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I. Introduction 

Innovation in the military realm is critical to warfare and transition of power in the international 

system (Horowitz/Pindyck 2023, 85). It has been subject of debate since the earliest writings 

on warfare and is carried on in International Relations research to this day, particularly in the 

field of Strategic Studies. (Grissom 2006, 905) Key questions revolve around why and how 

military innovation occurs, yielding distinct theories on what drives innovation and how states 

succeed in adopting novel military technologies. These questions have practical implications: 

Due to the challenges of developing high technology in combination with the political ambiti-

ons to shape foreign and defense policy, governments need to find ways to successfully inno-

vate and adopt military technologies. 

The theoretical debate on military innovation is extensive, however, it exhibits two pertinent 

deficiencies: First, it largely treats factors involved in the innovation process as intervening 

variables (Horowitz/Pindyck 2023, 85), not as causal factors engaging in a process. Second, 

the foremost theories of military innovation lack application outside of the contexts of their 

formulation; most case studies deal with innovations occurring in the US and Europe (cf. Gris-

som 2006). 

This study attempts to address these shortfalls by employing a qualitative theory-driven analy-

sis to answer the following research question: How do states successfully innovate and adopt 

novel military technologies? This longstanding question is to be examined using the crucial 

case of China, particularly that of the People’s Liberation Army (PLA) missile development 

programs between the 1960s to 2010s. 

Based on existing theory in the field, a theory-test is designed that is suitable to examine the 

causal relationships involved in the successful operationalization of novel military technology. 

This includes testing the civil-military model of military innovation as a hypothesized driver 

of innovation, prefixed to the Ecosystem Challenge theory which serves as an explanatory 

model for successful innovation and diffusion of military technologies. These two approaches 

are combined in a causal mechanism that is then to be tested for its consistency with empirical 

evidence from the case study. 

The mechanism hypothesizes causal relationships from the initial interest of a government in 

an innovation (X) to the successful adoption of said innovation (Y). Under the conditions of 

military innovation being advanced within the traditional defense sector in response to a lack 

of a specific capability within the existing posture, the causal mechanism is hypothesized as 
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follows: (1) The government mandates change in the military’s doctrinal development (2) the 

government spearheads the military R&D effort to ensure success in meeting the Platform 

Challenge. (3) The military subsequently responds to the successful innovation by enabling the 

fielding of the new system, thereby meeting the Adoption Challenge. 

This study unfolds as follows: Firstly, the research design is laid out by illustrating process-

tracing methodology and its application to this study’s research question. Secondly, a review 

of the relevant literature in the field of military innovation research is conducted. Based on the 

findings, a theoretical framework is developed in a third step; this entails the conceptualization 

of the causal mechanism that is to be tested. Fourthly, based on pertinent case selection criteria, 

the case selection is substantiated. Fifthly, the empirical analysis is conducted. Finally, this 

study concludes with a discussion of the findings.  
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II. Research Design 

Process-tracing is a tool of qualitative within-case analysis and enables the identification of 

causal processes between an independent variable and the dependent variable (an outcome).1 

This method goes beyond mere correlations between X and Y and examines diagnostic evi-

dence to describe political phenomena and assess causal claims. (Beach/Pedersen 2013, 1f., 5) 

Process-tracing is therefore a suitable method for “evaluating prior explanatory hypotheses, 

discovering new hypotheses, […] assessing these new causal claims [and] gaining insights into 

causal mechanisms” (Collier 2011, 823). 

Beach/Pedersen (2013) distinguish three types of process-tracing methods that differ along the 

intended purpose of the research design: In (a) Theory-Testing Process Tracing, causal mech-

anisms are formulated by adjusting existing theorizations to the case which can then be tested 

for their presence in a case study; in (b) Theory-Building Process Tracing, a lack of theorization 

is addressed by conducting a structured analysis of empirical material in order to theorize a 

new causal mechanism; and through (c) Explaining-Outcome Process Tracing, the scholar 

seeks to explain puzzling or otherwise interesting outcomes of a specific case. (Beach/Pedersen 

2013, 11ff.) Given the extensive body of literature and theoretical debate on military innovation, 

theory-testing process-tracing is the method of choice; its properties and application in this 

study’s design are now elaborated on. 

Theory-testing process-tracing is a theory-centric approach; the ambition of this method lies in 

conceptualizing causal mechanisms that prove to be systematic law-like generalizations of pro-

cesses in the social world. They are used to study whether X contributes to producing Y; their 

validity is tested by examining whether all of its parts are present and function as expected. 

Therefore, the inference made is merely on the presence/absence of the hypothesized mecha-

nism, not on its explanatory sufficiency within the case. (Ibid., 11ff., 36f., 75) 

Building a Causal Mechanism 

The causal mechanism linking X and Y is hypothesized using existing theorization2 in order to 

subsequently test whether this mechanism is present in the selected case. First, this requires 

 
1 Process-tracing as described by Beach/Pedersen (2013) bases on a mechanismic and deterministic understanding 
of causality. Disregarding contextual factors, a causal mechanism can be portrayed as: 𝑋 → [(𝑛! →) ∗ (𝑛" →)]	𝑌. 
X sends a causal force through the mechanism composed of part 1 (entity 1 and an activity) and part 2 (entity 2 
and an activity) producing the outcome Y. (Beach/Pedersen 2013, 29f.) For an overview of the ontological debate 
of causality, cf. ibid. 23-44. 
2 Collier distinguishes four types of knowledge (existing approaches) that can serve as a basis for descriptive and 
causal inference: (a) Conceptual frameworks, (b) recurring empirical regularities, (c) theory-I and (d) theory-II. 
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conceptualizing a causal mechanism between X and Y and delimiting the context in which the 

causal mechanism is theorized to be functional (scope conditions). In deducing the causal 

mechanism, the parts composing the mechanism are designed as theoretical expectations in a 

step-by-step process. Each part consists of entities engaging in activities. Second, the theoreti-

cal expectations of the parts of the causal mechanism are to be rendered into predictions about 

their empirical manifestation in the case. (Ibid., 14f.; Collier 2011, 823) As theoretical concepts 

are contested, they are to be properly defined and delimited (while acknowledging the existing 

semantic debate in the field) in order to determine what is/is not included in a concept. This is 

done prior to and in line with the theorization process of the causal mechanism. Moreover, the 

parts of the causal mechanism are to be operationalized in a way that allows for testing their 

presence/absence in the case by stipulating empirical expectations. 

Testing the Causal Mechanism 

Then, empirical evidence is used to test (a) whether the hypothesized mechanism was present 

in the case, and (b) whether the mechanism functioned as predicted. In other words, the empir-

ical analysis serves as a means of testing the existence of each one of the theorized parts; it 

does not, however, serve as an analysis of empirical events in the case. The theorized causal 

mechanism is present and functions as predicted if the case-specific entities and their engage-

ment in activities are observable in the analyzed empirical evidence. This approach follows the 

Bayesian logic which postulates that it is not the number of pieces of evidence but the predict-

ability of the evidence that strengthens the inference. Thus, theory-tests are strongest when 

precise predictions about the evidence are made. (Beach/Pedersen 2013, 15f., 83, 101) In other 

words, it is not the mere correspondence of the predictions with evidence found that constitutes 

a strong theory-test; it is the type of evidence found that strengthens the causal inference.3 

  

 
Conceptual frameworks link sets of interrelated concepts with first indications for operationalization. Recurring 
empirical events are patterns that indicate a correlation and possibly causality. Theory of the first type is built on 
regularities and connects them with a hypothesis whereas theory of the second type is a full-fledged explanatory 
model of those empirical regularities. (Collier 2011, 824) 
3 How the theory test’s strength is increased in practice and how evidence is to be treated in the empirical analysis 
is further laid out in Ch. 6. 
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III. Literature Review 

In order to apply theory-testing process-tracing, a theoretical framework is to be developed that 

allows for the examination of the research question. This requires finding existing theorizations 

that (a) can serve as a starting point for the examination, that (b) can be adjusted to the research 

question in terms of their properties and that (c) are suitable for re-conceptualization as a causal 

mechanism. Moreover, the research question is to be located within the realms of existing re-

search to substantiate its relevance. 

Theories of Military Innovation 

The field of military innovation studies is rich in research. Theories of military innovation 

generally deal with when and how military innovation occurs and diffuses, however, disputes 

over fundamental questions remain. To date, there is no consensus on a unified definition of 

military innovation. Disregarding such variations in the understanding of military innovation, 

Grissom grouped the theoretical debates along their proposed drivers in his influential article 

The Future of Military Innovation Studies (2006) and distinguished four major schools of 

thought: (a) the Civil-Military, (b) the Interservice, (c) the Intraservice, and (d) the Cultural 

Model of military innovation. (Grissom 2006, 907f.) Firstly, the civil-military model posits that 

innovation occurs when statesmen intervene in military doctrinal development. While origi-

nally developed in Posen’s seminal work The Sources of Military Doctrine (1984), several em-

pirical studies substantiate the role of civil-military dynamics as drivers of innovation.4 Sec-

ondly, the interservice model argues that innovation occurs when military services compete 

with each other over limited resources. As Armacost (1969) and Sapolsky (1972) establish, 

competition between services of the same military catalyzes innovation because the services 

seek to maintain and expand their mission portfolio, budget and prestige.5 Thirdly, the in-

traservice model contends that innovation is accomplished through a negotiation process 

within a service. Rosen (1991) argues that innovation occurs when new concepts of warfighting 

attract support within the senior command, thereby leading to the establishment of new 

 
4 e.g., Beard (1976) analyzes the case of civilian intervention in the development of the United States’ interconti-
nental ballistic missile (ICBM) development program. Similarly, Zisk (1993) showed that Soviet civil servants 
played a key role in the military’s development of doctrinal responses to NATO planning. (Grissom 2006, 909f.) 
5 e.g., Sapolsky (1972) based his theory on the case of the US’ Navy and Air Force competing over the develop-
ment of the Polaris submarine-launched ballistic missile (SLBM). Likewise, Armacost (1969) used the case of 
US’ Army and Air Force competing over the development of the nuclear-capable Thor and Jupiter intermediate-
range ballistic missiles (IRBM); similarly, Bacevich (1986) used the similar case of the development of road-
mobile tactical nuclear missiles by the US Army. (Ibid., 911ff.) 
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branches within the same service.6 Lastly, the cultural model assumes that technological op-

portunities can be rejected or embraced, based on the respective cultural context set by senior 

service leaders, thereby leading/not leading to military innovation.7 Grissom contends that the 

four schools of military innovation solely treat the origins of innovation because they base on 

the premise that military organizations are inherently inflexible and require external factors 

that drive innovation. This leads Grissom to his main critique of the debate: Despite evidence 

of bottom-up innovation, existing research exclusively treats military innovation as a top-down 

process. (Grissom 2006, 919f.) 

Recent Trends in Military Innovation Studies 

Grissom’s critique has visibly influenced the debate in the field, leading to growth in research 

dealing with bottom-up dynamics in military innovation.8 Due to the proximity of the ‘bottom’ 

to the level of the individual soldier, the field of military innovation studies is now significantly 

influenced by interdisciplinary research, incorporating research from fields such as sociology, 

management studies or culture studies (Griffin 2017, 197, 203). This trend concurs with the 

rise of cultural approaches (as in Grissom’s fourth school) and is treated separately below. 

In another trend, the dealing with the concept of (military) innovation itself is criticized, citing 

two flaws: Firstly, as already outlined above, Horowitz and Pindyck criticize the lack of con-

sistency in the dealing with concepts in the field (Horowitz/Pindyck 2013, 86). Similarly, Grif-

fin points out the vulnerability of the debate to intertextual issues (Griffin 2017, 203). This 

prompts the question of what the existing theories explain in the first place and whether the 

explained is comparable. Recently, Horowitz and Pindyck conducted a survey for mapping the 

theoretical differences in the large array of definitions of military innovation. While definitions 

vary significantly, the occurrence of organizational change as a key factor is largely agreed 

upon whereas the role of technology, tactics, political purposes, success and the innovation 

 
6 Rosen (1991) deals with a large array of cases of military innovation, most of which drawn from US military 
policy between 1905 and 1960. Engel (1994) describes the case of the US Navy aviation community which sought 
to maintain its surface strike capabilities in the form of air-to-surface missiles and resisted the Navy’s surface 
warfare community’s initiatives to develop surface-to-surface capabilities. Years later, this resistance was over-
come, finally leading to the development and adoption of the Tomahawk cruise missile. Cote (1998) built his 
argument on the development of the Trident SLBM which, unlike the interservice model would suggest, did not 
lead to more innovation within the US Air Force, thus making the case for the intraservice model. Other case 
studies using this model include Giese (1999), Davis (1967) and Coffey (2000). (Ibid., 911f., 914ff.) 
7 e.g., Farrell (1998) and Farrell/Terriff (2002). 
8 e.g., King (2010), Kollars (2015) or Marcus (2015) deal with bottom-up innovation by analyzing the counterin-
surgency wars in Afghanistan, Iraq, Vietnam and Israel/Lebanon. Therefore, this trend in research also respects 
newer dynamics of international conflict by dealing with asymmetric or hybrid state and non-state adversaries. 
(Griffin 2017, 201) 
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process are disputed. Secondly, Horowitz and Pindyck demonstrate that existing research usu-

ally treats innovation as an outcome and rarely as a process. This causes scholars to insert their 

research into different points of the innovation process. (Horowitz/Pindyck 2023, 85f., 97) 

Innovation Diffusion 

In a newer trend, the debate is advanced in the field of innovation diffusion, asking how (as 

opposed to whether) military innovation occurs. Most notably, in Horowitz’ hypothesized 

Adoption Capacity Theory, the (a) financial intensity (resource mobilization required for adopt-

ing a military innovation) and (b) organizational capital (capacity of organizations to adapt to 

changes in the security environment) are the decisive factors for the successful adoption pro-

cess in military organizations (Horowitz 2010, 30ff., 209). This approach omits the question of 

the drivers of innovation and focuses on what determines (un)successful adoption while putting 

emphasis on organizational factors along the process. However, the Adoption Capacity Theory 

drew criticism, e.g. from Gilli and Gilli (2014) who contest Horowitz’ methodology and prem-

ise which assumes that organizations inherently seek adoption of novel innovation; Gilli and 

Gilli thereby dial back to the question of drivers of military innovation, citing tactical incentives 

that overtrump organizational factors when organizations make decisions about adopting tech-

nology.9 Also, the same scholars challenge the premise that innovations spread with relative 

ease (Gilli/Gilli 2016, 53). 

The Ecosystem Challenge 

Based on this criticism, Gilli and Gilli formulate a new theory of diffusion of military innova-

tions that addresses said shortfalls in Horowitz’ theory: “the successful adoption and employ-

ment of military innovations depends on meeting the ecosystem challenge”. The Ecosystem 

Challenge consists of two parts10: (a) A state must be capable of designing, developing and 

manufacturing weapon systems to meet the platform challenge; and (b) a state needs to be able 

to provide and ensure access to the necessary infrastructural and organizational support in order 

to meet the adoption challenge. (Ibid., 56) Further elaboration follows in Ch. 4. 

 
9 This explanation is based on a study conducted by Kalyvas and Sánchez-Cuenca (2006). Due to Gilli and Gilli’s 
case selection, assigning the findings to one of Grissom’s schools of thought is not quite suitable because they 
focus on novel types of actors and warfare (terrorist actors and counterinsurgency wars) that bear significant 
differences to the four schools of thought that base their theory on dynamics of the traditional defense sector. 
10 It is important to note that both challenges are designed as intervening variables (cf. Beach/Pedersen 2013, 47). 
This differs from the terminology used in the article: Though not referring to process-tracing, Gilli and Gilli label 
the two challenges as causal mechanisms. This semantic issue is addressed by Beach and Pedersen. (cf. ibid., 57) 
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Interdisciplinary Approaches to Military Innovation 

As mentioned above, the influence of interdisciplinary research on military innovation studies 

has significantly increased. For instance, the Ecosystem Challenge is drawn from literature on 

ecosystems in management (Gilli/Gilli 2016, 56). However, the role of regional and culture 

studies is exceedingly notable; its limitations however are pointed out by Griffin (2017) with 

regard to Adamsky (2010): While strategic culture may impact strategic choice, it does not 

prove the independent causal power of cultural factors (Griffin 2017, 204). The notion to treat 

the Chinese context separately from the rest of the world is widespread, especially when deal-

ing with strategic culture.11 This issue is a concern in this study because the case is treated 

within the theoretical IR debate on military innovation, not in that from China studies. Research 

on China’s defense economy provides valuable insights into the micro level. Most notably, 

Cheung (2009) presents a seminal study of China’s defense economy that extensively treats 

military innovation.12 Moreover, research in the field of civil-military relations has similarly 

converged with debates in the China studies realm, a trend that traces back to early theoriza-

tions of army-party relations (Perlmutter/LeoGrande 1982; cf. Bitzinger 2021, Besha 2011).13 

Another debate is observable in both IR and China studies which links the fields of military 

diffusion and to China’s efforts to emulate military technology. Gilli and Gilli treat the case of 

China with regard to the theoretical debate on the increase of complexity of military technology 

and its impact on innovation diffusion. They argue that “China has not caught up yet” due to 

increasing limitations of weapon emulation. (Gilli/Gilli 2018) This argument is based on find-

ings from Gilli and Gilli’s study on the Ecosystem Challenge’s applicability in the field of 

military diffusion (cf. Gilli/Gilli 2016, 53). Similarly, Cheung argues that innovation in China’s 

defense industry is highly dependent on its absorptive capacity (Cheung 2016). 

  

 
11 The evidence contesting the concept of strategic culture, especially regarding the Chinese context, is overlooked. 
For instance, a lot of studies dealing with military thought in ancient China disregard relevant research that chal-
lenges the prevailing view that Chinese military thought is inherently different from that of the Western cultural 
context. (cf. Wilkinson 2022, 583 and Johnston, 1998) This notion is so strong that Chinese buzzwords have found 
their way into IR literature (cf. Horowitz/Pindyck 2023, 90: zizhu chuangxin 自主创新, indigenous innovation) 
with little consideration of their actual categorical value. 
12 Literature of this type includes, for example, Cunningham (2025), Fravel (2019) or Cheung/Mahnken (2018). 
13 Another trend reinforces this conjuncture: The relationship of the civilian and military realms are a major debate 
in Chinese politics. This is due to the contradictions of the centrally planned economy with the ambition of higher 
innovation rates in the industrial sector. Members of the party leadership have repeatedly formulated so-called 
Military-Civil Fusion (junmin ronghe 军民融合, military and civil fusion, a buzzword that ascended similar to that 
of indigenous innovation) as a strategy that is supposed to “leverage advanced commercial technologies for mili-
tary modernization” (Bitzinger 2021, 6). 
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IV. Theoretical Framework 

In order to design a causal mechanism, a theoretical foundation is needed that is suitable to 

examine how states successfully innovate and adopt novel military technologies. First, this 

requires formulating qualitative thresholds for the independent variable (X) and the dependent 

variable (Y); this is necessary for a causal mechanism to be present in the first place and serves 

as the basis of choice for picking innovations within the selected case. Second, key conceptu-

alizations are to be made. Based on the theoretical debate on drivers of military innovation, one 

such driver is nested into the causal mechanism as its first part. Then, a causal theory of suc-

cessful adoption of innovations is to be incorporated that then leads to the outcome. Third, 

scope conditions are discussed, under which the causal mechanism is expected to function. 

4.1 Conceptualization 

Conceptualization is conducted deductively from existing theorization (knowledge). Using 

Collier’s terminology, drivers of innovation have been discussed in different schools of thought, 

primarily of the theory-I type because they were developed based on small-n and single case 

studies and entail a set of interconnected hypotheses. Horowitz’ Adoption Capacity Theory is 

a theory-II type but can be considered insufficient, as argued by Gilli and Gilli’s (2016). Their 

Ecosystem Challenge theory also qualifies as a theory-II type because it is designed as an ex-

planatory model for the innovation of individual weapon systems and is deemed best for sus-

taining the causal mechanism hypothesized in this study to answer the research question. 

Now, the parts of the causal mechanism are to be designed as invariable and self-contained 

concepts, so that they do not include the continuum in-between its positive and negative poles, 

making them always either present or absent. They are conceptualized as entities (nouns) en-

gaging in activities (verbs) that thereby produce the next part of the mechanism. This approach 

is theory-centric because it is generalized and enables the application beyond individual cases; 

therefore, hypothesized causal mechanisms only include systemic parts having causal effects 

beyond particular cases in order to be applicable to the whole case population, making causal 

mechanisms rather simple and parsimonious. (Beach/Pedersen 2013, 46ff., 70; Collier 2011, 

824) 

4.1.1 The Independent and Dependent Variable 

As this study is y-centered, military innovation is treated from the perspective of the outcome: 

the successful adoption of an innovation (Y). Therefore, the starting point (independent 
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variable X) of the innovation process has to logically be based in a government’s interest in an 

innovation (cf. Beyer 2023, 8). (1) Innovation (in the military context), refers to “changes in 

the conduct of warfare designed to increase the ability […] to generate power” (Horo-

witz/Pindyck 2023, 99). This is a rather broad definition that is useful for a specific reason: it 

is not limited to the technological development of certain weapon systems. Instead, it highlights 

the role of changes on the operational level of warfare. An innovation in this sense could there-

fore also include a shift in how a certain system is operationalized. Thus, innovation is to be 

understood as “a synthesis between novel technology and the doctrinal and organizational 

changes” (Ibid., 92). To be sure, innovation is only to be affirmed when a novel military inno-

vation coincides with changes in the operational and doctrinal realms in order to reduce sub-

jectivity. (2) Successful adoption directly feeds into this concept: It refers to innovation being 

observable. However, it needs to be noted that this approach limits the causal mechanism as it 

omits unsuccessful innovation efforts. (3) A government’s interest in an innovation represents 

a leadership’s assessment that the given military posture is inadequate. This can be due to ex-

ternal threats (revealing these inadequacies) or revolutionary innovations in weapon technol-

ogy (that goad to follow suit). 

4.1.2 Civilian Intervention 

The core element of the civil-military model of military innovation is that of civilian interven-

tion. Posen (1984) argues that the civilian leadership intervenes in military (doctrinal) innova-

tion based on its (realist) threat perception, thereby concluding that it is civil-military dynamics 

that determine innovation: “Statesmen will intervene in the doctrines of their military organi-

zations as part of an overall pattern of balancing behavior” because “of [their] fear of high costs 

of military action” (Posen 1984, 233). Subsequent research sustains this perspective. However, 

civilian intervention is only a necessary but not a sufficient cause of innovation (Grissom 2006, 

908). For the purpose of this study, civilian intervention is to be incorporated as a systemic part 

in the first position of the causal mechanism: 

𝑋 → [(𝑐𝑖𝑣𝑖𝑙𝑖𝑎𝑛	𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 →) ∗ (𝑛! →)]	𝑌 

Reducing civilian intervention into the entity-activity pattern, it can be rendered as follows: 

‘government mandates change in doctrine’. 
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4.1.3 The Ecosystem Challenge 

The Ecosystem Challenge is useful for answering the research questions because it treats a very 

similar issue (the successful adoption and employment of military innovations) and it decon-

structs the innovation process into two operationalizable parts (meeting the platform and adop-

tion challenge). 

Platform Challenge 

The Platform Challenge refers to the ability to innovate technology. It is relative to (a) the 

weapon systems’ complexity (technology) and (b) the manufacturer’s know-how (technologi-

cal capacity).14 This challenge is exacerbated with rising demands for specific features; the 

more advanced a system has to be, the higher the numbers of subsystems and components that 

need to be developed and integrated in the weapon system. (Gilli/Gilli 2016, 56f.) 

Adoption Challenge 

The Adoption Challenge relates to a set of constraints when implementing novel technology. 

This includes (a) organizational and (b) infrastructural requirements; (a) referring to the effec-

tive operationalization of hardware, such as doctrine, force structure, training, practices and 

codes and (b) including, but not limited to, logistics, communication systems and support of 

other weapon systems. 

The Ecosystem Challenge is a theoretical framework for analyzing the likelihood of successful 

innovation and adoption of military technology and its diffusion in the international system. 

Both challenges (platform and adoption) need to be met for an innovation to be successfully 

adopted.15 This design resembles that of intervening variables (Beach/Pedersen 2013, 108f.) 

and therefore has to be reconceptualized into a causal theory to be able to integrate it in the 

causal mechanism: 

𝑋 → 4(𝑛" →) ∗ 56
𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚	𝐶ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒

+
𝑚𝑒𝑒𝑡𝑖𝑛𝑔	𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛	𝐶ℎ𝑎𝑙𝑙𝑒𝑛𝑔𝑒

A →BC 	𝑌 

 
14 Herein lies a benefit of this theory to the research question: As outlined in the literature review, military inno-
vation in China is mostly treated in the context of innovation emulation; however, this approach does not differ-
entiate between indigenous and emulated technology. It only asks for the ability to originate hardware. 
15 In practice, if a technology casts very high platform and adoption challenges, the diffusion of this technology 
is slow and its successful adoption is highly demanding if not unlikely. Gilli and Gilli illustrate this with the 
examples of the US’ multilayered ICBM defense shield as opposed to the AK-47. (Gilli/Gilli 2016, 60f.) 
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As illustrated, the differentiation of two challenges presents a problem here: they are in con-

junction and a successional connection is not intended, say a silo for an ICBM can already be 

under construction while its software is still being optimized. This theoretical issue cannot be 

fully remedied, however, it can be said that organizational and infrastructural requirements are 

generally subordinated to the platform itself. In other words, meeting the platform challenge is 

what induces action on the level of the adoption challenge: An ICBM’s (successful) innovation 

is what made the silo’s construction necessary in the first place. This presumption is deemed 

sufficient for the purposes of this study. The Ecosystem Challenge theory can be rendered in 

two entity-activity patterns as follows: (a) meeting the Platform Challenge: ‘government spear-

heads military R&D’; (b) meeting the Adoption Challenge: ‘military enables integration and 

fielding’ (by fulfilling the organizational and infrastructural requirements). 

4.1.4 Scope Conditions 

Scope conditions are the boundaries of applicability of the hypothesized causal mechanism; 

when given, the mechanism is expected to be present and to function as theorized. First (SC1), 

the causal mechanism is only applicable to military innovation in the traditional defense sector 

with top-down innovation efforts. Second (SC2), the causal mechanism is only applicable when 

there is a lack of a specific capability within the existing posture. This therefore excludes in-

novation processes that occur on a regular and planned basis such as the gradual advancements 

that lead to improved iterations of existing systems over time. 

4.2 Building the Causal Mechanism 

Figure 1: Hypothesized Causal Mechanism 

 
own visualization (cf. Beach/Pedersen 2013, 15)  
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V. Case Selection 

The case in a case study design for theory-testing is not supposed to stand alone; instead, the 

case study is intended to contribute to the understanding of the broader population of cases of 

the phenomenon. Theory-testing process-tracing is typically conducted after large-n studies 

found a correlation between X and Y. In such cases, selecting a typical case16 is recommended 

because it is representative for the case population. (Beach/Pedersen 2013, 152; Gerring 2007, 

91) However, in some instances, selecting a crucial case is advisable. A crucial case (or critical 

case) is “a case that offers particularly compelling evidence for, or against, a proposition”. If 

the crucial case fits the theory, strong confidence in the theory’s validity is achieved. There are 

two variants of crucial cases: “A least-likely case is one that is very unlikely to validate the 

predictions of a model or a hypothesis [and if valid] may be regarded as strong confirmatory 

evidence.” A most-likely case is, on the other hand, “one that is very likely to validate the pre-

dictions of a model or a hypothesis.” (Gerring 2007, 115, 213) 

Different case selections serve different objectives. In the literature review, it was demonstrated 

that there already is a large body of research dealing with theories of military innovation and 

innovation diffusion as well as theory tests on individual weapon systems. Thus, selecting a 

typical case from a similar case population is unlikely to yield insightful and unfamiliar theo-

retical challenges to the theories; a successful detection of the causal mechanism (which would 

be based on theorizations developed in this context) would be highly probable. Selecting a 

crucial case could therefore offer more interesting observations and increase the theoretical 

relevance of the findings. 

5.1 Case Population 

Due to the abundance of case studies and theory tests, the population of crucial cases is rather 

limited. It is particularly limited when also excluding states that do not have a military-indus-

trial sector that is innovative in itself and several studies are in dispute over the extent to which 

China meets this requirement. As this study seeks to examine the civil-military model of inno-

vation, the case of China poses a least-likely case and constitutes a non-favorable setting for 

the theory; its political system features a dual state-party structure that has led to distinct theo-

rizations of civil-military relations in China and the civilian and military spheres are strongly 

intertwined. If the hypothesized causal mechanism were to be present in a case selected from 

 
16 A typical case is “a case where a given causal mechanism hypothetically exists (X and Y are present) but it is 
neither most nor least likely” (Beach/Pedersen 2013, 182). 
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the Chinese context, the results would be highly beneficial (while also bearing a high risk of 

failing). 

The case population can thus be described as all military innovation efforts in the PLA’s history. 

Now, process-tracing can either focus on a singular event or on recurring events, however, this 

study’s method (theory-testing process-tracing) favors recurring events in order to increase the 

hypothesis’ generalizability and to better rule out rival explanations. This can be accounted for 

by either including a set of different innovations across services or successive innovations 

within a singular branch. In order to make different military innovation programs comparable 

to another, events found within the PLA’s Second Artillery Corps (and later Rocket Force, 

PLARF) which is the service in charge of both the nuclear and conventional missile arsenal. 

5.2 Missile Innovation in China, 1960-today 

In order to select a case that can serve an explanatory role, the case selection and the selection 

of events within this case are chosen based on “descriptive characteristics [to] probe for causal 

relationships”. (Gerring 2007, 91) The selection of China’s missile innovation efforts fits this 

profile for several reasons. First, within the realms of this least-likely case at hand, it mitigates 

the risk of failure of the causal mechanism because it avoids removing the theories subjected 

to testing overly far away from the contexts of their formulation. As shown in the literature 

review, several notable studies use missile innovation and strategy (particularly in the US’ con-

text) as case studies in military innovation theory debates (cf. Grissom 2006 and footnotes 4, 5 

and 6). Second, the development of missiles is less entangled with civilian innovation efforts. 

For instance, naval innovation is closely related to the commercial shipbuilding industry. 

Therefore, analyzing the innovation process of missile capabilities can be better separated from 

ordinary commercial R&D and thus allows for better unveiling of underlying causal relation-

ships. Third, the development and armament of missiles is tied to a state’s geopolitical risk 

assessments even closer than it is the case with other capabilities. This is due to the technolog-

ical complexity in development and production. The enormous costs of a missile force require 

a state to prioritize certain capabilities over others, thus reflecting long term considerations. 

In order to dissect missile innovation in China, representative events (processes of missile in-

novation) are to be considered in which the causal mechanism must be observable. An event is 

eligible when X, Y and the scope conditions are present, otherwise the whole causal mechanism 

cannot be present. As this may apply to a larger number of events, a choice must be made. The 

goal is to include both horizontal and vertical variances in the events, meaning the causal 
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mechanism must not only be observable in different time periods but also across different types 

of missile systems. The missile systems to be analyzed in this study are the (a) DF-5, (b) DF-

21C/D, DF-15B and the (c) CJ-10. 

The DF-5 is the product of China’s effort to establish a nuclear-capable ICBM. It originated 

from the previous missile generations DF-2 and DF-3 (MRBMs) and DF-4 (IRBM) and marked 

the beginning of China’s intercontinental strike capability. It was liquid-fueled, silo-based and 

had an operational range of approximately 13,000 km. The DF-5 can be regarded as the fore-

most missile system of this first phase of missile innovation in China. 

After the USSR’s decline, China shifted to a conventional missile strategy. Making use of the 

M-9 and M-11 missiles which were originally produced for commercial purposes, China 

fielded them as DF-15 and DF-11 SRBMs as well as the DF-21 MRBM. They were solid-

fueled and road-mobile but very inaccurate (300 m, 600 m and 700 m CEP17 respectively). 

Following the US’ intervention in Iraq (early 1990s), the Taiwan Strait crisis (1995-1996) and 

the Belgrade embassy bombing (1999), China saw itself confronted with a leverage deficit. 

This triggered a push for a larger, more accurate short and medium-range missile force with 

newer variants of said platforms (DF-11A and DF-15A/B/C SRBMs as well as DF-21C/D 

MRBMs) featuring significantly increased accuracy. These missile systems stand for this shift 

in strategy toward precise conventional missiles for coercive leverage and the DF-21C/D and 

DF-15B serve as good objects of analysis for this phase. 

The development of the CJ-10 is another type of platform belonging to the same effort. The 

trajectory of cruise missile development in China was steep: from the first variant, the HN-1, 

on, the systems’ range was steadily increased and the precision (likely) as well. The most prom-

inent missile of the HN series is the third and most sophisticated variant (HN-3 which is now 

referred to as the CJ-10) with a very high precision (app. 5 m CEP) and a range of up to 2,000 

km. 

Choosing these two systems (DF-5 and CJ-10) and one group of similar systems (DF-15B and 

DF-21C/D) allows for testing the causal mechanism across time (vertically, 1970s/1990s/2000s) 

and systems (horizontally, SRBM/MRBM/ICBM).  

 
17 The Circular Error Probably (CEP) indicates a weapon system’s precision. The CEP equals the radius from the 
aimpoint in which munitions are expected to land 50% of the time. E.g., with a CEP of 700 m and 100 munitions 
fired at the aimpoint, 50 are expected to land within a circle with a radius of 700 m from the aimpoint. 
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Figure 2: Overview of Pertinent Missile Systems in the Second Artillery, 1960s-2000s 

 
(cf. CSIS Missiles of China, 2021; Cunningham 2025, 155ff.) 

Types of ballistic missiles are distinguished along their range: short-range refers to a range of 

300 to 1,000 km, medium-range to 1,000 to 3,000 km, intermediate-range to 3,000 to 5,500 

kilometers and intercontinental-range when exceeding 5,500 km. (Cunningham 2025, 136) 

  

Missile Type Deployment Range CEP
DF-2 MRBM 1964 1,250 km unknown
DF-3 IRBM 1969 2,500 km unknown
DF-4 IRBM 1975 < 5,500 km 1,500 m
DF-5 ICBM 1980 > 13,000 km 800 m
DF-21 MRBM 1991 < 2,150 km 700 m
DF-21A MRBM 1996 > 1,750 km 50 m
DF-21C MRBM 2005 2,150 km 50 m
DF-21D MRBM 2010 1,550 km 20 m
DF-11 SRBM 1999 300 km 600 m
DF-11A SRBM 1999 600 km 200 m
DF-15 SRBM 1993 600 km 300 m
DF-15A SRBM 1996 850 km 45 m
DF-15B SRBM 2009 725 km 5 m
DF-15C SRBM 2013 800 km unknown
HN-1 GLCM 1996 > 700 km unknown
HN-2 GLCM 2002 1,800 km unknown
HN-3 (CJ-10) GLCM 2007 < 2,000 km 5 m
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VI. Empirical Analysis 

Now, the three parts of the causal mechanism are to be tested for their presence and functioning 

in the case of missile innovation in China, using said three systems as recurring events to focus 

on. This is achieved by analyzing empirical evidence for its consistency with the theorization. 

Evidence can be categorized by conducting four empirical tests; these tests are designed along 

the question whether the evidence’s passing is necessary and/or sufficient for affirming the 

inference (Collier 2011, 825). Beach and Pedersen use a corresponding additional terminology: 

Evidence is unique when it can only relate to one theory; evidence is certain when its presence 

unequivocally proves the theory (Beach/Pedersen 2013, 101). 

The four tests can be summarized as follows: (1) The Straw-in-the-Wind test identifies evidence 

which is neither necessary (certain) nor sufficient (unique) and can therefore only serve as an 

initial assessment of the hypothesis. While offering little inferential relevance, several straws 

in the wind would still qualify as valuable affirmative evidence. (2) The Hoop test is a neces-

sary criterion; its failing reduces the confidence in the hypothesis and could potentially elimi-

nate it altogether. Its passing is therefore necessary to keep the evidence under consideration 

but it is not sufficient to affirm the hypothesis on its own. (3) The Smoking-Gun test identifies 

evidence as sufficient but not necessary and therefore cannot affirm the hypothesis with cer-

tainty. While unique evidence may strongly support a hypothesis, its failure cannot reject it; 

failing to find a smoking gun is therefore little helpful. (4) The Doubly-Decisive test provides 

the strongest inferential power and its passing affirms the hypothesis while eliminating the 

others because it identifies evidence as both necessary (certain) and sufficient (unique). This 

test is obviously ideal, however, formulating predictions in this manner is challenging when 

dealing with the social world.18 The general rule to be learnt here is that certainty and unique-

ness of the predictions are to be maximized but certainty, the necessary condition, is to be 

prioritized over uniqueness. A part of the causal mechanism does not necessarily fail because 

of a lack of doubly decisive evidence. (Collier 2011, 825ff.; Beach/Pedersen 2013, 102ff., both 

based on Van Evera 1997, 31ff.) 

 

 

 
18 The distinctions among the four tests are not definitive and different scholars may associate evidence with 
different types of evidence due to varying assumptions and interpretations and differences in prior knowledge. 
(Collier 2011, 825f.) 
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For the first part of the causal mechanism, all four tests are to be conducted in order to analyze 

the role of civilian intervention in-depth. For the second and third part however, only the Hoop 

and Doubly Decisive tests are conducted. That is because in theory-testing, certainty is neces-

sary for affirming the causal inference whereas uniqueness only indicates the level of suffi-

ciency. Failure of the Straw-in-the-wind and Smoking-Gun tests have little implications on the 

hypothesis and rival hypotheses are only slightly strengthened. The passing of the Hoop test is 

a necessary condition for considering the evidence but insufficient to confirm the hypothesis; 

the passing of the Doubly Decisive test confirms the hypothesis and eliminates rival hypotheses. 

(Collier 2011, 825f.) 

Before considering empirical evidence, the parts of the causal mechanism are to be operation-

alized. This is done by rendering the theoretical expectations of the causal mechanism into 

empirical predictions, first generalized and then case-specific, thereby determining what man-

ifestations are required for a part of the causal mechanism to be considered present. 

6.1 Civilian Intervention 

Figure 3: Operationalization of Civilian Intervention in Doctrinal Development 

 
own visualization, adapted from Collier (2011) 

Test Causal Evidence Specification Expected Manifestations

Straw-in-the-wind

civilian officials 
express interest in 
intervening in 
military innovation 
efforts

civilian officials publicly 
comment on the state of 
military affairs and posture

CCP/CMC official refers to 
military capabilities necesary 
to acquire

Hoop

civilian officials/
institutions make 
adjustments to 
military innovation 
strategies

civilian officials/institutions 
issue concrete plans that aim 
to address inadequacies in 
military posture

CCP/CMC issues a plan to 
adjust military posture by 
adopting certain capabilities

Smoking Gun

civilian officials/
institutions allocate 
resources to the 
innovation of a 
specific weapon 
systems

civilian officials/institutions 
increase funds for specific 
capabilities

PLA receives more funds to 
react to inadequacies and 
acquire certain capabilities

Doubly Decisive

civilian officials/
institutions mandate 
the innovation of a 
specific weapon 
system

civilian institutions mandate 
the innovation of a specific 
capability and exert pressure 
to ensure this system's 
successful innovation

CCP/CMC requires the 
development of a specific 
weapon system and play a 
decisive role in the 
innovation process
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The first part of the causal mechanism is based on the civil-military model of military innova-

tion. It hypothesizes that the government mandates change in the military’s doctrinal develop-

ment. The hypothesis can be affirmed if there is evidence that civilians and civilian institutions 

proactively engage in the innovation process of the DF-15/21 and CJ-10 systems and if this 

intervention was decisive for the success. 

First, evidence for the Straw-in-the-wind test is considered. Such evidence includes (civilian) 

government officials expressing interest in intervening in military innovation efforts. Expected 

observations include public statements on the state of military affairs and on deficiencies in the 

PLA. 

When considering the initiation of DF-5, the predominant actor shaping China’s missile devel-

opment program was the National Defense Science and Technology Commission (NDSTC) 

which sought to establish China’s nuclear-armed ICBM capability; it was directly subordinate 

to the Central Military Commission (CMC)19. In 1970, (premier minister) Zhou Enlai stated at 

a planning meeting of the NDSTC that China “must build a certain number of a certain quality 

and a certain variety” but China “[does] not intend to use nuclear weapons to intimidate other 

and thus did not need many weapons” (as cited in Fravel 2019, 239). At that time, China was 

testing the DF-3 IRBM which was not only intended to enter service the year after but to also 

serve as an intermediate step in the process of advancing missile development, particularly for 

the successful developing of a nuclear-capable ICBM. This intention was reiterated by Deng 

Xiaoping in 1978 (shortly before becoming president): “capability should increase with each 

generation” (as cited in Fravel 2019, 239), not long before the DF-5’s first test flight in 1980 

and service entry in 1981 (CSIS DF-5, 2024). 

Less convoluted than his predecessor Deng, Jiang Zemin publicly referred to military inade-

quacies following the Belgrade embassy bombing in 1999. At a national science and technol-

ogy innovation meeting, he not only addressed needs for certain technologies such as “satellites, 

warning capabilities, and information support systems” but Jiang explicitly instructed the par-

ticipants to “quickly acquire new shashoujians [trump cards, implying precision conventional 

missiles] 20  that are needed to safeguard national sovereignty and security” (as cited in 

 
19 The CMC is the highest leadership body of the PLA. It is both party and state organ that supervises all military 
activities. The CCP chairman and state president is normally also chairman of the CMC. (Heilmann 2016, 134) 
20 Cunningham does not translate the term shashoujian (杀手锏), trump card, in this quote in order to stress the 
wording used by Jiang Zemin. The term is ambiguous but most frequently used to refer to precision conventional 
missiles (Cunningham 2025, 69, 138). 
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Cunningham 2025, 166). Jiang may have alluded to the on-going development of the DF-15 

and DF-21 high-precision variants or to the innovation of cruise missiles at the time. 

In another instance, external incidents triggered reactions that hint civilian leaders’ interest in 

intervening in military innovation. With the start of the Gulf War in 1991, the US successfully 

launched Tomahawk cruise missiles enabling very high precision strikes in Iraq. This event 

sparked strong reactions in Chinese media outlets referencing it in reports on the development 

history of the CJ-10 cruise missile. An [unspecified] member of the CCP’s Central Committee 

was quoted saying: “We must produce this kind of missile” (Du 2013; Liu et al. 2013) despite 

the PLA already undertaking initial efforts for the development of a cruise missile since the 

1970s (Fisher 2010, 134). 

Second, evidence belonging to the Hoop test includes civilian officials issuing adjustments in 

military posture and innovation efforts. Expected observations include concrete plans that aim 

to address inadequacies in military posture. 

In 1965, the Central Special Commission (CSC) set out the plan to develop ‘four bombs in 

eight years’ that outlined the steps from the DF-2 MRBM over the DF-3 IRBM, DF-4 IRBM 

and ultimately to the DF-5 ICBM following a conference involving more than two thousand 

researchers, management cadres and production experts commissioned with missile develop-

ment; 1975 was set as a deadline for the development of the DF-5. This plan highlights the 

principal role of the CCP in driving missile innovation. Fravel contends that “top party leaders 

played a key role in determining the type of nuclear weapons that China should develop and 

how they would develop them” and argues that China’s strategy and force posture were not 

dictated by technology; instead, the “goal of possessing a retaliatory force capable of deterring 

a nuclear attack guided the development of China’s nuclear forces”. (Fravel 2019, 256f.) 

During the Taiwan Strait crisis 1995-1996, the PRC’s leadership faced a leverage deficit in a 

limited war scenario: China did not have the coercive leverage to hamper Taiwan’s first dem-

ocratic election and deter the US from deploying a carrier battle group in support for Taiwan. 

As a response, the CMC issued a new armaments development plan in 1995. This plan stated 

the new prioritization of “longer-range missiles and precision guidance technology” in arma-

ment development. (Cunningham 2025, 137, 149) Jiang Zemin commented: “it is neither pos-

sible nor necessary to go and emulate everything and [to be] the same as the Western developed 

countries” (as cited in ibid., 150), referring to a lack of resources while facing the immediate 

possibility of Taiwan’s secession. To be sure, the development of the DF-15A, DF-21A and 
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Hongniao cruise missile series (HN-1/2) were already under way before the CMC’s new prior-

itization of precision guidance technology in missile systems at that time. They entered service 

around the same year. However, the plan was still relevant in affirming the innovation strategy 

which led to the highly successful innovation of the DF-15B, DF-21C/D ballistic and HN-3 

(CJ-10) cruise missile, all of which entered service between 2006 to 2010. The three ballistic 

missiles (DF) feature significant improvements from their predecessors from the mid-1990s, 

particularly, like the plan set out, stepping up their precision. While the DF-21’s precision was 

around 700m CEP, the C and D variants are capable of striking within 50 and 20 meters CEP 

respectively, an improvement by a factor of 14 and 35. Even more astonishingly, the DF-15’s 

precision was improved by a factor of 60, from 300 to 5 meters CEP. Just like for precision-

optimized ballistic missiles, the guidance systems of cruise missiles pose a significant techno-

logical challenge. Unfortunately, the precision of previous iterations of the Hongniao series 

before the adoption of the CJ-10 (HN-3) are unknown. The CJ-10 features a very high accuracy 

of 5 m CEP, similar to that of DF-15B, while being long-range capable, thereby being the 

missing jigsaw piece in the CMC’s effort to also prioritize “longer range missiles” along with 

precision guidance technology. With an effective range of around 2,000 kilometers, the CJ-10 

can travel more than twice the distance of the DF-15B with similarly high precision and slightly 

further than the DF-21 variants, all while being ground-, ship-, submarine-, and air-launchable. 

The examples of these four systems illustrate that the CMC’s addressing of inadequacies in 

military posture and shift to ‘longer range missiles and precision guidance technology’ ulti-

mately led to success. 

Third, the Smoking Gun test is conducted. This includes civilian officials allocating resources 

to the innovation of a specific military capability. While being a strong indicator for civilian 

engagement in the innovation process, it is not certain that the civilian leadership are the prin-

cipal driver behind the innovation of a specific weapon system. Expected observations include 

civilian institutions’ involvement with specific missile systems. 

In a 1986 speech, CMC member Zhang Zhen stated that “the possibility of a big nuclear war 

occurring is relatively small; instead, it is necessary to conduct research on campaign theory 

during conventional wars” (as cited in Cunningham 2025, 139). The CMC consequently 

adopted a plan to create conventional missile units in the same year. However, the Second 

Artillery was unable to field such units until pertinent missile systems were adopted by the 

PLA. At the time, the civilian defense sector, specifically the China Aerospace Science and 

Technology Corporation (CASC), was in the process of developing a missile that fit this profile: 
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the M-9. The CSAC’s M-9 was short-range, used solid-propellant and road-mobile on trans-

porter erector launchers. The missile was developed for export and supposed to be delivered to 

Syria. The commercial sale of missiles was encouraged by Deng Xiaoping after the reduction 

in funds for the PLA in the mid-80s threatened defense companies’ existence (following the 

decline of the Soviet Union). Its development had only begun two years prior. With the new 

priorities of the PLA’s leadership, the Second Artillery placed orders for the M-9 and estab-

lished the first conventional missile brigade at Base 52 in 1993, equipped with the M-9 under 

the new designation of DF-15. (Ibid., 139ff.; Stokes 2010) Moreover, this trend was expanded 

in the late 1990s. Jiang Zemin’s comments on precision conventional missiles at the 1999 meet-

ing (cited in the Straw-in-the-wind test) were substantiated by the PRC Ministry of Finance 

which issued an increase in funds for the Second Artillery that same year. These funds enabled 

the Second Artillery to complete delayed projects after previously being underfunded but most 

importantly, to “expand its short-range conventional missile force”. (Cunningham 2025, 167) 

While the innovation process was initiated by the commercial interest of industrial companies, 

the CMC later tapped into it by allocating resources to not only order CASC’s M-9 missiles to 

equip missile units with the now-called DF-15 but to also improve the system according to the 

PLA’s needs. When considering the timeline and evidence on the DF-15 variants presented in 

the Hoop test, it is notable that the Second Artillery quickly got a hold of the much improved 

DF-15A and -B variants. While the Hoop displayed high certainty with regard to the general 

capability, the Smoking Gun here displayed the link to the industry’s M-9/DF-15. In sum, the 

evidence still does not qualify as doubly decisive as it remains uncertain whether the civilian 

leadership principally drove the innovation process of the DF-15 iterations. Nonetheless, the 

combination of a Hoop and a Smoking Gun is a strong indication for civilian intervention. 

Lastly, the Doubly Decisive test confirms the inferential relevance of evidence. This includes 

civilian officials mandating the innovation of a certain weapon system, thus being the unequiv-

ocal proof of civilian intervention as the sole driver of the innovation. Expected observations 

include decisions of the CMC to develop a specific weapon system. 

In his study of China’s nuclear strategy in the 1960s and 1970s, Fravel demonstrates that senior 

party leaders generally provide top-level guidance on the questions of force structure, citing 

several examples from the development of the DF-2, DF-3, DF-4 and DF-5. This guidance 

included top party officials directly interacting with the lead scientists of involved research 

institutions, thus allowing for close supervision of the development progress. In 1962, the 
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Politburo of the CCP established the Central Special Commission (CSC) as an organ of the 

Central Commission of the CCP. The following year, the CSC made the decision to prioritize 

ballistic missile systems as the platform of choice for its nuclear capability over other options 

for the operationalization of nuclear bombs (Fravel 2019, 256). This decision was followed by 

a statement by Zhou Enlai: “the direction of research on nuclear weapons should prioritize 

missile warheads, while air-dropped bombs should be secondary.” (as cited in ibid., 256f.) At 

the time, China had only made first steps in developing the DF-2 MRBM and a launch test had 

just failed. Zhou’s and the CSC’s decision to focus on ballistic missiles systems was, at the 

time, unintuitive and a risk. However, it was decisive for the development of the DF-5 and also 

for all of China’s ballistic missile innovation efforts thereafter. It also led to the establishment 

of the Second Artillery four years later as a unit directly under the CMC’s control. 

6.2 Meeting the Platform Challenge 

Figure 4: Operationalization of the Platform Challenge 

 
own visualization, adapted from Collier (2011) 

The second part of the causal mechanism is based on the Platform Challenge. It hypothesizes 

that the government spearheads military R&D. The hypothesis can be affirmed if there is evi-

dence that civilians and civilian institutions proactively shape the innovation process of the 

DF-15B, DF-21C, DF-21D and CJ-10 systems and if this spearheading was decisive for suc-

cessfully meeting the platform challenge. 

First, evidence belonging to the Hoop test is considered. This includes civilian institutions cre-

ating framework conditions that enable advancing military technology. Expected observations 

are actions that serve the purpose of facilitating innovation. Creating framework conditions 

should be traceable to government institutions’ initiatives. 

Test Causal Evidence Specification Expected Manifestations

Hoop
civilian officials 
incentivize the 
innovation process

civilian institutions 
institutionalize the 
innovation process and 
create framework conditions 
that enable advancing 
military technology

CMC pools know-how and 
facilitates missile 
development

Doubly Decisive

civilian officials 
spearhead the 
innovation of a 
certain novel 
weapon system

civilian institutions create 
said framework conditions 
and spearhead the 
innovation process to lead 
R&D to success

CMC actively engage in the 
missile innovation process 
and exert pressure to lead it 
to success
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With regard to the DF-5, Minister of National Defense Zhang Aiping commented on successful 

advancements in military technology innovation in 1983: “we organized […] our national de-

fense scientific and technological units, the Academy of Science, industrial departments and 

higher education institutions and forces of all our provinces […] to divide up their tasks and 

cooperate with one another” (as cited in Frieman 1986, 66), referencing the role of the NDSTC. 

In 1984, Frieman discussed both issues of this cooperation as well as strategies with which 

military innovation processes were successfully managed up to that point. This included, first 

and foremost, China’s ‘indigenous R&D and production’, ‘coproduction with the USSR’, ‘re-

verse engineering’ among other strategies. Frieman notes that R&D assisted by the Soviets led 

to an overdependence and mass-production of obsolete weapons, whereas the “nuclear and 

satellite programs remain exceptions […] where the Chinese have designed new systems and 

made the transition from R&D to production entirely on their own”. She contends that the 

“ICBM, IRBM, and satellite programs are […] the best examples” of arms production with 

minimal foreign assistance, thereby referring to successful development of the DF-3, DF-4 and 

DF-5. However, the question remains “why certain areas, such as nuclear science, have been 

so successful, whereas others have been considerably less impressive”. She argues that “the 

evidence suggests that the nuclear program has enjoyed certain privileges denied [to] other 

military projects”. (Frieman 1986, 54ff.; cf. Jencks 1982, 190ff.) 

The role of giving key innovation efforts certain privileges resonates with Jencks’ analysis: He 

contends that the platform challenge was overcome because the NDSTC still “assured maxi-

mization of China’s limited technical manpower and facilities” despite structural issues in 

China’s defense industry. In order to “[control] the size of the defense R&D base and the areas 

in which it will be expanded […], the defense industries can only build what the NDSTC allows 

the research academies and institutes to design and develop” by “allott[ing] the necessary funds, 

personnel, and flexibility.” (Jencks 1982, 203) 

In 1965, the State Council “decided to assign a number of factories, research institutes, and 

personnel […] to accelerate cruise missile research and development” (Gormley et al. 2014). 

However, it was only after the US’ successful employments of the Tomahawk cruise missile in 

Iraq in the early 1990s that the Chinese leadership formed a new research team under the su-

pervision of the CASIC’s Third Academy to urgently advance cruise missile development (Du 

2013). At the time, the Hong Niao 1 (HN-1, China’s first generation cruise missile) had com-

pleted its first flights after almost twenty years of development. Now, with renewed pressure, 

the HN-1 already entered service in 1996; its much improved second generation variant (HN-
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2) was first tested in 1995 and features reverse engineered technology from the Tomahawk 

cruise missile. It entered service in 2002. (CSIS Hong Niao 2016) 

These instances display civilian institutions’ involvement in innovation processes, mostly in 

the form of institutionalizing cooperative development efforts. However, they lack concrete 

proof of civilian actors principally spearheading the process of meeting the platform challenge. 

Only in the last example, one could argue that the Chinese leadership’s renewed pressure on 

cruise missile development was imperative for the quick development of the CJ-10 within a 

few years. 

Evidence that can be identified as Doubly Decisive must include said principal spearheading. 

Expected observations include an even closer involvement in the development of specific mis-

sile systems. 

In 1998, Jiang Zemin created the new General Armaments Department (GAD) to oversee de-

fense acquisitions. In a meeting of the GAD (which dealt with a report on the Operation Desert 

Fox in Iraq), CMC vice-chairman Zhang Wannian stated “[not until we] possess a set of genu-

inely effective shashoujian weapons can our country’s backbone truly be hardened and can we 

stiffen our backs” (as cited in Cunningham 2025, 164). This quote shows that the progress in 

developing conventional precision missiles was not as advanced as the 1995 plan to fix the 

Taiwan Strait crisis leverage deficit had suggested. Soon, after the Belgrade embassy bombing, 

China’s leaders took concrete steps in addressing this issue. At an emergency Politburo meeting 

in 1999, Jiang Zemin instructed the CMC to take action and close capability gaps. Jiang also 

decided to allocate a larger share of the national budget to defense and Zhang Wannian “gave 

emergency orders to the PLA to speed up the development of shashoujian equipment”. (Ibid.) 

Considering the missile projects that were (as far as is publicly known) under way at the time, 

these orders affected the development of DF-15B, DF-21C, DF-21D, HN-2 and HN-3 (CJ-10). 

If Zhang interpreted the term shashoujian differently from Jiang, it could, because of the time-

line, possibly include the development of the DF-5B, DF-31 and DF-31A as well as the DF-41, 

too. However, as all of these systems are ICBM projects seeking to increase China’s nuclear 

capability’s survivability, that is unlikely. Moreover, Zhang urged the CMC to “invest in im-

portant engineering projects such as the forging of shashoujians” (as cited in ibid., 166) with 

regard to the possibility of fighting a war over Taiwan. Thus, with this intensified engagement 

and direct link to the weapon systems in question in this study, this piece of evidence qualifies 

as doubly decisive. 
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6.3 Meeting the Adoption Challenge 

The third part of the causal mechanism is based on the Adoption Challenge. It hypothesizes 

that this challenge is overcome through the military’s enabling of integration and fielding novel 

military innovations. The hypothesis can be affirmed if there is evidence that undertook actions 

concerning the adoption of the DF-15, DF-21 and their variants and the CJ-10 in both organi-

zation and infrastructure. 

Organizational Challenges 

In order to become operationalizable, hardware requires “set[ting] up appropriate codes, prac-

tices, and doctrines and […] a competent workforce organized in suitable formats” (Gilli/Gilli 

2016, 59). If this is achieved, organizational challenges are overcome. 

Figure 5: Operationalization of the Adoption Challenge (Organization) 

 
own visualization, adapted from Collier (2011) 

Evidence belonging to the Hoop test includes military actors adapting organizational structures 

to the military organization’s reactions to technological change. 

An early indicator of the organizational adaptation to the new role of missile innovation within 

the PLA was the Politburo’s decision to establish the Central Special Commission (CSC) as an 

organ of the Central Committee of the CCP in 1962. It was chaired by premier and CCP vice 

chairman Zhou Enlai. After China’s first test of an atomic device in 1964, the scope of the CSC 

was expanded in the following year to include more members and, crucially in this instance, 

“to include the development of China’s ballistic missile program”. (Fravel 2019, 253) Another 

indicator of organizational adaptation to the nuclear capability of the early missile programs 

leading up to the DF-5 was the design of the Second Artillery’s chain of command: It was 

created as a unit directly under the control of the CMC, thus allowing for direct influence from 

Test Causal Evidence Specification Expected Manifestations

Hoop

organizational 
configuration of the 
military is being 
advanced in line 
with changing 
posture

military actors adapt their 
branches' organizational 
structures in response to 
technological advancements

PLA forms new institutions 
that address new 
technologies; Second 
Artillery adopts new 
regulations integrating new 
missile systems

Doubly Decisive

organizational 
configuration of the 
military is being 
adapted to a certain 
novel weapon 
system

military actors create 
specialized units for weapon 
systems and adapt respective 
doctrine, codes and training

Second Artillery receives 
new missile units, adopts 
new campaign methods and 
conducts training exercises, 
all focused on a specific 
missile



 31 

top party leaders. (Ibid., 260) Generally, this accentuated role of the Second Artillery is, of 

course, due to its control over the nuclear arsenal. The organizational structures at the time of 

the successful development of the DF-5 are closely intertwined with China’s nuclear strategy. 

This is particularly notable when regarding doctrine. As the DF-5 was the only true ICBM in 

China’s arsenal (and thus its only means of striking US territory), it was its main weapon system 

for China’s nuclear deterrence against the US (the previous missiles DF-2, -3 and -4 only ena-

bled nuclear deterrence against the Soviet Union). Doctrinal adjustments were undertaken from 

1975 on, particularly through its General Combat Regulations for a Combined Army. This text 

served as the PLA’s operational doctrine for nuclear weapons and enshrined its no-first-use 

policy. This document soon led to more doctrinal texts produced by the Second Artillery which 

treat doctrine down to the tactical level. (Cunningham 2025, 75; Fravel 2019, 260f.) 

Similarly, the adoption of the DF-15A and DF-21A in 1996 substantiated China’s shift to its 

“local wars under high-tech conditions” strategy in the 1993 update of their main doctrinal text, 

the Military Strategic Guideline, which was “an essential step in strengthening China’s con-

ventional military capabilities over the long term.” (Cunningham 2025, 90ff.) 

Moreover, evidence that can be categorized as doubly decisive includes military actors adapt-

ing to novel military innovations down to the tactical level. Such expected observations include 

the creation of specialized units for specific missile systems, adaptation of new doctrine, codes 

and according new training. 

In preparation for the adoption of the DF-5, both doctrine and training were adapted to the new 

and nuclear-capable ICBM. In the year prior to the DF-5’s service entry in 1981 and following 

a meeting of the CCP’s Central Committee and the CMC on force development of the Second 

Artillery, the CMC incorporated nuclear counterstrike operations into the PLA’s training pro-

gram for command officers (which was launched the same year) and “established the basic 

operational principles for the Second Artillery”. (Fravel 2019, 241f.) In 1983, two years after 

the DF-5’s entry into service, the Second Artillery conducted its first campaign-level exercise 

simulating a defense against a nuclear attack and launching a nuclear counter strike and served 

the purpose of “deepen[ing the] understanding of the operational principles” according to the 

commander of the Second Artillery. It emphasized the “organization, command, and coordina-

tion of protection and counterstrike operations”. Learnings from this exercise were later codi-

fied in the first ‘Science of Second Artillery Campaigns’ in 1985. (Fravel 2019, 261f.; Godwin 

1982, 36ff.) 
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Fast-forward, in 1993, the PLA established the first DF-15 battalion at Base 52 in Jiangxi Prov-

ince. The battalion was set up by the Second Artillery in cooperation with the CASC First 

Academy that had also developed the DF-15 (formerly M-9). The battalion became operational 

in late November 1993. (Stokes 2010) However, the subsequent update to the doctrinal text of 

the Second Artillery (Second Artillery Campaign Methods) in 1996 made no mention of con-

ventional missiles at all: “The absence of this key doctrinal component of a coercive force 

posture suggests that China’s leaders had not yet decided to pursue a conventional missile force 

capable of generating coercive leverage under the shadow of a nuclear war” (Cunningham 2025, 

143; cf. Fravel 2019, 264). This was catched up on when the Second Artillery drafted a formal 

doctrine for its conventional missile units in 1997 and issued teaching materials on a ‘conven-

tional missile strike campaign’ in the same year. Conventional missile doctrine was further 

advanced in subsequent texts, most importantly in the 1999’s Second Artillery Conventional 

Missile Brigade-Battalion Combat Regulations which would remain in place until 2020. (Ibid., 

151ff.) 

Moreover, in the same year, feasibility studies on the deployment of DF-21A missiles for anti-

ship missions (particularly against aircraft carriers in a Taiwan-related scenario) were con-

ducted, a process that would later feed into the development of the DF-21D. (Cunningham 

2025, 151) Also, the “events across the Taiwan Strait created the opportunity for training exer-

cises. A series of exercises were held in 1995 and 1996, including […] conventional missile 

exercises” (Fravel 2019, 208). This includes, crucially, the launching of ten DF-15 missiles into 

the Taiwan Strait. The increasing diversity in platforms within the Second Artillery was 

matched by its growth in size: “Four new brigades were stood up between 1980 and 2000, three 

of which were equipped with these latest weapons systems. This expansion accelerated in the 

2000s: between 2000 and 2010, the [Second Artillery] stood up as many as eleven new brigades 

equipped with its growing array of weapons, including its first ground-launched cruise missile, 

the CJ-10, and its first road-mobile ICBM, the DF-31.” (Ma 2022, 1) 
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Infrastructural Challenges 

Figure 6: Operationalization of the Adoption Challenge (Infrastructure) 

 
own visualization, adapted from Collier (2011) 

When the Second Artillery adopted the DF-5 in the early and mid-1980s, the Second Artillery 

began a large-scale construction project for the missile’s launch brigades. The DF-5 measures 

32.6 meters in length, making silos the only viable basing for the missile. (Fravel 2019, 260, 

265) Moreover, when the Second Artillery established its first test battalion for the DF-21C at 

its base in Yunnan province in 2000, it formed a launch battalion, a technical battalion and a 

logistics team “to establish a shashoujian unit”. It conducted a successful test launch in which 

the missile hit its target. (Cunningham 2025, 168) 

The increase in funds for the Second Artillery following Jiang Zemins announcements on the 

expansion of short-range conventional missile forces in 1999 were used for two major base 

construction efforts for the new short-range forces. The base construction program was “in-

tended to prepare for a large-scale conventional war”. (Ibid., 167) When considering the nu-

clear-capable systems DF-21A, DF-15 and -15A and CJ-10, the Second Artillery optimized a 

lot of support capabilities from 1995 on. This includes, for example, the introduction of redun-

dant communication links through fiber-optic networks between headquarters and bases to en-

able reliable communications in a war scenario as well as automated command control systems 

within the entire Second Artillery, thereby significantly increasing readiness. The creation of 

systems particularly designed to facilitate the skipping of echelons, for instance, allows a com-

mander in the Beijing headquarters to directly give orders to a missile brigade commander in a 

base located several hundreds of kilometers away. (Ibid., 116f.) 

By 2015, the Second Artillery fielded two to four cruise missile brigades. It is not publicly 

known which bases field the CJ-10 today, however, they are most likely aligned with scenarios 

involving the Taiwan Strait and Taiwan as well as Japan. 
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6.4 Assessment of Results 

The empirical analysis has shown that the hypothesized causal mechanism is indeed present in 

the case of China’s missile innovation efforts. For the first part of the causal mechanism, a 

combination of evidence belonging to the Hoop and Smoking-Gun tests for the DF-15/21 var-

iants’ and the CJ-10’s innovation as well as doubly decisive evidence for the DF-5 were found, 

thus proving the presence of civilian intervention across time and systems. For the second part, 

evidence belonging to the Hoop test was found in the cases of the DF-5 and CJ-10 as well as 

doubly decisive evidence for the DF-15/21 variants and CJ-10. The causal mechanism’s third 

part was successfully substantiated with evidence belonging to the doubly decisive tests in both 

organization and infrastructure, plus supplementary evidence belonging to the Hoop test of the 

former. 

The presence of the causal mechanism proves a decisive role of the civilian sphere within mil-

itary affairs. The innovation of military technologies and their adoption are directly linked to 

decisions made in civilian and civil-military institutions down to the level of individual weapon 

systems. The analysis showed how the CCP and CMC successfully ensured the meeting of the 

Ecosystem Challenge in the missile development of the selected systems.  
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VII. Conclusion 

The goal of this study was to examine the presence of a hypothesized causal mechanism linking 

the initial interest of a government in an innovation (X) to the successful adoption of said in-

novation (Y). Based on existing debates in the field of military innovation, the causal mecha-

nism served as a means of deconstructing the causal relationships between X and Y in order to 

shed light on the processes of China’s missile innovation programs. 

The empirical analysis has shown that all three parts of the mechanism were present and func-

tioned as expected. In the first part, strong inferences about civilian intervention could be drawn, 

indicating the crucial role of the civilian realm in the innovation process. In the second part, 

the Platform Challenge was met through various measures to achieve the technological aims 

under the inherent constraints of technological capacity, yet again highlighting the decisive role 

of civilian individuals and institutions in the process. In the third part, the Adoption Challenge 

was met by adequate organizational and infrastructural adaptations undertaken by the Second 

Artillery. The Ecosystem Challenge thus adequately predicted successful innovation. 

The contribution of this study is twofold: Firstly, it tested existing theory outside of the contexts 

of their formulation and thereby challenged the explanatory range of the theory; the theory is 

generalizable and can be extended to the crucial case of China. Secondly, it yielded insights 

into the involvement of the highest echelons of the Chinese government in military innovation 

processes. Most importantly though, it contributed to the debate involving a fusion of the civil-

ian and military realms from an IR perspective by proving that the civilian side still retains 

decisive control over military innovation, even in a political system such as the Chinese. This 

insight weakens other explanations for the nature and origin of military innovations. Moreover, 

this study further substantiated Gilli and Gilli’s Ecosystem Challenge theory because it also 

proved useful for explaining the successful adoption in a case of military innovation within the 

traditional defense sector. 

The findings of this study entail limitations. The employed method, theory-testing process-

tracing, cannot claim explanatory sufficiency within the case study; instead, it can only make 

statements about the presence/absence of the causal mechanism. Therefore, multiple causal 

mechanisms can be relevant in producing the outcome. The presented causal mechanism did 

correctly map causal forces contributing to producing the outcome but it cannot logically be 

the sole factor. 
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Considering the findings and limitations of this study, further research is necessary to advance 

the understanding of the dynamics of military innovation, its causal factors and subsequent 

implications for the international system.  
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