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ABSTRACT 
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and adaptive outcomes in defense organizations. None of these perspectives alone 
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vehicles (UAVs) in the U.S. military from 1991 to 2015. Two questions motivated this 

research: Why, despite abundant material resources, mature technology, and operational 

need, are the most-capable UAVs not in the inventory across the services? What accounts 

for variations and patterns in UAV innovation adoption? The study selected ten UAV 

program episodes from the Air Force and Navy, categorized as high-, medium-, and 

low-end cases, for within-case and cross-case analysis. Primary and secondary sources, 

plus interviews, enabled process tracing across episodes. The results showed a pattern of 

adoption or rejection based on a logic-of-utility effectiveness and consistent resource 

availability: a military problem to solve, and a capability gap in threats or tasks and 

consistent monetary capacity; furthermore, ideational factors strengthened or weakened 

adoption. In conclusion, the study undermines single-perspective arguments as sole 

determinants of innovation, reveals that military culture is not monolithic in determining 

outcomes, and demonstrates that civil-military relationships no longer operate where 

civilian leaders hold inordinate sway over military institutions. 
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I. INTRODUCTION 

We’ve seen in the world in the last fifty  years or so what many consider to 
be an unprecedented rate of technological change, a process that seems to 
be speeding up. The impact of this process of change may prove to be 
profound, no more so than in the military sphere. War, after all, is often 
assumed to be a particularly technological human enterprise. 

—Chris Tuck1 

A. PUZZLE AND RESEARCH  QUESTION 

This dissertation seeks to understand a military-technological puzzle that is 

focused, perplexing, and timely. It is focused tightly on the technological subject of 

unmanned aerial vehicles (UAVs) within the United States military. It is perplexing, in that 

not only do the Air  Force, Navy, and Army pursue UAVs in competition with one another, 

they also exhibit a wide variance of adoption outcomes and there is no single explanation 

for why military organizations adopt or resist certain types of UAVs. It is timely because 

the services are all under pressure to achieve more automation to reduce risk to American 

servicemembers and to exploit technology.2 Although this puzzle is almost as old as 

military aviation itself, it has become most relevant within the past 25 years. Despite 

decades of investment and progress toward achieving effective pilotless combat air 

vehicles that can credibly and safely replace manned aircraft in combat, the U.S. military 

has not adopted the most capable UAVs.  

With difficulties budding from the Global War on Terror, exasperated senior 

civilians fired Air  Force leaders in 2008, causing a change in UAV adoption. Spurred to 

action, the Air  Force and the United States military expanded the UAV fleet; however, the 

services adopted mostly simple UAV platforms. The prevailing theories of military 

innovation and organizational studies cannot explain this outcome, given that America had 

 
1 Chris Tuck, “Technology, Uncertainty, and Future War,” Defence-in-Depth, last modified March 11, 

2019, https://defenceindepth.co/2019/03/11/technology-uncertainty-and-future-war/. 
2 In her exploration on the formation of nuclear employment planning, Lynn Eden inspired this 

opening format in her book, World on Fire. Lynn Eden, Whole World on Fire: Organizations, Knowledge, 
and Nuclear Weapons Devastation (Ithaca, NY: Cornell University Press, 2004). 
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strategic interests in furthering its self-described revolution in military affairs with a goal 

of countering rising and anticipated future near-peer/peer competitors. Nevertheless, a 

pattern of UAV adoption emerges and invites inquiry. The services adopted a fleet of 

lower-end and comparatively cheap UAVs that primarily operate in uncontested airspace, 

such as the MQ-1 Predator, RQ-2 Pioneer, and RQ-7 Shadow. A modicum of other 

medium-range capabilities on a few platforms also dot the U.S. military landscape, such as 

the RQ-4 Global Hawk/Triton and MQ-9 Reaper. The services rejected systems such as 

the X-45, the X-47 and its follow on, and the RQ-3 Dark Star, leaving behind these more 

capable UAVs. Only a very few, high-end and secretive platforms are known to exist, such 

as the RQ-170 Sentinel. This turn of events raises obvious questions: Why, despite 

abundant material resources, mature technology, and operational need, are the most 

capable UAVs not in the inventory across the services? Put more succinctly, what accounts 

for UAV innovation adoption variation and patterns? 

B. THE PROBLEM’S EVOLUTION,  FRAME, AND SIGNIFICANCE  

The American quest for military pilotless aircraft started shortly after the Wright 

Brothers achieved manned flight. That quest runs long through the past century with the 

employment of UAVs playing a minor role in every major war since World War I. 

Following World War II, U.S. Army Air  Forces General Henry H. Arnold envisioned 

UAVs as a natural progression of the Air  Force. On Victory Day over Japan, the General 

challenged the organization, saying, “The next war may be fought by airplanes with no 

men in them at all . . . Take everything you’ve learned about aviation in war, throw it out 

the window, and let’s go to work on tomorrow’s aviation.”3 Yet, for seventy years, the 

United States only experienced small incremental cycles of UAV development, without 

fully  committing to unmanned platforms. 

Part of the problem is that technology limited the extent of how far UAV 

development could go until the Information Revolution emerged in the 1980s. The U.S. 

Army and Navy both experimented with remotely piloted, radio-controlled aircraft as early 

 
3 Chief of Staff of the Air Force, Global Vigilance, Global Reach, Global Power for America 

(Washington, DC: Department of the Air Force, 2012), 2. 
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as the 1920s. Advances in technology enabled more autonomous, pre-planned routes for 

UAV intelligence and surveillance gathering during the Vietnam conflict, and by the early 

1980s, loitering UAVs with sensor packages and integrated offense weapons emerged 

thanks to Israel’s efforts. Since the end of the Cold War, UAV technology has matured, 

resulting in a slate of sophisticated, stealthy, and capable UAV technology demonstrators 

for employment in contested airspace. The technology enabling UAV development 

included computing power for autonomous operations, sensor packaging for sensing the 

battlefield, ever-shrinking hardware which reduced weight, digital communications for 

command and control over global dimensions, and airframe design and materials to 

facilitate cost reductions. 

In addition to UAV technological advances following the Cold War, significant 

challenges to U.S. airpower materialized as a response to America’s overwhelming success 

during Operation Desert Storm. Competitors’ initiatives sought to limit  U.S. power 

projection capabilities with Anti–Access/Area Denial systems in order to hinder the United 

States’ ability to bring military airpower effects to bear. Since 1991, U.S. airpower enabled 

military success with reasonably low casualties and political risk when executing 

retaliatory strikes, enforcing no fly -zones, or dislodging relatively weak but militarily  

capable dictators in places such as Afghanistan, Serbia and Libya. At the same time, 

emerging Great Power competitors did not rest in seeking to offset U.S. airpower 

advantages. In fact, by the fall of 2014, Russia’s Kaliningrad Oblast on the North Atlantic 

Treaty Organization’s northeast flank seemed near impenetrable by any military 

combination of U.S. air, land, and sea assets; at least not without incurring extreme risk to 

forces at severe political costs.4 A trifecta of Russian coastal defense cruise missiles, 

surface-to-surface missiles, and surface-to-air missiles systems—not to mention the other 

conventional platforms of troops, ships, submarines, and aircraft—made gaining and 

maintaining air superiority over northeastern Europe a practical, if  not strategic, 

 
4 Following Russia’s hostile annexation of Crimea in 2014, U.S. European Command and its 

subordinate service commands, to include U.S. Air  Forces Europe, conducted large scale command post 
wargames focused on defense of NATO problem set such as Exercise AUSTERE CHALLENGE 2015 and 
USAF Blue Flag.  
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improbability within acceptable risk.5 The same can be said for the air and sea defense 

umbrella China has erected on its eastern coast and in the South China Sea. United States 

officials were aware of these developments and had an opportunity to innovate accordingly, 

especially considering the enormous defense spending outlays that followed in the wake of 

the September 11, 2001, terror attacks against the World Trade Center and the Pentagon. 

The conditions and variables that shape organizational change and the adoption of 

technology in military services demands further explanation. Thus, the research is 

concerned with the institutional and organization barriers to constructive military UAV 

innovation and integration into the U.S. military. The research is motived by an interest in 

discovering the hurdles that must be overcome to foster major technological innovations, 

especially when they involve organizationally threatening technologies. The research also 

addresses the variance among U.S. military services in adopting UAVs, given the near 

identical strategic contexts and the technology available across these services. The research 

question is part of a broader puzzle of interest to the military security community: Why is 

adoption of major technology so hard in the military, given so much is on the line for state 

security?6 

Theoretical explanations originating from rational, institutional, cultural, and 

sociological perspectives do not provide fully  convincing answers to the questions posed 

here. First, rational-based theories of military innovation suggest that nations and militaries 

react to threats that limit or impede their ability to meet national security objectives; 

civilian leaders, then, guide doctrinal choices and direct the means to overcome those 

 
5 David A. Schlapak and Michael Johnson, Reinforcing Deterrence on NATO’s Eastern Flank: 

Wargaming the Defense of the Baltics, RR1253, (Santa Monica, CA: RAND, 2016), 
https://www.rand.org/pubs/research_reports/RR1253.html; Michael Kofman, “Fixing NATO Deterrence in 
the East or: How I Learned to Stop Worrying and Love NATO’s Crushing Defeat by Russia,” War on the 
Rocks, May 12, 2016, https://warontherocks.com/2016/05/fixing-nato-deterrence-in-the-east-or-how-i-
learned-to-stop-worrying-and-love-natos-crushing-defeat-by-russia/. 

6 Thanks to Dr. Peter Denning, Naval Postgraduate School, for his insight towards this question. 
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challenges.7 As a result of the threat signals and anticipated political-military competition 

from China, North Korea, Iran, and Russia,8 America should have adopted weapons that 

could preserve offensive military options within acceptable risk and cost; advanced UAVs 

could have done much to that end. Second, institutional-based theories suggest the politics 

of bureaucratic competition significantly limits the resources needed to innovate.9 While 

true, the U.S. military had abundant resources, money, and support since at least 2001, 

which could have been used to bring the UAV evolution sooner—at least as envisioned by 

early Air  Force leaders and the proponents of the so-called Revolution of Military Affairs. 

Instead, investments prioritized the incremental advancement of existing technology and 

weapon systems, which, interestingly resulted in civilian criticism of the Air  Force for 

dallying.10  

 
7 Barry S. Posen, The Sources of Military  Doctrine:  France, Britain, and Germany Between the World 

Wars (Ithaca, NY: Cornell University Press, 1984). Posen is the seminal text on this perspective. Related 
international relations proponents of this view include Kenneth N. Waltz, Theory of International Politics 
(Long Grove, IL:  Waveland Press, 1979); John J. Mearsheimer, The Tragedy of Great Power Politics (New 
York, NY: W. W. Norton & Co., 2001).  

8 For early balance-of-threat concepts see Stephen M. Walt, The Origins of Alliances (Ithaca, NY: 
Cornell University Press, 1987); Richard Betts, “Analysis, War, and Decision: Why Intelligence Failures 
Are Inevitable,” World Politics 31, no. 1 (October 1978); Keren Yarhi-Milo, “ In the Eye of the Beholder: 
How Leaders and Intelligence Communities Assess the Intentions of Adversaries,” International Security 
38, no. 1 (Summer 2013); Randall L. Schweller, “Bandwagoning for Profit: Bringing the Revisionist State 
Back In,” International Security 19, no. 1 (Summer 1994). Schweller applied balance-of-threats from an 
alliance formation perspective, but the concept is applicable as well to individual states as they assess their 
security position in the world. 

9 Rosen, Avant, and Zisk are the leading scholar of this view within military innovation literature. 
Kimberly Zisk, Engaging the Enemy: Organizational Theory and Soviet Military  Innovation, 1955–1991. 
(Princeton, NJ: Princeton University Press, 1993); Stephen P. Rosen, Winning the Next War (Ithaca, NY: 
Cornell University Press, 1991); Deborah Avant, Political Institutions and Military  Change (Ithaca, NY: 
Cornell University Press, 1994). Additionally, Michael Horowitz argued for an adoption-capacity theory 
focused on state resources. Michael C. Horowitz, The Diffusion of Military  Power: Causes and 
Consequences for International Politics (Princeton, NJ: Princeton University Press, 2010). 

10 While nuclear enterprise failures were the top issues cited in the firing of then Secretary of the Air  
Force and Chief of Staff of the Air  Force, frustration with the direction of weapons procurement related to 
UAVs and 5th-generation fighters were additional, compounding reasons. Tom Shanker, “2 Leaders Ousted 
from Air  Force in Atomic Errors,” New York Times, June 6, 2008, https://www.nytimes.com/2008/06/06/ 
washington/06military.html; “Air  Force Must Do More for War, Gates Says,” NBC News, April 21, 2008, 
http://www.nbcnews.com/id/24238978/ns/world_news-mideast_n_africa/t/air-force-must-do-more-war-
gates-says/#.XGWigS3MzOR; Retired Air  Force Lt. General David Deptula wrote an article a decade later 
chastising the Secretary of Defense’s stance on weapons procurement in the late 2000s. Dave Deptula, 
“Building the Air  Force We Need to Meet Chinese and Russian Threats,” Forbes, February 11, 2019, 
https://www.forbes.com/sites/davedeptula/2019/02/11/building-the-air-force-we-need/#79e087b2b97c. 
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Culturally framed theories of organizational innovation suggest that outcomes for 

successful transformation depends upon particular strategic and organizational attributes 

of bureaucratic culture.11 The Air  Force has a history of both prompt innovation and 

evolutionary progress,12 but the organization’s approach with regard to UAVs drew out 

developmental timelines to the point of practically rejecting change. Subsequently, more 

culturally conservative and inflexible military organizations such as the U.S. Navy and 

Army captured a part of the UAV mission space,13 making their own significant progress 

in fielding and operating UAVs within the Air  Force’s traditional warfighting domain. 

Organizational culture-based explanations cannot fully  account for this history. Many 

scholars of military institutions and the Air  Force would likely point to a heavily 

entrenched pilot culture as the explanation for why the Air  Force was slow to adopt 

UAVs14; however, because this argument is overly simplistic, we need to approach the 

issue with more nuance. Previous doctoral research in the early 2000s on Air  Force 

adoption of UAVs, for instance, indicated that variables such as organizational orientation, 

inter-service relations, and a lack of centralized oversight by Congress or the U.S. 

 
11 For strategic culture arguments related to innovation, see Dima Adamsky, The Culture of Military  

Innovation: The Impact of Cultural Factors on the Revolution in Military  Affairs in Russia, the U.S., and 
Israel (Stanford, CA: Stanford UP, 2010). Organizational culture advocates include Elizabeth Kier, 
“Culture and Military  Doctrine: France between the Wars,” International Security, 19:4 (Spring 1995), 65–
93; Theo Farrell and Terry Terriff, The Sources of Military  Change: Culture, Politics, Technology 
(Boulder, CO: Lynne Rienner, 2002); Terry Terriff, “‘ Innovate or Die’ : Organizational Culture and the 
Origins of Maneuver Warfare in the United States Marine Corps,” Journal of Strategic Studies 29, no. 3, 
475–503, https://www.doi.org/10.1080/0142390600765892. 

12 Success is seen in traditional missions of air superiority, which includes suppression of enemy air 
defenses, and strategic bombing; success is also seen in evolving cutting-edge technology such as engine 
design, stealth, and precision strike. Chief of Staff of the Air Force, Global Vigilance. A 2016 RAND study 
suggests the Air  Force was highly successful in operational mission innovation for peacetime strategic 
reconnaissance, strategic deterrent survival, and precision weapons. Adam R. Grissom, Caitlin Lee, and 
Karl P. Mueller, Innovation in the United States Air Force: Evidence from Six Cases (Santa Monica, CA: 
RAND Corporation, 2016), 87. 

13 S. Rebecca Zimmerman et al., Movement and Maneuver: Culture and the Competition for Influence 
Among the U.S. Military  Services (Santa Monica, CA: RAND Corporation, 2019); Carl H. Builder, The 
Masks of War: American Military  Styles in Strategy and Analysis (Baltimore, MD: The Johns Hopkins 
University Press, 1989).  

14 This is the view of Carl Builder’s seminal study of U.S. cultures in the 3 main military departments. 
He suggests pilot culture was the cause of an initial lack of interest in the development of intercontinental 
ballistic missiles in the 1950s despite the mounting and obvious threat from the USSR. Bottom line, pilots 
are only interested in flying, and will protect the institution to ensure pilots will fly. Builder, The Masks of 
War, 39–43. 
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Department of Defense (DOD) were as causally strong as institutional preferences in 

determining UAV outcomes within the Air  Force.15 Additionally, pilots themselves were 

the original catalyst behind developing unmanned aircraft development, raising questions 

about whether the type of pilot matters, if  the person’s position within the organization is 

significant, or if  there is something about the type of technology and its relation to the 

organization that determines innovation and adoption outcomes.16  

Finally, sociological explanations of human behavior as a function of long-term 

sociocultural development would suggest that the human-social foundations of war are 

built from an identity engendered over the course of human history, leading to a natural 

proclivity to prevent the dehumanization of war and keep humans at the center of 

conflict.17 The argument suggests that efforts to separate humans, and particularly men, 

from the tools of war would be unnatural, and so would meet resistance; war, after all, is a 

human affair. A problem with the sociological view is that while war itself is human, so is 

the development of weapons.18 It is correct to see weapons as symbolic and imbued with 

cultural significance, something cultural commentators have observed about man for eons: 

The Devil, speaking in George Bernard Shaw’s 1902 dramatic play Man and Superman, 

reflects “There is nothing in Man’s industrial machinery but his greed and sloth: his heart 

is in his weapons.”19 It is equally reasonable to view weapons as holding a modestly 

functional capability bent on the destruction of others with the least amount of harm to 

one’s self and resources. If  the function of a weapon is more important to the human 

 
15 Jon Jason Rosenwasser, “Governance Structure and Weapons Innovation: The Case of Unmanned 

Aerial Vehicles” (PhD diss., Tufts University, 2004), https://search.proquest.com/openview/ 
53cafb86ced6dc09a781f66ad7bab828/1/advanced.  

16 Paul Scharre, Army of None (New York: W. W. Norton & Co., 2018), 60–61. Scharre observes that 
there is “ intense cultural resistance within the U.S. military to handing over combat jobs to uninhabited 
systems,” which cuts across services, not just the Air  Force. 

17 For more on the sociological/sociocultural view and history of war: Robert L. O’Connell, Ride of 
the Second Horseman: The Birth and Death of War (New York, NY: Oxford University Press, 1995); 
Robert L. O’Connell, Of Arms and Men: A History of War, Weapons, and Aggression (New York, NY: 
Oxford University Press, 1989); Daniel Pick, War Machine: The Rationalization of Slaughter in the 
Modern Age (New Haven, CT: Yale University Press, 1993). 

18 O’Connell, Of Arms and Men, 21–22. 
19 George Bernard Shaw, Act III, Man and Superman, http://www.gutenberg.org/files/3328/3328-

h/3328-h.htm.  
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phenomenon of war than the identity derived from war’s conduct,20 there is not much need 

to assume weapons are rooted in male human identity bent toward conflict. Weapons are 

after all “designed to achieve a purpose,”21 not just convey an identity. At the same time, 

the nature of man compels the design towards the effectiveness of weapons. 

In sum, the standard explanations behind the U.S. military’s difficulty  in adopting 

UAVs, along with the broader outcome of UAV development in the Defense Department, 

defy standard and conventional expectations, especially given the favorable circumstances 

in the post-Cold War period. Equally puzzling is why the non-Air  Force branches of the 

U.S. military reenergized their efforts in the race to develop UAVs—with varying degrees 

of success—resulting in a decentralization of UAV development among all the services, a 

phenomenon largely unseen in the development of other weapons systems.  

Besides the link to state survival and the theoretical complications exposed by the 

case,22 the research question is also valuable from historical and policy-making 

perspectives. The history of UAV development and its adoption into the U.S. military is 

still unfolding. Most UAV innovations have occurred within only the past years, and 

innovations have not yet received much attention from military historians. Policy wise, 

UAVs have an important national security role to play on the international stage. At a 

minimum, UAVs alter the airpower equation by decreasing the barriers to entry when it 

comes to fielding an air force. The strategic landscape might in fact be changing from a 

situation in which only a few can produce fifth-generation aircraft and associated systems, 

to an environment where there are many states (and non-state actors for that matter) that 

can use drones to field similar capabilities. Ultimately, the asymmetric air superiority the 

United States enjoyed might be a diminishing asset requiring a policy shift in aircraft 

 
20 O’Connell, Of Arms and Men, 14–15. 
21 O’Connell, 5. 
22 Military  innovation studies scholar Deborah Avant summarized this relationship, asserting that 

“even powerful states can face disaster if  their military organizations do not respond appropriately to the 
challenges required by the country’s security strategy.” Avant, Political Institutions and Military  Change, 
4. 
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production away from quality to quantity, a renewed focus on countering air defenses, and 

a significant rethinking of U.S. global strategy.23 

The United States needs to do better as it transforms and transitions from industrial- 

to information-age warfare capabilities and practices. With the rise once again of great 

power competition, and as technology proliferates and empowers smaller actors, UAVs 

and the greater robotics/artificial intelligence revolution will shape the future of warfare. 

This research also addresses military organizational learning, national and institutional 

policy making, as well as an opportunity to challenge a few deeply held assumptions in the 

broader military innovation studies field surrounding the role of doctrine and the use of 

ground-centric services as a typology to draw generalizations about the phenomena of 

military innovation.  

C. DEFINING  INNOVATION AND UNMANNED AIRCRAFT  

Military  innovation is not defined by every new idea, incremental technology, or 

minor change in tactics. Succinctly defined, military innovation is “a change in operational 

praxis that produces a significant increase in military effectiveness.” 24 Innovation indicates 

changes that: 1) affect how “military formations functioned in the field;” 2) affect military 

organizations in an unambiguous and significant way; and, 3) result in “greater military 

effectiveness.” 25 Closely related to innovation is the concept of adaptation. Often used in 

conjunction with the term innovation, a formal definition of adaptation did not arise in the 

literature, though adaptation often came to describe reactive modifications and learning 

 
23 The discussion and ideas about policy in this paragraph comes from Horowitz, The Diffusion of 

Military  Power, 221–222. 
24 Grissom, Lee, and Mueller, Innovation in the United States Air Force, 1. 
25 Adam R. Grissom, “The Future of Military  Innovation Studies,” The Journal of Strategic Studies 

29, no. 5 (October 2005): 907, https://doi.org/10.1080/01402390600901067. 
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behaviors—an “ iterative process”—within an “adapt-react” cycle of conflict and field 

operations.26 

Military  change matters most to the state and organization when such change is 

significant and meaningful, and thus, Rosen introduced the concept of “major” military 

innovation. Rosen’s definition focused on a “change in one of the primary combat arms of 

a service in the way it fights or alternatively, the creation of a new combat arm.” 27 He 

differentiates this from incremental tactical weapon evolution; instead, a major innovation 

involves new interactions and processes to other combat arms and downgrading or 

rejecting former concepts of operations.28 Horowitz defined major military innovation as 

“major changes in the conduct of warfare” that are designed to more efficiently turn 

capabilities into military power.29 Horowitz looks beyond only technological change and 

broadens his focus to all forms of change, indicating that innovation might now always be 

defined by a preceding change in technology. Taking a slightly different angle on 

innovation, Pierce categorizes innovations as either sustaining or disruptive, and he defines 

disruptive innovation as “an improved performance along a war fighting trajectory that 

traditionally has not been valued.”30 Whether categorized as sustaining, disruptive, 

organizationally threatening, or major, UAVs and the greater robotics development, are 

changing the conduct of warfare among states, and UAVs have the potential to alter how 

military organizations gain efficiencies in the pursuit of military effectiveness and 

relevancy on today’s battlefield—if  only services embrace that change. 

 
26 James A. Russell, Innovation, Transformation, and War: Counterinsurgency Operations in Anbar 

and Ninewa Provinces, Iraq, 2005–2007 (Stanford, CA: Stanford University Press, 2011), 95. Russell 
describes these “adapt-react” cycles in lecture at the Naval Postgraduate School. A classic example such 
adaptation occurred during Operation Cobra in World War II,  when a U.S. Army sergeant invented a way 
to enable tanks to cut through hedgerows in Normandy by welding metal prongs, or teeth, onto the front of 
the tank chassis. This enabled the tanks to move through the hedgerows without exposing vulnerable areas 
to Germany fires. 

27 Rosen, Winning the Next War, 7. 
28 Rosen, 7–8. 
29 Horowitz, The Diffusion of Military  Power, 22–23. 
30 Terry Pierce, Warfighting and Disruptive Technologies: Disguising Innovation (London: Frank 

Cass, 2004), 1. 
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Therefore, definitions drawn from theories of military innovation and 

organizational behavior inspire the concept of innovation used in this paper. Innovation is 

defined here as the adoption of new “organizational capacities” that results in transformed 

operational practices and effectiveness.31 Prior to the point of adoption, emerging 

technologies or ideas are simply inventions; it is only when a community deeply adopts the 

invention that innovation occurs.32 Additionally, by adding the modifier of major 

technology developments, this qualitative categorization allows us to sift technological 

developments into those of significant, even disruptive, change and those that are merely 

evolutionary improvements that do not result in major modifications in practice and 

organization. Overall, the increasing use of robotic aerial vehicles by military organizations 

has slowly moved these organizations closer to undertaking a major innovation by adopting 

high-capacity autonomous drones. 

This study is concerned with unmanned aircraft adoption as part of the great 

robotics revolution, but what constitutes an unmanned aircraft has not always been clear. 

How does one distinguish an unmanned aircraft from other uninhabited flying machines? 

That task that has evolved as conceptual lines shifted among uninhabited aircraft, 

munitions, balloons, and missiles—all entities which the Defense Department now or in 

the recent past used to describe unmanned vehicles. The terms referring to uninhabited 

vehicles also changed over time and by service, to include unmanned aerial vehicles, 

unmanned aircraft systems, small unmanned aircraft systems, and remotely piloted aircraft, 

with the latest rendition simply being unmanned aircraft. As of June 2019, the DOD 

defined unmanned aircraft as “an aircraft that does not carry a human operator and is 

capable of flight with or without human control.”33 Some might argue that a cruise missile, 

 
31 Adam Grissom and Peter Denning both emphasize that innovation is contingent upon “adoption” 

and a change in practice. James Russell further stresses that it is new “organizational capacities” which 
characterize innovation. Grissom requires a change in not just practice (as Denning emphasizes), but also 
“military effectiveness.” Peter J. Denning and Robert Dunham, The Innovator’s Way: Essential Practices 
for Successful Innovation (Cambridge, MA:  The MIT Press, 2010), 5–8; Grissom, Lee, and Mueller, 
Innovation in the United States Air Force, 3; Russell, Innovation, Transformation, and War, 29. 

32 Denning and Dunham, The Innovator’s Way, 8. 
33 Office of the Chairman of the Joint Chiefs of Staff, DOD Dictionary of Military  and Associated 

Terms (Washington, DC: Joint Staff, June 2019), 230. 
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hypersonic missile, nuclear warhead, or even a modern artillery round fits this description. 

The official dictionary of the Defense Department fails to provide clarity on this point as 

it simply defines a guided missile as “as unmanned vehicle moving above the surface of 

the Earth whose trajectory and flight path is capable of being altered by an external or 

internal mechanism.” 34 For simplicity and clarity with on-going definitions in this study, I 

defer to the listing of what the Defense Department and the services classified as unmanned 

aircraft in its own historically published works, and I avoid lumping in munitions and 

missiles to the unmanned aircraft category.35 If  there are any discrepancies in what is an 

unmanned aircraft, I defer to the higher authority organization at the time. 

D. ARGUMENT  AND HYPOTHESES 

Two key variables relate to one another and form the basis of the research. The 

independent variable of the study is a major military invention, defined as those inventions 

that have moved from discovery and design to an advanced concept technology 

demonstrator—a critical precursor to an innovation.36 The dependent variable is the 

adoption of technology-based inventions that overcomes the “major” threshold by either: 

a) radically replacing existing weapon systems that form the basis of combat arms 

branches, or b) inspires the creation of a new branch of combat arms. There are inventions 

that do not go on to become innovation as well as those that do. Nevertheless, the dependent 

 
34 Office of the Chairman of the Joint Chiefs of Staff, 98. 
35 U.S. Department of Defense and the services started releasing unmanned system roadmaps in 2001. 

Office of the Secretary of Defense, Unmanned Aerial Vehicle Roadmap, 2000–2025 (Washington, DC:  
Department of Defense, April 2001); Office of the Secretary of Defense, Unmanned Aircraft Systems, 
2005–2030 (Washington, DC: Department of Defense, August 2005); Office of the Secretary of Defense, 
FY2009–2034 Unmanned Systems Integrated Roadmap (Washington, DC: Department of Defense, Spring 
2009); Office of the Secretary of Defense, Unmanned Systems Integration Roadmap, 2011–2036 
(Washington, DC: Department of Defense, 2011); Office of the Secretary of Defense, Unmanned Systems 
Integration Roadmap, 2017–2042 (Washington, DC: The Department of Defense, 2017); U.S. Army UAS 
Center of Excellence, “ Eyes of the Army,” U.S. Army Unmanned Aircraft Systems Roadmap 2010–2035 (Ft 
Rucker, AL: U.S. Army Training and Doctrine Command, 2010); Office of the Secretary of the Air Force, 
United States Air Force Unmanned Aircraft Systems Flight Plan, 2009–2047 (Washington, DC: 
Department of the U.S. Air Force, 18 May 2009); Office of the Secretary of the Air Force, United States 
Air Force RPA Vector, Vision and Enabling Concepts 2013–2038 (Washington, DC: Department of the 
U.S. Air Force, February 17, 2014). 

36 Cesaer Marchetti, “Society as a Learning System: Discovery, Invention, and Innovation Cycles 
Revisited,” Technological Forecasting and Social Change 18, no. 4 (1980): 272, https://doi.org/10.1016/ 
0040–1625(80)90090-6. 
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variable is not an either-or outcome when one looks closely at UAV episodes. Instead, the 

dependent variable has outcomes including the options of not adopt, adopt weakly, and 

adopt strongly. An episode that ends with “not adopt” represents those programs that were 

abandoned. The “adopt weakly” outcomes represent those episodes in which the service 

employed the new technology—with or without some organizational change—but did not 

replace the core mission set and identity associated with the service. One non-UAV 

example of this is the Air  Force’s adoption of intercontinental ballistic missiles. An “adopt 

strongly” outcome categorizes those episodes where a service fully  embraces a major 

innovation by adopting the new technology into a core warfighter branch, drastically 

altering manpower or organizational constructs, and often includes shedding older 

technologies or identities at the same time. This definition supports James Q. Wilson’s 

assertion that “ real innovations are those that alter core tasks,” usually requiring major 

costs to the institution to adopt the innovation.37 Prominent examples of this include the 

Navy’s adoption of the aircraft carrier and Army’s adoption of the tank.  

The mechanisms that cause the independent variable to develop into UAV adoption 

(an innovation) are the focus of the inquiry. The initial application of the four main 

perspectives—rational, institutional, cultural, and sociological—all appeared insufficient 

to explain the service’s UAV adoption outcomes. A more methodical approach is needed. 

By applying a rigorous testing of the hypotheses against key cases, I expect to reveal each 

theory’s value against real-world cases of innovation and discover whether the theorized 

factors are necessary or sufficient to lead to particular outcomes. Several main theoretical 

causal factors emerged from the military innovation literature review, covered in Chapter 

II. This section introduces the main causal factors drawn from military innovation 

perspectives and proposes four overarching hypotheses to represent those perspectives. 

Reference Table 1 for the causal factors by perspective. Recognizing the danger and 

potential error in summarizing a certain perspective into a single hypothesis, I privilege the 

latest arguments while remaining critical that the latest arguments are not always satisfying 

empirically or logically. Absent more quantitative data measuring, the degree of how much 

 
37 James Q. Wilson, Bureaucracy: What Government Agencies Do and Why They Do It (New York: 

Basic Books, 1989), 225. 



14 

an element is present and how much it affects the case is imperfect. Furthermore, this 

approach maintains a wide range of alternative causal factors (hypotheses from other 

studies), in order not overly bias major views over minor ones and to maximize validity in 

this complex case.38 

Table 1. Factors of Innovation Perspectives 

Perspective Factors Impacting the Perspective 
Rationalism 
(Includes        
Civil-Mil  
Relations) 

1) Assessed adversary threat by state 
2) Assessed adversary threat vs friendly capabilities 
3) Level of state civilian input/direction on innovation adoption to service 
4) Degree of civilian control/intervention on service promotion mechanisms 
5) Degree and speed of underlying science & technology maturation 

Institutionalism  6) Congressional mandates, laws, inquiries 
7) Human resource redirection (including promotion policies) 
8) Evidence of learning traps such as methodism and groupthink  
9) Degree of service doctrine match to national strategies and policy 
10) Degree of discussion/debate across service about specific innovation 
11) Degree of principal-agent consensus; civilian incentive for new ideas 
12) Perception of domestic (inter-service) vs international threats 

Cultural  
(Org Behavior) 

13) Presence/strength of organizational learning ethos 
14) Focus of service-level learning efforts 
15) Impact of policy preference as function of service culture 

Sociological 16) Assessed degree of social identity derived from victory in conflict 
17) Strength of the view of gender in relation to war and social norms/values 
18) Degree of sociocultural association of the preferred weapon(s)  

 

The first three proposed hypotheses draw from the military innovation literature 

while the fourth hypothesis springs from sociological perspectives. The first hypothesis, 

derived from the rational perspective, is that to accept high-end innovations that alter a 

service’s historical solutions to critical mission area problems, an external threat must exist 

and be beyond current organizational capacities to solve. The hypothesis keeps the focus 

on utility  that comes from bounded rationality based on information feedback loops. 

Applying the hypothesis to the UAV problem set, the hypothesis could be restated: none 

of the services from 1991–2015 held such a perception; therefore, they all resisted, rejected, 

 
38 Alexander George and Andrew Bennett, Case Studies and Theory Development in the Social 

Sciences (Cambridge, MA:  MIT Press, 2004), 80. 
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or abandoned high-end UAVs. The next hypothesis stems from the institutional 

perspective, which states that without synergistic support from a service, Congress, the 

Secretary of Defense, and the primary defense industry companies, a service will not 

procure a high-end innovative weapon system. The institutional hypothesis, when overlaid 

with the research question, becomes very specific: none of the military institutions from 

1991–2015 experienced sustained and simultaneous support from congress, the defense 

secretary’s office, and corporate industry for high-end UAVs as a core requirement in force 

planning, resulting in no favorable adoption outcomes. The third hypothesis proposes that 

a service’s prevailing organizational preferences, which stem from the dominant culture, 

determines adoption outcomes. Reworded specifically for the UAV research question, the 

hypothesis states that none of the service’s preferences supported adoption of high-end 

UAVs. The fourth hypothesis comes from the sociological perspective. From this lens, I 

propose that each of the service’s dominant warrior cultures derived its identity and 

meaning from a uniquely desired level of direct human combat through a weapons system 

of choice; therefore, the services resisted innovations to the degree that the innovations 

altered the corresponding social perception of conflict. 

Finally, the innovation phenomenon does not occur in a vacuum; there are several 

factors that are important to note which help clarify the scope conditions surrounding 

innovation. Contextual factors affect the initial conditions of the independent variable and 

must be considered when drawing comparisons and conclusions. Those factors include 

national and military service budgets, existing international treaties, broad national 

government policies, grand strategies such as the national security strategy, and the context 

of war and peace. Figure 1 shows the relationship of the variables, the context, and the 

hypothetical pathways leading to or impacting the dependent variable. 
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Figure 1. Relationship of Variables and Hypotheses 

E. APPROACH OF THE STUDY 

1. Case Types: High-, Medium-, and Low-End UAVs 

Returning to the research question’s focus on innovation outcomes associated with 

UAV types, there are three main sets of UAVs in which to test the hypotheses: high-end, 

medium-range, and low-end UAVs. The attributes that distinguish one category from 

another include the vehicle’s level of autonomy, aircraft performance characteristics, 

intended mission, technological sophistication, and payload. This list synthesizes and 

distills attributes as described over time by the major military documents and roadmaps 

associated with UAV development.39 Automation refers to the degree of automation based 

on the Sheridan scale of autonomy and the autonomous control level scale—both used as 

common standards across industry and the DOD—as well as overall computing power.40 

 
39 See footnote 33. 
40 The autonomous control level moves from level 1 as “remotely guided” to level 5 as “group 

coordinated” and a level 6 of “group tactical replan.” Level 10 is fully autonomous swarms. Of note, almost 
all the UAVs fell at or below the autonomous control level of 3 and only the UCAV (X-45/X-47) had a 
goal of level 6. See Office of the Secretary of Defense, Unmanned Aerial Vehicle Roadmap, 2000–2025. 
The Sheridan Autonomy Scale is bounded by level 1 where the computer offers no assistance, a level 5 is 
the computer executes if the human approves, and level 10 the computer decides everything, ignoring the 
human. Andrew Renault, “A Model for Assessing UAV System Architectures,” Procedia Computer 
Science 61 (2015), https://www.doi.org/10.1016/jprocs.2015.09.180. 
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The aircraft performance characteristics considered includes altitude, speed, and weight of 

the system—which the Defense Department uses to group all UAVs—and also factors in 

turn radius/G-force and range, as well as survivability in a non-permissive environment. 

The mission attribute considers the UAV’s intended purpose and the degree of risk those 

mission sets typically operate under. Technological sophistication factors in the degree that 

off-the-shelf technology was used in the airframe, materials, and design of the aircraft, to 

include stealth and communications. Finally, the payload attribute considers such elements 

as the sophistication of sensor packages, weapons, and electronic attack, or the combination 

of all three.  

This study anchors the UAV sets within U.S. military organizations—Air  Force, 

Navy, and Army—in order to systematically explore the variety of outcomes based on 

bounded organizational dynamics of each service. The Air  Force and Navy are the focus 

of the study; however, it is difficult to stovepipe each service, as if  it is separate from 

interservice considerations and influences—especially when some of the UAV episodes 

become joint ventures. Therefore, the Army will have highlights throughout but does not 

have a chapter dedicated its UAV episodes. This approach enables a more orderly narrative 

and a straight-forward exploration of how each UAV type fared within each service, giving 

us nine cases to explore. From the greater instance of automation and robotics invention, 

UAVs are one of only a few major subcategories that all three services share a common 

interest and employment in the same domain.41 By selecting three military organizations 

within the same country, the research holds constant the degree of technological knowledge 

and national strategic culture across the cases. This improves cross-case analysis and 

prevents having to account for these variables, which would be the case if  Israeli, Russian, 

or Japanese cases were considered.42 Since one of the major objectives of this research is 

heuristic exploration, it is both permissible and important  to consider a wide variety of 

 
41 For instance, the Navy uses underwater unmanned vehicles, but the Air  Force is not competing with 

the Navy to develop similar systems for use in the water. While the Air  Force might have a tangential 
interest in micro UAVs, it is the land forces such as the Army that have near exclusive use within the 
immediate operating areas of small units such as companies and platoons.  

42 Outside the United States, Israel and Japan have the most robust civil and military UAV industry, 
though there are dozens of countries, like Iran, that have active unmanned aerials system industries.  
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variables; furthermore, such research can remain strong without having to examine 

numerous cases or restrict the number of variables.43 That said, the case selections have 

recognized limitations, as none of these cases and services necessarily represents a tough 

test or most-likely case. 

Narrowing down from the greater population of unmanned aircraft of every 

conceivable size and design, I limit the UAV systems considered to those which show 

strong competition across the services. The first limitation is by group, focusing on UAVs 

that fall in Groups 3, 4, and 5 as defined by the DOD; vehicle weight, flight altitude, and 

speed are used to delineate the groups as shown in Figure 2.44 This is important to ensure 

comparisons across similar technologies available and to consider systems that challenge 

or replace existing manned system that enjoy their own combat arms branch today. Within 

the Navy, the focus is on the X-47, R/MQ-4, and UCLASS. For the Air  Force, important 

systems in this group include the RQ-3, X-45, MQ-1, MQ-9, and RQ-4. Other high-tech 

systems that would be of interest are the RQ-170 and RQ-180, but due to the classification 

of those systems, I anticipate challenges in accessing data for those systems. The cases are 

primarily focused on the warfighting services only, as the dependent variable hinges on 

adoption, not just experimentation or invention. I have excluded the U.S. Marine Corps, as 

most of its UAV program fall in the small- and micro-UAV Groups 1 and 2. The one 

Marine Corps program, an unmanned helicopter that falls within the larger Group 3, is 

replicated by both the Navy and the Army. As for technology demonstrators built by the 

Defense Advanced Research Project Agency, I only include those UAVs when the Agency 

was in a deliberate partnership with a service and became a critical part of program on the 

way to adoption. Again, any purely experimental and advanced concept demonstration 

programs, such as ultra-high altitude, solar powered UAVs are not considered. Clandestine 

and Homeland Security agencies are also excluded since they typically have small, niche 

programs, often rising from or reflecting major military innovation efforts.  

 
43 George and Bennett, Case Studies and Theory Development, 45. 
44 The groupings are defined by weight, max operating altitude, and speed. Group 3:  <1,320 lbs. / 

<18,000 ft mean sea level / <250 knots; Group 4: >1,320 lbs. / <18,000 ft mean sea level / any airspeed; 
Group 5: >1,320 lbs. / >18,000 ft mean sea level / any airspeed. U.S. Army UAS Center of Excellence, 
“ Eyes of the Army,” 12. 
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This study focuses Groups 3, 4, and 5. Representative UAVs for these groups are:  Group 
3: RQ-2; Group 4: MQ-8, MQ-1; Group 5: RQ-4, MQ-9, and X-45/X-47/UCLASS.  

Figure 2. Joint UAV Group Classifications45 

Table 2 shows the coding of each UAV attribute using an ordinal score of either 

high, medium, or low; a subjective average of the categories for each unmanned aircraft is 

provided at the right. Finally, the last column indicates the adoption outcomes of the UAVs, 

when applied, showing variation among the outcomes and military services. 

 
45 Source: Office of the Secretary of the Air Force, United States Air Force Unmanned Aircraft 

Systems Flight Plan, 2009–2047, 25.  
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Table 2. UAVs Coded by Overall Case Type and Adoption Outcome 

 
 

J-UCAS-N: Joint Unmanned Combat Air  System-Navy 

J-UCAS: Joint Unmanned Combat Air  System 

UCLASS: Unmanned Carrier-Launched Strike and Surveillance 

 

The bounded time period, 1991 to 2015, frames the cases in a way that provides 

several advantages. First, it affords a variety of strategic, contextual environments such as 

periods of relative peace (1991–1999), minor war (1999), major war (2001–2008) and 

perpetual conflict (2001–present). Second, the period is characterized by a significant 

growth in different types of UAV inventions and operational employment that outpaces 

previous eras; it is the height of significant invention for UAVs. Third, the period provides 

the opportunity to build upon previous dissertations and books, which mostly ended their 

studies in the early 2000s.46 A slight overlap with these previous works can help create a 

more coherent story and understanding across the genre. I end with 2015 to provide a recent 

point of data and analysis in order to avoid speculating about evolving data sets and 

 
46 Thomas Ehrhard, “Unmanned Aerial Vehicles In the United States Armed Services: A Comparative 

Study of Weapon System Innovation,” (PhD diss., John Hopkins University, 2000); Rosenwasser, 
“Governance Structure and Weapons Innovation; Stephen Wheatly, “Unmanned Aircraft Systems (UAS) 
and Innovation,” (PhD diss., University of Calgary, 2006), which examines historical developments for 
trends on the on-going revolution in military affairs.  
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uncertain trends that are obscured due to classification issues and the major changes in 

national policy that are still unfolding under the Trump administration. 

2. Research Objectives and Methods 

The dissertation is anchored by two “ theory-building” research objectives.47 The 

first objective is theory-testing, which deductively seeks to identify and describe the causal 

factors from the extant theoretical lenses that hold true within and across cases.48 The 

second research objective focuses on heuristic building, through an inductive approach, to 

identify potential new mechanisms, relationships among mechanisms, and the contextual 

conditions that shape or activate combinations of mechanisms leading to innovation 

outcomes.49   

I use a multi-method research design combining within-case inference and cross-

case inference generalization.50 For the within-case inference portion, process tracing 

provides the means to “build and analyze data on causal mechanisms.” 51 Process tracing 

further provides the means to test individual cases and UAV episodes regarding the claims 

made about causal factors from the rational, institutional, and cultural lenses.52 I 

independently test for the causal factors, reflected in Table 1, and looked for overall 

patterns of mechanisms, when mechanisms clustered, and under what circumstances the 

mechanisms emerged. After completing the within-case data gathering and analysis, I 

proceed with a “structured, focused comparison” across cases and UAV episodes to 

 
47 George and Bennett, Case Studies and Theory Development, 73–74. There are six types of theory 

building research objectives: atheoretical/configurative idiographic; disciplined configurative; heuristic; 
theory testing; plausibility probes; and building block.  

48 Stephen Van Evera, Guide to Methods for Students of Political Science (Ithaca, NY: Cornell 
University Press, 1997), 90. “A theory testing dissertation uses empirical evidence to evaluate existing 
theories” ; George and Bennett, Case Studies and Theory Development, 75. 

49 George and Bennett, Case Studies and Theory Development, 75; See also, John Gerring, Social 
Science Methodology, A Criterial Framework (Cambridge, UK: Cambridge University Press, 2001), 118–
124. In a limited way, the dissertation will also be a theory-proposing dissertation, as described by Van 
Evera, based on constraining causal mechanisms. Van Evera, Guide to Methods, 90. 

50 Gary Goertz, Multimethod Research, Causal Mechanisms, and Case Studies: An Integrated 
Approach. Princeton: Princeton University Press, 2017, 1–6. 

51 George and Bennett, Case Studies and Theory Development, 223.  
52 George and Bennett, 46, chapter 10. 
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analyze contexts, mechanisms, and the hypotheses.53 To facilitate both the within-case 

inference assessments and create the means to conduct the cross-case comparison in a 

structured, focused way, I started with  the same set of prepared questions to standardize 

my research of each case/episode, as well as to ensure a common framework through which 

to compare across the various cases/episodes (Appendix A). 

The actor level of analysis for each perspective is different, resulting in unique 

methodological challenges when testing and comparing cases or outcomes. The rational 

perspective sits astride the national and service-levels of analysis. The institutional 

perspective resides primarily at the service level, while the organizational culture 

perspective moves across both the service level and down to sub-groups within the 

organization (e.g., pilots and non-pilots). Finally, the sociological perspective spans 

everything from the nation to the individual. To deal with these methodological concerns, 

I explore and test hypotheses from the rational, institutional, and cultural perspectives with 

a focus on the service level—the level all three perspectives have in common—while 

remaining sensitive to the dynamics and nuance occurring above and below the service 

level. The sociological hypothesis is treated as an exercise in logic within which to consider 

the larger societal culture within America and the services. In this way, empirical and 

logical tools of comparison are engaged in the analysis of UAV adoption outcomes within 

and across services. 

As for the data required to conduct the study, readily available government and 

secondary sources comprised most data and figures used for this dissertation. Some 

primary sources contributed as well. Each of the services’ historical agencies, UAV centers 

of excellence, laboratories, and archives, in addition to the major offices and directorates 

associated with UAV development specifically and acquisitions in general provided rich 

insight to the events and factors affecting UAV outcomes. During review and gathering of 

source material, I remained conscious of who spoke (or coordinated) with whom, for what 

 
53 George and Bennett, 63. 
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purposes and under what circumstances as a systematic way to assess players, processes, 

and mechanisms.54  

Since the dissertation is an unclassified work, any classified data and proprietary 

technology and processes are not addressed. This limited the robustness and richness of 

research analysis and testing; however, that limitation only really impacted the most 

cutting-edge and recent programs such as the RQ-170, which approached the fringes of the 

time period considered. While technology is important as an antecedent to invention, it is 

the mechanisms and factors that shape adoption of that technology that remained the focus 

of this dissertation; therefore, those mechanisms were not likely to be constrained by 

classified data or processes. 

I conducted interviews with civilian and military leaders to provide historical depth 

and accuracy to the research.55 The interviews balanced Air  Force and Navy personnel, a 

list of which is found in Appendix B along with their general background. Throughout the 

research process, I attempted to incorporate first-hand accounts regarding the view of 

threats and mission challenges, institutional challenges, and to gauge the cultural forces at 

work in the UAV episodes. In all, an assessment of innovation mechanisms and variables 

were explored, while remaining sensitive to the discovery of new independent variables 

and mechanisms. The interviews used the same set of prepared questions to start (Appendix 

A) but also explored data through extemporaneous questions as a means of follow up and 

clarification. 

F. DISSERTATION STRUCTURE AND OVERVIEW  

To start, Chapter II provides an in-depth literature review of military innovation 

studies and related perspectives on how and why innovation occurs within military 

organizations. From this literature review, it is shown how the hypotheses arose and are 

anchored in existing theory. Additionally, as part of the background for the specific military 

 
54 George and Bennett, 18n32, 100. 
55 Jeffrey M. Berry, “Validity and Reliability Issues in Elite Interviewing,” PSOnline (December 

2002): 679–682; Joel D. Aberback and Bert A. Rockman, “Conducting and Coding Elite Interviews,” 
PSOnline (December 2002): 673–676. 
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innovation problem surrounding UAV adoption outcomes, a brief historical overview of 

UAV development and employment by the United States shows the depth of the puzzle 

and problem as not only a recent phenomenon but one of historical weight with continuities 

of its own since the World War I era. Chapter III  establishes a historical view of UAV 

adoption across the Army, Navy, and Air  Force, periodizing the past in a novel manner. 

The chapter explores the security environment, general state of technology, and each 

service’s strategy, culture, scientific approach, and UAV plans between 1991–2015. These 

considerations conform with the rational, institutional, and cultural perspectives and their 

factors found in Table 1. The chapter concludes with a short introduction to the DOD’s 

major processes that shape the research, development, and acquisition cycles. For those 

with a solid understanding of these issues, the reader can use this chapter primarily as a 

reference.  

The dissertation is structured to facilitate analysis from within a single service while 

providing the building blocks necessary to conduct cross-case comparisons as well as 

comparisons among adoption outcomes by UAV types (high-end, medium, and low-end). 

Therefore, Chapters IV  and V are dedicated to the U.S. Air  Force and U.S. Navy 

respectively. Each chapter has a subsection dedicated by UAV type: one each for high-end, 

medium-end, and low-end UAVs. The hypotheses are explored and tested within the UAV 

types, and each chapter ends with a summary and conclusion based on within-service 

observations. 

Chapter IV investigates five U.S. Air  Force episodes of UAV development between 

1991 and 2015, finding strong rational and institutional influences on outcomes, along with 

counter-intuitive and nuanced cultural factors within the organization. High-end UAVs 

selected for the study include the RQ-3 DarkStar and X-45 that spanned developmental 

years from 1995 to 2006 and were intended to operate in highly contested environments. 

The RQ-3 was a high-altitude endurance surveillance platform with low observable 

qualities designed into a cutting-edge airframe. Likewise, the X-45 was intended to conduct 

strike missions against adversary targets in anti-access/area denial environments; both the 

RQ-3 and X-45 were intended to be lower cost acquisition projects. The medium-end 

UAVs included in the study include the MQ-9 Reaper and RQ-4 Global Hawk, which have 
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varying developmental and acquisition periods that cover the majority of the studies time-

based boundaries. The MQ-9 became the USAF’s most strongly adopted UAV, while the 

RQ-4 remained mired in prohibitive costs and the competition from other surveillance 

platforms in the inventory. The only low-end UAV examined is the MQ-1 Predator, a 

DARPA and industry led effort that would eventually become the Air  Force’s own success 

story; however, the fraught path to procurement not only led to weaker adoption outcomes 

but exposed many competing causal mechanisms of innovation that would impact future 

episodes such as the MQ-9.  

Chapter V also analyzes five UAV episodes under U.S. Navy management from 

the same time period, many different requirements from the Air  Force and a more nuanced 

cultural landscape. For the most past, several of the Navy episodes had joint interaction 

with USAF programs, or built on initial Air  Force programs to become the Navy’s own 

efforts such as the Unmanned Carrier-Launched Strike and Surveillance (UCLASS) and 

MQ-4 Triton. The high-end UAV episodes under the Navy rubric include the X-47 Pegasus 

and its follow on program, the UCLASS. The X-47 achieved several technological 

breakthroughs for carrier operations from 2006 to 2014. The Navy eventually rejected the 

short-lived UCLASS, which was intended to operate in high-threat environments like its 

X-45 predecessor but suffered from indecisive purposes along with several non-rational 

factors. Medium-end UAVs include the MQ-8 Fire Scout, a helicopter-like system, and the 

late-adopted MQ-4 Triton, which has a 75 percent design similarity to the Air  Force’s 

earlier Global Hawk program. Finally, the low-end UAV program explored in the chapter, 

the RQ-2 Pioneer, began as a small lot purchase by the Navy and Marine Corps in the mid 

1980s; the Pioneer’s value to the study is as much in what factors brought about its 

temporary life-cycle extension, how it contributed to wartime operations and re-opened the 

eyes of the Navy and broader DOD to reconsider UAVs. 

Chapter VI concludes the dissertation by returning to the research objectives of 

theory testing and heuristic building. First, the chapter analyzes the Air  Force and Navy 

UAV case types (high-, medium-, and low-end) through a within-case analysis of the four 

main hypotheses and then evaluates cross-case comparisons. Following the theory 

assessments, the chapter explores the explanatory power and the relationship among 
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mechanisms of military innovation. The research found a core materialist relationship 

between rational and institution factors that forms core mechanisms acting upon adoption 

outcomes; furthermore, the analysis suggests that cultural and sociocultural perspectives 

held influence, but these ideational lenses are positioned as peripheral mechanisms that 

have greater influence within certain contexts. Additionally, the chapter deliberates on 

practical implications for military organizational and national efforts to modernize forces. 

Finally, this chapter offers an assessment regarding limitations of the study as well as 

recommendations for future research.  

The dissertation describes and explains the determinants of organizational behavior 

and outcomes within military organizations related to military technological innovation. It 

is a study of an institutional case of reluctance to innovate in comparison to sister service 

development of similar technologies; furthermore, I seek to explain Air  Force and Navy 

behavior following the 1991 Gulf War, and the question of what theories of military 

innovation and organizational learning can explain the U.S. military’s challenge to meet 

operational problems early in the 21st century. For the services, what senior leader decision 

and stances reaped success or failure in a variety of internal and external relationships, 

resource sharing, and institutional effectiveness? Ultimately, the research will provide 

insights to the broader question posed earlier:  Why is it hard for military organizations to 

relatively quickly adopt important innovations? By looking at the time period between 

1991–2015 and the episodes associated across this particularly important invention—high-

end UAVs—theoretical, intellectual, and practical knowledge emerged from the research. 

These rational, institutional, and political lessons hold important implications that are 

actionable. Moreover, lessons included cultural insights as well, though these prove more 

difficult to implement and take a long time to change. 

Overall, the results of this research are of interest to the Air  Force and Navy in 

general, with special emphasis on senior leaders, acquisition professionals, American 

security strategy and policy makers, defense industry partners, and scholars of military 

innovation and security studies. It is of interest tangentially to scholars of international 

relations and senior leaders of other U.S. military services. The research helps answer other 

broad questions of security studies interest such as: How has the U.S. military adapted, or 
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failed to adapt, to emerging technology? When do U.S. military services become interested 

in technological innovation? Is this an instance of bureaucratic inertia or a case of 

organizational culture? 
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II.  LITERATURE  REVIEW  

Technology is only one of strategy’s dimensions, but it always plays.56 

The study of military innovation, a subset of Security Studies, uses social sciences 

to understand the mechanisms and variables that determine innovation outcomes within 

military organizations. As part of the human condition,57 military conflict and the changing 

character of warfare prominently features accounts of technological change such as the 

introduction of the cross-bow and gunpowder.58 As a distinct field of endeavor emerging 

in the latter half of the 20th century, military innovation studies grew through a series of 

debates between organizational studies and political science, using historical case studies 

as a prime methodology. Scholars in both organizational and political traditions used a 

variety of sub-field perspectives to develop both descriptive and prescriptive accounts of 

innovative phenomena within military organizations; over time, the two fields converged. 

This literature review analyzes the debates between and within these two major fields, 

considers the evolving definition of innovation, evaluates areas for further research related 

to military and institutional change in the face of emerging technologies, and reviews 

historical UAV development and adoption cases. 

 
56 Colin S. Gray, Weapons for Strategic Effect. How Important is Technology? (occasional paper No. 

21, Center for Strategy and Technology, U.S. Air War College, January 2001), 36, 
https://pdfs.semanticscholar.org/00f9/6d37a7ea62c8952e7e1d7054089fb4dfd65b.pdf. 

57 It is largely accepted across the strategic studies community that the nature of war is immutable and 
fixed while the character of warfare is ever changing and highly dynamic. For an overview discussion on 
this subject, see Michael Sheehan, “The Evolution of Modern Warfare,” in Strategy in the Contemporary 
World, ed. John Baylis, James J. Wirtz, and Colin S. Gray, 5th ed. (New York, NY: Oxford University 
Press, 2016), 33–51. 

58 These accounts, rooted in the historical methodology, are plentiful. Generally, military historians 
preferred to discuss war-time success as an outgrowth of technological advancements or a matter of 
military genius. Adam Grissom identified several salient examples of this trend to include J.F.C. Fuller, 
Armament and History: A Study of the Influence of Armament on History from the Dawn of Classical 
Warfare to the Second World War (New York: Scribner’s, 1945); S.L.A. Marshall, Night Drop: Normandy 
(New York: Jove, 1984); and D. Douglas Dalgleish and Larry Schweikart, Trident (Carbondale: Southern 
Illinois University Press, 1984). See Grissom, “The Future of Military  Innovation Studies.” Another key 
example includes Donald MacKenzie, Inventing Accuracy: a Historical Sociology of Nuclear Missile 
Guidance (Cambridge, MA:  MIT Press, 1990). 
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Early innovation scholars utilized organizational theory as a basis for research, 

starting in the late 1960s through 1970s. From this perspective, the behaviors of 

government organizations can best be “understood less as deliberate choices and more as 

outputs of large organizations functioning according to standard patterns of behavior.”59 

From this view, military organizations are concerned with resources and prestige,60 and 

the organizations become stuck in standard operating procedures. Graham Allison 

summarizes this behavior as one of routines, or “ tendencies,” 61 that make organizational 

change difficult, which then turns meaningful learning into a long-term prospect. Put 

another way, tangible innovative change only occurs as a response to disasters.62 Stephen 

Rosen would later argue that once an organization becomes a bureaucracy, it is actually 

“designed not to change.” 63 The idea that military organization are highly inflexible 

remained a hallmark of innovation studies until the middle of the 1990s.64 In sum, these 

works represented researchers’ efforts to “explain instances of irrational consistency” when 

organizations should have changed due to compelling environmental changes but did 

not.65 

Dissatisfied with the lack of rich, theory-based explanations, political science 

scholars in the mid-1980s started exploring causal explanations to better describe how and 

why militaries innovated. Arguing against the early organizational theories that militaries 

 
59 Graham Allison and Philip Zelikow, Essence of Decision: Explaining the Cuban Missile Crisis, 2nd 

ed. (New York: Addison, Wesley, and Longman, Inc., 1999), 143. Allison’s Model II framework focuses 
on organizational behavior. 

60 Resources as a major driver of organizational behavior evolved from Max Weber (1922), Economy 
and Society (Berkley, University of California Press, 1978).; Max Weber, The Theory of Social and 
Economic Organization (New York: Oxford University Press, 1947).; James Q. Wilson, “ Innovation in 
Organization: Notes Toward a Theory,” in Approaches to Organizational Design, ed. James D. Thompson 
(Pittsburgh, University of Pittsburgh Press, 1966), 195. 

61 Allison and Zelikow, Essence of Decision, 144–147. These tendencies are guided by what March 
and Simon termed a logic of “appropriateness” where individual and organizations holistically base 
calculations of actions/decisions on the ability to retrieve experiences and institutional knowledge that 
inform what is “appropriate” to do. 

62 Avant, Political Institutions and Military  Change, 4. Because of these organizational tendencies, 
Avant argues that military organizations are often unresponsive to the nation’s needs.  

63 Rosen, Winning the Next War, 2. 
64 Rosen. 
65 James Wirtz, personal communication, May 8, 2020. 
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find it hard to change, Barry Posen, in his seminal book Sources of Military  Doctrine, 

countered that militaries do change, but only as a response to civilian intervention. Posen 

applied a rigorous, social-science based approach to military innovation studies.66 

Foregoing “historical narratives, operational histories, and bureaucratic-political case 

studies,” Posen demonstrated a compelling empirical argument by framing military 

innovation theory in a positivist-structural epistemology.67 Posen based his work on 

Realist assumptions from the international relations perspective. Posen rejected the 

descriptive organizational behavior theories of military change and innovation in favor of 

a more generalizable and predictable argument grounded in political science and 

international relations perspectives, particularly Neorealism.68 Essentially, Posen tested 

organizational theories against Neorealism’s structuralist framework,69 concluding that 

balances of power drove a state’s executive leaders to induce change in military doctrine 

when necessary. The theory and arguments by Posen launched new scholarly interest in 

military change, transformation, and innovation and opened the aperture beyond 

managerial, leadership, and organizational behavioral explanations to tie military change 

more directly to theories of international politics.  

The richness of Posen’s ground-breaking theory and research sparked a flood of 

intellectual activity by other scholars seeking to shape the research program and explore 

the military innovation studies subfield as a part of security studies under the broader 

 
66 Posen, The Sources of Military  Doctrine. Posen showed the linkages among international relations, 

grand strategy, and the development of military doctrine to drive capability development. Specifically, 
Posen sought to understand the determinants of a nation’s security posture—offensive, defensive, or 
deterrence—and how that posture relates to or is shaped by the military’s doctrinal development. For the 
first time in security studies, military innovation gained a more rich and robust causal linkage to civil-
military relations and a nation’s grand strategy; furthermore, Posen showed that changes in military 
capabilities and organizational structures was not a simple tit-for-tat game among military competitors. 
Suddenly, historical, tech-based explanations did not hold sufficient explanatory power. 

67 Grissom, “The Future of Military  Innovation Studies.”  
68 The Realist and Neorealist schools of international relations argue that relative military power is the 

primary mechanism for achieving security. For example, Mearsheimer argues that great powers are 
“determined largely on the basis of their relative military capability.” Mearsheimer, The Tragedy of Great 
Power Politics, 5. How a nation develops that capability or the role that innovation plays in securing 
victory once power is amassed, is not addressed by Mearsheimer. See also Waltz, Theory of International 
Politics.  

69 Farrell and Terriff. The Sources of Military  Change, 27. 
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discipline of international relations. Since 1984, the evolution of military innovation 

studies generally followed trends in the broader international relations literature—moving 

from Realism to Liberalism to Constructivism—and organizational studies. Following 

Posen’s book, military innovation scholars posed questions that went beyond issues 

narrowly related to technological evolution.70 Using a variety of historical case studies, 

the researchers sought to empirically test questions such as: 

�x “When and why do military organizations make major innovations in the 

way they fight?” 71 

�x What is the relationship of strategy, military doctrine, and innovation?72 

�x “ Is it easier for them [military organizations] to innovate in peacetime, 

when the enemy is not engaging them in combat, or is innovation easier in 

wartime precisely because they can learn from combat?”73 

Other general questions emerged in the military innovation studies literature:  

�x What are the characteristics of successful innovation?   

�x Why do nations with similar capabilities and resources develop different 

means and ways that lead one to victory and the other to defeat?   

�x What are the contexts that most shape whether a military innovates or not?   

 
70 There is a separate but related literature focused on the Revolution of Military  Affairs, most 

prominently championed by Williamson Murray and Eliot Cohen among others, which focuses on radical 
military-technological transformation from a historical perspective. This line of thinking developed 
significantly following the United States’ tremendously lop-sided military triumph over Iraq in the 1991 
Gulf War. Eliot A. Cohen, “A Revolution in Warfare.” Foreign Affairs 75, no. 2 (1996): 37–54, 
https://www.doi.org/10.2307/20047487; Williamson Murray, “Thinking About Revolutions in Military  
Affairs.” Joint Forces Quarterly (Summer 1997), http://www.dtic.mil/dtic/tr/fulltext/u2/ a354177.pdf.  

71 Rosen, Winning the Next War, 1. 
72 Posen, The Sources of Military  Doctrine. 
73 Rosen, Winning the Next War, 1. 
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�x Who are the actors that influence innovation and adaptation, and how does 

that work at the various levels of war? 

�x When and how does innovation occur “top-down” versus “bottom-up”?   

�x Can innovation and adaptation be isolated to technical developments, or is 

there a larger social, economic, organization, and cultural aspect to this 

phenomenon?   

To answer and codify the military innovation studies research program, scholars 

used a variety of social science based, multi-disciplinary methods challenging one another 

over theory validity and explanatory power. In 2006, Adam Grissom summarized the field 

into the competing schools of “civil-military relations, inter-service politics, intra-service 

politics, and organizational culture.” 74 From these schools, Grissom, Lee, and Mueller then 

identified the most prominent independent variables explored by scholars: geopolitical 

threats, technological advancements, bureaucratic politics among services, the cultural 

framing of problems, and operational-tactical adaptation in the field.75 To simplify these 

schools and variables used by organizational and political scientists, I chose three 

perspectives to frame the broader debates within the interdisciplinary military innovation 

studies subfield: rationalism, institutionalism, and culturalism. These perspectives reflect 

the categories of chronological arguments and the incremental building of theory within 

the field. 

  

 
74 Grissom, “The Future of Military  Innovation Studies,” 908. 
75 Grissom, Lee, and Mueller, Innovation in the United States Air Force, 2. While organization 

learning theory remains important and tangentially related to understanding military innovation, it tends to 
influence both the cultural and intra-service schools of thought within the field of innovation military 
studies. 
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A. LOGIC  OF RATIONALISM  (EMPIRICISM,  STATE POWER, AND 
UTILITY)  

The first perspective, rationalism,76 sees military innovation as a “pragmatic” result 

of direction handed down to military departments by state executives as a response to 

external security threats in the international system. According to this materialist, 

instrumental view, the senior state official formulates a grand strategy in response to the 

nation’s relative power position in the international system.77 The state official then 

rationally chooses either a primarily offensive or defensive military approach for the best 

utility  and directs the military services to adjust their doctrine and weapon systems 

accordingly.78 This perspective of military innovation, championed by Barry Posen in The 

Sources of Military  Doctrine, draws heavily from the Neo-realist traditions of international 

relations and assumes that political leaders are attuned to a “knowable enemy” in the 

international strategic context,79 are motivated by security concerns and threats, and base 

decisions on cost-benefit strategic calculations of power balancing.80 Furthermore, it 

assumes a perspective where the pattern of arms developments and military innovation is 

based on empirical, positivist feedback loops at the civilian level of leadership;81 

 
76 Rationalism in this case does not refer to a philosophical, epistemological rationalism of the 

classical sense, where knowledge is gained independent of sensory experience. Rationalism is used as 
short-hand for an empirical, data-driven process associated with rational-choice models, utility, and such. 
Peter Markie, “Rationalism vs Empiricism,” in Edward N. Zalta, ed., The Stanford Encyclopedia of 
Philosophy, Fall 2017, https://plato.stanford.edu/cgi-bin/encyclopedia/archinfo.cgi?entry=rationalism-
empiricism. 

77 Jack Snyder, “One World, Rival Theories,” Foreign Policy 145, (November–December 2004): 55. 
78 Posen, The Sources of Military  Doctrine. See also Williamson Murray and Allan R. Millett, ed. 

Military  Innovation in the Interwar Period (Cambridge: Cambridge University Press, 1996), which 
explores this perspective as one mechanism among many in military innovation efforts. This unitary state 
actor is covered extensively as well as Model I, the Rational Actor Model, also referred to a “ logic of 
consequences” in Allison and Zelikow, Essence of Decision, 13. 

79 Alan Millett,  “Patterns of Military  Innovation in the Interwar Period,” in Military  Innovation in the 
Interwar Period, Williamson Murray and Alan R. Millett,  ed., 335. 

80 Key works outlining the Realist and Neo-realist positions include Hans J. Morgenthau, Politics 
Among Nations: The Struggle for Power and Peace (Boston, MA: McGraw-Hill, 1993); Waltz, Theory of 
International Politics.; Mearsheimer, The Tragedy of Great Power Politics. 

81 The rationalism perspective of military innovation uses empirical, not rational, philosophic 
foundations for knowledge development. For more on the distinction, see Peter Markie, “Rationalism vs. 
Empiricism,” The Stanford Encyclopedia of Philosophy (Fall 2017 Edition), Edward N. Zalta (ed.): 
https://plato.stanford.edu/entries/rationalism-empiricism/. 
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furthermore, militaries do not seek strategic adaptations on their own, choosing to focus on 

tactical-level adjustments and improvements only. Rationalism suggests that innovation 

within military organizations requires an external catalyst to effect meaningful change and 

is based on utilitarian reactions evolving from the state’s position (economically, militarily, 

geographically, etc.) within an anarchic global system. Put another way, “military change 

is a rational response” to changes in the strategic environment at the behest of civilian 

masters;82 furthermore, it is a deliberate calculation.83 Eliot Cohen argues for this model 

of an active and intervening civil-military model in Supreme Command, challenging 

Samuel Huntington’s earlier theories, which stressed an independent military best left 

alone from civilians in order to set wartime agendas and the matters of defense.84 

Several scholars since Posen exposed the shortcomings of rationalism as a 

paradigm for military change. Theo Ferrell and Terry Terriff note that the Neorealist 

approach ignores the role and ability for ideas to affect military change either positively or 

negatively; furthermore, this approach fails to give sufficient attention “ to the role of 

domestic politics in shaping strategy.” 85 Additionally, Deborah Avant points out that 

rational choice and a Neorealist model of military change depends too much upon the 

assumption that civilians pay attention to security interests and have the time and 

inclination to induce change to military doctrine—and thus the direction of innovation and 

planning—when necessary.86 Starting in the early 1990s, these challenges to rationalism 

produced an institutional-based set of theories and arguments within the military 

innovation studies genre.  

 
82 Farrell and Terriff, The Sources of Military  Change, 271. As one can see, the assumptions of 

organizational theory built in the 1960s and 1970s underpin this perspective, namely that organizations are 
built to be routine and efficient, therefore, organizations will not seek meaningful change on their own.  

83 Stephen P. Rosen, War and Human Nature (Princeton, NJ: Princeton University Press, 2005), 1. 
84 Eliot A. Cohen, Supreme Command: Soldiers, Statesmen, and Leadership in Wartime (New York: 

Anchor Books, 2002).  
85 Farrell and Terriff. The Sources of Military  Change, 271.  
86 Avant, Political Institutions and Military  Change, 4. 
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B. LOGIC  OF INSTITUTIONALISM  (POLITICAL  POWER AND GROUPS) 

The second view of military innovation, institutionalism, challenges the rationalist-

based unitary actor models and intrusive civil-military requirements of the rationalist 

perspective. Instead, institutionalism considers the impact of both foreign and domestic 

factors upon innovation outcomes. As early as 1970, Graham Allison summarized this 

perspective as government politics,87 and along with Halperin, revealed the importance of 

domestic bureaucratic politics a couple of years later.88 Institutionalism is loosely related 

to advances in Liberalist international relations theory, which broadened the level of 

analysis beyond state unitary actors and included domestic and non-state level actors; the 

military services are among those actors. Scholars working within this perspective argue 

that intragroup and intergroup dynamics drive innovation and that the nature of 

bureaucracies has many sources of change, best achieved when actors within the 

bureaucracy are rewarded with a significant gain in resources or prestige.89 In the early 

1990s, Stephen Rosen, Deborah Avant, and Kimberly Zisk championed this perspective of 

military innovation, claiming that the quality of integration between military doctrine and 

national security goals depends on much more than civilian direction as described by 

rationalism. The domestic and institutional variables are equally if  not more important 

mechanisms.90  

Stephen Rosen framed his research as a problem of getting bureaucracies to 

innovate in order to prevent fighting the last war while also seeking to understand how and 

when military organizations make major innovations. Posen found that abundance of 

resources and influence by major subgroups of an organization “was neither a barrier to 

 
87 Government Politics is synonymous with Model III in Allison and Zelikow, Essence of Decision. 

Allison and Zelikow use this model to challenge organizational theory as a set of outcomes, and instead, is 
the result of bargaining of actors at all levels within hierarchies through the “ interaction of competing 
preferences,” Allison and Zelikow, Essence of Decision, 255. 

88 Graham T. Allison and Morton H. Halperin, “Bureaucratic Politics: A Paradigm and Some Policy 
Implications,” World Politics, Vol 24 (Spring 1972). 

89 Kimberly Zisk, Engaging the Enemy: Organizational Theory and Soviet Military  Innovation, 1955–
1991 (Princeton, NJ: Princeton University Press, 1993).; Rosen, Winning the Next War; Avant, Political 
Institutions and Military  Change.  

90 Farrell and Terriff, The Sources of Military  Change, 10–12. 
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nor a guarantee of innovation.”91 He claimed that focusing on budgets was not as important 

as once thought, and he went on to say that when an organization did not redirect human 

resources to shape innovation development, promising inventions and early adoptions of 

innovation efforts either stalled or were rejected altogether.92 Additionally, Rosen 

observed that military innovation does not have to necessarily include behavioral changes 

in the organization, but can be characterized by producing new military technologies.93 

Also, military innovations were only loosely contingent upon intelligence about adversary 

behavior and capabilities; analysis and wargame simulations reduce uncertainties related 

to imperfect information about an adversary’s technological development, especially in 

peacetime.94 Rosen indicated that neither intelligence analysis about the enemy, nor cost-

utility  alternative analysis, necessarily drove military technological innovation. He claimed 

that military organizations typically adopted innovative technologies when faced with 

increasing informational uncertainty within the strategic environment.95 The adoption of 

technology, therefore, was shaped as a result of probabilities gleaned from imperfect 

intelligence analysis and wargame simulations. Finally, regarding civilian oversight and 

initiation of innovations, Posen assessed that civilians had a relatively small role in 

deciding which new capabilities to pursue, though they helped protect or accelerate 

innovations underway. Like other institutional-based scholars, Posen found that civilian 

control over promotion mechanisms affected innovation efforts in peacetime, while 

civilian scientists prompted technological innovation but did not have a major role in 

outcomes.96 

Using what she termed “ institutional theory,” Avant built upon Posen and Snyder’s 

organizational theories studying the mechanisms that determine how well military doctrine 

 
91 Rosen, Winning the Next War, 252. 
92 Rosen. 
93 Horowitz, The Diffusion of Military  Power, 38. 
94 Rosen, Winning the Next War, 254. Intel analysis narrowed the range of possible futures and 

simulations identified a range of potential military requirements. 
95 Rosen, 251.  
96 Rosen, 256. 
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eventually aligns and integrates with national security goals. She focused on the interaction 

between structure and process. Avant concludes that civilian leaders create incentive 

structures to influence military service preferences, and that as incentives change, so do 

perceptions toward ideas. Essentially, she concludes that “civilian intervention is neither a 

necessary nor a sufficient condition for military responsiveness” when it comes to military 

doctrinal change; instead, it is the degree of unification between the principle and agent. 

Ideas are only as convincing as the enticements that back them.97 In concert with Posen, 

Avant reasserts that changes in international threats are not enough to compel an 

organization to innovate or change.98 

Concurrently, Zisk criticized Posen’s conclusions, noting that military 

organizations do not always resist doctrinal innovation, do not value status and stability 

over all else, and that international-system level theories do not best explain military 

change despite theoretical parsimony.99 Expanding on the foundation of earlier 

organizational theory, Zisk found that military officers remain sensitive to their perceived 

adversary’s changing doctrine and force capabilities and will pursue changes to their own 

doctrine and capabilities to meet state security interests. Additionally, Zisk challenged the 

monolithic view of organizations—often reflective of only senior leadership—arguing that 

officers have individual political and personal considerations that they bring to debates 

about policy and doctrinal development. She goes so far as to list “age, length of service, 

educational experience, and psychological predisposition” as factors influencing the 

direction and outcomes of innovation efforts.100 Zisk concludes that senior military and 

civilians as security policymakers are both state actors seeking solutions to international 

security problems as well as bureaucratic actors seeking to maintain the “health of their 

 
97 Avant, Political Institutions and Military  Change, 5. 
98 Farrell and Terriff. The Sources of Military  Change, 274.  
99 Zisk, Engaging the Enemy, 3. Zisk explored five hypotheses: the correlation of foreign threats to 

military innovation; innovations aligned to organizational interests; domestic threats outweigh international 
threats in importance; discussion and debate on policy innovations will permeate the community; 
relationship between community building and interest formation. 

100 Zisk, 4.  
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organizations.”101 Furthermore, Zisk assessed that outcomes are not fully  explainable by 

structural and procedural mechanisms alone. She found that “organizational interests 

constrain beliefs and behavior, but do not determine beliefs or behavior.”102 Finally, Zisk 

confirmed Avant’s earlier finding that that an organization’s innovation ethos played a role 

in shaping and determining outcomes. Neither scholar explored that avenue further, leaving 

room for a future cultural turn in the military innovation studies literature, which I examine 

in the next section. 

The study of organizational change as a function of group political and power 

dynamics peaked in the early 1970s through 1980s,103 likely shaping the institutionalist 

movement in military innovation studies by Posen, Avant, and Zisk. Rooted in psychology 

and behavior disciplines, organizational group studies sought to understand the way groups 

interact with other groups, clients, and stakeholders. Fundamental to group behavior in 

organizations is that organizations are “political systems,” and “when people get together, 

power will be exerted.” 104 This is the proverbial empire building so often spoken about by 

members of an organization when chiding power-hungry colleagues. But power is not just 

individually generated. Political activity is often determined more by organizational 

culture, which begins to muddy the waters with the cultural perspective of military 

innovation. For now, it is important to note that beyond the levels of trust engendered 

within and among groups, organizational factors such clarity of roles, evaluation practices, 

reward allocation systems, performance demands, and other organizational practices 

impact political maneuvering and action among groups.105 All  these factors have an effect 

on the ability of an organization to learn; that is, to adapt and change. These practices effect 

 
101 Zisk, 3–6. 
102 Zisk, 184. 
103 Stephen P. Robbins, Essentials of Organizational Behavior, 6th ed. (Upper Saddle River, NJ: 

Prentice Hall, 2000). See References for Chapter 11, “Power and Politics,” 284. 
104 Robbins, Essentials of Organizational Behavior, 153–166. 
105 Robbins, 162. 
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the degree of “ fragmentation,” “competition,” and “ reactiveness,” experienced across and 

within groups of the organization.106  

Leveraging the efforts and lessons of organizational group behavior and its effect 

on change/innovation, foreign policy experts took seriously how institutional learning 

behavior affected policy and world politics; this occurred long before military innovation 

scholars took up institutionalism as a perspective for innovation and change. Objecting to 

the rational choice school of thought, Halperin and Allison proposed a  bureaucratic politics 

model as a framework that focuses on individuals and their groups as they follow 

“ regularized circuits” of bargaining, with the “bargaining and the results” shaped by 

organizational processes and values.107 The processes are highly correlated to 

organizational behavior studies, while the values component of their work relates more 

closely to cultural arguments examined in section below. It was not long until other models 

of governmental institutions emerged as well. 

Related to organizational change and group interaction, the Iron Triangle model 

emerged as a way for political science scholars to describe the dynamics of change (and 

stagnation) within governmental institutions. This model describes the bonds among 

stakeholders in policymaking among congressional committees, interest groups, and an 

administrative agency.108 For military matters, that triangle would comprise the Pentagon, 

Congressional armed services committees, and armaments manufacturers. Eisenhower 

alluded to the strengths of Iron Triangles when he warned in 1961 against the power of the 

 
106 Robbins, 270–271. Fragmentation is due to specialization and creates stovepipes and warring 

factions; competition undermines collaboration—as exacerbated by group politics; reactiveness keeps 
management’s attention on crisis problem solving instead of on creation.  

107 Allison and Halperin, “Bureaucratic Politics: A Paradigm and Some Policy Implications,” 43–44. 
This model implies that actors act rationally based on “various conceptions of national security, 
organizational, domestic, and personal interests” instead of a single rational choice. In the end, any decision 
or policy is an unstable, temporary compromise. Halperin expanded on the cultural aspects of bureaucratic 
politics in the subsequent Morton H. Halperin, Priscilla A. Clapp, and Arnold Kanter, Bureaucratic Politics 
and Foreign Policy (Washington, DC: Brookings Institution Press, 1974). For a definition of learning and a 
deeper survey of the learning literature, see Jack S. Levy, “Learning and Foreign Policy: Sweeping a 
Conceptual Minefield,” International Organization 48, no. 2 (Spring 1994). 

108 Duncan Watts, “Iron Triangle,” Dictionary of American Government and Politics, s.v. “Iron 
Triangle,” accessed July 17, 2019, http://libproxy.nps.edu/login?qurl=https%3A%2F%2F 
search.credoreference.com%2Fcontent%2Fentry%2Feupamgov%2Firon_triangle%2F0%3FinstitutionId%3
D901. 
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military-industrial complex. In our case, a military service could easily be substituted for 

the Pentagon as one of the triads. Since the early 2000s, the power of triads has waned as 

“ issue networks” now dominate and disrupt the triangles.109 These networks are wider and 

looser than the triads, but leverage information, media, and other forms to relax the 

stranglehold of Iron Triangles.110 Change and innovation are now viewed as a function of 

collaborative networks, not just interrelated groups in government institutions and 

bureaucracy.  

Though initially  concerned with business, management, and government 

bureaucracy, the concept of adaptive innovation within government’s military 

organizations was a logical next step. Some outstanding works within this genre include 

The Logic of Failure, Military  Misfortunes, Why Air Forces Fail, The Echo of Battle, and 

The Agile Organization.111 In studies about military organizational learning, the aspect of 

failure took center stage. For the organizational learning theorist, failure to learn is both a 

factor of faulty thinking or imaging112 and faulty organizational structures.113 There are 

both the personal shortcomings of individuals along with structural problems that lead to 

 
109 Rod Hague and Martin Harrop, Comparative Government and Politics: An Introductory Guide 

(New York: Palgrave, 2004), 172. One example given in the Dictionary of American Government and 
Politics of triads disrupted by issue networks is the tobacco industry; another is that military expenditures 
on weaponry drop in times when there is not an over threat to the country. 

110 Duncan Watts, Dictionary of American Government and Politics, s.v. “Issue Networks,” accessed 
July 17, 2019, http://libproxy.nps.edu/login?qurl=https%3A%2F%2Fsearch.credoreference.com% 
2Fcontent%2Fentry %2Feupamgov%2Fissue_networks%2F0%3FinstitutionId%3D901; See also Alan 
Grant and Edward Ashbee, The Politics Today Companion to American Government (Manchester, UK: 
Manchester University Press, 2002). 

111 Dietrich Dörner, The Logic of Failure: Recognizing and Avoiding Error in Complex Situations. 
(Cambridge, MA:  Perseus Books, 1989); Brian M. Linn, The Echo of Battle: The Army’s Way of War. 
(Cambridge, MA:  Harvard University Press, 2007); Robin Higham and Stephen J. Harris, ed., Why Air 
Forces Fail:  The Anatomy of Defeat. Revised ed. (Lexington, KY:  University Press of Kentucky, 2016); 
Eliot A. Cohen and John Gooch, Military  Misfortunes, The Anatomy of Failure in War (New York: Free 
Press, 1990); Simon Reay Atkinson and James Moffat, The Agile Organization: From Informal Networks 
to Complex Effects and Agility (Washington, DC: DOD Command and Control Research Program, 2005). 

112 Dietrich Dörner, The Logic of Failure: Recognizing and Avoiding Error in Complex Situations. 
(Cambridge, MA:  Perseus Books, 1989). Dörner concludes that habits of “methodism” lead to “seeing new 
situations in terms of old, established patterns of action;” another habit is to form “ballistic decisions” as a 
tendency to ignore consequences due to economizing for time and effort. Finally, our efforts to info-gather, 
plan, and process solutions is strongly shaped by our human need to self-protect a positive image of our 
own competence. Page 187–188; See also Linn, The Echo of Battle; Higham and Harris, ed. Why Air 
Forces Fail. 

113 Cohen and Gooch, Military  Misfortunes; Atkinson and Moffat, The Agile Organization. 
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learning failures. The habits built into leaders over decades of serving in the same 

organizational structure can become ossified and inflexible despite the need to change due 

to pressing challenges.114 But to simply blame the organizational leader as an individual 

reflects a reductionist fallacy; the lesson is to understand the critical tasks as an 

organization sees them and how that shapes individuals’ behavior within the organization. 

Using Army history, Brian Linn argues that the institutionalized cultural assumptions 

derived from previous wars, and the desire to fight particular types of wars, leads to 

repeated failures to learn and innovate appropriately including failures in strategy, 

technology, doctrine, and leadership.115 Working from Air  Force cases of wartime failures, 

Higham and Harris conclude that three categories of failure exist: those that never had a 

chance, those that succeeded at first but failed in the end, and those that failed but soon 

after found victory.116 The conclusion from the Air  Force cases is that airpower victory in 

war is highly dependent upon the long-term health and interconnectedness of government, 

industry, and populace before and throughout wartime.117 

In the latest turn of argument, Michael Horowitz maintains institutional and 

organizational factors as drivers related to innovation but proposes the adoption-capacity 

theory to factor in organizational theory, institutional theory, cultural theory, and 

international relations theories all at once. This syncretic effort resulted in the first 

attempted holistic theory of military innovation. Adoption-capacity theory suggests that 

financial costs and the burden of organizational requirements to affect change define the 

distribution of innovations around the globe as well as determine the way each actor makes 

decisions.118 Horowitz concludes that the degree and speed to which states and 

organizations adopt major military innovations is based on an inverse relationship to cost 

 
114 Cohen and Gooch, Military  Misfortunes, 232.  
115 Linn, The Echo of Battle. 
116 Higham and Harris, ed. Why Air Forces Fail, 4–5. These are names colloquially referred to as the 

“dead ducks,” “hares,” and “phoenixes” respectively. 
117 Higham and Harris, Why Air Forces Fail, 355. 
118 Horowitz, The Diffusion of Military  Power, 30. 



43 

and organizational capacity to absorb change.119 While parsimonious and attractive, the 

theory neglects to consider culture as a intervening variable, despite Horowitz’s efforts to 

deflect such criticism. Additionally, the argument rests on a tautology that those who can 

change will,  and those that cannot will not. On top of that, the adoption-capacity theory 

fails to fully  account for Avant’s institutional factors, such as officer promotion incentives, 

and discounts Posen’s findings that large program costs did not necessarily deter military 

organizations or nations from adopting innovative and disruptive change. 

Despite many strong arguments within the institutionalist and organizational 

behavior perspectives, there are challenges and weakness as well. Rosen found that the 

impact of budgets, money, and resources did not have as great an effect on innovation 

outcomes, weakening the bureaucratic theory expectation that resource fights would drive 

outcomes. Instead, “ talented personnel, time, and information” had greater impacts on 

innovation.120 Another common pitfall of group dynamics within organizations includes 

groupthink, where group pressures for consensus drives out critical thinking or minority 

views.121 Additionally, Avant determined that a high degree of innovation ethos and 

organizational flexibility  with regard to learning and adaptation will result in an ideological 

struggle within the organization, which is a good thing. In other words, organizational 

culture seems to matter, but to what degree is the question. 

C. LOGIC  OF CULTURE (SHARED MEANING,  VALUES, AND IDENTITY)  

Since the 1990s, the cultural view has ascended within military innovation studies, 

with mixed results. Stuart Griffin  observed that only the organizational culture school of 

military innovation disputed rational-structural explanations by introducing cultural, 

anthropological, and social causal factors that challenged predominant epistemological 

 
119 Horowitz, 32–39. 
120 Rosen, Winning the Next War, 252. 
121 Robbins, Essentials of Organizational Behavior, 99–100. See also Irving L. Janis, Groupthink: 

Psychological Studies of Policy Decisions and Fiascos, 2nd ed. (Boston, MA: Houghton Mifflin Company, 
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views within the field.122 Following rationalism and institutionalism, this third view 

frames military innovation as a phenomenon of culture.123 The organizational culture 

perspective takes cues from international relation’s constructivist theory.124 Military 

innovation literature emphasizes two cultural perspectives: organizational culture and 

strategic culture. A third, much broader sociological perspective—a sociocultural 

perspective—opens the aperture of the cultural perspective to consider factors not 

traditionally examined by military innovation scholars. These three perspectives of 

organizational culture, strategic culture, and sociocultural aspects are the focus of this 

section. 

A rich literature exists about military organizational culture and how organizational 

culture contextualizes organizational policy, processes and innovation outcomes. 

Originating in the 1940s, organizational culture studies boomed in the 1980s as business 

leaders renewed interest in corporation styles. Organizational culture “ is regarded as a more 

or less cohesive system of meanings and symbols” and is manifested in espoused values, 

“assumptions about social reality,” and the “affective aspects of membership in an 

organization.”125 Assumptions about how the world works and what solutions produce the 

best results become ingrained in organizations over time;126 therefore, “organizations exist 

 
122 Elizabeth Kier and Dima Adamsky provide the most dominant culturally affiliated arguments in 

the field of innovation studies. Stuart Griffin, “Military  Innovation Studies: Multidisciplinary or Lacking 
Discipline?” The Journal of Strategic Studies 40, no. 1–2 (2016): 205, https://doi.org/ 10.1080/01402390. 
2016.1196358. See original works: Elizabeth Kier, “Culture and Military  Doctrine: France between the 
Wars,” International Security, 19, no. 4 (Spring 1995); Dima Adamsky, The Culture of Military  Innovation 
(Stanford, CA: Stanford University Press, 2010). 

123 Elizabeth Kier, Imagining War: French and British Military  Doctrine Between the Wars 
(Princeton, NJ: Princeton University Press, 1997); Farrell and Terriff, The Sources of Military  Change 
(2002). 

124 Alexander Wendt, “Anarchy is What States Make of It: the Social Construction of Power 
Politics,” International Organizations 46, no. 2 (Spring 1992); Alexander Wendt, Social Theory of 
International Politics (Cambridge, NY:  Cambridge University Press, 1999); Martha Finnemore, 
“Constructing Norms of Humanitarian Intervention,” in The Culture of National Security: Norms and 
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to constrain action in line with knowledge and preferences.” 127 In other words, 

“organization is bias.” 128 One can assess organizational culture in many different ways, 

but two methods stands out: Dennis Coyle’s grid-group model129 and Stephen Robbins’s 

seven character-traits list.130 Coyle’s model, favored by political scientists, used “grid,” 

which describes the degree of structure and accompanying constraints such as rules, facts, 

means, and lack of exit, and “group,” which describes the degree of social versus individual 

cultural tendencies as expressed in ends, values, and such.131 The second model includes 

seven characteristics, which “ in aggregate, capture the essence of an organization’s 

culture.” 132 Robbins’s seven characteristics include innovation and risk taking; attention 

to detail; outcome orientation; people orientation; team orientation; aggressiveness; and 

stability (status quo in contrast growth). Subsequently, U.S. military organizations took 

interest in related cultural work as an outgrowth of their reflection on the Vietnam War era. 

Carl Builder laid the foundation for contemporary discussions on military culture 

in his renowned work, The Masks of War, which explored U.S. military service’s identity 

and bias. Using a psychological lens of personalities, Builder’s study laid a foundation of 

organizational characteristics, norms, and preferences that has stood the test of time. 

Builder identified the main altars of worship that drive service identity; for the U.S. Air  

Force, that alter is technology.133 While related to the idea of organizational masks and 

influential to Builder’s work, Halperin differs slightly and instead recommends the concept 

 
127 Dennis J. Coyle, “A Cultural Theory of Organizations,” in Culture Matters: Essays in Honor of 

Aaron Wildavsky, Richard J. Ellis and Michael Thompson, ed. (Boulder, CO: WestviewPress, 1997). 
128 Michael Thompson and Aaron Wildavsky, “A Cultural Theory of Information Bias in 

Organizations.” Journal of Management Studies, 23, 273, quoted in Dennis J. Coyle, “A Cultural Theory of 
Organizations,” in Richard J. Ellis and Michael Thompson, eds., Culture Matters: Essays in Honor of 
Aaron Wildavsky (Boulder, CO: WestviewPress, 1997), 62. 
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130 Robbins, Essentials of Organizational Behavior, 235. 
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132 Robbins, Essentials of Organizational Behavior, 235. 
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of organizational “essence.” 134 In other words, the dominant group’s cultural identity 

informs how it sees the organizations mission and what capabilities are best to accomplish 

the mission. Whether described as bias, masks, or essence, the concepts endure in their 

descriptive power. In 2019, a U.S. government-sponsored study of organizational culture’s 

impact upon institutional rivalries confirmed that Builder’s characterizations stand, with 

culture still driving “each service’s competitive goals and behaviors, which both strengthen 

and impede services’ ability to adapt and react.” 135 

As the culture perspective grew in importance within the field of military 

innovation studies, scholars determined that culture profoundly shapes interests and that 

the degree of agreement across subcultures within the organization shapes how and what 

civilian leaders spend their time on toward generating innovative change.136 Kier attacks 

the rational and functional determinants of a military’s doctrine, instead alleging that 

organizational culture combined with domestic political concerns drives whether a military 

chooses an offensive- versus defensive-based doctrine and the consequent weapons/policy 

choices.137 

Following Kier’s work, retired Marine Colonel Terry Terriff examined the U.S. 

Marine Corps as a case of innovation culture and argued that the Marine Corp developed a 

cultural norm of paranoia in response to repeated attempts to disassemble or absorb the 

organization.138 Finally, organizational culture can be used to predict a service’s reaction 

and support or rejection of policy changes by civilian leadership. Culture becomes the lens 

 
134 Halperin, Clapp, and Kanter, Bureaucratic Politics and Foreign Policy, 27. The book argues that 

the Air Force’s essence is to fly combat missions, while the focus of those missions has changed over time. 
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competition remains highly entrenched and combative due to cultural determinants of organizational goals. 

136 Kier, “Culture and Military  Doctrine.”; Kier, Imagining War. 
137 She argues against Posen’s theory that doctrines arise as a rational response to external threats as 

well as against Jack Snyder’s theory that militaries always choose offensive doctrines as a bureaucratic-
institutional means to garner greater shares of government budgets and resources. 

138 Terriff, “‘ Innovate or Die’.”  
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through which policy preferences emerge and policymakers can use specific tools to gain 

bargaining leverage to move military policy and innovation by understanding these 

lenses.139 Critics rebut Kier often on the basis that she over-reaches in her insistence on 

the explanatory power of her theory and that it lacks generalizability,140 though most agree 

that she successfully challenged Posen and Snyder’s rational and functional arguments 

about offensive doctrines as the default for all military organizations. 

Organizational culture is not only applicable to determining general policy 

positions, Mahnken argues that organizational culture can impact technology development 

and adoption as well. Mahnken observes that technology itself was shaped by the culture 

of each of the U.S. military services; in fact, he alleges that culture shaped technology more 

than the other way around.141 Accentuating this relationship of technology to culture, 

Bousquet similarly identified specific scientific approaches to war rooted in the 

predominant scientific and technological frameworks of particular periods of time: 

mechanistic, thermodynamic, cybernetic, and “chaoplexic” (a network-centric theory 

based on non-linear science).142 

Exploring culture from a national perspective, Dima Adamsky took a slightly 

different approach regarding military innovation, instead looking at strategic culture. 

Adamsky argued that a nation’s strategic culture affects the way defense experts 

intellectually frame paradigmatic change. Essentially, a nation’s cognitive culture affected 

the entire security apparatus’s learning processes, adoption of technologies, and doctrinal 

 
139 Jeffrey W. Donnithorne, “Principled Agents: Service Culture, Bargaining, and Agency in 

American Civil-Military  Relations,” (PhD diss., Georgetown University, May 2003), 
https://repository.library.georgetown.edu/bitstream/handle/10822/559479/Donnithorne_georgetown_0076D
_12323.pdf?sequence=1; Zimmerman et al., Movement and Maneuver. 

140 Robert J. Young, review of Imagining War: French and British Military  Doctrine Between the 
Wars, by Elizabeth Kier, H-Net Reviews (September 1997), https://www.h-
net.org/reviews/showrev.php?id= 1301; Russell, Innovation, Transformation, and War. 

141 Thomas G. Mahnken, Technology and the American Way of War Since 1945 (New York: 
Columbia University Press, 2008), 10. Mahnken argues that technology can dramatically alter the structure 
of organizations while at the same time a service’s culture in turn “determines which options are more or 
less attractive.”  

142 Antoine Bousquet, The Scientific Way of Warfare: Order and Chaos on the Battlefields of 
Modernity (New York: Columbia University Press, 2009).  
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changes resulting in and explaining the variance across nations with regard to “military 

innovation based on similar technologies.143 When considering the same technology, 

cognitive styles intervene and shape both a theory of victory and how and why a nation 

generates particular innovative outcomes.144 

The third perspective I consider under the broad cultural perspective is anchored by 

a sociological lens outside the normal program of military innovation studies, but this lens 

delivers a long-standing psychological explanation of warfare and how sociological factors 

impact weapon choices. The proponents of such a view suggests that human sociological 

and evolutionary forces. This perspective draws heavily from culture studies,145 

neurosciences,146 psychoanalysis,147 philosophy,148 and biology,149 focused on the 

interaction between people and the culture they live within. It manifests in such ways as 

material and emotional features of the society, and is reflected in attitudes, reward and 

praise practices, and technology. The sociocultural view assumes people are social beings 

and that the change in institutions occurs from emotional connections and identity through 

the socially constituted processes of ideas and stories until they harden into institutions and 

material expressions of society. Human nature’s “emotion, stress, and hormones such as 

testosterone are important players” in behaviors and choices related to issues of war, peace, 

and warfare. Thucydides’ assertion that fear, honor, and interest drive much of 

humankind’s bellicosity finds its home in this sociocultural perspective—especially if  

interests are interpreted as the biological and neurological makeup of male and female.  

 
143 Adamsky, The Culture of Military  Innovation, 131. 
144 Adamsky, 131. 
145 Karen Huffman, Karen Dowdell, and Catherine Ashley Sanderson, Psychology in Action, 2nd ed. 

(John Wiley & Sons, Inc., 2017), 7; O’Connell, Of Arms and Men. 
146 Rosen, War and Human Nature. 
147 Daniel Pick, War Machine: The Rationalization of Slaughter in the Modern Age (New Haven, CT: 

Yale University Press, 1993).  
148 O’Connell, Ride of the Second Horseman.  
149 All the books in this section used biological forces as explanations at one point or another. 
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This is not to say the argument about war and weapons is based on biological 

determinism,150 but rather socially constructed within the limitations of human experience 

and biological development.151 In other words, “war cannot be externalized and alienated 

from humanity, since human identity itself . . . is founded on war.” 152 To take it one step 

further, manhood is founded upon war. Logically then, weapons transform man “ into a 

creature to be reckoned with,” 153 and if  one understands this sociologically, then it is easier 

to understand weapons development outcomes as symbols and artifacts of sociocultural 

significance.154 If this is the case, then UAV development must be considered an 

outgrowth of historic and evolving sociological factors. Specifically, if  UAVs threaten a 

military organization’s identity of shared meaning, status, and construct of human nature 

as practiced through a certain approach to warfare, then the military organization will resist 

or outright reject the UA. The opposite is equally true.  

The cultural lens is not without its shortcomings. Many scholars point to the 

problem of proving that the phenomenon of culture exists in constructivist approaches. 

Also, it is very challenging to define terms and concepts associated with culture with any 

degree of specificity, thus making it more challenging to test culturally based theories. 

Even more problematic, culture is relative, not absolute, and changes with time. Finally, 

the methodology of process tracing fails to reveal strong causation for both organizational 

culture and cognitive culture approaches, as admitted by both Kier and Adamsky. Culture, 

in the end, represents a set of ideas “ rather than a determinant of behavior,” and the ability 

for culture to explain behavior is limited.155 

 
150 Rosen, War and Human Nature. 
151 Peter L. Berger and Thomas Luckman, The Social Construction of Reality: A Treatise in the 

Sociology of Knowledge (New York, NY: Anchor Books, 1966). 
152 Pick, War Machine, 46. 
153 O’Connell, Of Arms and Men, 21 
154 O’Connell, Of Arms and Men, 5. 
155 Adamsky, The Culture of Military  Innovation, 140. 
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D. INNOVATION GENESIS  AND CONTEXTS 

Military  innovation scholars identify four contested origins from which innovation 

starts: top down, bottom up, internal and external. Top down is leadership driven, often 

through the use of hierarchical power, charismatic power, or the shaping of rules, doctrine, 

and processes.156 A bottom up view of innovation perceives innovation and adaptation as 

an outcome of organic field and staff work that incrementally accumulates into 

organizational transformation through reactive adaptation.157 The internal perspective 

derives primarily from the cultural school of military innovation depending on the unit of 

analysis (state or organization), while external drivers spring from primarily realist and 

institutionalist camps. I assess that none of these origins hold a privileged place among 

military innovation theorists, and the catalysts are generalizable in most contexts.  

In addition to the directional origins of innovation, scholars within military 

innovation studies and management studies identified that innovation—and particularly 

technical innovation—moves in cycles and degrees. One way to look at the degree to which 

an organization incorporates an innovation, is the incremental increase over time through 

ever-widening levels of acceptance, routinization, and assimilation across the 

organizational enterprise.158 Another view is that organizations move in phases from 

invention, to partial adoption, to full  adoption.159 A third view, one more hotly debated, is 

that the degree of innovation occurs either as incremental evolution or more drastically as 

 
156 Posen and Rosen are the dominant theorist in the top down category, with Cohen supporting 

through his view of civil-military intervention. 
157 The bottom-up origin of adaptation captured the military innovation studies field’s attention over 

the past ten to twelve years, resulting in efforts to show when and why effective adaptions occur and how 
those variations become formal institutional doctrine. Theo Farrell, “ Improving in War: Military  
Adaptation and the British in Helmand Province, Afghanistan, 2006–09,” Journal of Strategic Studies 33, 
no. 4 (2010); Russell, Innovation, Transformation and War; Robert T. Foley, Stuart Griffin  and Helen 
McCartney, “Transformation in Contact: Learning the Lessons of Modern War,” International Affairs 87, 
no. 2 (2011): 253–70, cited in Griffin, “Military  Innovation Studies,” 200. 

158 Matthew A. Douglas, Robert E. Overstreet, and Benjamin T. Hazen, “Art of the Possible or Fool’s 
Errand? Diffusion of Large-scale Management Innovation,” Business Horizons 59 (2016): 379–389. 

159 Denning and Dunham, The Innovator’s Way, 8. 
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revolution.160 War speeds things up; the pace of innovation in peacetime is more measured. 

Reform and revolution are the watchwords of peacetime, while adaptation and evolutionary 

experimentation occur in wartime. For example, it is in peacetime that radical changes took 

place within the German military’s doctrine and weapons between the World Wars, and 

the United States vastly reformed following the Vietnam conflict with the Goldwater-

Nichols Act, professionalization, and the second offset’s adoption of stealth, space-based 

communications, and precision weapons. During war, incremental adaptions is the norm, 

such as the tit-for-tat spiral of responding tactics changes in the improvised explosive 

ordnance fight in Afghanistan between the United States (and its Allies) and the Taliban. 

As for cycles of innovation, the innovation literature provides no overarching 

framework or typology; only one study on the Air  Force describes immediate, short. and 

long cycles, respectively reflecting sortie debriefs, fiscal year (FY) development plans, and 

multi-year development plans.161 Within the organizational theory literature, a different 

explanation is offered, suggesting that innovation takes place through technology adoption 

models and S-curves. In both models, technology experiences early adoption and growth 

by a few ambitious actors, but adoption will then reach a bend toward exponential adoption 

before hitting a second bend leading toward plateaued use and eventual phaseout.162 These 

S-curves have no defined timeline, but are holistically impacted by social, cultural, 

scientific, and economic factors. Finally, the timing of military transformation is likely 

critical to its adoption.163 While technology might be suitable, the intellectual strategy and 

rationale for the use of technology might hinder technological development. 

Contextually, military innovation scholars orient innovation cases as taking place 

in one of two primary environments: peacetime and wartime. This approach helped 

 
160 “An [revolution] is a combination of new military organizational goals and structures with new 

operational practices on the battlefield that are sometimes but not always driven by new technologies.” 
Michael Horowitz and Stephen Rosen, “Evolution or Revolution?” Journal of Strategic Studies 28, no. 3 
(June 2005), 441, https://doi.org/10.1080/01402390500137317. 

161 Grissom, Lee, and Mueller, Innovation in the United States Air Force, 89–91. 
162 Francis Stokes Berry and William D. Berry, “ Innovation and Diffusion Models in Policy 

Research,” in Theories of the Policy Process, ed. Paul A. Sabatier (Boulder, CO: Westview Press, 2007). 
163 Erik J. Dahl, “Net-Centric before its Time—The Jeune École and its Lessons for Today,” Naval 

War College Review 58, no. 4 (Autumn 2005), 129. 



52 

delineate when and if  variables/mechanisms were present and if  so, how the variables 

determined outcomes. Rosen summarized Posen’s view that peacetime innovation occurs 

not because of threats from an adversary, but when “structural changes in the security 

environment” provided incentive to generate fresh promotion options for young officers 

embarked on new ways of war.164 Additionally, Posen determined that in wartime, reforms 

occur most often when linked to new “measures of strategic effectiveness” within the 

organization.165 

E. EVALUATION OF  THE LITERATURE  

The military problem of innovation outcomes and adoption as related to UAVs is 

the focus of this dissertation. From the literature on innovation studies, outcomes within 

military departments to innovate or not are a result of complex mechanisms. In their efforts 

to create the means and ways to ensure effectiveness in meeting current and anticipated 

problem sets, military departments do not operate in a vacuum apart from a state’s civilian 

leaders. Nor does a military service operate as an island apart from other services and the 

broader state security apparatus as it shapes its understanding of likely threats, determine 

missions, and competes for resources. Finally, military departments function as an 

institution of the state for the purpose of war and as an organization built on precepts and 

assumptions that provide a structure to efficiently meet goals.166 Taken as a whole, these 

dynamics can result in a wide range of outcomes when it comes to the decision to innovate, 

partially innovate, or not innovate at all. Prescriptive solutions of predictive value exist but 

are highly challenged as well. Like its parent field of international relations there is a give 

and take relationship within military innovation studies between parsimony and the 

richness of theoretical description as the unit level of analysis drives further down to the 

individual actor level. 

 
164 Rosen, Winning the Next War, 251. 
165 Rosen. 
166 This is inferred by Zisk’s theory and conclusion of the role of military officers and how they 

execute that role in relation to efforts to innovate doctrine and forces. 
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The military innovation studies field remains far from settled. Opportunities exist 

to challenge and expand the “ research agenda” both theoretically and in practice.167 As 

recently as 2016, leaders in the field identified current gaps in theoretical knowledge as to 

the role and effect of Social Shaping of Technology, critical theory, and reflective 

epistemologies on military innovation.168 Additionally, military innovation scholars 

remain concerned that the field is stalling, is in jeopardy of becoming a niche specialty, 

and has become defined by a highly-conservative approach169 that instinctively defaults to 

“structural and functional analyses.” 170 Additionally, most of the originating academic 

disciplines that scholars used to examine military innovation have not readily accepted 

military innovation empirical research as studies within their own fields.171 

Beyond these methodological concerns, the literature only recognizes peacetime 

and wartime as the context for innovation, making it hard to understand how militaries 

innovate when the distinction does not fit  neatly into those categories.172 Recent doctrinal 

changes in U.S. joint publications nascently recognized this conundrum.173 Therefore, I 

propose a third contextual category of military innovation: perpetual conflict, which lasts 

decades. This is the condition where nations and their military services navigate long-term 

and short-term innovation amid encompassing and unending low-intensity conflict. The 

two studies that loosely consider long-term innovation during wartime include Andrew 

Krepinevich’s study of the Army in Vietnam and Terry Pierce’s research on disruptive 

 
167 Griffin, “Military  Innovation Studies: Multidisciplinary or Lacking Discipline?” 214. 
168 Griffin, 214–218. 
169 Griffin, 207. 
170 Kier, “Culture and Military  Doctrine,” 92. 
171 Griffin, “Military  Innovation Studies: Multidisciplinary or Lacking Discipline?” 208–211. 
172 For now, a simple description of wartime is the sustained engagement of military operations 

against a sizable foe that can do physical harm to the state; peacetime is the opposite. Peacetime is the 
opposite. Of course, there is difficulty  in cleanly delineating peacetime from wartime in the modern world 
system, as well as the evolving ways that nations and military departments describe national security 
threats. 

173 Joint Chiefs of Staff, Strategy, Joint Doctrine Note 1–18 (Washington, DC: Joint Force 
Development, April 25, 2018), III- 1. State and non-state actors are characterized along a composite 
spectrum of “cooperation,” “conflict below the threshold of armed conflict,” and “armed conflict.” It is the 
within the second category that the phenomenon of innovation as not fully  been studied. 
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innovation.174 This third contextual category begs the question:  How do military services 

ensure appropriate and adequate innovation for future battles in the midst of sustained, 

decades-long conflict?  

One of the major limitations of the military innovation literature is the contested 

yet universal use of the four directional origins of innovation. It is not necessarily 

problematic that innovation originates from top, bottom, internal, and external catalysts 

(though there was a time when this was not given). The debate needs to evolve. The more 

interesting question is what are the mechanisms that determine the cycle speed and degree 

of acceptance—that is, the variance of organizational change—regardless (and perhaps 

because of) where the innovation process stems. Taking a cue from Terry Pierce’s engine 

of innovation, his model of needing a driver and fuel for change is helpful, but not fully  

useful as framed to disguise innovation and then push it through an organization. There are 

motivational mechanisms that spur on the process, but they are not limited to leadership 

and management factors. Additionally, there are mechanisms that will dampen the 

prospects of innovation that are not a matter of management wizardry. There is ample 

opportunity to re-frame the origin, cycle, and degree aspects of military innovation based 

on a more measured and constrained mechanism perspective.175 

Another problem within the innovation literature is that the cases for testing 

theories are heavily biased toward ground-force institutions, calling into question the 

assumptions from which many theories are based. The predominant methodological and 

empirical frames within the innovation literature imply a few key assumptions. Those 

assumptions include: 1) military services innovate in a similar way to allow generalization 

across the service cases; 2) the civil-military relationships and institutional political 

dynamics with regard to military innovation can be generalized and modeled primarily 

through Army/ground-force examples; and 3) the strategic culture of the state is 

 
174 Andrew Krepinevich, The Army and Vietnam (Baltimore: Johns Hopkins University Press, 1986); 

Pierce, Warfighting and Disruptive Technologies. 
175 Mechanisms “produce or generate” or prevent outcomes and are sufficient for outcomes. Complex 

mechanism “constitute robust competition” and are not causes. Gary Goertz, Multimethod Research, 
Causal Mechanisms, and Case Studies: An Integrated Approach (Princeton: Princeton University Press, 
2017), 34–45. 
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deterministic enough that it leaves internal differences among branches of the military as a 

weak independent variable.176  

As recent as 2016, scholars lamented that not only has the innovation literature field 

focused almost exclusively on ground force innovation since 9/11, but more significantly, 

Adam Grissom claimed “ the Air  Force innovates differently than other military 

organizations.”177 The Army tends to innovate first through doctrinal changes led by 

senior leaders, while the Air  Force tends to innovate without significant changes in its 

doctrine, and even sometimes without change to its organizational structure.178 This is 

important to note, because if  that is the case, then the bulk of military innovation studies 

literature—from the outset of Barry Posen’s seminal book The Sources of Military 

Doctrine—is potentially biased, incomplete, inconclusive, or needs reframed altogether. 

Since much of the military innovation literature rests first upon the development of doctrine 

and then doctrine’s integration with national objectives, the premise that doctrine is an 

independent or intervening variable to successful innovation in all military organizations 

bears reexamination. James Russell, in his study of the U.S. Army in Iraq, concludes as 

much, stating that he and others have more recently determined that doctrine was a “weak,” 

but still important, independent variable with regard to military innovation.179 Can both 

scholars be right—doctrine is critical and doctrine is ancillary? Grissom’s study of the Air  

Force contradicted Russell’s conclusion that doctrine was not a key determinant of 

innovation in the Army. Grissom suggested that doctrine plays very different roles within 

the Army and Air  Force; doctrine drives innovation in the Army, but lags innovation in the 

Air  Force. Unfortunately, Grissom did not conduct case comparisons to prove his point. 

The Air  Force as a department deserves further scrutiny as a case within the 

innovation literature; this would help determine the relative merit of the above 

 
176 There is an implicit and growing debate within the literature concerning these assumptions, as well 

as to the link between doctrine and the outcome of military innovation. 
177 Grissom, Lee, and Mueller, Innovation in the United States Air Force, 88.  
178 Grissom, Lee, and Mueller, 88–92. Of note, there was little comparative discussion within this 

monograph between Army and Air  Force organizations. This observation was made based on the literature 
overview within the field. A more careful analysis is needed to corroborate this claim. 

179 Russell, Innovation, Transformation, and War, 29. 
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assumptions. Equally limiting in the search for explanations is that literature on 

organizational learning rarely includes Air  Force cases; when Air  Force innovation is 

studied, scholars within the military innovation studies field rarely consider organizational 

learning perspectives. Overall, the cross-pollinating of military studies theory and practice 

into other academic fields of study has not happened with any regular frequency.180  

Finally, opportunities exist for specific research cases that are underrepresented in 

the literature. The first, the USAF, was introduced above. Grissom, Lee, and Mueller 

lament the dearth of Air  Force case studies.181 Beyond a few prominent examples (e.g., 

Close Air  Support in World War II  and the strategic bombing force), additional inquiry to 

develop specific explanations182 within the Air  Force could provide insight into innovation 

efforts within emergent warfighting domains such as space, cyber, and information. The 

second set of cases that have had limited exposure in the literature are those cases dealing 

with robotics as a broad category of technical innovation.  

F. CONCLUSION 

Innovation as military science and organizational behavior is crucial to strategy and 

state security; furthermore, innovation adoption and diffusion—whether technological, 

conceptual, or organizational change—molds the character of international conflict. 

Military  innovation research uses several perspectives to explain the phenomenon, each 

emphasizing different causes and mechanisms, to include systemic rational choice, 

institutional politics, and organizational culture. A utilitarian view would simplify the 

adoption of innovative technology, saying that if  the innovation brings an advantage, the 

organization will adopt it; if  not, the organization will reject it.183 Social scientists reject 

this view, and a vigorous debate on what perspective and causes best explain military 

 
180 Griffin, “Military  Innovation Studies: Multidisciplinary or Lacking Discipline?” 219. 
181 Grissom, Lee, and Mueller, Innovation in the United States Air Force, 92. 
182 Van Evera emphasized the value and preference for a “generalized specific explanation” in theory 

building, which identifies “ the theories that govern” a specific event, as an example of a more general 
phenomenon. Van Evera, Guide to Methods, 15–16. 

183 Ina Sophie Kraft, “Military Discourse Patterns and the case of Effects-Based Operations,” Journal 
of Military  and Strategic Studies 19, no. 3 (2019): 86, https://jmss.org/article/view/58290. 
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innovative outcomes has ensued for the past thirty years. The sociology of war provides 

another view of how states and militaries shape their approaches to war, take meaning from 

conflict, and shape weapon choices. Given that no single perspective trumps the others, the 

best conclusion is that the “process of military innovation is highly complex and is not 

reducible to general statements on revolutionary technologies and broad strategic 

documents.”184 Unmanned aircraft as part of greater robotics trends185 in the changing 

character of warfare offer a relatively unexplored but hot topic in strategic force 

production, organizational behavior, and the future of conflict. 

  

 
184 Laura Schousboe, “The Pitfalls of Writing about Revolutionary Defense Technology,” War on the 

Rocks, July 15, 2019, https://warontherocks.com/2019/07/the-pitfalls-of-writing-about-revolutionary-
technology/. 

185 Paul Scharre, “Why Drones are Still the Future of War; Troops Will Learn to Trust Them,” 
Foreign Affairs, February 15, 2018, https://www.foreignaffairs.com/articles/united-states/2018-02-15/why-
drones-are-still-future-war.  
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III.  COMMON  CONTEXTUAL  FACTORS TO UAV EPISODES 

. . . high technology weaponry, ridiculed in the past, [is] now coming into 
their own and saving lives—not only American lives and Coalition lives, 
but the lives of Iraqi citizens.186  

—President George H.W. Bush, 1991, Operation Desert Storm 

This chapter delivers the common contextual factors across service cases that 

impact the rational, institutional, and cultural perspectives introduced in Table 1 of Chapter 

I. Chapter III  also describes the historical and budgetary context leading up to, and during, 

the UAV adoption episodes of 1991 to 2015; furthermore, it explains the predominant 

security strategy perspectives at the national- and service-levels of the U.S. government, 

and the chapter situates the period of interest in its technological context while exploring 

service specific approaches to scientific and technological development. Paraphrasing 

historian Wilfred M. McClay, military innovation efforts begin in the middle of an on-

going security context, and military organizations are laden with prior-held experiences, 

incentives, assumptions, and constraints, which impact how an innovation-adoption 

episode unfolds.187 Prior experiences and results from earlier acquisition efforts inform 

the thoughts of individual actors and whole organizations. The political-economic realities 

and government-institutional roles compete for resources, constraining each other’s 

decisions. Furthermore, intra-governmental processes and organizational practices cause 

each invention to resolve in distinctive ways. What follows prepares the reader with a 

baseline of relevant contextual knowledge that enables detailed UAV programmatic 

discussions in chapters four through six, as well as deepens the factor test analysis of UAV 

adoption episodes with respect to the military innovation hypotheses of rational, 

institutional, and cultural factors. The chapter concludes with a short introduction to the 

 
186 Alan Geyer and Barbara G. Green, Lines in the Sand: Justice and the Gulf War (Louisville, KY: 

Westminster/John Knox Press, 1992), 137, cited in Zimmerman et al., Movement and Maneuver, 201. 
Spoken by Bush at a press conference during the Gulf War, referring to precision guided weapons, which 
rely upon the Global Positioning System (GPS) for navigation. Navigation with GPS would be a vital 
development to overcoming the navigational limitations of UAVs since their invention in 1915.  

187 Wilfred M. McClay, Land of Hope: An Invitation to the Great American Story (New York, NY: 
Encounter Books, 2019), 3. McClay’s line is: “History always begins in the middle of things.” 
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DOD acquisition process and key-actor roles. Those knowledgeable of UAV historical 

development, military history of the U.S. services, and the DOD’s acquisition system can 

use this chapter as reference and move to the case studies.  

A. UAV PERIODS AND OUTCOMES IN THE UNITED STATES 

The U.S. military’s pursuit to construct an unmanned aircraft began within a decade 

following the Wright Brothers’ first flight in 1903. The hope of achieving sustained and 

controlled flight without pilots became the next frontier of aeronautical evolution.188 

Within the United States, UAV development progressed in what can be described as three 

sequential epochs of time, as show in Figure 3, and named based on the broad outcomes of 

the period. The first epoch, from 1915 to 1958, resulted in only a few operational systems 

within a narrow set of capabilities due to the slow progress of technology. The second 

epoch, from 1959 to 1990, was driven by several influences: increasingly capable but 

constrained technology, the nation’s prevailing Cold War grand strategy, and weak intra-

service management. This epoch produced checkered UAV adoption results but had bursts 

of promising growth that the DOD never fully  capitalized on in the latter half of the epoch. 

Finally, the third epoch, from 1991 to 2015, was driven by four trends: expanding 

technological capability; shifting and uncertain political-military relations reshaping treaty 

obligations; a perpetual, global counterinsurgency fight; and an effort to move to a truly 

joint, interdependent force among the U.S. services. Whether America is still in the third 

UAV epoch, or on the cusp of a new fourth epoch, remains uncertain and debatable as the 

United States deepens its return to a grand strategy based on great power competition, 

attempts to extricate itself from unending global counter-terrorism and nation-building 

efforts, and expands the underlying technology of UAVs across a wide variety of missions, 

sizes, and human-machine teaming. 

 
188 The idea of “promise and problem” is inspired by Rebecca Grant, Preface, in Thomas P. Ehrhard, 

Air Force UAVs: The Secret History (Arlington, VA:  Mitchell Institute Press, 2010), 2. Grant was the 
Director of the Mitchell Institute for Airpower Studies. 
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Figure 3. Epochs of the United States’ UAV Development 

1. First  Epoch, 1915–1958: Unrealized Desire 

Shortly after the inception of the airplane, the Army and Navy attempted to create 

unmanned aircraft. The earliest epoch of UAV invention resulted in crude cruise-like 

missiles, radio control, gyro stabilization, small motor development, and various launch 

mechanisms. Missions for these unmanned vehicles ranged from reconnaissance to 

penetrating strike. The U.S. military started experimentation with pilotless, self-propelled 

planes starting in 1915, when the Navy contracted Elmer Sperry to develop a remote-

controlled “aerial torpedo” based on the Curtiss N-9 aircraft platform, seen in Figure 4.189 

By 1918, Sperry’s uninhabited N-9 demonstrated a successful launch and recovery in the 

water. Incited by the Navy’s early efforts, the Army began experimenting in 1917 with a 

twelve-foot-long pilotless aircraft known as the “Kettering Bug,” shown in Figure 5. 

Named after its inventor Charles Kettering, who partnered with Orville Wright, the “bug” 

could carry 180 pounds of explosives and followed a pre-programmed flight profile before 

diving in on its intended target up to seventy-five miles away (a longer distance than field 

artillery at the time). Despite fifty  aircraft being made, the war ended before the Army 

could use the “bug” for combat operations during World War I.190 Overall, the Navy’s 

early efforts in the 1910s drew the Army’s attention to unmanned aircraft. Without the 

 
189 Laurence Newcome, Unmanned Aviation: A Brief History of Unmanned Aerial Vehicles (Reston, 

VA: American Institute of Aeronautics and Astronautics, Inc., 2004), 17–18. 
190 John W. Huston, footnote 153 in American Airpower Comes of Age: General Henry H. “ Hap” 

Arnold’s World War II Diaries (Montgomery, AL:  Air  University Press, 2002), 196. 
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Navy’s early efforts to see its “aerial torpedo” through to fruition, the Army may have 

limited its nascent efforts to invent unmanned systems.  

 

Figure 4. Sperry’s N-9 “Aerial Torpedo”191 

 

Figure 5. The “Kettering Bug”192 

 
191 Source: “1910s, Sperry Aerial Torpedo,” Nova, accessed February 17, 2019, https://www.pbs.org/ 

wgbh/nova/spiesfly/uavs_03.html. 
192 Source: Jimmy Stamp, “Unmanned Drones have been Around Since World War I,” Smithsonian, 

last modified February 12, 2013, https://www.smithsonianmag.com/arts-culture/unmanned-drones-have-
been-around-since-world-war-i-16055939/. Image by the United States Air Force: “The Kettering ‘Bug’.” 
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Between the wars, the American services labored to improve radio-controlled 

remotely piloted aircraft. Late into the interwar period, the Navy developed and adopted 

the TG-2 target drone and soon after assembled the first true unmanned combat aerial 

vehicle (UCAV)—the TDR-1 assault drone (Figure 6). Impressed with the TDR-1’s 

potential, the Navy originally envisioned a purchase of three hundred and eighty eight 

TDR-1s; however, the actual procurement numbers fell far short of that goal leading up to 

and during World War II.  Shrouded in secrecy, and with theater commanders left in the 

dark regarding the assault drone’s successful employment record throughout 1944–1945, 

the Navy failed to adopt UAVs in significant numbers or change the way the service 

organized for war. At the beginning of World War II, the Army Air  Forces built an 

unmanned aircraft that used radio control, but unfortunately, its limited flight range (from 

London to Paris) hindered further interest.193 After the war ended, the U.S. Air  Force 

became an independent service, adding one more bureaucratic institution vying for 

unmanned aircraft. Then as now, the Army and Navy always had UAV programs and made 

steady technological progress, increasing navigational accuracy in both remotely piloted 

and autonomous (gyro) controlled UAVs.194  

 

Figure 6. U.S. Navy TDR-1 Assault Drone195 

 
193 Huston, American Airpower Comes of Age, 197. 
194 Newcome, Unmanned Aviation, 59–61. The Army purchased 1,445 An/USD-1 Observer aircraft 

in 1959. 
195 Source: “Interstate TDR-1 Assault Drone,” Weapons and Warfare, last updated August 21, 2017, 

https://weaponsandwarfare.com/2017/08/21/interstate-tdr-1-assault-drone/.  
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Besides the theater commanders being left in the dark about the TDR-1, other UAV 

problems persisted within the Navy and Army during and after the war:  requirements creep 

throughout the development process, extreme secrecy preventing the efficient integration 

of commercial technology, and senior leaders who saw the weapon as a threat more than 

an opportunity to the Navy institution.196 In 1955, the company Radioplane produced a 

UAV prototype called the RP-71 that caught the Army’s attention; the UAV showed real 

promise in field demonstrations in conducting reconnaissance. For the next four years, the 

Army worked with Radioplane to finalize a design that would eventually become the first 

mass-produced and adopted UAV in the U.S. inventory. Overall, the UAV systems of the 

first epoch represent the United States’ early desire and effort to achieve operational effects 

through UAVs. By 1958, the Army’s and Navy’s aspiration to build unmanned systems 

throughout this epoch furnished a foundation of experience for the services and the defense 

industry. Having pursued UAV technology for over forty years, the U.S. and senior 

leadership had learned enough so to attain a modicum of success in the coming years. 

2. Second Epoch, 1959–1990: Checkered Results 

From 1959 to 1990, the concept of robotic aircraft evolved substantially as the Cold 

War heated up and the nation’s security framework required ever more sophisticated 

reconnaissance related to nuclear deterrence and force posturing. The persistent threat of 

conflict with Russia and the combat engagements of the Vietnam War provided the 

dominant backdrop for UAV development in the second epoch. From 1959 to 1966, the 

Army contracted Radioplane to build 1,445 RP-71s—later designated the MQM-57A/B 

Falconer—as part of a surveillance drone system called the AN/USD-1 (often shortened to 

SD-1).197 This medium-sized thirteen-by-eleven foot reconnaissance UAV, shown in 

Figure 7, would become the world’s first mass produced UAV, and it remained in the 

Army’s inventory into the 1970s. The SD-1 was a radio-controlled, radar-tracked air 

vehicle that took wet-film reconnaissance pictures during its thirty-minute duration flight. 

 
196 Newcome, Unmanned Aviation, 70. 
197 Dave Sloggett, Drone Warfare: The Development of Unmanned Aerial Warfare (Barnsley, 

England: Pen & Sword Aviation, 2014), 72–73.  
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Despite its place in the inventory, the SD-1 failed to make any substantive contribution 

during the Vietnam War, indicating a weak adoption at best.198  

 

Figure 7. Radioplane’s RP-71 / U.S. Army’s MQM-57 Falconer199 

The Air  Force, on the other hand, created and employed a large and growing 

number of unmanned reconnaissance drones during Vietnam.200 As part of a secret 

program between the USAF and the National Reconnaissance Office in 1960, the company 

Ryan Aeronautical developed a UAV prototype called Model 147. Though in early 

development, the United States seriously contemplated using its only two Model 147s 

during the Cuban Missile Crisis of 1962. Administration officers were concerned about the 

ability of the relatively new Soviet surface-to-air-2 air defense system to shoot down U.S. 

pilots conducting surveillance over Cuba. Eventually, Air  Force Chief of Staff Curtis 

LeMay chose to not use of the Model 147s, as he was concerned that the Soviets would 

easily attribute the UAV flights to the United States and learn about a fledgling and 

 
198 Andreas Parsch, “Northrop (Radioplane) SD-1/MQM-57 Falconer,” Directory of U.S. Military  

Rockets and Missiles, accessed October 7, 2019, http://www.designation-systems.net/dusrm/m-57.html. 
199 Source: Parsch, “Northrop (Radioplane) SD-1/MQM-57 Falconer.” Picture from late 1950s. 
200 Scharre, Army of None, 14.  
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promising secret capability.201 Then as now, there was a balance of risk considerations 

that include not only casualties, but attribution and cooption of high-end technology. 

Fully operational since 1964, the Model 147 evolved to become the USAF’s AQM-

34 Lightning Bug, shown in Figure 8. The UAV “explored virtually every subtask of 

intelligence collection” to include early efforts of electronic warfare.202 The Air  Force 

built over 1,000 aircraft and launched this multi-variant, jet-powered UAV typically from 

a DC-130 mothership; it was then recovered by helicopter over the ocean. The service 

executed over 400 such sorties each year between 1968 and 1973. As of 1972, AQM-34 

sorties comprised approximately 12 percent of all U.S. reconnaissance flights in the 

Vietnam theater.203 To fund this weapon system, the USAF program received much of its 

funding from “black” sources to include the National Reconnaissance Office and relied 

heavily on Strategic Air  Command sponsorship for the $1.1 billion program (or $5.8 billion 

in FY10 dollars).204 But, it was Tactical Air  Command that employed the UAV, operating 

in denied areas such as heavy air defense surface-to-air missile sites.205 The AQM-34 

showcased—and foreshadowed—the utility  value of a quality UAV when matched to 

operational needs and risk assessments dictated such tactics. For example, in the mid 

1960s, the Air  Force’s rapid acquisition organization, Big Safari, developed Lightning Bug 

electronic-intelligence variants. This model picked up surface-to-air-missile radar 

transmissions, sending the telemetry data to off-board receivers so that the United States 

could build countermeasures; the drone would then act as a decoy before being 

destroyed.206 The Lightning Bugs held promise as a UCAV, but the UAVs were eventually 

 
201 Ehrhard, Air Force UAVs, 7–8. 
202 Newcome, Unmanned Aviation, 91. Great sources for a more detailed rendering of the Lightning 

Bug and its predecessor, the Firebee, is found in: Ehrhard, Air Force UAVs and Curtis Peebles, Dark 
Eagles: A History of Top Secret U.S. Aircraft Programs (Presidio Press, 1999). 

203 Ehrhard, Air Force UAVs, 28. 
204 Ehrhard, 28. Strategic Air Command drove new avenues of reconnaissance and surveillance 

innovation, to include UAVs, in the 1960s out of a concern over conventional and nuclear surprise attacks 
by the Soviet Union. For more about this history and development, see Richard Best, Jr., Intelligence 
Collection Platforms: Satellites, Manned Aircraft, and UAVs, CRS Report No. 98–495 (Washington, DC: 
Congressional Research Service, 1998), https://www.everycrsreport.com/reports/98-495.html. 

205 Ehrhard, 26. 
206 Ehrhard, 25. 
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mothballed or used as target drones after the war. Despite the Lightning Bug’s seemingly 

proven value and wide-scale use, General Robert Marsh, the Air  Force’s director for UAV 

acquisition from 1969 to 1973, characterized the AQM-34’s existence in 1972 as a 

“novelty,”207 indicating the Air  Force had a long way to go before it would accept and 

widely adopt unmanned aircraft. By the end of the 1970s, the services had few on-going 

UAV development efforts, and no adoption outcomes of any kind for the next several years.  

 
This exact AQM-34L aircraft, nicknamed Tom Cat, flew “68 missions over North Vietnam 

before being shot down by anti-aircraft fire over Hanoi.” 208 This was the most missions 
of any single UAV of the war. 

Figure 8. Ryan Aeronautical AGM-34L over Vietnam in the Late 1960s209 

America’s procurement of UAVs stagnated in the second half of the 1970s, 

generally due to debates over cost, operational viability, and uncertainty with regard for 

UAVs.210 Airpower historian Thomas Ehrhard channels General Marsh’s sentiment, 

 
207 Ehrhard, 28. Backing up the General’s point, a major weakness of the Lightning Bug was its 

navigational system that caused only 50% of the sorties in 1973 to hit their recon targets over Vietnam. 
Ehrhard, 24.  

208 “Planes Without Pilots: SAC Remotely Piloted Aircraft (RPA),” National Museum of the United 
States Air Force, May 19, 2015, https://www.nationalmuseum.af.mil/Visit/Museum-Exhibits/Fact-
Sheets/Display/Article/579666/planes-without-pilots-sac-remotely-piloted-aircraft-rpa/. 

209 Source: National Museum of the United States. 
210 Newcome, Unmanned Aviation, 88. 
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arguing that only “ the wild-eyed futurist” would have taken UAVs “ in light of the tradeoffs 

they required” and the planning difficulties that came with them. There seemed to be truth 

to these practical issues, yet leaders and planner during the Vietnam War readily employed 

the more capable UAVs such as the AQM-34 in areas that pilots could not operate without 

extreme risk.211 Then, in the late 1970s and 1980s, several experimental variants of carrier-

based, rotary, and land-based UAVs matured toward the aircraft forms recognized in more 

modern variations. Even stealth concepts such as radar absorbent paints and coatings saw 

use on UAVs in the second epoch. In addition, the Air  Force experienced a seismic cultural 

shift in the 1970s as Tactical Air  Command and the fighter-generals rose to eclipse the 

SAC/bomber-pilots as the dominant culture in the USAF.212 Along with this shift, Tactical 

Air  Command successfully bid to take over the RPA enterprise from Strategic Air  

Command and the National Reconnaissance Office.213 Finally, the impact of international 

treaties, covered in more detail below, also dampened the DOD’s and USAF’s aspirations 

for UAVs since the aircraft counted against highly-desired, nuclear-capable cruise missiles.  

Between Vietnam and Operation Desert Shield/Storm in 1991, the United States 

fought a handful of small-scale conflicts, but none drove significant new UAV 

requirements. These military operations did little to influence U.S. and USAF thinking or 

doctrine regrading UAVs. In fact, the USAF remained focused on the pressing mission 

challenge of strategic-nuclear deterrence and the interdiction of Soviet forces in Europe. 

Two project blunders in the 1970s and 1980s also contributed to insubstantial UAV 

 
211 International events backed up this view that UAVs might have an increasing role to play in air 

operations. The Air Force watched with great interest as the October 1973 Israeli-Arab conflict and a 
Soviet-designed air defense system took a major toll on Israeli air forces; Israel later used decoy drones to 
great effect in the 1982 Bakaa Valley conflict. Additionally, the political fallout of U.S. aircrew and pilot 
prisoners of war during Vietnam seem to bolster the policy reasons for UAVs to find a permanent place in 
America’s military arsenal. Finally, a July 1970 RAND report thought so highly of the technological 
breakthroughs and proven use of UAVs during Vietnam that it argued that UAVs are the future of the Air 
Force given that air transport, air-to-air combat, and interdiction were all possibilities on the near-term 
horizon. (RAND hosted the symposium May 19–21, 1970, followed by reports and articles such as Barry 
Miller, “Remotely Piloted Aircraft Studied,” Aviation Week & Space Technology, June 1, 1970; Ehrhard, 
Air Force UAVs, endnote 259). 

212 Mike Worden, Rise of the Fighter Generals: The Problem of Air Force Leadership 1945–1982 
(Maxwell Air Force Base, AL: Air University Press, 1998). This book provides an in-depth history of this 
important cultural transformation within a relatively young institution. 

213 Ehrhard, Air Force UAVs, 29–34. 
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development following Vietnam. Both failures were run by single services. The first was 

the Air Force/National Reconnaissance Office attempt to replace the U-2, called Compass 

Cope. This Boeing-led project was initiated following a 1970 RAND symposium on the 

future of air power in which a consensus emerged on the value of UAVs. Congress ended 

the project for various reasons, not least of which was budget concerns. Cost overruns, test 

failures, and shrinking national budgets all factored in.214 This effort was the first of fifty  

years’ worth of debates over the U-2, and the RQ-4 Global Hawk appears to only be the 

latest iteration of this fifty -year discussion to replace the U-2 with a UAV. The Army 

managed the second failed UAV program in the late Vietnam era called the MQM-105 

Aquila. This ambitious program, originally pitched by Lockheed in the early 1970s, was 

designed to support artillery fires by designating targets with a laser.215 The first full -scale 

aircraft rolled out in 1979, at six-by-twelve feet, with a small one-hundred-and-fifteen 

pound payload. The budget overruns were so egregious that by 1987 Congress killed the 

program. The Army’s attempt to put too many unproven, cutting-edge sensors on the small 

platform was too much for the time.216  

Another, less substantial, botched UAV program was the Air  Force’s medium-

range BQM-145A, initiated in 1985 to address growing reconnaissance shortfalls. Ehrhard 

found that early joint acquisition structures and “Congressional pressure hindered Air  

Force efforts by adding requirements to the airframe design that limited its utility  for its 

planned UAV employment concept.” 217 When the Air  Force’s BQM program became a 

joint program, it faltered. At the same time when the Air  Force launched the BQM-145 

initiative, the Navy valued smaller tactical UAVs.218 The navy contracted with the Israeli 

firm AAI  Corporation to procure the Pioneer starting in 1985. The Pioneer was good 

enough; it was what the services could afford and Congress willing to fund. The Navy, 

 
214 Ehrhard, 33. 
215 Steven J. Zaloga, Unmanned Aerial Vehicles: Robotic Air Warfare, 1917–2007 (Oxford: Osprey, 

2008), 23.  
216 Zaloga, 23. 
217 Ehrhard, Air Force UAVs, 41. 
218 The Secretary of the Navy, John Lehman, pushed for the AAI Pioneer based on lessons learned 

from the Israeli use of UAVs in the 1982 Bekaa Valley battles. Zaloga, Unmanned Aerial Vehicles, 25. 
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Marine Corps, and Army added the Pioneer in small numbers to their respective inventories 

by the end of the 1980s.  

The DOD was not done trying to figure out how to further adopt UAVs into its 

arsenal, and major DOD restructuring impacted acquisition practices starting in 1986. After 

Congress killed the Aquila program in 1987, the new joint offices in the DOD “established 

a requirement for the UAV-Endurance with a range of more than 1,000 miles” and forty-

eight hours of targeting large areas.219 Subsequent to the Goldwater-Nichols Act, Congress 

mandated the DOD stand up a Navy-led Joint Program Office by 1989 to reduce 

duplicative experimental efforts across the military services;220 this joint office was the 

first of its kind for UAV development in the United States. The Joint Program Office’s 

strategic game plan introduced UAVs tiers as a means to describe strategic development 

requirements: Tier I (tactical endurance), Tier II (theater endurance), and Tier III (strategic 

endurance).221 At the time, a limited number of Tier I Pioneer UAVs existed in the U.S. 

inventory, and with this categorization, the Joint Program Office gave a basis for the 

modern era of joint UAV development. The Air  Force’s Medium-Range BQM-145 

program was now merged into the new Navy-led Joint Program Office as a joint USAF-

USN program, and over time the aircraft design became untenable for the Air  Force. The 

BQM-145 program ended in 1993 after ballooning “ from $70 million in 1989 to $187 

million in 1993.”222 

Despite waning interest in UAVs after 1975, the United States—and the Air  Force 

in particular—exited the Vietnam era with strong UAV experiences to build upon in the 

future.223 After Vietnam, target drone development and other technology demonstrators 

 
219 Zaloga, Unmanned Aerial Vehicles, 32.  
220 Ehrhard, Air Force UAVs, 41. One might argue that the Joint Program Office structural change is 

the moment that the modern epoch of UAV development started; however, this important organizational 
move remained constrained by the pervasive Cold War mentality and grand strategy, which would give 
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kept the DOD somewhat fluent in UAVs, but without the deeper institutional infrastructure 

or interest, UAVs remained highly-niche assets used mostly for aerial target practice. 

Ehrhard suggests that UAVs succeeded during wartime with a “black” ops budget and 

National Reconnaissance Office support; however, UAVs in the second epoch failed once 

exposed to the “white-world” peacetime environment of institutional competition.224 

Therefore, the best that can be said about the period is that “ technology stimulated but 

failed to float the RPV revolution,” and the period had at best “checkered” results.225 This 

rings true, as only a handful of low-end RQ-2 Pioneer UAVs existed in the U.S. inventory 

at the end of the “peacetime” Cold-War period from 1975 to 1990. As an ironic 

consequence of these systemic factors, the United States’ airpower service was the only 

military branch to not own or operate a UAV in 1990. Overall, it is not a large leap to see 

that this study’s rational, institutional, and cultural competing factors all had roots in the 

UAV programs and operations throughout the second UAV epoch. 

3. Third  Epoch, 1991–2015: Exponential Low-End Growth 

Throughout the third epoch of UAV development the U.S. military matured specific 

UAV capabilities and roles as well as expanded adoption of low-end UAV types.226 This 

dissertation focuses on this period. Reliability, communications bandwidth, and micro-

processors all enhanced UAV utility  and capability during this time period. Furthermore, 

the end of the Cold War altered U.S. capability strategies, especially in the high-end 

categories. Also, the Gulf War provided a host of lessons on the potential employment 

opportunities for UAVs. From 1993 through 1998, the Defense Airborne Reconnaissance 

Office led UAV coordination among the services, introducing Advanced Concept 

 
224 Ehrhard, Air Force UAVs, 36. 
225 Ehrhard, 37, 46. These comments and observations derive mostly from Air Force experiences and 

cases, but the joint nature and impact of DOD processes strongly contributed to the overall development 
and outcome of UAVs in the United States. 

226 This view that the UAV epochs split in 1990 and 1991 is supported by RAND’s recent study of 
service culture and preferences, which characterized and bound the major strategic environment periods 
using similar dates: Bipolarity up to 1989; Unipolar from 1990–2000; The Rise of the Non-state Actors 
from 2001–2014; and Great Power Competition from 2007 to today. I use the date 1991 as the start of the 
third UAV epoch since that is the year the collapse of the Soviet Union was fully established. Zimmerman 
et al., Movement and Maneuver, 195–216. 
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Technology Demonstration (ACTD) acquisition processes. This was an effort to speed up 

acquisition cycles and shorten the typical 7-year minimum budget allocation. As one of 

these ACTDs, the General Atomics’ Predator flew a modest number of missions over the 

Balkans in the mid 1990s, showcasing the promise of near-real time surveillance streaming. 

After experiences in the Balkans the DOD accepted that UAVs were a more effective 

method of long-duration surveillance and a way to complete boring missions in permissive 

environments. One UAV historian accurately categorized the micro period from 1991 to 

2001 as “ field testing,” 227 and this perspective is further supported when compared with 

the status and number of UAVs in the U.S. inventory by 2000 as reflected in Table 2. In 

this micro-period, the DOD and its services primarily held a reconnaissance-only 

perspective for UAV development. With the onset of the Global War on terror, UAV use 

exponentially increased by a factor of forty from 2002 to 2010 as UAVs shed the prevailing 

perspective that UAVs must be ISR-only platforms.228 

Table 3. Summary of UAV Outcomes in the Year 2000229 

 
 

 
227 John David Blom, “Unmanned Aerials Systems. A Historical Perspective,” (Occasional Paper 37, 

U.S. Army Combined Arms Center, 2010), 126, https://pdfs.semanticscholar.org/94af/ 
8293b07716f2b2052dd0a8315a3da934fb63.pdf. 

228 Jeremiah Gertler, Summary, in U.S. Unmanned Aerial Systems, CRS Report No. R42136 
(Washington, DC: Congressional Research Service, January 3, 2012), https://apps.dtic.mil/dtic/tr/fulltext/ 
u2/a566235.pdf 

229 Source: Office of the Secretary of Defense, Unmanned Aerial Vehicle Roadmap, 2000–2025, 6.  
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When the Army and Navy showed substantial movement in the development and 

employment of UAVs starting in the mid 1990s, senior Air  Force leadership made a bid by 

the early 2000s to centralize the DOD’s medium-to-high altitude UAV enterprise under its 

executive leadership.230 The Army and Navy strenuously objected, and the Air Force was 

forced to drop the bid, which resulted in the DOD maintaining a service-centric model of 

UAV development until 2006. It is seemingly odd that the Navy once held the joint lead 

for UAVs from 1989–1993, but now the Air  Force—charged with commanding the air 

domain—was denied that role. Additionally, the Secretary of Defense, Robert Gates, fired 

the USAF Secretary and Chief of Staff of the Air  Force simultaneously in 2008, a rare and 

rather unprecedented move. That decision appeared to be partly based on Gates’s negative 

views about the Air  Force’s slow UAV procurement rates. Gates’s perceived a national 

security requirement and wanted to bolster the on-going counterterrorism wars in Iraq, 

Afghanistan, and around the world. Last, as the development for a high-end UAV capable 

of operating in contested airspace matured in the 2000s, the Air  Force abandoned the 

conventional, “white”-world development of UCAVs. The Air  Force appears to have 

continued with the small-scale development of an advanced unmanned system through 

black-world development channels since 2006 (e.g., the RQ-170 and RQ-180), while the 

U.S. Navy continued work on an UCAV concept for carrier-based applications at the 

direction of the U.S. Secretary of Defense until the end of the third UAV epoch. 

In the latter half of this epoch, the services continued preferred UAV development 

efforts. The Air  Force returned to the UAV world by coopting and expanding RQ-1 

Predator aircraft in the mid 1990s, followed by MQ-9 and RQ-4 acquisitions. The service 

explored high-end UCAVs such as the X-45 for a few years before terminating the program 

as an open-source, “white” experimental project. The Navy has worked to develop a series 

of unmanned rotary and combat aircraft, to include the X-47 Pegasus, the UCLASS 

aircraft, and MQ-8 Fire Scout. The Navy continued work on the X-47 UCAV long after 

 
230 The traditional coordination altitude for direct command and control of air-breathing assets 

operating in a joint environment is 3,500 feet. This provides Army Aviation the airspace needed to operate, 
with the Air  Force primarily controlling all joint aircraft activity above that altitude. Control and 
coordination with the Navy is more complicated, but primarily partitioned geographically with areas of 
responsibility. 
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the Air  Force cancelled its sister program, the X-45, in 2006. The Navy finally ended the 

X-47 experiment in 2015. Additionally, the Navy procured two unique versions of the 

Northrop Grumman RQ-4 to improve maritime surveillance operations. The future of the 

next generation of advanced UAV remains uncertain, particularly for UCAVs. For now, 

the Navy is procuring and operationalizing the MQ-4 Triton, developing the MQ-25 

Stingray as an unmanned aerial refueling platform, and continuing spiral development and 

adoption of the MQ-8 Fire Scout. As for the Army, their inventory boasted over 4,000 UAS 

systems of all sizes as of 2010, and the service continues to field three major systems within 

the larger UAV Groups 3, 4, and 5. Those systems include the MQ-1 Gray Eagle, the MQ-

5 Hunter, and the RQ-7/FQ-7 Shadow, all assigned to the brigade and division levels of 

the Army.231  

B. THIRD UAV EPOCH  CONTEXTUAL  CONSIDERATIONS 

The strategic, economic, and historical circumstances from 1991 to 2015 provide a 

backdrop of permissive grounds from which to explore additional factors related to each 

of UAV adoption episodes and military innovation theories. This section considers the 

contextual factors of the third UAV epoch, accenting service perspectives, issues, and 

events. 

1. Strategic Environment Perspectives and Guidance at the National, 
Defense, and Service Levels 

An in-depth 2019 RAND research study on the state of “culture and the competition 

for influence among the U.S. military services” characterized historical strategic-

environment eras using similar dates that align with this study’s third UAV epoch. The 

article’s authors presented four strategic periods, bounding the major international political 

trends and military shocks that impacted U.S. national security policy and strategy: 

“Bipolarity” up to the year 1989; “Unipolar” from 1990–2000; “The Rise of the Non-state 

Actors” from 2001–2014; and “Great Power Competition” from 2007 to today.232 

 
231 U.S. Army UAS Center of Excellence, “ Eyes of the Army.”  
232 Zimmerman et al., Movement and Maneuver, 195–216. 
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Reference Figure 9 for a visual depiction of the strategic eras. Overlapping this model on 

the third UAV epoch results in three distinct, and sometimes overlapping, national security 

landscapes that dominated the nation’s security context for UAV development (i.e., 

unipolar, non-state actors, and great power competition). Slightly different from the RAND 

study’s 1990 start date for the Unipolar moment, this paper aligns the third UAV epoch 

with 1991 since that is the year the collapse of the Soviet Union was fully  established and 

the year coincides with Operation Desert Storm, a watershed moment in military strategy, 

service culture, and technology development that influenced how U.S. senior leaders 

approached the next decade and more.  

 

Figure 9. Grand Strategic Eras in U.S. National Security233 

Opening the Unipolar moment in 1991, the combination Soviet Union’s collapse 

and the United States’ remarkable military display against the world’s fourth largest army 

in Iraq rocketed the United States to a global hegemonic position, causing a drastic shift in 

U.S. strategic perspective. Between January 17 and February 28, 1991, U.S. airpower 

overwhelmed the Iraqi military and its high-end Soviet hardware, resulting in a short 4-day 

ground war; the comparatively low friendly casualties and the technological display of 

precision contributed to an emerging decrease in casualty risk tolerance.234 Additionally, 

the 1991 National Security Strategy, released in August just six months after the end of 

Desert Storm, described a “new era” requiring a military strategy that could match a 

 
233 Source: Zimmerman et al., Movement and Maneuver, 190. 
234 Thomas Keany and Eliot Cohen, Gulf War Airpower Survey Summary Report (Washington, DC: 

Defense Technical Information Center, 1993); Edward C. Mann III, Thunder and Lightning: Desert Storm 
and the Airpower Debates (Maxwell Air Force Base, AL: Air University Press, 1995). 
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security environment that was now “ambiguous,” “volatile,” and “ less predictable” than 

during the bi-polar Cold War.235 The victory over Iraq was a regional problem and one 

that America, with a broad coalition, could solve. While not dismissing Russia outright, no 

other threat dominated the strategic view of the United States; regional instability and 

nuclear proliferation became the leading concerns for U.S. security policy. Additionally, 

the U.S. security apparatus could now conduct limited operations unimpeded by concerns 

over sparking larger conflicts from a peer competitor such as the Soviet Union. From its 

hegemonic perch, America waged a decade of “discretionary operations” becoming the 

world’s policeman and chief promoter of democratic transition in an era of Pax 

Americana.236 At the same time, America expected to capitalize on technological 

advancements through an emerging, but uncertain, revolution in military affairs—a buzz 

phrase that would persist for over a decade.237 

A time of relative peace followed the Gulf War, with no major international 

competitors. Instead, the United States engaged in a handful of small-scale conflicts as it 

sought the right policy footing for military engagements and peacekeeping/peacemaking 

efforts. During this unipolar period, two such conflicts had a disproportionate effect upon 

the United States’ operational approach to warfare. First, the peacemaking operation to 

capture the Somali warlord Muhammed Aideed ended with the difficult Battle of 

Mogadishu and cable news scenes of American soldiers being beaten and dragged in a 

third-world country. Second, the series of operations in the Balkans from 1993 to 1999 

strengthened air strike warfare proponents; the United States achieved major military 

objectives without the direct insertion of ground troops.238 Balkan operations also added 

to the Somali effect of casualty intolerance, when Captain Scott O’Grady was shot down 
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over Bosnia causing a political crisis for the Clinton Administration.239 As a result of 

Desert Storm, Somalia, and the Balkans, an attitude of zero casualties—whether friendly 

or civilian—became embedded in the U.S. approach to warfare. Subsequently, risk 

tolerance for U.S. forces decreased and a preference for air strikes by aircraft and cruise 

missiles increased throughout the 1990s.240 

As the U.S. presidency moved from twelve years of Republican leadership, 

President Bill Clinton’s national security strategies built upon the “Age of Democratic 

Peace” as conceived by his predecessor.241 Surveying the Clinton administration’s 

national security strategies, the evolving grand strategy emphasized regional stability, 

active promotion of democracy and global trade, domestic economic rebalancing, and 

military reconstitution. The overall theme for national security policy was “Engagement 

and Enlargement.” 242 Developing a rubric of when and why to employ forces also became 

a recurring puzzle, one that never seemed to fully  settle. While Russia remained an 

acknowledged power due to its nuclear capabilities, the real fear was in technology transfer 

and proliferation. Additionally, the administration set the goal of preventing China from 

becoming a security threat in the region by opening its foreign markets, normalizing 

China’s role in international organizations, and promoting democracy in general.243 Iran 

and Iraq were to be contained while the Middle East peace processes unfolded. Toward the 

end of the Clinton era, the United States security strategy described the international threat 

picture as a “diverse set” of states that “still have the capability and the desire to threaten 

our vital national interests” and a constant need to conduct crisis response around the globe 

 
239 John Sims, Jr., “Shackled by Perceptions: America’s Desire for Bloodless Intervention,” (master’s 

thesis, School of Advanced Airpower Studies, 1997), 59, https://apps.dtic.mil/sti/pdfs/ADA391802.pdf. 
240 Zimmerman et al., Movement and Maneuver, 201. It is interesting to note that as interest for cruise 

missiles as a tool of security policy increased, weaponized UAVs did not enjoy a corresponding boost.  
241 George H. W. Bush, Preface to National Security Strategy of the United States (Washington, DC: 

White House, 1993), ii.  
242 White House, National Security Strategy of Engagement and Enlargement (Washington, DC: 

White House, 1994), title page. 
243 White House, 24; White House, A National Security Strategy for a New Century (Washington, 

DC: White House, 1997), 24. 



78 

to prevent ambiguous situations from spiraling out of control.244 A concern of near-peer 

capabilities never fully  dissipated, and yet, President Clinton strongly iterated that Russia 

and China were “ former adversaries,” no longer posing a threat to the United States.245 

Overall, the U.S. security approach from 1993 through 2000 can be summarize as putting 

America’s economic house in order through globalized trade and military drawdowns 

while maintaining military engagement in order to prevent further disorder and regional 

unrest from erupting.246 

The terrorist attacks of September 11, 2001, abruptly altered the strategic 

environment for the United States, ushering in period dominated by concerns over the 

rising power of the non-state actors.247 This led to a radically new U.S. security policy 

centered on unilateralism and preemption.248 The rogue state concerns of the 1990s added 

a new concern: weak states that pose a national-level threat due to the nexus of ungoverned 

territories, radicalism, and technology.249 The George W. Bush administration released the 

2002 National Security Strategy a year after 9/11, boldly declaring that the United States 

would embark on preemptive approaches to stop threats from materializing. The rationale 

for this shift in U.S. policy was that “ the administration believed that using traditional 

concepts of deterrence would not be effective against actors whose affirmed strategies” 

were targeting innocents and whose motivation was martyrdom.250 Not ignoring state 

threats completely, the Bush administration still called out Iran and North Korea as rogue 

states and terrorist clients, but he primarily focused on those nations’ weapons of mass 
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destruction and delivery capabilities as main threats.251 Bush’s infamous line categorizing 

Iraq, Iran, and North Korea as an “axis of evil” in his 2002 State of the Union address put 

the U.S. defense establishment on notice to ensure it could respond and take down those 

regimes’ militarily  if  necessary. Finally, the two national security strategies of 2002 and 

2006 reflect the continued efforts to persuade Russia and China to embrace internal reforms 

toward democracy and military transparency while emphasizing a cooperative approach 

with the two nations. The harshest criticism reserved for China appeared in 2002’s security 

strategy, noting that after twenty-five years of U.S. engagement, China had yet to shed its 

communist legacy. 

Besides the new national security strategy guidance, the Bush administration 

initially  arrived in the White House with an agenda of technological transformation and a 

desire to make good on a revolution in military affairs as envisioned in the 1991 national 

security strategy (which, to them, the Clinton years had ignored).252 While the events of 

9/11 did not alter Bush’s transformational goals, the Global War on Terror made the effort 

much more challenging than originally envisioned during Bush’s presidential campaign. 

The priority to adapt capabilities for the conflicts in Afghanistan and Iraq from October 

2001 through 2008 eroded U.S. long-term planning stability and budgetary consistency. 

The only nations driving real U.S. military development outside the Global War on Terror 

efforts were Iraq, Iran, and North Korea. Iran and North Korea had formidable but dated 

former-Soviet Union military capabilities of their own along with a mix of other assets.  

Operationally, the period from 2001 through 2012 was one of enduring 

counterinsurgency and counterterrorism conflict around the globe—punctuated by shorter 

periods of major combat—which drastically altered the U.S. security landscape and 

military perspectives of warfare. U.S. national security authorities have used Congressional 

authorization laws from 2001 (targeting al-Qaeda and associates) and 2002 (Iraq) for the 

use of military force to justify global military operations ever since. The two-fold resulting 
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effect was an era dominated by land-power perspectives in the U.S. security establishment 

and operations in almost exclusively “permissive” environments that did not pose a 

challenge to air or sea power after an initial wave of offensive attack. During this long 

period, the U.S. Army enjoyed unprecedented favor from the American public and 

Congress, so much so, that the Navy and Air  Force started taking on “ roles and missions 

outside the scope of its traditional preferences” and the Army’s budget saw enormous 

funding increases compared to other services.253 In another example of the Army’s clout, 

the USAF had tried to decommission the A-10 in the early 2000s, as part of the 

transformation agenda, in favor of multi-mission aircraft; Congress sided firmly  with the 

Army’s major lobbying effort.254  The second trend during this period was long-enduring 

conflict against insurgents and terrorists—with extremely limited anti-air and anti-naval 

capabilities— operating in an otherwise friendly or neutral country posing no air or sea 

threats. Hence, special operations command, the Army, and the Marines became the 

unequivocal supported force, while the Air  Force and Navy both experienced crises of 

relevance and concern over lost political-institutional clout.  

Starting around 2007, a rising China and revanchist Russia stirred a return to great 

power competition predilection that has only increased since 2015 (though the United 

States appeared slow to categorize their national strategy as such).255 Overall, the 

flourishing ground-centric perspective since 2001 began to wane as shocks from Russian 

and Chinese modernization appeared256 along with the removal of ground forces from Iraq 

in 2011 and major drawdowns from Afghanistan starting in 2012. One of those shocks was 

China’s military advancements, especially as it demonstrated anti-satellite capabilities and 

improving missile technologies, along with a growing abundance of highly capable anti-

access/area-denial weapon systems. As for Russia, Putin’s 2007 speech at the Munich 

Security Conference espoused deeply-held national grievances, putting the West on notice 

of Russia’s intentions to begin serious military modernization efforts as well as exert its 
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power on the world stage.257 Russian cyber-attacks against Estonia in 2007 and a hostile 

incursion into Georgia in 2008 made good on Putin’s new, aggressive approach to regional 

affairs. Iranian efforts to acquire nuclear technology also kept the U.S. military in perpetual 

planning to strike if necessary. 

President Barak Obama entered the White House with a grand strategy of pivoting 

military and diplomatic efforts to the Asian theater, ending the war in Iraq, and curtailing 

the United States’ military presence overseas, especially in Afghanistan. The Bush 

Doctrine of preemption was forcefully recast by Obama’s focus on international law and 

norms; unilateral action was not ruled out, but significant curbs were placed on military 

action.258 The 2010 National Security Strategy acknowledged the increasing power and 

influence of key regional states such as China, India, and Russia, but the document took 

little notice of these emerging negative trends of state power. The updated U.S. policy 

continued to pledge cooperation in every arena possible with Russia and China, while 

simply offering “support” for the “sovereignty and territorial integrity of Russia’s 

neighbors.”259 The full  measure of Russia’s expansionist foreign policy culminated in the 

2014 annexation of Crimea. By then, Russia had successfully re-modernized, especially its 

anti-access/area denial systems, and China had built an arsenal of highly capable anti-

access/area denial and offensive systems throughout the South China Sea. Both nations 

showed the ability to directly challenge U.S. might, and wargames regularly forecasted a 

U.S. military defeat in hypothetical regional conflicts.260 China and Russia’s state-centric, 

strategic initiatives catalyzed the Air  Force and Navy to explore what became known as 

Air  Sea Battle—a technological integration effort to improve operational effectiveness to 
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counter tough, near-peer offensive and defenses capabilities, particularly in anti-access/

area denial environments (e.g., coastal defenses such as China, Iran, and later Russia in the 

Baltics).261  This move threatened the Army’s leadership status in the DOD of the past 

decade, prompting a fresh round of inter-service conflict. 

The evolving strategic landscape and resulting policy shifts during the second half 

of President Obama’s tenure were wide and varying, indicative of the rising complexity 

and uncertainty in the international security arena. The first blow to the ground-centric 

dominance of U.S. military policy was the end of a major U.S. presence in Iraq in 2011, 

when the Obama administration pulled all combat force out of the country that December. 

This was followed in 2012 with the Obama administration’s air-centric operation in support 

of Libyan rebels with the goal of ousting Muammar Gaddafi; a short-lived offensive reliant 

upon fighter planes, helicopter, and UAVs. Combat operations lasted only a few weeks, 

but it gave the Navy and the Air  Force a bit of relief as it harkened back to the time when 

airpower was ascendant in the 1990s, reminding Congress and others that U.S. defense is 

not unidimensional land power. Additionally, the Obama administration drastically 

increased its reliance on and use of UAVs to target and kill violent extremists—even 

outside acknowledged theaters of war.262 This controversial trend challenged Obama’s 

appeal to international law and norms touted early in his administration. It also exposed 

U.S. “doctrinal ambivalence” and “new interpretations of international legal standards 

governing its use-of-force” as new technologies emerge in the global security 

environment.263 Then, there was the rise of the Islamic State in Iraq and Syria that 

challenged the existing Congressional authorizations for the use of force, exposing the 

institutional stagnation of Congress to weigh in on national security matters. During this 

time, an amateurish misstep was made by the administration over Syrian chemical weapons 

use, further adding uncertainty to the international security environment, and indirectly 

emboldening other state aggression to include Russia’s 2014 invasion of Ukraine and 
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China’s bellicose posturing against neighboring countries in and around the South China 

Sea.264 Working to reframe and make sense of the unfolding security landscape in 2015, 

the White House acknowledged “serious challenges to our national security” and the need 

for renewed state-centric deterrence postures that had long been neglected or seen as 

passé.265 Still, President Obama remained committed to “strategic patience,” which had 

come to define his approach to security throughout his two terms—both praised and 

ridiculed as a strength and a weakness that often added to the difficulties of determining a 

direction for policy and budgetary processes. 

a. Department of Defense UAV Guidance and Roadmaps 

From 1993 to 1998, the Defense Airborne Reconnaissance Office produced the 

only department-level, unmanned vehicle related documentation, and these short 

documents amounted to little more than a highly detailed report. After a three-year hiatus 

without any centralized strategy for unmanned acquisitions (following the disintegration 

of Defense Airborne Reconnaissance Office), nor any concerted effort by the department 

to harness the innovative technology beyond a few systems, Congress legislated on the 

future UAV force. In October 2000, Congress mandated in the national defense 

authorization act that by 2010, that one-third of the Defense Department’s operational deep 

strike assets must be unmanned.266 Around the same time, the Office of the Secretary of 

Defense stood up a joint UAV task force and began a series of UAV “ roadmap” documents 

to increase coordination and vision across the services. The first UAV roadmap was 

released in April  2001, five months after the defense bill passed. Subsequent documents 

were released in 2005, 2009, and 2011 and constitute some of the most importance sources 

of data in evaluating UAV outcomes against the military innovation perspectives in the 

case studies.  
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Common to all the roadmaps was a focus on the status of technological maturation 

and its gaps, along with the foreseen issues to bridging those gaps. The documents were 

highly descriptive in nature, making clear that the service nor industry were to take the 

documents as prescriptive, directive, or reflective of service concurrence. In a way, they 

lacked any real teeth as a coordinating mechanism, but were highly insightful regarding 

developmental challenges across the Defense Department—a theme that remained 

throughout all four documents. In 2001, the DOD created a joint Planning Task Force, 

reporting to the Office of the Secretary of Defense, with the responsibility of developing 

the first UAV roadmap. The first roadmaps sponsors, Under Secretary of Defense David 

R. Oliver and Assistant Secretary of Defense Arthur L. Money, sought to highlight to a 

broad audience on-going challenges, which included technical, political, programmatic, 

regulatory, and operational issues.267 A Government Accounting Office (GAO) document 

praised the move as helpful, but criticized the documents for failing to provide a 

“comprehensive strategic plan to ensure that the services and DOD agencies develop 

systems that complement each other, perform all required missions, and avoid 

duplication.”268 The nature of the four documents facilitated information openness and 

coordinated current and projected states of effort across the entire DOD enterprise of 

research, development, testing, evaluation, and operations. The first two documents 

focused purely on unmanned aircraft, but the 2009 and 2011 roadmaps expanded their 

scope to include all unmanned systems (i.e., air, ground, undersea, and surface vehicles) as 

part of their guidance, improving discussions in a much more inclusive and cross-discipline 

fashion. 

With the release of the 2009 roadmap, the services began to develop supporting 

UAV visions documents that nested under the DOD’s general guidance, mission 

synchronization, and descriptions of technological development. Regardless, the services’ 

documents seemed to lag the DOD’s efforts to provide organizational guidance and 
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direction about UAV development and adoption efforts. Given the highly technical and 

detailed nature of the documents, a few key highlights are provided here, with more 

granular data given in the subsequent chapters where appropriate for UAV episode 

analysis.  

The first Defense Department roadmap for unmanned aircraft, released in 2001, 

had few operational and developmental UAVs to survey and report on; therefore, the 

document was comparatively short. For instance, the only operational UAVs at the time of 

the April  release were the RQ-1, RQ-2, and RQ-5; the latter two were already considered 

“sunset systems,” as seen in Table 3.269 At the time, the entire department had a combined 

total of 90 operational UAVs across all services, having spent $3 billion spent on unmanned 

aircraft since 1991; additionally, the roadmap projected that the UAV inventory would 

grow to two-hundred and ninety vehicles by 2011.270 The RQ-4, MQ-8, and RQ-7 were 

still in development, with the X-45 and X-47 barely mentioned as highly experimental 

endeavors.271 The authors suggested that the motivation for military UAV development 

fell into three missional bins referred to a “dull” (long-duration), “dirty” (hazardous 

materials), and “dangerous” (high-risk hostile action).272 At the time, a preponderance of 

forecasted UAV missions and platforms fell into the dangerous bin. The technological area 

the report focused on current and future research included propulsion, survivability, 

communication, information processing, and payload sizing. The authors also took pains 

to acknowledge the contentious debate regarding the affordability and cost of unmanned 

systems compared to manned platforms, particularly the relatively poor safety record often 

noted at the time.273 Yet, the authors generally made the case that UAVs were indeed a 

cost-savings measure, in both procurement and operations support. Forecasting a tentative 

procurement and initial operating capability for the programs of record, the document 

released the roadmap graphic shown in Figure 10 (the white vertical bar on the timelines 
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indicate actual/projected initial operating capability milestones). A notable weakness of the 

document was the lack of a DOD or service concept of operation; the roadmap lightly 

described experimental effort by the services and did not propose an actual employment 

concept.  

 
ER/MP was a planned follow on to RQ-5. The Army extended the RQ-5 past its planned 
end of service date, which was around 2004 before to the wars of the early 2000s. 

Figure 10. The 2005 DOD UAV Roadmap274 

The 2005 Unmanned Aircraft System Roadmap reflected a country embarked in 

two on-going wars and that had experienced dramatic, unexcepted changes to the number 

and types of UAVs employed on the battlefield or in development. The tone of the roadmap 

shifted to one of immediacy, though it retained its forecasted planning out through 2030. 

The document was not only approved by the Under Secretary of Defense for Acquisitions, 

Technology, and Logistics, but also the Vice-Chairman of the Joint Chiefs of Staff and the 

Under Secretary of Defense for Intelligence, indicating a shift from unsubstantiated 

acquisitions in 2001 to a roadmap blessed by both operational and intelligence leadership. 
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Additionally, the approving officials stated the goal of the document was “ to guide the 

Department toward a logical, systematic migration to UAS mission capabilities focused on 

the most urgent warfighter needs.”275 Besides the change in tone, the 2005 roadmap 

followed the same structure and format of its predecessor, but with a much expanded list 

of both fielded and developmental UAVs (see Figure 8 above). A third, more sizable list 

was the experimental vehicles and programs in development, showcasing the commitment 

to the transformation vision underway in the Pentagon. Furthermore, the 2005 roadmap 

executive summary emphasized need to continue transformational efforts by evolving and 

operationally evaluating the “potential fielding” of a UCAV to conduct suppression-of-

enemy-air-defense and strike missions in a “high threat environment;276 this effort was 

listed at the top of a list of capability goals. 

Between the 2005 and 2009 roadmaps, Congress once again passed specific 

guidance and direction for UAV acquisition process within the DOD. According to the 

2009 UAV roadmap, the FY 2007 National Defense Authorization Act (passed on October 

17, 2006) 

called for DOD to establish a policy that gives the Defense Department 
guidance on unmanned systems, some key points of which included: 
identifying a preference for unmanned systems in acquisitions of new 
systems, addressing joint development and procurement of unmanned 
systems and components, transitioning Service unique unmanned systems 
to joint systems as appropriate, the organizational structure for effective 
management, coordinating and budgeting for the development and 
procurement of unmanned systems, and developing an implementation plan 
that assesses progress towards meeting goals established in Section 220 of 
the Floyd D. Spence National Defense Authorization Act for FY2001.277 
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In 2009, two major changes occurred in the DOD’s approach to the roadmap, which 

was a trend that was repeated in 2011: removal of UAV platform procurement projections 

and a vastly increased focus on technology-performance goals over time. Based on the 

increased demand signal from combatant commanders, the roadmap noted that key 

performance attributes” must “evolve significantly….to enable the projected missions and 

tasks.” 278 Improving autonomy was at the top of the list of performance attributes of a long 

list of domain-agnostic adaptations. Here domain refers to air, ground, surface, and sub-

surface. The indispensable adaptations were further categorized by first evolutionary 

change and revolutionary change; 2015 was the goal year marked to delineate a transition 

from evolutionary adaptations to those of more revolutionary nature. When considering 

air-domain specific requirements, the DOD identified performance adaptions needed to 

succeed across a variety of missions, as indicated in Figure 11. Of note, there remained 

significant autonomy and flight characteristic issues even by 2009.  

 

Figure 11. Air  Domain Specific Performance Envelope279 
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Finally, in 2011, the DOD released a modified roadmap that refined the 2009 

version, changing the terminology of performance to capabilities and tightening the 

strategic forecast into technology-capability pairs. Efficiency initiatives colored the 2011 

version, with the growing concern and uncertainty over national and DOD funding. 

Affordability was added as a key performance parameter “equal to, if  not more important 

than, schedule and technical performance.” 280 

b. USAF Strategy, Guidance, and UAV Roadmaps 

A series of capability shortfalls and operational demonstrations in the late 1990s 

awakened USAF planners and leadership to the value of UAVs and the need to exert 

influence once again in the procurement of all major aircraft programs designed to operate 

in the Air  Force’s domain of responsibility. Yet, it was not until 2009 that the air service 

released a comprehensive UAV roadmap—or “ flight plan” as the Air  Force called it. The 

turbulence the Air  Force experienced in the first decade of the 21st century regarding UAV 

adoption brought a deeper seriousness and a plethora of lessons that by 2009 gave the Air  

Force an appreciation for just how much was needed to affect change in the organization. 

The 2009 manuscript, titled United States Air Force Unmanned Aerial Systems Flight Plan, 

2009–2047, emphasized a holistic “DOTMLPF-P” approach to ensure a fully  integrated 

organizational effort toward a stronger adoption of UAVs in general.281 While lacking a 

full  concept of operations in the unclassified document, it did set new employment ideas 

such as “ loyal wingmen,” enlisted pilots for smaller UAVs, and set a direction for modular 

systems to ease technology modifications in future system iterations.282 A major weakness 

of the document was its lack of specificity in its near thirty-year time horizon, offering a 

chronological order of development to include at least some immediate institutional and 
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organizational goals that would set the foundation for all future endeavors. Major transition 

periods were also highlighted where legacy manned aircraft would be shed, and new UAVs 

would feature prominently in the next generation of aircraft within that family of system.  

Five years later the USAF released an even more detailed and expanded UAV 

strategy called United States Air Force RPA Vector: Vision and Enabling Concept 2013–

2038. Not released until 2014, the RPA Vector made some radical changes for the 

organization while providing a much clearer and more detailed family of systems approach. 

For one, the document called for breaking cultural paradigms to allow enlisted UAV 

pilots—at least for the smaller unmanned aerial systems comprising Groups 1, 2, and 3. 

The Air  Force returned to the RPA nomenclature it has clung to decades, but now specified 

that RPAs meant those unmanned aircraft in Groups 4 and 5—which would still be flown 

by rated officer pilots. The transition periods and types/families of systems were much 

more detailed in this document; however, the fighter recapitalization transition shown in 

the 2009 version was removed. Both the 2009 and 2014 documents devote considerable 

time detailing how to maximize and navigate the DOD coordination process to ensure 

effective requirements and funding throughout the years. Overall, the 2014 document is 

much more robust, and looks to set a comprehensive institutional and cultural foundation 

for UAV adoption by the service. 

c. USN Strategy, Guidance, and UAV Roadmaps 

The USN never produced a UAV roadmap until recently in 2018, well past the 

period of interest for this study. Instead, it appears the Navy relied on its S&T planning 

strategies, capstone service-level strategies, as well as internal guidance produced by the 

Navy’s Program Element Office for strike weapons and unmanned aviation. (The first two 

categories of documents are covered in the S&T section below.) It appears that the Navy 

did not have a robust rationale for UAV acquisitions within the Navy during most of the 

Third UAV Epoch. In 1999, the Navy commissioned the National Research Council to 

conduct an analysis of the Office of Naval Research’s UCAV program. This commission 

found that the only UCAV vision cast for the Navy—one developed by the Office of Naval 

Research’s Strike Technology Division—was “unrealistic” with no grounding in 
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anticipated future technological advancements; furthermore, it found that key UAV 

stakeholders within the Navy had not been included in coordination processes.283 It 

recommended the Navy establish a new concept of operations. To ensure clear direction 

for the Navy, the Defense Secretary’s 2006 quadrennial defense review directed the Navy 

to develop a stealthy, carrier-based UAV.284 By 2008, the Navy still did not seem to have 

a coherent UAV roadmap or concept of operations for UCAVs, and the Center for Strategic 

and Budgetary Assessment’s released a voluminous monograph by Thomas Ehrhard and 

Robert O. Work, which argued for the Navy to fully  adopt a carrier-borne UCAV.285 In 

early 2013, the Program Element Office director, Rear Admiral Mat Winter, released an 

internal briefing with an updated roadmap for Naval UAVs showing navy acquisitions to 

date and what the office anticipated in the coming ten-to-twelve years (see Figure 12). 

 
283 National Research Council, Review of ONR’s Uninhibited Combat Air Vehicle Program 

(Washington, DC: National Academy Press, 2000), 2.  
284 Office of the Secretary of Defense, Quadrennial Defense Review Report (Washington, DC: 

Department of Defense, 2006), 46. The QDR directed the DOD to “Restructure the Joint Unmanned 
Combat Air  System (J-UCAS) program and develop an unmanned longer-range carrier-based aircraft 
capable of being air-refueled to provide greater standoff capability, to expand payload and launch options, 
and to increase naval reach and persistence.”  

285 Thomas P. Ehrhard and Robert O. Work, Range, Persistence, Stealth and Networking: A Case for 
a Carrier-Based Unmanned Combat Air System (Washington, DC: Center for Strategic and Budgetary 
Assessment, 2008). 
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BAMS-D: RQ-4 Global Hawk; the RQ-21A is a Marine Corps system. 

GW: Gross Weight 

Figure 12. Naval UAS Roadmap, 2012–2024286 

d. U.S. Army Strategy, Guidance, and Roadmaps 

Since 1991, the U.S. Army has factored UAVs into its modernization programs, 

but the service produced only one UAV focused planning document. Until recently, all 

UAS planning and guidance fell under one of the two modernization plans: Future Combat 

System initiated in 1999 under Chief of Staff of the Army General Eric Shinseki and the 

2009 Army Brigade Combat Team Modernization Program. Under the Future Combat 

System’s rubric—the largest and most ambitious modernization plan for the Army in 

several decades—the service procured the MQ-8 Fire Scout in 2003 as a Class IV UAV. 

In 2007, the Army cancelled further plans for Class II  and III UAVs for the Future Combat 

System due to ballooning and un-met electromagnetic spectrum and communications 

bandwidth requirements for the system overall.287 By 2010, the Army had acquired over 

4,000 UAV of various sizes (mostly smaller, tactical UAVs) but demand was expanding; 

 
286 Source: Mat Winter, “US Navy Family of Unmanned Aircraft Systems,” (presentation by Program 

Element Office of Unmanned Aviation and Strike Weapons, NAVAIR, 13 February 2013), 
https://www.hsdl.org/?view&did=731454. 

287 Blom, “Unmanned Aerials Systems.,” 119–122. Army classes of UAVs do not line up with the 
Joint definition of UAV Groups. Instead, classes progress I-IV with platoon, company, battalion, and 
brigade sized UAVs respectively. See Unmanned Aerial System Roadmap 2005–2030, 12.  
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the MQ-1 was already fielded as a quick reaction capability (though not yet met initial 

operating capability) and there was room for the Army to grow organic UAV capabilities 

for all echelons of command.288 Therefore, in 2010 the Army Chief of Staff General 

Martin Dempsey approved a UAV-specific planning document titled Eyes of the Army, 

UAS Roadmap 2010–2035. Eyes of the Army anticipated only minor changes to UAV 

innovations in the near term from 2010–2015: upgrading the existing RQ-7, fielding the 

new MQ-1C, and transitioning to a common control interface. The plan extended the S&T 

needed for unmanned armed recon and attack until after the 2025 timeframe or later.289 

The anticipated new technologies during this period included advances in signature 

reduction, control of multiple vehicles simultaneously, improved vertical take-off/landing, 

collision avoidance, and small heavy fuel engines among other needs.290 Figure 13 reflects 

the Army UAV acquisitions since 2003 through the near-term phase as envisioned in Eyes 

of the Army. 

 
288 U.S. Army UAS Center of Excellence, Eyes of the Army, i. 
289 U.S. Army UAS Center of Excellence, 33. 
290 U.S. Army UAS Center of Excellence, 34. 
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Figure 13. U.S. Army UAV Implementation through 2015291 

e. The Impact of International Treaties on UAV Development and 
Adoption 

International arms treaties affect UAV development, design, and adoption 

outcomes. The initial overlap of cruise missiles and UAV technology starting in the early 

1970s had a direct impact on UAV growth that did not abate until the differences between 

the two technologies became clearer and treaty language made the distinction. For 

example, in the second UAV epoch, the Strategic Arms Limitation Talks treaties (I and II) 

between the United States and the Union of Soviet Socialist Republics confused further 

armed UAV development of the Lightning Bug series. As the first round of talks ended in 

1972, the Soviet Union “pushed hard for limits on the emerging U.S. cruise missile 

capability, and the eventual agreements signed by President Jimmy Carter on June 18, 

 
291 Source: U.S. Army UAS Center of Excellence, 47. 
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1979, included limits on cruise missiles under a definition that included, or captured in 

arms control parlance the newer BGM-34C as a strategic weapon.”292  

Though the Strategic Arms Limitation Talks agreements are no longer applicable 

today,293 UAVs in the third UAV epoch were shaped in part by legacy arms treaties: the 

Biological and Toxin Weapons Convention of 1972, the Intermediate Range Nuclear 

Forces Treaty of 1987, and the Treaty on Conventional Armed Forces in Europe of 

1990.294 The first convention, signed by most nations, and followed by the Chemical 

Weapons Convention of 1993 prohibits weapons that include UAVs from being able to 

dispense biological and chemical agents. The Intermediate Range Nuclear Forces treaty 

was problematic at given its prohibition of land-based “unmanned, self-propelled vehicles” 

that delivered weapons at a range between five-hundred and 5,500 kilometers.295 The U.S. 

distinction between cruise missiles and UAVs quickly overcame this issue for ground-

launched UAVs shown not to be nuclear capable, but for a time, the United States 

considered the political ramifications of Russia considering all UAVs as captured by this 

treaty.296 The Conventional Armed Forces in Europe treaty, which was updated in 1999, 

had the most direct impact on UAV development, as the treaty limited the number of 

combat aircraft each nation could have in Europe. The treaty’s language purposefully 

covered unmanned vehicles, independent of size or mass; therefore, any UAV to include 

micro UAVs. For every UAV introduced into the European theater, it would count against 

 
292 Ehrhard, Air Force UAVs, 36. The SALT agreements were never ratified, but the two sides abided 

by them anyway until 1986, influencing UAV development. Section II, Article B of the agreement defined 
cruise missiles as “unmanned, self-propelled, guided, weapon delivery vehicles which sustain flight using 
aerodynamic lift over most of their flight path and which are flight-tested or deployed on aircraft.” It 
further limited those capabilities to no more than 600 kilometers (372 miles). The BGM-34C had a one-
way endurance in excess of 372 miles. See the archived U.S. State department site for further info: 
https://2009-2017.state.gov/t/isn/5195.htm.  

293 The agreements and outcomes of the Strategic Arms Limitation Talks ended in the late 1970s. 
294 Jürgen Altmann, “Arms Control for Armed Uninhabited Vehicles: an Ethical Issue,” Ethics and 

Information Technology 15 (2013), 142, https://doi.org/10.10007/s10676-013-9314-5.  
295 As defined by Article II, paragraph 2. See U.S. State Department, https://2009-

2017.state.gov/t/avc/trty/102360.htm. The miles equivalent is 310–3,410 miles. 
296 Altmann, “Arms Control for Armed Uninhabited Vehicles, 142. Altmann summarizes the issue as 

mute due to Department of State’s view that UAVs do not count as cruise and ballistic missiles. 
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manned aircraft as well.297 This caused a dilemma for planners and acquisition personnel. 

So long as the primary area of operation remained Europe, the services had to weigh 

carefully UCAV capabilities and quality to ensure the UCAV provided unique capabilities 

that manned aircraft could not or even match manned fighter/bomber capabilities—

irrespective of UCAV size. For example, the Defense Airborne Reconnaissance Office, 

upon its launch in 1995, made conscientious efforts to show the world that it was not 

working on or overseeing any armed UAV programs.298 In its inaugural annual report of 

August 1995, the agency produced a graphic to show the growing zone of overlap between 

treaties and UAV development, while emphasizing that there are no treaties banning 

reconnaissance-only UAVs (Figure 14). It also noted the prevailing concern of senior DOD 

and national security leaders, by highlighting the “ inherent similarities” of UAVs and 

cruise missiles, which creates diplomatic concern.  

 
297 The total number of armed U.S. aircraft allowed in the treaty totaled 784. The definition of combat 

aircraft is given in Article II, paragraph 1, section K of the treaty: “The term ‘combat aircraft’ means a 
fixed-wing or variable-geometry wing aircraft armed and equipped to engage targets by employing guided 
missiles, unguided rockets, bombs, guns, cannons, or other weapons of destruction, as well as any model or 
version of such an aircraft which performs other military functions such as reconnaissance or electronic 
warfare. The term combat aircraft does not include primary trainer aircraft. U.S. Department of State, 
Conventional Armed Forces in Europe Treaty, https://2009-2017.state.gov/t/avc/trty/115588.htm. 

298 Defense Airborne Reconnaissance Office, Annual Report: Unmanned Aerial Vehicles (UAVs) 
August 1995 (Washington, DC: Office of the Under Secretary of Defense, Acquisition & Technology, 
1995), 8. 
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Figure 14. Arms Control Agreements versus Reconnaissance UAV 

Development, 1995299 

The only modern treaty of consequence is the New Strategic Arms Reduction 

Treaty, completed in 2010 between Russian and the United States. It permits new versions 

of nuclear-weapons carriers, with the only obligation being that both sides notify and show 

them to each other. Essentially, there are no direct limitations on UAVs, yet there is a 

possible incentive for their development since unmanned bombers are not specified in the 

treaty. Ancillary to these treaties are export control agreements such as the Missile 

Technology Control Regime; this restricts UAV weapons and technology transfers of 

certain sizes, as well as safeguards against weapons of mass destruction capabilities and 

certain production technologies.300 The only real concern regarding UAV design 

limitations here in the United States comes from the limiting economies of scale that this 

export control regime enacts. In sum, the timing and design of America’s military UAV 

development and adoption reflect the timing, language, and spirit of international arms 

 
299 Source: Defense Airborne Reconnaissance Office, Annual Report: 1995, 8. 
300 Altmann, “Arms Control for Armed Uninhabited Vehicles,” 142.  
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treaties it has signed, with advanced armed UAVs only becoming an option for 

development since the year 2000.  

2. Budgetary Developments and Expenditures 

a. Defense Funding Trends 

Between 1991 and 2015 national spending on defense experienced several booms 

and cuts based on strategic contexts and presidential political agendas, as seen in Figure 

15. As the first Bush administration wound down in 1991, defense spending continued an 

accelerate decline from the Reagan Buildup years as part of a peace dividend from the 

Soviet Union’s dissolution. In the last year of the George H.W. Bush presidency, defense 

spending was approximately 4.5 percent of gross domestic product and just shy of $500 

billion (adjusted to 2015 dollars). In 1991, for the first time since the Korean War, the 

defense budget fell to less than 5 percent of gross domestic product and would never be 

higher than 4.8 percent through today. The Clinton years sought to capitalize on the 

unipolar moment through an increased procurement holiday, resulting in massive military 

drawdowns in both structure and budget; in the first two years of Clinton’s administration, 

the defense budget dropped around $90 billion and would finally bottom out in FY 1998 

at just around $390 billion for the year (in 2015 dollars). As a percentage of gross domestic 

product, the defense budget fell to around 3 percent. Figure 16 shows those cuts in total as 

well as the impact within the services, with every service hit hard but particularly the Air  

Force and Navy. 
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Figure 15. Defense Funding in Dollars and Percent of Gross Domestic 

Product, 1948–2019301 

 

Figure 16. U.S. Defense Spending, 1986–2002 (2007 U.S. Dollars)302 

 

 
301 Source: Diem Nguyen Salmon, A Proposal for the FY 2016 Defense Budget, BR 2989 

(Washington, DC: The Heritage Foundation, 2015), 7, http://report.heritage.org/bg2989. 
302 Source: Czelusta, Business as Usual, 10. 
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Though Clinton started to reverse the defense funding cuts the last two years of his 

tenure, George W. Bush entered the White House with a plan to restore funding to the 

military in order to facilitate a major transformation with talks of leap ahead technologies 

and skipping a generation of procurement. One could call it the Bush catch-up years, with 

the FY 2001 base budget set at just under $400 billion in 2015 dollars ($287 billion in then-

year) and more planned in the future. The events and wars following September 11, 2001, 

propelled the defense budgets higher in pure dollar figures than ever seen in the post-World 

War II  era. Huge portions of that funding counted as overseas contingency operations 

funds; furthermore, the DOD baseline budget for organizing, training, and equipping 

through the services rose as well, staying steady in the mid $300 billion dollar range (in 

then-year dollars) through Bush’s first term. Figure 17 reflects these changes in detail from 

2001 on. In Bush’s second term, the base funds rose in the last two years to the mid $500 

billion range (then-year dollars), while overseas contingency funds rose significantly to 

match the surge in Iraq and Afghanistan. 
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Figure 17. Historical DOD Funding since Fiscal Year 2001303 

Under President Obama, the DOD base budget flattened, but remained at a near 

constant between $513 to $530 billion then-year dollars from FY 2009 to 2012; however, 

the overseas contingency funds remained high in the first term as Obama approved his own 

surge of troops for Afghanistan starting in early 2010 and ending in mid 2012. 

Concurrently, the Iraq War ended, and the administration pulled troops in 2011 which 

drove the overseas contingency funds down significantly. These additional funds remained 

consistently lower for the remainder of Obama’s second term. Also, in Obama’s second 

term, the defense budget again dropped, but only slightly, remaining flat at $495 then-year 

dollars for FYs 2013 through 2015 due in part at least to the 2011 Budget Control Act—

an attempt to solve the legal debt ceiling issues.304 The Act forced caps and sequestration 

of funds upon the DOD due to Congressional failure to pass a budget within the limits set 

 
303 Source: Office of the Under Secretary of Defense (Comptroller), Defense Budget Overview: 

United States Department of Defense Fiscal Year 2019 Budget Request (Washington, DC: Department of 
Defense, 2018), 1–3, https://dod.defense.gov/Portals/1/Documents/pubs/FY2019-Budget-Request-
Overview-Book.pdf. 

304 Budget Control Act of 2011, Pub. L. 112025 (August 2, 2011) https://www.congress.gov/112/ 
plaws/publ25/PLAW-112publ25.pdf. 
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on discretionary spending. Congress’ failure to pass a budget in early 2012 forced 

automatic caps on the DOD starting in early 2013, which forced a $38 billion (6 percent) 

unplanned cut on the Pentagon for that year.305 The impact of sequestration continued for 

several more years.  

b. UAV Funding Trends 

At a more granular level inside the defense budget, funding for UAVs reflects 

strategic context, technological development, and institutional adoption patterns within the 

U.S. military. Two graphs (Figure 18 and Figure 19) provide insight into funding amounts 

invested into UAVs as a function of the acquisitions process as well as total expenditures 

in the DOD, which includes funds for operations and maintenance. The first graph provides 

then-year total dollars spent on research, development, and testing, along with weapon 

systems and spares. Investments in UAV S&T and procurement fluctuated wildly  from 

1991 through 1997, with a minor uptick around the years when the MQ-1 Predator was 

being tested and fielded in the 1995. The costs settled for acquisition efforts around the 

$300 million (then years) mark for the last couple years of the decade. Exponential growth 

for UAV acquisitions started in 2001 and quickly jumped each year crossing the $1 billion 

threshold in 2003; by 2007, the figure was over $2.2 billion, topping $4.2 billion in 2012 

before entering a freefall in the remainder of the Obama years. From 1999 to 2004, 

Congress funded the DOD acquisition process at or above requested levels for an increase 

of $400 million, mostly for additional RDT&E, but also adding funds to increase the 

number of Predators purchased by the Air  Force from seven to twenty nine in FY 2003.306 

The second graph adds to those figures the cost of operations and maintenance for fielded 

systems. It is consistent that from 1991 to 2010, the amount spent on operations and 

maintenance remained low, ranging from $50 to $250 million, with a few higher exceptions 

in 2005 and 2006. Then, starting in 2011, the operations and maintenance totals skyrocket 

$2 to $4 billion over acquisition costs. 

 
305 Salmon, A Proposal for the FY 2016 Defense Budget, 4. That cut forced an 8.9 percent cut to 

procurement and an 8.7 percent cut in R&D among others. 
306 Government Accountability Office, FORCE STRUCTURE: Improved Strategic Planning, 2. 
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Figure 18. DOD UAS Costs for Acquisitions307 

 

Figure 19. DOD UAS Total Costs308 

 
307 Adapted from Ted Nicholas, U.S. Military  Aircraft Data Book, 2015 (Fountain Valley, CA: Data 

Associates, 2015).  
308Adapted from Office of the Secretary of Defense, Unmanned Aircraft Systems Roadmap, 2005–

2030; Office of the Secretary of Defense, FY 2009–2034 Unmanned Systems Integration Roadmap; Office 
of the Secretary of Defense, Unmanned Integrated Roadmap, 2011–2036. Note: Data for 2006–2008, 2010, 
2012–2015 are estimates based on presidential budget requests. Note: The dollar totals include operations 
and maintenance costs. 
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3. Science and Technology 

It is easy for one to project current technological capabilities further back in time 

than is warranted. People often forget—or at least minimize—even the recent past’s 

technological limitations. Consider, in the early 1990s, the Global Positioning System was 

not fully  operational (though used with effect in the Persian Gulf War) nor widely available 

for commercial use. In 1991, the compact disc was just becoming affordable enough for a 

few software companies to start issuing their products on disks. Compact discs for music 

were still a few years away for the public, and VHS video tapes and music cassette tapes 

were the only commercial options. It was on August 6, 1991, that developers published the 

first-ever online website. Around the same time, telecommunication companies introduced 

14.4 kilobits per second “high-speed internet,” allowing a one-gigabyte file (for reference, 

movie files today are four to five gigabytes) to download in a whopping one-hundred-fifty -

four hours. Intel and other microchip companies introduced the 386-computer processing 

unit in early 1991.309 

Besides the state of technology in government and the marketplace, national level 

guidance documents provide insight into what was within the realm of possible along with 

the aspirational works planned out to drive technology in support of national security. The 

unipolar moment and its associated military operations impacted America’s technological 

approach and thinking as well, enabling potential new avenues for UAV development. 

Setting the state for the third UAV epoch, the 1991 National Security Strategy dedicated a 

full  section to “Defense Technology” calling for a research and acquisition agenda to 

achieve a generational leap in technology.310 In terms of weapon systems, this did not pan 

out in the midst of military drawdowns and increased low-end engagements during the 

1990s. This was followed by a George H.W. Bush administration rededicated to achieving 

military technological transformation in addition to insatiable operational demands for 

real-time surveillance of terrorist organizations on a global scale.311 In addition to 

 
309 Adrian Kingsley-Hughes, “Top 10 Tech Developments of 1991,” ZDNet, last modified April 17, 

2011, https://www.zdnet.com/article/top-10-tech-developments-of-1991/. 
310 White House, National Security Strategy of the United States, 30. 
311 Czelusta, Business as Usual.  
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guidance from the highest levels of national security policymakers, the institutional 

services further refined national guidance into service-specific science and technology 

(S&T) strategies.312 The S&T strategies theoretically then allowed the services to drive 

long-term research investments and match technology development efforts to future 

capability needs. Defense Department S&T is one part of the overall DOD Research, 

Development, Test, and Evaluation (RDT&E) acquisitions umbrella. The relationship of 

S&T within the research and acquisitions world is shown in Figure 20. The DOD budget 

categories 6.1 through 6.3 reflect S&T research, and the 6.4 and 6.5 categories are for 

system development. While the depiction uses an Air Force example of S&T management 

by the Air  Force Research Laboratory, other service equivalents fit  this model to include 

the Office of Naval Research and the Army Research Laboratory (which falls under Army 

Material Command). Many of the S&T efforts that fall under 6.3—ACTDs and Advanced 

Technology Demonstrations—are run by DARPA alone or as a cooperative sponsorship of 

DARPA and one of the services. See Appendix C for a more detailed description. 

 
312 The Assistant Secretary of Defense for Research and Engineering manages the Defense Innovation 

Marketplace, which is a repository of all current plans, strategies, and documents related to science, 
technology, and innovation acquisitions across the entire DOD and all services. 
https://defenseinnovationmarketplace.dtic.mil.  
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Figure 20. RDT&E Budget Categories313 

The earliest of the S&T vision document within the third UAV epoch was a DOD 

effort worked in tandem with the planning stages of the 1991 National Military  Strategy. 

The Pentagon submitted its 1990 Defense Department (DOD) Critical Technologies Plan 

to the House and Senate Armed Services Committee, providing insight into what the 

military establishment considered as important and anticipated future technological 

innovations in the coming fifteen-to-twenty years.314 The Air  Force Institute of 

Technology took the DOD’s plan and assessed it from an airpower perspective for science 

and engineering in a later document titled Critical Technologies for National Defense. 

Using the categories of deterrence, military superiority, and affordability, two goals stood 

out as the most pertinent for aviation and potential UAV development. One of the goals 

 
313 Source: T. Neighbor, “AFRL Vision,” (presentation, Committee on Review of the Department of 

Defense Air  and Space Systems Science and Technology Program, National Research Council, 
Washington, DC, December 17, 1999) cited in National Research Council, Review of the U.S. Department 
of Defense Air, Space, and Supporting Information Systems Science and Technology Program 
(Washington, DC: National Academy Press, 2001), 59,  https://www.nap.edu/read/10179/chapter/12#58. 
Note: T. Neighbor was the Director, Plans and Programs at the Air Force Research Laboratory. 

314 Department of Defense, DOD Critical Technologies Plan, Government Report (Washington, DC: 
Department of Defense, 1990). See also: Office of Science and Technology Policy, National Critical 
Technologies. Government Report (Washington, DC: White House, 1991).  
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emphasized systems that could penetrate enemy defenses through signature management 

and electronic warfare means. A second goal desired affordable “brilliant weapons” with 

the autonomy to execute the full  kill chain to include finding, identifying, tracking and 

engaging a variety of mobile and fixed targets.315 While it is not clear if  the scientists 

authoring the report saw UAVs as “brilliant” weapons,” the UCAV would seem to come 

closest. To meet these two goals, critical technologies outlined for development and 

exploitation included:  composite and advanced materials, “semi-conductor materials and 

microelectronic circuits,” “machine intelligence and robotics,” and “artificial 

intelligence.” 316 This listing reveals not only what technologies the national defense 

apparatus and the services desired, but what was missing in terms of science and 

technology needed for UAV progress at the dawn of the 1990s. An important contribution 

to coordinating and integrating technological innovations for UAV use across the DOD 

started in 2001 with the release of the first DOD roadmap for UAVs. These roadmaps, 

released in 2001, 2005, 2009, and 2011, are another important source regarding the state 

of RDT&E maturation during the third UAV epoch; these documents, introduced above, 

provide important insights used in the analysis of UAV adoption episodes.  

a. U.S. Air Force Science and Technology (S&T) Strategy and Investments 

In 1991, Air  Force investments in UAV technology was limited to basic S&T 

research. This left the service with only a few technologies that could even aid UAV 

development. Following Vietnam, Ehrhard asserts that technology “stimulated but failed 

to float” the UAV “revolution” of the 1970s as the Air  Force succumbed to other political 

and bureaucratic pressures.317 In the 1980s, the Air  Force prioritized technical innovation, 

excluding any direct UAV developments. Instead, the USAF pursued satellite 

reconnaissance, precision stand-off munition, and stealth capabilities. Employing these 

capabilities during the Persian Gulf War, the USAF celebrated its combat success, 

 
315 American Institute of Aeronautics and Astronautics, Critical Technologies for National Defense 

(Washington, DC:  Air Force Institute of Technology, 1991), 2–3. 
316 American Institute of Aeronautics and Astronautics, 7–11. 
317 Ehrhard, Air Force UAVs, 37. 
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convinced these technologies tipped the balance in their favor. In addition to these 

advances, the USAF had improved reconnaissance cameras and sensors even further. Since 

the early 1970s, the development of reconnaissance UAVs competed with manned 

reconnaissance aircraft and satellites as satellite capabilities drastically improved.318 What 

did exist for UAV technologies in the late 1980s was the legacy “command guidance” 

techniques that relied on radio links between the pilot and aircraft. Some industry partners 

made advancements during that decade developing early “autonomous guidance” to enable 

more accurate and reliable pre-programmed flight.319 As the 1990s began, advances in 

commercial technologies enhanced UAV options and capabilities—particularly 

miniaturized video cameras and computer processing technology. Mili tary research 

advanced GPS navigation systems and smaller satellite communication transmitter-

receivers, which provided key capabilities for future UAV progress in the 1990s.320 

The USAF produced two subsequent major S&T studies between 1991 and 2015: 

New World Vistas in 1995 and Technology Horizons in 2010. New World Vistas—written 

by the Scientific Advisory Board at the direction of Secretary of the Air  Force Dr. Sheila 

Widnall and Air  Force chief of staff General Ronald Fogleman—represented a return in 

thought to the original USAF S&T study conducted fifty  years earlier, called New World 

Horizons. Commissioned in late 1994, Vistas authors likened the end of the Cold War 

period as analogous yet different from the world affairs and technological possibilities that 

existed in 1945 when Horizons was released. Summarizing Vista’s goals, Dr. Gene H. 

McCall, the Chair of the USAF Scientific Advisory Board and study director, wrote that 

the board “endeavored to define the capabilities which will result from emerging 

technologies during the next three decades,” in the expanding Information Age.321 While 

the full  study was 13 volumes, a major push throughout the Summary and Attack volumes, 

“uninhabited combat aerial vehicles” feature prominently and repetitively. So much so, 

 
318 Ehrhard, Air Force UAVs, 15. 
319 Ehrhard, 29–30. 
320 Ehrhard, 29. 
321 U.S. Air Force Scientific Advisory Board, Summary in New World Vistas: Air &  Space Power for 

the 21st Century, Headquarters Air Force (Washington, DC: Department of the Air Force, 1995), iv. 
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seasoned defense policymaker and academic Eliot Cohen hailed Vistas as both practical 

and visionary, noting that the document called for “an air force composed, in large part, of 

unmanned aircraft.” 322 As part of the overall recommendations for coming power 

projection capabilities, UCAVs were the top of a list of five items: UCAVs, directed energy 

weapons, next-generation stealth, hypersonics, and space technologies.323 The Vistas 

study then highlighted the technologies needed to realize the leap into UCAVs: high-

efficiency, supersonic engines; miniaturization; intelligent data processing; improved data 

links; aerodynamic control science; and, human-machine interfaces for off-board vehicle 

control. 

Fifteen years later, and in a very different strategic environment than the one 

envisioned during the Vistas document, the USAF released Technology Horizons in 2010. 

Learning from the prognostic failures of the Vistas document, which admitted to a goal of 

prediction and forecasting, Technology Horizons emphasized that it’ s effort was not 

predictive in nature, nor was it intended as a “ forecast of likely future scenarios;” 324 rather, 

the 2010 vision offered a “ rational assessment of what is credibly achievable from a 

technical perspective to give the Air  Force capabilities that are suited for the strategic, 

technology, and budget environments” of the next 20 years.325 As its base assumption, 

Technology Horizons held that the science and technology that forms the basis of USAF 

capabilities had proliferated to potential adversaries who could utilize them in entire novel 

concepts of operation or as a “basis of entirely different war-fighting constructs.”326 

America’s asymmetric, qualitative advantage was eroding quickly. The document stressed 

several shifts in the strategic context that would drive “shifts in research emphasis” to 

vector “S&T in directions that can maximize capability superiority”: from platforms to 

 
322 Eliot Cohen, “New World Vistas: Air and Space Power for the 21st Century,” Foreign Affairs 

(September/October 1996), https://www.foreignaffairs.com/reviews/capsule-review/1996-09-01/new-
world-vistas-air-and-space-power-21st-century. 

323 U.S. Air Force Scientific Advisory Board, “Summary,” New World Vistas, 60. 
324 Office of the U.S. Air Force Chief Scientist, Technology Horizons: A Vision for Air Force Science 

and Technology 2010–2030 (Montgomery, AL: Air University Press, September 2011), xvii. 
325 Office of the U.S. Air Force Chief Scientist, xvii. 
326 Office of the U.S. Air Force Chief Scientist, xvii–xviii.  
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capabilities; manned to remotely piloted; from control to autonomy; from single-domain 

to cross-domain; from permissive to contested; from long system life to faster refresh.327 

Unlike its predecessor document, Technology Horizons did not emphasize UAVs/UCAVs 

to the same degree, but instead, it drove home the need for designing and building 

autonomous systems that could engender a greater level of warfighter trust. Technology 

Horizons identified “Trusted, Adaptive, Flexibly Autonomous Systems” as an important 

capability area to meeting future strategic needs, stating that “establishing trust in 

autonomy will thus become the central factor in gaining access to the potentially enormous 

capabilities that such systems can offer.” 328 Additionally, the document  talked about the 

necessary computer processing power and algorithms as a forthcoming technology, not one 

fully  arrived yet, while at the same time, warned that an adversary who achieves and 

integrates this technology without the Western imperative of maintaining human in the 

loop decision points would have huge asymmetric advantages.329 Equally concerning to 

the study’s authors was the loss of guaranteed navigation capabilities and “high-bandwidth 

secure communications” due to advanced adversary jamming of Global Positioning System 

signals and other communication nodes.330 The leaps in technology in the 1990s that 

allowed UAVs to overcome navigation issues and beyond line of sight control 

limitations—problems that had plagued UAV development advocates in the early 20th 

century—were threatened with obsolescence due to adversary countermeasures at the dawn 

of the 21st century. Comparing the two S&T visions, a shift in Air Force thinking appears 

to have occurred between 1995 and 2010 regarding the true state of technological maturity 

needed to field advanced UAVs; furthermore, a diminished view regarding adversary 

capabilities to impact UAV employment seems to have taken root. 

 
327 Office of the U.S. Air Force Chief Scientist, xix. 
328 Office of the U.S. Air Force Chief Scientist, 75. 
329 Office of the U.S. Air Force Chief Scientist, 75. 
330 Office of the U.S. Air Force Chief Scientist, 77–80. GPS-denied environments and crowded 

electromagnetic spectrum communications were an increasing problem that demanded alternatives. Chip-
scale atomic clocks, networking of GPS relay signals, and laser communication technology were 
considered important near-term developments in the next decade.  
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b. Navy Science & Technology Strategy and Investments 

The Office of Naval Research oversees the Navy’s S&T strategy, releasing an 

update biannually—far more frequent, but with less period change, than the USAF. 

Therefore, a sample of two of the documents, one in 1997 and the other in 2011, provides 

insight to the views of S&T strategies during the third UAV epoch. The first document is 

timed when UAVs development was just beginning to make headway in the DOD under 

Defense Airborne Reconnaissance Office during the 1990s, and the second document 

showcases USN thinking during a time when great power competition was increasing and 

the service enjoyed many successes with its X-47 experimental UCAV demonstrator. 

In 1997, the Navy remained confident that it would continue conducting its core 

missions for the next several decades and released its S&T strategy focused on platforms 

and processes as the key to its S&T program forecasted out until 2035. That strategy, called 

Technology for the United States Navy and Marine Corp, 2000–2035: Becoming a 21st 

Century Force, leaned partially on the USAF’s 1995 strategy New World Vistas and the 

Army’s 1993 S&T strategy, identifying over 100 critical technologies as a base for future 

naval operational success. The document highlighted automation technologies as one of 

the major themes and emphasized the type of results it hoped to adopt: “ teleoperated and 

autonomous UUVs [underwater unmanned vehicles] and UAVs” that will “participate in 

cooperative engagements against difficult targets.” 331 To make this a reality the authors 

stated that certain technologies were necessary, to include “autonomous navigation and 

guidance and automatic target recognition,” implying these fundamentals were not yet 

mature.332 The study’s panel then argued that gas turbine engine development should be 

the Navy’s highest priority, along with small sensor payloads, low-cost communications 

for UAVs, the free-wing aircraft design, and vertical take-off and landing capabilities.333 

 
331 Naval Studies Board, Technology for the United States Navy and Marine Corps, 2000–2035, 

(Washington, DC: National Research Council, 1997), 14, https://www.nap.edu/read/5863/chapter/1. 
332 Naval Studies Board, 15. 
333 Naval Studies Board, 185–186. The gas turbine engine afforded long-life, low weight-to-thrust 

ratios, use of heavy fuels, and low acoustic signatures. The sensors envisioned included those capable of 
the full spectral range from electro-optical/infrared to millimeter wave with radar and synthetic aperture 
radar. The free-wing design is a rotating wing that enables variable pitch to aid with platform stability but 
also make it stall free.  
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Not only were certain technologies missing from S&T, the Navy disclosed concern that it 

had lost its focus on long-term research and development, and instead, the trend within the 

service was a preoccupation for scientists and engineers on short-term applied research. 

Worse, S&T personnel experienced serious regulatory meddling that hindered 

technological progress for long-term operational success.334 

In 2011, the Navy’s S&T Corporate Board directed the Chief of Naval Research 

to execute a newly revised S&T strategy. The document is very different from its 1997 

predecessor, in that it is much shorter and less specific, but it continued its trend of 

nesting with the USN’s keystone vision document, Sea Power 21, which was released in 

2002.335 Of note, to support Secretary of Defense Rumsfeld’s transformation agenda, 

Sea Power 21 indicated that user needs and technology opportunities would be 

maximized by allowing those needs and opportunities to enter the acquisition process at 

any milestone stage. One of the S&T focus areas called for in the 2011 vision document 

was “autonomy and unmanned systems.” 336 The strategic drivers for unmanned aviation 

and greater automation stemmed from  

increased proliferation of inexpensive lethal threats targeting individual 
warfighters and high-value assets, combined with continued rapid advances 
in computing, power and energy, robotics, sensors and position guidance 
technologies drives the requirement to augment expensive manned systems 
with less expensive, unmanned fully  autonomous systems that can operate 
in all required domains.337 

Unfortunately, the document is limited in detail regarding the types of technologies needed 

to continue forward progress in this focus area.  

 
334 Naval Studies Board, 5.  
335 Sea Power 21 was the Navy’s answer to strategic visioneering that the Air Force had started to use 

in the 1990s. It set forth a global concept of operations, focused on transnational threats, and seeking to 
overturn a perception that the Navy was an enabler of operations and not fully joint integrated. It also 
emphasized the Bush administration’s “transformation” policy for military affairs by creating new cross-
cutting categories of capabilities in lieu of platform centric communities. In 2003, Sea Power 21 projected 
fielding the Joint-Unmanned Combat Air System in the 2015 timeframe. Office of Chief of Naval 
Operations, Sea Power 21 (Washington, DC: Department of the Navy, 2002). 

336 Office of Naval Research, Naval S&T Strategic Plan 2011 (Arlington, VA: Department of the 
Navy, 2011), 34. 

337 Office of Naval Research, 15. 
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4. Service Culture Summary 

Another major consideration of the contextual aspect of UAV adoption episodes—

tied directly to this study’s third hypothesis of organizational culture—are the service 

prevailing cultures. This section summarizes the findings of three major studies, each 

building upon one another. The first and third studies were produced by RAND in 1989 

and 2019 respectively and bookend the period of the third UAV epoch highlighting what 

has and has not changed among the various service cultures since the implementation of 

the Goldwater-Nichols Act of 1986. The first study was Carl Builder’s seminal study The 

Masks of War, published by RAND in 1989. The middle study was a doctoral dissertation 

written in 2013 by USAF officer Jeffrey Donnithorne, which focused on how culture 

shapes and predicts subsequent service preferences and positions when responding to 

policy changes from the President and OSD. The 2019 RAND study, Movement and 

Maneuver: Culture and the Competition for Influence among the U.S. Military  Services 

relied heavily on the two earlier works, summarizing and incorporating their findings. This 

study found that Carl Builder’s earlier assessment of service culture continues, with only 

slight or minor differences now that the joint environment had time to mature since the late 

1980s. It is the third study that this section primarily used to capture the prevailing 

assessment of service culture since it synthesizes the earlier two works, but important 

differences or additions from those earlier two studies are highlighted for each of the three 

main services, starting with the Army. 

First, the U.S. Army’s cultural assumptions are rooted in its early creation in 1775 

and its role in establishing the nation during the Revolutionary War. The service “sees its 

value to the nation as so fundamental and will ultimately undertake any role,” it is confident 

in its current and future “ institutional security” but occasionally has trouble formulating a 

case for resources clearly.338 This is compounded by the fact that the Army rarely comes 

into full  strength until needed for conflict, a facet not shared by the Air  Force and Navy. 

The Army, therefore, competes in the inter-service arena by ensuring its inclusion and 

participation in a wide variety of missions and by “positioning itself as a master of 

 
338 Zimmerman et al., Movement and Maneuver, xiv. 
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leadership,” especially operational command.339 It further relies on the argument that 

ground combat is the only true decisive instrument in conflict and requires resources to 

avoid “unacceptable risk to the nation.”340 Operationally, the Army seeks total victories 

using overwhelming firepower; to do so requires all its functions and any supporting 

services to remain tightly synchronized and “ in step” with the “massive Army 

machine.” 341 The individual soldier is the most important building block of the Army 

machine, but in order to function, that solider must be incorporated into a unit with both 

functional and heraldic purposes.342 

Second, the Navy’s baseline cultural assumptions stem from a long practice of 

independent service to the nation, with many of its views imbued from British naval 

traditions. The Navy has long served the nation providing sea control and securing sea lines 

of communication that fuel the nation’s economic prosperity, overseas power projection, 

and diplomatic influence around the globe. They preserve the nation’s security, which is 

bound by vast oceans on either side of the country. Therefore, the Navy is keen to maintain 

a certain force structure, first in number of ships, and second in support infrastructure and 

personnel to crew the ships.343 Fairly secure in the enduring relevance of sea control and 

power projection, the Navy argues for an ever present need of professional crews and ships 

able to concentrate firepower built around capital ships.344 For the past twenty years or so, 

the Navy has spent more energy reconciling internal arguments over current versus future 

resource needs and the strategy underpinning those arguments. That said, the service main 

argument for resources remains based on a certain threshold of ships that require long lead 

times and constant dedication of resources to build and maintain. The service, as normal 

 
339 RAND Overview, Movement and Maneuver, accessed March 15, 2020, https://www.rand.org/ 

pubs/research_reports/RR2270.html. 
340 RAND Overview, Movement and Maneuver. 
341 Donnithorne, “Principled Agents,” 493. 
342 Donnithorne, 493. 
343 Zimmerman et al., Movement and Maneuver, xiv. 
344 Donnithorne, “Principled Agents,” 490–491. 
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practice, places less emphasis on joint integration and assignments;345 following the 1991 

Gulf War, the Navy did begin closer coordination and joint efforts with the Air  Force given 

the increasing overlap and support the two services have in the prominent hot spots of the 

world (e.g., the Persian Gulf’s and its surrounding countries, China’s eastern seaboard, and 

the European theater’s Baltic, Black, and Mediterranean Seas). Bottom line, the Navy 

competes for a unique set of roles and missions through “ tightly articulated service 

strategies” emphasizing near-peer competitors with the goal of maintaining forward 

presence as a non-negotiable for the DOD.346 If  forced to choose between supporting 

overland missions or its domain-based roles, the choice unarguably falls to the latter.  

Third, the Air  Force focuses on “ technology, innovation, and strategic analysis” 

with the aim to “make air superiority central to U.S. strategy.” 347 The “Air  Force was 

created to exploit disruptive technology” and has an enduring interest in new 

technology.348 This effort, in its own eyes, would secure for the service its identity as 

separate from simply being an enabler of Army or Navy campaigns. This runs counter to, 

and exasperates, other service views that see air superiority as an enabling mission to 

ground and sea victories,349 but the Air  Force holds to the decisive strategic potential of 

the force.350 To achieve this goal, the Air  Force has spent the past thirty years investing in 

young talented officers—particularly pilots—and developing senior leader resource 

management skills. At least through 2017, the service has built an effective lobbying 

apparatus to compete in the resource domain of institutional rivalries, given its relative 

comfort “ in the competition for future institutional security” and preservation.351 The Air  

Force, keen to parry Army instigations of poor support and integration, often bills itself as 

the most joint service, but that has not translated into successful competition in joint 

 
345 Zimmerman et al., Movement and Maneuver, xv. 
346 RAND Overview, Movement and Maneuver. 
347 RAND Overview,  
348 Donnithorne, “Principled Agents,” 494. 
349 Zimmerman et al., Movement and Maneuver, xv. 
350 Donnithorne, “Principled Agents,” 495. 
351 Zimmerman et al., Movement and Maneuver, xv. 
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operational leadership positions, yet. Furthermore, the Air  Force adamantly champions 

central control of air power and should not be distributed or assigned to field 

commanders.352 Since 2001, the Air  Force has lost competitive ground in the roles and 

mission arena,353 since air superiority, space, and cyber have not played prominent roles 

during the Middle East counter-insurgency/counter-terrorism wars except where those 

missions enhanced strike, coordination, and reconnaissance. For the Air  Force, a long 

tradition and cultural assumption is that officers fly  and fight, while enlisted personnel 

provide support as skilled technicians. Officer-enlisted relations generally occur away from 

the battlefield—unlike army and naval units.  

Overall, all three services remain committed to persuading the DOD and the nation 

that their service and respective domain holds a central place in the security of the nation. 

Competition for resources remains keen—with the Navy being the only minor exception—

and has only become more complicated as the joint staff and combatant commanders add 

evermore sway to define capability needs, resource allocation, and weapon-system 

adoption outcomes. 

C. THE BASICS OF ACQUISITIONS —A CRASH COURSE 

The complicated, iterative process of defense acquisitions is difficult to grasp even 

to the initiated professional. The sheer number of policymakers, institutions, agencies, and 

committees involved in a seemingly endless input-output and oversight cycle is 

mindboggling. Add to it an acronym soup and constant reform, confusion can set in. For 

instance, the Joint Staff’s top-level document governing its lead developmental entity 

within the DOD—the Joint Requirements Oversight Council (JROC)—comes in at over 

one-hundred pages in its latest version.354 To make things digestible, this section of the 

chapter introduces the key formal relationships, roles, and processes of acquisitions without 

bogging down in the informal aspects. Acknowledging that often it is in the informal 

 
352 Donnithorne, “Principled Agents,” 494. 
353 Zimmerman et al., Movement and Maneuver, xv.  
354 Joint Chiefs of Staff, Charter of the Joint Requirements Oversight Council (JROC) and 

Implementation of the Joint Capabilities Integration and Development System, CJCS Instruction 5123.01H 
(Washington, DC: Joint Chiefs of Staff, 2018). 
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universe that programs are shaped, those details are left to the individual UAV episodes in 

chapters IV  and V where aspects such as media, personalities, commitments, incentives, 

culture, and private communication unfold. It is both the inter-organizational processes and 

the “cross-institutional linkages” that we are concerned with here.355 This section 

introduces the broad DOD systems that work in sequential feedback loops, some major 

roles within the Defense Acquisition System, and an overview of the acquisitions process 

and milestones required. It wraps up with who in Congress provides monetary oversight to 

the DOD. Overall, the formal processes and regulations since 1991 all fall under the same 

joint rubric of the Goldwater-Nichols Act and lead by the Under Secretary of Defense for 

Acquisition, Technology, and Logistics.356  Where possible, this section highlights 

substantive changes to the systems that occurred over time since 1991. 

The Defense Acquisition System for material innovations is comprised by three 

integrated and deliberate processes: requirements, management, and funding. 

Respectively, the DOD’s programs for these reinforcing efforts are the Joint Capabilities 

Integration and Development System; the Acquisition Process; and the Planning, 

Programming Budgeting, and Execution system.357 The Defense Acquisition System is 

reliant upon threat forecasting and strategy documents from the national and department 

level of the DOD/services. Figure 21 shows how these systems overlap in relation to one 

another: guidance (gray), threats (red), capabilities (blue), acquisitions (yellow), and 

resources/funding (green). The purple oval refers to the contingency and war plans that 

also partially informs capability requirements. The overall “ life cycle” of a program exists 

from initial identification of a capability need through to its final disposal. 

 
355 Rebecca K. C. Hersman, Friends and Foes: How Congress and the President Really Make 

Foreign Policy (Washington, DC: Brookings Institution Press, 2000), 4–7. 
356 The Under Secretary of Defense (USD) position for Acquisition, Technology, and Logistics has at 

times used the title USD for Acquisition and Sustainment (A&S) as well as Acquisitions and Technology 
(A&T). The three are generally synonymous and have been interchanged depending on administrations.  

357 The Defense Acquisition Guide, managed and run by the Defense Acquisition University, is the 
authoritative, top-level guide for these systems and associated regulations. See: 
https://www.dau.edu/tools/dag. 
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Figure 21. DOD’s Major Processes and Relationships358 

According to the Chairman’s charter on Joint Capabilities Integration and 

Development System employment, the JROC is responsible to the President and Secretary 

of Defense for Title 10 responsibilities to identify and assess new joint military capabilities 

based on gaps; the JROC is the primary customer of the acquisition system.359 Of note, 

the Joint Capabilities Integration and Development System replaced the Joint Warfighter 

Capabilities Assessment process used in the 1990s, in order to strengthen the joint aspects 

of the process; independent analysis by RAND and the GAO in the late 1990s argued that 

service parochialism still dominated the joint capabilities validation process. The Vice 

Chairman of the Joint Chiefs of Staff chairs the JROC and uses the National Defense 

Strategy as its keystone document for guidance in establishing, approving, and reviewing 

material capabilities development processes. The JROC is the highest-level body 

responsible for the Joint Capabilities Integration and Development System. Key members 

of the JROC include at least one four-star officer from each of the services, as well as other 

Under Secretaries of Defense for Policy, Intelligence, and Comptroller, as well as directors 

 
358 Source: Joint Chiefs of Staff, Charter of the Joint Requirements Oversight Council (JROC), D-4. 
359 Joint Chiefs of Staff, Charter of the Joint Requirements Oversight Council. 
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from those agencies responsible for testing, evaluation, and cost assessment. Inputs to the 

JROC can come from the National Command Authority, combatant commanders, joint 

staff directorates, and the services seeking new “ joint military capabilities,” defined as 

“collective capabilities across the joint force, including joint and force-specific capabilities 

that are available to conduct military operations.” 360 JROC conducts a Capability Based 

Assessment centered on subordinate board recommendations who look for “ advances in 

technology and evolving concepts of operation needed to maintain a technological and 

operational superiority” of U.S. forces.361 If  the Capability Base Assessment exposes a 

need, the JROC produces four key documents, starting with the Initial Capability 

Document; this validates the need. Later, other documents include the Draft Capability 

Development Document, the Capability Development Document, and the Capability 

Production Document.362 These documents are not static during the life cycle of the 

program. Bottom line, validated JROC requirements guide the Acquisition Process and 

inform the programming and budget process.  

The Acquisition Process comprises four sequential phases of development: 1) 

material solution analysis, 2) technology maturation & risk reduction, 3) engineering &  

manufacturing development, 4) production & deployment (see Figure 22).363 A fifth  phase 

occurs when the weapons system moves to full  operations and support. The decision to 

explore a material solution to a validated capability gap initiates phase one, and the forward 

progress of the phases is determined by three milestone decisions at the end of each of 

phases one through three; these are known simply as Milestone Decisions A, B, and C.364 

 
360 Joint Chiefs of Staff, Charter of the Joint Requirements Oversight Council, A-4. 
361 Joint Chiefs of Staff, A-5. 
362 The initial capability document describes the capability gap and starts the process of determining 

if the gap can be addressed first through non-material solutions before moving to the draft capability 
document that will outline the preliminary material requirements, capabilities, and parameters.  

363 Joint Staff J-8, Manual for the Operations of the Joint Capabilities Integration and Development 
System, (Washington, DC: Joint Chiefs of Staff, 2018), A-A-12. 

364 Milestone A is known as the Risk Reduction Decision, intended to assess the level of risk 
regarding technology maturity and the need to commit resources to mature the technology if needed. 
Milestone B marks the decision to award contracts to a company for development. Milestone C is the Initial 
Production decision that starts low-rate production, indicating a commitment of adoption by one or more of 
the services. 
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Senior DOD leadership appoints the milestone decision authority early in phase one. Also, 

in phase one program management conducts an analysis of alternatives for the identified 

capability requirement. Another decision point during phase two (not reflected in Figure 

22) determines the release of request for proposal, that formally provides defense 

contractors what they need to design, submit, and compete their solution for the 

requirement. These phases and decisions unfold iteratively as the JROC approves and 

releases it key documents, which are represented by white rectangles in the figure below. 

While the DOD instruction on defense acquisition refers to this overall model as “generic,” 

the framework provides the basis for all hardware, software, hybrid, and rapid acquisition 

approaches; modifications and additions conform still to the basic framework. Program 

management follows a chain of command, moving upward from the Program Manager, 

through the Program Element Officers to the Component Acquisition Executive. For those 

programs that exceed a certain dollar threshold or are otherwise designated, a Defense 

Acquisition Executive—who is the Under Secretary of Defense for Acquisitions, 

Technology, and Logistics—may be installed at the top of the chain.365 A Joint Program 

Office is established with a designated lead service anytime a program is being procured 

or funded by two or more services.  

 
365 That threshold changes based on regulation and legislation; the most recent number are programs 

that exceed research & development of greater than $480 million OR total procurement of $2.79 billion.  
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AoA: Analysis of Alternatives   CBA: Capabilities Based Assessment 

CDD: Capabilities Decision Document  ICD: Initial Capabilities Document 

JCIDS: Joint Capabilities Integration and Development System 

Figure 22. Joint Capabilities and Acquisition Process Interaction366 

There are a couple entry points into the Joint Capabilities Integration and 

Development System for science, technology, and innovative approaches To expedite 

certain “evolutionary” capabilities needed on a shorter timeline, the process is flexible 

enough to consider starting a program at Milestone B based on urgent  or emergent 

operational needs for on-going operations or plans. If  approved, these can generate a Rapid 

Acquisition Cycle in two-to-five years, as opposed to the more traditional timeline for 

major acquisitions that take seven-or-more years. In the past, the Acquisition System tried 

to speed up the acquisition and fielding of emerging technologies by conducting Advanced 

Concept Technology Demonstrations (ACTD). These ACTD efforts were designed to 

allow the earlier and cheaper adoption of advanced mature technologies for the warfighter. 

Often with mixed results, ACTD as a practice ended in 2006, replaced by the Joint Concept 

Technology Demonstration before being scrapped altogether. Since the late 2000s, the 

Rapid Acquisition model based on urgent operational needs has been in place. More 

disruptive technologies, such as those generated by an updated national defense strategy or 

new a Joint Operating Concept would likely dictate a fresh Capability Based Assessment 

from the JROC altogether.  

 
366 Source: Joint Staff J-8, Manual for the Operations of the Joint Capabilities Integration and 

Development System, A-A-12. 
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The Under Secretary of Defense, Comptroller, oversees the Planning, 

Programming, Budget, and Evaluation process for allocating resources to competing 

programs.367 While the Joint Capabilities Integration and Development System and 

Acquisition Process are tightly linked as shown in Figure 22, the programming and budget 

process is the intervening step that resources the Acquisition Process. For any material 

procurement, the Joint Capabilities Integration and Development System represents the 

why, the Acquisition Process the what, and the fully budget process the how of that effort. 

The Planning, Programming, Budget, and Evaluation cycle is focused on the financial 

management, policy, and resource allocation for programs in the current year and 

programming for four future years. The DOD and the services run the budget cycle process 

as an internal decision-making process, without Congressional or White House 

representation. As we see in the next paragraph, Congress retains powerful oversight of 

budgetary process, regardless of how institutions internally manage those resources once 

approved in legislation. Additionally, Congress maintains policy influence at all stages of 

capability and program development, to include agenda setting, pushing specific programs 

and contractors, and other meddling due to partisanship, district-specific interests, and 

personal or electoral perceptions.368 One of the early lessons for the USAF during the 

1990s when it ran up against Congressional roadblocks was that it had to “work much 

harder at educating Congress” regarding the “ long-term consequences of budgetary 

choices.” 369 A key output after the planning and programing phases is the Program 

Objective Memorandum at the end of every July, which shows the resource allocation by 

the military departments based on DOD planning and guidance. This allows the Office of 

the Secretary of Defense to put together the final DOD budget request to the President in 

December. This informs the President’s Budget to Congress, which is due on the first day 

 
367 Department of Defense, The Planning, Programming, Budget and Execution Process, DOD 

Directive 7045.14 August 29, 2017 (Washington, DC: Department of Defense, 2017), 
https://www.esd.whs.mil/ Portals/54/Documents/DD/issuances/dodd/704514p.pdf?ver=2019-06-06-
145814-060. 

368 Chris Darnton, email message to author, March 20, 2020. Dr. Darnton is a professor at the Naval 
Postgraduate School’s Department of National Security Affairs. 

369 Michael Barzelay and Colin Campbell, Preparing for the Future: Strategic Planning in the U.S. 
Air Force (Washington, DC: Brookings Institution Press, 2003), 17. 
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of February each year. Systemically, the three processes of Joint Capabilities Integration 

and Development System, Acquisitions, and Planning, Programming, Budget, and 

Evaluation are show in Figure 23. 

 

Figure 23. DOD Corporate Process for Material Capabilities370 

Finally, acquisition processes must contend with congressional oversight, who 

holds the power of the purse to shape military innovation and procurement. Congress 

stands at the apex of an Iron Triangle issues network that involves bureaucratic institutions 

in one corner and interest groups in the other corner.371 The congressional House and 

Senate Armed Services Committees provide the top-level oversight and funding to the 

 
370 Source: Air Force, United States Air Force Unmanned Aerials Systems Flight Plan, 63. 
371 Auburn University, “Iron Triangles,” A Glossary of Political Economy Terms, accessed November 

7, 2019, http://webhome.auburn.edu/~johnspm/gloss/iron_triangles.phtml. 
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bureaucracies of interest to this study: the DOD and subordinate service branches.372 Each 

chamber of Congress has its own slew of sub-committees and regulations for receiving and 

providing input to bureaucratic institutions. Interest groups include defense industry 

companies and other such non-governmental organizations who have abiding interest in 

congressional decisions and budgeting; these interest groups lobby individual members of 

Congress who sit on the congressional committees to develop mutually supporting 

leverage. Members of Congress also wield legislative, calendar, and procedural power. For 

example, the Nunn-McCurdy Act of 1982 stipulates the DOD notify Congress when 

acquisition programs exceed cost overrun thresholds.373 The act was put into place mainly 

due to the Army’s cost overruns associated with the Black Hawk helicopter, Patriot missile 

system, and the ill- fated Aquila UAV program. Congress can use tools such as “ fencing 

(making the expenditure of funds subject to restrictions, reporting, or notification) or 

cutting funding” altogether.” 374 Political and foreign policy expert, Rebecca K. C. 

Hersman, observed that “when informal pressures are not successful, congressional 

members and staffs will often seek to legislate their way into executive decision making 

processes, by introducing procedural steps like reports, notifications, and certifications 

designed to force the executive [and its departments such as the DOD] to keep Congress in 

the loop.”375 The Government Accounting Office produces independent, “watchdog” 

 
372 According to the House Armed Services Committee, Rule 4, para 1, the committee has jurisdiction 

for: “defense policy generally, ongoing military operations, the organization and reform of the Department 
of Defense and Department of Energy, counter-drug programs, acquisition and industrial base policy, 
technology transfer and export controls, joint interoperability, the Cooperative Threat Reduction program, 
Department of Energy nonproliferation programs, and detainee affairs and policy” 
https://armedservices.house.gov/committee-rules#0D456DEB-8D11-4DF4-A8E3-D4D778DFDA61. The 
Senate Armed Services Committee has similar jurisdictions according to its rules, but also includes the 
Panama Canal and aeronautical/space activities associated with weapons systems or military operations, 
https://www.armed-services.senate.gov. 

373 Those thresholds are categorized as significant and critical breeches, starting at 15 and 25 percent 
respectively for current baseline estimates. Congressional Research Service, The Nunn-McCurdy Act: 
Background, Analysis, and Issues for Congress, CRS Report No. R41293 (Washington, DC: Congressional 
Research Service, 2016), https://crsreports.congress.gov/product/pdf/R/R41293. 

374 Hersman, Friends and Foes, 43. 
375 Hersman, 43–44. An example of this is the case of the Advanced Medium Range Air to Air 

Missile case. When House staffer Tony Battista was unable to get a sufficient response from the Defense 
Department for Representative Smith. Smith wanted to influence the process, but when informal avenues 
and personal contacts failed, the congressman embarked on a successful letter writing and media campaign 
against the Air Force. See Hersman, 42–42. 
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reports to Congress examining and critiquing how tax dollars are spent with the goal of 

increased efficiency for taxpayers. Government Accounting Office products are a source 

of data for this study, along with congressional committee hearings related to UAV 

development. 
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IV.  AIR  FORCE UAV EPISODES, 1991–2015 

The story of the U.S. Air  Force is the story of the search for…innovation.376 

Born from mechanical marvels to give humans sustained, controlled flight, the U.S. 

Air  Force seeks technological innovation to rule the air. Technology untethers the Airman 

from terrestrial constraints and creates new pathways to strategic and tactical effects on the 

battlefield.377 Echoing airpower proponent General William “Billy ” Mitchell’s description 

of airmindedness in the 1920s, the Air  Force looks forward in anticipation, not solely back 

into history, when developing solutions to military problems.378 Additionally, the 

organization often concerns itself with generating effects based on risk-versus-

effectiveness calculations. The Air  Force’s technophile ethos incorporates the development 

and acquisition of UAVs for a variety of missions; however, UAV adoption outcomes too 

often appear inconsistent and non-committal. 

In November 1944, shortly before the Air  Force became an independent service, 

the General of the Army Air  Corp, Henry H. “Hap” Arnold, requested an assessment of 

scientific developmental requirements over the next twenty years. As part of his guidance 

to the Army Air  Corps’ Scientific Advisory Group, Arnold stated that a “ fundamental 

principle of American democracy is that personnel casualties are distasteful” and that the 

strategy of future warfare would trend towards mechanical wars as opposed to manpower 

wars.379 From the outset, key airpower leadership such as Arnold’s prioritized casualty 

avoidance to the maximum extent possible. In response to Arnold’s requested study, Dr. 

 
376 Chairman of the Joint Chiefs of Staff, Admiral Mike Mullen, U.S. Navy, as quoted in Chief of 

Staff of the Air Force, Global Vigilance, Global Reach, Global Power for America (Washington, DC: 
United States Air Force, 2013). 

377 Headquarters Air Force, The World’s Greatest Air Force—Powered by Airmen, Fueled by 
Innovation (Washington, DC: Department of the Air Force, 2013), https://www.af.mil/Portals/1/ 
documents/af%20events/2015/Vision_Brochure_PRINTresolution.pdf. 

378 William “Billy” Mitchell, Winged Defense: The Development and Possibilities of Modern Air 
Power--Economic and Military . 1925. Reprinted with Forward by Robert S. Ehlers, Jr. (Tuscaloosa, AL: 
The University of Alabama Press, 2009), 20. 

379 Theodore Von Kármán, Towards New Horizons: Science, Key to Air Supremacy (Washington, 
DC: Army Air  Forces Scientific Advisory Group, 1945), v. 
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Theodore Von Kármán, head of the Air  Force’s Scientific Advisory Group, emphasized 

continuous and rapid technological adaptations in order to maintain global air 

supremacy.380 Additionally, four-out-of-ten summary conclusions for future research and 

development declared pilotless aircraft as an important goal to pursue. The report proposed 

that “a global strategy for the application of novel equipment and methods, especially 

pilotless aircraft, should be studied and worked out” (emphasis added).381  

From its foundation, the Air  Force and its senior pilots have looked to unmanned 

aircraft as a viable option to meet operational challenges and preserve life, yet the Air  

Force’s UAV adoption outcomes have been underwhelming for most of that history. Only 

in recent years could the Air  Force claim that enough UAVs now exist to enable the 

organization to conduct sixty-five UAV air patrols simultaneously. Still, the organization 

struggles to maintain that requirement and remains precariously postured to continue 

providing those capabilities despite an ever-increasing demand from combatant 

commanders and national leaders.  

The Air  Force is an important component to this study, because the USAF has the 

greatest institutional and cultural stake regarding UAVs as the service created to conduct 

war in the air. In 1991, the Air  Force did not have an operational UAV in its inventory, but 

it did possess vast experience with an established cultural ethos. The Air  Force provides 

several pertinent UAV episodes from 1991 to 2015 that illuminate how, when, and why 

rational, institutional, and cultural factors impacted UAV adoption results. Based on the 

selected high-, medium-, and low-end UAV case types introduced in Chapter I, the sample 

UAs within the Air  Force include the RQ-3 DarkStar, X-45 UCAV, RQ-4 Global Hawk, 

MQ-9 Reaper, and R/MQ-1 Predator. The USAF eventually cancelled both the RQ-3 and 

X-45 following their demonstration periods yet adopted the other three UAs in varying 

degrees. To explore and examine why the programs ended in adoption or not, the sections 

 
380 Von Kármán, Towards New Horizons, xi. Note: Dr. Theodore von Karman was a renown physicist 

and aeronautical engineer of Jewish-Hungarian descent who moved to the United States in 1930 to teach at 
Caltech. He was invited by General Arnold to start the Scientific Advisory Group in 1944 in order to study, 
plan, and guide aeronautical technologies for the Army Air Corp (and later U.S. Air Force). 

381 Von Kármán, Towards New Horizons, ix-xiii.  
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below describe the selected UAV programs/episodes that comprise each UAV case type; 

from there, the case type is examined through the three main hypotheses introduced in 

Chapter II  (i.e., rationalism, institutionalism, and organizational culture). The chapter ends 

with a cross-case synopsis and analysis overall within the service. 

A. HIGH- END UNMANNED AIRCRAFT  (RQ-3, X-45) 

While different in aircraft design and mission purpose, the RQ-3 and X-45 are the 

two high-end UAVs that the Air  Force pursued between 1991 and 2015, with neither 

program making it beyond the demonstration phase of development.382 Both platforms 

shared a similar design goal to incorporate newer technology to enabled survivable 

operations in high-threat environments: the RQ-3 as a low-observable, high altitude 

endurance  reconnaissance vehicle and the X-45 as a strike penetrator against highly lethal 

enemy air defenses. Both programs sought to incorporate cutting-edge autonomy and 

control. In the end, though, the RQ-3 and X-45 failed to cross the “valley of death” from 

S&T to procurement, precluding the systems from truly becoming innovations for the Air  

Force.383 Nonetheless, the programs represented such a leap in technology and design that 

both aircraft earned a coveted spot at the National Air  and Space Museum in Washington, 

D.C.384  

1. RQ-3A DarkStar Program Overview 

Since the mid-1960s, the United States defense establishment has sought to build 

and procure a high-end reconnaissance UAV to operate in dangerous and politically 

sensitive arenas, and the Lockheed Martin RQ-3 DarkStar, shown in Figure 24, represents 

the latest iteration of that effort. In the late 1960s and early 1970s, the Central Intelligence 

 
382 The “R” is the DOD designator for reconnaissance aircraft, the “X” signifies experimental, and the 

“Q” signifies unmanned, remotely piloted vehicles. 
383 Richard Shipe, Monte D. Turner, and Douglas P. Wickert, Innovation Lost: The Tragedy of 

UCLASS (Washington, DC: The Eisenhower School for National Security, AY2015–2016), 1. 
384 Richard Whittle, Predator: The Secret Origins of The Drone Revolution (New York, NY: Henry 

Holt and Company, 2014), 309; For the latest status of the aircraft on display at the museum, see also: 
https://airandspace.si.edu/collection-objects/lockheed-martinboeing-rq-3a-darkstar; 
https://airandspace.si.edu/collection-objects/boeing-x-45a-joint-unmanned-combat-air-system-j-ucas. 
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Agency commissioned the D-21 Tagboard, a futuristic and expendable UAV designed to 

launch from an A-12 host aircraft, overfly sensitive sites in China, and then eject its 

reconnaissance pod for recovery after a mission as the aircraft body crashed into the ocean. 

After four failed operational missions, the CIA shelved the program.385 Determined to 

achieve an advanced, unmanned reconnaissance capability due to the political sensitives 

and risk of using the manned U-2 and SR-71 over Russia, China, and their proxies, the 

DOD initiated a secret program called the Advanced Airborne Reconnaissance System in 

the early 1980s. As sponsors, the Air  Force and the National Reconnaissance Office pushed 

technological boundaries to include automatous flight, sensor capabilities, and stealth, all 

which eventually drove per-aircraft cost estimates to over $500 million each. This 

unacceptable budgetary reality and loss of sponsorship from the Air  Force’s Strategic Air  

Command—which was being disbanded—led to the Air  Force pulling the plug altogether 

in December 1992.386  

 

Figure 24. Lockheed Martin/Boeing RQ-3 DarkStar UAV 387 

 
385 Zaloga, Unmanned Aerial Vehicles, 15. 
386 Ehrhard, Air Force UAVs, 15–17. 
387 Source: “Lockheed Martin/Boeing RQ-3 DarkStar,” National Museum of the United States Air 

Force, October 9, 2015, https://www.nationalmuseum.af.mil/Visit/Museum-Exhibits/Fact-
Sheets/Display/Article/195774/lockheed-martin-rq-3-darkstar/.  
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Within just a couple years of Advanced Airborne Reconnaissance System’s demise, 

the Office of the Secretary of Defense launched the DarkStar concept in 1994 as a DARPA 

advanced concept technology demonstrator for a low observable, high altitude endurance 

reconnaissance platform. At the time, the DOD classified such UAVs as Tier III  aircraft—

a new UAV development category the Joint Program Office created in 1993 describing 

UAVs with a high-altitude flight profile and long endurance, which was measured as 

twenty four hours or more. The DOD constrained DARPA to a very limited per-aircraft 

budget of $10 million due to the prohibitive cost overruns from its predecessor program;388 

additionally, the program was designated as a tactical (regional) commander, long-dwell 

asset to be free from national tasking interference and national-strategic design 

requirements from agencies such as the National Reconnaissance Office.389 While starting 

as a DARPA-only ACTD, like many such programs, the RQ-3 quickly became a co-

sponsored program with the Air  Force, and the RQ-3 was eventually handed to Air  Force 

management in a later ACTD stages. 

The ACTD platform was a modified, shrunken version of the Advanced Airborne 

Reconnaissance System, dubbed the flying clam.390 With a 69-foot wingspan and a main 

body twelve-by-fifteen feet, the RQ-3 sported a single turbo-fan engine and a somewhat 

diminished stealth capability, while retaining a near autonomous ability to take off, fly, and 

land. It had a flight radius between five-hundred to six-hundred nautical miles,391 a greater 

than 45,000-foot operating altitude, and a twelve-hour endurance. The RQ-3’s 1,000-pound 

payload capability limited the aircraft to one low probability of intercept sensor package—

 
388 “RQ-3A DarkStar Tier III Minus,” Federation of American Scientists, accessed January 10, 2020, 

https://fas.org/irp/program/ collect/darkstar.htm. 
389 Ehrhard, Air Force UAVs, 18. 
390 All ACDTs include ten selection criteria: 1) “Technology sufficiently mature”; 2) “Significantly 

increased military utility”; 3) “Likely to be affordable”; 4) Time frame of 2-to-4 years; 5) “User 
commitment to full ACTD involvement (but not committed to procurement)”; 6) “Developer ready with a 
plan that covers all essential aspects/issues”; 7) “Risks identified, understood, and accepted”; 8) “Funds 
budgeted to complete the planned demo program” and review of progress; 9) “Cost-effective 
demonstrations focused on principle issues”; 10) “RDT&E funding to support two years of operations in 
the field.” Defense Airborne Reconnaissance Office, Annual Report: 1995, 11. A robust discussion of what 
and how an ACTD program works is found in Defense Airborne Reconnaissance Office, UAV Annual 
Report, FY 1997 (Washington, DC: Department of Defense, 1997), 16–17.  

391 1.0 nautical mile (nm) equals 1.151 miles; 500nm equals 575.5 miles; 600 nm equals 690.6 miles. 
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either synthetic aperture radar or electro-optical sensor payloads, but not both at the same 

time. As for the ground station and imagery processing backend, a Common Ground 

Segment developed by the Raytheon and E-Systems companies combined mission 

planning, communications, launch and recovery, mission control, and sensor control into 

two militarized transportable containers; the ground elements were designed as a common 

backend system for both the RQ-3 DarkStar and RQ-4 Global Hawk to create commonality 

and interoperability for the family of systems.  

From a programmatic perspective, DARPA’s management progressed along 

several key milestones over the course of four years. In August 1994, DARPA awarded the 

contact to Lockheed’s Skunk Works. This initiated phase one program definition and 

prototyping with two air vehicles; ACTD goals included four vehicles (two engineering 

and two demonstration), a launch and recovery station, and a refined concept of 

operations.392 This single-source contract resulted in Lockheed’s rollout of the first air 

vehicle in June 1995, thus moving to phase two test and evaluation. The first flight took 

place on March 29, 1996; however, the second flight test on 22 April  ended shortly after 

takeoff when the air vehicle’s pitch oscillated uncontrollably resulting in a high stall and 

subsequent crash.393 The second engineering air vehicle underwent software changes and 

testing, allowing the program to resume flight tests in the third quarter of 1997. In 

preparation for phase three (engineering, fabrication, and user demonstrations),394 which 

was slated to begin in FY 1999, the contractor produced two additional air vehicles in 1997 

and 1998. The user demonstration portion of the phase, for a variety of reasons, was 

delayed for almost two years from its originally slated start in FY 1997. Demonstrations 

were delayed again until the second air vehicle’s resumption of flight in early 1998, which 

pushed back milestones planned for FY 1999. Overall, the program received defense-wide 

funds: $61.2 million in 1995; $65.3 million in 1996; $55.1 million in 1997; and, $54.6 

 
392 Defense Airborne Reconnaissance Office, Annual Report: 1995, 24. 
393 Defense Airborne Reconnaissance Office, UAV Annual Report, FY 1996 (Washington, DC: 

Department of Defense, 1996), 22. 
394 Phase three nomenclature has changed over time, but the effects within the phase are the same. It 

is a also commonly referred to as the engineering, manufacturing, and demonstration phase. 
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million in 1998 for a total of over $236 million in RDT&E funding.395 The Air  Force took 

over from DARPA in late 1997, but by fall 1998, the DarkStar program lost Pentagon 

favor, resulting in OSD’s cancellation of the program in January 1999.396 Around the same 

time, the full  handoff to the USAF occurred, DARPA and the Air Force initiated the other 

high-end UAV in this study, the X-45. 

2. X-45 Unmanned Combat Aerial Vehicle Overview 

Thomas Ehrhard, a retired Air  Force colonel whose doctoral dissertation focused 

on Air  Force UAV adoptions until the mid-1990s, views UCAVs in general as the 

technological peak of unmanned flight;397 the X-45 represented the Air  Force’s attempt at 

reaching this technological peak in the third UAV epoch. The U.S. military’s ongoing 

desire to employ an “assault” unmanned vehicle with kinetic-kill capabilities emerged as 

early as 1918, starting with the Army’s maiden flight of the gyro-controlled Kettering Bug; 

the Bug could carry one-hundred-eighty to two-hundred pounds of explosives.398 More 

like an irretrievable cruise missile or Flying Bomb whose bi-wing ejected, the Kettering 

Bug gave way twenty years later to the Navy’s radio controlled UAV, the Curtis N2C-2. 

This converted, full -sized aircraft, subsequently called the TG-2, was controlled by a 

“mother” aircraft 20 miles away; armed with a torpedo that separated from the aircraft, the 

TG-2 scored a direct hit on its target in the first successful test in 1941.399 Besides one 

successful operation in late World War II, 400 few UCAV developments occurred from 

1945 through to the end of the Vietnam War, as reconnaissance UAVs took center stage 

for many reason, chief among them the U.S.-Soviet Union arms-control treaties that 

conflated the distinction between proven, nuclear-capable cruise missiles and unproven, 

 
395 Defense Airborne Reconnaissance Office, Annual Report: 1995, 24; Defense Airborne 

Reconnaissance Office, FY 1996, 22; Defense Airborne Reconnaissance Office, FY 1997, 34. 
396 Ehrhard, Air Force UAVs, 54. 
397 Zaloga, Unmanned Aerial Vehicles, 43. 
398 Newcome, Unmanned Aviation, 24–26. 
399 Richard M. Clark, “Uninhabited Combat Aerial Vehicles: Airpower by the People, For the People, 

But Not with the People,” College of Aerospace Doctrine, Research and Education Paper No. 8, August 
2000 (Maxwell Air Force Base, AL: Air University Press, 2000). 

400 Zaloga, Unmanned Aerial Vehicles, 8. 
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conventional-only UAVs. Based on the successful Ryan Model 147 Lightning Bug 

reconnaissance UAV from the Vietnam era, the most successful of the UCAV test 

programs was the Teledyne Ryan BGM-34C, which showcased the ability to conduct 

strike, reconnaissance, and electronic warfare missions from 1974 to 1977. By 1979, all of 

the U.S. Air  Force’s “air-launched recoverable UAVs and UCAVs of various 

configurations” were mothballed due to the Air  Force’s choice to keep high-speed 

antiradiation missiles, cruise missiles, and tactical strike aircraft during a time of shrinking 

budgets.401 In the late 1990s, the DOD strove once again to achieve a UCAV capability 

within the U.S. inventory.402 That effort started in 1997 with a DARPA-initiated UCAV 

Advanced Technology Demonstration contract, which eventually led to the Boeing X-45, 

as shown in Figure 25.403  

 

Figure 25. The Boeing X-45A Unmanned Combat Aerial Vehicle404 

 

 
401 Clark, “Uninhibited Combat Aerial Vehicles,” 28. 
402 Ehrhard, Air Force UAVs, 43. 
403 Clark, “Uninhibited Combat Aerial Vehicles,” 37. 
404 Source: Jim Ross, “X-45 Unmanned Combat Aerial Vehicle,” NASA, last modified August 7, 

2017, https://www.nasa.gov/centers/dryden/multimedia/imagegallery/X-45A/ED02-0295-5.html. 
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The purpose of the Advanced Technology Demonstration was to establish if  a cost-

effective UCAV system could conceivably achieve operational status in a 10-year 

timeframe. Consisting of two phases, the initial $4 million405 first phase sought assessment 

and technology plans from several contractors to “demonstrate the technical feasibility for 

a UCAV to effectively and affordably prosecute 21st century” enemy air defenses and other 

strike mission.406 Based on the submitted plans, DARPA awarded Boeing the phase II, 

$110 million, forty-two month contract in March 1999 for the development of the X-45 

ATD.407  

The three-and-a-half-year phase two began with the design and production of the 

X-45A, which had a similar shape and design as the B-2 bomber, though much smaller. 

Boeing built two X-45A demonstration air vehicles, with the first air vehicle achieving a 

fourteen-minute test fight in May 2002. The contractor designed the aircraft to be fully  

autonomous—to include taxi, take-off, and landing but with the option for pilot control. 

The internal bays could carry “multiple” advanced munitions to include up to eight small 

diameter bombs, and included an actively electronically scanned array, synthetic aperture 

radar.408 Another key design feature included the ability to transport up to six air vehicles 

in a single C-17 cargo transport plane, making the weapons system rapidly deployable. The 

X-45A demonstrator flew a total of sixty-four demonstrator flights over the course of its 

programmatic growth and changes. During this time period, Boeing and the USAF paved 

the way for the next phase of development. 

In 2003, the USAF earmarked funds through 2007 for a larger engineering and 

operational variant. Therefore, in October 2004, DARPA, with Air  Force concurrence, 

awarded Boeing a $767 million contract to produce three prototypes and two mission 

 
405 “Boeing X-45,” Jane’s by IHS Markit, May 4, 2011, https://janes.ihs.com/Unmanned 

Aerial/Display/juav9091-juav. 
406 Defense Advanced Research Projects Agency, Unmanned Combat Air Vehicle Advanced 

Technology Demonstration (UCAV ATD), March 9, 1998, cited in Clark, “Uninhibited Combat Aerial 
Vehicles,” 37. 

407 Ehrhard, Air Force UAVs, 56. In contrast, Jane’s by IHS Markit states the contract as 56-months 
and $191 million of which Boeing contributed $21 million. 

408 Jane’s, “Boeing X-45.” 
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control stations for concept demonstrations through summer of 2011; the first vehicle was 

due in 2006 with maiden flights scheduled for 2007. Halfway through the design phase for 

an X-45B model, Boeing and DARPA chose to scrap the X-45B plans in favor of a slightly 

larger X-45C model, shown in Figure 26, that could meet new joint requirements, which 

added Navy specifications to the design parameters. Aircraft specifications included a sub-

sonic (.8 Mach) flight profile with an operating altitude of 40,000 feet and combat radius 

of over 1,200 miles. It could carry 4,500 pounds in ordnance, and the aircraft’s dimensions 

were thirty-nine feet long by forty-nine feet wide. In July 2005, the Air  Force spent another 

$2.65 million dollars to extend flight testing through December 2012, but then in an abrupt 

move in 2006 as the program officially  transitioned from DARPA to a joint endeavor 

between the Navy and the Air  Force, the USAF cancelled the X-45C contract and exited 

the program. One plausible explanation is that the Air  Force purposely quit the X-45C in 

order to move development and production into a top secret, or “black,” status.409 Since 

then, the Air  Force has released limited acknowledgement of the smaller and more limited 

RQ-170 Sentinel and RQ-180 programs that look to be at least a partial adoption of a high-

end UAV capability following the failed RQ-3 DarkStar or X-45 program.410 

 
409 Tyler Rogoway, “The Alarming Case of the USAF’s Mysteriously Missing Unmanned Combat 

Aerial Vehicles,” The Drive, 9 June 2016. https://www.thedrive.com/the-war-zone/3889/the-alarming-case-
of-the-usafs-mysteriously-missing-unmanned-combat-air-vehicles; See also, Zaloga, Unmanned Aerial 
Vehicles, 43. 

410 Jane’s, “Boeing X-45.” 
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Figure 26. Boeing X-45C Test Flight411 

3. Innovation Perspectives and Factors Analysis 

a. Rational Factors 

The first hypothesis in this study states that a service will adopt high-end 

innovations that alter an organization’s traditional solutions for critical missions when 

external threats exceed current organizational capacities. This postulate is tightly wedded 

to two of Grissom’s criteria for innovation introduced in Chapter I: changing the way the 

military functions in the field and generating greater military effectiveness. The USAF’s 

two high-end UAV episodes generally supported this hypothesis, as well as met Grissom’s 

innovation criteria.  

First and foremost, the RQ-3 and X-45 systems met no compelling military need 

despite their intended purpose to surveil adversary movements in a high-threat 

environment. Put simply, from 1995 through 2005, America’s security and intelligence 

apparatus held no unified assessment of such a threat posed by adversarial states, to include 

advanced anti-access/area denial systems. In 1996, the GAO’s report to Congress on U.S. 

combat air power concluded that “aircraft and air defense forces of potential adversaries 

have not been substantially improved and do not pose a serious threat to U.S. air power’s 

 
411 Source: Tyler Rogoway, “The Alarming Case.” 
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successful execution of its mission.” 412 Ten years later during the height of the Global War 

on Terror, the 2006 quadrennial defense review referred to all other regional powers as 

emerging, going so far as to label Russia as a nation still in turmoil and “ transition.” It 

acknowledged China as rising military force in its region, with advancing air defense 

capabilities, but the tenor of the document suggested this was more a trend to watch than 

to respond to. Therefore, the quadrennial defense review called for a more complex 

conventional deterrence posture to deal with rogue states, terrorists, and near-peer 

competitors. Overall, the DOD’s vision and guidance for joint aviation capabilities 

weighed long-term needs against highly capable anti-access/area denial systems but put 

that need out to the 2025 horizon.413 

While the X-45 contended against manned fighter-bombers for a place in the 

suppression of enemy air defense mission set, DarkStar saw competition from satellites 

and manned reconnaissance. Satellites, manned aircraft, and UAVs have respective 

strengths and weaknesses for any given mission, and the factors of that mission determines 

what platform would be most effective. The post–Cold War environment afforded a more 

permissive environment for manned aircraft, taking the incentive away for UAVs 

acquisition in the high-end spectrum of conflict. Furthermore, technology improvements 

vastly advanced satellite quality, size, and cost to the point of making them much more 

viable than during the 1970s and 1980s; not to mention the increasing available and use of 

commercial satellite imagery.414 While UAVs like the DarkStar had the advantages of 

removing pilots from harm’s way, while maintaining the elements of surprise and 

unpredictability associated with manned reconnaissance, the UAVs were vulnerable to 

intercept. Finally, the X-45 and RQ-3 offered only a modicum of reliability and ease of 

employment, compared to other assets, especially regarding communication and 

networking. 

 
412 Government Accountability Office, COMBAT AIR POWER: Joint Mission Assessments Needed 

Before Making Program and Budget Decisions, GAO/NSIAD-96-177 (Washington, DC: Government 
Accountability Office, 1996), 6. 

413 Office of the Secretary of Defense, Quadrennial Defense Review Report, various. 
414 The major limitations of satellites included their fixed orbits, lack of responsiveness, and 

predictable timing of when they would be overhead an adversary position.  
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In addition to the threat and utility  factors, the underlying logic of X-45 

requirements and purpose was not consistent, which led to programmatic ambiguity and 

technological overreach. The GAO assessed that the Air  Force had inconsistent 

requirement for the X-45. Between 2000 and 2002, the USAF attempted to add more 

capabilities while shortening the timeline to operationalize the X-45.415 The USAF’s 

original schedule in 2000 envisioned a technology and demonstration period lasting until 

2007, with product development starting in 2007 so to field systems by FY 2011. The 

requirements and program schedule changed three times between 2000 and 2002, as shown 

in Table 4. There appears to be a correlation between the early George W. Bush/Donald 

Rumsfeld era—the administration’s push for a generational revolution in military affairs—

with these USAF program timeline changes. Ironically, the enthusiasm and support for 

leap-ahead technology seems to have hindered rather than helped the X-45 program’s 

adoptions in the long-term. In sum, the X-45 was a high-end capability in search for a high-

end mission at a time when the country and its Air  Force had no major state competition 

within a future acquisition cycle or two.  

Table 4. Chronology of Changes to the Air Force UCAV Acquisition 
Program Schedule416 

 
SEAD: Suppression of Enemy Air  Defense 

 
415 Government Accountability Office, DEFENSE ACQUISITIONS: Matching Resources with 

Requirements Is Key to the Unmanned Air Vehicle Program’s Success, GAO-03-598 (Washington, DC: 
Government Accountability Office, 2003), 2. 

416 Source: GAO, DEFENSE ACQUISITIONS, Matching Resources with Requirements, 11. 
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Another important factor under the rationalist lens is the ability to adopt an 

innovation with technology mature enough not only to justify fielding the new capability, 

but technologies that improve upon existing weapon systems to solve the independent 

variable in this hypothesis—a specified threat. DarkStar’s flight control problems, novel 

stealth design, and the vehicle’s small size prohibited quality sensors and communication 

suites, much like the Army’s Aquilla a decade earlier. In 2003, Stan Kasprzyk—Boeing’s 

program manager for the UCAV—admitted that the aircraft remains in an “adolescent 

phase,” 417 indicating there was a lack of technological maturity needed to advance the 

program within a reasonable budget or time cycle. The X-45, according to Kasprzyk, 

lagged due to unreliable aerodynamic performance, limited duration missions, weather 

problems, and a vulnerability to enemy attacks.418 Kasprzyk assessed the aircraft’s 

autonomy at a level one to two, out of ten, with an immediate ability to get to a level four 

or five.419 DARPA’s director of the Joint-Unmanned Combat Air  System program (after 

it transitioned into the joint program), Michael S. Francis, agreed. Francis observed in 2005 

that the most difficult part of the UCAV development was its operating system and the 

ability of the UCAVs to communicate with each other and with manned platforms; the 

developers had confidence in the aerial refueling, sensor integration, and flight autonomy 

aspects of the program.420  

Further evidence of the technological problems with the X-45 were highlighted by 

a scathing GAO report in 2003, which showed the program had moved technologically 

from a low-risk to a medium-high risk development schedule based on the gap between 

resources and requirements. In this case, resources included mature technologies 

underpinning the requirements. In 2000, the Air  Force’s plan required the development and 

maturity of 15 key technologies to meet the mission design of conducting “preemptive” 

 
417 Sandra I. Erwin, “Unmanned Combat Aircraft Still in ‘Adolescent Phase’ ,” National Defense, last 

modified October 1, 2003, https://www.nationaldefensemagazine.org/articles/2003/10/1/2003october-
unmanned-combat-aircraft-still-in-adolescent-phase. 

418 Erwin, “Unmanned Combat Aircraft Still in ‘Adolescent Phase’.”  
419 Erwin. 
420 John A. Tirpak, “Toward an Unmanned Bomber,” AIR FORCE Magazine (June 2005), last 

modified May 17, 2008, https://www.airforcemag.com/article/0605bomber/. 
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(i.e., preplanned) strikes against air defenses. The GAO assessed that all 15 of the immature 

key technologies underpinning the program constituted a low risk to achieve so long as the 

program remained on its original eleven-year timeline. The USAF’s 2002 changes to 

requirements, to include extended ranges, electronic attack, and reactive suppression of 

enemy air defenses, as well as a shortened delivery date of 2007 compounded the risk. 

Based on the induced risk to the technologies, the GAO rated likelihood of failing to meet 

requirements as high. Also, the estimated risk for the fifteen technologies in 2002 was now 

rated as one high risk, twelve medium risk, and two low risk.421 

Lastly, the Air  Force did not fully  nest its transformational S&T vision with the on-

going and likely future national-level strategies. The Toward New Vistas document had an 

extremely futuristic, almost science fiction quality—that while not bad in and of itself as a 

technologically oriented organization—did not match the dominant strategic direction of 

the nation. Vistas was a bold vision at a time when America had the capacity to enact such 

advances and national defense strategies remained anchored on concerns over smaller 

regional conflicts and weapons proliferation—two aspects that seemed on a positive trend 

for U.S. outcomes. On December 20, 2019, the author spoke with former Chief of Staff of 

the Air  Force General Ronald Fogleman (1994–1997), who expressed frustration over the 

lack of implementation of the keystone Vistas document; he remarked that all the air power 

ideas needed or enacted for the past twenty years were contained in that document. The 

seeming lack of attention of the document at the national level at least partially stemmed 

from the divergent issues taking national leaders’ attention in a different strategic direction. 

What Fogleman got right, though, as a “visionary,” was the general success of UAVs in 

the Global War on Terror campaigns; it was Fogleman who “pressed the case for unmanned 

aerial vehicles…against some opposition during his stewardship of the Air  Force.” 422 

Finally, in a highly-redacted declassified memorandum on December 21, 2000, the Under 

Secretary of Defense for Acquisitions, Technology, & Logistics certified that the X-45 

ACTD did not violate international treaties. The compliance review group certified the 

 
421 Government Accountability Office, Highlights to DEFENSE ACQUISITIONS, Matching 

Resources with Requirements. 
422 Barzelay and Campbell, Preparing for the Future, 8.  
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UCAV would not breach the International Nuclear Forces treaty, Strategic Arms 

Reduction Treaty, or Conventional Armed Forces in Europe treaty. Though, if  the DOD 

desired to introduce UCAVs to Europe in the future, further approvals would be necessary. 

Thus, for the first time in decades, DARPA and the USAF were cleared to openly pursue 

armed UCAVs. 

b. Institutional Factors 

The second hypothesis tested by the study postulates that unless a common base of 

support forms across service leadership, Congress, the Secretary of Defense, and defense 

industry companies, a service will not procure a high-end innovative system. For both the 

RQ-3 and X-45, few of these stakeholders aligned in full  support of the two projects. 

Stephen Rosen contends that budgets hold less causal influence on innovations than 

certain other factors surrounding an innovation. His theory becomes problematic when 

applied to the aircraft procurement strategies of the RQ-3 and X-45. Take for instance the 

testimony and guidance of GAO’s director, Louis Rodrigues, to Congress in 1997.423 He 

criticized DOD aircraft procurement strategy in general, for failure to alter its aircraft 

procurement strategy based on realistic funding projections—coordinated with Congress—

as opposed to questionable assumptions about future available funds. Here, we see an 

episode where the DOD and Congress, as key components of the Iron Triangle, were not 

aligned for procurement efforts; furthermore, the GAO, on behalf of Congress, strongly 

suggested that budgets should drive procurement strategy, and not the other way around. 

The DOD operates, generally, from the reverse perspective, instead desiring that strategy 

drive budgets, and by extension procurement, based on the joint capabilities integration 

and Planning, Programming, Budget, and Evaluation processes covered in Chapter III.  

Based on those processes and the resultant Presidential Budget Estimate product, it was 

important that the DOD obtained presidential (i.e., executive agencies and key players of 

the executive branch) buy-in, as well as make a compelling operational narrative that 

 
423 Louis J. Rodrigues, Testimony, DEFENSE AIRCRAFT INVESTMENTS: Major Program 

Commitments Based on Optimistic Budget Projections, GAO/NSIAD-97-103 (Washington, DC: 
Government Accountability Office, 1997), 9. 
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convinces Congressional stakeholders to fund DOD planning and programming efforts. 

Narrowing in on the RQ-3, the DOD had spent $326.9 million in RDT&E for the air 

vehicles alone by 1997.424 Additionally, by December 1998, the DarkStar’s per vehicle 

cost had risen to $13.7 million, well above the $10 million per copy goal.425 These 

budgetary issues (as well as the technological issues mentioned above) contributed to the 

DarkStar’s termination in January 1999. The GAO assessed that the DOD made the right 

call to end the program during the ACTD phase two of test and evaluation without moving 

to a phase three engineering fabrication and user demonstration because the cost was 

prohibitive and not likely to improve. Finally, these decisions were concurrent with the 

lowest year of the Clinton-era defense budgets, which bottomed out in 1998.  

Avant argues that intra- and inter-group politics play a significant role in the 

outcomes of innovation adoption episodes, and the high-end UAV episodes both bear 

witness to this theory. First, Air  Force intra-group politics contributed to ongoing 

uncertainty surrounding the RQ-3’s acquisition process. This is due in part to service’s 

reorganization in the early 1990s following the demise of the Soviet Union—the most 

drastic organizational change in thirty years. For instance, the dismantling of Strategic Air  

Command, “ long viewed as the crown jewel of Air  Force organizations,” sought to 

streamline operational airpower, removing the connotative separation between strategic 

versus tactical platforms and battlefield effects.426 Another major change that caused 

consternation for roles and processes was the merger of Air Force Systems Command and 

Air  Force Logistics Command; the former oversaw RDT&E and acquisitions, the latter 

managed aircraft logistics support. The new combined command was called Air  Force 

Material Command. Former Systems Command leader, General Lawrence A. Skantze, 

 
424 Louis J. Rodrigues, Testimony, UNMANNED AERIAL VEHICLES: DOD’s Acquisition Efforts, 

GAO/T-NSIAD-97-138 (Washington, DC: Government Accountability Office, 1997), 13. Note: The 
Common Ground Segment, or ground control station development was shared with the Global Hawk 
development, costing $272.6 million as of 1997 (page 12). Added together, the DarkStar program had cost 
$599.5 million. 

425 Government Accountability Office, UNMANNED AERIAL VEHICLES: DOD’s Demonstration 
Approach Has Improved Project Outcomes (Washington, DC: Government Accountability Office, 1999), 
5, https://www.gao.gov/assets/230/227915.pdf. 

426 Rebecca Grant, “End of the Cold War Air Force,” AIR FORCE Magazine (July 2012), 42, 
https://www.airforcemag.com/article/0712coldwar/.  
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observed that the two old organizations had very different philosophies, causing a 

renegotiation of intuitional political power and processes.427 The merger marred 

acquisition capabilities, leaving long-lasting impacts that took a long time to repair.428 Add 

to it the insertion of the Defense Airborne Reconnaissance Office (an external 

organization), and the roles and responsibilities became even more challenged. General 

Fogleman felt that the demise of the Defense Airborne Reconnaissance Office was 

deserved, having served its purpose of sorting through the early unmanned intelligence, 

surveillance, and reconnaissance (ISR) policy issues and forcing the services to think 

harder about UAVs. In the end, though, Fogleman attested that the reconnaissance office 

struggled because there was limited thought on how to support systems 

programmatically—an Air  Force institutional high-interest item—and so Congress ended 

the experiment. The DOD’s and the Air Force’s reorganization efforts in the 1990s sowed 

intra- and inter-service confusion and took the better part of the decade to smooth out the 

new processes and relationships.  

Second, both intra- and inter-group changes led to heightened, and sometimes 

fraught, political negotiations between civilian and military leadership for the Air  Force. 

In August 1990, President Bush emphasized the need for “not merely reductions but 

restructuring” of the services.429 Civilian leadership drove change in this instance, and the 

Air  Force Chief of Staff and Secretary of the Air  Force embraced the directive. As those 

changes unfolded, General Merrill  A. McPeak, the Air  Force Chief of Staff, reflected that 

early in the changes occurring across the Air  Force and broader DOD, the Air  Force “ lost 

[its] deputy chief of staff for R&D” since the authority transferred to an assistant secretary 

of the Air  Force for acquisitions.430 McPeak and the Secretary of the Air  Force, Donald 

 
427 Grant, “End of the Cold War Air Force,” 44. General Merrill McPeak, Chief of Staff of the Air 

Force from 1991–1994, sought to create “one commander responsible for life-cycle weapon system 
support.” It was a noble and likely right goal in hindsight for efficiency sake, but it took a toll in sorting out 
the implementation for years to come and likely has influenced all acquisition processes for most of the 
third UAV epoch.  

428 Grant, “End of the Cold War Air Force,” 44.  
429 Grant, 41. 
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Rice, sparred over weapons system design authorities and the detailed requirements being 

transferred to civilian-led offices. In McPeak’s words, he challenged Secretary Donald 

Rice, asking “You mean to tell me you want civilians saying how sharp the bayonet has to 

be?”431 According to journalist Rebecca Grant, the Air  Staff regained the lead on setting 

requirements shortly after McPeak’s objection. In addition to the externally driven call for 

change by President Bush, Congress forced the creation of the Defense Airborne 

Reconnaissance Office upon the DOD a few years later in 1993.432 While minimizing 

some duplication of effort for ISR UAV programs, this move exacerbated an already-

destabilized Air  Force acquisition command. The new defense-level office removed 

incentives—intended or not—as the service lost control of the requirements and 

programming process.433 In all these instances, leaders drove top-down change, which 

impacted the acquisition programs in the 1990s in general.  

The research indicated that while Congress was generally supportive of the X-45, 

consternation over a lack of cross-service efficiencies and shifting requirements and 

timelines compelled congressional intervention.434 First, there was pressure and guidance 

to consolidate similar service projects to gain efficiencies; in this case, the X-45 and the 

Navy’s X-47 merged into the Joint-Unmanned Combat Air  System. Yet, as shown in the 

rationalism section above, Air  Force leaders were not consistent with their requirements 

and concept development, making it more difficult  for Congress to align with the common 

goal of fielding the X-45. The original vision of for the X-45 was a “ light, semidisposable 

craft used to suppress enemy air defenses.” 435 The requirements then changed in 2002 to 

a larger aircraft with greater range to loiter deep in adversary territory and conduct such 

missions as electronic attack and close air support. By 2005, the Air  Force Chief of the 

Staff, General John Jumper, an early supporter of the X-45, began questioning the purpose 
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432 Best, Intelligence Collection Platforms, 19. 
433 Best, 18.  
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of the X-45’s capabilities.436 Jumper did not see the X-45 being able to dogfight; he wanted 

the mission to determine the size and shape of the machine, not the other way around. In 

the end, the Defense Secretary’s 2006 Quadrennial Defense Review emphasized a new 

USAF task: to develop long-range strike capabilities. Intentional or not, the secretary ended 

Air  Force and Navy interservice competition between the X-45 and X-47, a typical driver 

of innovation. The USAF followed this new top-down directive for bomber development, 

and the Secretary of Defense gave justification for the USAF to end its pursuit of the X-

45. The Air  Force was content to let the Navy take the lead and assume the risk on the 

UCAV project as the USAF turned its attention to its larger priorities of the time,437 such 

as the F-22, F-35, tanker, and search and rescue recapitalization efforts. 

Research interviews revealed that senior leaders in the Air  Force, regardless of time 

period, assessed that institutional factors played a supporting role shaping UAV adoption 

episodes. One key finding was that institutional missions, not threats, often drove Air  Force 

innovation efforts as the primary logic, especially in evolutionary-type scenarios. 

According to General Fogleman, senior leaders look at mission sets within which to evolve 

capabilities. When a weakness or gap widens in a mission area occurs, it is often a 

confluence of bureaucratic and institutional phenomena—not necessarily threat-based 

assessments—that determines the direction of a new or emerging technology. For instance, 

the capabilities of the USAF’s tactical reconnaissance mission waned as the F-4 Phantom 

retired and stand-off capabilities improved. The Gulf War exposed the dearth of tactical 

reconnaissance assets at first, and that was later again exposed in the Balkans. So, mission 

tasks and not threat can cause iterative evolution to a capability, not just threats. A second 

finding was that the Air Force has minimized UAVs for many missions and scenarios. On 

January 15, 2020, the author interviewed Colonel Scott Campbell, A-10 pilot and former 

UAV wing commander; Campbell commented that USAF institutional biases have swayed 

the USAF from aggressively pursuing UAV innovation into mission sets beyond ISR and 

counter-insurgency operations, such as interdiction, air superiority, and higher-end conflict 
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scenarios. The institutional friction he described is that between the Air  Force staffing 

functions of the A2 (ISR) and A3 (operations) divisions. This split inherently produces 

friction, and the A3 traditionally takes precedence in agenda setting for USAF staffing and 

operational processes; furthermore, assets are often thought of dichotomously as either 

belonging to the A2 or the A3, making it challenging to design and employ a platform that 

integrates the needs of both functional divisions within the staff. Tasking authority—who 

gets to task the asset, for what reasons, and when—is often under negotiation, especially 

for multi-role assets. This institutional legacy endures at various levels. 

c. Organizational Culture Factors 

When considering the RQ-3 and X-45 episodes outcomes, the study tests a third 

hypothesis of military innovation, namely that a service’s prevailing organizational 

preferences emerging from the dominant culture, determines adoption outcomes. Theo 

Ferrell argues—and Kier, Terriff, and Adamsky support—that “culture sets the context for 

military innovation, fundamentally shaping the organization’s reaction to technological 

and strategic opportunities.”438 Assessing the rational and institutional issues in 

comparison to the cultural factors, culture cannot be said to have determined outcomes, as 

much as having had a conditioning affect.439 

Faced with the prospect of on-going and long-range flat budgets,440 where 

pressures mandated cuts in keystone organizational programs such as the F-22 and F-35, 

the Air  Force’s organizational culture inclined the service to choose comparatively tepid 

investments into unmanned research and development for high-end UAVs. It also chose to 

prioritize congressional lobbying with the goal of maintaining its core air superiority 

capabilities. These capabilities underpin the USAF’s presumption and conditioned solution 

to problems: manned aircraft, especially fighters and tactical reconnaissance aircraft. Even 

with over five years vested into the X-45 development—along with concurrently adopting 

 
438 Farrell and Terriff, The Sources of Military  Change, 12–17. 
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determinant factor of innovation outcomes. 
440 Rodrigues, Testimony, DEFENSE AIRCRAFT INVESTMENTS, 9.  
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the Predator UAV—the USAF provided extremely little information in its 2004 United 

States Air  Force Posture Statement regarding the current or future role of UAVs, 

particularly in the section on modernization and recapitalization. Instead, then Ai r Force 

Chief of the Staff General Jumper and Secretary of the Air  Force James G. Roche touted 

the F-22 and F-35 as central weapon systems necessary to “ find, fix, track, and target 

fleeting and mobile targets” and provide the joint force with close air support.441  

The RQ-3 DarkStar did not present a direct threat to the USAF’s dominant 

subculture, the fighter pilots, but the cancellation of DarkStar also fit  cultural normative 

practices in acquisitions. The DarkStar, as an ISR-only asset, fell squarely into the 

responsibility of the Air  Force A2, ISR staff community. Top leaders and programs have 

always been fighter and bomber pilots within the USAF. Reconnaissance pilots, while not 

glamorous in the same way as fighter culture, are generally still honored for the dangerous 

position and storied career paths well established since the 1950s. But in terms of cultural 

frameworks, the Air  Force regularly bins people and assets into carnivore and herbivore 

characterizations.442 Compounding those frameworks is a fluctuating bias of strategic-

versus-tactical missions and assets that depend on the prevailing wartime/crisis context. 

The Air  Force has swung repeatedly between these two contexts, resulting in cultural 

changes and cultural solutions to prevailing problems. In the Cold War, strategic missions 

operated in the background as all important, while the Korean and Vietnam Wars 

heightened Air  Force sensitivities and normative solutions towards tactical assets and 

communities.443 Reconnaissance missions, people, and assets generally fall into the 

herbivore support bin, and the prevailing context at the time of the RQ-3 was one of 

indecision between strategic and tactical prevalence. The Air  Force has a history of 

relinquishing and abandoning ISR development when there is no compelling strategic or 

tactical catalyst, unlike the service’s constant drive to evolve both existing and future 
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fighter and bomber capabilities even in the absence of threats. This is an interesting 

phenomenon given the informal and formal aspects of the Air  Force’s ISR missions, which 

it creatively employed at its inception during World War I,444 and later obtained officially  

as a military department in 1947.445  

Based on recent RAND analysis of the service the past twenty-plus years, the USAF 

experienced an identity crisis that arose during the early campaigns in Afghanistan and 

Iraq; such a crisis left the Air  Force looking to reclaim its “ identity beyond enabling” other 

services and to “make air superiority central to U.S. strategy” once again.446 Operations 

Enduring Freedom and Iraqi Freedom changed institutional dynamics towards ground-

favored perspectives in the DOD.447 So, when the Secretary of Defense called for the Air  

Force to pursue a next-generation bomber in 2006—and altered the Joint-Unmanned 

Combat Air  System project to a navy-led program—the Air  Force easily fell in line.448 

This direction was far more in tune with traditional cultural assumptions about not only 

piloted solutions to warfare but also played to the Air  Force’s cultural identity that is more 

comfortable with missions and assets geared toward either strategic, global attack or air 

superiority. Such missions remain central to the Air  Force’s justification for service 

existence. For further support to this argument, senior Boeing representatives lamented in 

the mid 2000s that there was significant “operator resistance” that was unprepared for a 

shift towards greater UAV autonomy.449 The 2006 quadrennial defense review 

emphasized the Air  Force’s own long-term goal for long-range strike, calling for a strike 
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force increase of 50 percent and the “penetrating component of long-range strike by a factor 

of five by 2025,” but to have unmanned aircraft comprise at least 45 percent of those 

assets.450 

Finally, Air  Force leaders and seasoned fighter pilots sense that the UAV’ s control 

interface can impact cultural receptivity to UAVs as a whole. For instance, the RQ-3 and 

the UCAV control interface required only programming on the ground and removed stick 

and rudder controls from the control vans. This design departure from other UAVs, such 

as the Predator, shifted the high-end, more automated UAVs away from a traditional pilot-

vehicle interface, according to Colonel Campbell, and toward a mission operator 

concept.451 This is reminiscent of the early astronaut confrontations with NASA 

administrators and engineers for astronauts to have more control and flight interface of the 

space capsules, starting with the Apollo program in the late 1950s. For the RQ-3 and X-

45, the mission operator concept of control brought with it contested views not only what 

a UCAV should be (a remotely piloted aircraft versus an autonomous UAV) but also 

created divergent views of personnel and training best practices in the institution. Two 

former UAV wing commanders from the last decade, both whom flew fighters in their 

career, saw the pilot-vehicle interface issue differently. Colonel Campbell argued that only 

a true pilot-vehicle interface that looks like a cockpit will provide the training transfer and 

comfort of skills across all UAVs needed for the Air  Force to culturally adopt UAVs. A 

second former Air  Force UAV wing commander and F-16 pilot, Colonel Houston 

Cantwell, was interviewed on February 11, 2020. Cantwell suggested that until the Air  

Force adjusts its lexicon and moves away from the ‘ remotely piloted aircraft’ terminology, 

the pilot-vehicle interface cannot grow beyond the traditional stick and rudder; more 

importantly, the Air  Force will not be able to realize unmanned systems’ full  potential. 

Once the UAV is viewed as a system not bound by traditional pilot interface and aircraft 

design, Cantwell added, the Air  Force will experience real innovation in the cultural 
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frameworks of the service and adopt UAVs in general, to include high-end autonomous 

one such as the RQ-3 and X-45. 

B. MEDIUM -END UNMANNED AIRCRAFT  (RQ-4, MQ-9) 

The medium-end UAVs developed by the USAF between 1991 and 2015 include 

the General Atomics-Aeronautical Systems MQ-9 Reaper and the Northrup Grumman RQ-

4 Global Hawk. The Air  Force employs both platforms today, having acquired the weapons 

systems in the early-to-mid 2000s. Like the RQ-3 and X-45 discussed above, these 

medium-end UAs each have different missions—the MQ-9 for strike, the RQ-4 for 

surveillance. In fact, the MQ-9’s strike role makes it akin to the X-45 in purpose; the RQ-

4 shares the RQ-3’s unarmed surveillance role. The “M” nomenclature signifies a multi-

mission aircraft, indicating that the MQ-9 performs multiple missions, particularly strike 

and reconnaissance. Yet, the medium-end UAVs harness less exotic technology than the 

RQ-3 or X-45. A lack of stealth and other protective design features for non-permissive 

environments reflect the most obvious differences between the medium-end and high-end 

UAs. In the end, the Air  Force strongly adopted the MQ-9 Reaper, while only weakly 

adopting the RQ-4 as the Global Hawk competes with other existing surveillance 

capabilities such as satellites and the USAF’s U-2 Dragon Lady aircraft.  

1. RQ-4 Global Hawk Program Overview 

Touted as a “ fly  before buy” endeavor, this DARPA-managed ACTD program was 

designed as a Tier II+ conventional high-altitude endurance UAV. 452 The RQ-4 was a 

sister program to the RQ-3’s low observable, high altitude endurance effort—partly in 

competition with, as well as a complementary system, to the RQ-3. The Defense Airborne 

Reconnaissance Office described the RQ-3 and RQ-4 as “ACTDs of two technologies in 

high-altitude endurance UAV roles,” 453 both with the target goal of costing $10 million or 
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less in average fly -away costs per aircraft (1994 dollars).454 Designating the RQ-4 as a 

Tier II+ was a compromise to show that the RQ-4 would not have the ability to operate in 

a high-threat environment like the RQ-3, but would also far outperform the medium-

altitude endurance UAVs under development. DARPA stipulated the RQ-4 operate above 

45,000 feet in accordance with high altitude endurance requirements, but with a much 

longer dwell period than medium altitude endurance aircraft that fell squarely into the Tier-

II  category (i.e., the MQ-1 Predator, which is described in the next section). The program 

requirement for the conventional high-altitude endurance RQ-4 envisioned an operating 

range of about 3,000 nautical miles. See Figure 27 for a depiction of the aircraft.  

 

Figure 27. Northrop Grumman RQ-4 Global Hawk455 

In June 1994, DARPA released a phase I request for proposal and design study. 

Five contractor teams bid on the Tier-II+ UAV requirement, and though DARPA originally 

intended to have a two-team competition, a funding-cut decision forced DARPA to award 
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