumptions. The 
first is that the US is slow at space acquisition. This appears to be the consensus among DoD 
leadership. One of the comments highlighting this belief was issued by Air Force General Kwast, 
Commander of Air Education and Training Command, who estimated that Chinese space 
development is 5 times faster than the United States’.23 Even military leaders who remain 
unconcerned with US space superiority, like the Space and Missile Systems Center Commander 
Lt. General Thompson, concede that US space acquisition is sluggish.24 The second assumption 
is that there is a credible threat in space and that foreign nations may hold US systems and space 
superiority at risk. 

17 (Harrison, et al., 2018)
18 (Cliff, et al., 2007)
19 (Klimas, 2018)
20 (Roper, 2019)
21 The SMC 2.0 reform effort was conducted to support a number of other acquisition improvements, although
SMC’s commander Lieutenant General John Thompson conveyed that speed was paramount in saying, “and above 
all, we’ve got to move faster to keep our adversaries backpedaling.” (Underwood, 2019) 
22 (Kirtland Air Force Base, n.d.)
23 (Sheetz, 2017)
24 (Erwin, 2018)
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These assumptions naturally lead to the third, tacit assumption that acquisition timelines 
affect our ability to maintain space superiority. Given the pronounced efforts to reduce space 
acquisition timelines, there appears to be a prevailing belief that acquisition timelines matter and 
that significant acquisition reform is necessary to sustain US space superiority.25 Obviously to 
some extent acquisition timelines matter; if we envision the exaggerated cases where it takes a 
nation decades to develop and produce a satellite system compared to an adversary’s year to do 
the same, we can quickly see that any semblance of space superiority would quickly evaporate as 
that asymmetry compounds.26 The critical question is somewhat more nuanced: Does the current 
acquisition timeline reality warrant the acquisition reform efforts upon which the DoD and US 
government have embarked? Again, many leaders would argue yes, but the absence of rigorous 
research connecting space acquisition timelines to space operational outcomes presents an 
opportunity to challenge that assumption and begin constructing the academic linkages between 
space acquisition timelines and space outcomes. This investigation informs both acquisition 
reform efforts and the development and refinement of US space strategy and doctrine. 

Accordingly, I raise two primary research questions that drive this dissertation, which 
naturally establishes a groundwork for future efforts in understanding the connections between 
space acquisition timelines and space conflict outcomes. The first question assumes that US 
leaders are interested in preserving space stability and preventing the horizontal escalation of 
terrestrial conflicts into space, which would allow the US to continue to operate in space through 
conflict and maintain what it defines as space superiority: 

Q1: Does acquisition speed have strategic effects on deterring the horizontal escalation of 
terrestrial conflict into space? 

Q1.1: If so, under what conditions are those effects observed? 

The second set of questions assumes that if deterrence fails, the US is concerned with 
maintaining space superiority, as defined by the DoD, through the terrestrial conflict: 27 

Q2: Does acquisition speed have strategic effects on space superiority during conflict? 

25 This is captured by Major General David Thompson: “an acquisition system that’s been called slow and
ponderous can’t be allowed to become a national security threat” and the above quote from Dr. Roper. (Swarts, 
2017), (Roper, 2019) 
26 Although perhaps not immediately.
27 The definition of space superiority is primarily concerned with providing capability to the warfighter and
decision-makers.  For the purposes of this research, that can be interpreted as the desire to minimize the period of 
time and degree in which the US is below full-operational capacity (FOC) for its space systems and maximize its 
operational capability over the time of interest.  
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Q2.1: If so, under what conditions are those effects observed? 
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Background 

This section serves two primary functions. The first is to further consider the assumptions 
identified above that 1) there is a credible and emergent threat in space and 2) the United States 
is slow in its space acquisition. These two assumptions lead to a third assumption that 3) the 
United States’ ability to respond to the credible and emergent threat in space is contingent on its 
ability to improve its space acquisition speed. A lack of empirical data or research on this 
assumption leads to the second function of this section, which is to develop hypotheses in 
response to the research questions posed in the previous section (which emerged from the third 
assumption here). 

Threats in Space 

Validating the first assumption requires answering the questions of who the potential threats 
in space may be, what weapons they have developed that could hold US assets at risk, and how, 
under what conditions, and against what assets those weapons may be used. The question of 
“who” is, for the purposes of this dissertation, based on more than answering “who can hold 
space assets at risk” and considers both who is a spacefaring nation and who would likely hold 
US assets at risk. The spacefaring component is necessary for this dissertation, as I am ultimately 
interested in the effects of acquisition timelines on deterrence and space conflict. The dynamics 
of space conflict and deterrence would be markedly different without mutual spacefaring; 
deterrence would be contingent on trans-domain threats and resilience28 and space conflict would 
only be a function of one side’s space resilience and the other’s ASAT weaponry. This leads me 
to impose the spacefaring restriction when discussing immediate international space competitors. 

In its 2019 Space Threat Assessment, the Center for Strategic & International Studies (CSIS) 
identified China, Russia, Iran and North Korea as the most immediate threats to the United States 
in space. It also discussed US allies and non-state actors with anti-satellite capabilities.29 The 
latter groups fail to meet the criteria laid out previously. American allies are not threatening and 
the non-state actors with only anti-satellite capabilities fail to meet the spacefaring criterion. This 
leaves the first set of nations: China, Russia, Iran and North Korea. 

North Korean and Iranian space development pursuits appear more closely tied to their 
nuclear development programs than to supporting any spacefaring ambitions, as they have 

28 I use resilience in this dissertation to mean the degree to which space assets can continue to provide services
through interference or attacks. The Aerospace Corporation details a number of strategies to improve resiliency in 
space architectures. These include reconstituting satellites, adding redundancies to satellite constellations, or 
hardening satellites against attacks (The Aerospace Corporation, n.d.) 
29 (Harrison, et al., 2019)
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predominantly focused on space vehicle development that would support ballistic missile 
improvement and nuclear weapon delivery.30 Given North Korea and Iran fail to meet the 
spacefaring criterion, I am left with China and Russia. They each have vested interests in their 
respective space capabilities and are the United States’ immediate space competitors. 

This drives the question of what China and Russia have developed to elevate themselves to 
be considered a potential threat in space. Unfortunately, this is not an easy inquiry. The nature of 
space programs and space weaponry is generally classified, so these nations likely publish only a 
small portion of their space development activity. Fortunately, the open source documentation of 
their public developmental efforts and tests has been interpreted through a national security lens. 
I turn to that data to understand Chinese and Russian space asset, weapon, and doctrinal 
development.  

 China and Russia ascended to their respective space power via different means. China 
benefited from globalization and an impressive ability to digest and copy imported technologies, 
whereas Russia rebuilt its space prominence on the foundation laid in the Soviet era. They both 
rely heavily on indigenous PNT capabilities that enable precision guided munitions, troop 
tracking, and a host of other military and civil functions. Russian GLONASS and Chinese 
Beidou and Compass systems provide this PNT capability to each country and their respective 
allies. China plans to launch 10 new satellites into their PNT architecture in 2019 and Russia has 
recently updated its GLONASS constellation to be fully functional after falling below full 
operational capacity in the 2000’s.31 Their indigenous PNT capabilities makes them independent 
of the United States’ GPS network and ensures PNT capability through conflict.32 

Each nation has invested in extensive command, control, communications, computers, 
intelligence, surveillance and reconnaissance (C4ISR) capabilities in space that allow for 
coordinated responses to complex battlefields, global monitoring of opposing forces, and early-
warning.33 China currently has 120 ISR satellites in orbit and another 30 communication 
satellites, second only to the United States. They plan to further improve their satellite 
communication (SATCOM) through advanced technological development. Russia also maintains 
a significant C4ISR capacity. Although it maintains fewer C4ISR satellites than China, Russia’s 
ISR satellites are individually more capable than China’s.34 

They each also maintain notable civil satellite architectures that provide functions like 
weather monitoring that are civil in nature but offer military support in planning and operations. 
These civil satellites and their exclusively military satellites are all supported by indigenous, 

30 (Harrison, et al., 2019)
31 (Harrison, et al., 2019)
32 PNT capabilities also carry immense political power, as it isolates each country’s respective allies from the US
GPS network and makes those nations more reliant on Chinese and Russian capabilities. 
33 (Erickson, 2014), (Defense Intelligence Agency, 2019)
34 (Defense Intelligence Agency, 2019)
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reactive, and affordable launch capabilities. Russia’s modular space launch vehicle fleet enables 
it to tailor its launch vehicle to the payload, making for a flexible design that keeps costs and 
acquisition timelines down.35 Chinese solid-fuel propelled rockets also allow for cost-effective 
and reactive launch.36 This reactive launch capability is crucial and allows each nation to 
independently surge satellites into space to boost resilience before or during conflict. 

As discussed previously, neither the peaceful nor military use of space is threatening. Rather, 
Chinese and Russian development and display of anti-satellite weaponry raises concern. Russia 
and China advocated for the disarming of space and maintain their opposition to the 
weaponization of space, but they have each demonstrated explicit anti-satellite capabilities in the 
recent past. Accurately assessing each nation’s ASAT capabilities is challenging, but technology 
demonstrations are telling (at least to some degree) of what each nation is pursuing. China has 
already demonstrated a low-earth orbit (LEO) direct-ascent ASAT capability and experts suspect 
that it is currently developing a similar middle-earth orbit (MEO) and geostationary-earth orbit 
(GEO) direct-ascent capability.37 It is also developing co-orbital satellites, directed energy 
weapons, jammers, high-powered microwaves, particle beam weapons, and high-powered lasers 
to degrade or destroy adversary satellites.38 Russia benefits from its Soviet-era programs and 
already has a kinetic ASAT capability that can reach every orbit. They likely can employ high-
altitude EMPs and directed energy weapons to destroy or degrade US space operability and have 
demonstrated jamming and cyber-warfare capabilities.39 These technologies allow China and 
Russia to hold adversary systems at risk through several methods and make effective defensive 
measures or investments more challenging. 

Both China and Russia have concluded that space supremacy is paramount to success in 
future conflicts against technologically advantaged adversaries and have consequently developed 
and integrated theories of employment for their ASAT technologies. Russia views space-based 
information support as essential to battlefield success, so it is likely that Russia would target 
adversarial information systems in conflict.40 Chinese writers and analysts have similarly 
concluded that US information systems, like its ISR and command systems, would be the two 
most important to target, but Chinese literature’s focus on intelligence collection as the 
foundation for information superiority suggests that China may also target US reconnaissance 
and early warning capabilities at conflict onset.41 These doctrinal developments indicate that 
China and Russia are thoughtfully integrating their ASAT capabilities and space-denial concepts 

35 (Defense Intelligence Agency, 2019)
36 (The State Council Information Office of the People's Republic of China, 2016)
37 (Freedberg Jr., 2015), (Defense Intelligence Agency, 2019)
38 (Chase, 2011), (Pollpeter, 2016)
39 (Defense Intelligence Agency, 2019)
40 ibid
41 (Cliff, et al., 2007)
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into broader conflict strategies. This is not to say that either nation is an immediate threat in 
space. Both Russia and China have advocated for the peaceful use of space and their respective 
ASAT development may serve a deterrent intent. Rather, they both currently sustain the 
capability to challenge US space superiority during conflict in pursuit of their own respective 
space supremacy. 

Current US Space Acquisition Timelines 

The second assumption requires an examination of US space acquisition timelines. The 
current assessment of those timelines is that they are generally too long. However, the reference 
point is unclear and raises the question of “too long compared to what?” One approach to 
quantify US space acquisition speed is to compare its acquisition timelines to the commercial, 
market driven sector as the Aerospace Corporation’s study did comparing US DoD satellite 
development and launch to commercial development and launch. It noted that government 
systems on average took 7.5 years from contract start to launch date. Commercial systems that 
took 2 to 3 years. On average, government systems took 2 to 3 times longer than commercial 
systems from development to deployment. The study noted a key distinction between 
government development and commercial development: the government often starts its contracts 
at program definition and risk reduction, whereas many commercial contracts start after satellite 
system concept development. This confounds contract-to-launch comparisons.42 A better 
approach is to compare government’s subsequent-satellite development times, instead of its first 
of kind systems, to commercial contract-to-deployment acquisition timelines. The study found 
that government subsequent-system development averaged 3.3 years from assembly start to 
deployment and is somewhere between 10% and 65% slower than commercial processes.43 

 The Aerospace study is useful in understanding how the DoD compares to the 
commercial sector, but it is more likely and sensible that DoD and political leadership are 
concerned with the disparity between the US government space acquisition timelines and those 
of its international competitors. Assessing competitor development and acquisition timelines to 
understand how the US compares is challenging given the opacity of Chinese and Russian space 
development. Even if foreign nations were forthcoming in their asset development and 
procurement, it would be difficult to compare across systems. For example, China and the US 
may each be developing a PNT system but those systems may vary widely in capability. 
Resultant timeline comparisons would be both uninformative and misleading. 

 Even accurately understanding US development times without trying to draw 
comparisons to foreign development is 0. Actual development times for US space systems vary 
widely based on several factors. The system function, complexity, intended lifecycle, and 

42 (Davis & Lucien, 2015)
43 Ibid
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whether it is a first-of-kind or subsequent system can all have implications for acquisition 
timelines. There are differences in the periods of consideration: For example, in the Aerospace 
study, they examined development start to launch date, but a more appropriate metric for the 
purposes of this research would be the period from development start until initial operating 
capability (IOC) or full operating capability (FOC). This information is usually captured by the 
Selected Acquisition Reports (SARs).44 However, even the SAR data contain inconsistent 
reporting metrics. Some programs report FOC times. Others report only IOC estimates. 
Programs in their infancy report RAAs (Required Assets Available) as a surrogate for IOC dates 
and some programs report individual, rather than architectural, readiness times. These challenges 
make it difficult to draw meaningful conclusions about US space acquisition timelines both in 
their own respect and relative to adversarial acquisition timelines. Given these difficulties, I look 
to statements made by official leaders for insight. Then Vice Commander of USAF Space 
Command, Major General David Thompson stated that international adversaries develop systems 
at least twice as quickly as the US.45 Still others have indicated adversarial space development 
cycle times may be up to 5 times shorter than the DoD’s.46 These comments indicate competitors 
are developing space capabilities much more quickly than the US. 

The most obvious takeaway from this section is that estimating acquisition timelines is a 
challenging undertaking, but the findings of this discussion were not otherwise fruitless. I 
reasoned that acquisition timelines relative to industry are not particularly relevant to conflict or 
deterrence and that relating acquisition timelines relative to competitors’ timelines is a better 
approach. The above statements from leadership allow me to bound the space of what relative 
acquisition timelines between the US and its competitors may be. On the lower-bound, 
statements from leadership suggest we may be up to 5 times slower than our competitors.  For 
the upper-bound, there is little evidence to suggest that the US is faster than its competitors. 
These bounds indicate that the second assumption is reasonable and that the US is slow 
compared to its competitors. With the first two assumptions considered, I transition to the 
exploration of literature to develop hypotheses for the relationship between space acquisition 
timelines and space conflict. 

44 My rationale for this metric over Aerospace study’s metric is that I am interested in deterrence and space conflict
outcomes. The first launch of a system may elicit some international reaction (see (Anon., n.d.) for an example of 
this) but may not have any immediate effect on deterrence or conflict outcomes if it does not provide capability. 
Therefore, either IOC or FOC appears to be a better end measurement for this study given they represent the time at 
which some proportion of capability is delivered. (Davis & Lucien, 2015) 
45 (Swarts, 2017)
46 (Sheetz, 2017)
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How Might Space Acquisition Timelines Affect Deterrence? 

 The arrival of the atomic bomb marked the advent of formal deterrence research and a 
shift in American military policy best captured by renowned military strategist Bernard Brodie’s 
comment, “Thus far the chief purpose of our military establishment has been to win wars. From 
now on its chief purpose must be to avert them.”47 The definition of deterrence evolved to entail 
manipulating an adversary into not taking an action by instilling fear into him/her, either through 
reducing the prospective benefits of an action or increasing the prospective repercussions from 
an action.48 In the nuclear age, deterrence was characterized by the latter, with a predominant 
deterrence approach of Mutually Assured Destruction. This eventually evolved into more 
flexible deterrence approaches that are relevant to space deterrence. These approaches can be 
categorized into two primary types: deterrence policy by threat of punishment and deterrence 
policy by denial of gains. The underpinnings of deterrence policy by threat of punishment are 
both the perceived capability to punish an action and a perceived willingness to do so, whereas 
deterrence policy by denial of gains hinges on the perceived gains from an action and the 
perceived probability of success.49 These policies are distinct but not mutually exclusive and can 
be beneficial in tandem. 

 Mathematically, deterrence can be simplistically represented by Equation 1 where  

represents an adversary’s cost-benefit function,  is the probability of success,  is the benefit 

of an action,  is the probability of punishment, and  is the cost of punishment. 

Equation 1: Expected Value Deterrence Equation
50

, , , ∗ ∗  

When 0, it is advantageous for the adversary to act. When 0, action is costlier 

to the adversary than beneficial and deterrence should be achieved. Decreasing perceived 
benefits and probabilities of success or increasing the perceived cost and probability of 
punishment drives the function toward deterrence. Although Equation 1 is straightforward, the 
mechanics of practical deterrence are much more complex. 

A key complication in Equation 1 is that values  and 	are values perceived by the aggressor 
rather than either real values or values perceived by the deterrer. Moreover, the deterrer’s actions 
are guided by how he/she perceives those actions will be perceived by the aggressor and how 
they will affect the aggressor’s assessment of values which further complicates the deterrer’s 

47 (Brodie, 1946) The general notion of deterrence long predates the 1940’s back to Thucydides.
48 (Long, 2008)
49 Ibid
50 This equation is only one of infinite possible equations representing deterrence. Note that a deterrence policy by
threat of punishment focuses on the increase of both  and , whereas a deterrence policy by denial of gains 
revolves around the reduction of both  and . However, deterrence by denial of gains can benefit from elements of 
deterrence by threat of punishment and vice versa. 
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understanding of what actions will drive what responses.51 This layers the equation with 
uncertainty.52 A further complication is that humans rarely exhibit rational preferences. Instead 
they often make decisions along the lines of the prospect curve defined by Kahneman and 
Tversky.53 Triezenberg’s dissertation integrated prospect theory into game-theoretic modeling to 
investigate how perceptions shape decision-making in space. She found that how a state viewed 
its losses and gains markedly affected deterrent outcomes. This suggests that simple expected-
value functions may be insufficient for modeling deterrence decision-making.54 

There are several other factors that may affect deterrence, one of which is the balance 
between reassurance and credibility. Schelling discusses the necessity of reassurance in 
deterrence to reinforce the adversary’s perception that punishment only occurs if the adversary 
takes the action the actor sought to deter.55 On the other end, the actor must also maintain both a 
credibility of capability and intention to punish. Credibility of capability is referred to as a 
function of aggregate forces, proximity, and power-projection capability.56 In the context of 
space, credibility may be more a function of aggregate forces and power projection than 
proximity. It can be viewed as the number of avenues an actor may take to “hit back” at an 
opponent and how effective those capabilities are.57 The credibility of intentions shapes the 
adversary’s perception of how willing the actor is to retaliate.58 The credibility of intention and 
credibility of capability contribute to a deterrence policy by threat of punishment. 

Experts suggest a joint policy of deterrence via denial of gains and deterrence via threat of 
punishment may be best suited for space. This mixed policy approach involves a space strategy 
that erodes the adversary’s potential gains from an attack, while also increasing the United 
States’ ability to strike back at an adversary in the event of a first-strike-stability failure.59 Both 
Triezenberg and Morgan support this mixed policy, particularly given asymmetric space use.60  

51 (Morgan, 2010)
52 Schelling finds that this uncertainty can be beneficial to the deterrer, as the “chance” of repercussion may be more
effective at deterrence than a certainty of punishment. Similarly, unknown costs of an action may also enhance 
deterrent efforts. (Schelling, 1960) Forrest Morgan reiterates this insight through a space lens, suggesting that 
having an adversary know the US is maintaining some capability without knowing what that capability is may be 
stabilizing. (Morgan, 2010) 
53 (Kahneman & Tversky, 1979)
54 (Triezenberg, 2016)
55 (Schelling, 1966)
56 (Long, 2008)
57 Forrest Morgan discusses the viability of threatening to respond with conventional punishment in the event of
escalation to space, but for the purposes of this study I define the “hit back” capability as the mechanisms one has to 
punish adversary space assets. (Morgan, 2010) 
58 (Long, 2008)
59 (Morgan F. E., Deterrence and First-Strike Stability in Space, 2010),(Triezenberg, 2016)
60 Although this is a general observation, it may apply directly to the United States. Both the idiosyncratic tendency
of the United States to be involved in conflict away from domestic soil and its integration of space-based 
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Although the role of asymmetric space reliance is thoughtfully discussed in the suite of 
deterrence literature, the effect of acquisition speed is not. Acquisition speed may not directly 
affect deterrence decision-making, but there are several ways it might shape deterrent outcomes 
through the effects on the underlying variables considered in deterrence decisions. For example, 
faster weapons acquisition may allow the actor to procure more ASAT capabilities more quickly, 
but if the adversary is not particularly reliant on space assets, that increased threat may have little 
impact on the cost-benefit calculation of the adversary. In more symmetric cases of space 
reliance, a deterrer’s faster ASAT acquisition may increase the adversary’s perception of the cost 
of an attack but may also undermine the reassurance element of deterrence and induce instability. 
This is only a brief discussion of the innumerous ways in which weapon acquisition timelines 
might affect deterrence. Morgan posits that investments in weapons are inherently destabilizing. 
Therefore, shorter weapon acquisition timelines are likely only to enhance that destabilization.61  

Alternatively, faster acquisition for defensive capabilities may act as a deterrent through 
denial of gains. Previous research found these investments insufficiently deterrent in asymmetric 
cases, but accelerated acquisition timelines may allow capabilities to meet the threshold at which 
the denial of gains is sufficient to deter attack.62 While the speed of acquisition itself may not 
directly be deterrent or escalatory, I hypothesize that it may augment the underlying effects of 
the investments themselves such that we occasionally exceed deterrent thresholds. 

How Might Space Acquisition Timelines Affect Space Conflict? 

 Space conflict is likely an impure conflict and “winning” in space is not characterized by 
a zero-sum game.63 If the US and its competitors value their space operability, even if they also 
value reducing oppositional space functionality, then an obvious mutual dependence in 
preserving space orbits arises. This mutual interest in the continued use of space and subsequent 
mutual dependence in its preservation complicates an otherwise pure conflict that would only 
result in either deterrence or complete extermination of space. The impure conflict characteristic 
means that space conflict is not binary, but a spectrum composed of mixes of weapons and assets 
that define degrees of escalation. 

information across the warfighting domains expose space capabilities as a key enabler and vulnerability. 
Consequently, analysts both domestic and abroad have identified US space reliance as the US military’s “Achilles 
Heel.” Other nations are increasingly reliant on space to project military power, but the degree of space-based 
information integration into their respective military operations relative to the United States’ and the theoretical 
conflict’s proximity to their homeland compared to the conflicts the United States may be involved in suggest that 
US space reliance is much greater than the other global powers. (Cliff, et al., 2007),  (Harrison, et al., 2019), 
(Harrison, et al., 2018), (Defense Intelligence Agency, 2019) 
61 (Morgan, 2010)
62 (Triezenberg, 2016)
63 As Schelling puts it, “[winning] means gaining relative to one’s own value system; and this may be done by
bargaining, by mutual accommodation, and by the avoidance of mutually damaging behavior” (Schelling, 1960) 
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This requires further discussion and a mapping of attack types and targeted assets to their 
corresponding relative degrees of war, as presented in Figure 3. The types of attacks can be 
divided into two categories: soft-kill and hard-kill methods. Soft-kill methods include attacks 
from weapons like jammers, cyber weapons and non-destructive lasers that have temporary 
effects and do not generate debris. They are less politically charged, receive less international 
backlash, and are less escalatory than their hard-kill counterparts. Hard-kill methods include 
attacks from direct-ascent kinetic weapons, co-orbital satellites, destructive lasers, EMPs, and 
nuclear detonation that destroy assets, create lasting effects, and are more internationally 
stigmatized.64  
Figure	3:	Escalation	Dynamic	

The types of assets attacked further characterize the degree of space conflict. Military 
weapons in space would be the least stigmatized targets, followed by military assets, military and 
civil dual-use assets, exclusively civil assets and finally international civil assets that mark the 
highest level of escalation in space.65 This escalation construct is also relevant in terrestrial 
conflicts: For example, conventional weapons against oppositional forces would be less 
escalatory and internationally condemned than the application of nuclear or chemical weaponry 
against civilian populations. Unlike terrestrial conflict, space conflict has so far been limited to 
localized soft-kill methods like GPS jamming. As an increasing number of space weapons are 
fielded and tested internationally, the possibility of intensified space conflict escalates.66 

 The pursuits of space technology that affect space conflict are often limited by 
acquisition timelines, which suggests that space conflict may be markedly affected by acquisition 

64 (Morgan, 2010)
65 An even further escalation, however, might be if a nation’s ground control stations were attacked, as it could be a
direct violation of national sovereignty. This assumes that the ground control station is not in an area of ground 
conflict or a legitimate target of war outside the continental US. If it were, then it is less likely to produce a high a 
degree of escalation (Morgan, 2010) 
66 Russia has conducted GPS jamming and spoofing operations in the Baltics, for example. (Resilient Navigation
and Timing Foundation, 2018) 
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timelines, both in the overall escalation level and the actor specific outcomes. 67 Rather than 
influencing the decision to go to war, this section is concerned with acquisition speed’s role in 
the question of “to what degree do we go to war?” and in the war’s overall outcomes. Depending 
on the application of acquisition timelines, they may either allow an actor to mitigate conflict 
with an adversary or to cross escalatory thresholds more readily either knowingly or otherwise. 
For example, investing in weapons or systems that are threatening or enabling, but also 
vulnerable, may be destabilizing in conflict and result in more escalatory conflict.68 Investing in 
redundancies and defensive measures that allow a nation to absorb attacks on space may allow 
for reduced levels of conflict. Fundamentally, acquisition timelines limit or enable the production 
and deployment of these systems and may enhance the effects of the specific weapons or assets 
by operationalizing them more quickly. 

At a more strategic level, acquisition timelines for targeted systems may provide long-term 
advantages against adversaries. Schelling offers an insight here that proves useful. He advocated 
that the US force the USSR to respond to relatively cheap investments with costly defenses to 
draw USSR defense expenditures that taxed the already struggling Soviet economy.69 Other 
strategists advocated for long-term competition that identified an area for adversarial expenditure 
that could be catalyzed by US actions and investments.70  

While the cost implications from this cost imposition strategy extend beyond the scope of 
this dissertation, the reconstruction of the cost imposition model into a schedule imposition 
model provides a clear mechanism through which acquisition timelines might affect space 
conflict. Investing into a system that materializes quickly and requires costly and protracted 
investments from the adversary to counter may provide a strategic advantage in conflict as 
subsequent investments compound into a technological gap. Unfortunately, the US may find 
itself the victim of such a strategy given our reliance on space assets. For example, should an 
adversary invest in a relatively cheap and easy-to-develop space weapon to hold our assets at 
risk, we may be forced to develop a solution or defense that is soon after rendered ineffective by 
an inexpensive tactical or technological change, resulting in no improvements in conflict 
outcomes but significant investment and lost investment opportunity on our end.71  

 A good example of this is the Improvised Explosive Device (IED) scenario that occurred 
in Iraq. There were two asymmetries at play in the IED scenario. The first is the asymmetric cost 
(effort, schedule, dollars) between the weapon and the asset attacked. By 2011, IEDs cost as little 

67 This is not to say that the development and production of space technologies are solely limited by acquisition
timelines; budgets, investment decisions, and the international security environment are other limiting factors. 
68 (Morgan, et al., 2008)
69 The Soviet Air Defense effort resulted in overspending relative to what the US invested in air strike capabilities.
They spent disproportionate funds to counter cruise missiles and stealth technologies. (Long, 2008), (Schelling T. 
C., Assumptions About Enemy Behavior, 1964) 
70 (Marshall, 1971)
71 (Akerman, 2011)
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as $265 but could hold half-a-million-dollar systems and soldiers’ lives at risk. This imbalance 
made the attacks worthwhile in the cost-benefit sense, even if there were low success 
probabilities. The other asymmetry was between the cost of developing defenses to IEDs versus 
developing workarounds against those defenses. The Joint Improvised Explosive Device Defeat 
Organization spent over $19 billion dollars between 2004 and 2011 to defend against the IED 
threat in the middle east, but the insurgency rendered those expensive defenses useless by 
inexpensively changing delivery or detonation methods like using remotes or hardening IEDs. 
These asymmetries can be observed in the space environment. Flecks of paint can threaten 
billion-dollar satellites and once an asset is in space, making defensive upgrades in response to 
emerging threats poses a significant logistical and financial challenge.72  

Conclusions 

This chapter intended to investigate the assumptions posed in the introduction section and to 
explore the potential relationships between acquisition timelines and space conflict and 
deterrence. I found that there is potential for a credible threat in space among space powers 
should conflict break out and that the US may suffer from extended space acquisition timelines 
relative to its competitors. These findings sufficiently validated the first two assumptions in the 
introduction and justified developing theories of effect from acquisition timelines on deterrence 
and space conflict. Those theories inform hypothesis development in response to the research 
questions raised in chapter 1. 

Research Questions/Hypotheses 

Q1: Does acquisition speed have strategic effects on deterring the horizontal escalation of 
terrestrial conflict into space? 

Q1.1: If so, under what conditions are those effects observed? 

H1: Previous research found that investments in weapons by the US are more destabilizing 
than investments in redundancies and resiliencies and that if the US is more reliant on space 
assets than the adversary, then investing in redundancies and resilience is insufficient to affect 
deterrence. I anticipate that acquisition speed will have effects on deterrence outcomes in 

select conditions. My hypothesis is that with asymmetric investment speeds, the advantaged 
actor may be able to build enough resiliency to effectively deter enemy horizontal 
escalation to space. However, I also hypothesize that this effect will decrease as space 
reliance becomes increasingly asymmetric. 73 

72 (Thoreson, 2016), (Feltman, 2016)
73  (Triezenberg, 2016)
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Q2: Does acquisition speed have strategic effects on conflict outcomes? 

Q2.1: If so, under what conditions are those effects observed? 

H2: The background literature supported several mechanisms through which acquisition 
timelines could affect conflict, regardless of what types of investments were made. One of these 
mechanisms was that simply deploying assets or weapons sooner increased the period in which 
they affect the battlefield, increasing their cumulative effect. More strategically, the faster actor 
may build up a technology buffer against a slower adversary, which may have grander impacts 
on the battlefield. I hypothesize that increasing relative acquisition speed will have a positive 

effect with respect to conflict outcomes, as defined by a nation’s ability to maintain its 
space operability through conflict. For conflict outcomes, or when deterrence fails, I 
suspect that an increase in relative acquisition speed will have positive impacts on space 
superiority across all conditions. 
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Methodology 

 This section details the methodologies considered and selected for this analysis and 
provides a deeper discussion of how the selected methodologies inform my research questions. I 
consider several methodologies to understand the effects of space acquisition timelines on space 
conflict, to include case-studies, expert interviews, surveys, wargaming, and game-theoretic 
modeling.  

Table	1:	Methodologies	Considered	

Research Method Advantages Disadvantages 

Case-studies Robust, grounded in reality, 
and necessarily complex 

Not space specific 

Expert Interviews Provides nuance and depth Subject to biases 

Surveys Robust and nuanced Shallow results of complex 
phenomena, difficult to 
sample 

Wargaming Robust exploration of 
nuanced conditions on 
conflict 

Expensive, subject to 
biases 

Game-theoretic modeling Synthetically combines 
nuance with 
experimentation 

Limited by mathematical 
models of decision-making 

 I use a mixed-methods approach of case-studies and a game-theoretic model to investigate 
my research questions captured in Figure 4. The case studies serve to identify conditions relevant 
to acquisition timeline effects on conflict and deterrence and to build an understanding of the 
possible mechanisms behind those effects. Game-theory mechanizes a mathematical model of 
space cooperation and competition between intelligent actors to understand space conflict.74 This 
approach allows me observe the effects of relative space acquisition timelines in a controlled 
setting and grounds the theory of space warfare within the historic context of conflicts in other 
domains, where there is a much richer history of conflict and competition from which to draw.  

74 (RAND Corporation, 2019)
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Figure	4:	Mixed‐Methods	Approach	

Methodologies Considered 

Before diving into the methodologies considered for this dissertation, I first contextualize 
those methodologies with the needs of this research. The intent of this dissertation is to identify 
the effects of space acquisition timelines on space conflict and deterrence. Past research suggests 
that these effects may be nuanced by several factors. This requires my study’s methodology to 
further identify the conditions that affect the dynamic between acquisition timelines and conflict 
before exploring those effects themselves. For a more profound understanding of the relationship 
between space acquisition timelines and space conflict, it is necessary to understand the 
mechanics of how space acquisition timelines affect space conflict and deterrence. These two 
sub-questions are requisite for sufficiently investigating this dissertation’s research questions. 
Otherwise, I would only develop a fragile understanding of acquisition timeline effects on space 
conflict and deterrence. While the background literature provided some insight into both relevant 
conditions and mechanisms of effect, further investigation via this study’s methodologies is 
warranted. The remainder of this subsection will detail each methodology considered and how 
they fit into this study’s research objectives. 

 Case Studies 

Case studies allow me to explore how acquisition timelines affect conflict in their necessarily 
complex contexts. They are useful at exploring the conditions in which acquisition timelines 
affect conflict and in understanding consequent mechanisms of effect. These insights are 
grounded in reality which reduces subjectivity and bias. The primary shortcoming, however, is 
that there are no space specific cases to draw from. This ultimately limits the ability of case study 
research to directly respond to my research questions. Rather, case studies are a useful means of 
exploring conditions and mechanisms of effect in other warfighting domains that may extend to 
space, but necessitates abstracting those insights into a space specific context. 
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 Expert Interviews 

I considered the use of expert interviews as a means to understand how DoD leaders and 
defense researchers think about acquisition timelines in the context of space conflict. These 
interviews would be a useful exploratory methodology to elicit expert opinions on how 
acquisition timelines affect space conflict and what conditions may affect those effects. The 
semi-structured nature of these interviews would allow for a nuanced and profound 
understanding of those beliefs across researchers and DoD leaders, but these insights would be 
limited to experts’ experiences and their ability to apply those experiences to theories of space 
conflict. They may also be biased by organizational-specific constructs of space conflict and 
their thoughts could be overrepresented in this document due to the influence of their work on 
previous sections.  

 Surveys 

Surveys would be a useful methodology to understand how DoD leadership and researchers 
consider the links between acquisition timelines and space conflict. It would provide similar 
insights to expert interviews in that it would be limited to understanding how and under what 
conditions experts believe we may observe acquisition timeline effects on space conflict, rather 
than observing or exploring the effects themselves. Surveys would more broadly capture expert 
opinions than interviews, but at the expense of depth. They would not be useful in understanding 
the complexities of theorized dynamics between acquisition timelines and space conflict and 
would offer a shallow understanding of what may be complex phenomena. 

 Wargaming 

As defined by the RAND corporation, “Wargames are analytic games that simulate aspects 
of warfare at the tactical, operational, or strategic level. They are used to examine warfighting 
concepts… explore scenarios and assess how force planning and posture choices affect campaign 
decisions.”75 Wargames would be a useful experiment methodology to test conditions and 
develop a rich understanding of space acquisition timeline effects on space conflict and 
deterrence. These games, however, are both expensive and subject to similar limitations as the 
expert interview methodology. By relying on experts to make judgments about space conflict, we 
are limited by their experience, their preconceived constructs of space conflict, and their ability 
to apply their experiences to a space conflict dynamic. 

 Game-theoretic modeling 

Game-theory is an extension of wargaming but relies on mathematical models of conflict 
between intelligent actors to understand conflict dynamics. It would provide a similar function 

75 (RAND Corporation, 2019)
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for this dissertation as wargaming and be a robust methodology for exploring the effects of 
acquisition timelines on space conflict. By relying on mathematical models and objective 
functions to guide decision making, I can affordably explore broad sets of conditions to provide a 
rich and robust understanding of acquisition timeline effects on conflict that are not subject to the 
limitations of expert experiences or space conflict constructs. It is, however, limited to our ability 
to characterize human decision-making by mathematical models, which, while consistent, may 
be fundamentally flawed. 

Methodologies Selected 

As stated previously, I selected a mixed methods approach of game-theoretic modeling and 
case study analysis to explore and capture the effects of space acquisition timelines on conflict 
and deterrence. The game-theoretic model is at the core of this dissertation and allows me to 
compare conflict outcomes across different sets of conditions to rigorously test the assertion that 
acquisition timeline disadvantages threaten space superiority. Game-theory enables me to vary 
acquisition timelines and observe the effects on space conflict in a controlled setting. However, 
doing so without consideration for the conditions upon which those effects are contingent 
provides only a narrow and fragile understanding of the effects of acquisition timelines on space 
conflict outcomes. While I developed theories of effect and relevant conditions in the 
background chapter, those are largely based on experts’ constructs of space conflict and an 
abstraction of how acquisition timelines may affect space conflict. 

The case studies provide an exploratory analysis to identify conditions rooted in reality and 
to build theories for mechanisms of effect that may apply to space. These conditions can be 
varied in the game-theoretic model to provide a complex and multi-dimensional mosaic of 
conditions as they apply to acquisition timeline effects on space conflict. This provides a more 
robust exploration with the game-theoretic model and allows for a richer interpretation of the 
results. The remainder of this section will discuss the selection of each methodology and provide 
details on their respective structure. 

Case Studies 

Case studies serve to identify conditions relevant to acquisition timeline effects on conflict 
and deterrence and to build an understanding of the possible mechanisms behind those effects. 
These research interests map to exploratory analysis and theory development, respectively, for 
which case studies are well-equipped.76 The complex and inextricable interaction between 
context and phenomena, the lack of control in both the setting and behavioral events, and the 

76 (Yin, 2003), (George & Bennett, 2005)
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focus on specific aspects of historical events to inform contemporary policy are all conditions 
well-addressed by case study analysis.77  

Robert Yin suggests that case studies should be used for early hypothesis development 
and to inform further inquiries. Therefore, I rely on case studies to identify conditions relevant to 
timeline effects on outcomes. I use my understanding of those conditions to guide model 
parameterization and to develop theories of effect on conflict and deterrence for model result 
interpretation. While this use does fit well with Yin’s and others’ recommendations, it does not 
tacitly preclude the use of other methodologies. The other methodologies I considered for this 
exploratory approach were surveys or expert interviews with military leadership and expert 
researchers in the field. With the understanding that each conflict is vastly different in its context 
and outcomes, I assume equifinality, or the existence of multiple pathways to a common end 
state, that might be missed in surveys. While expert interviews may have provided the 
necessarily more nuanced view of space conflict and its influencing conditions, they may also 
have been biased by service or organizational-specific constructs of space conflict or have been 
overrepresented in this document due to the influence of their work cited in previous sections. 
Rather than relying exclusively on experts for hypothesis building and theory development, I 
consulted them to guide and affirm my case study selection and interpretation. This allows for an 
investigation of the multiple ways in which acquisition timelines may have effect without 
subjecting the exploratory analysis to potential bias.78  

Additionally, the wide range of contextual factors that influence conflict and deterrence 
can be better captured by case studies. Surveys would be limited in their ability to provide 
insight into these nuanced dynamics. Discussions with military leadership and experts would be 
useful in thoughtfully considering the complex relationships involved in space conflict but are 
subject to the same limitations discussed at the beginning of this chapter. 

The case studies selected for this dissertation are historical rather than contemporary, 
which Yin would argue is not a case study but a historical analysis.79 Yin’s belief is not 
universally held; others argue case studies hone in on specific aspects of historical events, in 
contrast with a historical analysis that describes the events themselves.80 Although my cases are 
largely reliant on historical evidence, they seek to develop hypotheses that inform contemporary 
policy by focusing on the element of development speed, rather than providing a historical 
narrative. 

77 (Yin, 2003), (George & Bennett, 2005)
78 (George & Bennett, 2005)
79 Yin concedes that there is significant overlap between the case study analysis methodology and historical analysis
methodology and that distinguishing between the two does not provide deeper insights into the research questions 
(Yin, 2003). 
80 (George & Bennett, 2005)
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Case Study Limitations 

Case study analysis may be the best approach for the exploratory phase of this 
investigation but is subject to its own limitations. One shortcoming is the limited set of possible 
cases for selection; fortunately for international security but unfortunately for this study, space 
conflict has not occurred. This limits my case study selection to other warfighting domains 
where contextual interactions with acquisition timelines may be markedly different than in space. 
There is also the challenge of bounded rationality, in that one can only explore so many of an 
infinite set of conditions that ultimately all interact to affect the phenomena of interest. To 
mitigate these concerns, I relied on background research and experts’ theories of space conflict 
to inform my case selection and selected cases in different warfighting domains to reduce the 
likelihood that observed effects stem from domain specific influences. 

General Concerns and Limitations 

There are also more general concerns with case studies such as lack of generalizability 
and rigor. Although my use of the case studies here simplifies contextual factors and 
mechanisms of effect on space conflict and deterrence, it does so by developing theories and 
subsequently investigating those theories using game-theory. I also attempt to mitigate bias and 
improve the rigor of my case studies through deliberate hypothesis development and testing as 
prescribed by Yin and others. Furthermore, I use a multiple-holistic case study approach that 
provides more compelling evidence through theoretical replication of observations across case 
studies. While this does not ensure that the developed theories from these selected case studies 
are either correct or universal, replicating the theory across cases decreases the likelihood that 
my theoretical development is wrong. Compared with relying exclusively on literature review or 
the other methodologies discussed in this section, case studies provide a robust methodology in 
tandem with background research and expert consultation for theoretical development and model 
parameterization.  

 Case Selection Criteria 

The next step in this research effort was to identify compelling case studies that would have 
valuable connections to acquisition timeline effects on space conflict. Accordingly, I developed a 
set of selection criteria for case selection and the case portfolio diversification. Space conflict is 
perhaps the most technologically influenced of the warfighting domains. Therefore, the scenarios 
of interest had to be largely affected by the technologies developed and deployed throughout the 
period of study. Each case also needed a period of technological development within it to 
identify the effects of acquisition timelines on the relevant conflict outcomes. Finally, the cases 
needed measurable conflict outcomes and the impact of technology on those outcomes needed to 
be sufficiently accessible through the use of unclassified literature. 

Rather than rely on a single case, I selected two cases to provide a more rigorous view of 
acquisition timeline effects on conflict outcomes and reduce the probability that the conclusions 
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drawn from the case studies are incorrect. In addition to meeting the criteria above, I looked for 
variance across other characteristics. One of the primary concerns I had was that the conclusions 
drawn would be dependent on non-space domain specific effects, so I required that my portfolio 
include conflicts across different warfighting domains. I also wanted to examine cases that had 
actors with asymmetric dependencies on the conflict outcomes, as prior research suggests space 
conflict may play out markedly differently depending on how reliant each actor is on space. As 
an example, in the Battle of Britain, conflict success to Britain meant the survival of its 
sovereignty, whereas even if Germany lost the Battle of Britain, it would still be able to continue 
to pursue its primary continental objectives. These differences may have affected how each 
viewed and prepared for the Battle of Britain. 

Considered Cases 

I considered several scenarios for the first component of this study. These include the nuclear 
arms race, the race for the ICBM, German pursuit of jet aircraft vs the P-51 Mustang in WWII, 
the pre-World War I Anglo-German naval arms race, US counter-IED efforts in Iraq, and the 
pre-World War II Anglo-German air and air defense arms race. The following table discusses the 
benefits and limitations of the cases that were considered for this analysis: 
Table	2:	Cases	considered	

Case Name Advantages Limitations Included?

Nuclear Arms Race Meaningful and competitive 
technological development 

No conflict to draw 
insights from. Unable to 
claim deterrence 

No 

Race for the ICBM Meaningful and competitive 
technological development 

No conflict to draw 
insights from. Unable to 
claim deterrence 

No 

German pursuit of jet 
aircraft vs. P-51 
Mustang 

Meaningful and competitive 
technological development. 
Large set of conflict 
scenarios to draw from. 

Complexity of conflict at 
the time P-51s entered 
the war may result in 
dubious conclusions. 

No 

Pre-WWI Anglo-
German Naval arms 
race 

Close parallel between 
space and naval warfare.81  

Lack of technology 
development. Only one 
conflict, the 1916 Battle 
of Jutland, which 
precludes longitudinal 
inferences. 

No 

Anglo-German Air Meaningful and competitive Less technologically Yes 

81 Maritime strategy has been suggested as an embarking point for space strategy (Shaw, 2009)
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and Air Defense Arms 
Race pre-WWII 

technological development. 
Longitudinal conflict 

dependent than in space 

US Counter-IED in 
Iraq 

Meaningful and competitive 
technological development. 
Longitudinal conflict 

Less technologically 
dependent than in space 

Yes 

I selected two cases for this dissertation: an investigation of the United States’ IED counter-
innovation and the Iraq insurgency’s counter-counter-innovation from 2003-2009 and the 
interwar air arms race between Britain and Germany from the 1920’s through the Battle of 
Britain.82 I selected these cases because their characteristics relate closely to our theorized space 
conflict features and provide complementary perspectives on conflict and investment. Both cases 
are heavily dependent on technology. In the IED case, the US responded with technology that 
reduced detonation events and post-detonation effects. The insurgents adapted their technologies 
and tactics to counter US counter-innovation. In the interwar aviation case, the Battle of Britain 
was heavily influenced by British development of a robust air defense system enabled by 
investments in radar, advanced fighters, and Germany’s limitations in bomber and fighter 
technologies.  

Limitations 

While these cases are useful, they are imperfect in understanding how acquisition timelines 
may affect space conflict. There are some key differences implicit in the space warfighting 
domain that these cases will fall short of supporting. Although these cases are largely influenced 
by technology, they may be less so than space conflict. The space environment’s combination of 
predictable orbital mechanics and minimal human-technology interface lends itself to a conflict 
more characterized by technology than either of the cases studied. 

It may also be that the acquisition timelines of technologies in the cases are insufficient 
representations of those in space conflict. Development of radar into a capable integrated air 
defense capability took 5 years from radar discovery to its integration into a capable air-defense 
system. 83 At its longest, counter-IED development took years.84 Relative to these technologies, 

82 See Appendix B and Appendix C for a complete discussion on these case studies.
83 Radar was discovered in Britain by Sir Robert Alexander Watson-Watt in early 1935. By 1938 Britain had
established a chain of 18 radars capable of tracking incoming aircraft and by 1940, the chain of radars was 
sufficiently integrated into Britain’s air defense system to blunt Germany’s aerial attacks. (The Editors of 
Encylopaedia Britannica, 2019) 
84 Over a 4 year period, the US would churn out 14 unique Counter RCIED Electronic Warfare (CREW) systems
(Pesci, 2012) 
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US satellite development may take longer from concept development to deployment, which 
could impact extending case study insights to a space specific domain.85  

Case Insights 

The case study analysis provides insight into what conditions may affect acquisition timeline 
impacts on conflict or deterrence. This section details the conditions from the case studies and 
provides a space specific perspective. It will only cursorily discuss the cases themselves, which 
can be referred to in Appendix B and Appendix C.  

Peacetime vs. Wartime investment 

One of the conditions that emerged was the difference in peacetime versus wartime 
investment. The interwar case offers insights into how acquisition timelines factor into a 
peacetime investment period.  There was a period of technology and doctrine development in 
preparation for conflict that allowed nations to thoughtfully iterate and test technologies but also 
forced them to base development and production decisions on an uncertain future. Britain bet on 
an air defense network over a bombing-response capability that allowed it to hold off the 
Luftwaffe in the Battle of Britain, who had prepared more for a Blitzkrieg air campaign than a 
strategic bombing campaign. Germany perceived the continental threat to be imminent and was 
relatively ill-prepared for a conflict with Britain that required strategic bombing capability. 
Actors based investment decisions on perceived rather than known threats. 

The IED case, in contrast, was primarily characterized by investment in wartime that 
necessitated rapid iteration and response to an immediate and known threat. It allowed the 
iterations to be deliberately tested against adversary technologies and enabled rapid and targeted 
improvement. These iterations forced changes in tactics from the insurgents as the US deployed 
increasingly effective technologies. This iterative dynamic is markedly different than that which 
occurred in the peacetime investment case above and it seems reasonable these differences might 
compound or reduce the effects of speed in a space specific conflict. 

Perceptions 

The differences between wartime and peacetime investment provide some understanding 
of how perceptions affect acquisition timeline effects on conflict and potentially deterrence. In 
wartime, acquisition timelines and technologies are more easily and accurately observed. An 
adversary will be aware of improvements as they are deployed to the battlefield. In peacetime, 
those acquisition timelines and technologies may be unobserved or misperceived, which then 
affects subsequent investments and consequent conflict outcomes. Germany was largely unaware 
of British air defense development and consequently did not deliberately prepare to overcome 
the technology. Conversely, Britain overestimated German air power development and 

85 Recall that the AEHF system took 16 years from contract award to IOC. Again, drawing comparisons across these
systems is challenging, as their start and end dates are not necessarily analogous. (Kim, et al., 2015),(Anon., 2015) 
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technology due to Germany’s deception effort. Britain reacted by investing in counter-
technology that may not have occurred had Germany either been transparent regarding its air 
power capabilities or deceived weakness. German advertising of its offensive developmental 
capability may have been more destabilizing and motivating to Britain than had it shown 
improvements in radar and other defensive capabilities or non-air offensive capabilities that were 
not immediate threats to Britain. For investment and acquisition timelines to affect an 
adversary’s calculus, they must be aware of the investments.  

This is not an immediately useful insight to decision-makers, as they must first assess how 
the revelation of a technology or development capability might affect an adversary before 
deciding whether to reveal or hide that technology development. Decisions to reveal vs. hide 
investments in technology may have been the most important decisions of the interwar period. 
Germany likely believed that its investments in weapons would serve as a deterrent through 
threat of punishment. Instead, their exaggerated display of offensive capabilities triggered British 
investments to counter that capability. For Britain’s build of defensive capabilities, revelation 
may have been stabilizing through deterrence by denial of gains or it may have provided clarity 
to the Germans regarding the defensive technologies they needed to overcome.  

Cost-Benefit conditions 

The response of the adversary to technology development and deployment may also 
depend on the cost-benefit of attack and the relative cost of weapons to assets or defenses. For 
example, IEDs cost on the order of a few hundred dollars but could threaten $500,000 systems 
and coalition lives with marginal risk of retribution to emplacers. The cost-benefit of an IED 
attack was disproportionate. This asymmetry reduced the US ability to deter IED attacks, 
meaning revealing defensive technologies may not have deterred insurgents, but encouraged 
their workaround efforts.  

Additionally, the cost of IED defenses far outweighed the costs of IEDs themselves. In seven 
years, the US spent over $19 billion trying to counter IEDs approximately 1,000 times cheaper 
than the defenses themselves.86 Even with this stark financial asymmetry, the US continued to 
develop systems to defeat IEDs to support its objectives and protect military lives. For a 
comparison to space systems, the AEHF unit cost is $2.5 billion and a SBIRS unit cost is $3.2 
billion.87 Reports of ASAT weapon costs, as well as the weapons themselves, are classified, but 
there have been unclassified estimates based on the technological requirements for those 
systems. On the high-end, a complex space-based laser might cost $60 billion but is capable of 
attacking multiple satellites, multiple times. On the low end, modifying current interceptor 
missiles to be ASAT capable would be in the range of $30-$300 million per missile, but may 

86 The US purchased roughly 50,000 units for $17 billion for a unit cost of $340,000. Compared to the $265 cost of
an IED, the Weapon Cost/Defense cost was roughly 1/1,283. (Shachtman, 2011) 
87 (United States Government Accountability Office, 2017)
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require multiple missiles to ensure a high probability of kill for satellites in geo-synchronous 
orbit.88 Taking the worst-case ratio, space-based weapons are on the order of 100 times cheaper 
than space assets or redundancies, which is an order of magnitude less imbalanced than in the 
IED case. 

 The costs imposed by both IEDs and an ASAT extend well beyond the cost of the assets 
they threaten. IEDs took American lives and generated significant political unrest; as American 
lives were lost, the support for involvement in Iraq waned.89 Similarly, the disabling of a satellite 
during conflict may, depending on the satellite targeted, endanger military troops in theater and 
reduce capabilities at home. Trying to draw meaningful conclusions about the relative 
consequences of an IED strike vs ASAT attack would be unnecessarily complex and depend on a 
wide set of factors that would ultimately prove fruitless and subjective. Thus, assuming that an 
adversary targeted a satellite with the intent of achieving its military objectives and that the 
effects of an attack were similar to or more extreme than an IED attack seems reasonable and 
substantiates the above cost-analysis. 

Conclusions on Case Studies 

Rather than directly addressing this dissertation’s research questions, the case-studies lay a 
groundwork for what conditions will be explored in this analysis to provide a broader and more 
nuanced understanding of the relationship between space acquisition timelines and space 
conflict.  

Game-theoretic model 

This section will discuss why game-theory is a useful methodology for answering my 
research questions, why the model I select is an appropriate game-theoretic model, and how I 
contextualize the selected model with the conditions identified in the case study analysis. 

Why game-theory? 

I begin this discussion by examining game-theory’s capacity to address the set of questions 
regarding deterrence. Deterrence is unobservable: Even if an action has not occurred, we cannot 
say definitively that the actor had the intent to take the action to begin with nor that our behavior 
or conditions were responsible for the action not occurring. Deterrence needs a counterfactual to 
be substantiated. This is where experiments are fitting. Experiments can control for factors and 
behaviors to determine whether deterrence occurred or not. For example, if two experiments are 
identical aside from a single factor, but one results in deterrence and the other does not, then we 
can say that that single factor may cause deterrence within that set of conditions. Obviously real-
world experiments of space conflict would be expensive, unethical, and impossible. Rather, I 

88 (Kosiak, 2007)
89 (Rosentiel, 2008)
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consider wargaming and game-theoretic modeling, as they have each been extensively used to 
understand space deterrence and provide the necessary counterfactual. 

Wargaming and game-theory have also been used to understand space conflict dynamics and 
are accordingly useful in addressing the set of research questions interested in the effects of 
acquisition timelines on space conflict outcomes. The advantage of wargames is that they can 
elicit the insights of military professionals and capture the complexity of human decision-making 
in war. They are, however, resource and time-intensive and limited by bounded rationality in 
decision-making. Humans can only consider a small subset of the nearly infinite possible 
strategic combinations, so we may fail to recognize or identify optimal strategies in conflict. 
Game-theoretic models can objectively and (relatively) quickly explore and identify strategies 
through optimization algorithms. Game-theory’s primary limitation is in its structure of human 
decision-making. Whereas wargames use real individuals to identify strategies (although it is 
possible their decision-making is markedly different in a contrived situation than in real war), 
game-theory relies on mathematical models of human behavior. This allows for consistent 
replication across games but potentially inaccurately represents human decision-making.  

To sufficiently address this set of research questions, my methodology must be able to 
provide counterfactuals across a wide set of conditions to rigorously test the assertion that 
acquisition timelines and space conflict outcomes are linked. Wargames and game-theoretic 
modeling are each a capable means of testing that assertion but the ability to relatively quickly, 
affordably, objectively and consistently compare conditional effects of acquisition timelines on 
space deterrence and conflict leads me to a game-theoretic analysis.  

Why GIST? 

I benefit greatly from RAND’s rich history of game-theoretic analysis, its interest in space 
security, and the several models developed there to explore space conflict. The key characteristic 
my research questions necessitate is a period of investment within the model. I use the Gaming 
Investments in Space Technology (GIST) model to explore space conflict specific effects of 
acquisition timelines. The GIST model is used in support of research on space warfare conducted 
for the National Reconnaissance Office’s Survivability Assurance Office to guide space 
technology investment strategies and policies to support deterrence. It was first used in 
Triezenberg’s dissertation that explored the effects of asymmetric dependence, political 
stigmatization, and different decision-making models on deterrence and conflict.90  

GIST is a two-player game-theoretic model that uses rational-actor or prospect-theory to 
define decision-making. Games are played over a 10-year to 30-year period, during which 
terrestrial conflict breaks out and players make investment decisions to improve architecture 
resilience or improve their suite of weapons to threaten an adversary. Player goals are to 
maintain their own space operability while denying adversaries the same. Strategies are 

90 (Triezenberg, 2016)
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composed of investments and whether, which asset, when, and with what weapons to attack in 
space. The GIST model allows me to observe investment decisions and behavior while 
controlling conditions across games to draw conclusions about the conditional effects of 
acquisition timelines on space conflict and deterrence.91 

GIST Limitations 

The previous RAND reports and dissertation using this model provide a comprehensive 
description of its shortcomings and usefulness, upon which I rely heavily in this discussion.92  
Most of GIST’s assumptions and limitations are consistent with game-theoretic analysis. The 
first of these limitations is that we are limited to a two-player game. The US faces several 
potential adversaries in space and must base investment decisions on the range of threats 
emerging across the globe. As tensions escalate and conflict becomes increasingly imminent, the 
US would likely be able to reduce its list of potential threats. It seems unlikely that the US would 
face an onslaught from a coalition of space-faring nations rather than just one. Based on this 
logic, the two-actor assumption is reasonable. 

A second traditional shortcoming of game-theory is the unitary-actor theory assumption. 
Realistically, states must balance a range of considerations and interests. The GIST model 
weakens this assumption by including separate elements of state power for less-unitary decision 

making. Specifically, the GIST model considers political ( ), military ( ) and societal, 

infrastructure and informational ( ) factors for decision-making by creating distinct prospect 
curves for each element. This mimics competing interests across national leadership and 
introduces complexity more representative of real-world decision-making. However, within each 

of these factors, the GIST model assumes unitary-actor theory. In my cases, I remove  

weighting in the objective function because past research with the GIST model indicated that  

and  are closely tied given the overlap in assets that provide capabilities across interests.93  

GIST Research Parameterization 

Acquisition Timeline Parameterization 

The primary independent variable for this dissertation is the relative acquisition timeline 
between players. I considered three possible timeline designs for this dissertation. The first was a 
relative timeline design independent of the complexity of the technology that remains static 
throughout the game. As an example, if an adversary were able to procure a reasonably simple 
capability in 180 days or a complex capability in 1000 days and the US were 5 times slower in 

91 See Appendix A for modifications made to the model for the purposes of this dissertation. For a complete
discussion of the model’s characteristics, reference (Torrington, et al., 2017) pages 11-26. 
92 For a description of model validation, see (Torrington, et al., 2017) pages 27-44.
93 (Torrington, et al., 2017)
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its own processes, it would take the US 900 days and 5000 days to develop those same 
technologies.  
Figure	5:	Constant	and	Static	Investment	Timeline	

Figure	6:	Constant	and	Static	Investment	Ratio	

For this design to be valid, the US would have to be as bad relative to its adversaries at 
simple tasks like building an additional data processing center as it is much more complex 
investments like developing a complex space weapon. This is unlikely given the bureaucracy in 
the US acquisition process that becomes increasingly involved as programs grow in cost and 
complexity. While other nations are capable of more directly pursuing these advanced 
capabilities, the US is often intentionally hamstrung in its decision-making for advanced 
technologies.94 As investments become increasingly complex and expensive, the US acquisition 
process likely takes relatively longer to develop those technologies.  

This leads me to consider a design in which relative timelines are dependent on the 
complexity of an investment. Returning to the comments from American leadership that the US 
is five times slower than its adversaries in space acquisition, it seems unlikely that our 
production capabilities are five times slower. Rather, those comments seem based on complex 
technology pursuits given the bureaucratic involvement that increases as complexity and costs 
increase. I considered a design that accounted for the complexity of the investment when 

94 (Rosen, 1991)
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assigning the relative acquisition timeline. For example, we may be just as good as an adversary 
at simple processes like building a redundancy into a constellation but five times slower at 
developing a complex space weapon. This is depicted in the figures below. 
Figure	7:	Investment	Timeline	with	Complexity	Dependency	

Figure	8:	Investment	Timeline	with	Complexity	Dependency	Ratio	

This is still a potentially pessimistic view of US acquisition capability, as there is evidence 
that points to the improvement of acquisition timelines in periods of conflict or urgent threat. 
Cases like the counter-IED response demonstrate the capacity of both the acquisition 
bureaucracy and the defense industrial base to mobilize and churn out capability quickly. Given 
the perfect information assumption in game-theory, we would not see the effects of a “surprise” 
change in acquisition timeline, for both players would have accounted for the expected change in 
their respective optimizations. This renders a dynamic timeline case uninteresting for my 
selected methodology.  

I instead explore cases within the bounds described in the background chapter, where Blue is 
5 times slower than Red, 2.5 times slower than Red, and as fast as Red. This serves to more 
completely explore what is realistically an infinite space of design possibilities and give a “best”, 
“worst” and “in-between” set of cases. The figures below depict my relative timeline designs for 
this dissertation: 
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Figure	9:	Investment	Timelines	with	Complexity	Dependency	

Figure	10:	Investment	Timelines	with	Complexity	dependency	Ratio	

Conditions for Exploration 

 Another key component of this research effort is to explore the conditions under which 
the relative acquisition timelines defined above have effects on conflict and deterrence outcomes. 
The background literature review and my case study analysis combine to inform the set of 
conditions I investigate. The first of these conditions is the relative reliance on space assets to 
project power. I identify two reasonable subcases for investigation. The first is the symmetric 
case where the US and an adversary space power are operating abroad and equally reliant on 
space capabilities to support military operability. The other is that where a space power is 
extending power regionally and can leverage local non-space capabilities to project power and 
the United States is operating abroad and relatively more dependent on its space capabilities. I 
considered the case where the US was in a conflict at or near an adversary’s borders and was 
dramatically more reliant on space capabilities than its adversary, but discussions with model 
experts and an examination of past research indicate these games are uninteresting because 
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effects from the independent variables of interest are washed out by the degree of asymmetry.95 I 
also do not explore the case in which the US has the advantage in space. This would imply the 
US is fighting at its own doorstep, which seems  unlikely.96  

A second parameter I identify as useful to explore is the decision-making theory that defines 
actor risk posture in the game. Although game-theory traditionally assumes the application of 
rational-actor theory, the GIST model allows for an exploration of how state perceptions affect 
behavior and outcomes using prospect-theory to define actor objective functions. Rational-actor 
theory assumes that actors have perfect information of their environment, objectively assess the 
values of possible behaviors and the likelihoods of those payouts and make decisions that 
maximize expected benefit. States have imperfect information, complicated and dynamic 
objectives, and occasionally make decisions not based on an objective optimization but on 
sentiment97 or policy. Consequently, state-rationality is often rejected by international relations 
theorists as an overly simplistic behavioral model. I leverage the GIST capabilities to explore a 
set of prospect-theory cases that assume risk-tolerance is dependent upon reference point. The 
curve for valuation follows the S-curve in prospect-theory instead of the straight-line from 
rational-actor theory.98 The GIST model has been used to show differences in actor-behavior 
when its actors are defined by rationality versus that of prospect theory, so I consider both cases. 
Although there is a reasonable argument to be made that some states are more rational than 
others, I only consider the case in which both states are rational or both experience sentiments, 
rather than allowing for combinations of the two. My reasoning is that the model of rationality or 
prospects are generally applied or rejected en masse, rather than being state specific theories. 

Within the prospect case for investigation, there is also the consideration of where to 
initialize each actor on their respective sentiment map. This is of course dependent on the 
adversary, as a rogue actor severely disadvantaged militarily and politically may find itself in a 
domain of losses and be much more risk-seeking than a nation content with its political and 
military standing in the world. I draw on past GIST efforts to initialize competitor sentiments. 
These suggest that competitors would either initially operate in a political and military domain of 

95 (Torrington, et al., 2017)
96 The space reliance parameter also serves as a proxy parameter to explore the costs-benefit ratio of an attack. The
only costs imposed by an attack are the opportunity cost of not using that same weapon some other time and the cost 
of punishment by an adversary, whereas the benefits are the opponent’s valuation of space use. In the symmetric 

case, this function may simplistically look like 
∗

∗
 where  and  are 

equal. But in the case where I am much more dependent on space than my adversary,  decreases and my cost 

benefit ratio is lower. 
97 Sentiments are how an actor feels about its state in the world. This is drawn from prospect theory, which suggests
that actors may not objectively value gains or losses in the world. I use the word sentiment to refer to this 
phenomenon. 
98 (Kahneman & Tversky, 1979)
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gains or be satisfied with their global position.99 For this research, I initialize adversarial and US 
sentiments at a state of contentment.  

 The next set of design parameters was informed by the interwar aviation case and regards 
the initial allocation of weaponry and resilience. Intuitively, investment calculus considers an 
actor’s vulnerability, an adversary’s ability to exploit that vulnerability, his adversary’s 
vulnerability and his ability to exploit his adversary’s vulnerability. These considerations are tied 
closely to the level of resilience and cache of weapons for both actors, which suggests that they 
affect investment decisions and consequently the effects of acquisition timelines. I consider a 
full-factoral design for these parameters. 

The other two parameters I consider exploring for my dissertation are the awareness of 
adversarial investment and the period of investment, which are closely connected. Wartime 
investments would be more likely known by an adversary and consequently affect investment 
decisions. Conversely, investments made in peacetime may not necessarily be known by an 
adversary and might not affect investment decisions, as it is the perception of what the actor is 
investing in that affects adversary behavior. I elect not to explore the awareness of investment, as 
that would require relaxing the perfect information assumption in game-theory.100  

I also elect not to include the economic question of relative costs of resilience/redundancy to 
weapon costs. This is drawn from the IED case, where the relative costs were on the order of 10 
times more asymmetric than what is theorized in space and the US continued to invest in 
defensive efforts. I conclude the relative economics of weapons to redundancies/resiliencies 
would not shape decision-making as critically as the other factors I investigate.101 The set of 
design considerations I pursue are conveyed in the table below: 

Table	3:	Parameter	Set	

Parameter # of 
Values

Parameter Sets (Blue:Red) 

Relative Acquisition Timeline 3 5:1, 2.5:1, 1:1 

Relative Reliance on Space to 
Project Power 

2 High Dependence:Medium Dependence,            
High Dependence:High Dependence 

Player Mindset: Rational vs. 
Prospects 

2 Rational:Rational, Prospects:Prospects 

99 (Torrington, et al., 2017)
100 The implications of that research would tie closely to policy regarding classification decisions, which may be an
interesting follow-on topic as globalization makes it increasingly difficult to keep systems and technologies not only 
proprietary but unknown. 
101 Although the GIST model is not currently equipped to explore economic tradeoffs, an expansion of the model to
allow for multiple weapons investments vs single resiliency investments would begin to explore the effects of 
economic differences between weapons and resiliencies on space conflict.  
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With Initial Resilience102 4 Yes:Yes, Yes:No, No:Yes, No:No 

With Initial Weapons 4 Yes:Yes, Yes:No, No:Yes, No:No 

Total Runs 192

Conclusion 

 This chapter discussed the methodologies considered and selected for my dissertation and 
detailed how each informs my analysis and research questions. The game-theoretic model 
directly addresses my sets of research questions, but alone provides a narrow understanding of 
acquisition timeline effects on space conflict. My case study analysis informs the model 
parameterization by grounding my exploration in real-world observations. These two 
methodologies in tandem provide a robust approach to investigate the effects of relative space 
acquisition timelines on space conflict outcomes.  

102 I model initial architectural resilience by allocating additional satellites beyond what is required for full
functionality. 
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Findings 

This section details the findings from the game-theoretic model. It discusses initial 
observations from the model, deeper insights, and, where relevant, connects those insights to 
observations of real-world conflict. I find that acquisition timelines rarely affect conflict 
outcomes but consistently affect the underlying strategies that drive those outcomes. These 
games were often characterized by what I dubbed a “boomerang effect,” where the symmetric 
timeline case and the case where Blue was five times slower than Red resulted in similar 
outcomes and the in-between case was notably different. I also find that some conditions 
overwhelm the effects of acquisition timelines; I will discuss these cases briefly, either 
discounting their relevance or highlighting their importance. Ultimately, the goal of this section 
is to draw meaningful conclusions and trends from the model excursions to inform the policy 
implications of my research. 

Model Results 

As discussed in the previous chapter, I developed 192 scenarios for exploration. Dividing by 
3 for the acquisition timeline parameterization leaves 64 scenarios within which to draw 
conclusions about the effects of varying relative acquisition timelines.  

I considered several metrics for analyzing the GIST model results and found the model’s 
space superiority metric to be both appropriate for analysis and consistent with the DoD’s 
definition of space superiority. It is defined as the integral of space operability over the period of 

the game, where Δ  is the time step,  represents the period of the game, and %  is 

the space operability percentage at time : 

Equation	2:	Space	Superiority	

% ∗ Δ  

The scores for each player can be plotted on the two-axis graph below to show the space 
superiority score both absolutely and relative to the other player. Red’s score is plotted on the Y 
axis and Blue’s is on the X axis. The shaded regions show who “won” the space conflict and 
how dominant that victory was based on how far into the respective color the game maps to. For 
example, Point A represents Red winning the space conflict. Point B represents Blue winning the 
conflict. Point C also represents Blue winning, but by a smaller margin. The black line indicates 
the degree of escalation. As we move up and to the right, that indicates that both players’ space 
superiority is increasing, which means there were fewer attacks in space. Movement down and 
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left indicates that both players have less space capability and that game conflict was more 
intense. A game that resides at the top right corner would be a game of deterrence, whereas a 
game further down and to the left on the line would be a more escalatory game. In the graphic 
below, point E is more escalatory than point D.  

Figure	11:	Space	Superiority	Score	Illustration	

Cases with Effect 

This subsection details the cases in which there were nuanced outcomes or strategies that 
occurred as I varied acquisition timelines. In only 10 of the 64 games did I observe effects from 
relative acquisition timelines, all of which were cases where both players had weapons at the 
start of the game. 16 of the 64 scenarios were cases where both players had weapons to start. 
Within that set of 16 cases, the four cases where both players had resilience and two other 
scenarios did not have observable effects. Of the remaining 10, there were three cases observed 
in which there was a clear relationship between timeline and outcome. The remaining seven of 
those 10 cases resulted in what I previously dubbed “boomerang effects.” The findings from 
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these 10 games offer 3 conditional policy implications. The first is that: If you are slow relative 
to your adversary, invest in simple resilience efforts and be reserved. The second is: If you 
are against a peer, invest in complex capabilities and be strategically assertive.  The third is: 

If you are faster than your competitor, invest in complex capabilities and be reserved in 
conflict. 

Ambiguous Effects 

I will first address the three cases where conflict outcomes change as Blue’s acquisition 
timelines vary relative to Red’s. The graphic below plots the scores of each timeline scenario in 
one of these cases:  
Figure	12:		Space	Superiority	Score	–	Ambiguous	Effects	

This graphic shows that as Blue’s acquisition timelines shorten relative to Red’s, scores 
move down and to the left on the graph. This suggests that parity in acquisition capability could 
be destabilizing and have a negative effect on deterrence. I also observe that as Blue’s timelines 
increase relative to Red’s, Red holds a greater advantage in the space conflict. This is a difficult 
result to interpret and requires understanding how decision makers value their own space 
operability relative to a reduction in their adversary’s capabilities. In this case, Blue is more 
reliant on space than Red, so may prefer the 5:1 timeline case if its marginal benefit from 
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additional space operability is greater than the adversary’s. This unintuitively suggests that Blue 
is better off in the case when slower than Red. 

This unexpected result leads me to consider the underlying strategies that drive these games 
and I find clear differences in how each game is each played. The strategies of the players are 
composed of investments and attacks made in the game. In the symmetric case, Blue makes 
complex investments in its resilience and weapons development. Blue also takes an aggressive 
posture and threatens a wide range of adversary assets. In the 2.5:1 case, Blue made a mix of 
complex and simple investments, but leaned more towards the improvement of its resilience than 
its weapons. It also threatened fewer of Red’s assets than in the 1:1 case. In the 5:1 case, Blue 
makes simple investments in resilience and redundancies and excludes complex investments that 
would take much longer than in the other two cases. Blue is also more reserved and primarily 
threatens Red’s weapons which are less escalatory targets than assets. 

Boomerang Effects 

The other seven of the 10 games resulted in what I call boomerang effects or sets of cases in 
which both the 5:1 and 1:1 cases have similar results and are significantly different than the 2.5:1 
case. These games generally looked like the two graphs below (Note: These are illustrations only 
and not actual results): 

Figure	13:	Space	Superiority	Score	–	Boomerang	Effects	1	
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Figure	14:	Space	Superiority	Score	–	Boomerang	Effects	2	

This is perhaps the most interesting set of cases, as we see a consistent, but counterintuitive 
result in which conflict outcomes are similar between the extreme timeline cases explored, but 
not the in-between case. There are similarly clear strategic changes across acquisition timelines, 
as in the three cases discussed previously. When Blue is slow in its acquisition timelines, it is 
more reserved both in its investments and in its posturing than when it is emboldened as a peer. 
In the 5:1 case, Blue makes simple investments in resilience and redundancies and uses 
retaliatory attacks against weapons, as opposed to escalatory attacks against adversary assets. Its 
investments make it resilient against attacks. In contrast, the 1:1 case is characterized by Blue’s 
complex investments and more inflammatory posture. Its strategy in these cases targets more of 
Red’s assets than in the 5:1 case. These strategies are consistent across the games in this section. 
What fails to emerge is a clear strategy in the 2.5:1 cases. They are generally characterized by a 
mix of the investments from the 1:1 case and 5:1 case, but the proportions of that mix vary 
across scenarios and the posturing varies widely from game to game. This makes it difficult to 
draw meaningful conclusions about the 2.5:1 cases, as sometimes the case is much more reserved 
than either the 5:1 or the 1:1 case and in other cases is more belligerent. 

These strategies are somewhat apparent in real-world cases. If we refer to the counter-IED 
case, we see similarities in investment strategy. The Iraq insurgents’ technical development 
capability and capacity paled in comparison to that of the United States. They relied on cheap, 
easy to produce technologies that were scalable and rapidly deployable to threaten US systems 
and engage with a technologically superior adversary. Drawing comparisons to the posturing of 
the insurgency is also relevant; the insurgency relied on asymmetric tactics to engage with US 
troops that allowed them to remain reasonably hidden and safe from adversarial forces and 
control the level of escalation in the conflict.  
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However, the key takeaway from that case study was not the insurgency’s asymmetric 
technological development or tactics that constrained American’s from fighting a conventional 
war. It was that acquisition timelines mattered. As the US closed the gap on the timeline 
asymmetry, it improved at countering the IED. So why do we fail to see that play out in these 
games? I believe the answer resides in strategy. In the IED case, the strategies of each actor did 
not vary much over the period of interest. The insurgency was committed to using relatively 
cheap and simple technologies to indirectly attack coalition forces and the US was committed to 
defeating the IED to allow it to control the road network in Iraq. In the model, the strategies 
change dramatically across acquisition timeline allocations, with Blue optimizing its strategy 
based on its ability to develop technology and mitigate its timeline disadvantage. 

Cases with No Effect 

The remaining 54 of the 64 cases showed no effect, but are easily grouped into five sets of 
cases in which initial conditions dominated the effects from investments or acquisition timelines. 
I consider these sets in a descending order of plausibility. The first two sets are reasonably 
plausible: I consider the remaining cases from the set with mutual initial weapons and the set 
with mutual resilience. The third set was that in which neither actor had weapon capabilities 
initially and the last two sets were those with asymmetric weapons allocated initially.  

Initial Weapons, No Effect 

Within the set of cases in which both players are initially endowed with weapons, there are 
two cases in which effects of relative acquisition timelines did not matter (excluding the four 
with mutual resilience, which will be discussed next). These two cases had patently different 
outcomes. The first was the prospect theory case in which Blue alone benefitted from initial 
resilience and was more dependent on space than its adversary. These asymmetries resulted in 
deterrence across all three timeline scenarios. Both players valued the preservation of space, as 
one lacked resilience and was more vulnerable in space while the other relied more heavily on its 
space assets, but had resilience. Therefore, a disruption of its space capabilities would have been 
more difficult, but costlier.  

The other case was a rational theory case in which both players were equally reliant on space, 
but Red had the advantage in space resilience. This case was escalatory relative to the previous 
case and both players effectively lose the use of space. The takeaway from these two sets of 
games reinforces the notion that parity is stabilizing. In the first case, each player was 
disadvantaged in their own respect, resulting in a stability-driving pseudo-parity. In the latter 
case, there was a destabilizing asymmetry that resulted in a uniformly escalatory game.  

Mutual Resilience 

This was the set of cases in which both players started with resilient architectures. Regardless 
of how the other parameters varied, 16 of 16 cases resulted in deterrence. It is a plausible future 
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in which spacefaring nations have resilient architectures given the focus the US and others have 
placed on resilience.103 The result of this set of cases reinforces findings of other works on space 
conflict and highlights the impact of resilience on US space operability. It suggests that as long 
as the US can sufficiently hold adversarial systems at risk it should continue to invest in resilient 
architectures to benefit from deterrence via a combination of threat of punishment and denial of 
gains. For the condition in which both sides have resilient architectures, relative acquisition 
timelines do not appear to affect conflict or deterrence outcomes.  

No Weapons Allocated 

The other large set of cases without any effect from acquisition timelines was that where 
neither player had weapons initially. In each of these 16 cases, the same result was observed: 
regardless of how other parameters varied, players did not develop weapons and escalate the 
conflict into space. We achieve deterrence in each of these 16 cases. Unfortunately, this is a 
difficult condition to envision. Even stringent treaties prohibiting the development of space 
weaponry with meaningful verification procedures would fall short of assuring a zero-weapon 
condition for several reasons, some of which I detail here. The first is the implicit weapon 
capability in a nation’s launch and nuclear fleets that would easily be converted into ASAT-
weapons. Further, once a satellite is in space, it is much more difficult to verify the function of 
the satellite. There is also a tremendous advantage in having an advantage in space weaponry, 
which will be explained in the next set of cases, that poses a serious challenge in deterring actors 
from building ASAT capabilities. It would also be difficult to remove, and verify the removal of 
weapons already in space, especially if they have been claimed to support civil or unthreatening 
functions. Although the set of conditions in which there are no space weapons is a favorable one 
to the United States’ space superiority, it ultimately seems unattainable given implicit space 
weaponry and a significant incentive to deviate from the “no weapons” condition.  

Asymmetric Weapons Allocated 

The last group of results that I discuss are those in which one actor had an initial weapons 
advantage at the beginning of the game. There are 16 cases where Blue had the advantage and 16 
where Red had the advantage. The effect of only one player having weapons resulted in complete 
supremacy over the other and the investment decisions across scenarios made little difference on 
the outcomes of the games. These games are particularly uninteresting, not only because of their 
results, but also their likelihood as a plausible future. We have already seen space powers, to 
include the US, demonstrate ASAT capabilities. This suggests that it is unlikely that the US or its 
spacefaring competitor lacks space weaponry. These cases motivate sustaining a credible arsenal 
of ASAT capability, but are otherwise uninteresting.  

103 (Aerospace Corporation, 2017), (Heginbotham, et al., 2015)
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Conclusions 

The conclusions drawn from this research are admittedly quite different than anticipated both 
in how they respond to my research questions and they connect with policy. I first discuss the 
results with respect to my research questions and follow with the policy implications of this 
research. Recall that the first set of questions was: 

Q1: Does acquisition speed have strategic effects on deterring the horizontal escalation of 
terrestrial conflict into space? 

Q1.1: If so, under what conditions are those effects observed? 

I did not find that space acquisition timelines affect deterrence. Zero of the 64 cases resulted 
in deterrence with one timeline scenario and not in the others. There were two general sets of 
cases that I observed: either we observed deterrence across every timeline set within a scenario, 
or we observed conflict across every timeline set within a scenario. When conflict occurred, I 
generally found that acquisition timelines did not affect the degree of conflict. The only cases 
that showed some effect were the two discussed above, in which parity resulted in a more intense 
conflict. Otherwise, games had similar results across timeline scenarios.  

While my research failed to show a relationship between acquisition timelines and 
deterrence, it did find evidence supporting previous works on deterrence. I found that the initial 
absence of ASAT capability was a strong enough condition to dissuade actors from disrupting 
the status quo and attacking in space, even in the most advantageous conditions explored. The 
second condition was the presence of mutual resilience, which consistently resulted in deterrence 
across all 16 games. Although these findings were not the focus of my research, they improve 
our understanding of space deterrence and contribute to the body of evidence advocating for 
conditions that enable the peaceful use of space. 

Understanding the relationship between acquisition timelines and deterrence was one of the 
two foci of this study. The other was concerned with the how relative acquisition timelines affect 
conflict outcomes in space should deterrence break down and is captured by my second set of 
research questions: 

Q2: Does acquisition speed have a strategic effect on conflict outcomes? 
Q2.1: If so, under what conditions are those effects observed? 

There were 3 of 64 cases in which we observed a clear effect on conflict outcomes. The 
majority of cases showed that acquisition timelines did not affect who won the conflict or to 
what degree they won. Relative acquisition timelines do not appear to affect conflict outcomes.  

Acquisition timelines did, however, affect how the games themselves were played, or their 
underlying strategies. In the 1:1 cases, Blue’s investment was characterized by complex 
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investments in a combination of weapons and resilience. Its posture was relatively aggressive 
and primarily threatened a wide range of adversary assets. The 5:1 case is dramatically different: 
Blue invested in simple and quick resilience improvements and redundancies to make it more 
invulnerable against Red’s attacks. Its attack strategy complemented its investments, as it 
primarily threatened Red’s weapons and took a more conservative posture against its adversary. 

Policy Implications 

Resilience 

The US needs to continue to invest in resilient architectures to support a mixed 
deterrence strategy of denial of gains and threat of punishment, regardless of how its 
acquisition timelines compare to competitors. The prospects of deweaponizing space are slim 
and in a weaponized world where credible threats exist, deterrence via threat of punishment is 
insufficient for a stable space. Deterrence requires resilient architectures in consortium with a 
meaningful threat of punishment. Fortunately, the DoD has expressed an interest and 
commitment to technologies like proliferated architectures and alternative PNT capabilities 
intended to make American space architectures more resilient, redundant, and capable of 
providing service through conflict.104 As this research shows, these investments may reinforce 
space stability and help deter the horizontal escalation into space. 

Space Investment and Conflict Strategy 

The general finding from this research is that the United States should tailor its investment 
strategy to reality. From my research I identify three distinct scenarios and strategies for the US: 

If the US is slow at acquisition relative its adversaries, as leaders suggest we are, we 
should focus our investment on simple improvements to resilience and redundancies rather 
than complex developments. Under this condition, the US can mitigate its disadvantage by 
making simple investments in resilience and redundancies and by maintaining an 
unaggressive, but resilient posture. This is not to say that the US should remain placatory 
against an aggressive adversary. It should “hit back,” so to speak, but remaining the retaliator as 
opposed to the aggressor provides political benefits while simple investments in resilience and 
redundancy support space operability through conflict. In other words, the US should not engage 
in an arms build-up to try to go blow-for-blow with an adversary if it is at a timeline 
disadvantage. As Dr. Conrad Crane from the Strategic Studies Institute famously claims, “There 
are two approaches to warfare: asymmetric and stupid,” and engaging symmetrically with a 
technologically faster adversary on their terms would be just that: “stupid.”105 

104 (Cohen, 2019)
105 (Crane, 2014)
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If the US finds itself against a peer, it should invest in complex capabilities and be 
assertive in space. The US should be prepared for significant losses in space capability under 
this condition and be prepared for oppositional support from foreign nations already inclined to 
support an effort against the US. Decision-makers will have to carefully consider the advantages 
of escalating to space with the possibility of receiving international condemnation, recruiting 
oppositional powers against itself, and losing its own space capabilities. 

The US may find itself against a disadvantaged or slower adversary, in which case it 
should invest in complex capabilities and remain reserved through conflict. The US should 
recognize that its foe may use a strategy like that from the first condition, in which case the US 
should leverage its advantaged position and continue to invest in complex capabilities but remain 
reserved through conflict. This recommendation is informed by Red’s strategy. In President 
Roosevelt’s words, “speak softly and carry a big stick.”  

Acquisition Reform 

Finally, I would be remiss to not address how this dissertation’s findings impact acquisition 
reform, which was a significant motivation for this research. I expected to be able to say 
something definitively about acquisition reform, but instead found my results to have more 
nuanced implications on the future of those reform efforts. Revisiting the discussion from early 
in this dissertation, there are several space acquisition reform efforts of past and present, so I will 
discuss the implications of this research on acquisition reform in general rather than in the 
context of historical or ongoing endeavors. 

Broadly, acquisition intends to improve acquisition processes. The traditional metrics are 
cost, schedule, and system performance. These metrics are often framed as an iron triangle that 
bounds programs and forces leaders to make tradeoffs from one metric to another. We can think 
of acquisition reform as an effort to change the shape and size of those cost-schedule-
performance triangles such that we improve program performance or the efficiency of the 
acquisition process.  

The GIST model shows that acquisition speed for the development and procurement of space 
systems that contribute to space superiority may not be critical in the sole context of space 
conflict. This implies that the other acquisition performance metrics that acquisition reform 
supports (cost and performance) may be more valuable to target in future reform efforts. To the 
extent that space acquisition supports space superiority, that conclusion holds, but ensuring that 
space services are provided is of little value if those services themselves are useless to the 
terrestrial conflict. In other words, this research shows how space acquisition timelines may 
affect space conflict, but it does not show how those acquisition timelines affect the terrestrial 
conflict. The implications on acquisition reform are limited to the degree that space acquisition 
reform may affect space operability, rather than how it affects conflict in the other warfighting 
domains. Therefore, the ongoing space acquisition reform efforts may not be unsubstantiated, 
particularly to the extent that they support the improvement of the other acquisition metrics, 
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acquisition efficiency, or the development of capabilities supplied to the warfighter. Instead, this 
research shows that a prioritization of speed in acquisition reform may not result in radically 
different space conflict outcomes, particularly if it is not accompanied by thoughtful and tailored 
strategy.  
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Final Thoughts 

This dissertation was motivated by US leadership’s concerns that asymmetric space 
acquisition timelines between the US and international space powers would lead to 
vulnerabilities in its space architectures and threaten American space superiority. I used a mixed 
methods approach of exploratory case study analysis and a game-theoretic model of space 
investment and warfare to rigorously investigate these concerns and concluded that acquisition 
timelines may not have effects on deterrence or space conflict outcomes, but may have 
implications on the underlying strategies for how those outcomes are achieved. The strategies 
that emerged in the game-theoretic model suggest that as acquisition timelines worsen relative to 
an adversary, one should make simpler investments in resilience and be increasingly reserved in 
its posturing. These findings did not extend to all the conditions explored in this dissertation. 
Notably, this research found that mutual resilience is a stabilizing element and resulted in 
deterrence across all scenarios, which suggests that the US should continue to support its 
investments in resilient architectures. 

These findings were limited to space conflict and deterrence and did not consider the effects 
of acquisition timelines on the terrestrial conflict. Further research that integrates a model of 
space warfare with a model of the terrestrial conflict may be useful in better understanding the 
dynamic between acquisition timelines and broader conflict outcomes. These insights would 
provide a more convincing argument for or against space acquisition reform and give leaders 
deeper insight into the value of speed in achieving military objectives. 

There are other limitations of this research that warrant further study. The interaction 
between acquisition timelines and surprise or uncertainty would also be useful follow-on 
research that would develop a richer understanding of the effects of space acquisition timelines 
on space conflict. For example, how do acquisition timelines affect conflict outcomes when the 
opponent overestimates our development capability? Answering such questions provides a more 
thorough understanding of the relationship between acquisition timelines and space conflict and 
can further inform space acquisition and strategy. 

Ultimately, the findings of this research have implications for space acquisition reform, space 
investment strategy, and space conflict strategy. While these findings are subject to the 
limitations of the research methods I used, they provide a basic understanding of how space 
acquisition timelines affect space conflict and create a basis for further investigation. 
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Appendix A: GIST Model Modifications 

 This appendix details the modifications to the GIST model for this dissertation. I must 
first discuss some of the technical details of the GIST model to sufficiently do so. The key 
changes to the model in support of this dissertation were a modification to the objective function 
and addition of the capability for asymmetric investment capabilities. This section is primarily a 
reiteration of past GIST documentation and I give full-credit to (Torrington, et al., 2017) and 
(Triezenberg, 2016) for their development of the GIST model. These changes were sanctioned 
and informed by model experts and developers and were tested to ensure the model and its 
results were valid. I will clearly denote the modifications made in support of this dissertation to 
differentiate it from past research. For a full discussion of the model and its capabilities, readers 
should reference RAND report: PR-2885-NRO.106  

Objective Function 

The objective function in GIST is the element of the model that guides actor behavior. It is 
defined by several valuations to mitigate the unitary-actor assumption in game-theory. The GIST 
objective function’s value inputs can be roughly categorized into values for space assets, values 
for vulnerabilities in ground war, values for political capacity, and a valuation of space weapons. 
The rationale for each of these components is thoroughly discussed in (Torrington, et al., 2017), 
so I will only discuss the mathematical formulations and descriptions of each of these values.  

Prospect Theory 

As discussed in the body of this dissertation, the GIST model allows actor decision-making 
to be defined by rational actor theory or prospect theory. In rational actor theory, actors 
objectively value changes in their objective function such that they are indifferent between 
avoiding a loss and securing a gain of the same value. This is shown on the chart below, where 
the Y axis shows the degree of satisfaction with the current state and the X axis shows the 
objective valuation of that state. This demonstrates that actors rationally value gains and losses. 

106 (Torrington, et al., 2017)
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Figure	15:	Rational	Actor	Theory	

Prospect theory offers a more nuanced view of actor decision-making. Rather than 
objectively valuing differences in values, prospect theory assumes that actor’s valuations of 
changes to their objective functions are dependent upon their reference point. I use the below 
graphic to describe this phenomenon. At point A, the actor is neutral with their state of the world. 
At this point on the prospect curve, the actor is risk averse as they perceive a loss to be greater 
than an objective gain of the same value. At point B, the actor is satisfied with the status quo and 
perceives marginal gains and losses to be roughly the same value change at this point. At point 
C, the actor is dissatisfied with the status quo and values marginal gains more than marginal 
losses. This results in risk-seeking behavior. 
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Figure	16:	Prospect	Theory	Curve	

These curves factor into the GIST model and are included in the objective functions for 
actors by mapping the actor’s value to the prospect curve, as described in the following function 

 where  represents the value at a given time and  is the value initialized as the reference 

point. The IC convention denotes that we are considering the relevant prospect curve for a given 
variable. 

Equation	3:	Prospect	Curve	Mapping	Function	

 

In a rational case, . This function will be used in the remainder of this 
discussion to detail the objective function and its constituent parts. 

Space Assets 

Each player values their space assets up to the degree that they provide additional 
functionality. As an example, if an actor needs 30 satellites of a given type to provide full 
functionality, they will invest in satellites up to the 30th satellite. The 31st satellite provides no 
additional capability and therefore is not valued. However, if the actor believes an adversary will 
attack, then the 31st satellite is valued for the redundancy it provides. GIST includes a valuation 

for the military capability  and the Societal, Infrastructure and Information capability  in 

the objective functions where players seek to maximize both values, which are captured below, 
respectively.  
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Equation	4:	Military	Asset	Valuation	

Δ  

Equation	5:	SII	Asset	Valuation	

Δ  

Space Vulnerabilities 

Another factor that GIST includes for each actor’s objective function is a valuation of 
adversarial vulnerability. This is similar to the space superiority metric I use in my dissertation, 
as it is the integral of operability during the ground war.  Players seek to maximize the 

vulnerability of their adversary both militarily  and in their SII , which are 

both captured below.  is the length of the war. Therefore, given that vulnerability is a 

percentage of operability, the value is bound between 0 and : 

Equation	6:	Military	Vulnerability	

Δ  

Equation	7:	SII	Vulnerability	

Δ  

Political Capability 

Players also value political capability in the game and try to maximize their own while 
minimizing the adversary’s political score. These scores are a complex metric, but are affected 

by what weapons are used, what assets are targeted, and whether there is debris generation.  is a 

percentage, but can increase to above 1 or decrease to below 0 if a player suffers or makes 

several sequential illegitimate attacks, for example. Thus,  is limited between 0 and 1 in the 
following manner:  
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Equation	8:	Political	Capacity	Limit	

	
1,																			 	 100%
,						 	0% 100%

0, 	 0	%
 

Actors then seek to maximize the integral of their own political capability  and maximize 

the negation of their adversary’s political capacity  (or minimize their adversary’s political 
capacity): 

Equation	9:	Political	Capacity	

Δ  

Equation	10:	Opponent	Political	Capacity	

	 Δ  

Space Weapons 

GIST also includes the valuation of space weapons  for each actor. This is largely based 

on the assumption that nations value the build-up of weapons beyond their ability to create 

vulnerabilities during a terrestrial conflict.  increases when a first-of-kind weapon is 

developed and decreases when a last-of-kind weapon is used or destroyed. GIST considers space 

weapons relative to an adversary’s space weaponry , rather than the absolute value. 

Therefore, the metric that appears in the model is Δ , which is defined as: 

Equation	11:	Relative	Space	Weapons	Value	

Δ Δ
	

 

Both  and  are given as percentages. For  to be 100%, the actor would have to 
possess every type of weapon possible in the game. At 0%, the actor would have no weapons. 

This means that the bounds of Δ  are between 100%. 
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The variables from the GIST model are captured summarily in the below table, with indexes 

 and  denoting Blue and Red values, respectively. 

Equation	12:	Attribute	Summary	of	Blue	Objective	Function	

Objective Element ; Blue 
perspective 

Range Impact if valued 

Maximize 
military 

capability 

 ,  0 to   Build Military assets

 Invest in resiliency for military space
assets

 Limit defensive moves that cause
outages

Maximize SII 
capability 

 ,  0 to   Build SII assets

 Invest in resiliency for SII assets

 Limit defensive moves that cause
outages

Maximize 
opponent’s 

military time 
below threshold 

 ,  0 to 

 
 Build weapons

 Induce opponent to use active defenses
that cause outages

 Attack opponent’s military space assets

Maximize 
opponent’s SII 

time below 
threshold 

 ,  0 to 

 
 Build weapons

 Induce opponent to use active defenses
that cause outages

 Attack opponent’s SII space assets

Maximize 
political 

capability 

 ,  0 to   Limit debris-generating attacks

 Build dual-use assets or incorporate
allied assets to reduce legitimacy as a
target

Minimize 
opponent’s 

political 
capability 

 ,  0 to   Limit attacks to legitimate targets of
war

Maximize 
difference in 

space weapons 

Δ  , ,   to 

 
 Build first-of-kind weapons

 Destroy opponent’s last-of-kind
weapons
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These values combine to define the general form of Blue’s objective function: 
Equation	13:	Traditional	Blue	Objective	Function	

	

Δ   

 

 Where all #  denote the player’s preference for the element in the objective function: 
 

0,																																					 	 ε 	 	 	 	
	 	 	 	 	 	 	 ,									

 

0,																																					 	 ε 	 	 	 	
	 	 	 	 	 	 	 ,																				

 

0,																																																																																	 	 	 	 	 	 	
	 	 	 	 	 	 ,									  

0,																																																																																	 	 	 	 	 	 		
	 	 	 	 	 	 ,																	  

0,																																									 	 ε 	 	 	 	
	 	 	 	 	 	 ,									

 

0,																																										 	 ε 	 	 	 	
	 	 	 	 	 	 ,									

 

0,																																												 	 ε 	 	 	 	
	 	 	 	 	 	 ,									

 

Modified Objective Function 

Now that I have discussed the traditional GIST objective function, I am able to detail the 
changes made in support of this dissertation. I removed the elements of the GIST objective 

functions that were concerned with  and Δ . The removal of the  was advised by model 

experts because they found the overlap between  and  assets caused overvaluation of space 

assets in the objective function. This also gives a more pure view of space conflict, as it is 
primarily concerned with military assets and political valuations. 

In line with this, the removal of the	Δ  component of the objective function resulted in a 
purer abstraction of arms races, such that investments in weapons are only made to support space 

conflict outcomes. The inclusion of Δ  may synthetically bias players toward arms races as 
they value weapons outside of how they support space conflict. This modification was also made 
with support from model experts.   

  
Equation	14:	Adjusted	Blue	Objective	Function	
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Investments 

The other major modification made in support of this dissertation was to the investment 
component in the GIST model. The GIST model allowed only for symmetric investment 
capabilities across actors. In support of this dissertation, we augmented the model to allow for 
asymmetric investment. Specifically, we added the capability to specify acquisition timelines and 
payout probabilities for each Actor-Complexity combination. Although this dissertation only 
leveraged the ability to modify acquisition timelines for each Actor-Complexity combination, the 
changes will support future efforts to identify how asymmetric payout probabilities affect 
investment strategies or conflict dynamics. 
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Appendix B: IED Case Study 

 This case study will detail the retaliatory relationship of the emergence and progression 
of the IED threat with the counter-IED responses and discuss how each technical development 
shaped an adversary’s response and affected the conflict. After the details of the events are 
described, I will explore both the evident and obscure effects of acquisition speed within the 
conflict and identify conditions that may be requisite for those effects.  

Background 

 The Iraqi insurgency following the 2003 invasion posed several challenges to the US 
military, coalition forces, and American resolve. Of those challenges, the IED stands alone as the 
most iconic and representative element of a conflict heavily characterized by asymmetries. As a 
cheap weapon with strategic impact, IEDs enabled the insurgency to compete with technically 
superior coalition forces. Most obviously, IEDs allowed the insurgency to threaten coalition 
forces and expensive motorized vehicles like Humvees for a mere $265 per unit.107 They 
generated effects throughout all levels of war. At the tactical level, IEDs that detonated even 
without inflicting casualties could halt or slow-down patrols and convoys. Operationally, IEDs 
ceded control of the roads to the insurgency and impeded coalition forces’ efforts to increase 
contact with local Iraqis, embed troops within Iraqi security units and limit the spread of the 
insurgency.108 Strategically, the IED imposed immense costs on the US as it spent billions of 
dollars searching for technical and tactical solutions to the threat and eroded American will to 
fight through an unrelenting infliction of American casualties with no immediately effective 
responses available. 

 The US responded to the IED threat with a two-pronged approach. It established what 
would eventually become the Joint IED Defeat Organization (JIEDDO) to generate technical and 
tactical solutions leading up to the detonation of an IED, like early detonation, detection, or 
detonation jamming. JIEDDO would expand to identify bomb makers and supporters before the 
creation and emplacement of IEDs, as well as to train personnel to protect themselves from 
IEDs. This set of solutions targeted events preceding IED detonation. The other approach taken 
by the US targeted post-detonation effects through the improvement of vehicle armor to better 
protect coalition forces. 

                                                 
107 (Ackerman, 2011) 
108 (Beehner, 2006) 
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Pre-Detonation Technology Developments 

 The technological efforts targeting pre-detonation events initially focused on reducing the 
preponderance of remote-controlled IEDs (RCIEDs) and forcing the insurgency to non-remote 
controlled IEDs. This was largely due to the effectiveness of RCIEDs at inflicting American 
casualties and the advantage RCIEDs offered the insurgency in avoiding other pre-detonation 
efforts like identifying bomb makers or deployers.109 The use of RCIEDs surged in Iraq between 
2005 and 2006, accounted for over 70% of IEDs, and caused over half of all American combat 
deaths in the conflict.110 The increased use of RCIEDs is attributable to their relative 
effectiveness in allowing the bomb detonator to accurately detonate the IED at a safe distance 
from coalition forces.111 By reducing the effectiveness or probability of success from an RCIED, 
JIEDDO hoped to drive the insurgents to less effective detonation techniques that required more 
laborious emplacement and exposed emplacers to coalition forces to enhance other pre-
detonation efforts and drive down IED incidence. 

 The technical solution selected for the RCIED was to jam the signal of remote detonators. 
The US spent $3 billion procuring and fielding 14 jammer systems between 2004 and 2008.112 It 
first deployed active jammers, which constantly and indiscriminately jam a broad band of the 
spectrum. Although these jammers were initially effective, the number and complexity of threats 
and threat frequency bands quickly evolved as insurgents adapted to the technology. For 
example, US active jammers would have “slots” within a frequency band that were unjammed to 
allow for communication, but the insurgents developed techniques to identify those windows to 
continue remote-detonation. Ultimately, insurgent adaptability combined with slow US 
development efforts quickly eroded active jamming’s effectiveness.113 The US responded with 
the deployment of reactive jamming technologies that constantly searched for, identified, and 
jammed nefarious signals, which, combined with adaptive active jamming capabilities, 
successfully forced the insurgents away from RCIEDs. While it is estimated that these jammers 
were successful 50-85% of the time, it was the failures that were visible to the warfighter and 
public.114 
                                                 
109 RCIEDs were particularly effective at inflicting casualties because they allowed for insurgents to ensure the IED 
detonated at the right time and against the right target. Other mechanisms like pressure plates, IR-triggered or 
command-wire detonated were less effective and discriminate. RCIEDs also afforded insurgents additional 
protection both during the emplacement phase and detonation phase. On the emplacement end, RCIEDs were easier 
to deploy than pressure plates or command-wire detonated IEDs, as each required much more labor and skill in 
burying and hiding the detonation mechanism, meaning the bomb placer was exposed for a longer time, thus 
increasing the probability of detection by coalition forces. Similarly, command wire forced the insurgent to be closer 
to the IED, which also heightened the risk he would be exposed to coalition forces. 
110 (Alpo, 2009), (Atkinson, 2007) 
111 (Alpo, 2009) 
112 (Atkinson, 2007) 
113 (Pesci, 2012), (Fulghum, 2005) 
114 (Frieman, 2013) 
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Post-detonation Technology Developments 

The post-detonation technology efforts followed a similar pattern to the pre-detonation 
efforts. The early IEDs in the conflict were generally placed on the side of the road, where it was 
easier to emplace and hide IEDs. The result was that IEDs detonated and impacted the side of 
what were primarily Humvees in Iraq. The initial response was to increase the armoring on the 
sides of the Humvees. Unfortunately, this prompted a two-fold response from the insurgents. The 
first was to begin placing IEDs underneath rather than along the road so that they would detonate 
directly beneath a Humvee where it was unarmored, flat and vulnerable to explosives. This 
primarily occurred in underdeveloped regions where roadways were easier to dig into. The 
second was to operationalize explosively formed penetrators (EFPs) in regions where roads were 
well developed and difficult to emplace IEDs under.115 EFPs continued to detonate from the side 
of the road where vehicles were armored, but were far more lethal than traditional IEDs.116 

 As casualties mounted from the IEDs and EFPs, public support waned and the possibility 
of sustaining, let alone surging, a counterinsurgency effort decreased. Although the US had 
identified the Mine-resistant Ambush Protected (MRAP) vehicle as a possible solution to the 
IED threat in early 2006, it was not until April of 2007 that MRAPs began surging into theatre. 
Unlike the development of Counter RCIED Electronic Warfare (CREW) systems, the MRAP 
was less of a technological challenge and more one of mass production and logistics.117 Once 
overcome, the MRAPs drove down the effects of traditional IEDs. For every 4 to 5 soldiers 
killed in armored HMMWVs attacked by IEDs, only one was killed in MRAPs by similar 
IEDs.118 The surging of MRAPS in combination with JIEDDO initiatives drove down IED 
deaths in Iraq. 

                                                 
115 EFPs are shaped charges that shoot a molten metal penetrator into a vehicle. 
116 (Frieman, 2013) 
117 The MRAP was first developed in Rhodesia and then in South Africa from the 1960s to the 1990s. (Frieman, 
2013) 
118 The effects of MRAPs on the conflict are not universally agreed upon. Economics professors Chris Rohlfs and 
Ryan Sullivan from the Naval Postgraduate School and Syracuse University, respectively, drew the conclusion from 
analyzed classified data that MRAPs did not actually generate large reduction in fatalities beyond what was 
achieved by Humvees. They argue that the drops in unit casualties largely occurred because of a decrease in war 
scale and intensity. Their study, however, is often argued to have used limited and particularly narrow data that fails 
to capture the true effects of the MRAP. (Rohlfs & Sullivan, 2012), (Axe, 2012) 
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Figure 17: Number of IED Deaths in Iraq119 

 

Effects of Speed 

 The early phases of the conflict were heavily marked by an asymmetric ability to counter 
systems, with the US and its active-jamming CREW capabilities at a disadvantage. Although 
active-jamming was useful at first, the insurgents were able to quickly adjust their own 
frequencies or search for gaps in the frequencies that were being jammed. The US would attempt 
to adjust its jamming, but this process took too long and new frequencies emerged before old 
ones were resolved, resulting in the United States’ inability to adequately respond to insurgent 
adaptations.120 Up through 2006, RCIEDs persisted as the primary detonation mechanism, which 
impeding JIEDDO’s other tasks to attack the IED threat.121 JIEDDO responded by reducing its 
CREW system development timelines down to a mere 6-8 weeks and allowed the US to rapidly 
respond to emergent RCIED threats.122 By summer of 2007, RCIEDs accounted for only 10 
percent of all IEDs in Iraq, down from 70 percent at the beginning of 2006. JIEDDO forced 
insurgents to resort to less effective and more risky detonation/emplacement tactics like infrared-
triggered detonation, pressure plates, and command-wire detonation.123  

                                                 
119 (Anon., 2019), (O'Hanlon & Livingston, 2011) 
120 (Atkinson, 2007), (Garaux, 2009) 
121 (Atkinson, 2007) 
122 (Pesci, 2012), (U.S. House of Representatives, Committee on Armed Services, Subcommittee on Oversight & 
Investigation, November 2009) 
123 (Atkinson, 2007) 
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 In combination with the improved development of CREW systems, the surging of MRAP 
production and deployment drove down the effectiveness of traditional IEDs. The MRAP 
diminished the threat of under-belly IEDs that were extremely cheap and effective against 
Humvees. Although this may have led to an uptick in the much more effective and lethal EFP, 
those were not nearly as scalable or cheap as IEDs and the cumulative threat dropped.124 

Most obviously, the deployment of CREW and MRAP systems earlier rather than later 
increased the cumulative effectiveness of those systems. This is an intuitive mechanism of effect: 
The earlier that systems are deployed, holding all else constant, the longer that those systems’ 
affect the conflict. There is an additional dynamic involved, however, that suggests the existence 
of a timeline threshold for effect. Had those systems not been deployed early enough, IEDs may 
have eroded sufficient political support to force the US administration to abandon the war. 
Timely deployment of effective CREW and MRAP systems drove down the IED casualties and 
bought the US administration time to continue to pursue its objectives in Iraq.  

The additional mechanisms of effect focus primarily on the development of CREW systems, 
as they were more iterative and technologically challenging than the MRAP. One mechanism is 
that as JIEDDO and the US reduced their CREW cycle times, the additional technological 
iterations allowed for improved US systems. In other words, shortened acquisition timelines 
allowed for additional iterations within the conflict to improve system capabilities. As these 
systems improved, we drove down the probability of success for RCIED attacks in classic 
“deterrence by denial of gains” fashion.125 While this is an overt mechanism of effect, the 
reduction in cycle times also had a more complex mechanism of effect on the conflict. As the US 
drove down CREW cycle times, it reduced the asymmetry of development acquisition timelines 
it had faced previously in the conflict. A reduction in cycle times meant that an RCIEDs 
cumulative effect decreased between iterations, making RCIEDs a less cost-effective detonation 
mechanism for the insurgency by requiring more frequent insurgent iteration to sustain the same 
level of effect. Game-theory suggests that an aggressor will simply switch to the next least 
expensive attack vectors to accomplish goals, which is exactly what forcing insurgents away 
from RCIEDs sought to accomplish. Although this mechanism of effect applies directly to 
deterrence by denial of gains, it allowed for increased US effectiveness in pursuing deterrence by 
threat of punishment, as the other detonation methods increased exposure and risk to those 
emplacing IEDs. 

The application of the first two mechanisms to space are straightforward. Had these 
acquisition timelines remained extended, it is possible the US would have suffered casualties to 
the point it lost the political will to stay in Iraq. This implies there may be some threshold 

                                                 
124 (Hambling, 2007) 
125 In 2003, each IED on average could produce a single casualty. By 2007, it would take 4 IEDs on average to 
produce a coalition casualty and by 2009, that number would jump to 9 IEDs per casualty. (Atkinson, 2007), (Tigner 
& Hodge, 2009) 



65 
 

relative to a conflict or event in which capabilities must be delivered before. This is intuitive in 
that capabilities delivered towards the end or after conflict may not have sufficient cumulative 
effects to impact strategic outcomes. In space, resiliencies or redundancies deployed after an 
attack on space systems may be too late to have strategic outcomes given the terrestrial forces 
may have decisively exploited the capability gap enabled by the attack. Similarly, deployments 
of space weapons too late relative to a conflict may fail to serve as a deterrent through threat of 
punishment.  

The application of the second mechanism is that as we reduce acquisition times for US space 
systems, we have more opportunities to improve the capabilities of our systems. This is 
dependent on the United States’ ability to identify vulnerabilities and improvements in space 
resiliencies and weaponry. In the counter-IED case, technologies were tested in combat every 
day against a real threat, which quickly exposed vulnerabilities and necessary improvements and 
subsequently directed technological iteration. In space, with relatively long development 
acquisition timelines and uncertain conflict characteristics, it is not clear that iteration will be so 
informed by conflict. Rather, it may be incumbent upon the US to rigorously identify its own 
vulnerabilities to guide technological development well before conflict, which may result in 
misguided technologies that fail to affect conflict or deterrence. If, however, those improvements 
create a more resilient space posture, then we may expect to see deterrence of attacks in space by 
denying gains. If these improvements only result in a more valuable space power projection 
capability, however, they will likely only increase the adversary’s motivation to attack US space 
assets. 

The application of the final mechanism is slightly more complex. Space weaponry, much like 
IEDs can challenge technical superiority at relatively low cost and complexity.126 A nation that 
maintains any sort of jamming or nuclear capability can threaten US space power without much 
system adaptation. In both the IED case and space conflict, relatively cheap and simple systems 
can threaten more expensive systems and force more expensive counter investments. The third 
mechanism identified above suggests that by reducing cycle times relative to an adversary’s 
ability to adapt to or counter a specific technology, we can drive down the cost-effectiveness of 
further adaptation and force the adversary to resort to other, less-effective, tactics.  This approach 
must be applied with caution, however.  Different tactics may be, in fact, more effective and, 
despite their higher cost to the adversary, may result in worse outcomes for the US.127 We will 
have changed the adversary’s cost/benefit ratio, but unless his costs exceed his benefits, he will 
not be deterred from attacking and the US may have been better off under the original tactics. 

                                                 
126 The US paid over $45 million for 132 IED jamming devices. At roughly $340,000 per device, a jamming system 
cost 3 orders of magnitude more than an IED. Similarly, a $500,000 vehicle was 3 orders of magnitude more 
expensive than the system that threatened it. This is similar to space, as a multi-billion dollar satellite can be 
threatened by relatively cheap rocket or missile. (Garaux, 2009) 
127 For example, had EFPs been more scalable, forcing the insurgents from roadside and belly IEDs to mass EFPs, 
could have resulted in dramatic consequences for US forces. 
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Parameters for Model Exploration 

While useful to understand the mechanisms of effect, there are several contextual 
components within this case that may be closely tied to both the mechanism and magnitude of 
effect. I seek both to identify those elements for further investigation during model 
parameterization and to understand the relationship between those elements and timeline effects 
for modeling insights. The first of these is the cost asymmetry. Had the cost of RCIED 
adaptation been much higher, adaptation may have played less of a role and deploying jamming 
systems would have deterred RCIED use without requiring additional and accelerated iteration. 
Alternatively, had RCIED adaptation been even cheaper, perhaps the US would have been 
unable to force the insurgency to rely on other detonation technologies and RCIED attacks would 
have persisted. 

 An additional observed asymmetry that might affect acquisition timeline effects is the 
unbalanced cost/benefit of an IED attack. The effects of an IED attack were significant, as 
detailed earlier and the costs were so low that it may not have been possible to deter IED 
emplacement regardless of how much we iterated and reduced the effects of IED attacks. The 
analog to space is that a nation with nothing to lose in space will behave differently than a nation 
that seeks to preserve the use of its own space assets. The former will be much more difficult to 
deter in times of conflict. How acquisition timelines affect those decisions and subsequent 
outcomes is unclear, but this dissertation will include space reliance as a parameter of interest to 
further explore that contextual influence. Finally, the period of investment may affect the effects 
of acquisition timelines. In the case of the United States’ efforts to defeat the IED, the 
investments all occurred during wartime, which may have necessitated adaptation on both sides 
and allowed for deliberate iteration to counter enemy adaptations. It seems likely that this 
condition enhanced the effects of acquisition timelines, as peacetime investments may be less 
targeted and have little to no effect on adversarial decisions. 

Although sharp asymmetries in costs of counter-systems and an asymmetry between 
cost/benefit of IED emplacement allowed IEDs to persist, the reduction in CREW acquisition 
timelines both absolutely and relative to insurgent adaptation acquisition timelines successfully 
forced the insurgency to resort to other detonation techniques. This catalyzed other JIEDDO 
activities like identifying and capturing bomb-makers and placers and mitigated the effects of 
IEDs. This combined with the rapid deployment of the MRAP allowed the United States’ to 
continue in the fight. 
  



67 
 

 

Appendix C: Interwar Aviation Case Study 

This case study will investigate German and British aircraft and air defense technology 
development during the interwar period and through the Battle of Britain. I will examine how 
development acquisition timelines affected decision-making and conflict outcomes and identify 
relevant conditions that may affect the consequences of development speed.  

Background 

 The interwar period was initially marked by military drawdowns that relegated aviation 
innovation to the commercial sector and saw little military investment into the improvement of 
aircraft technology despite the belief that strategic bombing would have decisive implications in 
conflict. Germany was impacted by the Treaty of Versailles and not permitted to invest in 
military aviation. Britain was dealing with a surplus of aircraft from the first world war, which 
posed a political challenge to justify further investment in aircraft. Both countries, however, 
would dramatically increase their investment in and production of aircraft and air related systems 
leading up to the second world war and the Battle of Britain. 

German Development 

 Germany was initially hamstrung following the 1919 Treaty of Versailles in its ability to 
develop and produce military aircraft, so early and modest innovation efforts were conducted 
under the guise of civilian aviation.128 They developed and refined their strategy for the next war, 
including a comprehensive development of doctrine for the Luftwaffe. Germany perceived an 
immediate threat from its continental neighbors, which largely guided its air doctrine and aircraft 
development efforts. German interwar strategy development focused on decisive land battles, 
lending value to combined arms, air interdiction, and an early version of close air support. The 
development of capable aircraft like the Ju 87 Stuka dive-bombers, Messerschmitt Bf 109 
fighters and medium-weight bombers primarily supported close air support capability and 
reinforced Germany’s strategic framework of combined arms and decisive battles.129 

 Germany was aware of the value of strategic bombing and a strategic air campaign, but 
these were secondary to its combined arms strategy that would support decisive land battles 
against its continental neighbors. Consequently, Germany failed to develop the requisite 
equipment on time that would support a strategic air campaign. One example of this was the 

                                                 
128 (Trimble, 2018) 
129 (Corum, 1996), (Trimble, 2018) 
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development of the Heinkel He 177 four-engine bomber that would have threatened even 
westernmost Britain. Several design issues plagued the aircraft and the Germans prioritized two-
engine bombers like the HE-111 that could be produced both more quickly and more effectively 
than the four-engine bomber. This failure to deliver a capable four-engine bomber until 1942 
would hamper the Luftwaffe’s strategic air campaign capabilities.130 Although the four-engine 
bomber was initially a priority, the Luftwaffe ultimately did not deliberately prepare for a 
strategic air campaign and dedicated its efforts more towards the continental conflict.131  

After a rapid increase in aircraft production from 1933 to 1935, German production reached a 
plateau of between 5,000 to 5,500 aircraft per year, far exceeding that of Britain. This was also 
the period in which manufacturers were introducing the first generation of modern combat 
aircraft: the Bf 109, He 111, Do 17, and Ju 87. The Ju 88 was also under development as the 
eventual replacement for the He 111.132 From 1936 to 1938, Germany produced roughly 5,200 
aircraft annually.133 Although German aircraft production and development were impressive, it 
overstated its capabilities to intimidate Britain and France into avoiding conflict. Germany 
showcased repainted Ju-52 transport aircraft that looked, but were not, both new and capable of 
delivering bombs. Germany flew the transports in massive formations with its He-51 and Ar-65 
fighter aircraft. The He-51 and Ar-65 exceeded British fighter technology, but Germany had not 
yet found suitable weapon integration solutions for the aircraft.134 

Although Germany boasted an advantage in aircraft production initially, its air defense 
development failed to develop at the same pace as Britain’s. The Luftwaffe shifted its aircraft 
production in 1937 and 1938 towards fighters but continued to rely heavily on anti-aircraft 
artillery to provide its defense function. Germany also developed an impressive radar system at 
the same time as Britain and even built a chain of coastal radar defenses leading up to 1939, but 
it failed to integrate its radar, flak and aircraft into a coherent air defense capability to the same 
extent that Britain had.135  

British Development 

 In the 1920’s and early 1930’s, British air war strategy was simple: “the bomber will 
always get through.” This strategy guided Britain in developing a strategic bombing force and 
the capability to inflict psychological and physical damage intended to cripple an enemy’s 
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industry, logistics, and public morale.136 Despite having strong strategic direction, without an 
immediate threat Britain lacked both an urgency and necessity for the pursuit of radical 
technological improvement. Consequently, British aircraft development acquisition timelines, 
capabilities, and industry were comparable to Germany’s, who was still hamstrung by the Treaty 
of Versailles.137  

As the German Luftwaffe grew and advertised its capabilities in the mid 1930’s, Britain 
recognized a new and impending threat. An improvement in aircraft capabilities enabled 
adversaries to direct sudden and decisive attacks against Britain, who had long been protected by 
the sea and the world’s most capable Navy.138 This threat, along with the realization that Britain 
may not be able to survive a knockout blow from the Luftwaffe, shifted British doctrine 
defensively that brought with it a defensive shift in innovation from bombers to fighters.139 
Britain rapidly developed new sets of fighter aircraft like the evolutionary Hurricane and the 
revolutionary and more capable Spitfire that would showcase in the Battle of Britain.140 As 
German bombers evolved, so too did British fighters. In particular, as German bombers became 
faster and more maneuverable, the ability to apply firepower in sufficient doses decreased. 
Britain’s response, in combination with some improvements to speed and maneuverability, was 
to dramatically increase the amount of firepower on fighter aircraft.141 British design changes 
slowed after 1937 due to the impending conflict and the need to increase its aircraft arsenal. The 
transition to the rearmament phase brought with it a rapid rise in the large-scale capability to 
produce high-quality fighter aircraft that would be critical in the Battle of Britain.142 

 Even with the improvement in fighter speeds and climb rates, Britain recognized that 
without adequate warning its aircraft would be unable to respond to an incoming threat, 
especially with German bombers flying increasingly faster and higher.143 In the mid to late 
1930’s, several factors contributed to the emergence of what would be Britain’s capable air 
defense system. The technological maturation of fighter aircraft and radar detection enabled the 
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development of an air defense system. Germany’s signaled increasing armament and improving 
capabilities provided the political fuel for what would eventually be the Dowding air defense 
system.144 The Dowding system was an interception network that integrated radar, a land line 
telephone network and a corps of observers that identified, tracked, and communicated incoming 
aerial threats to Britain’s fighter aircraft for interception. This allowed for fighter aircraft to 
rapidly and efficiently respond to incoming threats, rather than constantly patrolling. These 
tactics extended the range of British fighter aircraft in conflict and allowed for more 
advantageous interception vectors. Britain’s integration of radar with other technologies into an 
interception network marked both doctrinal and technological innovation that proved to be a 
novel and decisive capability in the Battle of Britain.145 

Battle of Britain 

 There is much dispute as to whether Germany initially intended to go to war with Britain. 
The British controlled the English Channel with its Royal Navy, boasting 5 battleships, 11 
cruisers and 43 cruisers to Germany’s 1 heavy cruiser, 3 light cruisers, and 9 destroyers.146 
Germany would have to secure the English Channel to invade the UK, but determined its only 
means of doing so were through the air. On July 2nd 1940, shortly after the fall of France, 
German High Command gave the order to invade Britain, contingent on seizing air 
superiority.147 Leading up to mid-July 1940, the Luftwaffe concentrated its forces near the 
English Channel coast to better project force into a Britain still recovering from losses incurred 
in France and Norway. In the early stages of this conflict the RAF was overwhelmed by the sheer 
size of the Luftwaffe, but Britain’s war-economy rapidly surged fighter aircraft to the front-line 
as the Battle of Britain evolved.148 

 The next month of war was characterized by channel bombing and light attacks on 
airfields and radar stations, but these attacks increasingly targeted the RAF infrastructure as the 
Battle of Britain pushed into September of 1940.149 Germany was adhering to its air doctrine at 
this point in its pursuit of air superiority and severely damaged the RAF’s southern bases. 
Despite this, the RAF was able to inflict heavy losses against the Luftwaffe.150 Britain’s ability to 
weather the German attacks drove the Luftwaffe to divert from its doctrine and begin targeting 
population centers like London to wear down morale and coerce Britain into peace talks or 
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surrender. Germany’s lack of heavy-bomber capability limited the Luftwaffe to targeting only 
south-eastern Britain, well away from the bulk of Britain’s war economy, which allowed the 
RAF to persist, continue the fight, and ultimately deny the Luftwaffe daytime air superiority.151 

The Dowding system proved to be a robust defense system that recognized incoming 
threats, identified the sizes of the threats to differentiate between decoys and true attacks and 
allowed the RAF fighters to concentrate its attacks on legitimate formations from advantageous 
positions. When the RAF did engage German fighters, it did so at the edge of German fighter 
range limits to further capitalize on Germany’s technological disadvantage and imposve heavy 
losses on German bombers.152 

With the failure to secure daylight air superiority, Germany transitioned to a nighttime 
bombing campaign that would render the Dowding system useless. The application of Douhetian 
strategy was enhanced by German advancement in nighttime navigation and bombing aid 
technologies, but British intelligence rapidly discovered the German systems and designed radio 
countermeasures to counter German bombing-aids. As a result, many German bombs failed to 
reach their targets and the attacks on London were unsuccessful.153 

Germany was ultimately unable to secure air superiority, which halted their invasion of 
Britain and any effort to coerce the British government into surrender. General Adolf Galland 
attributed Britain’s success to its technological advantage, citing the radar and fighter control as 
key technologies that Germany was unable to overcome.154 Its inability to recognize the 
Dowding system combined with a lack of long-range bombers and a fleet of limited range 
fighters contributed to the early Luftwaffe defeat. Germany’s divergence from doctrine and shift 
from targeting the RAF to attacking population centers may also have allowed Britain to stay in 
the fight long enough to attrite the Luftwaffe and force them into a night-bombing campaign.155 
The night-bombing campaign threatened British morale and engine production capabilities, but 
rapid British innovation in radio-countermeasures mitigated the effectiveness of the nighttime 
offensive and allowed Britain to claim the battle.156  

Effects of Speed 

 Throughout the interwar period and leading up to the Battle of Britain, Germany and 
Britain were largely equal in their ability to develop and produce air war relevant systems, but 
made different decisions in what systems to produce and develop due to different doctrinal 
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developments.157 Germany’s focus on continental war and combined arms with decisive battles 
necessitated aircraft capable of reaching the back lines of the enemy, rather than striking deep 
into enemy territory. As such, it developed medium-weight bombers and capable fighters with 
limited range. Britain’s more defensive doctrine resulted in less-capable bombers, but impressive 
fighter aircraft and a robust aircraft interception system. With the understanding of differences in 
doctrine and the context of the war, we can draw some useful conclusions about the effects of 
development speed on conflict and deterrence in this interwar case. 

 There was a 4-year period of asymmetry during the rearmament in which German aircraft 
production was roughly double that of Britain. The British leadership capitalized on German 
rearmament to mobilize the British war economy, even if it had to exaggerate the extent of the 
asymmetry.158 Ironically, there is evidence that Germany’s decision to rapidly produce inferior 
bombers over more capable heavy bombers was intended to showcase so much bombing mass as 
to deter adversaries from entering the conflict.159 Rather, Germany’s rapid production of aircraft 
provided British leadership with political fuel to more effectively engage in its own rearmament. 
Germany’s rapid development destabilized its relationship with Britain. At this point, it’s useful 
to examine why Germany’s deterrence efforts may have failed. Its rapid production of aircraft 
relative to Britain allowed it to create an asymmetry in its ability to punish.160 However, its rapid 
production of aircraft in combination with its alarming continental activity may have eroded the 
reassurance element of deterrence such that Britain perceived Germany would attack regardless 
of its own activity. This suggests that speed applied to offensive capabilities or weapons may be 
destabilizing. Returning to space, investments in offensive space weaponry may only prompt 
escalation or an arms race from an adversary. 

 Unlike Britain, Germany was seemingly unaffected by its adversary’s rearmament and 
development efforts. In particular, British development of its impressive air interception system 
went unrecognized by Germany. Although Germany developed capable radar similar to 
Britain’s, it trailed in the integration of radar into a cohesive air defense system. Germany was 
unable to account for how effective the system would be in conflict, as indicated by the 
overconfident pre-battle assessment done by the Luftwaffe.161 Had Germany developed a similar 
air defense system, it likely would have recognized the effectiveness of the integrated technology 
on conflict. This has clear implications on deterrence. Without understanding the effects of 
technology on the conflict, Germany was unable to accurately assess the costs of attacking 
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Britain and the likelihood of being successful. Therefore, British development of the system, 
regardless of how fast or slow, could not have deterrent effects because Germany did not 
recognize the capability. In space, drastic development asymmetries may not have any deterrent 
effects if the adversary is unable to appreciate the capabilities being produced. For example, say 
the US invests in resilient architectures and heavily classifies that development. Regardless of 
how quickly we deploy that technology, if our adversary is unaware of that investment, it will 
not affect his/her decision-making. 

Although admittedly a more speculative claim, had German development been faster in 
key areas, the outcomes of the Battle of Britain may have been different. Had Germany been 
successful in developing a heavy-bomber and been able to produce a significant number of these 
functional aircraft, the Luftwaffe would have been capable of targeting more of the British war-
economy and may have crippled Britain’s ability to surge aircraft production to continue the 
fight. The failure to produce a heavy-bomber limited the possibility that Germany would be able 
to inflict enough damage to win the Battle of Britain. This translates to space in that rapid 
development of weapons relative to the conflict may allow for an advantage that mitigates the 
enemy’s ability to fight. 

 A similar insight can be drawn from Britain’s response to the nighttime bombing that 
negated Britain’s air interception network. The rapid development of counter-capabilities to 
disrupt German technologies disabled its nighttime bombing and thwarted the German offensive. 
Had Britain not responded quickly, Germany may have impacted Britain’s engine-production 
capability and impaired Britain’s ability to provide aircraft to the RAF, thus ceding air 
superiority to the Germans.162 Unlike in the IED case study, the Germans were out of options and 
unable to effectively transition to another tactic. It would not have V-2 rockets until later in the 
war and with its aerial offensive thwarted, the German Navy would be incapable of securing the 
English Channel for an invasion. In space, rapid development of defensive capabilities may deter 
future offensive efforts so long as other cost-effective tactics are unavailable. If we invest in 
kinetic weapon defenses in space, then an adversary may simply change tactics and use jamming 
capabilities to impair our constellation. Alternatively, if we invest in significant resilience, then 
perhaps the adversary lacks a means of impairing the constellation and is deterred from conflict. 

Relevant Conditions 

 These case studies also serve to identify conditions relevant to the effects of acquisition 
timelines on deterrence or conflict outcomes. One of the most salient condition is whether the 
adversary is aware of development. In the case of Britain’s Dowding system, no matter how 
quickly or slowly it was developed, there could be no effects on German decision making simply 
because it was unaware of the effects of the technology. In some sense, Germany and Britain 
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were playing different games. Britain was deliberately preparing for an air invasion from 
Germany and Germany was preparing for continental conflict in the hopes it could avoid conflict 
with Britain. German’s rearmament factored into Britain’s decision-making and rearmament 
plans, but we do not observe any effects from British acquisition timelines on German decision-
making. The perceptions of the balance of weapons and defenses, and their underlying timelines, 
shape decision-making. 

 Another condition worth noting is the difference in rapid investment in offensive and 
defensive capabilities. This case gives a compelling contrast between the two; it suggests that 
rapid development of offensive capabilities may be destabilizing and induce an arms race or 
conflict, whereas rapid development of defensive capability may have positive outcomes, 
especially if the adversary lacks alternative tactics to resort to. This is consistent with what 
deterrence literature says about weapons vs. resiliencies or redundancies in space.163 The insight 
is particularly useful in shaping a more tactical view of which investments might need speed 
prioritized over performance metrics. 

 A third condition is the difference in investing in peacetime versus wartime. The 
challenge with peacetime investment, particularly on the defensive end of development, is that 
the threats the technologies intend to defeat are uncertain. Human bounded rationality may lead 
to a failure to consider other threat vectors that prove more imminent. Britain was fortunate in 
that its threat could only come from the air, given its geographic location and Naval superpower 
status. In wartime, investments can be more targeted against an obvious and immediate threat, 
but may be less dramatic given the lack of time for implementation.164 On the offensive side, 
German rapid development of its aircraft proved useful in the continental war, but because 
Germany did not deliberately prepare for a strategic air campaign, its rapid developments failed 
to dramatically affect the conflict it had intended to avoid. 

 Although the Battle of Britain was largely characterized by technology, there is also 
evidence that suggests tactical and doctrinal decisions played a key role in its outcome. This may 
confound the effects of acquisition timelines and the conditions relevant to those effects. Even 
this is a useful insight. The misalignment of investments with military goals where the two are 
developed separately is likely to dramatically reduce the effects of speed on conflict.  
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Appendix D: Model Results 

This appendix more completely details the results from the GIST model. I only report one 
example for each of the uninteresting cases and report the results from the 10 cases with effects 
or boomerang effects. 

Mutual Resilience 

This is an example of the results from the cases where both players have mutual resilience. In 
this example, both players are equally dependent on space and defined by prospect-theory. Both 
players are initially endowed with weapons and resilience. 

 
Figure	18:	1:1	Dependency,	Prospect‐Theory,	Mutual	Weapons,	Mutual	Resilience	

 

No Weapons Allocated 

This is an example of the results from the cases where neither player is endowed with 
weapons. In this example, Blue is more dependent on space and players are defined by rational-
actor theory. Neither player has weapons and Red has initial resilience. 
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Figure	19:	3:1	Dependency,	Rational‐Actor,	Neither	Weapons,	Red	Resilience	

 

Weapons Advantage 

This is an example of the results from the cases where Red has a weapons advantage to start.  
In this example, both players are equally dependent on space and players are defined by rational-
actor theory. Red has an initial weapon and resilience advantage. In the cases where Blue has the 
advantage, this graph is generally flipped, although there is occasional deterrence or symmetric 
loss of space. 

 
Figure	20:	1:1	Dependency,	Prospect‐Theory,	Red	Weapons,	Red	Resilience	
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Mutual Weapons Allocation 

This set of cases is the most interesting from this dissertation, as we observe consistently 
nuanced results. 

Effects 

Figure	21:	3:1	Dependency,	Rational‐Actor,	Mutual	Weapons,	Red	Resilience	

 
 

 
Figure	22:	3:1	Dependency,	Prospect‐Theory,	Mutual	Weapons,	No	Resilience	

 
 



78 
 

Figure	23:	1:1	Dependency,	Prospect‐Theory,	Mutual	Weapons,	Blue	Resilience	

 
 
 

Boomerang Effects 

Figure	24:	1:1	Dependence,	Prospect‐Theory,	Mutual	Weapons,	No	Resilience	
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Figure	25:	3:1	Dependence,	Rational‐Actor,	Mutual	Weapons,	Blue	Resilience	

 
Figure	26:	1:1	Dependency,	Rational‐Actor,	Mutual	Weapons,	Blue	Resilience	
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Figure	27:	1:1	Dependency,	Prospect‐Theory,	Mutual	Weapons,	Red	Resilience	

 
Figure	28:	3:1	Dependency,	Rational‐Actor,	Mutual	Weapons,	No	Resilience	
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Figure	29:	1:1	Dependency,	Rational‐Actor,	Mutual	Weapons,	No	Resilience	

 
Figure	30:	3:1	Dependency,	Rational‐Actor,	Mutual	Weapons,	Red	Resilience	
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