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The Diffusion of Drone Warfare?
Industrial, Organizational, and

Infrastructural Constraints

ANDREA GILLI AND MAURO GILLI

Many scholars and policymakers are concerned that the emergence
of drone warfare—a first step toward the robotics age—will pro-
mote instability and conflict at the international level. This view
depends on the widely shared assumption among International Re-
lations scholars that military hardware spreads easily, especially
in the age of globalization and real-time communications. In this
article, we question this consensus. Drawing from the literature
in management, we advance a new theory of diffusion of mili-
tary innovations and test its two underlying causal mechanisms.
First, we argue that designing, developing, and manufacturing
advanced weapon systems require laboratories, and testing and
production facilities, as well as know-how and experience that
cannot be easily borrowed from other fields. Second, we argue
that the adoption of military innovations requires both organi-
zational and infrastructural support. We test our two claims on
three types of combat-effective drones: loitering attack munitions
(LAMs), intelligence surveillance and reconnaissance drones (ISR),
and unmanned combat autonomous vehicles (UCAVs). We find
that even wealthy, advanced, and militarily capable countries such
as the United States, the United Kingdom, Germany, and France
have struggled to produce or adopt such platforms. We conclude
that concerns about the diffusion of drone warfare appear signif-
icantly exaggerated, as do claims that globalization redistributes
military power at the global level. More generally, our analysis sheds
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The Diffusion of Drone Warfare? 51

light on how the interaction between platform and adoption chal-
lenges affects the rate and speed of diffusion of different military
innovations.

According to a large and growing consensus among scholars and policy-
makers, unmanned autonomous vehicles (UAVs) are facile to produce and
inexpensive to purchase—two features that are allegedly promoting their
swift proliferation.1 As Shawn Brimley, Ben FitzGerald, and Ely Ratner stress,
this is “not a future trend . . . [as these] capabilities are being fielded—right
now.”2 From Russia to Iran, from China to North Korea, to even groups like
Hamas and Hezbollah, many U.S. enemies and adversaries are in fact devel-
oping or employing various types of drones.3 Such developments deserve
attention because of their potentially disruptive implications for international
politics, as the spread of drone warfare could redistribute military power at
the global level and eventually promote instability and conflict.4 According
to T. X. Hammes, for instance, given “the low cost and wide dissemination
of the knowledge, software, and hardware, we have to assume both state
and non-state actors will use [drones] against us.”5

The literature in International Relations (IR) theory widely supports these
concerns. According to the mainstream academic view, military technology
(the hardware) spreads easily and quickly, and globalization—along with the
information, communication, and technology (ICT) revolution—further ac-
celerates and facilitates this process.6 In this article we question this perspec-
tive. Drawing from the literature in management, we argue that IR scholars

1 Andreas Lorenz, Juliane von Mittelstaedy, and Gregor Peter Schmitz, “Messengers of Death:
Are Drones Creating a New Global Arms Race?” Spiegel.de, 21 October 2011; Michael C. Horowitz,
“Information-Age Economics and the Future of the East Asian Security Environment,” in The Nexus of
Economics, Security, and International Relations in East Asia, ed. Avery Goldstein and Edward D. Mans-
field (Stanford, CA: Stanford University Press, 2012), 211–35.

2 Shawn Brimley, Ben FitzGerald, and Ely Ratner, “The Drone War Comes to Asia: How China
Sparked a Dangerous Unmanned Arms Race,” Foreign Policy, 17 September 2013, http://www.
foreignpolicy.com/2013/09/17/the-drone-war-comes-to-asia.

3 Rob O’Gorman and Chris Abbott, Remote Control War: Unmanned Combat Air Vehicles in China,
India, Israel, Iran, Russia and Turkey (London: Open Briefing, 2013); Anna Mulrine, “Drones in the
Hands of Hamas: How Worrisome Is That?” Christian Science Monitor, 18 July 2014.

4 Noel Sharkey, “Drone Race Will Ultimately Lead To a Sanitized Factory of Slaughter,” Guardian, 3
August 2012; Michael Ignatieff, “Drones Give Democracies No Cause for War,” Financial Times, 12 June
2012; Alan D. Down, “Drone Wars: Risks and Warnings,” Parameters 42, no. 3 (Winter/Spring 2013):
7–16; Sarah Kreps and Micah Zenko, “The Next Drone Wars,” Foreign Affairs 93, no. 2 (March/April
2014): 68–79.

5 T. X. Hammes, “Droning America: The Tech Our Enemies Can Buy,” War on The Rocks, 13 October
2013, http://warontherocks.com/; Michael C. Horowitz, “The Looming Robotics Gap: Why America’s
Global Dominance in Military Technology Is Starting to Crumble,” Foreign Policy, no. 206 (May/June
2014): 62–67.

6 Robert Gilpin, War and Change in World Politics (Cambridge: Cambridge University Press, 1981),
176–77; Leslie C. Eliason and Emily O. Goldman, “Introduction: Theoretical and Comparative Perspectives
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52 A. Gilli and M. Gilli

have largely underestimated both the technological challenges of develop-
ing advanced weapon systems (platform challenge) and the infrastructural
support that they require (adoption challenge)—ultimately downplaying the
material obstacles to the proliferation of military technology.7 Based on these
intuitions, we develop a theoretical framework that explains why and when
some military innovations spread quickly and/or widely and why and when
others do not.

Although the current debate tends to lump all drones together, a large
variety of platforms exist; we have exploited such variety for our research de-
sign. We have investigated the diffusion of three types of unmanned aerial
vehicles: loitering attack munitions (LAMs), intelligence, surveillance, and
reconnaissance drones (ISR), and unmanned combat autonomous vehicles
(UCAVs). These drones are substantively relevant because they can signifi-
cantly affect modern warfare at the tactical and operational level and, poten-
tially, the distribution of power of the international system. Methodologically,
these platforms enable us to test, under particularly favorable conditions, dif-
ferent causal mechanisms underpinning the conventional view in IR theory
about the rapid proliferation of military technology.8 Finally, in contrast to
common perceptions, LAMs and ISR drones entered into service in the late
1980s to the mid-1990s, thus giving us 20 to 30 years of available empirical
evidence to test our argument.

With our analysis, we show that drone warfare poses salient platform
and adoption challenges that complicate proliferation. First, in contrast to the
mainstream view, available evidence shows that the production of combat-
effective drones is challenging even for countries with significant financial
resources as well as advanced industrial and technological capabilities (that
is, those more likely to succeed). For example, because of technological
problems, Germany and the United States had to cancel their indigenous
LAMs; Germany, France, and other European countries failed to produce
advanced long-range ISR drones; and finally, the development of UCAVs has
proved demanding also for the United States and the United Kingdom. Sec-
ond, our investigation shows that even advanced countries like Germany, the

on Innovation and Diffusion,” in The Diffusion of Military Technology and Ideas, ed. Leslie C. Eliason
and Emily O. Goldman (Stanford, CA: Stanford University Press, 2003); Emily O. Goldman, “Introduction:
Military Diffusion and Transformation,” in The Information Revolution in Military Affairs in Asia, ed.
Goldman and Thomas G. Mahnken (New York, Palgrave-MacMillan, 2004), 1–22.

7 See Ron Adner, The Wide Lens: A New Strategy for Innovation (New York: Portfolio, 2012); Ron
Adner and Rahul Kapoor, “Value Creation in Innovation Ecosystems: How the Structure of Technologi-
cal Interdependence Affects Firm Performance in New Technology Generations,” Strategic Management
Journal 31, no. 3 (March 2010): 306–33; Marco Iansiti and Roy Levien, The Keystone Advantage: What
the New Dynamics of Business Ecosystems Mean for Strategy, Innovation, and Sustainability (Cambridge,
MA: Harvard Business School Press, 2004); Mary Tripsas, “Unraveling the Process of Creative Destruc-
tion: Complementary Assets and Incumbents Survival in the Typesetter Industry,” Strategic Management
Journal 18, no. S1 (July 1997): 119–42.

8 Henry Eckstein, “Case Studies and Theory in Political Science,” in Handbook of Political Science,
vol. 7, ed. Fred I. Greenstein and Nelson W. Polsby (Reading, MA: Addison-Wesley, 1975), 79–138.
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The Diffusion of Drone Warfare? 53

United States, and the United Kingdom struggled to develop the command,
control, communication, and computers (C4) infrastructure and the organi-
zational capabilities necessary for the employment of LAMs, ISR drones, and
UCAVs.

Our results thus warn skepticism about apocalyptic views on the com-
ing diffusion of drone warfare and more generally on the consequences
of the robotics age on international peace and stability. While different
types of drones will continue to spread, our analysis suggests that only
the most advanced and wealthiest countries will be able to field and exploit
combat-effective platforms that can affect the global distribution of mili-
tary power—especially as counter-drone systems emerge. Our research has
also relevant implications for IR theory and the diffusion of military inno-
vations more generally. Our findings question the widely held assumption
among IR scholars that military technology spreads easily. Second, our work
highlights a missed dimension in the current scholarship—infrastructural
requirements—that significantly affects the rate and speed of diffusion of
all major military innovations. Our framework then suggests that the inter-
action between the challenges at the platform and adoption level informs
not only the proliferation of drones but also of military innovations more
generally.

The rest of the article proceeds as follows. First, we summarize the IR
literature on the diffusion of military innovations and discuss its problems.
Second, building on our criticism we formulate our theoretical framework.
Third, we illustrate the substantive and methodological reasons behind our
case selection and then we present our research design. Finally, we illus-
trate the results of our empirical analysis. We conclude by discussing the
implications of our findings.

IR THEORY AND THE DIFFUSION OF MILITARY TECHNOLOGY

Despite the divides in the discipline, IR scholars widely agree that military
technology spreads with relative ease. In the words of Emily O. Goldman,
“hardware is often easy to acquire while software (e.g., doctrine, tactics, and
organizational form) is more difficult to develop and implement.”9 In this
section, we first review this scholarship and then we discuss its problems.

Consensus in the IR Literature

According to the literature in IR theory, military technology spreads rela-
tively quickly and easily. Systemic accounts claim that this is the product

9 Goldman, “Introduction,” 7. For a broader discussion in security studies, see Adam Grissom, “The
Future of Military Innovation Studies,” Journal of Strategic Studies 29, no. 5 (October 2006): 905–34.
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54 A. Gilli and M. Gilli

of socialization and competition dynamics that, as Kenneth N. Waltz sug-
gests, lead the “weapons of the major contenders to look much the same all
over the world.”10 According to hegemonic stability theory, less developed
countries can build advanced military technologies because of their higher
rates of economic growth and of the diffusion of technological knowledge.11

As Robert Gilpin notes, “there is a historical tendency for the military and
economic techniques of the dominant state or empire to be diffused to other
states in the system.”12

According to other scholars, globalization and technological progress
further ease and accelerate this process.13 First, dual-use technologies like
computer and software capabilities are allegedly not capital intensive, and
therefore they should pose very low entry barriers to newcomers.14 Second,
because of their higher innovation rates, commercial markets (in comparison
to the defense industry) make advanced technologies more easily available
to a wider pool of actors.15 Finally, because of the integration of the world
economy, recipients of foreign direct investments can supposedly exploit
component technology and technical knowledge developed abroad for pro-
ducing advanced military capabilities.16 Consequently, as Joseph S. Nye Jr.
warns, in the globalization age, “technology . . . eventually spreads and be-
comes available to adversaries.”17

Some IR scholars have acknowledged that not all military innovations
diffuse quickly and/or widely. However, even these scholars agree with the
conventional view in the literature. Michael C. Horowitz, for example, main-
tains that “it is difficult to copy business processes, as opposed to specific
technologies.”18 Similarly, Goldman and Richard B. Andres claim “the prac-
tices for the use of innovative technologies tend to spread more slowly than

10 Kenneth N. Waltz, Theory of International Politics (New York: McGraw-Hill, 1979), 74, 127; Joao
Resende-Santos, Neorealism, States, and the Modern Mass Army (Cambridge: Cambridge University Press,
2007).

11 David E. Bloom, David Canning, and Jaypee Sevilla, “Technological Diffusion, Conditional Conver-
gence, and Economic Growth,” NBER Working Paper no. 8713, National Bureau of Economic Research,
Cambridge, MA, 2002.

12 Gilpin, War and Change in World Politics, 176–77.
13 Richard A. Bitzinger, “The Globalization of the Arms Industry: The Next Proliferation Challenge,”

International Security 19, no. 2 (Fall 1994): 170–98.
14 Emily O. Goldman and Richard B. Andres, “Systemic Effects of Military Innovation and Diffusion,”

Security Studies 8, no. 4 (Summer 1999): 123. See also Robert O. Work and Shawn Brimley, 20YY:
Preparing for War in the Robotic Age (Washington, DC: CNAS, 2014).

15 Defense Science Board, Final Report of the Task Force on Globalization and Security, Office of the
Under Secretary of Defense for Acquisition and Technology, Department of Defense, Washington, DC,
December 1999, memorandum, v.

16 Wayne Sandholtz et al, eds., The Highest Stakes: Technology, Economy and Security Policy (New
York: Oxford University Press, 1991).

17 Joseph S. Nye Jr., The Future of Power (New York: Public Affairs, 2011), 36.
18 Michael C. Horowitz, The Diffusion of Military Power: Causes and Consequences for International

Politics (Princeton, NJ: Princeton University Press, 2010), 34, 27–28.
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The Diffusion of Drone Warfare? 55

does the technology itself.”19 For this reason, these and other scholars have
focused on the cultural, economic, institutional, and organizational factors
that constrain the adoption of military innovations.20

Problems in the IR Literature

The mainstream view among IR scholars suffers from several problems. First,
the assumption that military technology diffuses quickly and easily lacks em-
pirical and theoretical support. The existing literature does not provide con-
cluding evidence that military technology is easy to produce or that it diffuses
easily; moreover, this claim contradicts the literature in economics, economic
history, management, and sociology.21 As the gap in military capabilities be-
tween the United States and Europe illustrates, the number of exceptions is
such that they cannot be discounted as simple anomalies.22 Part of this fail-
ure can be attributed to the fact that IR scholars have largely underestimated
the technological challenges of designing, developing, and manufacturing
combat-effective military platforms.23 Some scholars like Jonathan D. Caver-
ley, Eugene Gholz, and Stephanie G. Neuman have discussed these aspects.24

However, their contribution has not been integrated in the literature on the
diffusion of military innovations as of yet.

Second, while the IR scholarship has correctly discussed the cultural,
economic, institutional, and organizational constraints to the adoption of
military innovations, it has neglected the material support they require.25 For
example, British naval mastery in the late nineteenth century depended on
coaling bases around the world.26 In fact, as Alfred Thayer Mahan noted,
steam-powered warships were like “land birds, unable to fly from their own

19 Goldman and Andres, “Systemic Effects of Military Innovation and Diffusion,” 123.
20 Grissom, “Future of Military Innovation Studies.”
21 Mauro Gilli, “The Struggle for Military-Technological Superiority: Complexity, Systems Integration

and the Industrial Challenges of Imitation” (PhD diss., Northwestern University, 2015); Jon R. Lindsay,
“Stuxnet and the Limits of Cyber Warfare,” Security Studies 22, no. 3 (July–September 2013): 365–404.

22 Charles Barry and Hans Binnendijk, “Widening Gaps in U.S. and European Defense Capabili-
ties and Cooperation,” Transatlantic Current, no. 6, National Defense University, Institute for National
Strategic Studies, Washington, DC, July 2012.

23 Gilli, “Struggle for Military–Technological Superiority.”
24 Stephanie G. Neuman, “International Stratification and Third World Military Industries,” Interna-

tional Organization 38, no. 1 (Winter 1984): 167–97; Jonathan D. Caverley, “United States Hegemony and
the New Economics of Defense,” Security Studies 16, no. 4 (October–December 2007): 598–614; Eugene
Gholz, “Globalization, Systems Integration, and the Future of Great Power War,” Security Studies 16, no.
4 (October–December 2007): 615–36.

25 An exception is Barry D. Watts, The Evolution of Precision Strike (Washington, DC: Center for
Strategic and Budgetary Assessments, 2013), 11–12.

26 Martin Van Creveld, Technology and War: From 2000 B.C. to the Present (New York: Free Press,
1989), 204.

D
ow

nl
oa

de
d 

by
 [D

ar
tm

ou
th

 C
ol

le
ge

 L
ib

ra
ry

] a
t 0

8:
43

 2
5 

Fe
br

ua
ry

 2
01

6 



56 A. Gilli and M. Gilli

shores” without these bases.27 Similar considerations also apply to contem-
porary military platforms: without air-to-air refuel tankers, satellite commu-
nications, air- and sea-lift capabilities, regional commands, operating bases,
and support facilities, many military technologies are of little or very limited
utility.28

THE ECOSYSTEM CHALLENGE AND THE DIFFUSION OF MILITARY
INNOVATIONS

In light of the problems of the existing IR literature, in this section we
develop a theoretical framework aimed at explaining why and when military
technology spreads easily and widely or not.

Building on the ecosystem literature in management and in particular
Ron Adner’s scholarship about the innovations’ ecosystem challenge, we
argue that the successful adoption and employment of military innovations
depends on meeting the ecosystem challenge.29 First, a country must be
able to design, develop, and manufacture a combat-effective weapon system
(platform challenge). Second, a country must also be able to provide or
to ensure access to the required infrastructural and organizational support
(adoption challenge).30 We discuss these two aspects more in depth in the
following subsections.

Platform Challenge

In contrast to the dominant consensus in IR theory, designing, developing,
and manufacturing military technology is far from easy and may actually
entail significant technological and industrial challenges. Such challenges are
not constant: they are a function, on the one hand, of the weapon systems’
capabilities (technology) and, on the other hand, of the manufacturer’s know-
how and experience (technological capacity).

Technology. The challenge of developing a weapon system depends on
its specific features: the higher the number of tasks it can fulfill, the wider
the number of missions it can conduct, the more severe the environmental
conditions in which it is expected to operate, and the more advanced the

27 Alfred Thayer Mahan, Sea Power and World History: 1660–1783 (Tucson, AZ: Fireship Press,
2009), 48.

28 Barry R. Posen, “Command of the Commons: The Military Foundation of U.S. Hegemony,” Inter-
national Security 28, no. 1 (Summer 2003): 5–46.

29 Adner, The Wide Lens; Adner and Kapoor, “Value Creation in Innovation Ecosystems”; Iansiti and
Levien, Keystone Advantage; Tripsas, “Unraveling the Process of Creative Destruction.” For reasons of
clarity, we assume components are easily available, thus we do not discuss Adner’s component challenge.

30 Andrea Gilli, “Commanding and Contesting the Commons: The Diffusion of Military Technology
and the Ecosystem Challenge, Working Paper, January 2016.
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The Diffusion of Drone Warfare? 57

performance it can achieve across a wide range of parameters (such as speed,
accuracy, or radar cross-section, just to name a few), the more complicated
its design, development, and production will be.31

First, as the capabilities of a military platform increase, it will require
a higher number of more advanced systems, subsystems, and components.
Integrating them together and ensuring reciprocal compatibility and systemic
reliability, while maximizing the platform overall performance, is extremely
daunting. On the one hand, cutting-edge technologies inevitably give rise to
compatibility problems that are difficult to anticipate, to understand, and to
address because of a lack of sufficient knowledge and experience.32 On the
other hand, as the number of systems, subsystems, and components grows,
the integration process becomes more complex: the Lockheed Martin F-35
Lightning II Joint Strike Fighter, for instance, features seventeen miles of cop-
per wiring while its software contains eight million lines of code.33 Minor
variations from the expected ideal specification for even marginal compo-
nents (such as the weight of fasteners) can result in severe malfunctions and
possibly even in systemic failure.34

Second, anticipating, understanding, and addressing the problems
emerging from operating in demanding environmental conditions (solar ac-
tivity, temperature excursion, or wind), as well as designing, developing, and
integrating systems and subsystems aimed at neutralizing enemy countermea-
sures, adds a further layer of complexity that, inevitably, renders production
more challenging.35

Technological Capacity. The intensity of these technological challenges
is not constant across countries: it is a product of a country’s technologi-
cal capacity to produce a given weapon system. Such capacity depends on
whether a country possesses the necessary qualified workforce as well as an
advanced technological and industrial base (laboratories, testing and produc-
tion facilities, and accumulated experience and know-how). The degree to
which such capacity can be met, in turn, is a product of the very military tech-
nology being developed. The more demanding the technology is, the more
specific (that is, unique) will the required capacity be and hence difficult to
meet. When the technology being developed is relatively unsophisticated (in
terms of functions, performances, and capabilities), manufacturers can easily

31 Gilli, “Struggle for Military–Technological Superiority.”
32 Eric A. von Hippel, “‘Sticky Information’ and the Locus of Problem Solving: Implications for

Innovation,” Management Science 40, no. 4 (April 1994): 429–39; Harvey M. Sapolsky, “Inventing Systems
Integration,” in The Business of Systems Integration, ed. Andrea Prencipe, Andrew Davies, and Michael
Hobday (New York: Oxford University Press, 2003), 19.

33 Woodrow Bellamy III, “Aircraft Wire and Cable: Doing More with Less,” Avionics, 1 September
2014.

34 Wedo Wang, Reverse Engineering: Technology of Reinvention (Boca Raton, FL: CRC Press, 2010),
266–68.

35 Gholz, “Globalization, Systems Integration.”
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58 A. Gilli and M. Gilli

borrow from the knowledge, workforce, laboratories, and testing and pro-
duction facilities of other industries. For example, naval tankers are relatively
unsophisticated ships, because they do not rely on any advanced system: for
this reason they are generally produced in commercial yards.36 However, as
the capabilities of a military platform grow, the resources necessary for its
development become increasingly more sector- and even product-specific,
which ultimately raise high entry barriers for potential competitors.37 As a
result, in these cases, even companies operating in closely related fields or
producing very similar technologies will face significant production chal-
lenges.38 For instance, in contrast to tankers, principal surface combatants
such as frigates and destroyers are based on complex hull structures and
incorporate advanced shipboard capabilities like antiair, land-attack, and an-
tisubmarine systems. Commercial shipbuilders do not possess the facilities
and expertise necessary for their production—only very advanced defense
shipbuilding yards do.39

Adoption Challenges

As seen above, the literature in IR has focused its attention on the cul-
tural, economic, institutional, and organizational constraints to the adoption
of military innovations. This is a welcome improvement in comparison to
earlier works. However, IR scholars have largely ignored the infrastructural
support that innovations require for their operations, thus underestimating
the material obstacles to diffusion. For instance, according to Horowitz and
Goldman, high unitary costs and organizational challenges account for the
slow diffusion of aircraft carriers.40 This perspective ignores that “because
of the twin threat represented by anti-ship missiles and submarines, carriers
need an extensive defense network—the carrier strike group—composed
of a plurality of complex and expensive warships.”41 Many of these war-
ships are, individually, beyond the budgetary and technological reach of
most countries. Thus, even if the organizational challenge related to naval
aviation were limited, its infrastructural requirements would still significantly

36 John Birkler et al., Differences between Military and Commercial Shipbuilding: Implications for
the United Kingdom’s Ministry of Defence (Santa Monica, CA: RAND, 2005).

37 David C. Mowery and Nathan Rosenberg, Technology and the Pursuit of Economic Growth (New
York: Cambridge University Press, 1989), 80–82.

38 Keith Pavitt, “The Objective of Technology Policy,” Science and Public Policy 14, no. 4 (August
1987): 182–88; Partha Dasgupta and Paul A. David, “Information Disclosure and the Economics of Science
and Technology,” in Arrow and the Ascent of Modern Economic Theory, ed. George R. Feiwel (New York:
New York University Press, 1987), 519–42.

39 Birkler et al., Differences between Military and Commercial Shipbuilding.
40 Horowitz, Diffusion of Military Power, 65–97.
41 Andrea Gilli and Mauro Gilli, “The Spread of Military Innovations: Adoption Capacity Theory,

Tactical Incentives, and the Case of Suicide Terrorism,” Security Studies 23, no. 3 (July–September 2014):
518.
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The Diffusion of Drone Warfare? 59

constrain the diffusion of this innovation.42 Organizational and infrastructural
requirements are hence two sides of the same coin and together they rep-
resent the set of adoption challenges that ultimately affect the diffusion rate
and width of military innovations.

Organizational challenges. In order to deliver its benefits, any hard-
ware requires for its effective employment, on the one hand, a set of ap-
propriate codes, practices, and doctrines and, on the other, a competent
workforce organized in suitable formats.43 However, developing the for-
mer and securing access to the latter is far from simple. First, the devel-
opment of a new military doctrine requires extensive experience, both in
terms of past lessons learned and for defining new techniques, tactics, and
procedures.44 For instance, throughout the nineteenth and twentieth cen-
turies, all major navies had to preserve their organizational knowledge about
navigation and discipline at sea, for instance, while developing new concepts
for employing major innovations spanning from diesel engines to radio com-
munication systems, from more precise munitions to antisubmarine warfare
capabilities.45 Second, armed forces require personnel with specific skills and
organized in appropriate structures. For instance, the introduction of steam
engines and early fire-control systems on the warships of the late nineteenth
and early twentieth century demanded sailors and seamen with a different
set of skills, knowledge, and training from those required in the age of sails,
side cannons, and ramming.46 Similarly, the adoption of net-centric warfare
has required a broad and challenging transformation of the divisions and
brigade structure of the U.S. Army.47 The salience of the organizational chal-
lenge in general is a product of a country’s existing capabilities: whether its
armed forces already possess the doctrines, practices, and codes, on the one
hand, and personnel and organizational structures, on the other, required for
the adoption of a specific innovation; whether they have to implement some
bureaucratic reforms to meet these requirements; or, finally, whether they
have to start from scratch. Logically, the larger the gap between requirements
and existing capabilities, the more difficult and costly adoption will be.

Importantly, while the existing scholarship has focused on the organi-
zational inertia and bureaucratic resistance that military innovations trigger
(because of the inherent conservative nature of the armed forces), here we

42 Gilli, “Commanding and Contesting the Commons.”
43 Grissom, “Future of Military Innovation Studies.” On recruitments, see Curtis L. Gilroy and Cindy

Williams, eds., Service to Country: Personnel Policy and the Transformation of Western Militaries (Cam-
bridge, MA: MIT Press, 2006).

44 Andrew W. Marshall, “Foreword,” in The Diffusion of Military Technology and Ideas, ed. Eliason
and Goldman, xiii–xiv.

45 Robert Gardiner and Andrew D. Lambert, eds., Steam, Steel and Shellfire: The Steam Warship,
1815–1905 (London: Conway Maritime Press, 1992).

46 Horowitz, Diffusion of Military Power, 134–65.
47 Douglas A. Macgregor, Breaking the Phalanx: A New Design for Landpower in the 21st Century

(Westport, CT: Praeger, 1997).
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60 A. Gilli and M. Gilli

stress the role of accumulated experience and existing organizational struc-
tures as an advantage for the employment of the most disruptive military
innovations.48

Infrastructural challenges. Any innovation needs some sort of infrastruc-
tural support. Cars, for example, require highways and gas stations, while
mobile phones need electricity grids to recharge their batteries and cell tow-
ers to connect to networks.49 The same considerations apply to the realm of
military affairs where three main types of infrastructural support exist. The
first, as an old saying reminds us, is logistics.50 Nowadays, assets such as
sealift and airlift capabilities or naval and aerial refuel tankers are of critical
importance to sustain operations. Second, over the past decades, because of
progress in information technology, communication systems such as satel-
lites, communication relay platforms, and tactical datalinks have come to play
a central role in modern warfare.51 Finally, military platforms often require
the support of other weapon systems.52 For instance, in order to fulfill their
missions, both cavalry and armor branches require close-air support: this
means, beside their infantry fighting vehicles and main battle tanks, armies
also need attack helicopters and combat aircrafts providing ground attack
capabilities. As discussed in the case of organizational challenges, the key
question is whether a country already possesses the infrastructural support
required to adopt an innovation, whether it has to acquire some capabil-
ities, or whether it needs to develop the entire package anew. The more
limited the capabilities the country already possesses, the more daunting the
challenge.

The Ecosystem Challenge: Platform and Adoption

In light of our previous discussion, we can develop a set of basic expectations
to shed light on why and when some military technologies spread more
widely and quickly than others.

First, when a military technology casts extremely high platform and
adoption challenges, its diffusion will intuitively be slow and limited to very
few countries. The case of the U.S. multilayered intercontinental missile

48 On bureaucratic resistance, see Terry Pierce, Warfighting and Disruptive Technologies: Disguising
Innovation (New York: Routledge, 2004); Horowitz, Diffusion of Military Power. Concerning the compar-
ative advantages stemming from an actor’s ecosystem, see Iansiti and Levien, The Keystone Advantage.

49 Adner, The Wide Lens, 55–78.
50 The saying is: “Amateurs think about tactics, but professionals think about logistics.” On logistics,

see Martin Van Creveld, Supplying War: Logistics from Wallenstein to Patton (New York: Cambridge
University Press, 1977).

51 Norman Friedman, Network-Centric Warfare: How Navies Learned to Fight Smarter Through Three
World Wars (Annapolis, MD: Naval Institute Press, 2009).

52 Capt. Jonathan M. House, Toward Combined Arms Warfare: A Survey of Twentieth Century Tactics,
Doctrine, and Organization (Ft. Leavenworth, KS: U.S. Army Combat Studies Institute, 1984).
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The Diffusion of Drone Warfare? 61

defense shield is telling: composed of a large set of extremely sophisticated
and capable platforms (from air defense naval destroyers to land-based long-
range antimissile systems and observation satellites) and integrated, through
advanced communication networks, with a multitude of different sensors and
command and control centers, it represents a system of enormous complex-
ity. While the United States is still working on fielding the entire package,
no other country has managed to imitate even its initial stages.53

Conversely, when both the platform and the adoption challenges are
very low a military innovation will spread more quickly and more widely.
Any type of small arm or light weapon, from the AK-47 to improvised ex-
plosive devices (IEDs), illustrates this claim.54 Individually, these are simple
devices whose production requires relatively basic know-how and manufac-
turing capabilities. At the adoption level, their employment requirements are
also relatively limited: this is why they are some of the preferred weaponry
of criminal gangs, guerrillas, and insurgent groups.55

Military innovations that pose limited adoption challenges but high plat-
form challenges are going to spread relatively quickly to only those countries
that can produce or secure the foreign supply of the platform.56 Surface-to-
air missile batteries, cruise missiles, and small submarines for coastal defense
represent some possible examples.57

In contrast, military innovations that cast high adoption challenges but
relatively limited platform challenges are likely to spread more slowly and to
a more limited number of countries. Conventionally propelled aircraft carriers
are a case in point: the production of the platform, per se, does not pose
insurmountable industrial and technological challenges, at least for countries
possessing a defense shipbuilding industry.58 However, as recalled before,
carriers operate along with a complex defense and supporting network, the
carrier strike group—which includes naval destroyers and frigates providing
antiair and antisubmarine warfare, submarines, and supply warships—whose
cost and complexity dramatically constrain the diffusion of naval aviation.

53 Robert L. Pfaltzgraff and William R. Van Cleave, eds., Independent Working Group on Missile
Defense, the Space Relationship, & the Twenty-First Century (Cambridge, MA: Institute for Foreign Policy
Analysis, 2009).

54 Robert Muggah and Eric Berman, “Humanitarianism Under Threat: The Humanitarian Impacts of
Small Arms and Light Weapons,” A Study Commissioned by the Reference Group on Small Arms of the
UN Inter-Agency Standing Committee, Small Arms Survey, Graduate Institute of International Studies,
Geneva, July 2001.

55 C. J. Chivers, The Gun (New York: Simon & Schuster, 2010).
56 Stephanie G. Neuman, “Power, Influence, and Hierarchy: Defense Industries in a Unipolar World,”

Defence and Peace Economics 21, no. 1 (February 2010): 105–34.
57 Michael D. Wallace and Charles A. Meconis, “Submarine Proliferation and Regional Conflict,”

Journal of Peace Research 32, no. 1 (February 1995): 79–95; Dennis M. Gormley, Missile Contagion:
Cruise Missile Proliferation and the Threat to International Security (Annapolis, MD: Naval Institute Press,
2010).

58 Hans Pung et al., Sustaining Key Skills in the UK Naval Industry (Santa Monica, CA: RAND, 2005).
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62 A. Gilli and M. Gilli

CASE SELECTION AND RESEARCH DESIGN: WHY DRONES?

In order to provide a preliminary test of our theoretical framework, we have
investigated the diffusion of unmanned autonomous vehicles (UAVs), also
known as drones. There is a broad consensus among analysts as well as IR
scholars that drones are proliferating quickly and widely because they are
easy to produce and to operate. Moreover, drones are an appropriate case
as they enable us to test the conventional view among IR scholars about the
diffusion of military technology under particularly favorable conditions. In
this section, we first summarize the debate on drones and then explain our
research design.

The Diffusion of Drone Warfare

Drones are autonomously or remotely piloted aircrafts that perform different
military and nonmilitary tasks.59 Since the early 1990s, their role in warfare
has been growing dramatically, mostly due to progress in ICT.60 According
to many analysts, scholars, and policymakers, UAVs are easy and cheap to
produce because they extensively rely on commercial technologies.61 Daniel
Byman, for instance, claims that halting “the spread of drone technology will
prove impossible [as drones] are highly capable weapons that are easy to pro-
duce.”62 Similarly, as the Stimson Center’s Task Force on drones maintains,
“there is reason to fear a rapid and uncontrolled proliferation.”63 According
to Micah Zenko and Sarah Kreps, U.S. leadership in drones manufacturing
is going to wane as “the rest of the world is quickly catching up.”64 Peter
W. Singer goes even further and argues that “the US monopoly on drone
technology ended several years ago.”65 Some preliminary evidence supports
these claims. Over fifty different nations are already producing various types
of unmanned aerial vehicles and more than four thousand programs exist

59 Reg Austin, Unmanned Aircraft Systems: UAVs Design, Development and Deployment (New York:
John Wiley & Sons, 2011).

60 Steven J. Zaloga, Unmanned Aerial Vehicles: Robotic Air Warfare 1917–2007 (Oxford, UK: Osprey
Publishing, 2008).

61 See footnotes 1–5.
62 Daniel Byman, “Why Drones Work: The Case for Washington’s Weapon of Choice,” Foreign

Affairs 92, no. 4 (July/August 2013): 32–43. Byman seems to have changed his opinion: Lynn F. Davis
et al., Armed and Dangerous: UAVs and U.S. Security (Santa Monica, CA: RAND, 2014).

63 Gen. John P. Abizaid and Rosa Brooks, Recommendations and Report of the Task Force on US
Drone Policy, Stimson Center, Washington, DC, 2014, 10.

64 Micah Zenko and Sarah Kreps, “Limiting Armed Drone Proliferation,” Council Special Report no.
69, Council on Foreign Relations, Center for Preventive Action, Washington, DC, June 2014, 3.

65 P. W. Singer, “The Global Swarm,” ForeignPolicy.com, 11 March 2013, http://foreignpolicy.com/
2013/03/11/the-global-swarm/.
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The Diffusion of Drone Warfare? 63

around the world.66 According to Robert O. Work and Shawn Brimley, poor
and underdeveloped countries could also be able to access and field such
advanced military capabilities.67 Possibly, as Horowitz warns, “even nonstate
actors will be able to exploit robotics for military ends.”68

Drones are allegedly also very flexible, which enhances their military
salience. According to Dennis M. Gormley, for example, they “have long
wings and you can strap anything to them.”69 For this reason, Lt. Ryan Hilger
(USN) suggests that drone technology would potentially enable any actor,
even with extremely limited resources, to close “the tactical and operational
parity gaps [with the United States] without the need for a leviathan military-
industrial complex.”70 Stuart S. Yeh maintains that even underdeveloped
countries, through a small force of UAVs, “could decimate entire divisions
of soldiers, armor, and artillery, . . . destroy all aircraft in a given theater,
and put Nimitz-class carriers out of action.”71 Thus, consistent with these
concerns, Horowitz warns that the diffusion of technologies like drones
could bring “a shift [in] the balance of power toward a more multipolar
environment.”72

Most scholars and analysts have ignored the infrastructural requirements
for the employment of drones.73 Those who have considered this aspect,
however, seem to believe it does not represent a serious constraint. Accord-
ing to the Defense Science Board, for example, “the barrier to entry for using
unmanned, autonomous systems is very low.”74 Similarly, Hilger claims that
because of globalization any actor can easily access global ISR capabilities
through open-source systems like Google Maps.75 Finally, Work and Brimley
claim that modern battle networks are quickly proliferating, which in turn
should facilitate the employment of drones for a variety of actors.76

66 Government Accounting Office, Nonproliferation: Agencies Could Improve Information Sharing
and End-Use Monitoring on Unmanned Aerial Vehicle Exports (Washington, DC: GAO, July 2012); Dan
Parsons, “Worldwide, Drones Are in High Demand,” National Defense, May 2013.

67 Work and Brimley, 20YY: Preparing for War.
68 Horowitz, “Looming Robotics Gap.”
69 Quoted in Scott Shane, “Coming Soon: The Drone Arms Race,” New York Times, 8 October 2011.
70 Lt. Ryan Hilger, “A Few Disruptive Thoughts,” Proceedings 139, no. 12 (December 2013): 1,330.

Work and Brimley, 20YY: Preparing for War, 35.
71 Stuart S. Yeh, “A Failure of Imagination: Unmanned Aerial Vehicles and International Security,”

Comparative Strategy 30, no. 3 (July 2011): 230.
72 Horowitz, “Information-Age”; Horowitz, Diffusion of Military Power, 221–22.
73 For two exceptions, see Shashank Joshi and Aaron Stein, “Emerging Drone Nations,” Survival:

Global Politics and Strategy 55, no. 5 (October-November 2013): 53–78; Austin Long, “Dueling Asym-
metries: International Terrorism, Insurgency and Drone Warfare in the 21st Century,” in The Future of
Warfare in the 21st Century (Abu Dhabi: Emirates Center for Strategic Studies and Research, 2014), 13–36.

74 Defense Science Board, Task Force Report: The Role of Autonomy in DoD Systems, Washington,
DC, July 2012, 13.

75 Hilger, “A Few Disruptive Thoughts.”
76 Work and Brimley, 20YY: Preparing for War, 36. See also Dennis M. Gormley, “Dealing with the

Threat of Cruise Missiles,” IISS Adelphi Paper, no. 339 (Oxford, UK: Oxford University Press, 2001).

D
ow

nl
oa

de
d 

by
 [D

ar
tm

ou
th

 C
ol

le
ge

 L
ib

ra
ry

] a
t 0

8:
43

 2
5 

Fe
br

ua
ry

 2
01

6 



64 A. Gilli and M. Gilli

Research Design

Despite the almost universal consensus about the rapid diffusion of drone
warfare, a systematic and careful empirical investigation is lacking so far.77

With our analysis, we fill this gap. Although the current debate tends to lump
all types of drones together, a large variety of unmanned platforms exist.78

We have exploited such variety for our research strategy in order to test both
the platform and the adoption challenge.

Platform challenge. We have investigated three crucial types of drones
that permit us to test three different causal mechanisms that should facili-
tate the production of military technology. In this way, we can assess the
mainstream view among IR scholars under particularly favorable conditions
and, at the same time, put our argument to a hard test.79 If existing theories
fail here, skepticism about their success under less favorable conditions is
thereby warranted. Conversely, if the evidence supports our argument, we
feel confident it will also succeed under more favorable conditions.

Loitering attack munitions (LAMs) share several technologies with cruise
missiles and guided rockets.80 If the mainstream view in IR is correct, pro-
ducing LAMs should then be easy, especially for countries that possess an
advanced industry in these two fields.81 Intelligence, surveillance, and re-
connaissance (ISR) drones are among the military platforms that rely most
extensively on commercial or dual-use technologies like communication sys-
tems, light electric engines, and electro-optical sensors.82 Thus, ISR drones
represent a most-likely case for the argument that globalization and progress
in commercial technology facilitate the development of advanced weapon
systems.83 Finally, unmanned combat autonomous vehicles (UCAVs) repre-
sent an evolution of modern jet fighters.84 If imitating military technology is
as easy as many claim, the production of UCAVs should be relatively unprob-
lematic, especially for the countries that already possess both an advanced

77 In addition to our analysis, the only exception so far is Michael C. Horowitz and Matthew
Fuhrmann, “Droning on: Explaining the Proliferation of Unmanned Aerial Vehicles,” Social Science Re-
search Network, 24 October 2015; http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2514339.

78 See footnotes 1–5.
79 Eckstein, “Case Studies.”
80 Michael Franklin, “Unmanned Combat Air Vehicles: Opportunities for the Guided Weapons In-

dustry,” Occasional Papers, Royal United Services Institute (RUSI), London, 1 September 2008.
81 Will Mitchell, “Whether and When? Probability and Timing of Incumbents’ Entry into Emerging

Industrial Subfields,” Administrative Science Quarterly 34, no. 2 (June 1989): 208–30; Constance E. Helfat
and Marvin B. Lieberman, “The Birth of Capabilities: Market Entry and the Importance of Pre-History,”
Industrial and Corporate Change 11, no. 4 (August 2002): 725–60.

82 Keith Hayward, “Unmanned Aerial Vehicles: A New Industrial System?” Discussion Paper, Royal
Aeronautical Society, London, 2010.

83 This argument applies to countries that are integrated in the global economy. On this, see Stephen
G. Brooks, Producing Security: Multinational Corporations, Globalization, and the Changing Calculus of
Conflict (Princeton, NJ: Princeton University Press, 2006); Work and Brimley, 20YY: Preparing for War.

84 John Birkler et al., Keeping a Competitive U.S. Military Aircraft Industry Aloft: Findings from an
Analysis of the Industrial Base (Santa Monica, CA: RAND, 2013).
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The Diffusion of Drone Warfare? 65

TABLE 1 Platform Challenge: Summary of Expected Outcome

Platform Facilitating Factors

Expectations According
to Mainstream Literature

in IR (Most-Likely
Cases)

Expectations According
to the Platform

Challenge (Least-Likely
Cases)

LAMs They draw from guided
rockets and
cruise-missile
technology.

Easy, especially for
countries that possess
experience and
know-how in these
sectors.

Challenging, even for
countries that possess
experience and
know-how in these
sectors.

ISR UAVs They rely on ICT: light
electric engines,
sensors, and
communications
systems easily
available in
commercial markets.

Easy, especially for
countries integrated in
the world economy.

Challenging, even for
countries that are
integrated in the
world economy.

UCAVs They are an
improvement on jet
fighters.

Easy, especially for
countries that
produce jet fighters.

Challenging, even for
countries that
produce jet fighters.

aerospace industry and experience in jet fighter production.85 In Table 1, we
summarize our research design.

Adoption challenge. There is a second problem with the debate about
drones: it largely neglects UAVs’ infrastructural and organizational require-
ments. Drones are not stand-alone platforms. Focusing the attention on the
diffusion of drones only is hence tantamount to counting trains, in the nine-
teenth century, while ignoring the extension of rail networks.86 By analyzing
three different types of UAVs performing very different tasks, we introduce
an important source of variation in our assessment of the adoption challenge:
these drones incorporate different technologies and, thus, prima facie, they
call for different types of organizational and infrastructural support. This
ensures against potential bias in our case selection. For our empirical in-
quiry, we have primarily focused on wealthy and technologically advanced
countries—such as the United States, its NATO allies, and Israel—with a long
history of employing traditional airpower capabilities, net-centric warfare
equipment, and, also, UAVs. This means that if these countries experienced
any kind of problem in meeting drones’ adoption challenge, then there are
strong reasons to expect other, less developed countries to incur similar and
likely even more daunting organizational and infrastructural challenges.87

85 Hayward, “Unmanned Aerial Vehicles.”
86 Keir A. Lieber, War and the Engineers: The Primacy of Politics on Technology (Ithaca, NY: Cornell

University Press, 2005), 46–78.
87 Posen, “Command of the Commons”; Barry R. Posen, “European Union Defense and Security

Policy: Reaction to Unipolarity?” Security Studies 15, no. 2 (April 2006): 149–86; Andrew Moravcsik,
“Europe: The Quiet Superpower,” French Politics 7, no. 3/4 (September–December 2009): 403–22.
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66 A. Gilli and M. Gilli

THE DIFFUSION OF DRONE WARFARE: EMPIRICAL ANALYSIS

From our empirical investigation, we derive two main findings. First, the
production of combat-effective UAVs casts an acute platform challenge as
it requires “packag[ing] . . . high level computing power and data collec-
tion/distribution components within minimal size, weight, and power . . .
constraints—all while preserving ruggedized capabilities to operation in a
very demanding environment.”88 The international markets of the drones we
analyze are in fact very concentrated, which in turn suggests that there are
relatively high technological entry barriers for production.89 Even established
firms and wealthy countries with experience and know-how in the produc-
tion of cruise missiles, defense electronics, and jet fighters have encountered
significant problems and in some cases have even failed when developing
these drones. Second, the employment of the UAVs under consideration
requires extensive infrastructural and organizational support—often beyond
the reach of wealthy and developed countries like France, the United King-
dom, or the United States. As the consulting company Strategy& highlights,
many countries have the resources to acquire expensive weapons platforms.
However, when introducing intensive data-gathering systems like drones,
they “often lack the expertise to integrate and support such systems, and at
times even use the hardware . . . [while their] organizations struggle with
managing the new flood of data, drawing relevant conclusions, and initiating
the appropriate response.”90 From our analysis, in fact, integration of UAVs
into existing force structure, as well as their infrastructural requirements,
appears to cast daunting adoption challenges.

For space reasons, in this article we do not discuss the claim about
drones’ alleged low costs. In the online appendix we provide extensive
evidence suggesting that the opposite is true.91 It suffices here to highlight
two aspects. On the one hand, the current generation of ISR UAVs is generally
“cheap” because it was designed with an emphasis on costs.92 As a result, it
is also vulnerable to an array of even basic countermeasures and is prone to
mishaps and failures that ultimately compromise their effectiveness.93 On the
other hand, we know that historically, in order to address these problems,

88 See Courtney Howard, “UAV Command, Control & Communications,” Military & Aerospace Elec-
tronics, 11 July 2013, http://militaryaerospace.com.

89 John Sutton, Technology and Market Structure: Theory and History (Cambridge, MA: MIT Press,
1998).

90 Christian Burger et al., Integrated Defense and Security Solutions: Acquiring Prime Contractors
Capabilities (New York: Strategy&, 2014), 6.

91 The online appendix is available at http://aagilli.wordpress.com.
92 Michael S. France, “Unmanned Air Systems: Challenge and Opportunity,” Journal of Aircraft 49,

no. 6 (November–December 2012): 1662.
93 The case of the British Phoenix UAV is telling. See Gary Schaub Jr. et al., Long Time Coming: Devel-

oping and Integrating UAVs into the American, British, French and Danish Armed Forces (Copenhagen:
Centre for Military Studies, 2014), 15–17.
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The Diffusion of Drone Warfare? 67

“systems become more complex [and] unit costs rise.”94 Consistent with this
expectation, the British Ministry of Defence warns that, “if current trends
continue, it is likely that the cost of complex unmanned aircraft will increase
to converge rapidly with those of manned aircraft.”95

The Proliferation Loitering Attack Munitions

Loitering attack munitions (LAMs) are cruise missile-like devices that loiter
over the battle space until they detect and then strike, either autonomously or
by remote control, ground-based targets.96 LAMs can be used for both attack
purposes, such as support of artillery, and for defensive tasks, for example as
an anti-access/area-denial (A2/AD) capability. Since our focus is on diffusion
of weapon systems that can fuel instability and conflict, we focus on LAMs’
employment for attack purposes only.97 Short-range LAMs can be used for
various tasks, including artillery-like missions to suppress enemy standoff
and covert fire or for close-air support (CAS).98 Medium- to long-range LAMs
primarily provide suppression of enemy air defense (SEAD), although they
could be also used for interdiction fire or strategic attack.99

If cheap and easy to produce, LAMs could significantly redistribute mil-
itary power around the world. Poor and weak countries or even non-state
actors could in fact acquire advanced striking capabilities without having
to buy or develop expensive and complex weapon systems. Our analysis,
however, questions this view.

LAMS’ PLATFORM CHALLENGE

In contrast to the dominant consensus, producing LAMs is far from easy.
First, LAMs’ international market is even more concentrated than that
of highly oligopolistic industries such as advanced jet fighter and cruise

94 John Birkler et al., Competition and Innovation in the U.S. Fixed-Wing Military Aircraft Industry
(Santa Monica, CA: RAND, 2003), 29.

95 “The UK Approach to Unmanned Aircraft Systems,” Development, Concepts and Doctrines Centre,
Joint Doctrine Note 2/22, 30 March 2011, British Ministry of Defence, Shrivenham, UK, 1–2.

96 Artzi Dror, iClean–Loitering Attack UCAV (Haifa: Technion Institute of Technology, 2012), 17–21.
97 Paradoxically, drones employed as A2/AD capabilities can strengthen the defense and, from the

perspective of the offense-defense balance, favor peace. For a discussion in this direction, see John J.
Mearsheimer, “Precision-Guided Munitions and Conventional Deterrence,” Survival 21, no. 2 (March-April
1979): 68–76.

98 Akram Ghulam, “Loitering Munitions: Revolutionising Indirect Fire Support,” RUSI Defence Systems
10, no. 3 (March 2008): 36–38.

99 Concerning ARMs’ limits, see Barry R. Posen, “The War for Kosovo: Serbia’s Political-Military
Strategy,” International Security 24, no. 4 (Spring 2000): 39–84; Benjamin S. Lambeth, NATO’s Air War
for Kosovo: A Strategic and Operational Assessment (Santa Monica, CA: RAND, 2001), 17–56.
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68 A. Gilli and M. Gilli

missiles.100 While for these two technologies there are respectively around
ten and twenty producing countries in the world, for LAMs there is essen-
tially only one producing country—Israel through its defense company Israel
Aerospace Industries (IAI), with the medium- to long-range Harpy and its
successor, the Harop. Additionally, despite globalization, the ICT revolu-
tion, and the growing international demand for LAMs, since this technology
was first introduced in the late 1980s, the LAMs market has observed a
trend toward concentration—not diffusion, as the dominant consensus ex-
pects. Harpy’s main competitors have in fact either disappeared or failed
to gain significant market shares, while no notable commercial rival has
emerged, granting IAI basically a monopolistic position in global markets.101

The only partial exception, the short-range Blade Arrow (formerly the Hero-
400), lends indirect support to our argument since it is an Israeli technology,
like the Harpy/Harop.102 The literature in management suggests in fact that,
far from diffusing widely, advanced knowledge in niche technologies—like
LAMs—tends to remain concentrated within geographically limited socio-
industrial environments.103

Second, even countries like Germany and the United States that possess
an established missile and aerospace industry have experienced significant
problems when launching their own LAMs programs—which, in both cases,
were ultimately cancelled.104 It does not surprise, then, that a less devel-
oped country like India, despite its ballistic and cruise missile industry, has
not been able to produce autonomously its own LAMs and that it has thus
turned to Israel for this technology.105 Similarly, struggling with advanced

100 Market concentration is a first useful measure as it indirectly enables us to assess the technological
barriers to entry in a specific market and thus to grasp the difficulties related to the production process.
See Sutton, Technology and Market Structure.

101 The main competitors were South Africa’s Kentron’s Lark, France’s CAC Systèmes’s K100, and
Germany’s Atlas Elektronik’s Taifun/TARES. See Peter Van Blyenburg, “UAVs—Current Situation and
Considerations for the Way Forward,” paper presented at the RTO AVT Course on “Development and
Operation of UAVs for Military and Civil Applications, Rhode-Saint-Genèse, Belgium, 13–17 September
1999,” (Paris: EURO UVS, 1999), 4; “Harop Loitering Munitions UCAV System, Israel,” Airforce-Technology,
http://airforce-technology.com.

102 For the Blade Arrow, see Gary Mortimer, “Blade Arrow Precision Attack Munition on Show at
Singapore Airshow,” sUASNews, http://www.suasnews.com, 12 February 2012. For the Harpy/Harop, see
Ralph Sanders, “An Israeli Military Innovation: UAVs,” Joint Force Quarterly (Winter 2002–03): 114–18.

103 See Michael H. Best, “The Geography of Systems Integration,” in Business of Systems Integration,
ed. Prencipe, Davies, and Hobday, 201–28; Marco Iansiti, Technology Integration: Making Critical Choices
in a Dynamic World (Cambridge, MA: Harvard Business Review Press, 1997).

104 In the mid-2000s, Germany abandoned its Taifun/TARES and opted for the Israeli Harop. In
2011, the US government cancelled the XM501 Non-Line-of-Sight Launch System (NLOS-LS). See Steven
J. Zaloga, David Rockwell, and Philip Finnegan, World Unmanned Aerial Vehicle Systems: Market Profile
and Forecast (Fairfax, VA: Teal Group, 2008), 73; “TARES Unmanned Combat Air Vehicle (UCAV),
Germany,” Army-Technology, http://army-technology.com; Kate Brannen, “U.S. Army Asks to Cancel
NLOS-LS,” Defense News, 23 April 2010.

105 Thomas G. Mahnken, The Cruise Missile Challenge (Washington, DC: Center for Strategic and
Budgetary Assessment, 2005), 29; Arie Egozi, “India Could Buy More Unmanned Harops,” Flight Global,
18 March 2014.
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The Diffusion of Drone Warfare? 69

technologies (electronics, in particular) since the 1980s,106 the Russian in-
dustry has been unable to produce LAMs, and even its anti-radiation missiles
(a precursor of LAMs) have shown some reliability problems.107 As to the
threat posed by a non-state actor, Hezbollah’s record is worth mentioning.
The only LAMs they could produce consisted of Iranian-made surveillance
drones packed with explosives. Four such devices were launched against
Israel in 2006: one vanished, one veered off course and crash landed, and
the other two were shot down by Israeli air-to-air missiles.108 In sum, al-
though LAMs represented a subtle threat because of their low radar signature,
Hezbollah’s unguided rockets proved way more efficient and effective.109

LAMS’ ADOPTION CHALLENGES

LAMs’ main advantage consists of the capacity to monitor, even for a sus-
tained time, and then rapidly strike moving targets. However, in order to
translate this capability into a marked and enduring combat advantage,
armed forces must first be able to locate and track relevant targets, con-
duct battle-damage assessments, and then direct and organize rapid force
movements in order to exploit tactical, operational, and strategic gains.110

However, such requirements represent a daunting financial, technological,
and organizational challenge.111

First, any actor must field complex and expensive military platforms
to support, launch, and then exploit LAMs’ capabilities tactically, opera-
tionally, or strategically.112 These may include land net-centric equipment,

106 Fredrik Westerlund, “The Defense Industry,” in Russian Military Capability in a Ten-Year
Perspective–2011, ed. Carolina Vendil Pallin (Stockholm: Swedish Defence Research Agency (FOI), 2012),
65–86; Roger Roffey, “Russian Science and Technology is Still Having Problems—Implications for Defense
Research,” Journal of Slavic Military Studies 26, no. 2 (April 2013): 162–88.

107 Ariel Cohen and Robert E. Hamilton, The Russian Military and the Georgia War: Lessons and
Implications (Carlisle, PA: Strategic Studies Institute, 2011), 40.

108 Uzi Rubin, “The Rocket Campaign against Israel during the 2006 Lebanon War,” Mideast Security
and Policy Studies no. 71, 2007, Begin-Sadat Center for Strategic Studies, Bar-Ilan University, Ramat Gan,
Israel, 22. See also Joshua R. I. Shifrinson and Miranda Priebe, “A Crude Threat: The Limits of an Iranian
Missile Campaign against Saudi Arabian Oil,” International Security 36, no. 1 (Summer 2011): 167–201.

109 David Makovsky and Jeffrey White, “Lessons and Implications of the Israel–Hizballah War: A
Preliminary Assessment,” Policy Focus no. 60, Washington Institute for Near East Policy, October 2006,
41. See also Brian A. Jackson et al., Evaluating Novel Threats to the Homeland Unmanned Aerial Vehicles
and Cruise Missiles (Santa Monica, CA: RAND, 2008).

110 For a general discussion, David E. Johnson, Learning Large Lessons: The Evolving Roles of Ground
Power and Air Power in the Post-Cold War Era (Santa Monica, CA: RAND, 2007).

111 Barry D. Watts, Six Decades of Guided Munitions and Battle Networks: Progress and Prospects
(Washington, DC: Center for Strategic and Budgetary Assessment, 2007); Benjamin S. Lambeth, Air Power
against Terror: America’s Conduct of Operation Enduring Freedom (Santa Monica, CA: RAND, 2005);
David E. Johnson, Hard Fighting: Israel in Lebanon and Gaza (Santa Monica, CA: RAND, 2012).

112 For a partial discussion of the British case, see Tim Ripley, British Army Aviation in Action:
Kosovo to Libya (Barnsley, UK: Pen & Sword Military, 2011), 249–60.
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70 A. Gilli and M. Gilli

surveillance platforms, and even advanced jet fighters or air-refuel tankers.113

Few countries can produce and field such capabilities—even for conduct-
ing short-range operations.114 Intuitively, as range increases, the challenge
becomes more acute.115

Second, in order to integrate LAMs into a force structure, a com-
mand, control, communication, and computer (C4) infrastructure is
necessary—otherwise it is impossible to distribute, in real-time, data pack-
ages throughout the entire chain of command.116 However, the development
of such infrastructure is extremely complicated: in the case of the short-range
British Fire Shadow LAM, for instance, it caused significant difficulties and
enormous delays, although some of the most advanced defense companies
in the world were involved, including MBDA, QinetiQ, Thales UK, Lockheed
Martin, Selex EG, and VEGA.117 Also, in this case, the infrastructure longer-
range LAMs require is even more complex and expensive.118 This is why
such capabilities are a prerogative of very few countries in the world and in
some cases of the United States only.119

Finally, the adoption of LAMs calls for difficult and lengthy doctrinal
adaptation and organizational change as armed forces must become profi-
cient in the language of net-centric warfare, that is the rapid acquisition, ex-
ploitation, and dissemination of information across different sensors, nodes,
platforms, and shooters.120 This requires new organizational structures, new
techniques, tactics and procedures, and new doctrines—including at the
inter- and intra-service level. For the sake of coherence, we discuss all these
aspects in the next section related to ISR drones. Here, it suffices to highlight
that the only two countries in Europe that have adopted LAMs, Germany and
the United Kingdom, are also the only two that have been able to radically

113 “KZO Reconnaissance and Target Acquisition UAV, Germany,” Army-Technology, http://www.
army-technology.com; Ronny Herok, “Airborne Reconnaissance in Afghanistan–KZO Target Locating
Remote Controlled Unmanned Aerial Vehicle,” European Security and Defence, no. 2 (August 2010):
62–64; Gareth Jones, “UK Complex Weapons–Part 6 (Fire Shadow Loitering Munition),” ThinkDefence, 4
August 2013, http://www.thinkdefence.co.uk.

114 Peter Dombrowski and Eugene Gholz, Buying Military Transformation: Technological Innova-
tion and the Defense Industry (New York: Columbia University Press, 2006); Davis et al., Armed and
Dangerous.

115 RPA Vector: Vision and Enabling Concepts, 2013–2038, United States Air Force, Department of
Defense, Washington, DC, 17 February 2014, 42–52; Watts, Evolution of Precision Strike.

116 Clarence A. Robinson Jr., “Smack ‘em Flattens Targets,” Signal, March 2006, http://www.afcea.
org/content/?q=smack-em-flattens-targets. See also footnotes 108 and 109.

117 Akram Ghulam and Col. Peter Tomlinson, “The Fire Shadow Project: A Big Step Towards
Rapid Acquisition,” RUSI Defence Systems, October 2008, 77–80; Craig Hoyle, “British Army to Con-
tinue Fire Shadow Missile Trials,” Flightglobal, 18 July 2012, https://www.flightglobal.com/news/articles/
british-army-to-continue-fire-shadow-missile-trials-374485/.

118 Alan J. Vick et al., Aerospace Operations against Elusive Ground Targets (Santa Monica, CA:
RAND, 2001).

119 Watts, Six Decades of Guided Munitions and Battle Networks; Davis et al., Armed and Dangerous.
120 David J. Betz, “The More You Know, the Less You Understand: The Problem with Information

Warfare,” Journal of Strategic Studies 29, no. 3 (June 2006): 505–33.
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The Diffusion of Drone Warfare? 71

transform their armed forces in the direction of net-centric warfare.121 Most
other countries proceeded more cautiously because of resource constraints
or bureaucratic resistance.122

The Proliferation of ISR UAVs

Without an onboard crew, drones can fly at higher altitudes, for longer
hours, and their operations are not subjected to pilots’ physical and men-
tal exhaustion.123 As a result, for some specific missions, they are more
effective and efficient than manned alternatives. In the future, drones are
likely to conduct missions like Airborne Early Warning and Control or to
serve as communication relays.124 However, here we focus on intelligence,
surveillance, and reconnaissance (ISR) capabilities across different ranges
and endurances only—drones’ initial and traditional mission.125 Given their
reliance on dual-use technologies, such as sensors and communication sys-
tems, ISR UAVs are particularly suitable to test the claim that globalization
and the availability of commercial components lower the technological bar-
riers to the production of military capabilities. However, this case is not
only methodologically relevant but also substantively salient: many are in
fact concerned that, with the diffusion of ISR drones, the “US-style practices
of cross-border targeted killing,” to which they are associated, will spread
too.126 Our analysis questions this popular narrative.

ISR UAVS’ PLATFORM CHALLENGE

First, the production of ISR drones capable of operating under demanding
environmental conditions, gathering advanced intelligence, and distributing

121 Ina Wiesner, “Importing the American Way of War?: The Adoption of Network-centric Warfare
by the British and German Armed Forces” (PhD diss., European University Institute, 2011); Theo Farrell,
Sten Rynning, and Terry Terriff, Transforming Military Power Since the Cold War Britain, France, and
the United States, 1991–2012 (Cambridge: Cambridge University Press, 2013), 116–91.

122 Andrew D. James, “The Defence Industry and ‘Transformation’: A European Perspective,” Security
Challenges 4, no. 4 (Summer 2008): 39–55.

123 Austin, Unmanned Aircraft Systems, 91–126. For an example of pilot’s exhaustion, see Alexander
Benard, “Lessons from Iraq and Bosnia on the Theory and Practice of No-Fly Zones,” Journal of Strategic
Studies 27, no. 3 (September 2004): 459.

124 Sherill Lingel et al., Methodologies for Analyzing Remotely Piloted Aircraft in Future Roles and
Missions (Santa Monica, CA: RAND, 2012).

125 David H. Scheidt, “Organic Persistent Intelligence, Surveillance, and Reconnaissance,” Johns Hop-
kins APL Technical Digest 31, no. 2 (October 2012): 167–74; Unmanned Systems Integrated Roadmap
FY2013-2038, US Department of Defense, Washington, DC, 2013.

126 James Cavallaro, Living Under Drones: Death, Injury and Trauma to Civilians from US Drone
Practices in Pakistan, International Human Rights and Conflict Resolution Clinic, Stanford Law School,
New York University School of Law (NYUSoL), Global Justice Clinic, 2012, 140–41. For similar con-
cerns, see Allen Buchanan and Robert O. Keohane, “Toward a Drone Accountability Regime,” Ethics &
International Affairs 29, no. 1 (Spring 2015): 15–37.
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72 A. Gilli and M. Gilli

heavy packages of information calls for first-class expertise in several do-
mains, from mechanics to software engineering, to communication systems,
which are not easy to develop and to master.127 Even in the short-range cat-
egory (Group 1-3 for the U.S. Air Force) where, due to the more permissive
operational environment (solar activity, temperature, and wind),128 produc-
tion challenges are less intense,129 the market for some niche platforms is
quite concentrated, as the success of the Austrian rotary-winged Camcopter
S-100 or of the fix-winged U.S. RQ-7 Raven shows.130

Coherently with our expectations, in the upper segments (Group 4-5
for the U.S. Air Force),131 where technological challenges are more acute,
the international market for ISR drones is even more concentrated. In the
medium-altitude long-endurance (MALE) UAV segment, although the first
platform entered into service in 1995,132 only three competitors exist:133 the
U.S.-built RQ-1 Predator, the Israeli Heron, and the Israeli Hermes 450.134

The fact that all three have Israeli origins provides further support to our
account about the limited diffusion of knowledge.135 In the high-altitude
long-endurance (HALE) UAV segment, where technological challenges are
even more daunting, there is only one available platform worldwide: the
U.S.-built RQ-4 Global Hawk.136 As a comparison, consider that only in the
United States and in Europe, the defense electronics market is composed,
even at the high-end of the spectrum, of a dozen companies.137

Third, even wealthy and advanced countries that are integrated in the
world economy have experienced problems in manufacturing ISR UAVs.138

For instance, in the late 2000s, Airbus Military, a Franco–Spanish–German

127 Howard, “UAV Command.” See also James Hasik, Arms and Innovation: Entrepreneurship and
Alliances in the Twenty-First Century Defense Industry (Chicago: Chicago University Press, 2008), 32–53;
RPA Vector, 30–49.

128 RPA Vector, 14.
129 Austin, Unmanned Aircraft Systems, 45–74.
130 See online appendix.
131 RPA Vector, 14.
132 For an exceptional account, see Richard Whittle, Predator: The Secret Origins of the Drone Revo-

lution (New York: Henry Holt, 2014).
133 A fourth possible competitor is China’s “Predator,” the Pterodactyl drone whose defense elec-

tronic capabilities are however difficult to gauge. See Andrew Erickson et al., “Research, Development,
and Acquisition in China’s Aviation Industry: The J-10 Fighter and Pterodactyl UAV,” Policy Brief: Study
of Innovation and Technology in China, Institute on Global Conflict and Cooperation (IGCC), San Diego,
CA, 8 January, 2014.

134 Their successors are, respectively, the MQ-9 Reaper, the Eitan/Heron TP and the Hermes 900.
135 Hasik, Arms and Innovation, 32–53.
136 “Israel Said to Be World Leader in UAV Exports,” United Press International, 20 May 2013. China

and the United Arab Emirates are developing some programs, allegedly intended for export: Shane,
“Coming Soon”; Awad Mustafa, “Russia to Buy Two UAE-made Drones,” National, 19 July 2013.

137 Jeffrey P. Bialos et al., Fortresses & Icebergs The Evolution of the Transatlantic Defense Market
and the Implications for U.S. National Security Policy (Washington, DC: Center for Transatlantic Relations,
2009).

138 “FWC Sector Competitiveness Studies–Competitiveness of the EU Aerospace Industry with Focus
On: Aeronautics Industry,” 15 December 2009, ECORYS, Rotterdam, 2009.
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The Diffusion of Drone Warfare? 73

aerospace company, tried to exploit the expertise it gained from the coop-
eration with Northrop Grumman (United States) on the RQ-4 Global Hawk
HALE drone to launch its own MALE—hence less capable—program, the
Talarion. However, the program was later cancelled because of technical
problems, time delays, and—especially—cost overruns (it was three to seven
times the cost of a comparable platform).139 The case of France is similarly
insightful since it is “by far the most advanced high technology country after
the U.S.”140 Yet, every single French drone program in this capability domain
launched over the past 15 years has failed—like basically all other European
MALE ISR drone programs.141

One could object that new actors, including developing countries and
commercial companies, could try to enter the drone market.142 This is a pos-
sibility. However, whether they will be able to match or even outperform
U.S. and Israeli UAVs is a different matter.143 Russia self-admittedly lags at
least twenty years behind in drone technology.144 In fact during the 2008
Georgian War, because of its technological limitations, its Pchela provided
poor combat contributions.145 Similarly, India and Turkey have struggled to
produce ISR drones—mostly due to a lack of basic technological capabili-
ties.146 Finally, without the support of established defense contractors with
advanced expertise in systems engineering, commercial aviation companies
are unlikely to deliver combat-effective platforms, like the case of the Italian
Piaggio’s P.1HH Hammerhead shows.147

Not less important, as drones spread, counter-systems will emerge.148 In
order to address these threats, future ISR drones will have to provide superior
capabilities (such as stealth, speed, maneuverability, and active and passive
self-defense capabilities) that will both drive up costs and pose additional

139 “MQ-9 Reaper Unmanned Aircraft System (MQ-9 Reaper),” Selected Acquisition Report (SAR),
Defense Acquisition Management Information Retrieval, Department of Defense, Washington, DC, 2012,
30; Craig Hoyle, “Cassidian Calls Time on Talarion UAS,” Flightglobal, 20 March 2012, https://www.
flightglobal.com/news/articles/cassidian-calls-time-on-talarion-uas-369711/.

140 Sandra P. Switzer and Michael A. Stropki, “Effects of Defense Globalization: An Examination of
Current and Future Command and Control Collaborations,” Defense Acquisition Review Journal 12, no. 2
(April–July 2005): 160.

141 Michel Cabirol, “Drones: l’histoire d’un incroyable fiasco français,” La Tribune, 30 May 2013;
Frost and Sullivan, Study Analyzing the Current Activities in the Field of UAV–First and Second Element
(Brussels: European Commission, 2007).

142 Horowitz, “Looming Robotics Gap”; Singer, “Global Drone Swarm.”
143 Gilli, “Struggle for Military–Technological Superiority.”
144 David Axe, “Russian Drones Lag U.S. Models by 20 Years,” Wired.com, 8 June 2012.
145 Cohen and Hamilton, Russian Military and the Georgian War, 61.
146 Joshi and Stein, “Emerging Drone Nations,” 60; Burak Bekdil, “China’s Buying of German Firm

Risk for Turkish UAV,” Hürriyet Daily News, 17 September 2013; “India’s Rustom MALE UAV: A Step
Forward–Or Back?” 8 May 2012, http://www.defenseindustrydaily.com.

147 Dombrowski and Gholz, Buying Military Transformation; Howard, “UAV Command.”
148 Gautam Mukunda, “We Cannot Go On: Disruptive Innovation and the First World War Royal

Navy,” Security Studies 19, no. 1 (January 2010): 124–59. On anti-drone systems, Kevin McCaney, “Army
Steps Up Search for Anti-drone Technology,” Defense Systems, 26 February 2014.
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74 A. Gilli and M. Gilli

technological challenges149—as current programs from Northrop Grumman
and Lockheed Martin show.150 Since many countries have faced problems
even in developing the current, technologically less demanding generation
of ISR drones, their chances of success with more ambitious platforms are
intuitively questionable.

IRS UAVS’ ADOPTION CHALLENGES

According to some observers, like Micah Zenko and Sarah Kreps, stronger
arms control norms, including a revision of the Missile Technology Control
Regime (MTCR), are needed to prevent the proliferation of ISR drones and,
in turn, instability and tension among countries.151 This argument completely
ignores the infrastructural and organizational support that the employment
of ISR drones requires.

First, learning how to fly and operate combat-effective drones able to
affect operations and strategic affairs takes extensive time and resources.152

Despite its unrivaled experience, the United States still owes 40 percent of its
drone crashes to human errors.153 Similarly, understanding how to operate
drones is extremely challenging,154 as extensive time and political capital
are required to acquire the necessary experience, design the suitable or-
ganizational structures, and develop appropriate doctrines identifying the
optimal allocation of responsibility over the aerial platform among different
units, across the chain of command, and between services.155 For instance,
Israel has been using drones since the 1970s.156 Yet, its armed forces truly

149 See Robert P. Haffa Jr., “Joint Intelligence, Surveillance, and Reconnaissance in Contested
Airspace,” Air & Space Journal 28, no. 3 (May–June 2014): 29–47.

150 RPA Vector, 38; Clay Dillow, “How Northrop Grumman Is Winning the Military’s Super-stealth
Drone Race,” Fortune, 19 December 2013; Guy Norris, “Exclusive: Skunk Works Reveals SR-71 Successor
Plan,” Aviation Week & Space Technology, 1 November 2013.

151 Zenko and Kreps, “Limiting Armed Drone Proliferation.”
152 P. W. Singer, Wired for War: The Robotics Revolution and Conflict in the 21st Century (New York:

Penguin Press, 2009), 368–71. For a firsthand account, see Matt J. Martin with Charles W. Sasser, Predator:
The Remote-Control Air War over Iraq and Afghanistan: A Pilot’s Story (Minneapolis: Zenith Press, 2010).

153 Qaisar R. (“Raza”) Waraich et al., “Minimizing Human Factors Mishaps in Unmanned Aircraft
Systems,” Ergonomics in Design: The Quarterly of Human Factors Applications 21, no. 1 (January 2013):
25–32.

154 Bill Sweetman, “Global Hawk Variants Face Airspace Showstoppers,” Aviation Week and Space
Technology, 21 August 2013.

155 Capt. Adam B. Young, USAF, “Employing Intelligence, Surveillance and Reconaissance,” Air &
Space Journal 28, no. 1 (January–February 2014): 26–44; Peter W. Singer, “Tactical Generals: Leaders,
Technology, and the Perils of Battlefield Micromanagement,” Australian Army Journal 6, no. 3 (Summer
2009): 147–63.

156 Thomas P. Ehrhard, “Unmanned Aerial Vehicles in the United States Armed Services: A Compar-
ative Study of Weapon System Innovation” (PhD diss., Johns Hopkins University, 2000), 182–214.
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The Diffusion of Drone Warfare? 75

devised how to fully exploit their capabilities only after their poor perfor-
mance against Hezbollah in 2006.157

Second, UAVs require “a large number of highly specialized personnel
to exploit the vast amount of data they can produce.”158 For instance, the
employment of a single high-end ISR drone (like the MQ-9 Reaper or the
RQ-4 Global Hawk) calls for three to six hundred ground-based highly skilled
personnel in communications, computers, and software. Such resources are
scarce, require years of practice and education, ad complex and expen-
sive training facilities.159 Even countries like the United States, France, Great
Britain, or Germany have struggled to recruit this personnel.160 Given their
more limited pool of an educated workforce, less developed nations will
necessarily experience even more acute difficulties.161

Third, ISR drones represent a force multiplier. Thus, translating the in-
telligence they gather into a marked combat advantage requires complex
and expensive C4 architectures along with the support of other military plat-
forms.162 For example, during the 2003 Iraq War, the RQ-4 Global Hawk
could help track and destroy 40 percent of Iraqi tanks by flying 3 percent
of the overall surveillance missions. However, without satellites and line-
of-sight systems transferring imagery and video intelligence, Combined Air
Control Centers (CAOC) processing and distributing data packages to the
different deployed assets, and jet fighters striking enemy targets, the Global
Hawk would not have delivered any tangible advantage.163 Currently, only
the United States possesses such long-range reconnaissance and striking
complex and, more importantly, its costs and complexity makes it unafford-
able for most countries, at least for the foreseeable future.164 For instance,
just the cost of a military communication satellite program runs into billions

157 Lambeth, Air Operations in Israel’s War against Hezbollah (Santa Monica, CA: RAND Corporation,
2011), 264–66. The United States experienced similar difficulties. See Sherrill Lingel et al., Methodology
for Improving the Planning, Execution, and Assessment of Intelligence, Surveillance, and Reconnaissance
Operations (Santa Monica, CA: RAND, 2008), iii; Defense Science Board, Task Force Report: The Role of
Autonomy in DoD Systems, 30.

158 Gary Schaub Jr. et al., Unmanned and Unarmed: On the Future Use of Unmanned Aerial Systems
in the Danish Armed Forces (Copenhagen: Center for Military Studies, 2014), iii.

159 Defense Science Board, Study on Unmanned Aerial and Uninhabited Combat Aerial Vehicles,
Washington, DC, 2004, 57; Bruce R. Pirnie et al., Beyond Close Air Support: Forging a New Air-Ground
Partnership (Santa Monica, CA: RAND, 2005), xvii; Pierre Tran, “Training Challenges French Air Force
UAV Acquisition Goal,” Defense News, 13 April 2013.

160 Bradley T. Hoagland, “Manning the Next Unmanned Air Force: Developing RPA Pilots of the
Future,” Policy Paper no. 17, Brookings Institution, Washington, DC, 6 August 2013; online appendix.

161 See Accenture Public and Corporate Affairs, Multi-Polar World 2: The Rise of Emerging-Market
Multinationals, 2008.

162 Defense Science Board, Study on Unmanned Aerial and Uninhabited Combat Aerial Vehicles,
23–36; Watts, Six Decades of Guided Munitions and Battle Networks.

163 Rebecca Grant, “Eyes Wide Open,” Air Force Magazine, November 2003, 38–42.
164 Watts, Evolution of Precision Strike; Owen R. Cote Jr., “Assessing the Undersea Balance between

the U.S. and China,” SSP Working Paper, Massachusetts Institute of Technology, February 2011. For an
opposite view, see Work and Brimley, 20YY: Preparing for War, 8.
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between the spacecraft, the launches, and, in particular, the acquisition and
integration of the ground terminals.165 Bandwidth constraints, radio spec-
trum availability, and enemy countermeasures pose additional and significant
challenges to operations.166 For example, despite the unrivaled U.S. space
capabilities,167 lack of communication satellites significantly constrain the
beyond-the-light-of-sight (BLOS) employment of American ISR UAVs over
particular geographical areas like Central Asia and the Middle East where,
currently, U.S. armed forces cannot simultaneously operate more than two
RQ-4 Global Hawks.168

The Proliferation of Unmanned Autonomous Combat Vehicles
(UCAVs)

Very few countries possess the technological know-how to produce and
only a few more have the resources to employ advanced jet fighters.169 As a
result, the capabilities for both long-range precision attack and air superiority
are extremely concentrated at the global level.170 If cheap and easy to build,
unmanned combat autonomous vehicles (UCAVs) could dramatically reverse
such hierarchical structure, disrupt the current distribution of military power
around the world, and thus foster international instability and conflict.171

In this section, we show that, although the evidence is preliminary, such
concerns are unwarranted.

UCAVS’ PLATFORM CHALLENGE

First, when compared to existing jet fighters, UCAVs will have to provide
superior capabilities, primarily in terms of range, persistence, radar cross-
section, and networking.172 These technological requirements call for more,

165 Stew Magnuson, “Military Wrestles With the High Cost of Satellite Terminals,” National Defense
Magazine, February 2014.

166 RPA Vector, 18–24; Grave V. Jean, “Remotely Piloted Aircraft Fuel Demand for Satellite Band-
width,” National Defense Magazine, July 2011. The case of the Hunter in Iraq is particularly insightful.
See Defense Science Board, Study on Unmanned Aerial and Uninhabited Combat Aerial Vehicles, 24.

167 Posen, “Command of the Commons.”
168 Lambeth, Air Power, 279; Congressional Budget Office, Policy Options for Unmanned Aircraft

Systems, Washington, DC, 2011.
169 Randall Forsberg, ed., The Arms Production Dilemma: Contraction and Restraint in the World of

the Combat Aircraft Industry (Cambridge, MA: MIT Press, 1993).
170 Posen, “Command of the Commons”; Watts, Evolution of Precision Strike.
171 Norman Friedman, Unmanned Combat Air Systems: A New Kind of Carrier Aviation (Annapolis,

MD: Naval Institute Press, 2010), 46–59; Kreps and Zenko, “Next Drone Wars”; Horowitz, “Information-
Age Economics and the Future of East Asian Security Environment.”

172 Thomas P. Ehrhard and Robert O. Work, Range, Persistence, Stealth, and Networking: The Case
for a Carrier-Based Unmanned Combat Air System (Washington, DC: Center for Strategic and Budgetary
Assessment, 2008), 3.
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The Diffusion of Drone Warfare? 77

not less, advanced industrial know-how and experience in extremely com-
plex fields, both at the component and system level.173 Inherently, produc-
tion will become more difficult and thus the UCAVs’ market is likely to be
more, not less, concentrated than jet fighters’—an already highly oligopolistic
industry.174

Second, in contrast to what many believe, the centrality and market
availability of commercial software is unlikely to make UCAVs easier to
develop.175 Software capabilities require, in fact, advanced know-how and
a skilled workforce that, when combined, represent very high entry bar-
riers.176 This explains why the commercial software industry is extremely
concentrated among the wealthiest countries in the world.177 Additionally,
software development is often responsible for cost overruns and time delays
in the procurement of traditional weapon systems where software has merely
partial—not total (like in the case of UCAVs)—responsibility on flight and
combat missions.178 Finally, the production of UCAVs calls for “significantly
larger and more complex” software “capable of contextual decision-making”
whose development “[is] likely to prove the greatest obstacle” for any poten-
tial manufacturer.179

Third, there is little evidence suggesting that UCAVs are cheap and quick
to produce. The U.S. experience is telling. In 2004, a Northrop Grumman
executive assessed that the development of “a stealthy, highly autonomous,
global-strike UCAV” would require over a decade of work and the exploita-
tion of the know-how already accumulated through some of the most com-
plex and expensive aerospace programs in history, like “the B-2, the F-35
JSF , the Global Hawk HALE UAV and the J-UCAS program.”180 Since such
experience and accumulated know-how are unrivaled worldwide outside
the United States, other countries are unlikely to proceed more quickly or

173 RPA Vector, 29, 48–49.
174 Samuel J. Brannen, Ethan Griffin, and Rhys McCormick, Sustaining the U.S. Lead in Unmanned

Systems: Military and Homeland Considerations through 2025 (Washington, DC: CSIS, 2014); Industrial
College of the Armed Forces, Aircraft Industry: Industry Study–Final Report, National Defense University,
Washington, DC, 2012.

175 Goldman and Andres, “Systemic Effects of Military Innovation and Diffusion,” 123; Horowitz,
“Looming Robotics Gap.”

176 Iansiti, Technology Integration; Lindsay, “Stuxnet and the Limits of Cyber Warfare.”
177 PriceWaterhouseCoopers, PwC Global 100 Software Leaders: Converging Forces Are Building that

Could Re-shape the Entire Industry (New York: PWC, May 2013).
178 The F-22/A Raptor jet fighter, the SBIR missile detection space system or the Comanche multi-

mission helicopter are some possible examples: Government Accounting Office, Stronger Management
Practices Are Needed to Improve DOD’s Software-Intensive Weapon Acquisitions, Washington, DC, March
2004; Government Accounting Office, Defense Acquisitions: Assessments of Selected Weapon Programs,
Washington, DC, March 2011.

179 Anthony Finn and Steve Scheding, Development and Challenges for Autonomous Unmanned
Vehicles: A Compendium (Berlin: Springer-Verlag, 2010), 31–32; RPA Vector, 29.

180 Michael G. Vickers and Robert C. Martinage, The Revolution in War (Washington, DC: Center for
Strategic and Budgetary Assessment, December 2004), 162n378.
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78 A. Gilli and M. Gilli

easily.181 In fact, no other country has, thus far, developed at least as many
advanced UCAV prototypes as the United States has.182

Fourth, UCAVs’ manufacturing draws extensively from traditional mil-
itary aerospace know-how and experience.183 Yet, even countries with an
advanced industrial base in this field are struggling: so far, beside the United
States, only the United Kingdom and France have developed first-class UCAV
prototypes.184 If UCAVs were so cheap, easy, and quick to develop, it is not
clear why countries with advanced aerospace companies (like Italy, Ger-
many, or Sweden) or with strong technological industrial bases (like Israel,
Norway, the Netherlands, or South Korea) have not managed to cope.

Fifth, the development of UCAVs has so far required over one million
man-hours and an estimated 25 years’ worth of research—a timeframe analo-
gous to manned jet fighters.185 Additionally, in the British case, the transfer of
key technologies from the United States and BAE Systems’ significant invest-
ments in artificial intelligence starting from the late 1990s proved of critical
importance.186 Yet, the United Kingdom still plans to pursue a cooperative
program with France in order to reduce costs and technological risks: this
belies the assertion that UCAVs are cheap, easy, and quick to produce.187

Properly assessing the capabilities of other countries is inherently difficult,
in no small part due to the secrecy surrounding many of their research ac-
tivities.188 However, because countries such as China, Russia, or India have
encountered significant problems in the electronics and systems integration
of their traditional weapon systems, including combat aircrafts, we can rea-
sonably expect that the production of their UCAV will be equally, if not more,
problematic.189 For these reasons, we are skeptical that Iran is developing

181 Brannen, Griffin, and McCormick, Sustaining the U.S. Lead.
182 These are the General Atomics Aeronautics’s Avenger (the Predator C), Boeing’s Phantom Ray,

Lockheed Martin’s RQ-170 Sentinel upgrade, and Northrop Grumman’s X-47B. See Industrial College of
the Armed Forces, Robotics and Autonomous Systems Industry: Industry Study—Final Report, National
Defense University, Spring 2011; Valerie Insinna, “Fight Begins over Navy’s Armed Drone Program,”
National Defense Magazine, July 2013.

183 Matt Bassford et al., Sustaining Key Skills in the UK Military Aircraft Industry (Santa Monica, CA:
RAND, 2011).

184 The United Kingdom with its Taranis and France with its multinational nEUROn. See Industrial
College of the Armed Forces, Robotics and Autonomous Systems Industry.

185 “We Found This British Drone’s Secret Test Site: Taranis Robot Flew from Australia’s Woomera
Airfield,” warisboring.com, 9 April 2014.

186 British Ministry of Defence, Defence Industrial Strategy: Defence White Paper, London, 2005,
8. Interview with a management consultant specialized in British defense acquisition by Andrea Gilli,
London, April 2011.

187 Andrew Chuter and Pierre Tran, “BAE, Dassault Submit Plan To Jointly Develop UCAV,” Defense
News, 13 November 2013.

188 O’Gorman and Abbott, Remote Control War.
189 Richard A. Bitzinger, “China’s Defense Technology and Industrial Base in a Regional Context:

Arms Manufacturing in Asia,” Journal of Strategic Studies 34, no. 3 (June 2011): 425–50; Ajai Shukla,
“Russia can’t deliver on Fifth Generation Fighter Aircraft: IAF,” Business Standard, 21 January 2014;
Wendell Minnick, “Chinese Media Takes Aim at J-15 Fighter,” Defense News, 28 September 2013; Roger
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The Diffusion of Drone Warfare? 79

“increasingly sophisticated indigenous drone capabilities” as Micah Zenko
and Sarah Kreps warn.190

UCAVs’ Adoption Challenges

UCAVs raise three types of adoption challenges. First, like LAMs and ISR
drones, in order to deliver a marked and enduring combat advantage, they
require modern battle-networks, organizational codes, appropriate bureau-
cratic structures, specific military doctrines, skilled personnel, and the sup-
port of other manned combat aircrafts, among others.191

Second, UCAVs will be autonomous, not remotely controlled. This is
going to trigger some peculiar challenges.192 Specifically, autonomous sys-
tems must be capable of contextual decision making since they interact with
a dynamic environment in a non-deterministic manner. Thus, traditional de-
velopment and procurement approaches, based on full-path regression, are
unfit.193 Algorithms are in fact “only optimal for well-understood or modeled
situations.”194 Significant progress in the discipline of human–robotics inter-
action and in the area of human–machine interfaces195 will then be necessary
to enable “the desired correct behavior” or predict “what will happen if the
environment changes radically.”196 However, given the width and depth of
this challenge and of the fields entailed—spanning from “unmanned systems,
human factors, psychology, cognitive science, communication, human com-
puter interaction, computer supported work groups, and sociology”—the
organizational, technological, and financial challenges related to UCAVs are
likely to be massive and hence unaffordable for possibly most countries
beside the United States.197

Cliff et al., Ready for Takeoff China’s Advancing Aerospace Industry (Santa Monica, CA: RAND, 2011);
Vivek Raghuvanshi, “India’s 20-Year Late LCA Faces Fresh Delays,” Defense News, 20 July 2014.

190 Zenko and Kreps, “Limiting Armed Drone Proliferation,” 3. For a summary of Iranian drones, see
Jane’s All the World’s Aircraft: Unmanned (Englewood, CO: IHS, 2014), 79–83.

191 Charles L. Barry and Elihu Zimet, “UCAVs–Technological, Policy, and Operational Challenges,”
Defense Horizons, no. 3 (October 2001): 1–8; Friedman, Unmanned Combat Air Systems, 46–59; Singer,
“Wired for War?”; Houston R. Cantwell, “Operators of Air Force Unmanned Aircraft Systems Breaking
Paradigms,” Air & Space Journal 23, no. 2 (Summer 2009): 67–77.

192 Department of Defense, Unmanned Systems Integrated roadmap FY2011-2036 (Washington, DC:
DOD, 2011), 43–50. See also Defense Science Board, Task Force Report: The Role of Autonomy in DoD
Systems.

193 RPA Vector, 11.
194 Defense Science Board, Task Force Report: The Role of Autonomy in DoD Systems, 28; Finn and

Scheding, Development and Challenges for Autonomous Unmanned Vehicles, 49–54.
195 Alan R. Shaffer, “Autonomy—The Next Revolution in Military Capability?” Karle’s Invitational

Conference, National Research Laboratory, Washington, DC, January 2014.
196 Defense Science Board, Task Force Report: The Role of Autonomy in DoD Systems, 53.
197 Ibid., 46–49. RPA Vector, 29; Department of Defense, Unmanned Systems Integrated roadmap

FY2011–2036 , 82–86; H. Van Dyke Parunak and Sven A. Brueckner, “Engineering Swarming Systems,”
in Methodologies and Software Engineering for Agent Systems: The Agent-Oriented Software Engineering
Handbook, ed. Federico Bergenti et al. (Dordrecht, Netherlands: Kluwer Academic Publishing, 2004),
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80 A. Gilli and M. Gilli

Third, autonomous systems will not “achieve their full potential mili-
tary utility . . . unless they can go where manned aircraft go with the same
freedom of navigation, responsiveness, and flexibility.”198 This requires coun-
tries to integrate their UCAVs fleet into their National Airspace System (NAS)
outside of restricted areas (such as airbases) at home and abroad.199 How-
ever, this casts a wide set of challenges. In 2004, the Defense Science Board
already highlighted the need of appropriate regulatory frameworks in this re-
spect.200 Yet, while the U.S. unmanned fleets have continued to grow in this
period, “efforts to achieve increasing access to the NAS have not progressed
to meet that demand.”201 Several reasons account for this delay. Primarily,
onboard anti-collision systems are lengthy, difficult, and expensive to de-
velop.202 Moreover, the organizational and financial challenges of adapting
mission planning and C3 systems to high intensity mixed-fleet operations of
manned and unmanned UAVs are enormous.203 UCAVs, in comparison to re-
motely piloted vehicles, further complicate this issue as they raise problems
about control and responsibility. European countries have faced similar ob-
stacles in the integration of UAVs into their national air space.204 Poorer and
less developed countries are unlikely to fare any better given that they often
experience safety problems, even with traditional commercial aviation.205

FOUR ADDITIONAL CONSIDERATIONS

Before concluding, we believe four further considerations deserve attention.
First, we want to stress that we do not claim that all drones are inherently
difficult to produce and to operate. Our argument is that combat-effective
unmanned platforms, that is, those that grant armed forces a significant and
enduring military advantage at the tactical and operation level and that can
thus deeply affect international affairs, cast daunting platforms, and adoption
challenges. Such challenges, in turn, constrain diffusion.

Second, some may argue that basic UAVs that entail only limited plat-
form and adoption challenges (that is, the very drones we do not discuss)

341–75; Michael Beckley, “China’s Century? Why America’s Edge Will Endure,” International Security 36,
no. 3 (Winter 2011/12): 41–78.

198 Department of Defense, Unmanned Systems Integrated Roadmap FY2011–2036 , 52.
199 Matthew T. DeGarmo, Issues Concerning Integration of Unmanned Aerial Vehicles in Civil

Airspace (McLean, VA: MITRE Corporation, 2004).
200 Defense Science Board, Study on Unmanned Aerial and Uninhabited Combat Aerial Vehicles, 37.
201 RPA Vector, 27–28.
202 Department of Defense, Unmanned Systems Integrated roadmap FY2011–2036 , 52–59.
203 Defense Science Board, Task Force Report: The Role of Autonomy in DoD Systems, 68–76; RPA

Vector, 78–82.
204 House of Commons, Defence Committee, “Remote Control: Remotely Piloted Air Systems –

Current and Future UK Use,” Tenth Report of Session 2013-14, Stationery Office, London, 2014, 25–26.
205 Federal Aviation Administration, International Aviation Safety Assessment (IASA) Program, Wash-

ington, DC, December 2014.
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The Diffusion of Drone Warfare? 81

will still enhance terrorists’ or insurgents’ battlefield effectiveness. Assuming
this is correct, drones will not in any case revolutionize close combat but,
at best, will just reinforce decades-long trends in modern warfare that have
increasingly favored weaker actors in close engagements.206 Additionally,
cheaper and more effective alternatives to drones—from mortars to IEDs,
from rocket-propelled grenades to car bombs and man-portable air-defense
systems (MANPADS)—already exist and are already widely available to a
plurality of non-state actors.207

Third, some could argue that as technology evolves, it eventually be-
comes mature, and its locus of production may shift from advanced to devel-
oping countries.208 In turn, this trend could promote the diffusion of drones
manufacturing know-how, and, in the medium- to long-term, to the very op-
posite outcome we have presented. Even if this trend took place, the current
generation of ISR drones cannot withstand basic countermeasures such as
rifle shots or hacking through off-the-shelf software.209 Moreover, anti-drone
systems will likely spread in the future.210 As a result, there is little reason
to believe that the proliferation of these drones will have destabilizing ef-
fects on international security. Last but not least, there are strong reasons to
doubt that such diffusion will be swift, cheap, and easy. As mentioned al-
ready, technological dynamics vary significantly across industries: in the case
of the high-tech, know-how generally tends to remain concentrated within
circumscribed socio-industrial environments.211

Finally, some may wonder why we have not discussed China in our
analysis. The reason is that data about drones is generally opaque and of-
ten lacking.212 In the case of China, the quality and availability of data are
even worse. We cannot say whether China will be able to field and employ
combat-effective and reliable UAVs in the near future. Our analysis suggests,
however, that this process will be far from quick and easy. Over the past
few years, China has invested significant resources in UAVs. Such a remark-
able effort corroborates, prima facie, the underlying argument of this article:
producing and adopting drones is not easy, cheap, and quick.213

206 Posen, “Command of the Commons,” 32–36.
207 Jackson et al., Evaluating Novel Threats.
208 Raymond Vernon, “International Investment and International Trade in the Product Cycle,” Quar-

terly Journal of Economics 80, no. 2 (1966): 190–207.
209 Schaub et al., Long Time Coming, 15–17.
210 David Eshel and John M. Doyle, “UAV Killers Gain Role against Growing Threat,” Aviation Week

& Space Technology (Nov 18, 2015).
211 Best, “Geography of Systems Integration”; Gilli, “Struggle for Military–Technological Superiority.”
212 For instance, China allegedly reverse-engineered the Israeli Harpy, but no conclusive evidence is

available. Dennis M. Gormley, Andrew S. Erikson, and Jingdong Yuan, A Low-Visibility Force Multiplier:
Assessing China’s Cruise Missile Ambitions (Washington, DC: National Defense University Press, 2014),
36.

213 Kimberly Hsu et al., “China’s Military Unmanned Aerial Vehicle Industry,” Staff Research Back-
grounder, U.S.–China Economic and Security Review Commission, Washington, DC, June 2013; Defense
Science Board, Task Force Report: The Role of Autonomy in DoD Systems, 69–71.
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82 A. Gilli and M. Gilli

DO DRONES PROLIFERATE QUICKLY AND EASILY?

Building on the intuition of Adner’s work in management, in this article we
have argued that the diffusion of military innovations depends on a country’s
capacity to meet both platform and adoption challenges. We have tested our
argument on the diffusion of three types of UAVs. Our analysis questions the
consensus among scholars and analysts on the ease of building and employ-
ing drones and hence on the apocalyptic views on the coming diffusion of
drone warfare.214 Available data shows, first, that even wealthy and advanced
countries like the United States and its NATO allies have struggled and in
some cases even failed in designing, developing, and manufacturing the
three types of UAVs we have analyzed. Second, their employment has raised
many salient challenges that these countries have struggled to address—from
bandwidth constraints to organizational and doctrinal challenges related to
the exploitation of real-time information in modern warfare. Since these
countries possess the financial resources, some of the most capable armed
forces in the world, and extensive experience, we conclude that poorer and
less developed countries are unlikely to fare any better in any of these two
realms and likely are going to experience even more daunting problems.

At the theoretical level, our analysis speaks not only to the case of
drones but also to military innovations more in general. First, in contrast
to the conventional view among IR scholars and consistent with the works
of Caverley, Gholz, and Neuman, we have argued that designing, develop-
ing, and manufacturing weapon systems poses significant challenges and
requires highly specific industrial and scientific capabilities that cannot be
easily borrowed from other fields. Second, consistent with the work of Barry
R. Posen, we have argued that infrastructural support plays a critical role in
enabling or constraining the diffusion of some military innovations. Third,
and consistent with the works of Horowitz and Goldman, organizational
factors can affect the adoption of some weapon systems, ultimately slowing
down their proliferation or compromising their operational effectiveness.
In this respect, however, our work suggests that accumulated experience,
rather than penalizing incumbents, may represent a costly entry barrier for
newcomers.

These considerations have important implications for the broader re-
search agenda on the diffusion of military innovations. In particular, our
work suggests that the speed and width of diffusion of military innovations is
a product of the interaction between platform and adoption challenges—two
aspects that the existing literature in IR has significantly underestimated (by

214 Charli Carpenter, “Beware the Killer Robots: Inside the Debate over Autonomous Weapons,”
Foreign Affairs online, 3 July 2013, https://www.foreignaffairs.com/articles/united-states/2013-07-03/
beware-killer-robots; Kreps and Zenko, “Next Drone Wars.”
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The Diffusion of Drone Warfare? 83

assuming that the imitation of military technology is relatively easy) or even
neglected (infrastructural requirements).

At the policy level, our work has three main implications. First, many
scholars are calling for a new legal and normative framework, including
amendments to the MTCR, to handle drones proliferation.215 We believe
this is going to be both insufficient and unnecessary. Insufficient because
despite its clarity, in the past countries have violated the regime when their
commercial interests were at stake. For example, France and the United
Kingdom have exported their joint air-launched cruise missile, the Scalp
EG/Storm Shadow, to Saudi Arabia.216 This does not mean we should despair.
The adoption challenges we have discussed in this article will represent the
biggest constraint to the proliferation of drone warfare and suggests that
changing the MTCR is hence unnecessary.

Second, the United States must resist the calls to halt investments in un-
manned and autonomous capabilities.217 Conversely, it should increase them
further—and complement them with investments in countermeasures—in or-
der to preserve its technological lead over friends and foes.218 Third, some
suggest that the U.S. export policy should be aimed at limiting the sale of
armed drones, even to its own allies.219 We disagree. In the age of budgetary
austerity within NATO, the United States should promote efficient spend-
ing among its allies, not provide them with further incentives to duplicate
capabilities.220 A more liberal export policy—like the one recently adopted
by the US government—is likely the most suitable option.221 On the one
hand, because of the challenges discussed in this article, the active promo-
tion of drones is unlikely to negatively affect international stability. On the
other, through a well-calibrated policy, the United States could prevent the
emergence of potential commercial competitors and eventually even lock its
allies into in its weapon systems—de facto strengthening its security com-
mitment.222

215 Rosa Brooks, “Take Two Drones and Call Me in the Morning: The Perils of Our Addiction
to Remote-Controlled War,” Foreign Policy, 13 September 2012, http://foreignpolicy.com/2012/09/13/
take-two-drones-and-call-me-in-the-morning/.

216 Jennifer L. Erickson, “Market Imperative Meets Normative Power: Human Rights and European
Arms Transfer Policy,” European Journal of International Relations 19, no. 2 (June 2013): 209–34.

217 This is the campaign promoted by the International Committee for Robot Arms Control.
218 Brannen, Griffin, and McCormick, Sustaining the U.S. Lead; Defense Science Board, Task Force

Report: The Role of Autonomy in DoD Systems, 62–64.
219 Dennis M. Gormley, “Limiting the Unintended Consequences of Unmanned Air System Prolif-

eration,” Whitehead Journal of Diplomacy and International Relations 14, no. 1 (Winter/Spring 2013):
79.

220 European Defense Agency, Remotely Piloted Aircraft Systems, Brussels, 2013.
221 Paul McLeary and Aaron Mehta, “New Armed UAV Export Rules Help US Firms,” Defense News,

21 February 2015.
222 Ethan B. Kapstein, “Capturing Fortress Europe: International Collaboration and the Joint Strike

Fighter,” Survival: Global Politics and Strategy 46, no. 3 (Autumn 2004): 137–59.
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