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Abstract
Three Papers on the International Political Economy of Al: Statistical and Game-Theoretic
Analyses

Jenny W. Xiao

This three-paper dissertation merges theory and practice to explore the international
political economy (IPE) of emerging technologies, with a focus on artificial intelligence (Al).
Through three interconnected papers, it examines how states and firms interact in a dynamic cycle
of action and reaction around technological development. The first two papers explore
complementary aspects of this relationship: how states strategically invest in emerging
technologies, and how other states react to these investments and technological progress through
economic coercion. The third paper then reveals a crucial causal mechanism underlying both state
investment decisions and coercive responses—how states gauge each other’s technological
capabilities through the actions of firms. Together, these papers explore how states optimize
investment strategies, impose economic sanctions, and gauge technological capabilities based on
firm actions. The first paper addresses the core problem of balancing state investments against the
risk of foreign restrictions in strategic sectors. It highlights how sectoral characteristics, such as
capital intensity and reliance on global networks, influence the relative importance of state
investment and foreign access. It then offers a game theoretic framework to explain how
governments determine their optimal investment levels based on the trade-off between the two
factors. To test the empirical viability of the theory, I use comparative case studies of the

semiconductor and Al sectors in China and the space technology and robotics sectors in the U.S.



The second paper investigates the timing of economic sanctions through the framework of
“calculated coercion.” Using a dynamic game theory model, this paper argues that states often
impose sanctions not when their leverage is strongest but when it is at the brink of erosion. This
theory explains why the U.S. imposed semiconductor export controls as China neared
technological independence, why Russia weaponized energy exports as Europe diversified its
energy sources, and why China has so far refrained from weaponizing its manufacturing leverage.
These findings reveal that, paradoxically, attempts at pursuing economic independence could
trigger economic coercion. The third paper turns the attention to the role of firms, focusing on
how states gauge each others’ capabilities through the capabilities of firms. Using the case of
Google DeepMind’s AlphaGo Al model release in 2016, the paper employs the synthetic control
method and a unique dataset of over 11,000 Chinese military publications to show how
AlphaGo’s release served as a “Sputnik moment” for China, spurring a significant increase in
military Al publications by the People’s Liberation Army (PLA). Qualitative analysis confirm the
hypothesis that the Chinese military used DeepMind’s capabilities as a signal for U.S. Al power.
Together, these three papers contribute to the understanding of the IPE dynamics of Al, revealing

how states navigate emerging technologies, global competition, and geopolitical tensions.
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Strategic Stakes: Optimizing State Investment in Strategic Sectors

On May 15, 2020, U.S. regulators abruptly halted the sale of chip supplies to Chinese semi-
conductor companies.! Within weeks, China’s largest chip manufacturer, Semiconductor Manu-
facturing International Corporation (SMIC), announced an extensive “de-Americanization” cam-
paign—an effort largely bankrolled by Beijing—to circumvent the new restrictions.” Ironically,
the initial U.S. restrictions were a response to the Chinese government’s heavy investment in semi-
conductor self-sufficiency, a move Washington worried would put China in a better position in the
geopolitical competition. This swift tit-for-tat vividly illustrates a dilemma that has come to define
high-tech competition today: States feel compelled to invest heavily in strategic sectors to secure
economic and military advantages, yet each new wave of public funding risks provoking foreign
pushback that limits access to global technology, talent, and markets.

Such tensions have only intensified amid rising geopolitical rivalries and the growing trend
of “deglobalization.” While classical international political economy (IPE) scholarship has long
touted the benefits of openness—arguing that global trade and cross-border collaboration acceler-
ate innovation—recent developments suggest a more nuanced reality.> With heightening geopo-

litical competition, states accelerate their investment into strategic industries while curtailing their

1. Export Administration Regulations: Amendments to General Prohibition Three (Foreign-Produced Direct Prod-
uct Rule) and the Entity List, May 2020, accessed December 26, 2024, https://www.federalregister.gov/documents/20
20/05/19/2020-10856/export-administration-regulations-amendments- to- general- prohibition- three- foreign- produce
d-direct.

2. Gregory C. Allen, In Chip Race, China Gives Huawei the Steering Wheel: Huawei’s New Smartphone and the
Future of Semiconductor Export Controls, technical report (CSIS, October 2023), https://www.csis.org/analysis/chip-r
ace-china-gives-huawei-steering- wheel-huaweis-new-smartphone-and-future; Ting-Fang Cheng and Lauly Li, “US-
China Tech War: Beijing’s Secret Chipmaking Champions,” Nikkei Asia, May 2021, accessed November 14, 2024,
https://asia.nikkei.com/Spotlight/Most-read-in-2021/US-China-tech- war- Beijing-s- secret-chipmaking-champions.

3. There is a large literature on how FDI can promote technological innovation and economic growth in the re-
cipient country. See, for example, Theodore H. Moran, Edward M. Graham, and Magnus Blomstrom, Does Foreign
Direct Investment Promote Development? (Washington, DC: Institute for International Economics, 2006); Tim Biithe
and Helen V. Milner, “The Politics of Foreign Direct Investment into Developing Countries: Increasing FDI through
International Trade Agreements?,” American Journal of Political Science 52, no. 4 (October 2008): 741-762.


https://www.federalregister.gov/documents/2020/05/19/2020-10856/export-administration-regulations-amendments-to-general-prohibition-three-foreign-produced-direct
https://www.federalregister.gov/documents/2020/05/19/2020-10856/export-administration-regulations-amendments-to-general-prohibition-three-foreign-produced-direct
https://www.federalregister.gov/documents/2020/05/19/2020-10856/export-administration-regulations-amendments-to-general-prohibition-three-foreign-produced-direct
https://www.csis.org/analysis/chip-race-china-gives-huawei-steering-wheel-huaweis-new-smartphone-and-future
https://www.csis.org/analysis/chip-race-china-gives-huawei-steering-wheel-huaweis-new-smartphone-and-future
https://asia.nikkei.com/Spotlight/Most-read-in-2021/US-China-tech-war-Beijing-s-secret-chipmaking-champions

foreign dependence. However, this increasingly statist approach triggers reciprocal export con-
trols, sanctions, and other measures designed to undermine their efforts. This dynamic ultimately
raises the question: How should states optimize their investments in strategic sectors when the very
act of investing can trigger foreign restrictions that undermine innovation?

To address this question, I propose a theory of optimal state investment that explains when
states choose moderate versus high levels of investment in strategic sectors. I also offer a for-
mal model that explains how states set their levels of investment based on anticipated restrictions
and the relative importance of state resources versus foreign access for innovation in a given sec-
tor. When foreign access is highly valuable, states moderate their investment to avoid triggering
restrictions that could sever important international linkages. Conversely, when state resources
are more effective at driving innovation, states pursue higher investment despite potential foreign
pushback. This creates systematic variation in state investment patterns across strategic sectors
based on their technological and economic characteristics, such as capital intensity and the length
of R&D cycles.

To evaluate my theory, I examine contrasting approaches to state investment both within and
across countries. I analyze China’s divergent investment strategies in semiconductors versus ar-
tificial intelligence (AI), and the United States’ different approaches to space technology versus
robotics. In the cases of China’s semiconductor sector and the U.S.’s space technology sector, high
capital intensity, strong spillover effects, and long R&D cycles favor heavy-handed involvement
by the government. In contrast, the Al sector in China and the robotics sector in the U.S. benefit
more from open collaboration, global talent, and private capital, encouraging a more laissez-faire
approach. These cases demonstrate how states calibrate their involvement based on sector-specific
trade-offs between leveraging domestic resources and maintaining foreign access. The findings
have important implications for understanding state behavior in strategic sectors and the future of
technological competition between great powers.

The remainder of this article proceeds as follows: I begin by reviewing how the existing IPE

literature has approached questions of state investment and global integration, highlighting the need



to better theorize the trade-offs states face. I then develop my theory of optimal state investment and
formalize it through a game-theoretic model. The empirical sections examine how this framework
helps explain variation in state investment across sectors and countries. I conclude by exploring
the implications for scholars and policymakers navigating the complex relationship between state

control and global innovation networks.

1.1 State Resources vs. Foreign Access in Innovation

How should states optimize their investments in strategic sectors? With the looming threats of
deglobalization and geopolitical conflicts, states face an increasingly stark trade-off between lever-
aging domestic resources and maintaining access to global innovation networks. While greater
state investments can foster innovation in strategic industries, they also trigger outcries of pro-
tectionism, market manipulation, and even geopolitical threats, resulting in foreign countries im-
posing restrictions, sanctions, or tariffs. These reactions can, in turn, hurt innovation by limiting
access to critical technologies, markets, and talent.

Yet this trade-off between state resources and foreign access is often overlooked in the tradi-
tional IPE literature, which tends to focus on how globalization fosters innovation. For example,
a large literature examines how global trade and foreign direct investment (FDI) enhances inno-
vation and economic development,* and how international specialization benefits all participants
of global value chains.’ The “globalization of innovation” has benefited developing countries like

China and India, as leading firms now frequently set up R&D centers abroad.® Furthermore, schol-

4. Robert Keohane and Joseph Nye, Power and Interdependence (New York, NY: Harper Collins, 1977); Gene M.
Grossman and Elhanan Helpman, “Trade, Innovation, and Growth,” Publisher: JSTOR, The American economic review
80, no. 2 (1990): 86-91; Biithe and Milner, “The Politics of Foreign Direct Investment into Developing Countries:
Increasing FDI through International Trade Agreements?”’; Andrew Atkeson and Ariel Tomds Burstein, “Innovation,
Firm Dynamics, and International Trade,” Journal of Political Economy 118, no. 3 (June 2010): 433-484; Garrick
Blalock and Paul J. Gertler, “Welfare Gains from Foreign Direct Investment Through Technology Transfer to Local
Suppliers,” Publisher: Elsevier, Journal of international Economics 74, no. 2 (2008): 402—421.

5. Gary Gereffi, John Humphrey, and Timothy Sturgeon, “The Governance of Global Value Chains,” Review of
International Political Economy 12, no. 1 (February 2005): 78—104.

6. Daniele Archibugi and Simona [ammarino, “The Globalization of Technological Innovation: Definition and Ev-
idence,” Review of International Political Economy 9, no. 1 (January 2002): 98—122; Andrew B. Kennedy, “Slouching
Tiger, Roaring Dragon: Comparing India and China as Late Innovators,” Review of International Political Economy
23, no. 1 (January 2016): 65-92.



ars argue that advances in information and communication technologies reduce barriers to entry
for latecomers and facilitate technological diffusion, allowing them to “catch up” by integrating
into the global economy.’

This research tradition stands in contrast with the developmental state literature, which empha-
sizes the power of state resources in driving innovation. Chalmer Johnson’s classic 1982 analysis
of Japan’s MITI introduced the concept of the “developmental state," where the government plays
a proactive role in making strategic investments and conducting industrial policy.> What followed
was rich empirical analyses of the industrial policies in Taiwan, South Korea, and even the ‘“hid-
den developmental state” in the U.S.? These cases underscore how governments deploy a variety
of policies to support technological innovation and economic development, especially through in-
vesting in high-risk and capital-intensive sectors.

Several other strands of literature examine the role of domestic political institutions in fos-
tering innovation. The "Varieties of Capitalism" (VoC) framework differentiates between coor-
dinated market economies (CMESs) like Germany and Japan, which rely on state-led or industry-
coordinated approaches to strategic sectors, and liberal market economies (LMEs) like the U.S. and
the UK, which emphasize private-sector innovation and global linkages.'” Rather than framing in-
novation as primarily driven by either foreign access or domestic policy, this tradition emphasizes
that a state’s level and nature of involvement are determined by its institutional configuration. The
literature on state capacity and bureaucratic politics also focuses on the role of domestic institu-
tions, analyzing the ability of governments to mobilize resources, coordinate policy goals, and

implement strategic initiatives.!! A high-capacity state can support technological innovation in

7. A. B. Kennedy, “Slouching Tiger, Roaring Dragon: Comparing India and China as Late Innovators.”

8. Chalmers Johnson, MITI and the Japanese miracle: The growth of industrial policy, 1925-1975 (Palo Alto, CA:
Stanford University Press, 1982).

9. Frederic C. Deyo, The Political Economy of the New Asian Industrialism (Ithaca, NY: Cornell University Press,
1987); Fred Block, “Swimming Against the Current: The Rise of a Hidden Developmental State in the United States,”
Politics & Society 36, no. 2 (June 2008): 169-206.

10. Peter A. Hall and David Soskice, Varieties of Capitalism: The Institutional Foundations of Comparative Advan-
tage, Backup Publisher: Oxford University Press (Oxford, UK: Oxford University Press, 2001).

11. Douglass C. North, Institutions, Institutional Change and Economic Performance (Cambridge, UK: Cambridge
University, 1990).



several ways, including providing law and order, infrastructure, and mass education.'? Conversely,
fragmented bureaucracies or turf battles can impede a state’s ability to execute industrial policy.!?
From a historical institutionalism perspective, these domestic institutions exhibit strong path de-
pendence—once institutional frameworks are established, they create self-reinforcing dynamics
that influence the state’s future level of involvement in development and innovation.'#

However, neither the state-centered research nor the traditional IPE literature addresses the
potential trade-off between state investment and global access. The former emphasizes how a
strong and capable state can drive innovation but overlooks how excessive state involvement might
trigger foreign backlash. The latter emerged in an era of globalization when Western states were
less concerned about competition from rising powers. Thus, the trade-off between domestic and
foreign resources was less apparent, which is no longer true in today’s geopolitical environment.

Research on weaponized interdependence and securitization highlights the risks of interna-
tional dependence, explaining why states might forgo the benefits of globalization and focus on do-
mestic means. Farrell and Newman show how states controlling key nodes in global networks can
exploit their positions to coerce others.!> Other scholars have also examined how national security
concerns drive economic and technological decoupling.!® The securitization of high-technology
sectors offers another critical lens for understanding why states treat certain industries as existen-
tial security priorities. In recent years, advanced strategic sectors—such as semiconductors, Al,

and aerospace—have been increasingly subsumed under national security frameworks, justifying

restrictive measures to safeguard technological dominance.

12. Daron Acemoglu, Camilo Garcia-Jimeno, and James A. Robinson, “State Capacity and Economic Development:
A Network Approach,” American Economic Review 105, no. 8 (2015): 2364-2409; Mark Dincecco, State Capacity
and Economic Development: Present and Past (Cambridge, UK: Cambridge University Press, 2017).

13. Timothy Besley et al., “Bureaucracy and Development,” Annual Review of Economics 14, no. 1 (August 2022):
397-424.

14. Kathleen Thelen, “Historical Institutionalism in Comparative Politics,” Annual Review of Political Science 2, no.
1 (June 1999): 369-404; Orfeo Fioretos, “Historical Institutionalism in International Relations,” Publisher: Cambridge
University Press, International Organization 65, no. 2 (2011): 367-399.

15. Henry Farrell and Abraham L. Newman, “Weaponized Interdependence: How Global Economic Networks Shape
State Coercion,” International Security 44, no. 1 (2019): 42—79; Daniel W. Drezner, Henry Farrell, and Abraham L.
Newman, The Uses and Abuses of Weaponized Interdependence (Washington D.C.: Brookings Institution Press, 2021).

16. Kevin Honglin Zhang, “U.S.-China Economic Links and Technological Decoupling,” The Chinese Economy 56,
no. 5 (September 2023): 353-365.



The economic statecraft and geoeconomics literature provides a broader framework to under-
stand how states strategically deploy economic tools—such as strategic investments or restric-
tions—to achieve geopolitical ends.!” Major powers, particularly the U.S., increasingly use invest-
ment screening (e.g., CFIUS), technology sanctions, and other economic instruments as mecha-
nisms of geopolitical maneuvering.'® High-tech investments often require substantial capital, much
of which comes from global markets. Foreign restrictions or geopolitical tensions can deter inter-
national investors, limiting access to financial resources critical for innovation. Conversely, states
may use capital controls to prevent foreign ownership in strategic industries, as seen in restrictions
on Chinese investments in high-tech firms in the EU."°

Despite rich insights from various literature streams, there has been an absence of explicit
theorization of how states optimize investment, given the trade-off between domestic resources and
foreign access. This gap is particularly significant as rising technological competition, particularly
between the U.S. and China, has made advanced economies more sensitive to technology transfer
and foreign control of strategic sectors. This forces states to navigate increasingly complex trade-
offs between fostering domestic capabilities and maintaining crucial international linkages—too
much state investment can trigger foreign pushback that undermines innovation. At the same time,
too little may leave critical technologies underdeveloped. In the following section, I will provide a
theory of optimal state investment, exploring how states determine their level of investment based

on the characteristics of specific industries and the anticipated restrictions of foreign states.

17. David A. Baldwin, Economic Statecraft (Princeton, NJ: Princeton University Press, 1985); Anton Malkin and
Tian He, “The Geoeconomics of Global Semiconductor Value Chains: Extraterritoriality and the US-China Technology
Rivalry,” Review of International Political Economy 31, no. 2 (March 2024): 674-699; Séren Scholvin and Mikael
Wigell, “Power Politics by Economic Means: Geoeconomics as an Analytical Approach and Foreign Policy Practice,”
Comparative Strategy 37, no. 1 (January 2018): 73-84.

18. Sonal S. Pandya, “Political Economy of Foreign Direct Investment: Globalized Production in the Twenty-First
Century,” Annual Review of Political Science 19, no. 1 (May 2016): 455-475.

19. Zenobia T. Chan and Sophie Meunier, “Behind the Screen: Understanding National Support for a Foreign In-
vestment Screening Mechanism in the European Union,” The Review of International Organizations 17, no. 3 (July
2022): 513-541.



1.2 A Theory of Optimal State Investments

How do states optimize their investments in strategic sectors when high state investments can
result in less access to foreign resources? I propose a theory of optimal state investments, arguing
that the effectiveness of state investment involves a trade-off between domestic state resources
and foreign access. Greater state investment can enhance innovation through financial and policy
support but can also trigger foreign restrictions that limit access to international technology, talent,
markets, and capital. This creates a strategic dilemma: states must balance the benefits of control
against the costs of reduced foreign access.

Before proceeding to my theory, I define several key concepts in my theoretical framework. In
my framework, state investments refer to any form of direct or indirect financial and operational
involvement by the government in a firm or industry. This can include direct equity stakes, research
grants, subsidized loans, preferential tax treatments, and public—private partnerships. Each mode
of investment not only allocates capital but also potentially grants the state various degrees of
influence, ranging from a minimal supervisory role to full operational control.

By contrast, foreign access comprises the critical external inputs essential for innovation and
expansion: international technology transfer, talent recruitment, cross-border funding, and mar-
ket entry. These external resources can be curtailed by foreign restrictions—Iegal, regulatory,
or policy-based measures imposed by other governments. Common restrictions include scrutiny
of cross-border mergers and acquisitions, export controls on sensitive technology, restrictions on
technology licensing, and visa limitations for specialized talent. Such measures take effect because
foreign governments fear the strategic implications of ceding key industries or information to rival
states, especially when the latter’s ownership surpasses specific control thresholds.

Another central concept in my framework is the “optimal” level of investments, which refers
to the level and type of public-sector involvement that maximizes technological advancement.
Here, my definition of “optimality” focuses on the state’s strategic interests in national security

and competitiveness rather than a broader economic development and social welfare viewpoint.?’

20. However, one could alternatively model ‘optimal’ investments from a societal welfare perspective. In that case,

7



I assume that states are rational actors that care about technological advancement as it matters for
geopolitical competition and strategic autonomy. I also assume that states are able to set or change
their investment policies and that these policies are determined by strategic considerations rather
than constrained by path dependencies or institutional arrangements.?!

Several scope conditions define when my theory applies. First, the framework primarily ex-
plains investment in sectors where both state resources and foreign access contribute meaningfully
to innovation. When innovation depends almost entirely on either domestic or foreign capabili-
ties, the strategic trade-off largely disappears. Second, the theory assumes states must be able to
enhance innovation through investments. This requires that the state has the necessary capabilities
and resources to do so and that the sectors benefit from additional state funding. While my theory
is not limited to great powers, the dynamics of investments and restrictions are more commonly
seen in great power competitions, as these countries have more resources to invest in strategic sec-
tors and have a greater stake in the global economy. Finally, states must value innovation in the
sector from a strategic perspective to justify investments. If states don’t perceive a given industry
as vital for national security, economic growth, or technological progress, they have little incentive
to invest in the sector in the first place.

Given these scope conditions, I propose a theory of optimal state investments that proceeds
in two parts. First, at the heart of the theory is the relative importance of state resources vis-a-
vis foreign access. State resources—whether through direct funding or preferential policies—can
foster technological innovation. However, the value of these resources varies significantly across
sectors. In some industries, state support alone can effectively drive innovation, while in others,
international knowledge, supply chains, and market access prove more crucial.

The relative importance of state resources and foreign access varies systematically across in-
dustries based on their technological and economic characteristics. In general, state resources

prove more valuable in industries characterized by high capital intensity, long development cycles,

the government’s objective function would include broader social costs and benefits rather than just strategic gains.

21. This assumption addresses the counterargument that path dependency explains why states often respond to for-
eign restrictions by intensifying state involvement. This domestic politics argument, while interesting, is out of scope
for this essay.



and significant externalities that private actors struggle to capture.?” In these sectors, such as de-
fense technology or basic research, the state’s capacity for patient capital and ability to internalize
spillover benefits makes it an effective driver of innovation. Semiconductor manufacturing stands
out as another capital-intensive, highly strategic sector—one that features extensive R&D costs and
substantial security externalities. In these industries, long development cycles and capital intensity
deter private funding, making them dependent on governments for funding and resources.

In contrast, foreign access becomes crucial in industries exhibiting strong network effects, rapid
technological change, and distributed knowledge production. These sectors—exemplified by fields
such as Al or biotechnology—thrive on global knowledge flows, expansive talent pools, and open
market access. Because of the rapid pace of innovation and the multiplicity of contributors, they
often benefit more from broad international collaboration than from concentrated state support.
In such environments, restricting external partnerships can stifle creativity, slow the exchange of
ideas, and ultimately impede technological advancement. Traditional IPE literature tends to fo-
cus on these industries that benefit more from global knowledge flows, supply chains, and foreign
capital investments than from government resources. Industries requiring diverse complementary
inputs and featuring high modularity in production are more likely to rely on international linkages.
In contrast, those with more integrated production processes may benefit more from coordinated
state investment.?® These sectoral characteristics help explain why identical state investment strate-

gies can produce divergent outcomes across different strategic industries.

22. Jeffrey Ding and Allan Dafoe, “The Logic of Strategic Assets: From Oil to AL,” Security Studies 30, no. 2 (2021):
182-212.
23. Gereffi, Humphrey, and Sturgeon, “The Governance of Global Value Chains.”

9



oI

Table 1.1: Key Characteristics of Industries Favoring State Investment vs. Foreign Access

Characteristic

Favors State Investment

Favors Foreign Access

Capital Intensity

Development Cycle

Externalities

Network Effects

Knowledge Production

Production Modularity

High fixed costs, high capital intensity
Examples: semiconductor manufacturing,
space tech

Long R&D timelines; significant front-loaded
costs
Examples: defense, nuclear energy

Substantial spillovers that private actors strug-
gle to internalize
Examples: fundamental research

Less critical to innovation if the state can coor-
dinate or subsidize a domestic ecosystem
Examples: national payment systems, domestic
satellite networks

Concentrated expertise, classified research
Examples: military systems, quantum comput-
ing

Low modularity; vertically integrated; central
coordination by state can be beneficial
Examples: nuclear energy

Scalable with private/foreign capital
Examples: software, Al

Rapid, iterative innovation cycles
Examples: mobile apps, consumer electronics

Limited or easily captured spillovers
Examples: digital services

Strong reliance on global networks, distributed
user bases, or cross-border platforms
Examples: fintech, social media

Open science, global talent pools
Examples: biotech, robotics

High modularity; multiple specialized suppli-
ers; benefits from open, global supplier net-
works

Examples: electric vehicles



Second, foreign restrictions increase discontinuously with heightened state control due to insti-
tutional thresholds in corporate governance. Corporate governance structures form the micro-level
mechanisms that underpin foreign restrictions. While modest state investment may initially en-
counter limited resistance, once ownership crosses certain control thresholds, it triggers a sharp
escalation in foreign restrictions. For example, minority control rights (20-50% ownership) of-
ten grant board representation and veto power, majority control rights (>50%) confer operational
authority, and supermajority rights (>66%) permit far-reaching organizational changes. These es-
calating thresholds matter because each one grants state investors progressively greater influence
over firm operations, technology, and strategic decisions, prompting foreign stakeholders to impose
correspondingly stricter limitations on technology transfer, talent mobility, and market access. The
result is a discontinuous “step function” of foreign responses that reshapes the balance between
leveraging domestic state resources and maintaining critical global linkages.

A concrete illustration of these dynamics emerges in the U.S. government’s scrutiny of Chinese-
owned companies like TikTok, where ties to the Chinese state—and the resulting control thresh-
olds—amplify concerns about data security, content moderation, and foreign influence in U.S.
markets. Although the Chinese government reportedly owns a mere 1% stake in Bytedance, Tik-
tok’s parent company, its ownership constitutes a “golden share,” allowing the Chinese government
to elect three board seats and granting it other rights and privileges.”* American regulators worry
that state-controlled or state-influenced foreign firms may leverage sensitive user information, exert
undue influence over public discourse, or facilitate strategic technology transfers. These concerns
intensify once the state’s ownership stake is perceived to reach a point of meaningful control.

In contrast, some state-backed investors and sovereign wealth funds deliberately keep owner-
ship stakes below critical thresholds (e.g., below 10% or 20%) to stay “under the radar” of foreign

screening mechanisms.?> By maintaining minority positions without explicit control rights, they

24. Ken Dilanian, “TikTok Says It’s Not Spreading Chinese Propaganda. The U.S. Says There’s a Teal Risk. What’s
the Truth?,” NBC News, September 2024, accessed December 14, 2024, https://www.nbcnews.com/investigations/tikt
ok-says-not-spreading-chinese-propaganda-us-says-real-risk-rcnal 71201.

25. Steffen Kern et al., “Sovereign Wealth Funds: New Economic Realities and the Political Responses,” in Eco-
nomics of Sovereign Wealth Funds (Washington, DC: International Monetary Fund, 2010), 25-42.
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avoid triggering regulatory reviews that come with greater board influence or veto power. This
tactic allows them to cultivate strategic footholds in vital technology sectors without provoking the
same levels of scrutiny or restrictions that accompany more extensive state involvement.

Foreign governments do not treat all technologies equally. High-stakes sectors such as semi-
conductors, aerospace, or Al often feature dual-use applications or major competitive advantages,
making them especially sensitive to foreign ownership—even at relatively low thresholds. For in-
stance, in semiconductor manufacturing, a minority stake could already trigger alarm because of
the sector’s national security relevance and heavy reliance on cutting-edge intellectual property.
In contrast, consumer-oriented or low-tech industries may receive less scrutiny unless ownership
surpasses majority or supermajority thresholds. This variability arises because foreign regulators
weigh the perceived strategic importance of a target sector—factoring in innovation speed, dual-use
potential, and supply-chain vulnerabilities—when deciding whether to impose or escalate restric-
tions.

This theory generates several key predictions about state investment patterns. Industries where
innovation depends heavily on international knowledge flows and market access should see more
moderate state investment to preserve foreign linkages. This tendency should manifest empirically
in ownership stakes that remain below governance thresholds or in the use of indirect investment
tools (e.g., R&D grants, tax subsidies) that allow the state to support innovation without alarming
foreign regulators. Conversely, sectors where domestic capabilities can effectively substitute for
foreign access should experience higher levels of state investment, even if doing so triggers restric-
tions. In these industries, governments accept the risk of reduced global linkages because domestic
control offers strategic benefits—such as security, stable funding for long development cycles, or
the capture of spillover effects. We would expect, for instance, to see larger equity stakes or super-
majority holdings in sectors like defense technology or basic research, where sovereign oversight
is deemed critical.

To formalize these insights, I develop a game theoretic model that captures how the relative im-

portance of state resources and foreign access creates systematic variation in optimal investment
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levels across strategic sectors. The model captures the discontinuous nature of foreign backlash at
key control thresholds and the sectoral variation in the relative importance of foreign inputs. This
analytical framework identifies the “tipping points” at which state investments become counter-

productive.

1.3 A Model of Optimal State Investments

1.3.1 Game Setup

Consider a game with complete information. The players include a home state (H) and a
foreign state (F). The home state moves first and chooses an investment level s. The foreign state
then sets restrictions r, which determine the firm’s access to foreign markets, technologies, and
capital. The outcome of innovation /(s, r) depends on the amount of state investment and foreign

access
I(s,r) =as—Br

where @ represents how effectively state investment translates into innovation. S represents the
value of foreign access. @, 8 > 0 and operate on the same scale. « and S are not universal constants
but are sector-specific. In sectors like semiconductors or defense, @ tends to be larger because
patient state funding is particularly effective, whereas 8 may be smaller if foreign technology/talent
is less critical. Conversely, in Al or consumer electronics, 8 may be larger relative to a.

States and firms maximize their respective payoffs. I model the state’s utility function as its
concern for technological advancement minus the cost of investment. Specifically, H chooses s to

maximize
_ _ 8 2
Up(s)=1(s,r) —y(s) =as— Br- ES

where y(s) = g/2s? represents the costs of state investment (g > 0). y(s) is modeled as a quadratic
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function because I assume that the marginal cost of state investment increases as higher ownership
requires more oversight, adds administrative burden, and demands a higher political cost.
Foreign state F is sensitive to home state H’s increasing investment because it confers greater

control over firms to H. F chooses restrictions r = {r;, r;} to maximize

Up(r,s)=-D(s,r) = C(r)

where state F has two options for the level of restrictions it imposes, a high option and a low option
(rnp, > r; =2 0). D(s,r) = 0s(1 —r) is the damage to state F’s interests, which is positively corre-
lated with state H’s investment amount s and mediated by the amount of restrictions r. 6 > 0 is
the sensitivity of state F' to state H’s investments. Although I limit my analysis to strategic sectors
that are important for national security and geopolitics, I still allow the degree of sensitivity to vary
across sectors. In more military-relevant industries with dual-use technologies like semiconduc-
tors, 6 might be very large, meaning the foreign state becomes alarmed with even small levels of
state investment. In contrast, 8 is smaller in less strategic sectors. C(r) is the cost of imposing
sanctions. C(r;) = ¢; and C(ryp) = cp, where ¢;, > ¢; > 0, reflecting the fact that higher levels of
restrictions result in greater economic cost to state F.

Let A represent the point at which home state ownership crosses a control threshold in corporate
governance. The threshold A is not a pre-defined parameter but can vary by industry. Below 4,
the foreign state chooses low restrictions (r;); above A, it chooses high restrictions (r;). This
binary choice reflects the discontinuous nature of foreign backlash: at moderate investment levels,
the foreign state imposes relatively mild restrictions, but once the home state obtains meaningful
control, the foreign state enacts heightened restrictions.

I assume that when the utilities are the same, H prefers a lower s and F prefers a lower r. In
addition, to simplify my analysis, I assume that @ > [g(c, — ¢;)]/[6(rn — r;)], which ensures that
the value of foreign access is sufficient to make the home state’s decision between investing at A

or above the threshold meaningful.
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1.3.2 Results

Proposition 1 The optimal level of state investments (s*) depends on the relative importance of
state resources (a) and foreign access (B): (a) When B > ., H plays s* = A, a moderate state
investment at the threshold, and F plays r*(s) = r;; (b) When B < B¢, H plays s* = a/g, a high
state investment above the threshold, and F plays r*(s) = ry,. where B. = (a — gA)?/[2g(r,, — )]

and A = (¢ — ¢;)/[0(r — r)].%

Proposition 1 reveals how the optimal level of state investment depends critically on the relative
importance of state resources versus foreign access for innovation. When the value of foreign ac-
cess B exceeds a critical threshold ., maintaining access to foreign technology, talent, market,
and capital becomes paramount, leading states to moderate their investment levels to avoid trig-
gering heightened restrictions. Conversely, when g falls below this critical threshold, the benefits
of state resources outweigh the loss of foreign access, making high state investment optimal de-
spite triggering stronger foreign restrictions. For example, in high @ industries like defense tech
or advanced manufacturing, where domestic resources are especially effective, the government is
likely to prioritize state investment, even at the expense of foreign access. In contrast, in high 8
industries like cutting-edge biotech, where cross-border talent and R&D collaborations are crucial,
the government is likely to take a step back and encourage foreign engagement.

This model also generates several interesting comparative statics and predictions about how
investment levels and foreign restrictions respond to changes in underlying parameters. First, con-
sider the critical threshold S, that determines whether high or moderate state investment prevails.
B is positively correlated with the importance of state resources @ (08./da > 0), indicating that
industries where state investment is more productive can sustain higher levels of state investment
before foreign restrictions become prohibitively costly. Moreover, S, increases quadratically with
a, suggesting that the pull toward high state investment becomes dramatically stronger as state

effectiveness grows. Conversely, higher costs of state control reduce this threshold d3./dg < 0.

26. For proof of Proposition 1, see Appendix A.
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Second, the control threshold A, at which foreign restrictions increase sharply, also has im-
portant theoretical implications. This threshold decreases as foreign sensitivity to state control
increases (higher 6). This means that for more sensitive sectors, foreign restrictions kick in at
lower levels of state investment. This threshold’s position balances the cost differential of restric-
tions (¢, — c;) against their intensity differential (r, — r;). A wider cost differential raises the
threshold, while a larger intensity gap lowers it.

Finally, when state investment exceeds the threshold A, the optimal investment levels s* = a//g
reflect a simple ratio of state effectiveness to state costs. This means that in the high investment
regime, the optimal level of state investment becomes insulated from foreign considerations—the
state effectively decides that the benefits of control outweigh foreign restrictions. This leads to a
straightforward optimization where investment increases with state effectiveness («) and decreases
with state costs (g), independent of foreign responses.

The model helps us understand why state investment varies across different industries and
countries. States often keep their investment footprint lighter in industries where international
connections are crucial, such as Al and consumer hardware. In contrast, in sectors where domes-
tic capabilities can effectively substitute international linkages—such as defense and aerospace

technologies—states are willing to invest heavily despite the potential of severing foreign ties.

1.4 Case Studies

To examine the theory’s empirical validity, [ compare four cases across two major powers—China
and the United States. Within each country, I select one sector characterized by relatively low state
investment (China’s Al and U.S. robotics) and another marked by high state investment (China’s
semiconductor industry and U.S. space tech). These pairs were chosen for both their strategic
importance and their variation in domestic resource intensity versus reliance on foreign inputs.
Unlike China, whose government has generally been quite involved in economic development and
technological innovation, the U.S. has mostly taken a laissez-faire approach. These two cases

differ drastically in state capacity and domestic institutional setup, offering a more varied envi-
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ronment for testing my theory. At the same time, investigating divergent outcomes within each
national context controls for macro-level political and institutional factors, allowing us to focus on
how sectoral characteristics—and the thresholds governing state ownership—shape the trade-off

between state investments and foreign access.

1.4.1 China: Semiconductors vs. Al

China’s divergent approaches to state investment in semiconductors versus Al illustrate how
states calibrate investments according to the relative importance of domestic resources and foreign
access. Both sectors are strategic for national security and global technological competitiveness,
yet the Chinese government has chosen contrasting levels of direct involvement. Semiconductors
have attracted massive public funding, whereas Al relies more heavily on foreign venture capital
(VC) and private entrepreneurship—a pattern that challenges the common perception of heavy-
handed Chinese state control of advanced technologies. This variation aligns with the theoretical
framework that emphasizes how sector-specific characteristics—such as capital intensity, devel-
opment cycles, and network externalities—shape the benefits of state investment and the costs of

foreign restrictions.

Semiconductors: Racing to Self-Sufficiency

Semiconductors are a cornerstone of modern electronics and an acknowledged “chokepoint”
in great-power competition.?” Semiconductors are foundational to nearly every modern electronic
device, from smartphones and laptops to automobiles, medical equipment, and military systems.
The semiconductor supply chain, however, is highly concentrated and dependent on a small num-
ber of advanced players. For example, Taiwan Semiconductor Manufacturing Company (TSMC)
and Samsung dominate the production of cutting-edge chips, while the U.S., the Netherlands,
and Japan control critical semiconductor equipment and materials like EUV lithography machines

(produced exclusively by the Dutch tech giant ASML). This reliance on a few key suppliers creates

27. Malkin and He, “The Geoeconomics of Global Semiconductor Value Chains: Extraterritoriality and the US-
China Technology Rivalry.”
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vulnerabilities for countries like China, which currently lacks the capability to produce chips at the
most advanced nodes.

The semiconductor industry’s characteristics make state investment particularly important rel-
ative to foreign access. First, semiconductors are highly capital-intensive, with chip fabrication
plants costing tens of billions of dollars to build and operate.?® In semiconductor manufacturing,
the long development cycles and low profit margins discourage private investment, especially in
economies without established semiconductor ecosystems. The U.S. provides a cautionary exam-
ple of what happens when the private-sector incentives dominate semiconductor manufacturing:
the razor-thin margins and high costs of maintaining cutting-edge fabrication capabilities make it
unprofitable for U.S. chip companies to maintain fabrication facilities, opting instead to go “fa-
bless” and offshore manufacturing to Asia.”’ Second, the semiconductor industry exhibits sig-
nificant externalities. Technological advancements in chips spill over into nearly every modern
industry—from defense to healthcare to consumer electronics. These externalities cannot be suf-
ficiently captured by any private firm, amplifying the strategic value of state involvement. Third,
semiconductor production is vertically integrated, requiring coordination across multiple stages of
the value chain, such as wafer fabrication, lithography, and assembly.? State-led investment can
help overcome inefficiencies in supply chain integration that often arise in free-market systems.

Alarmed by the strategic vulnerabilities exposed by reliance on foreign suppliers, the Chi-
nese government has made achieving semiconductor independence a national priority over the past
decade.®' In 2014, the central government published the “National Guidelines for Development

and Promotion of the IC Industry” (“National IC Strategy”), calling for an investment of $150 bil-

28. Guangshun Qiao and Yulin Lu, “Operating Efficiency in the Capital-Intensive Semiconductor Industry: A Non-
parametric Frontier Approach,” Economics 18, no. 1 (February 2024): 20220050.

29. Chris Miller, “How Silicon Valley Lost the Chips Race,” Foreign Affairs, October 2022, https://www .foreignaff
airs.com/united-states/how-silicon- valley-lost-chips-race.

30. Arjun Krishnan et al., Going Vertical: A New Integration Era in the Semiconductor Industry, technical report
(Accenture, June 2021), https://www.accenture.com/us-en/insights/high-tech/going-vertical.

31. Although China started paying attention to the semiconductor industry as early as the 1950s, it was not until
2014 that it truly elevated semiconductors to the level of a “national strategy” and began providing systematic support.
For a brief history of the Chinese government’s semiconductor policy, see Zhongguo bandaoti chanye fazhan yanbian
huigu H ] 2 S AR Y &% R T8 AT (8] i The History of the Semiconductor Industry in China], April 2019, accessed
January 5, 2025, https://www.chinaaet.com/article/3000099753
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lion to establish a fully “closed-loop” semiconductor ecosystem in China.?? The guidelines also set
the goal of meeting 70% of China’s semiconductor demand with domestic production by 2025.33
This strategy has been operationalized primarily through the National Integrated Circuit Industry
Investment Fund (the “Big Fund™). Across the three phases from 2014 to 2039, the Chinese gov-
ernment committed a total of RMB 687 billion ($94.9 billion) to invest in advanced chip design
and manufacturing processes.>* Such heavy investment and long timeline reflect both the capital-
intensive nature of semiconductor development and China’s long-term commitment to the sector.
Beyond direct investment through the state-level Big Fund, China has created a comprehensive
support ecosystem for its semiconductor industry. This includes coordinated investment from local
governments—major cities and provinces like Beijing, Shanghai, and Guangdong have established
their own semiconductor investment funds.?> The central and local governments coordinate across
the entire supply chain—from design and manufacturing to equipment and materials—and pay
special attention to critical technological bottlenecks like high-performance chips and advanced
lithography machines.

Leading Chinese semiconductor companies have benefited significantly from state support. Be-
tween 2020 and 2023, China’s largest chip manufacturer, SMIC, received approximately $1 billion
in subsidies and an additional $2.2 billion in investment from the “Big Fund” and the Shanghai

government’s semiconductor fund.3® Beyond direct funding, the Shanghai government is also sup-

32. Stephen Ezell, How Innovative Is China in Semiconductors?, technical report (ITIF, August 2024), https://itif.o
rg/publications/2024/08/19/how-innovative-is-china-in-semiconductors/.

33. Ezell.

34. Lizzi C. Lee, “China’s Big Fund 3.0: Xi’s Boldest Gamble Yet for Chip Supremacy,”’ The Diplomat, June 2024,
https://thediplomat.com/2024/06/chinas-big-fund-3-0-xis-boldest- gamble- yet- for-chip-supremacy/.

35. Xinmei Shen, “Tech War: Beijing Sets Up US$1.2 Billion Semiconductor Fund as China Splurges on Chips,”
SCMP, August 2024, accessed December 27, 2024, https://www .scmp.com/tech/tech - war/article /3276614 /t
ech- war- beijing - sets- us12- billion- semiconductor - fund- china- splurges- chips For an example of local policies to
support the semiconductor industry, see Guangdong province’s chip strategy: 2023 nian xin yidai xinxi jishu he chanye
fazhan zhichi dianzi xinxi chanye fangxiang xiang mu 20235F 51— 5 B HEORF L & B X R FREE LT
M35 H [2023 Next-Generation Information Technology and Industry Development Support Program], January 2023,
accessed January 5, 2025, https://sqzc.gd.gov.cn/rdzt/ndzchb/2023/content/post_4081146.html

36. Josh Horwitz and Kim Coghill, “China Semiconductor Fab SMIC Gets $2.2 bln Investment from Gov’t Funds
Amid Global Chip Spat,” Reuters, May 2020, https://www.reuters.com/article/china- semiconductor- smic/china-
semiconductor - fab- smic- gets - 22 - bln- investment - from- govt- funds - amid - global - chip - spat-idUSL4N2D019Y/;
Qianer Liu, “How Huawei Made a Cutting-Edge Chip in China and Surprised the US,” Financial Times, November
2023, accessed December 15, 2024, https://www.ft.com/content/327414d2-fe13-438e-9767-333cdb94c7el.
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porting SMIC’s construction of two new production lines in the city.?” Heavy government support
since 2020 has helped SMIC triple its revenue and double its capacity over the course of merely
four years, supporting its rise to becoming the world’s third-largest semiconductor foundry.’® Al-
most 200 semiconductor firms have received significant state financing in the same period, includ-
ing major recipients like Sanan Optoelectronics ($146 million in 2022) and NAURA Technology
Group ($51 million in 2023).3° Huawei also received significant government assistance for its
chip-related endeavors, including support for the new Shanghai semiconductor R&D center.*
Such heavy state involvement led to rapid advancements in China’s chip manufacturing ca-
pabilities but also triggered an aggressive foreign response. In particular, the U.S. is concerned
that it would lose its strategic leverage over China as Beijing edges toward semiconductor inde-
pendence.*! Washington is also worried that China’s semiconductor advances could enhance its
military capabilities through improved Al systems for autonomous systems and military decision-
making. In response, the U.S. and its allies imposed comprehensive export controls on critical
chip manufacturing equipment, most critically, ASML’s EUV lithography machines, which are
essential for producing advanced chips.*> By 2022, Washington not only blocked Chinese firms’
access to cutting-edge GPU chips and high-bandwidth memory chips critical for Al applications
but also required manufacturers outside the U.S., including those in Singapore and Malaysia, to

comply with these restrictions.*> A Biden administration executive order further prohibited Amer-

37. Che Pan, “Tech War: SMIC, Huawei Projects Among Top Government-Supported Endeavours in 2024,” SCMP,
February 2024, https://www.scmp.com/tech/tech-war/article/3252558/tech-war-smic-huawei-projects-among-top-g
overnment-supported-endeavours-2024.

38. L. C. Lee, “China’s Big Fund 3.0: Xi’s Boldest Gamble Yet for Chip Supremacy.”

39. China: Government subsidies for listed company NAURA Technology Group Co.,Ltd. in year 2023, January
2023, accessed December 15, 2024, https://www.globaltradealert.org/state-act/86737/china- government-subsidies-f
or-listed-company-naura-technology- group-co-ltd-in-year-2023; Ann Cao, “China Gave 190 Chip Firms US$1.75
Billion in Subsidies in 2022 as It Seeks Semiconductor Self-Sufficiency,” SCMP, May 2023, accessed December 27,
2024, https://www.scmp.com/tech/tech-war/article/3219697/china- gave- 190-chip-firms-us175-billion-subsidies-20
22-it-seeks-semiconductor-self-sufficiency.

40. Pan, “Tech War: SMIC, Huawei Projects Among Top Government-Supported Endeavours in 2024.”

41. I offer a more detailed discussion on China’s rapid semiconductor progress and the subsequent U.S. sanctions in
the second paper “Calculated Coercion.”

42. Karen Freifeld and David Shepardson, “Latest US Clampdown on China’s Chips Hits Semiconductor Toolmak-
ers,” Reuters, December 2024, accessed December 27, 2024, https://www.reuters.com/technology/latest-us- strike-c
hinas-chips-hits-semiconductor-toolmakers-2024-12-02/; Sujai Shivakumar, Charles Wessner, and Thomas Howell,
Balancing the Ledger: Export Controls on US Chip Technology to China, technical report (CSIS, February 2024).

43. Freifeld and Shepardson, “Latest US Clampdown on China’s Chips Hits Semiconductor Toolmakers.”
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ican investments in Chinese semiconductors, microelectronics, quantum information technologies,
and Al, while restricting cooperation between American engineers and Chinese entities.** These
comprehensive measures—affecting technology access, investment flows, and knowledge trans-
fer—illustrate how high state investment can trigger broad foreign restrictions when it raises con-
cerns about military applications of civilian technology.

Despite aggressive U.S.-led sanctions aimed at restricting China’s access to advanced semicon-
ductor technologies and equipment, China’s semiconductor industry has demonstrated remarkable
resilience. This resilience underscores a critical characteristic of the semiconductor sector: its re-
liance on domestic resources, such as capital and long-term strategic planning, is more important
than immediate global access. Even in advanced technologies where foreign restrictions are most
severe, Chinese firms have made notable progress. For example, Huawei’s latest 5G phone utilized
a 7nm chip produced domestically by SMIC.* China is also working to extend the capabilities
of their domestically-produced lithography tools to manufacture Snm chips.*® In mature nodes,
China is rapidly expanding its production, planning to add more than 18 new chip fabs in 2024
alone, representing more new chip-making capacity than the rest of the world combined.*’ While
export controls have undoubtedly created challenges for Chinese firms, they have not significantly
slowed down the country’s progress toward self-sufficiency in chip manufacturing.

China’s heavy involvement in supporting its semiconductor investment is not a singular case.
In fact, the semiconductor manufacturing hubs of the world—Taiwan and South Korea—have
benefited tremendously from strong state investment and coordination. Taiwan’s TSMC, now the

world’s leading chip manufacturer, got its start with significant government support, including tax
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cuts, R&D subsidies, and coordinated policy initiatives.*® Key to the success of the company is
the Taiwanese government’s support in helping the company construct a vertically integrated man-
ufacturing line, coordinating across design, fabrication, and assembly processes. Similarly, South
Korean chip giants like Samsung and SK Hynix emerged through a combination of state-direct
industrial policy, favorable financing from government-backed banks, and the government’s strate-
gic focus on turning South Korea into a semiconductor hub.*’ In recent years, concerned about
geopolitical tensions disrupting its semiconductor supplies, the U.S. started to invest heavily to
bring chip manufacturing back onshore. Washington has devoted $53 billion to the CHIPS Act,
providing substantial subsidies to companies like Intel and Micron to set up domestic production
facilities.>® Without heavy government subsidies, it would not be profitable for these American
companies to maintain domestic manufacturing lines. In fact, a recent study published in China’s
official People’s Tribune examined the chip industries in the U.S., Taiwan, and South Korea, con-
cluding that the growth of semiconductor industries has often relied on state intervention, rather
than purely mark-driven forces.’! This indicates that the Chinese government’s actions originate
from sector-specific characteristics and not just the inherent heavy-handedness of the Chinese state.

China’s semiconductor strategy illustrates the core logic of optimal state investment. Despite
triggering high foreign restrictions (rj) through substantial state ownership and control, China has
maintained and even increased its investment in the sector. This persistence makes strategic sense
given semiconductors’ characteristics: enormous capital requirements, extended development cy-
cles, and significant technological spillovers across the supply chain. The sector’s reliance on
these features that state resources can effectively provide—patient capital, long-term planning, and

ecosystem coordination—outweighs the costs of reduced foreign access. Indeed, China’s progress
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despite restrictions suggests that state resources can partially substitute for foreign access in semi-

conductors.

Al: Attempting to Preserve Global Links

In contrast to the Chinese government’s intimate involvement in the semiconductor sector, Chi-
nese state investment in Al has been much more moderate. In fact, Al development in China is
primarily driven by private entrepreneurship and foreign funding, notably USD funds with West-
ern capital—a reality that stands in stark contrast with the common perception that the Chinese
government plays a prominent role in strategic industries.”> In a 2020 article, China’s National
Development and Reform Commission explicitly advocated for a market-led approach to Al de-
velopment.>? In the same year, the China Academy of Information and Communications Technol-
ogy (CAICT), one of the Chinese government’s top think tanks, published a report recommending

ways to further global collaboration in AI>*

These publications indicate the Chinese government’s
intention to preserve global ties in order to promote Al development domestically.

Unlike semiconductor firms with heavy state ownership, Chinese Al companies maintain largely
private capital structures. China’s leading Al firms like ByteDance, SenseTime, and Megvii have
relied primarily on foreign VC funding rather than state investment. SenseTime, for example, is
funded mainly by global firms such as SoftBank and Silver Lake, raising a total of approximately
$5.22 billion from USD funds.> Interestingly, some of the most active investors in China’s Al

scene are USD funds like Sequoia Capital China, IDG, and Qiming Venture Partners, which re-

ceive heavy backing from U.S.-based institutions including university endowments and pension
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funds.’® The Chinese government has deliberately kept their shares in AI companies low, typi-
cally around 1%, which stands in contrast to the government’s much higher stakes (30-50% and
beyond) in semiconductor companies.>’ For instance, the Chinese state owns “golden shares” in
ByteDance, Alibaba, and Tencent, allowing the government to outvote other shareholders in spe-
cial circumstances while allowing most of the financial stakes to be owned by private capital.”®
This limited state ownership structure was a deliberate strategy to maintain oversight of content
and data while helping Chinese Al companies maintain access to foreign capital and continue
operating as predominantly private entities.

Why this more cautious stance? AI’s rapid innovation cycles, reliance on open-source research,
and need for global talent make preserving foreign linkages paramount. Unlike chip manufactur-
ing, which operates on multi-year or even decade-long timescales, Al advances in three-to-six-
month cycles, which is best supported by flexible, dynamic ecosystems rather than centralized,
state-controlled procedures. For instance, OpenAl’s GPT-3, the transformative large language
model (LLM) powering ChatGPT was released in 2020, just one year after the company’s devel-
opment of GPT-2, a primitive version of an LLM.>® At the same time, Al research relies on close
global collaboration and an open environment for research sharing. Cutting-edge Al research de-
pends on open-source models like Llama and Stable Diffusion, open-source frameworks like Py-

Torch and TensorFlow, dynamic research sharing at Al conferences like NeurIPS and ICML, and
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access to high-performing computing hardware like Nvidia’s A100 and H100 GPUs. American
companies like Nvidia, Google, and Meta control much of the fundamental infrastructure for Al
research. For example, some of the best-performing Chinese Al models like 01.AI’s Yi series are
based on the architecture of Meta’s Llama models.®® This means that heavy state involvement or
overt control could raise suspicion among foreign developers and companies, potentially limiting
China’s access to these resources.

In addition, Al research and development are driven by a large global network of researchers
and engineers. Much of the cutting-edge work in academia, multinational companies, and Al
startups transcends national borders and occurs in a decentralized manner. The depth of such in-
ternational integration—particularly between the U.S. and China—is striking: Between 2010 and
2021, researchers in the U.S. and China co-authored over 64,000 Al papers, three times more
than any other bilateral collaboration.®! Chinese companies and universities have established part-
nerships with leading institutions in North America and Europe, creating joint labs and research
initiatives.%?> Even with the absence of formal partnerships, Chinese labs benefit tremendously from
global research. Google Brain’s development of the Transformer architecture inspired countless
adaptations, including OpenAI’s GPT series and the LLMs developed by Chinese institutions like
Alibaba, Baidu, and the Beijing Academy of Artificial Intelligence (BAAI).% These strong global
ties have pushed China to maintain a lighter touch in the Al industry, limiting state ownership to
ensure private firms’ continued participation in the global Al ecosystem.

China’s relatively open strategy to promote Al development initially proved successful. ByteDance,
for instance, grew into a global technology giant worth over $300 billion, with its star product

TikTok reaching more than 150 markets.®* Meanwhile, Chinese Al startups attracted substantial
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foreign capital—approximately $18 billion in venture funding in 2020 alone, representing 24% of
global Al investments and second only to the U.S.%5 Chinese universities published extensively
in top international conferences. Between 2017 and 2022, China published 243,000 Al papers,

contributing a quarter of the global Al research output.®

Moreover, by 2021, China accounted
for over 7,400 of the most-cited Al publications, 70% more than the U.S.%7 Top Chinese Al firms
demonstrated significant capabilities in advanced AI—BAAI’s Wu Dao series, Alibaba’s Pangu
series, and Baidu’s Ernie models surpassed the performance of many state-of-the-art Western mod-
els.%® Chinese companies also actively contributed to the global open-source AI community, with
startups like DeepSeek and 01.Al releasing their models publicly and earning high rankings on
performance leaderboards.®” These remarkable achievements on both the business and technical
fronts demonstrate that China’s light-touch approach allowed its firms and research institutions to
thrive in the global innovation ecosystem.

However, recent developments have challenged this approach, as Chinese Al companies face
increasing scrutiny and restrictions, despite relatively moderate state involvement. ByteDance,
perhaps the most prominent Chinese Al company, will potentially be forced to divest TikTok or
face a ban in the U.S. market.”® Other notable Chinese Al firms, such as SenseTime and Megyvii,

have been placed on various policy blacklists.”! Policymakers in Washington have also been tight-

ening control over Al chip exports to China since 2022, limiting China’s access to advanced GPUs
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produced by Nvidia and AMD—the most commonly used processors for training AI models.”?
In 2023, the Biden administration further expanded these restrictions by limiting U.S. outbound
investment in Al companies, effectively cutting off a crucial source of foreign capital for China’s
Al sector.”

This heightened foreign sensitivity (increased 6 in the model) reflects AI’s growing prominence
in national security. The development of next-generation Al models like LLMs makes the technol-
ogy much more useful in military settings. Al models are now capable of analyzing vast datasets,
performing complex decision-making, and generating human-like text. These new capabilities
have raised fears about their potential misuse for disinformation, surveillance, and autonomous
weapons.’* These dynamics have altered foreign states’, particularly Washington’s, sensitivity lev-
els, prompting them to impose stricter restrictions at lower levels of state involvement.

As a result, China has progressively embraced a more state-centric approach to Al develop-
ment. Although China released its pivotal “New Generation Artificial Intelligence Development
Plan” in 2017, it did not initially impose heavy regulatory oversight or direct control.”> China’s
light-touch approach to Al began shifting dramatically around 2021 as the technology’s strategic
sensitivity intensified. This evolution toward greater state control manifested in three ways.

First, the Chinese government significantly increased state investment in the sector, with a
particular focus on strategic areas like LLMs and Al infrastructure. The increased role of state
capital appears designed to offset declining private investment while maintaining greater control

over Al development. Since 2021, private and foreign investment has declined sharply: private
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equity and VC investments in China’s tech sector fell from 1,326 deals in 2021 to 842 in 2022,
while Al-specific investments dropped 38% in 2023, with total funding declining 70% to approxi-
mately $2 billion.”® Foreign direct investment has also plummeted, with China’s direct investment
liabilities reaching their lowest level since 1993—just $33 billion in 2023, an 82% decrease from
2022.77 These changes are in part a result of the sluggish Chinese economy and in part a result of
geopolitical tensions and U.S. investment restrictions.

In response, the Chinese state has stepped in to fill the funding gap. Chinese government VC
funds have invested an increasingly high amount in Chinese startups, with 23% directed toward
Al-related companies.”® Beyond direct investments, the Chinese government encourages state-
owned banks to increase their lending to Al firms. Local governments in Beijing and Shanghai
also introduced subsidies to AI companies, offering them cheaper access to subsidized data centers
run by the state.”” The official narrative toward foreign technologies and foreign capital has also
shifted, with greater emphasis on “domestic replacement.” For instance, an Al industry report
published by People’s Daily highlighted the various ways that government policy support could
promote domestic AI model development, replacing the need for access to foreign technologies
or resources.?? Another report by the Chinese Institute of New Generation Artificial Intelligence
Development Strategies (CINGAI), the government think tank supporting the implementation of
the “New Generation Al Development Plan,” strongly advocated “improving China’s Al funding

structure,” a euphemism for replacing foreign investments with government funding.?!
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At the same time, China’s regulatory oversight over private AI companies tightened signifi-
cantly. Since 2021, China has issued some of the earliest and most comprehensive regulations on
AL Its 2021 regulation on recommendation algorithms, 2022 rules for Al-generated content, and
2023 draft rules on generative Al place unprecedented controls over how Al companies can use Al
models and user data.’? Furthermore, in December 2024, China’s Ministry of Industry formed a
new Al standardization committee to develop standards for LLMs and Al risk assessment.®? This
tightened regulatory environment reflects Beijing’s growing desire to maintain control over the Al
sector.

Most notably, China has begun restricting foreign capital flows into sensitive Al applica-
tions. The 2024 Foreign Investment Negative List strengthened limits on foreign investment in
Al-adjacent sectors, such as telecommunications (capped at 50% foreign ownership), internet in-
formation services (prohibited), and data-intensive operations.3* These restrictions particularly af-
fect USD funds, which have historically been major investors in Chinese Al firms. USD funds
struggle with a two-fold problem: they cannot easily invest in advanced technological fields, in-
cluding Al, and face difficulties in attracting capital from within China, notably from the country’s
government.®> This represents a significant departure from Beijing’s previous policy of welcoming
foreign investment in high-tech sectors.

In essence, as foreign sensitivity (6) increased, foreign restrictions kicked in at a lower level of

state investment, altering the trade-off between state resources and foreign access. These changes
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have pushed China from a low state investment equilibrium toward a high state investment equilib-
rium. Despite the loss of foreign capital and resources, under higher foreign sensitivity, domestic
substitution can more effectively promote Al development than attempting to lower state invest-
ment to placate foreign governments.

The Al case in China and the country’s eventual shift from a market-driven to a state-led ap-
proach illustrate the roles of the key factors in my theory. Initially, the sector’s defining char-
acteristics—rapid innovation cycles, distributed knowledge production, and strong network ef-
fects—made foreign access more critical than state resources, prompting China to prioritize main-
taining global linkages through moderate investment. However, the rising strategic competition
and increasing foreign sensitivity (6) have altered this calculus. Recent shifts toward greater state
involvement suggest that China may be transitioning to a high-investment equilibrium, even as
Al continues to depend heavily on global innovation networks. The Al case also underscores the
challenges of the moderate state investment equilibrium, especially the vulnerabilities it creates as
the industry depends on foreign resources. China’s evolution illustrates how changes in external
factors, such as increased foreign sensitivity and heightened foreign restrictions, can reshape the
balance between foreign access and state resources, ultimately driving changes in optimal invest-
ment strategies despite sector-specific characteristics.

Of course, critics might suggest alternative explanations for China’s investment patterns in
Al and semiconductors. One bureaucratic politics perspective might point out that in China, the
Ministry of Industry and Information Technology (MIIT, overseeing hardware sectors like semi-
conductors) and the Ministry of Science and Technology (MOST, overseeing software like Al)
could have different styles and varying levels of intervention. China’s historically high investment
in hardware and infrastructure could explain its heavy involvement in semiconductor manufactur-
ing. However, if bureaucratic preferences and institutional inertia accounted for the different levels
of state investment, we would expect consistent levels of investment in Al instead of an agile re-
sponse to changing foreign policies. Another criticism of these two case studies is that the Al

and semiconductor industries are intertwined, and the distinctions between these two sectors aren’t
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always clearcut: Al model training and deployment requires significant capital investment in data
infrastructure and semiconductors, while semiconductor design also requires global talent, knowl-
edge flows, and supply chains. However, the interconnectedness between these two industries
actually strengthens rather than weakens my theory: Despite their interrelationship, Al and semi-
conductors have different sectoral characteristics that affect the trade-off between state resources
and foreign access. This is why, even when the Chinese state considers taking a more active role
in Al development, it does so through supporting domestic chip adoption and constructing data
centers.5¢

The semiconductor and Al cases in China exemplify the broader dynamics of my theoretical
framework, showing how sector-specific attributes and geopolitical constraints combine to shape
optimal state investment levels. In semiconductors, the high capital intensity, long development
cycles, and significant externalities make heavy state investment necessary, even at the expense of
provoking foreign restrictions. In contrast, Al initially relied on preserving access to international
markets, talent, and technology flows, leading to a more restrained approach. However, as geopo-
litical tensions intensified, foreign restrictions expanded to include Al, pushing China to adopt a
more statist approach to make up for lost foreign access. Together, these outcomes illustrate how
optimal investment strategies emerge from the interplay between sectoral attributes and geopoliti-

cal constraints as governments balance the benefits of state support against the costs of diminished

foreign access.

1.4.2 U.S.: Space Tech vs. Robotics

Having explored China’s semiconductor and Al sectors, I will now turn to the United States
to further validate how sectoral characteristics shape state investment strategies. Similar to the
Chinese cases, I chose two sectors that vary significantly in their level of state investment—space
technology, which is characterized by heavy government funding through NASA and the Depart-

ment of Defense (DoD), and robotics, which relies much more on private capital and global re-

86. Omaar, How Innovative Is China in AI?.
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search resources. Despite both sectors’ evident strategic importance, the U.S. government adopts
different levels of direct investment, suggesting that sector-specific features—particularly capital

intensity, development cycle lengths, and sensitivity to foreign restrictions—drive these variations.

Space Tech: Leading Through State Power

Space technology has long been a cornerstone of U.S. national security and technological lead-
ership. The sector spans a wide range of applications, including space aircraft construction, satel-
lite launches, and space resource extraction. Beyond the notable overlap between civilian and
military use cases, several sector-specific characteristics drive high levels of state investment. The
massive capital requirements, long R&D cycles, integrated supply chains, and significant techno-
logical spillovers make state resources particularly valuable to space tech relative to foreign access.

Space technology development in the U.S. has deep historical roots in government-led pro-
grams dating back to the Cold War. The “Space Race” between the U.S. and the Soviet Union
ignited significant investments in space exploration, culminating in the Apollo program and the
historic moon landing in 1969.87 In the same period, the establishment of the Defense Advanced
Research Projects Agency (DARPA) and the National Reconnaissance Office (NRO) integrated
space research and exploration with national security objectives. The U.S. government remained
committed to space even towards the end of the Cold War and afterward. In the Shuttle era
(1981-2011), NASA invested heavily in missions like satellite deployment, scientific research, and
the construction of the International Space Station (ISS).%® Following the Shuttle era, U.S. space
policy shifted toward leveraging private-sector innovation through commercial partnerships. This
shift is exemplified by NASA’s Commercial Crew and Cargo programs, which awarded milestone-

based contracts to private companies.’
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Despite the government’s strategic effort to encourage private entrepreneurship, space technol-
ogy remains a heavily government-led industry. State financing and government programs have
been pivotal to the emergence and growth of private space companies like SpaceX and Blue Ori-
gin. NASA’s $1.6 billion contract with SpaceX in 2008 to deliver cargo to the ISS marked the
beginning of major public-private collaborations.”® More recently, NASA committed $1.15 billion
in 2022 for SpaceX’s Starship lunar lander and a second crewed mission.”! Blue Origin also re-
ceived contracts, including a $3.4 billion contract awarded in May 2023 to develop a lunar lander
for NASA’s Artemis V mission.”> Traditional government contractors also benefited from these
programs. Lockheed Martin, for example, was awarded a $2.27 billion contract to develop three
spacecraft from NASA’s GeoXO Satellite Program.”® These collaborations reflect a broader shift
in NASA’s procurement strategy, with an increasing reliance on public-private partnerships to drive
ambitious projects like Artemis, a $93-billion mission to explore the moon and prepare for future
human missions to Mars.”*

Similarly, the DoD has partnered extensively with private firms on national security programs.
In 2020, the Space Force awarded multi-billion-dollar agreements through the National Security
Space Launch (NSSL) program to the United Launch Alliance (ULA), a joint venture between

Boeing and Lockheed Martin.”> In 2024, ULA and SpaceX secured an additional $1.76 billion

in contracts under the NSSL program, with SpaceX awarded $733.5 million for nine satellite
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launches.”® These contracts reduce the cost of launching military and intelligence satellites for
government agencies while helping private companies offset the immense costs and risks of devel-
oping advanced launching systems.

In addition to federal programs, state-level initiatives play a critical role in supporting the de-
velopment of local ecosystems for space technology. In 2023, the Florida government invested
$5 billion across 151 projects in the state’s "Space Coast," a flourishing hub for space launches
centered around Cape Canaveral.”’ The Florida government also provides tax benefits and grants
to established space tech companies like SpaceX, Blue Origin, and Boeing as part of the state’s
deliberate strategy of fostering a thriving ecosystem of suppliers and contractors. Similarly, gov-
ernment support has helped Alabama emerge as a key player in aerospace manufacturing, as the
state government offers incentives and workforce training programs to attract and support com-
panies like ULA and Airbus.”® These state-level efforts complement federal policies by creating
localized centers of expertise and product.

The space technology sector’s defining characteristics strongly favor government involvement,
and recent U.S. programs vividly illustrate why. First, developing, testing, and deploying space
systems require billions of dollars in upfront investment—sums few private entities could afford.
This is largely due to the intricate design and engineering required for systems like next-generation
launch vehicles, orbital platforms, and manned spacecraft. For instance, NASA’s Space Launch
System (SLS) program has incurred development costs exceeding $23.8 billion since its incep-
tion in 2011.%° Similarly, SpaceX has invested approximately $5 billion in developing its Starship

launch system.'%° The DoD’s development of secure communications and reconnaissance satellites
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similarly incurred astronomical costs: a total of $34.2 billion for launching only six satellites.'?!

Second, space systems’ stringent performance and reliability standards create long develop-
ment cycles. As spacecraft must withstand harsh conditions—from extreme temperatures and
speed to radiation and micrometeoroid impacts—engineers have a low margin of error. That’s
why most spacecraft require rigorous testing of every subsystem, multiple design iterations, and
redundant systems. For instance, NASA’s James Webb Space Telescope underwent two decades
of development and extensive performance validations before its launch.!*> Crewed missions add
an additional layer of complexity, as human rated-vehicles like SpaceX’s dragon much meet strict
safety protocols. Government agencies and international organizations like NASA and the Eu-

103 These over-

ropean Space Agency (ESA) mandate strict safety protocols for manned aircraft.
lapping requirements prioritize safety over speed in spacecraft development, often prolonging the
path from concept to launch.

Third, the space sector often requires secure and integrated supply chains, which demand sub-
stantial government involvement. Stable supply chains for critical components like rocket engines,
avionics, and propulsion systems are not only crucial for national security but also necessary for
commercial space production. This is why the U.S. government has been leading the drive to re-
duce reliance on foreign suppliers.'%* For example, the use of Russia’s RD-180 rocket engines
in the Atlas V launch vehicle raised concerns about dependence on foreign sources.!?> In re-

sponse, policymakers have prioritized investing in domestic alternatives, such as Blue Origin’s

BE-4 engine, and modernizing domestic manufacturing facilities like Aerojet Rocketdyne.!"® The
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U.S. government conducts regular industrial base assessments to ensure a coordinated, long-term
approach to supply chain stability, as market forces alone cannot guarantee the supply of vital
components.

Finally, investments in the space sector often generate technological advances that spill over
into other industries, whose economic value is difficult to capture for individual companies. In-
novation in rocket propulsion, exemplified by SpaceX’s methane-fueled Raptor engine, enhances
materials science, precision manufacturing, and cryogenic fluid handling capabilities. These capa-
bilities are not only relevant for space exploration but can be repurposed for advanced turbine de-
sign, next-generation aviation, or cutting-edge energy systems.'?” Breakthroughs in satellite com-
munications, including the high-throughput lasers and phased array antennas used in emerging
constellations like Starlink, inform more efficient terrestrial broadband networks and could even-
tually strengthen high-speed data links on Earth.!%® Historically, technologies like GPS, developed
by the U.S. Air Force and refined by NASA, have yielded enormous civilian benefits in fields like
precision agriculture, global transportation logistics, financial transaction timing, and countless ev-
eryday navigation applications.'? In 1976, NASA launched its Spinoff publication featuring the
civilian technologies that were made available by NASA’s research. These technologies have av-
eraged 50 per year, including well-known inventions like memory foam, water filters, and satellite
television.!'” These cascading spillovers justify robust state investment, as the immense upfront
costs and lengthy timelines ultimately yield a broader ecosystem of technological capabilities and
economic advantages.

Despite its successes, the U.S. government’s state-centric approach to space technology im-
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poses trade-offs. On the one hand, the U.S. deliberately limits its own access to foreign mar-
kets and technologies. The U.S. administers restrictive export controls under the International
Traffic in Arms Regulations (ITAR) and Export Administration Regulations (EAR).!!! These two
frameworks cover a wide range of space technologies, including launch vehicles, spacecraft, and
associated engineering techniques. Together, ITAR and EAR limit foreign technology transfers
and exports, even with trusted partners like Europe and Japan, prioritizing national security over
global collaboration. Collaboration with competitors like China is explicitly blocked by the Wolf
Amendment.'!? Additionally, U.S. regulations impose constraints on the workforce, requiring se-
curity clearances for many roles and effectively excluding foreign nations from participating in
critical projects. NASA, for instance, generally cannot hire foreign scientists and engineers due to
ITAR restrictions.'!3

On the other hand, Washington’s government-led approach has triggered backlash from for-
eign states. The ESA explicitly stated its intentions to move toward ITAR-free components to
circumvent U.S. export restrictions.!!* Notable European companies like Civitanavi Systems of-
fer ITAR-free inertial reference systems based on Fiber Optic Gyro (FOG) technology.!!> At the
same time, Chinese officials have criticized the U.S. for weaponizing space and potentially starting
a space arms race. In response, Beijing has increased purchases from non-U.S. firms producing
components similar to those subject to U.S. export controls.'1® ITAR restrictions and foreign back-

lash have created significant challenges for U.S. companies like SpaceX, which have reported
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difficulties dealing with U.S. partners like Canada, New Zealand, and the UK.!'7 This has made
it difficult for U.S. companies to compete globally, where similar technologies are increasingly
available from foreign providers.

In sum, in line with my theoretical framework, the U.S. approach to space technology illus-
trates how sector-specific attributes fundamentally shape a state’s investment strategy. Because
space tech requires immense capital, spans lengthy development horizons, and carries significant
spillover effects, the government’s sustained and substantial involvement aligns with its compar-
ative advantages in providing patient capital, orchestrating complex supply chains, and managing
strategic risk. Although this high-investment approach can intensify foreign restrictions and reduce
international collaboration, the benefits of ensuring strategic autonomy and driving technological
breakthroughs outweigh the constraints. As my theory predicts, in sectors where the state can ef-
fectively substitute for external inputs and where long-term, large-scale investments are critical,

the optimal equilibrium tilts toward greater state control—despite the costs of foreign access.

Robotics: Navigating Global Innovation

In contrast to the space sector, the robotics sector in the U.S. is characterized by much more
moderate state investment, relying instead on private funding and international collaboration. Di-
rect government support is limited to products with military applications, such as military drones
and autonomous weapons systems. This approach aligns well with the sector’s characteristics:
Unlike space technology, robotics advancements require less capital investment and shorter R&D
timelines while requiring access to global talent pools and distributed research networks. These
characteristics encourage VC-driven growth rather than large-scale state intervention.

The U.S. robotics sector has its origins in military-funded research in the 1980s and 1990s
when DARPA spearheaded early research in walking robots and unmanned ground vehicles. These
early initiatives included the Autonomous Land Vehicle project and the Tactical Mobile Robotics

program, which paved the way for modern robotics by addressing challenges like navigation, sen-
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sor integration, and mobility.!'® In the 2000s, DARPA continued to fund robotics research, such
as Boston Dynamics’ BigDog and LS3 prototypes, designed to assist soldiers by carrying heavy
loads in challenging terrains.!!® These proof-of-concept projects demonstrated the feasibility of
unmanned systems for defense applications.

However, once initial proof-of-concept projects laid the groundwork for modern robotics, the
sector shifted from defense-led initiatives to private-sector innovation. Boston Dynamics became
a prominent example of the sector’s transition. Once a DARPA-funded research lab, the company
was acquired by Google in 2013, SoftBank in 2017, and Hyundai in 2020, and its research fo-
cus shifted toward commercial applications.!? The company has since become a key player in
logistics robotics, with flagship products like Stretch and Spot targeting warehouse automation
and inspection tasks.'?! Today, the private sector spearheads leading robotics research and appli-
cations. Big tech companies such as Google, Tesla, and Amazon invest billions of dollars annually
into robotics R&D, driving cutting-edge innovations in warehouse automation, humanoid robots,
and autonomous vehicles.!?? By 2022, global annual VC funding for robotics and drone startups
reached approximately $14.9 billion.!??

Meanwhile, the U.S. government’s involvement in robotics remains modest, particularly com-
pared to investments in other strategic sectors like semiconductors and space technology. The
National Robotics Initiative (NRI), launched in 2011 to advance robotics R&D, received initial

funding of approximately $50 million annually, with allocations declining to approximately $14
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million in its most recent iteration in 2021, NRI 3.0.'?* These figures are dwarfed by the $52.7
billion allocated to the semiconductor industry through the CHIPS and Science Act and NASA’s
proposed $27.2 billion budget for FY2025.!?> The volatility of NRI funding, coupled with its lack
of a dedicated federal budget line item, underscores the U.S. government’s relatively limited com-
mitment to robotics.

Several characteristics of the robotics sector make it more suitable for a private-sector-led
model. First, robotics companies require much less upfront capital investment. Most startups
can require only tens—or hundreds—of millions in venture funding, which may seem like a high
sum but pale in comparison to the multi-billion-dollar investments characteristic of chip fabrica-
tion or spacecraft development. For instance, Figure, a humanoid robotics company, raised $675M
in 2024 from private investors, including OpenAl, Nvidia, and Microsoft.'?® Similarly, Physical
Intelligence, a company developing foundational software for robots, raised $400 million in early-
stage funding in 2024.'>” Meanwhile, Fetch Robotics and Locus Robotics emerged as leaders in
warehouse and logistics solutions on far smaller venture rounds.'?3

Second, robotics tend to have shorter development cycles, particularly compared to space tech-
nology. In most robotics companies, R&D cycles are measured in months and years rather than

decades. Tesla, for example, epitomizes fast development in robotics R&D, announcing its Opti-

mus humanoid robot project in August 2021 and showcasing an early prototype merely one year
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later.!?° This speed is a result of the company’s modular design principles, which allow for easy as-
sembly and maintenance. Similarly, Figure took only 31 months from its establishment to achieve
revenue from its humanoid robots.!3? Such efficiency is aided by the company’s collaborative part-
nerships with OpenAl and Nvidia, allowing Figure to focus on robotics design while leveraging
its business partners’ AI and chip capabilities.'3! Since its acquisition of Kiva Systems in 2012,
Amazon Robotics has integrated the system into its global distribution network, revolutionizing
warehouse automation in less than a decade.!32 In sum, the modularization of robotics systems, re-
liance on standard components, and ability to leverage business networks allow robotics companies
to bring products to market relatively quickly.

Third, robotics benefits from a globally distributed talent pool and open innovation platforms.
A prominent example is the Robot Operating System (ROS), an open-source middleware frame-
work initially developed by the robotics research lab, Willow Garage, in 2007.133 ROS has since
become a global standard, enabling researchers and developers to share tools and algorithms and
fostering collaboration across academia and industry. Universities like Carnegie Mellon, ETH
Zurich, and Tsinghua University contribute foundational breakthroughs in areas like robot learn-

ing, grasping, and autonomous navigation.!3*

Major U.S. companies benefit from global talent
educated at these institutions, leveraging expertise from around the world to drive innovation.
Cross-border collaboration further defines the sector. For instance, Boston Dynamics and Toyota
Research Institute announced a partnership in 2024 to develop humanoid robots jointly.!3

Finally, robotics requires a globalized supply chain, with critical components sourced pre-

dominantly from foreign suppliers. Japanese companies like FANUC and Yasaka lead the global
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market in servo motors and CNC systems, while German firms like SICK and Bosch are major
providers of LiDAR sensors and control systems.'3® South Korean giants like LG and Samsung
contribute essential imaging and battery technologies for robotics.'*” Perhaps not surprisingly, the
most commonly used robotics components in U.S. university labs are produced in China, includ-
ing the Chinese company Unitree’s robotic arms, which are priced at less than a tenth of the same
component from Boston Dynamics.!3® This decentralized supply chain enables U.S. robotics firms
to integrate cutting-edge technologies worldwide, driving innovation and lowering costs. However,
the industry’s dependence on global suppliers makes it challenging for governments to coordinate
or control resources effectively.

This openness is further reinforced by the light regulatory framework governing robotics, which
contrasts with the strict export controls in the U.S. space sector. The lack of stringent restrictions
has allowed U.S. robotics companies to forge global partnerships, source cheaper components,
and attract substantial foreign investments. However, such openness also presents vulnerabilities,
particularly in the reliance on foreign suppliers and transfer of sensitive, dual-use technologies.
Should foreign sensitivity towards robotics increase, U.S. competitors like China could decide to
weaponize its robotics supply chain, limiting Washington’s access to crucial components. This
is why federal funding agencies, such as the Office of Naval Research (ONR), are considering
imposing restrictions on the use of robotics equipment produced in China for dual-use research
projects.'3 With increasing geopolitical tensions, the U.S. robotics industry could experience the
same shift that China’s Al industry is going under, with the state taking a more active role in
managing and controlling the sector.

In sum, the variation in the U.S. government’s approach to investing in robotics and space
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technology aligns with my theoretical framework, which links sectoral characteristics to optimal
state investment strategies. Space technology’s massive infrastructure requirements, long develop-
ment horizons, and concentrated expertise amplify the value of state resources, justifying heavy
government involvement. In contrast, robotics’ rapid innovation cycles, distributed knowledge pro-
duction, and strong network effects prioritize foreign access, leading to lighter state intervention.
These characteristics shape U.S. investment strategies, reflecting the need to balance the benefits
of state control with the advantages of international linkages.

However, it is important to note that the U.S. case, particularly in space technology, provides
a less clear-cut illustration of my theory compared to China’s experience. As the global leader in
space technology, the U.S. faces less immediate pressure from potential foreign restrictions, mak-
ing the trade-off between state investment and foreign access less stark. Nevertheless, the theory’s
core logic extends beyond the U.S.-China dynamic and applies even to interactions between al-
lies. For instance, France’s heavy investment in Airbus triggered decades of U.S. restrictions and
countermeasures to protect Boeing, demonstrating how substantial state investment can provoke
foreign responses regardless of alliance relationships.'*°

While my theory attributes the different levels of state investment to industry-specific charac-
teristics that affect the relative importance of domestic resources and foreign access, several alter-
native explanations merit consideration. Some might argue that Washington’s heavier involvement
in space technology is due to the fact the sector is more immediately relevant for national security,
as evidenced by the establishment of the U.S. Space Force in 2019 as the sixth brand of the U.S.
armed forces.'*! However, robotics applications such as autonomous vehicles, unmanned aircraft,
and detection robots also have extensive military applications. Another potential critique of the
U.S.-focused case studies is that domestic government restrictions are a greater concern than for-

eign restrictions. Thus, my argument about state investment levels responding to potential foreign
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responses does not apply. Yet this argument overlooks how U.S. investment patterns respond to
foreign dominance of robotics and space supply chains. If Washington’s relations with suppliers
like China and Russia further decline, their sensitivity toward these sectors would increase, pushing
the U.S. into a high-investment equilibrium.

The space technology and robotics cases in the U.S. mirror the Chinese cases of semiconduc-
tors and Al, where state investment strategies adapt to sector-specific characteristics and geopolit-
ical constraints. In both countries, sectors with high capital requirements and long development
cycles (space technology and semiconductors) see greater state investment despite foreign restric-
tions, while industries dependent on global networks and rapid innovation cycles (robotics and
Al) favored foreign access and a market-driven approach. This parallel pattern across two dis-
tinct political systems and institutional contexts suggests that sector characteristics (the relative
importance of 8 to @), rather than regime type or bureaucratic politics, fundamentally drive state
investment decisions. Moreover, both cases illustrate how state investment strategies could evolve
with increasing geopolitical tensions (higher 6). Together, these case studies validate my theory
of optimal state investments, demonstrating how governments strategically balance the benefits of

domestic control against the costs of restricted foreign access.

1.5 Conclusion

In an era marked by ambitious industrial policies—ranging from China’s “Big Fund” to the
U.S. CHIPS and Science Act—states increasingly take an active role in investing in strategic sec-
tors. Yet the same large-scale public investments meant to accelerate domestic innovation can
trigger restrictive responses from foreign competitors, cutting off vital resources like specialized
chips, research collaborations, or venture capital. My analysis explored this dilemma through a
simple yet powerful lens: optimal state investment arises when governments weigh the relative ef-
fectiveness of their own resources against the importance of international linkages for innovation.

Of course, there are still areas for improvement and future research. My paper is based on the

unitary state assumption without considering the potential role of firms or individual bureaucracies.
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Information asymmetries between government and firms and coordination problems across differ-
ent agencies can complicate the implementation of theoretically optimal investment strategies.
Additionally, the current framework does not examine how one state’s investment decisions might
trigger competitive responses from other states—for instance, whether aggressive state investment
by one country prompts other nations to increase their own domestic investments in response. This
competitive dynamic could create a feedback loop of increasingly inward-looking industrial poli-
cies that deserve further study. Furthermore, while this paper treats foreign sensitivity (6) as an
exogenous parameter, future research should explore ways to endogenize this factor. The degree
of foreign sensitivity likely has dynamic relationships with other model parameters, as increased
domestic investment might itself lead to heightened foreign sensitivity. Moreover, 6 could vary
systematically based on bilateral relationships between countries—with allies potentially showing
different sensitivity thresholds than strategic competitors. Future research should address these
questions and expand on my theoretical framework. In addition, this paper only analyzes the level
of state investment without differentiating the forms of state investment. However, the optimal
methods of state involvement could vary depending on industry-specific characteristics.

Nevertheless, through a novel formal model and comparative analysis of strategic sectors across
China and the United States, this paper makes several contributions to our understanding of state
investment and technological competition. First, I develop a new theoretical framework that ex-
plains when states choose moderate versus high levels of investment in strategic sectors. The
theory demonstrates that states calibrate their investment based not just on domestic innovation
needs but on expectations of foreign restrictions. This helps explain puzzling cases where states
maintain moderate investment despite a sector’s strategic importance. Interestingly, maintaining
moderate investment levels can serve as a commitment mechanism—signaling to foreign partners
a desire to preserve mutually beneficial innovation ties.

Second, the article reveals how different technological and economic characteristics create dis-
tinct optimal investment patterns. The formal model highlights how the interplay between sectoral

characteristics and foreign sensitivity shapes the level of public involvement. Heavy state sup-
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port can be rational when domestic capabilities can effectively substitute for foreign inputs—a
condition often found in sectors like semiconductors or space technology, where massive capi-
tal requirements, long R&D cycles, and national security externalities justify public funding. In
contrast, industries dependent on rapid, open innovation cycles benefit more from lighter public
interventions to avoid scaring off global investors or partners.

Comparative case studies of China’s semiconductor and Al sectors, alongside U.S. space tech
and robotics, provided concrete illustrations. China’s semiconductor strategy, replete with large
state funds, spurred foreign restrictions yet continued unabated, reflecting Beijing’s willingness
to trade off global market access for the security and long-term payoffs of domestic self-reliance.
Conversely, at least in its earlier phase, China’s Al industry exemplified how states minimize for-
mal ownership stakes to retain ties to foreign capital and open-source innovation networks. A
similar contrast emerged in the U.S., where space technology commands substantial NASA and
DoD backing—justifying restrictive export controls—while robotics remains relatively unencum-
bered by the government to capitalize on global collaboration and venture capital.

Finally, my findings have significant implications for policymakers navigating global tech-
nological competition. With increasing security competition over strategic sectors, optimizing
support for these sectors while preserving beneficial international linkages becomes crucial for
protecting and advancing strategic industries. The framework I present helps policymakers think

more strategically about navigating this challenging act.
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Calculated Coercion: Strategic Timing in Economic Sanctions

2.1 Introduction

In recent years, scholars have become increasingly fascinated by how states leverage their eco-
nomic interdependencies as instruments of coercion.'#> The rising friction between major powers,
particularly the U.S., China, and Russia, has underscored how states can weaponize their eco-
nomic and technological ties for geopolitical purposes. The conventional wisdom assumes that
states impose sanctions when their leverage is the strongest.'*? Yet a puzzling pattern emerges:
states often impose sanctions when they start to lose their leverage. The U.S. implemented com-
prehensive semiconductor controls just as Chinese firms approached technological independence.
Russia aggressively wielded its energy leverage in 2022 against Europe despite—and perhaps be-
cause of—accelerating EU diversification efforts. Conversely, states often refrain from leveraging
their power for years, if not decades, even when doing so earlier could yield geopolitical gains.
Even at the height of U.S.-China trade and political tensions, Beijing refrained from threatening
manufacturing supply chains or using its supply chain centrality as a bargaining chip.

Why do states impose sanctions when their leverage appears to be declining rather than at its
peak? What explains this paradoxical timing of economic coercion? This paper introduces the
concept of “calculated coercion” and formalizes a dynamic game model to explore the temporal
dynamics of economic sanctions. I argue that states’ progress toward economic independence
often triggers rather than deters sanctions. When targets approach key thresholds in reducing
their vulnerability—whether through technological breakthroughs, alternative trade relationships,

or domestic production capabilities—sanctions become more likely as the sanctioning state faces

142. Farrell and Newman, “Weaponized Interdependence: How Global Economic Networks Shape State Coercion.”
143. Baldwin, Economic Statecraft; Farrell and Newman, “Weaponized Interdependence: How Global Economic
Networks Shape State Coercion.”
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“use-it-or-lose-it” pressures. Once states weaponize a specific sector, they accelerate their targets’
diversification efforts, undermining their future leverage. This creates a strategic dilemma where
states must carefully time their sanctions.

To evaluate the empirical relevance of my theory, I introduce three case studies. First, I analyze
why the U.S. started to weaponize semiconductor supply chains in 2019. While this case has been
studied extensively in previous pieces on weaponized interdependence, its temporal aspects have
been largely overlooked—the U.S. started weaponizing chips precisely when China saw break-
throughs in domestic chip designs and manufacturing, threatening the leverage the U.S. holds over
semiconductor supply chains. Second, I examine China’s reluctance to abuse its central position
in global manufacturing under my theoretical framework of calculated coercion. While the U.S.’s
reliance on Chinese manufacturing has declined gradually since 2018, it has yet to reach a turning
point that threatens China’s dominant position. Third, I address another paradoxical case: Rus-
sia’s decision to threaten European natural gas supplies in response to European sanctions after
its invasion of Ukraine. What is perplexing about this case is that Russian actions backfired and
accelerated Europe’s energy diversification, leaving it in a much worse-off economic situation. My
theory explains this case by pointing out that Russia was in a “use-it-or-lose-it” situation, as Europe
was already seeking alternative energy supplies, and Russia was better off using its leverage im-
mediately. These three cases highlight the paradoxical effect of diversification efforts and explain
the strategic timing of coercive actions.

These findings have significant implications for both scholars and policymakers thinking about
economic coercion and the future of power in a connected global economy. For scholars of in-
ternational relations, this research challenges conventional wisdom about economic coercion in
three ways. First, it demonstrates how progress toward economic independence can trigger rather
than deter sanctions, suggesting a fundamental reconsideration of when states exercise economic
leverage. Second, it shows how different types of economic power—from technology to manu-
facturing to energy—create distinct temporal pressures for coercion. Third, it explains why the

seemingly irrational timing of sanctions might actually reflect strategic calculation about eroding
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leverage. For policymakers, this research offers crucial insights into the unintended consequences
of economic diversification efforts. Paradoxically, initiatives to reduce economic vulnerabilities
through domestic production, technological development, or alternative trade relationships may
increase the risk of sanctions in the short term. This suggests the need for careful strategic plan-
ning when pursuing economic independence, particularly during the vulnerable transition period
when existing dependencies remain significant but are beginning to erode.

The remainder of this article is organized as follows. I begin by reviewing the literature on
economic sanctions, highlighting how existing approaches overlook the crucial role of timing and
future expectations. I then develop my theory of calculated coercion, using a dynamic game model
to show how progress toward economic independence shapes sanctions timing. The empirical
sections examine three cases illuminating different aspects of this dynamic: the U.S. decision to
impose semiconductor controls as Chinese firms approached technological independence, China’s
strategic restraint in manufacturing where its leverage remains secure, and Russia’s aggressive en-
ergy coercion facing an inevitable decline in leverage. I conclude by exploring how this framework
helps us understand emerging patterns in economic statecraft and their implications for the future

of international economic relations.

2.2 Economic Sanctions: A Temporal Perspective

Scholars have long studied decision-making in economic coercion. Early work in economic
statecraft focused on the conditions under which economic tools were chosen over military op-
tions.'** They emphasize that sanctions are imposed when a political situation calls for a response,
but economic means are more effective or desirable than military alternatives.'*> The decision to
employ sanctions is seen as a result of a cost-benefit calculation. Another strand of research ex-
plains the imposition of sanctions through signaling and symbolic politics. One logic focusing on

the role of domestic-level factors is that politicians are responsive to public opinion and use eco-

144. Baldwin, Economic Statecrafft.
145. Baldwin.

49



nomic sanctions to cater to a domestic audience demanding action during an international crisis.'4

The other one is that the mere threat of sanctions could be sufficient to achieve its intended goals,
even without the imposition.'*” These explanations account for why sanctions are so frequently
used despite their lack of track record for success.!*® In both the economic statecraft and the sig-
naling literature, scholars assume that sanctions are used “as needed”—economic sanctions are
seen as a cheap alternative to military action and can used more freely with limited downside.

As a result of this assumption, little attention has been paid to the strategic timing of economic
sanctions. If states don’t pay significant costs to impose sanctions, there is little need to consider
when to use them. The recent work on weaponized interdependence has reinforced such a percep-
tion. This literature posits that states that control key nodes in global economic and informational
networks can exploit their positions to gather information or disrupt access to key resources.'*
Scholars in this tradition assume that central states enjoy structural and network power that is
quite resilient and not easily diminished by the uses or abuses or such power."® A commonly
cited example is the U.S.’s central role in SWIFT, a global banking alliance that facilitates inter-
national transactions. Scholars of weaponized interdependence claim that the network power of
organizations, such as SWIFT, makes it difficult for countries to opt out of the system.!>! How-

ever, following its invasion of Ukraine, the Kremlin touted an alternative payment network with its

BRICS partners.!3> These developments indicate that aggressive sanctions could trigger diversifi-
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cation efforts and that sanctioning states must consider such consequences.

The underestimation of the cost of economic sanctions leads to a key paradox: Why do states
refrain from weaponization even when they are in a position to do so? The traditional neolib-
eral explanation is that the economic cost of weaponization—disruption of commerce, potential
retaliation, and damage to international reputation—often outweighs the geopolitical benefits.!3
More recent works further highlight the role of firms and private sector interests in mediating be-
tween states’ security and economic considerations.!>* However, even from a purely geopolitical
perspective, states still have reasons to wield their economic power more sparingly. This is be-
cause the overuse of economic coercion could undermine a state’s longer-term leverage as others
choose to diversify their dependencies.!>> Empirical studies also show that market actors are quick
to adjust to economic sanctions and will rapidly switch their commercial partners to reduce future
geopolitical risks.'*® The combination of long-term geopolitical leverage and short-term economic
costs has made many states conservative in using economic means. For example, a recent piece
suggests that China has been reluctant to weaponize its “productive power.”!>’ This has led schol-
ars to underestimate its structural power in the global economy but has also helped China preserve
its central role in the global production network. Serious consideration of the long-term costs of
economic coercion should lead to better theorization of when sanctions are initiated.

In contrast to the literature on economic coercion, timing is a central consideration in the litera-
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ture on wars and conflict initiation literature. This is because security scholars hold the assumption
that war is costly.'>® The implication is that armed conflict should be avoided unless in extreme
circumstances. One such circumstance is shifting power dynamics, which creates discontent and
commitment problems for both rising and established states.!>® Essentially, the rising power is un-
able to commit to a negotiated bargain because it has an incentive to exploit its increased power
later on. This also incentivizes the established power to initiate a preventive war instead of waiting
for its adversary to grow stronger.'®® Scholars have used game theoretic models to formally illus-

161 Research in this

trate how these commitment problems arise at the power transition juncture.
tradition suggests that armed conflict should occur around the time of power transitions.

The same insight could be applied to studying the strategic timing of economic coercion. In the
domain of economics, power relationships can be measured by the degree to which one country
is more or less dependent on another. This idea is captured by the concept of “asymmetric inter-
dependence,” a situation in which two states are interdependent but the degree and nature of the
dependency are unequal.!? Interestingly, while security scholars have been sensitive to shifts in
power dynamics, students of international political economy (IPE) have paid less attention to the
changing degrees of interdependencies.'®3
Yet economic leverage can shift dramatically through multiple channels. These include build-

ing alternative trade partnerships, pursuing technological breakthroughs, investing in domestic in-

dustries, or even creating parallel financial and economic systems.!®* The speed and magnitude

158. James D. Fearon, ‘“Rationalist Explanations for War,” International Organization 49, no. 3 (1995): 379-414.

159. Fearon, “Rationalist Explanations for War”; A. F. K. Organski, World Politics (New York, NY: Knopf, 1958);
A.FX Organski and Jacek Kugler, The War Ledger (Chicago, IL: University of Chicago Press, 1980).

160. Jack S. Levy, “Declining Power and the Preventive Motivation for War,” ISBN: 1086-3338 Publisher: Cambridge
University Press, World Politics 40, no. 1 (1987): 82-107.

161. James D. Fearon, “Bargaining, Enforcement, and International Cooperation,” International Organization 52, no.
2 (1998); Robert Powell, In the Shadow of Power: States and Strategies in International Politics, Publisher: Cambridge
University Press (Princeton, NJ: Princeton University Press, 1999); Bahar Leventoglu and Branislav L. Slantchev, “The
Armed Peace: A Punctuated Equilibrium Theory of War,” American Journal of Political Science 51, no. 4 (October
2007): 755-771.

162. Keohane and Nye, Power and Interdependence.

163. Although IPE scholars and economists have paid much attention to economic and financial power transitions.
See, for example Charles Poor Kindleberger, The World in Depression, 1929-1939 (Berkeley, CA: Univeristy of Cali-
fornia Press, 1986).

164. Ferguson, Waldron, and Lim, “Market Adjustments to Import Sanctions: Lessons from Chinese Restrictions on
Australian Trade, 2020-21.”
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of these shifts vary significantly: technological breakthroughs can create sudden discontinuities
in dependencies while diversifying supply chains typically produces gradual changes. States are
sensitive that having high levels of concentration in a single market creates vulnerabilities for
economic coercion. Recognizing these vulnerabilities, states actively manage their economic rela-
tionships —democracies and military allies engage in preferential trade to reduce coercive risks. %
States will take preemptive actions to mediate their dependencies, like what the U.S. has done in
recent years by diversifying its supply chains away from China and investing in domestic manu-
facturing. These dynamics demonstrate that economic leverage, like military power, is not static
but evolves through both gradual changes and sudden disruptions, creating distinct pressures for
the timing of economic coercion.

To understand the timing of economic sanctions, more attention should be paid to transitions in
economic dependencies. While there has been some game theoretic research on the strategic timing
of sanctions, the focus is still on military power relationships and expectations of future armed
conflict.'®® Power transitions in economic dependencies have historically been overlooked by both
security scholars and scholars of IPE. This article thus proposes a theory of sanctions timing based
on changing economic dependencies, exploring how transitions in economic relationships create

dynamics akin to military power transitions.

2.3 Calculated Coercion: The Theory and the Model

2.3.1 A Theory of Calculated Coercion

My theory of calculated coercion explains how changes in economic dependencies affect the
timing of sanctions. The theory proceeds in three parts. First, at the heart of the coercing state’s

leverage is its irreplaceability in the target state’s economy. I borrow this idea from Keohane and

165. Gowa and Mansfield, “Power Politics and International Trade”; Edward D. Mansfield, Helen V. Milner, and
B. Peter Rosendorff, “Why Democracies Cooperate More: Electoral Control and International Trade Agreements,” In-
ternational Organization 56, no. 3 (2002): 477-513; Edward D. Mansfield, Helen V. Milner, and B. Peter Rosendorff,
“Free to Trade: Democracies, Autocracies, and International Trade,” American Political Science Review 94, no. 2
(2000): 305-321.

166. Daniel W. Drezner, “Conflict Expectations and the Paradox of Economic Coercion,” International Studies Quar-
terly 42, no. 4 (1998): 709-731.
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Nye’s theory of asymmetric interdependence, where the level of dependence between countries

is unequal.'®’

While they measure dependence through sensitivity (how quickly changes in one
country bring costly changes in another) and vulnerability (how capable a country is in offsetting
the costly effects). I argue that these two dimensions can be collapsed into a single dimension of
irreplaceability because these two theoretical dimensions are typically highly correlated in practice
and capture the same underlying phenomenon. In addition, this simplification allows better for-
mal modeling and temporal analysis while making the theory more parsimonious and empirically
tractable.

Second, economic leverage can change through multiple channels: technological breakthroughs,
alternative trade relationships, domestic production capabilities, or market evolution. Importantly,
these changes can occur independently of traditional power transitions. A state might maintain
overall economic dominance while losing specific leverage due to the target’s diversification ef-
forts. Conversely, a weaker state might maintain or even increase its economic leverage over
a stronger power if it controls critical resources or market access. States may engage in eco-
nomic coercion even when traditional indicators suggest they are growing stronger or refrain from
it despite an apparent decline in relative power. The rate and pattern of change vary signifi-
cantly—technological breakthroughs can create sudden discontinuities, while supply chain restruc-
turing typically produces gradual changes. The different rates of change create different pressures
for the timing of economic coercion.

Third, changes in economic dependencies create a strategic dilemma akin to power transitions.
A “rising” state that successfully reduces its dependencies is incentivized to capitalize on its new-
found strength in the future. At the same time, the “declining” state, which risks losing its leverage,
finds itself in a “use-it-or-lose-it” scenario. If it fails to leverage its economic power for political
advantages when it still holds the upper hand, it may miss its opportunity to do so permanently.
This dynamic creates pressure for the declining state to act decisively as its window for effective

economic coercion narrows. Interestingly, as the rising state grows stronger, it wants to pursue

167. Keohane and Nye, Power and Interdependence.
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economic autonomy and reduce the threat of economic coercion. However, such an effort often
triggers the very coercive actions it seeks to avoid, as the declining state attempts to maintain its
influence while it still can. For the declining state, the exercise of economic coercion presents a
strategic paradox: once the coercing state decides to use its power, its leverage will be diminished,
as the target state will have a strong incentive to accelerate its diversification efforts. This temporal
dynamic creates what I term “calculated coercion,” where states strategically choose the timing of
economic coercion.

Several scope conditions define when my theory of calculated coercion applies. The frame-
work primarily explains how states strategically select sectors for sanctions once geopolitical mo-
tivations arise. While states initially require geopolitical reasons to impose sanctions, they will
tend to target sectors where their economic leverage is declining.'®® The framework primar-
ily explains sanctions driven by economic leverage where the goal is to extract specific policy
concessions rather than sanctions aimed at broader objectives like regime change or punishment.
While states often impose sanctions for punitive purposes or to signal resolve to domestic audi-
ences, my theory focuses on cases where economic leverage is used to achieve concrete behavioral
changes. The framework assumes that economic relationships are at least partially substitutable
over time—states must have some capacity, however costly or time-consuming, to reduce depen-
dencies through technological development, alternative suppliers, or domestic production. When
target states truly lack diversification options due to technological gaps or resource constraints,
sanctioning states may face fewer constraints on using their leverage, as the ‘“use-it-or-lose-it”

pressure is absent.'® Additionally, the theory best explains cases where political issues are di-

168. T use the term "sanction" because it is well-defined in IPE literature, but the logic applies broadly to any form of
economic restrictions between states.

169. Cases where target states lack meaningful diversification options often follow different strategic logics. Be-
fore China’s WTO accession, the U.S. Congress conducted annual reviews of China’s MFEN status, threatening tariff
increases of up to 40% on Chinese exports. While China had multiple export markets including Europe and Asia,
the U.S. remains its largest single market. Similarly, when Western donors threaten to withdraw development aid
from highly aid-dependent countries over human rights concerns, these states often lack alternative funding sources
that could match Western aid volumes. In such cases, sanctioning states face fewer constraints on repeated coercion
because targets cannot meaningfully reduce their economic vulnerability. This differs from cases like U.S.-China tech-
nological competition or EU-Russia energy relations, where targets can potentially develop alternative capabilities or
relationships.
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visible, such as human rights practices or the pace of nuclear development, rather than indivisible
issues like territorial disputes and regime change that typically lead to armed confrontation.!”?
Finally, the framework assumes states can reasonably assess how their economic leverage might
evolve, allowing them to anticipate technological developments, evaluate diversification possibil-
ities, and understand market evolution. These conditions help explain why calculated coercion
manifests differently across sectors and relationships.

This framework generates several key predictions about sanctions timing. When states face
sharp declines in their irreplaceability—whether through technological breakthroughs, sudden
market shifts, or rapid diversification—they face strong pressures for immediate coercion. The
nature of decline matters: gradual erosion of leverage through incremental diversification creates
less urgency than discontinuous drops in irreplaceability. Paradoxically, a target state’s progress
toward economic independence can accelerate rather than deter sanctions, as the sanctioning state
seeks to exercise its remaining leverage before it erodes. However, not all forms of economic lever-
age face the same temporal pressures. States whose leverage exhibits network effects or increasing
returns, such as control over key platforms or infrastructure, have incentives for strategic patience
rather than premature coercion.

To formalize these insights, I develop a dynamic game theory model that captures the strategic
dynamics of calculated coercion. The basic model demonstrates how expectations about future
irreplaceability shape current sanctions decisions. I then extend the framework to examine how
different trajectories of economic leverage affect coercion timing. These trajectories include dis-
continuous drops, gradual decline, and increasing leverage. By modeling these distinct patterns
of change, we can better understand when states rush to use their economic power and when they

exercise strategic restraint.

170. Fearon, “Bargaining, Enforcement, and International Cooperation.”
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2.3.2 Modeling Economic Dependency Shifts

This section develops a game-theoretic model to formalize how changes in economic leverage
affect sanctions timing. First, I present a basic model in which two states bargain over political
concessions under the threat of sanctions. Then, I examine how different patterns of leverage
change affect strategic behavior. The model demonstrates that sanctions occur on the equilibrium
path only when states face sharp declines in their economic leverage.

Two states S (sanctioning) and 7" (target) interact over an infinite time period ¢t = 1,2,3,....
The game starts with 7" taking an offensive action by demanding x; € [0, 1], which represents its
share of the political pie 1. In all periods, 7 demands x; and S receives offer 1 — x;. S then decides
whether to refrain and accept the offer or sanction state 7' to change the political outcome. If S
decides to sanction and wins, it receives 1 and T receives 0O for the current and all future periods.
The reverse is true if it loses. If the outcome is x; = 0 or x; = 1, then one state got its way, and the
game ends. The two states have discount factors dg, o7 € [0, 1]. S enjoys an irreplacability factor
i; for period z. p(i;) is the probability that S prevails and gets its way if it sanctions. c7(i;) is the
cost that state 7' needs to pay if it is sanctioned by S, which accounts for the economic damage and
the cost of diversification. cg is the cost that state S pays for sanctioning, which is independent of
i.

Appendix B shows that the two states can always reach a negotiated settlement that is preferable
to S imposing sanctions. Namely, in each period ¢, state 7 will demand just enough x; so that S is
better off refraining than sanctioning. 7 will setx; = 1+ (1 —=3ds)cs — [p(ir) —=0sp(ire1)]/(1 = d5).

Sanctioning is a strictly inefficient outcome compared to negotiated settlements.!”!

Proposition 2 When x; € [0, 1], which is equivalent to when p(i;) — 5sp(i41) € [cs(1 = 85)>, 1 —

85 + cs(1 — 05)?), there is a unique SGP equilibrium with the following strategies. Let x! =

171. Another assumption that this model makes is that the political issue at hand is divisible. This is a reasonable
assumption given that economic sanctions are usually employed when the dispute at hand is incremental or continuous
in nature, such as the degree of human rights violations, the pace of nuclear development, or the extent of market
liberalization. On indivisible matters such as territorial disputes and power hierarchies, states commonly resort to war.
See Fearon, ‘“Rationalist Explanations for War”
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1+ (1=dg)cs — [p(i;) —dsp(ire1)]/(1 = Os). In any period t = 1,2, 3..., after any history, state T

demands x;, while state S accepts any x, < x; instead of imposing sanctions.!’?

Discontinuous Changes in Leverage and When Sanctions Occur

However, sanctions can occur when there is a sufficiently large decrease in p(i;). The proba-
bility of sanction success p(i;) is not always a continuous function of irreplaceability. In practice,
economic leverage often changes discontinuously when states reach critical thresholds in their eco-
nomic relationships. For instance, when a target state masters a key technology or secures access
to alternative suppliers, its dependence on the sanctioning state can drop sharply. For example,
developing domestic semiconductor manufacturing capabilities can suddenly reduce a country’s
vulnerability to technology sanctions. Conversely, market conditions can create positive disconti-
nuities—the emergence of a new platform technology or payment system might suddenly increase
states’ dependence on the controlling country, causing a spike in p(i;). These significant changes
in economic leverage have important implications for the timing of sanctions.

As state S loses its economic leverage, state 7 cannot commit itself to not exploiting its better
economic position for political bargaining. Consider a case where state S’s irreplaceability is
steadily declining and faces a sudden drop at a critical threshold #;. At this point, both states face
a commitment problem. After the sharp decline in leverage, state 7 will be able to demand a
significantly larger share of the political pie. While 7" might promise to moderate its demands even
after gaining independence, such promises are not credible—once S’s leverage drops, T has every
incentive to exploit its stronger bargaining position. Anticipating this opportunistic behavior, state
S may prefer to impose sanctions before its leverage collapses, even if T is currently making modest
demands. This explains, for instance, why technological leaders often impose export controls
before rising states achieve technological independence rather than waiting until after their leverage
erodes.

Here is a simple case where p(i;) is p; in periods 1, 2,3, ..., ¢ and decreases to p, from period

172. See Appendix B for formal proof
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t + 1 and onward (p> < p;). This means that in the first part, state 7 will demand x; = 1 + (1 —
0s)cs—(p1—0sp2)/(1=65). In the second part, state T will demand x; = 1+(1-8g)cs— p2, which
is (p1—p2)/(1-385) more than its previous demand. If state S refrains in period ¢, its total payoff is
1—x;+05(1—x41)/(1—05). Even when T sets x; = 0, the payoff that S receives for sanctioning in
period ¢ could still be greater than what it receives for refraining if p; —dspr > 1 -85+ (1-9 5)20 s.
This means that even when x; = 0, if state S’s expected decline in leverage is too great relative to
its cost of sanctioning, it has an incentive to sanction at z.

This dynamic is analogous to preventive war, where a declining state initiates conflict to pre-
vent an anticipated loss of power. This “preventive sanctions” logic helps explain why economic
coercion often occurs when target states are on the verge of reducing their economic vulnerabili-
ties. State 7Ts efforts to achieve economic independence—whether through developing domestic
alternatives, securing new trade partners, or achieving technological breakthroughs—typically cre-
ate discontinuous drops in p(i_t). The model thus predicts that sanctions are most likely when the
target state is close to achieving greater economic autonomy rather than when it is most dependent.
This explains, for instance, why technological leaders often impose export controls precisely when
rising states are approaching technological independence.

The dynamics differ fundamentally when the discontinuity favors state S. Consider a case
where S’s irreplaceability is steadily increasing and faces a sudden jump at threshold #;. In this
scenario, neither state has an incentive to deviate from the peaceful equilibrium. State 7 moderates
its demands knowing that its bargaining position will soon weaken significantly. Simultaneously,
state S has no reason to impose costly sanctions prematurely since its leverage will increase nat-
urally. This explains, for example, why states rarely use economic coercion when their economic
leverage is set to increase through the establishment of new trade networks or the implementation

of technological standards that will enhance their market power.

Corollary 1 When p(i;) is discontinuous, sanctions can occur on the equilibrium path if and
only if 1) the discontinuity represents a sharp decline in S’s leverage p(i;); and 2) the size of

the drop is sufficiently large relative to S’s costs of sanctioning cs. This can be translated to
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p(ir) = 8sp (i) > 1 — s +cs(1 - 05)?].

How Irreplaceability Changes Over Time

Previously, I assumed that economic irreplaceability i; and the associated probability of sanc-
tion success p(i;) decline over time. This pattern characterizes many forms of economic leverage.
Technology dependence, for instance, typically erodes as countries develop indigenous capabili-
ties—while a country may initially dominate a technological field, its advantage inevitably dimin-
ishes as knowledge diffuses and others catch up.!”® However, not all forms of economic irreplace-
ability follow this declining pattern. Network-based economic leverage, such as control over key
financial infrastructure or digital platforms, often strengthens over time through positive feedback
effects. As more actors join the network, the costs of exclusion rise, making the network controller
increasingly irreplaceable. This self-reinforcing dynamic persists until disrupted by the emergence
of competing networks or technological alternatives.

Here, I will explore how changes in the trajectory of irreplaceability affect states’ behavior.
A simple extension of the model shows that when S’s irreplaceability increases over time, 7 re-
duces its demands to avoid triggering sanctions. Conversely, when irreplaceability decreases, T’
increases its demands to capitalize on S’s weakening position. For a simple case, assume that
i1,12,...,0; is a linear sequence and that p(i;) is a linear continuous function with a positive cor-
relation with i;. The differences between state T’s demands at ¢ and t — 1 can be derived as
xi —x7_ = [p(ir-1) = p(ir+1)]/2. This term is negative if i1, i, ..., i; is strictly increasing, meaning
that if state S’s products become more irreplaceable over time, the amount state 7 demands x;
goes down. Conversely, if iy, 12, ...,1; is strictly decreasing, x; goes up over time. This pattern is
intuitive—the target state demands less when it expects the sanctioning state’s leverage to grow

stronger and demands more when it expects that leverage to weaken.!”*

Corollary 2 The target state’s optimal demand x; decreases as the sanctioning state’s irreplace-

173. Michael Horowitz, The Diffusion of Military Power: Causes and Consequences for International Politics (Cam-
bridge, MA: Harvard University, 2007); Jeffrey Ding, “The Diffusion Deficit in Scientific and Technological Power:
Re-Assessing China’s Rise,” Review of International Political Economy 31, no. 1 (January 2024): 173-198.

174. See Appendix B for formal derivation.
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ability increases.

2.4 Case Studies

To evaluate my theory, I examine three contemporary cases of economic coercion that present
puzzles for existing explanations. These cases—U.S. semiconductor controls on China, China’s
restraint in weaponizing supply chains, and Russia’s energy coercion against Europe—represent
some of the most significant episodes of economic statecraft in recent years. Each case involves
substantial economic leverage that could be weaponized for geopolitical gain yet exhibits patterns
of timing that appear paradoxical under conventional frameworks: The U.S. imposed its most com-
prehensive semiconductor controls not when Chinese firms posed their greatest competitive threat
but rather as they approached technological independence. China has refrained from weaponizing
its manufacturing leverage despite significant geopolitical tensions but demonstrated a willingness
to use other forms of economic coercion. Russia aggressively weaponized its energy supplies in
ways that appeared self-defeating, accelerating the very diversification it sought to prevent. While
existing theories struggle to explain these seemingly contradictory behaviors, my framework of
calculated coercion shows how expectations about future leverage can make such actions strategi-

cally rational.

2.4.1 U.S. Semiconductor Controls: When Anticipated Leverage Loss Prompts Sanctions

The evolution of U.S. semiconductor export controls on China exemplifies the dynamics of
calculated coercion—particularly how sanctions timing correlates with the target state’s progress
toward economic independence. The U.S. semiconductor industry’s technological dominance has
historically provided significant economic leverage over other nations. This leverage stems from
several critical advantages: control over advanced chip design software, dominance in manufac-
turing equipment, and leadership in advanced chip production techniques. By 2020, Chinese firms
remained heavily dependent on U.S. technology—particularly in advanced logic chips, manufac-

turing equipment, and electronic design automation (EDA) software. However, China’s domestic
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semiconductor capabilities were advancing rapidly. Through massive state investment under pro-
grams like “Made in China 2025,” Chinese firms achieved notable breakthroughs: China’s Semi-
conductor Manufacturing International Corporation (SMIC) began producing 7nm chips, while
Yangtze Memory Technologies Corp (YMTC) approached international standards in memory chip
production.'” This progress threatened to erode U.S. leverage, creating precisely the conditions
where my theory predicts economic coercion would be most likely.

The U.S. derives its semiconductor leverage from four primary sources: control over essen-
tial design software, dominance in advanced manufacturing equipment, leadership in cutting-edge
chips, and strong fabrication partnerships. First, U.S. firms, particularly Synopsys and Cadence,
lead the market in EDA software, a critical tool for designing cutting-edge chips used in everything
from smartphones to artificial intelligence (AI). Without access to this software, it’s challenging
for firms in other countries, including China, to create advanced semiconductors. Second, Amer-
ican companies like Applied Materials, Lam Research, and KLLA control a significant share of
the high-tech equipment used in semiconductor fabrication, such as machines for etching, lithog-
raphy, and deposition processes essential to manufacturing. Third, U.S. companies, particularly
NVIDIA and AMD, dominate the market for advanced processors and GPUs crucial for Al and
high-performance computing applications. For instance, NVIDIA’s H100 and A100 chips have
become essential for training large Al models, creating another point of leverage over China’s
technological development.'”® Finally, the U.S. has cultivated strong industry partnerships with
Taiwanese and South Korean companies, primarily TSMC and Samsung, who lead in advanced
fabrication techniques for sub-7nm chip production. These alliances ensure that the U.S. and its
allies remain at the forefront of cutting-edge semiconductor technology, creating a robust and re-
silient supply chain largely dependent on U.S.-controlled inputs.

The U.S. implementation of semiconductor export controls evolved through several critical

175. Allen, In Chip Race, China Gives Huawei the Steering Wheel: Huawei’s New Smartphone and the Future of
Semiconductor Export Controls.

176. Stephen Nellis and Jane Lee, “U.S. Officials Order Nvidia to Halt Sales of Top AI Chips to China,” Reuters,
September 2022, accessed April 7, 2024, https://www.reuters.com/technology/nvidia-says-us-has-imposed-new-lice
nse-requirement-future-exports-china-2022-08-31/.
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phases, each reflecting increasing urgency as China made technological progress. The initial addi-
tion of Huawei to the Entity List in May 2019 was justified on the grounds that the company sold to
Iran in violation of U.S. sanctions. However, the action coincided with the meteoric rise of Huawei,
which became the world’s second-largest smartphone marker. Moreover, as shown in Figure 2.1,
between 2015 and 2019, China rapidly advanced its domestic semiconductor manufacturing capa-
bilities, narrowing the technological gap with Western industry leaders by introducing advanced
CMOS process nodes.!”” These advancements revealed the effectiveness of China’s technological
self-sufficiency policies, including its 2014 National Integrated Circuit Plan and its 2015 “Made
in China 2025 policy. The U.S. responded preemptively, recognizing that its leverage through
design software and manufacturing equipment would soon erode.

The U.S. further implemented two key expansions to its Foreign Direct Product Rules (FDPR)
in 2020 after discovering that Huawei was redirecting its semiconductor purchases to Japan and
South Korea. The May 2020 expansion restricted foreign entities using American technology from
supplying Huawei.!”® In August 2020, the Trump administration decided to fully cut off Huawei’s
chip supplies by updating the FDPR to cover all companies connected to Huawei, including its con-
tractors and suppliers.!”® These measures initially appeared effective—Huawei’s revenue declined
28.5% between 2020-2021, and its smartphone sales dropped from 240 million units in 2019 to a
projected 30 million in early 2023.!3% The Trump administration’s entity-list-based export controls

and FDPR sanctions forced the Chinese company to go into “survival mode."

177. Data sources for Figure 2.1 include Will Hunt, Saif M. Khan, and Dahlia Peterson, China’s Progress in Semi-
conductor Manufacturing Equipment: Accelerants and Policy Implications, technical report (Center for Security and
Emerging Technology, 2021); Daniel Nenni, The Technology Gap Between Leading Western and Chinese Semicon-
ductor Foundries, May 2024, accessed November 24, 2024, https://semiwiki.com/forum/index.php?threads/the-techn
ology-gap-between-leading-western-and-chinese-semiconductor-foundries.20263/

178. Charles L. Capito and Joseph A. Benkert, The Commerce Department Modifies “Direct Product Rule” to Re-
strict Transfers of More Foreign-Made Items to Huawei, technical report (Morrison Foerster, May 2020), accessed
November 14, 2024, https://www.mofo.com/resources/insights/200529-commerce-department-modifies.

179. Industry and Security Bureau, Addition of Huawei Non-U.S. Affiliates to the Entity List, the Removal of Tem-
porary General License, and Amendments to General Prohibition Three (Foreign-Produced Direct Product Rule),
technical report (Federal Register, August 2020), accessed November 14, 2024, https://www.federalregister.gov/docu
ments/2020/08/20/2020- 18213/addition-of-huawei-non-us-affiliates-to-the-entity-list-the-removal- of-temporary- ge
neral-license-and.

180. David Kirton, “China’s Huawei Poised to Overcome US Ban with Return of 5G Phones, Research Firms Say,”
Reuters, July 2023, accessed November 14, 2024, https://www.reuters.com/technology/chinas-huawei-poised-overco
me-us-ban-with-return-5g-phones-research-firms-2023-07-12/.
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However, even though FDPR measures hurt the revenue of Chinese chip and smartphone mak-
ers, they did not significantly slow down their technological progress.'3! Although Washington’s
export controls were explicitly targeted at preventing China from producing chips under 10nm,
SMIC managed to produce 7nm chips that helped Huawei make a comeback in producing 5G
phones.!8% Specifically, while U.S. sanctions prevented China from acquiring EUV machines from
the Dutch company ASML, SMIC tweaked older DUV machines to manufacture the 5G chips.'®3
In fact, U.S. sanctions accelerated Chinese companies’ pursuit of technological independence. In
response to Washington’s measures against Huawei, YMTC, one of China’s leading semiconduc-
tor manufacturers, launched an extensive two-year “de-Americanization” campaign, establishing
partnerships with domestic Chinese equipment producers and strategically analyzing U.S. supply
chains to identify and directly purchase from foreign suppliers of U.S. firms.'3* At the same time,
Chinese companies were stockpiling semiconductor equipment and establishing shell companies
and partner networks to continue acquiring the banned technologies.!®> An August 2024 evaluation
by a Japanese semiconductor research company revealed that Chinese CPU chip manufacturing is
a mere three years behind industry leader TSMC.!36

As the window of opportunity for restricting China’s CPU developments comes to an end, the
U.S. government turned its focus to GPUs, a type of specialized chips for Al applications. On
October 7, 2022, the Biden administration issued GPU export controls on China, limiting China’s

access to the most advanced GPUs to advance their A capabilities.!3” The affected GPUs include

181. Both U.S. and Chinese analysts have concluded that U.S. restrictions had limited effect on China’s semiconductor
progress. See, for example, Allen, In Chip Race, China Gives Huawei the Steering Wheel: Huawei’s New Smartphone
and the Future of Semiconductor Export Controls; Wei Qi, “Baideng zhengfu duihua xinpian zhengce pingxi FF&
X0 BUR EAT [ Analysis of the Biden Administration’s Chip Policy Toward Chinal,” 2 {15/ Contemporary
World], March 2023,
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Nvidia’s A100s and H100s and high-end AMD GPUs. The targeted chips were manufactured us-
ing TSMC’s 4nm/7nm process nodes—a threshold just beyond China’s proven capabilities. The
Biden administration further updated the GPU controls in October 2023, closing loopholes and
expanding controls to prevent circumvention through the export of degraded chips.'3® These con-
trols were issued less than two months after Huawei announced that its Ascend GPUs matched the
performance of the Nvidia A100, which is only one generation behind its most advanced H100
chips.'® As Chinese advancements in GPU technology picked up, the U.S. opted to tighten its
GPU export controls.

This shift in focus from CPU to GPU restrictions was prompted by two main factors. On the
one hand, GPUs have become critical for Al development, especially the training and deploy-
ment of large language models (LLMs) like ChatGPT. Both the U.S. and China recognize that
next-generation LLM models could have important civilian and military applications.!*® China’s
advancing Al capabilities heightened U.S. concern about the military implications of GPU access.
On the other, the U.S. retained significant leverage over China in GPU design and manufacturing.
Chinese advancement in GPU design and manufacturing lagged behind its progress in general-
purpose CPUs. While Chinese firms like Huawei have made significant progress in mobile CPUs,
independent testing in September 2022 showed that Huawei’s Ascend GPUs were starkly infe-
rior to Nvidia’s products on almost all metrics.!”! Chinese firms relied heavily on U.S. technol-

ogy—before U.S. restrictions, Nvidia accounted for nearly 95% of the Chinese GPU market.!*?
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The timing of the GPU sanctions aligns with my theory’s prediction that states impose sanctions
when they retain meaningful leverage but anticipate potential erosion.

The case of U.S. semiconductor sanctions against China strongly supports my theory of cal-
culated coercion in two key ways. First, the timing of the sanctions demonstrates the role of
strategic anticipation that is central to calculated coercion. The U.S. moves to implement controls
precisely when China shows significant progress toward crossing critical thresholds. The controls
specifically targeted threshold capabilities—technologies China was approaching but had not yet
mastered. This approach intends to prevent China from achieving full self-sufficiency. This timing
reflects the “use-it-or-lose-it” pressure facing states with declining economic leverage. The increas-
ingly broad scope of controls—from individual firms to entire technological domains—reflects the
U.S. assessment that its window for effective economic coercion was narrowing. The U.S. acted
when its leverage was not necessarily at its peak or when the Chinese companies posed the great-
est commercial threat, but rather when it risked significant erosion if China crossed technological
thresholds. This means the U.S. was not seeking to maximize its immediate coercive impact or
to ward off commercial competition. Instead, the timing of economic coercion was based on ex-
pectations of future leverage. Interestingly, when Washington realized that China had crossed the
7nm threshold for CPU production, it turned its attention to GPUs, an area where China is further
behind and where the U.S. retained more leverage.

Second, the case demonstrates the role of discontinuous changes in economic leverage, a key
element in my theoretical framework. China’s semiconductor development showed potential for
sudden breakthroughs—mastering advanced node production would sharply reduce U.S. leverage.
This prospect of a discontinuous decline in leverage created precisely the commitment problems
my model identifies: Even if China pledged not to use its newfound capabilities for military and
geopolitical purposes after achieving independence, such promises would lack credibility once
dependency ended.

Several alternative explanations for the timing of U.S. semiconductor controls warrant consid-

eration. National security concerns, particularly about China’s military-civil fusion strategy, might
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suggest controls would be imposed when China’s military capabilities reached certain thresholds.
However, while the drive for military modernization and technological self-sufficiency prompted
China to invest heavily in domestic semiconductor production since 2014, the U.S. only started
implementing strict controls on China in 2019. Commercial competition might be another poten-
tial explanation. Yet this explanation would suggest that U.S. controls occur when Chinese firms
become most competitive, threatening the market positions of their American counterparts, but the
empirical evidence contradicts this account. Even the top Chinese chip manufacturers SMIC and
YMTC lagged significantly behind global leaders, posing little threat to the major American firms.
A final explanation focuses on domestic political factors like electoral cycles and the policy prefer-
ences of elected officials. While some might argue that the Trump administration initiated the trade
war with China by targeting Huawei’s chip supplies, the semiconductor sanctions were a bipartisan
effort. The Biden era’s GPU export restrictions and investment bans were arguably more stringent
and wide-sweeping. While factors such as domestic politics, commercial competition, and China’s
military-civil fusion likely influenced policy, they cannot fully account for the precise timing and
scope of controls that emerged. The calculated coercion framework better explains both the timing

of restrictions relative to China’s technological progress and the specific thresholds targeted.

2.4.2 China’s Manufacturing Restraint: When Stable Leverage Encourages Patience

China’s central position in global manufacturing supply chains provides significant potential
for economic coercion. As the “world’s factory,” China controls critical manufacturing capa-
bilities across industries—f{rom consumer electronics to medical supplies. From 2012 to 2021,
China’s share of global manufacturing output increased from 22.5% to 30%, reinforcing its lead
as the world’s largest manufacturer.'®? This manufacturing dominance was starkly demonstrated

during the COVID-19 pandemic when China’s control over medical supply chains sparked global

193. Woguo zhizao ye zonghe shili chixu tisheng F[E H3E V47 & S S F#EE5& F+ [ China’s Comprehensive Manufac-
turing Capabilities Continue to Increase], August 2022, accessed January 6, 2025, https://www.gov.cn/xinwen/2022
-08/03/content_5704052.htm.
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concern.'®* Beyond finished goods, China dominates the processing of critical raw materials, con-
trolling over 80% of global rare earth element processing and significant shares of lithium, cobalt,
and other strategic minerals.!®> However, despite this substantial economic leverage, China has
notably been restrained in weaponizing these manufacturing dependencies. Even during peri-
ods of heightened tensions—from trade disputes to geopolitical confrontations—China has gen-
erally maintained a reliable supply of manufactured goods and processed materials. This restraint
presents a puzzle for traditional economic statecraft theories but aligns with my framework of
calculated coercion.

China’s manufacturing leverage has evolved from simple cost advantages to deep structural
dependencies that provide significant coercive potential. In the 1990s and early 2000s, China pri-
marily competed on low-cost labor, with limited ability to leverage manufacturing dependencies as
production could relatively easily shift to other low-wage countries. However, by the 2010s, China
had developed sophisticated manufacturing capabilities and complex supply chain networks, mak-
ing it increasingly irreplaceable for many industries. This transformation is particularly evident
in critical sectors where alternative suppliers are scarce or nonexistent: China processes approx-
imately 90% of rare earth elements used in electronics and defense applications, manufactures
over 80% of the world’s solar panels, and hosts approximately 80% of global battery manufactur-
ing capacity.'® These dependencies are reinforced by China’s unmatched supplier network. For
instance, Shenzhen’s electronics manufacturing ecosystem includes over 14,000 suppliers within

a 50-mile radius, making it prohibitively costly for firms to relocate production. The develop-
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Chains and Broader Trade Issues, technical report (Congressional Research Service, 2020).

195. Philip Andrews-Speed and Anders Hove, China’s Rare Earths Dominance and Policy Responses, technical report
(The Oxford Institute for Energy Studies, 2023), accessed November 5, 2024, https://www.econstor.eu/handle/10419
/280121.

196. Lucy Tang, China Boosts Quota for First Batch of Rare Earth Production in 2024, technical report (S&P Global,
February 2024), accessed November 5, 2024, https://www.spglobal.com/commodityinsights/en/market-insights/late
st-news/metals/020724- china-boosts- quota- for-first- batch- of - rare- earth- production-in-2024; China: Government
subsidies for listed company NAURA Technology Group Co.,Ltd. in year 2023; Alice Yu and Anna Duquiatan, China,
South Korea Battery-Makers Drive Growth Despite Capacity Regionalization, technical report (S&P Global, July
2024), accessed November 5, 2024, https://www.spglobal.com/marketintelligence/en/news-insights/research/china-s
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ment of these structural dependencies significantly increased China’s potential for economic coer-
cion. China’s dense networks of suppliers, sub-contractors, and specialized manufacturers created
what Apple CEO Tim Cook called “the skill of tooling” that became impossible to replicate else-
where. !

The rare earths case of 2010 provides a crucial learning moment in China’s approach to eco-
nomic leverage. During a territorial dispute with Japan, China threatened to restrict rare earth
exports to Japan, marking its first significant attempt to weaponize its manufacturing leverage.
However, this early exercise of economic coercion proved counterproductive. Even though China
never formally announced an embargo and evidence suggests actual shipment reductions were min-
imal, merely threatening “strong countermeasures” triggered extensive diversification efforts.!”®
While China accounted for 78.3% of Japan’s rare earth imports in 2010, the Japanese government
actively reduced this number to 39.4% by 2019.!%° This episode demonstrated the risks of even
threatening economic coercion: the mere perception of vulnerability can accelerate diversifica-
tion efforts, eroding long-term leverage faster than anticipated. China’s rare earth experience thus
became a watershed moment, teaching Beijing that preserving economic leverage often requires
actively maintaining a reputation for being a reliable supplier.

Subsequently, China adopted a more strategic approach to its manufacturing leverage. During
the U.S.-China trade war (2018-2020), China largely refrained from disrupting supply chains de-
spite possessing significant leverage and facing severe provocations. Even when the U.S. imposed
25% tariffs on $250 billion Chinese exports and effectively banned Huawei from U.S. markets,

China’s retaliation focused on reciprocal tariffs rather than supply chain disruptions.?”® Notably,
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-cook-this-is-number- 1-reason-we-make-iphones-in-china-its-not- what- you-think.html.
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October 2010, accessed January 6, 2025, http://fta.mofcom.gov.cn/article/ftazixun/201010/3840_1.html.
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China continued to supply critical rare earths to U.S. manufacturers even after state media ex-

plicitly threatened restrictions.?!

Even when faced with semiconductor export controls and other
restrictions, China maintained a reliable supply of manufactured goods. During the COVID-19
pandemic, despite initial disruptions in early 2020, China quickly restored and maintained medical
supply exports even to nations it had diplomatic tensions with.

China’s restraint in weaponizing supply chains becomes even more notable when contrasted
with its willingness to use market access threats. Beijing has frequently employed boycotts and
import restrictions as symbolic political gestures—from restricting Norwegian salmon imports af-
ter the Nobel Peace Prize award to Liu Xiaobo to boycotting South Korean retailers over THAAD

deployment and threatening Australian wine imports during diplomatic tensions.?%?

Interestingly,
at the height of Sino-Australian tensions during the COVID-19 pandemic, China imposed high
tariffs on Australian wine, coal, and barley but never threatened to disrupt medical supplies or
manufacturing inputs when Australia was most vulnerable to such disruptions. Some researchers
have interpreted the limited economic impact of these market access restrictions as evidence that
China’s economic statecraft is ineffective or that China’s economic leverage is overstated.??> How-
ever, this interpretation overlooks a key factor: Even China’s market access restrictions are typi-

cally short-term and limited in scope, allowing Beijing to signal displeasure while avoiding actions

that would trigger long-term market restructuring. This pattern suggests that China distinguishes
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Lotte Faces Costly Overhaul,” Reuters, October 2017, accessed November 9, 2024, https://www .reuters.com/articl
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November 9, 2024, https://www.cnn.com/2021/02/16/business/australia-china-wine-tariffs-dst-intl-hnk/index.html.
203. Matthew Reynolds and Matthew P. Goodmand, Deny, Deflect, Deter: Countering China’s Economic Coercion
(Center for Strategic / International Studies (CSIS), 2023); In Song Kim and Iain Osgood, “Firms in Trade and Trade
Politics,” ISBN: 1094-2939 Publisher: Annual Reviews, Annual Review of Political Science 22 (2019): 399-417; Fer-
guson, Waldron, and Lim, “Market Adjustments to Import Sanctions: Lessons from Chinese Restrictions on Australian
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between temporary market access restrictions, which have limited long-term consequences, and
supply chain disruptions, which could permanently alter manufacturing dependencies.

Most recently, despite facing expanded technology export controls, China has not retaliated
through manufacturing supply chains. China’s response was notably measured when the U.S. im-
posed comprehensive semiconductor controls in October 2022, targeting China’s emerging tech-
nology sector, and further tightened restrictions in 2023. Rather than weaponizing its dominance in
critical materials or components, Beijing limited its response to reciprocal restrictions on gallium

204 Even these controls were care-

and germanium exports through a new export licensing system.
fully crafted to minimize supply chain disruption, with most export licenses still being approved.
Simultaneously, China has maintained its role as a reliable supplier in the semiconductor supply
chain even in sectors where it holds significant leverage, continuing to supply specialty chemi-
cals and base materials to TSMC and other chipmakers, maintaining exports of chip packaging
and testing services (where Chinese firms control about 40% of global capacity), and providing
critical raw silicon wafers to Japanese and South Korean semiconductor firms.?%> This restraint
aligns with my theory’s prediction that states that do not face imminent erosion of their economic
leverage have incentives to maintain rather than exercise their power.

China’s leadership is acutely aware of the country’s manufacturing dominance and actively
seeks to protect and reinforce this position. A 2021 publication by China’s State Council explicitly
mentions that China has “the world’s most complete manufacturing system,” maintaining capa-

bilities across 31 major industrial categories, 179 medium categories, and 609 subcategories.?

204. Mathew Blackwood and Catherine DeFilippo, Germanium and Gallium: U.S. Trade and Chinese Export Con-
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RSB A E2023F 55235 KT - BEAE R SE I H O & B A 2 [Ministry of Commerce and General
Administration of Customs Announcement No. 23 [2023]: Announcement on the Implementation of Export Controls
on Gallium and Germanium-Related Items], July 2023, accessed January 6, 2025, https://m.mofcom.gov.cn/article/z
wgk/gkzcfb/202307/20230703419666.shtml.

205. Semiconductor Industry Association, Taking Stock of China’s Semiconductor Industry, technical report (SIA,
July 2021), accessed November 7, 2024, https://www.semiconductors.org/taking-stock-of-chinas-semiconductor-ind
ustry/.
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Chinese policymakers view this manufacturing foundation as a strategic asset, with leaders at
China’s Ministry of Industry and Information Technology (MIIT) stating that industrial supply
chains constitute a cornerstone of China’s status as an economic great power.?’’

Chinese officials have publicly proclaimed their restraint from weaponizing global supply
chains. In the China International Supply Chain Expo in November 2023, Chinese Premier Li
Qiang emphasized the need to maintain “safe and stable” global supply chains.?’® In May 2024,
during a meeting with Russian President Vladimir Putin, China’s President Xi Jinping criticized
the weaponization of supply chains and reiterated China’s commitment to supply chain stability.?%
These statements are not merely for show but reflect China’s calculated self-interest in preserving
its economic leverage through stable trade relationships.

Unlike cases where states face immediate loss of leverage, China’s manufacturing dominance
remains largely intact despite Western attempts at diversification. Despite heightened attention to
supply chain vulnerabilities and numerous policy initiatives promoting reshoring and nearshoring,
progress has been modest. For instance, while the U.S. CHIPS Act allocated $53 billion to do-
mestic semiconductor manufacturing, actual reshoring of semiconductor and consumer electronics
production remains minimal.?!” In the wave of U.S. near-shoring, although Mexico has surpassed

China as the largest manufacturing exporter to the U.S., much of that increase is driven by Chi-

nese companies moving to Mexico to avoid U.S. tariffs.”!! Similarly, Vietnam’s much-discussed

207. Woguo zhizao ye zonghe shili chixu tisheng T [E H3& L £7 & LS F#EEH- T+ [ China’s Comprehensive Manufac-
turing Capabilities Continue to Increase].

208. Ligiang chuxi shoujie zhongguo guoji gongying lian cujin bolan hui kaimu shi ji quanqgiu gongying lian
chuangxin fazhan luntan bing fabiao zhuzhi yanjiang Z55% 5 & Jg Frift B R 1 i & R B4
BRAE R HE O & BB IE It & £ B Li Qiang Attends the Opening Ceremony of the First China International
Supply Chain Expo and the Global Supply Chain Innovation and Development Forum and Delivers a Keynote Speech],
November 2023, accessed January 6, 2025, https://www.mfa.gov.cn/zyxw/202311/t20231128_11188561.shtml.

209. Zhonghua renmin gonghe guo he eluosi lianbang zai liangguo jianjiao 75 zhounian zhiji guanyu shenhua xin
shidai quanmian zhanliie xiezuo huoban guanxi de lianhe shengming (quanwen) 4 N R ILF0 E 1 Z WrBEFD
5P [ 22 75 A £ Z n 2% T IR AR s A 4 TSR VB K M SR REVER & B (230) [Joint Statement of the
People’s Republic of China and the Russian Federation on Deepening the Comprehensive Strategic Partnership of
Collaboration in the New Era on the Occasion of the 75th Anniversary of the Establishment of Diplomatic Relations
between the Two Countries (Full Text)], May 2024, accessed January 6, 2025, https://www.mfa.gov.cn/zyxw/202405
/t20240516_11305860.shtml.

210. Vishnu Kannan, After the CHIPS Act: The Limits of Reshoring and Next Steps for US Semiconductor Policy,
technical report (Carnegie Endowment for International Peace, November 2022), https://carnegieendowment.org/rese
arch/2022/11/after-the- chips-act-the-limits- of-reshoring-and- next- steps-for-us-semiconductor-policy ?lang=en.

211. Brooks Levering et al., US Manufacturing Offshoring Redux: Mexico Regains Lead Over China for First Time in

73


https://www.mfa.gov.cn/zyxw/202311/t20231128_11188561.shtml
https://www.mfa.gov.cn/zyxw/202405/t20240516_11305860.shtml
https://www.mfa.gov.cn/zyxw/202405/t20240516_11305860.shtml
https://carnegieendowment.org/research/2022/11/after-the-chips-act-the-limits-of-reshoring-and-next-steps-for-us-semiconductor-policy?lang=en
https://carnegieendowment.org/research/2022/11/after-the-chips-act-the-limits-of-reshoring-and-next-steps-for-us-semiconductor-policy?lang=en

manufacturing growth has focused on final assembly rather than deep supply chain relocation.?!?

These persistent dependencies validate China’s strategic calculation that maintaining reliable sup-
ply while avoiding coercive threats minimizes incentives for costly diversification.

China’s restraint in weaponizing manufacturing supply chains is further reinforced by the high
domestic welfare costs such actions would impose on its export-led economy. Disrupting global
supply chains would generate significant economic and social costs domestically. China’s leader-
ship places substantial emphasis on maintaining economic growth and employment stability as
foundations of social order and regime legitimacy.?!3> Manufacturing export disruptions would
threaten both priorities, potentially triggering domestic instability that outweighs any foreign pol-
icy benefits. In my model, China exhibits a particularly high cost of sanctioning (cg), combined
with the strategic logic of preserving long-term leverage, these domestic economic considerations
create a powerful dual incentive against weaponizing manufacturing supply chains.

China’s approach to manufacturing leverage supports my theory of calculated coercion in three
key ways. First, China’s behavior demonstrates how states manage their economic leverage based
on expectations about its future trajectory. Unlike technological advantages that naturally erode
through diffusion, China’s manufacturing leverage has proven remarkably sticky despite Western
diversification efforts. As supply chains become more complex and interdependent, with dense
networks of suppliers and specialized capabilities, the costs of diversification could rise over time.
This persistent irreplaceability and limited progress in developing alternative manufacturing hubs
create incentives for strategic patience rather than premature coercion.

Second, China’s rare earth experience in 2010 illustrates the central mechanism in my the-

ory of how exercising economic leverage can accelerate its erosion. Even though China never

21 Years, technical report (Alvarez & Marsal Group, 2024), accessed November 9, 2024, https://alvarezandmarsal-cr
g.com/insight/us-manufacturing-offshoring-redux/; Will Grant, “How Chinese firms are Using Mexico as a Backdoor
to the US,” BBC, April 2024, accessed November 9, 2024, https://www.bbc.com/news/business-68825118.

212. Matthieu Francois et al., Boosting Vietnam’s Manufacturing Sector: From Low Cost to High Productivity, tech-
nical report (McKinsey & Company, September 2023), accessed November 9, 2024, https://www.mckinsey.com/feat
ured-insights/asia-pacific/boosting- vietnams-manufacturing- sector-from-low-cost-to-high-productivity.

213. Andrew J. Nathan, “The puzzle of authoritarian legitimacy,” Publisher: Johns Hopkins University Press, Journal
of Democracy 31, no. 1 (2020): 158-168, accessed February 25, 2025, https://muse.jhu.edu/pub/1/article/745962/su
mmary.
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formally announced an embargo, merely threatening to weaponize rare earth supplies triggered ex-
tensive Japanese diversification efforts. This costly lesson shaped China’s subsequent approach to
manufacturing leverage. Interestingly, Chinese scholars argue that when faced with foreign provo-
cations—from chip restrictions to import tariffs—China is better served to play the “rare earth
card” than threatening manufacturing supply chains.”!'* They suggest that even when using rare
earths as a negotiation leverage, China should limit the extent of such weaponization, exerting just
enough pressure to extract policy change but avoiding strong actions that would trigger serious
diversification efforts.!

Third, China’s differential treatment of market access versus supply chain leverage reveals a
sophisticated understanding of how various forms of economic power evolve. Beijing frequently
employs limited, reversible market access restrictions while steadfastly maintaining manufacturing
supply chains even during tensions. This pattern reflects a recognition that supply chain disrup-
tions, unlike temporary market access restrictions, risk permanently altering manufacturing depen-
dencies.

Alternative explanations for China’s manufacturing restraint fall short in several ways. A sim-
ple economic self-interest argument might suggest China prioritizes trade profits over geopolitical
leverage. However, this cannot explain China’s willingness to sacrifice economic gains through
market access restrictions while carefully preserving supply chain relationships. The costs China
has absorbed from restricting Australian wine imports or South Korean retail operations demon-
strate its willingness to bear economic costs when leverage is more durable. Institutional con-
straints like WTO rules might seem to restrict China’s options. Still, Beijing has repeatedly shown
a willingness to violate international economic norms when beneficial, as seen in its response to

U.S. tariffs.?'® Domestic commercial interests opposing disruption certainly play a role but cannot

214. Fengping Gao et al., “Zhongguo xitu shichang xin geju yu zhongguo xitu chanye zhanliie xuanze [E Pr# 1
MZFE B S P EW 7 A SB[ B PR R 5 W& International Trade Issues] 7 (2019): 63-81, accessed
January 6, 2025, https://journal.uibe.edu.cn/docs/2019-11/20191112144917362913.pdf.

215. Gao et al.

216. Stephen Ezell, False Promises II: The Continuing Gap Between China’s WTO Commitments and Its Practices,
technical report (ITIF, July 2021), accessed January 6, 2025, https://itif.org/publications/2021/07/26/false-promises-i
i-continuing- gap-between-chinas-wto-commitments-and-its/.
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explain the systematic pattern we observe strong restraint in supply chain leverage regardless of
sector-specific business interests, coupled with a readiness to impose market access restrictions
despite commercial costs.

My theory of calculated coercion better explains China’s behavior by highlighting how ex-
pectations about future leverage shape current decisions. China maintains manufacturing supply
stability not simply because disruption would be costly but because such actions would accelerate
the diversification efforts that could permanently erode its economic power. The contrast between
China’s treatment of market access versus supply chain leverage is particularly telling: Beijing
readily employs reversible restrictions on consumer goods but carefully avoids actions that could
trigger structural changes in manufacturing dependencies. This strategic patience has proven ef-
fective: despite intensifying geopolitical tensions and widespread calls for decoupling, China’s
central position in global manufacturing remains largely intact. By distinguishing between differ-
ent types of economic leverage and carefully managing the risk of diversification, China’s approach
demonstrates the sophisticated strategic calculations at the heart of calculated coercion. This aligns
precisely with my theory’s predictions about when states will exercise versus preserve economic

leverage.

2.4.3 Russia’s Energy Coercion: When Declining Leverage Triggers Sanctions

After its invasion of Ukraine in February 2022, Russia attempted to use its energy leverage to
punish Western sanctions and to deter Europe from further supporting Ukraine. Russia selectively
reduced gas supplies, timed its energy cuts to coincide with winter demand, and manipulated prices
to create severe energy price spikes.”!” Many analysts found this weaponization of energy supplies
perplexing: Russia stood to lose its largest market when its economy was already struggling un-

der sanctions, and its actions accelerated Europe’s efforts to permanently decouple from Russian

217. “Russia is Using Energy as a Weapon,” The Economist, November 2022, accessed November 17, 2024, https:
/Iwww .economist.com/interactive/graphic-detail/2022/11/26/high- fuel- prices-could-kill-more-europeans- than-fig
hting-in-ukraine-has?utm_medium=cpc.adword.pd&utm_source=google & ppccampaignID=17210591673 &ppcad
ID=&utm_campaign=a.22brand_pmax&utm_content=conversion.direct-response.anonymous&gad_source=1&gclid
=CjwKCAiAxea5BhBeEiwAh4t5KyeLwfVzel-MUITfnXeTmtnlCNZafQScLcD2Vk3x0A6p0hoB2C_mXhoCwMw
QAvD_BwE&gclsrc=aw.ds.
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energy.”!8

Yet this seemingly self-defeating strategy aligns with my theory of calculated coercion. Rus-
sia’s energy leverage was set to decline even before the Ukraine War due to several factors. First
and foremost, Europe’s climate commitments requires a dramatic reduction in fossil fuel consump-
tion whether Russian-imported or otherwise.?! Second, the 2014 Crimea annexation had already
alarmed Europe and prompted its efforts to diversify energy supplies.??’ Third, Russia’s long-term
energy contracts with Europe were set to expire in the mid-to-late-2020s, with uncertain prospects
for renewal given the continent’s climate commitments and diversification efforts.??! Facing the
inevitable erosion of its energy leverage, Russia chose to exercise its remaining power while it still
could, even though doing so would accelerate Europe’s transition away from Russian energy.

Russia’s energy leverage over Europe evolved through several distinct phases. Following the
collapse of the Soviet Union, Russia’s energy exports to Europe expanded significantly, facilitated
by the rise of the large Russian gas giant Gazprom. In the 2010s, the construction of natural gas
pipelines like Nord Stream 1, Nord Stream 2, and TurkStream increased direct supply to major
customers like Germany and Turkey. At the same time, the construction of such pipeline infras-
tructure was controversial in Europe because it created strong dependencies. By 2021, Russia
supplied about 40% of Europe’s natural gas imports and over a quarter of the EU’s oil imports.???
This leverage was particularly strong in Central and Eastern European countries, with some coun-

tries like Moldova and Serbia relying almost entirely on Russian gas supplies.???

218. Samantha Gross and Constanze Stelzenmiiller, Europe’s Messy Russian Gas Divorce, technical report (Brook-
ings, June 2024), accessed November 17, 2024, https://www.brookings.edu/articles/europes-messy-russian-gas-divor
cel.

219. The European Green Deal, December 2019, accessed November 17, 2924, https://commission.europa.eu/strate
gy-and-policy/priorities-2019-2024/european- green-deal_en.

220. Pasquale De Micco, A Cold Winter to Come? The EU Seeks Alternatives to Russian Gas, technical report (Euro-
pean Parliament, October 2014), accessed November 17, 2024, https://www.europarl.europa.eu/thinktank/en/docume
nt/EXPO_STU(2014)536413.

221. Ugné Keliauskaité and Georg Zachmann, The End of Russian Gas Transit via Ukraine and Options for the EU,
technical report (Bruegel, October 2024), accessed November 17, 2024, https://www.bruegel.org/analysis/end-russia
n-gas-transit-ukraine-and-options-eu.

222. Charlotte Edmond, How Much Energy Does the EU Import from Russia?, technical report (World Economic
Forum, May 2022), accessed November 17, 2024, https://www.weforum.org/stories/2022/03/eu-energy-russia-oil-ga
s-import/.

223. Sylvia Beyer and Gergely Molnar, Accelerating Energy diversification in Central and Eastern Europe, 2022,
accessed December 30, 2024, https://www.iea.org/commentaries/accelerating-energy-diversification-in-central-and-
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In the 2000s, Russia started using energy pricing and selective supply disruptions as a weapon
during economic disputes, as seen in disputes with Ukraine in 2006 and 2009. On January 1,
2006, following a serious dispute with Kyiv over natural gas prices, Russia cut off all gas supplies
passing through Ukraine.??* The supply was restored three days after a preliminary agreement was
reached, with the Ukrainian government agreeing to increase the gas price. In 2009, a similar
crisis began when Gazprom cut the natural gas supply to Ukraine due to pricing disagreements
and Kyiv’s failure to repay $2.4 billion in debt.??> While these Russian actions were triggered by
economic disputes and were specifically targeted at Ukraine, they raised European concerns about
energy security and led Europe’s initial diversification efforts. These efforts included the 2008
proposal to construct the Southern Gas Corridor, an initiative to build a new gas route connecting
Europe with the Caspian Sea and the Middle East.?%¢

Russia’s annexation of Crimea in 2014 marked a turning point in Europe’s thinking about
Russia and energy security. In the aftermath, the EU began seriously considering the potential
risks associated with dependence on Russian energy supplies, launching several initiatives to di-
versify their dependence. In May 2014, shortly after the Crimea annexation, the EU announced the
“European Energy Security Strategy,” an unprecedented policy document that is remarkably open
about European intentions to seek energy independence from Russia.??” Following these policy an-
nouncements, the EU explored options to expand the Southern Gas Corridor and increase supplies
from countries such as Azerbaijan and Turkmenistan.??® Individual states particularly concerned

about Russian influence, such as Germany, Poland, and the Baltic states, took measures to reduce

eastern-europe.

224. “Ukraine Gas Row Hits EU Supplies,” BBC, January 2005, accessed November 17, 2024, https://web.archive.o
rg/web/20210301182033/http://news.bbc.co.uk/2/hi/europe/4573572.stm.

225. Christian Lowe, “Russian Gas Reaches Europe Again via Ukraine,” Reuters, January 2009, accessed Novem-
ber 17, 2024, https://www.reuters.com/article/topNews/idUKTRE5062Q520090107/?sp=true.

226. Michael Ratner et al., European Energy Security: Options for EU Natural Gas Diversification, technical report
(Congressional Research Service, February 2020), accessed November 17, 2024, https://crsreports.congress.gov/prod
uct/pdf/R/R42405.

227. Richard Youngs, A New Geopolitics of EU Energy Security, technical report (Carnegie Endowment for Interna-
tional Peace, September 2014), accessed November 17, 2024, https://carnegieendowment.org/posts/2014/09/a-new-g
eopolitics-of-eu-energy-security ?lang=en.

228. John Roberts and Julian Bowden, Europe and the Caspian: The Gas Supply Conundrum, technical report (At-
lantic Council, December 2022), accessed November 18, 2024, https://www.atlanticcouncil.org/blogs/energysource/e
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their Russian dependence.??’

The Crimea annexation also prompted Europe to view the transition to renewable energy as not
just a climate policy but also as a means to enhance energy security. The European Green Deal,
which was passed in 2020, set the overarching aim of making the EU climate-neutral by 2050
and reducing the continent’s net greenhouse gas emissions by at least 55% by 2030 compared to
1990 levels.?*? As part of the European Green Deal, the EU plans to invest at least €1 trillion in
renewable energy and sustainable development projects.??!

Europe’s transition to clean energy threatened the renewal of many energy contracts with Rus-
sia. Europe’s long-term gas contracts with Russia were traditionally set up to run for 10-25 years.
As most of these contracts were negotiated in the 2000s and 2010s, many are set to expire in the
mid-to-late 2020s or the 2030s. For example, a major contract on importing Russian gas through
Ukraine is set to expire on December 31, 2024.23? Poland’s PGNiG Yamal Contract with Gazprom
was set for renegotiation by the end of 2022, and Finland’s Gasum Contract will end by 2031.233
Germany’s long-term agreements with Gazprom, involving companies like Uniper and Winter-
shall Dea, extended into the 2030s but are increasingly untenable as Germany establishes itself

234

as a leader in green energy.”>* Similarly, Italy’s ENI and Austrian OMV hold contracts running

through the late 2020s and 2040, respectively, yet both countries have prioritized alternative en-
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ergy sources.?®

Perhaps unsurprisingly, Russia found itself in a “use-it-or-lose-it” scenario with its energy
leverage in early 2022 after the outbreak of the Ukraine War. Despite its significant remaining
leverage, the trajectory toward declining dependency was clear by then. In an attempt to weaken
Western support for Ukraine, Russia launched a “gas war” against the EU, cutting its natural gas
deliveries to historically low levels.?3¢ It also demanded payments in rubles instead of euros or
dollars, cutting off gas supplies entirely to Poland and Bulgaria in April 2022 when they refused
to comply.?3” Russian manipulation caused significant disruptions in Europe, leading to skyrock-
eting energy prices and fears of shortages during the winter. Russia hoped that energy shortage
and economic instability would provoke public discontent in Europe, potentially leading European
politicians to reduce their political and military backing for Ukraine. However, the weaponization
did little to deter European support for Kyiv.

Moreover, Russia’s weaponization of its energy leverage caused more damage to itself. In
response to Russia’s action, Europe quickly sought diversification measures, boosting its imports of
liquid natural gas (LNG) from the U.S. and Qatar and accelerating its renewable energy projects.”3®
By late 2023, Russia accounted for only about 15% of Europe’s energy supply, a significant drop
from its 40% share before the invasion.?>° This marked a significant loss of leverage for Moscow,
which it may never be able to regain.

While many analysts found Russia’s energy weaponization perplexing, as it seemed ineffec-

tive and even counterproductive, it follows the logic of my theoretical framework. The evolution

235. Jonathan Tirone and Akshat Rathi, “Austria Says Gazprom Contract Up to OMV as Blackmail Risk Abates,”
Bloomberg, November 2024, accessed November 21, 2024, https://www.bloomberg.com/news/articles/2024-11-21/s
hielded- from-blackmail-austria-says- gazprom-contract-up-to-omv; Eni Signs Agreement with Gazprom on Existing
Gas Supply Contracts, October 2021, accessed November 21, 2024, https://www.eni.com/en-IT/media/press-release
/2021/10/eni-signs-agreement- with- gazprom-on-existing-gas-supply-contracts.html.

236. Szymon Karda$, Own Goal: How Russia’s Gas War Has Backfired, technical report (European Council on For-
eign Relations, July 2023), accessed November 21, 2024, https://ecfr.eu/article/own-goal-how-russias- gas-war-has-b
ackfired/.

237. Tsvetelia Tsolova and Anna Koper, “Europe Decries ’Blackmail’ as Russia Cuts Gas to Poland, Bulgaria,”
Reuters, April 2022, accessed November 21, 2024, https://www.reuters.com/business/energy/gazprom-says-it-halts-
gas-supplies-poland-bulgaria-payments-row-2022-04-27/.

238. Kardas, Own Goal: How Russia’s Gas War Has Backfired.

239. Kardas, Own Goal: How Russia’s Gas War Has Backfired; Gross and Stelzenmiiller, Europe’s Messy Russian
Gas Divorce.
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of Russia’s energy leverage and its eventual weaponization demonstrates two key aspects of cal-
culated coercion. First, it shows the role of anticipated leverage decline in triggering sanctions.
Russia faced clear signs of diminishing leverage even before its invasion of Ukraine. The EU’s
green energy programs, investments into alternative infrastructure, and diversification of energy
supplies signaled Europe’s commitment to reducing its dependence on Russian energy. The uncer-
tain prospects of energy contract renewals further exacerbated Russia’s concerns about its declining
leverage. In a situation where Europe sheds its Russian dependencies, it cannot credibly commit to
refraining from supporting Ukraine or pursuing other policies that could hurt Moscow’s interests.
Therefore, if states expect their leverage to diminish sharply, they may use economic coercion even
when such actions are suboptimal or counterproductive.

Second, the Russian case demonstrates how immediate threats to leverage trigger coercion
more than general geopolitical tensions. In the previous two case studies on U.S.-China relations,
tensions remained below armed conflict. Yet, severe military confrontations have emerged in re-
lations between Russia and Europe twice over the last decade. Interestingly, following the 2014
Crimea annexation, Moscow remained restrained in its energy policy despite Western sanctions and
political tensions.?** This strategic patience reflected Russia’s still-secure position as Europe’s pri-
mary energy supplier. However, by 2022, facing multiple threats to its leverage, Russia abandoned
this restraint and waged a full-fledged “gas war” against Europe. The contrast between 2014 and
2022 demonstrates that anticipated loss of leverage, rather than geopolitical tensions alone, drives
the timing of economic coercion.

Several alternative explanations warrant consideration. Military necessity might suggest Rus-
sia needed to maximize pressure on Europe regardless of long-term costs. The 2022 Ukraine
War represents Russia’s most significant armed conflict since the Cold War, creating strong incen-
tives to use all available coercive tools. However, Russia’s selective weaponization of economic

leverage undermines this explanation. While Russia aggressively weaponized gas supplies, it has

240. For a timeline of European sanctions against Russia after the 2014 Crimea annexation and the 2022 Ukraine
invasion, see Timeline - EU sanctions against Russia, 2024, accessed November 21, 2024, https://www.consilium.eur
opa.eu/en/policies/sanctions-against-russia/timeline-sanctions-against-russia/.
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notably refrained from disrupting other strategic exports where it maintains significant leverage.
For instance, Russia remains a dominant supplier of rare earth minerals to EuropeSilmet, Europe’s
only commercial rare earth separation plant, receives 70% of its supplies from Russia, and Rus-
sia still accounted for a quarter of Europe’s rare earth supplies in 2023 despite the conflict.?*!
This selective weaponization aligns better with my theory’s predictions about leverage trajectories
than military necessity. Similarly, domestic political pressures for aggressive action and retaliation
likely played a role in Russia’s decision to weaponize energy supplies but cannot explain Russia’s
selective weaponization. Miscalculations about European resolve and diversification capability
likely contributed but don’t fully account for Russia’s decision to sacrifice long-term leverage. The

calculated coercion framework better explains both the timing and selectivity of Russia’s economic

coercion.

2.5 Conclusion

Economic coercion has become a central tool of statecraft in contemporary international re-
lations. Yet existing theories provide limited insight into when states choose to exercise their
economic leverage. Through a novel formal model and an analysis of three major cases—U.S.
semiconductor controls, Chinese manufacturing power, and Russian energy coercion—this article
makes several contributions to our understanding of economic coercion and strategic timing.

First, I develop a new theoretical framework—calculated coercion—that explains when states
choose to exercise economic leverage. The theory demonstrates that states time their economic co-
ercion based not just on current leverage, but on expectations of how that leverage will change. This
helps explain puzzling cases where states exercise coercion not when their leverage is strongest but
rather when they anticipate a significant future decline. It also explains why economic coercion

often clusters around key independence thresholds—such as technological breakthroughs or in-

241. Avery Chen, “Russian Invasion of Ukraine May Drive EU Back to China as Source for Rare Earth,” S&P Global,
March 2022, accessed November 21, 2024, https://www.spglobal.com/marketintelligence/en/news-insights/latest-
news- headlines/russian- invasion- of - ukraine- may - drive- eu- back- to- china- as- source- for-rare - earths- 69217025;
Craig Guthrie, “European Rare Earth Element Imports Surge 9%,” Minging Magazine, November 2023, accessed
November 21, 2024, https://www.miningmagazine.com/environment/news/1462046/european-rare-earth-element-im
ports-surge.
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frastructure completion—as states recognize their window for effective coercion may close once
the target achieves greater independence.

Second, the article reveals how different patterns of leverage change create distinct incentives
for economic coercion. While declining leverage can trigger premature sanctions, stable or in-
creasing leverage encourages strategic patience even when weaponization is well justified. This
helps explain seemingly paradoxical cases like Russia’s self-defeating energy coercion and China’s
restraint from weaponizing its supply chains.

Third, the results highlight the crucial role of commitment problems in economic statecraft.
When a state reduces its economic dependency, it cannot credibly commit to not exploiting its po-
sition for future bargaining. This dynamic closely resembles the commitment problems in power
transitions and war. Interestingly, it also suggests that economic dependency can be used as a com-
mitment mechanism—a country’s decision to remain economically dependent, especially when it
has alternative options to pursue independence, can be a costly signal of benign intent as it ties the
hand of the country.

Several promising avenues for future research emerge from this framework. First, while this
article focuses primarily on the strategic timing of sanctions, researchers should further examine
how concerns about conflict escalation and potential retaliation might constrain a state’s willing-
ness to exercise economic coercion even when leverage is declining. The risk that economic coer-
cion could trigger military confrontation or invite reciprocal economic measures may moderate the
use-it-or-lose-it pressure identified in my model. Second, the domestic welfare costs of imposing
sanctions (represented as cg in the formal model) deserve more thorough theoretical and empiri-
cal treatment. Future work could endogenize these costs by examining how domestic economic
structures, interest group preferences, and political institutions shape a state’s tolerance for the
economic pain associated with weaponizing interdependence. Finally, researchers should investi-
gate how reputational dynamics operate across different economic sectors. My analysis suggests
that maintaining a reputation as a reliable supplier helps preserve leverage, but it remains unclear

whether reliability in one domain (such as manufacturing) extends to perceptions of reliability in
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others (such as raw materials or technology). Cross-sectoral reputation spillovers could signifi-
cantly influence how states manage their economic leverage portfolios.

The findings from my research highlight important trade-offs in the exercise of economic state-
craft. While economic coercion can extract immediate concessions, it often accelerates the target’s
diversification efforts, leading to faster erosion of leverage. As revealed by the U.S. semiconductor
controls on China, timing becomes crucial—states must balance the benefits of immediate coer-
cion against the long-term costs of diminished leverage. This suggests the need to better understand
both when economic coercion is most effective and how targets are likely to adapt.

These findings have significant implications for policymakers navigating economic interdepen-
dence. As states increasingly weaponize economic ties, understanding how anticipated changes in
leverage shape the timing of coercion becomes crucial for both wielding and defending against

economic statecraft.
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Power Proxies: A Synthetic Control Analysis of How Private Firms Signal

State Capabilities

3.1 Introduction

In March 2016, Google DeepMind’s Al system AlphaGo defeated world Go champion Lee
Sedol. While the match captured global attention, it triggered particular concern in China. Within
days, Chinese Premier Li Keqiang referenced AlphaGo in discussing China’s technological devel-
opment.”*> What began as a private company’s product demonstration quickly became character-
ized as China’s “Sputnik moment” in Al, raising questions about how the country compares with
the U.S. in military technology prowess.>*> But why would a state feel threatened by a private
firm’s technological achievement?

AlphaGo is not a singular case. Just six years later, a similar dynamic emerged in the realm
of space technology. In April 2022, a group of Chinese military researchers became alarmed
at SpaceX’s growing satellite constellation.?** They raised concern that the company’s over 2,300
satellites were nearly indestructible. Their worries were not merely theoretical—SpaceX’s Starlink
could bolster data transmission speed for U.S. drones and fighter jets by over 100 times.>* The
company had already contracted with the U.S. Department of Defense (DoD), and Starlink had

proven its strategic value in the Russia-Ukraine War.?4°

242. Yang Shang, “Li Keqiang tan AlphaGo: renji dazhan buguan shuying haishi renzao de 255 581X AlphaGo: A
MLRIANE Fi L2318 2 A\ J&E HI[Li Keqgiang on AlphaGo: No Matter Who Wins at the Human vs. Machine Match,
Machines Are Still Created by Humans],” China.com.cn, March 2016, accessed October 21, 2022, http://www.china
.com.cn/lianghui/news/2016-03/16/content_38039432.htm.

243. Kai-Fu Lee, Al Superpowers: China, Silicon Valley, and the New World Order (Boston, MA: Houghton Mifflin,
2018), 3, ISBN: 1-328-54639-X.

244. Stephen Chen, “China Military Must be Able to Destroy Elon Musk’s Starlink Satellites If They Threaten Na-
tional Security: Scientists,” South China Morning Post, May 2022, accessed October 21, 2022, https://www.scmp.co
m/news/china/science/article/3178939/china-military-needs-defence-against-potential-starlink- threat.

245. S. Chen.

246. Matthew Luxmoore, “Elon Musk Says SpaceX Will Continue to Cover Starlink Costs in Ukraine,” Wall Street
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These seemingly disparate cases reveal an increasingly important question in contemporary
international politics: How do firm capabilities transform into instruments of state power? And
how do these private resources shape perceptions of state capabilities? This paper argues that firm
capabilities serve as important signals of state power, particularly in emerging technology domains
where private sector innovation often leads to state development. In an era of rapid technological
growth and economic interdependence, powerful firms are at the forefront of international politics.
Yet the relationship between firm capabilities and state capabilities remains underexplored.

Many theories of international politics hinge on states’ assessments of each other’s capabilities.
Scholars have called the measurement of state power and capabilities “the most important question
for the study and practice of international relations.’>*” State capabilities serve as a central in-

t,248

dependent variable in theories of international conflic international cooperation, balancing,?*’

250 2

alliances,*”” arms 1ra(:ing,251 security dilemmas,, 52 and threat perception.253 Assessments of state

Journal, October 2022, accessed October 21, 2022, https://www.wsj.com/articles/elon-musk-says-spacex-will-conti
nue-to-cover-starlink-costs-in-ukraine-11665916226.

247. Michael Beckley, “The Power of Nations: Measuring What Matters,” International Security 43, no. 2 (2018):
7. The author also mentions several other sources that express the same idea, including David A. Baldwin, Power
and International Relations: A Conceptual Approach (Princeton, NJ: Princeton University Press, 2016), 1, and Martha
Finnemore and Judith Goldstein, eds., Back to Basics: State Power in a Contemporary World (New York, NY: Oxford
University Press, 2013), 4-5.

248. John J. Mearsheimer, The Tragedy of Great Power Politics (New York, NY: Norton, 2001).

249. Jack S. Levy and William R. Thompson, “Balancing on Land and at Sea: Do Dtates Ally against the Lead-
ing Global Power?,” ISBN: 0162-2889 Publisher: MIT Press One Rogers Street, Cambridge, MA 02142-1209, USA
journals-info ... International Security 35, no. 1 (2010): 7-43; Stephen M. Walt, “Alliance Formation and the Balance
of World Power,” International Security 9, no. 4 (1985): 3—43.

250. Thomas J. Christensen and Jack Snyder, “Chain Gangs and Passed Bucks: Predicting Alliance Patterns in Mul-
tipolarity,” International Organization 44, no. 2 (1990): 137-168; Brett Ashley Leeds and Burcu Savun, “Terminating
Alliances: Why Do States Abrogate Agreements?,” ISBN: 0022-3816 Publisher: Cambridge University Press New
York, USA, The Journal of Politics 69, no. 4 (2007): 1118-1132.

251. Kendall D. Moll and Gregory M. Luebbert, “Arms Race and Military Expenditure Models: A Review,” ISBN:
0022-0027 Publisher: Sage Publications Sage CA: Los Angeles, CA, Journal of Conflict Resolution 24, no. 1 (1980):
153-185.

252. glaser_security_1997; Adam P. Liff and G. John Ikenberry, “Racing toward Tragedy?: China’s Rise, Military
Competition in the Asia Pacific, and the Security Dilemma,” International Security 39, no. 2 (2014): 52-91.

253. Theories of threat assessment view capabilities and intentions as the two key determinants of threat, a major
factor in a state’s security environment.J. David Singer, “Threat-Perception and the Armament-Tension Dilemma,”
Journal of Conflict Resolution 2, no. 1 (1958): 90-105; Walt, “Alliance Formation and the Balance of World Power”
Rationalist theories, such as realism and theories of costly signaling, treat capabilities as an indicator of intentions be-
cause costly actions to increase or reduce their capabilities can be credible signals of resolve or benevolence.Charles L.
Glaser, Rational Theory of International Politics: The Logic of Competition and Cooperation (Princeton, NJ: Prince-
ton University Press, 2010); Andrew H. Kydd, Trust and Mistrust in International Relations (Princeton, NJ: Princeton
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capabilities are also highly relevant to policymakers, especially in their design of grand strategy,
military spending, economic programs, and alliance policies. Political debates over power transi-
tion, the rise of China, and the end of the United States’ unipolarity all depend on measurements
of relative state capabilities.>>*

Scholars have identified military assets, economic resources, and technological sophistication
as key determinants of state power.?>> However, we know surprisingly little about how states actu-
ally evaluate and interpret private sector innovations, particularly in emerging technology domains
where firms often lead development. While existing research establishes that firm capabilities
can contribute to state power through mechanisms like "weaponized interdependence" or dual-
use technologies, we lack systematic analysis of how states assess the military potential of firm
innovations.>®

This paper examines the microfoundations of how firm capabilities influence assessments of
state power. Rather than simply asserting that firm capabilities matter, I trace the specific mech-
anisms through which military analysts connect private sector innovations to potential military
applications. I use the AlphaGo release as a case study and collected an original dataset of 11,802
Chinese military publications on emerging technologies spanning from 2000 to 2021. 1 employ
the synthetic control method, using eight other information technologies mentioned in China’s
Five-Year Plan to create a “synthetic” Al as a counterfactual to examine the effect of AlphaGo’s
release on the Chinese military’s interest in AI. Combining synthetic control with detailed quali-
tative examination, I show not just that the Chinese military’s attention to Al increased threefold

after AlphaGo but specifically how Chinese observers connected DeepMind’s product release with

the U.S. military’s latent Al capabilities. While the surge in Al interest was indeed global, Chinese

254. Graham Allison, Destined for War: Can America and China Escape Thucydides’s Trap? (New York, NY:
Mariner Books, 2017); G. John Ikenberry, “The Rise of China and the Future of the West: Can the Liberal System
Survive?,” Foreign Affairs 87 (2008): 23-37; Michael Beckley, “China’s Century? Why America’s Edge Will Endure,”
International Security 36, no. 3 (2011): 41-78.

255. J. David Singer, “Reconstructing the Correlates of War Dataset on Material Capabilities of States, 1816—1985,”
ISBN: 0305-0629 Publisher: Taylor & Francis, International Interactions 14, no. 2 (1988): 115-132.

256. Farrell and Newman, “Weaponized Interdependence: How Global Economic Networks Shape State Coercion’;
Drezner, Farrell, and Newman, The Uses and Abuses of Weaponized Interdependence; Lars Gjesvik, “Private Infras-
tructure in Weaponized Interdependence,” Review of International Political Economy, 2022, 1-25.
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analysts’ particular focus on Go’s strategic elements and detailed assessment of potential military
applications reveals how states systematically evaluate the military implications of firm capabili-
ties.

The rest of the paper proceeds in four sections. First, I review existing literature on state ca-
pabilities and identify the need for microfoundational analysis of how firm capabilities influence
capability assessment. Second, I explain how synthetic control methods combined with qualita-
tive analysis can contribute to assessing these microfoundations. Third, I present quantitative and
qualitative evidence from the AlphaGo case, showing both the timing and mechanisms of Chinese
military assessment. Finally, I discuss implications for understanding how states evaluate potential

military capabilities in an era of rapid private-sector innovation.

3.2 State Capabilities and the Role of Firms

The assessment of state capabilities has long been central to international relations (IR) the-
ory. Traditional approaches focus on measuring a state’s “hard power,” namely, its military assets
and economic resources.”>’ The logic follows that the higher the quantity and quality of troops,
weapons, and technology a state’s military has, the more likely it can resist invasion, win wars, and
coerce other states with threats of violence.?>® On the other hand, economic assets could enable a
state to further build up its military capabilities and gain influence through trade, investment, loans,
and foreign aid.?>’

260

Common military indicators include troop numbers, weapons counts, and military budgets,

while economic indicators encompass national GDP, population size, and technological sophistica-

257. There are other approaches to measuring state power, for example, assessing whether a state is able to obtain its
desired outcomes, measuring “soft power,” or looking at a state’s structural position in the international system. These
approaches are beyond the scope of this paper. For more information, see Joseph S. Nye, The Future of Power (New
York: PublicAffairs, 2011); Michael Barnett and Raymond Duvall, “Power in International Politics,” International
Organization 59, no. 1 (2005): 39-75; Nicholas Kitchen and Michael Cox, “Power, Structural Power, and American
Decline,” Cambridge Review of International Affairs 32, no. 6 (2018): 734-752

258. Mearsheimer, The Tragedy of Great Power Politics; Ashley J. Tellis et al., Measuring National Power in the
Postindustrial Age (Santa Monica, CA: RAND Corporation, 2001).

259. Keohane and Nye, Power and Interdependence; Glinther Fink and Silvia Redaelli, “Determinants of International
Emergency Aid—Humanitarian Need Only?,” World Development 39, no. 5 (2011): 741-757.

260. Keren Yarhi-Milo, “In the Eye of the Beholder: How Leaders and Intelligence Communities Assess the Intentions
of Adversaries,” International Security 38, no. 1 (2013): 7-51.
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tion. Military power directly determines the country’s ability to fight and win wars, and economic

power affects its ability to endure and prevail in longer wars.2%!

Economic power can also trans-
late into coercive power by imposing sanctions, tariffs, or trade embargoes.?%? A large population
serves as the foundation for great power status and is an important economic and political asset,
determining the size of troops a country could mobilize and the country’s total economic output.?%3
Technological factors shape the costs of producing a certain amount of force—a military with ad-
vanced technology and high skills could use much fewer resources to accomplish its goals than a
military with less efficient technology.?%*

Among these various measures of state power, armament policy is particularly significant, as
it is the most directly controllable indicator of immediate war-fighting capabilities. While factors
like population size or economic output change slowly and are difficult to manipulate in the short
term, states can rapidly adjust their military expenditure, weapons acquisition, and force structure.
This flexibility makes armament policy particularly important for interstate signaling. Rationalist
approaches, such as realism and theories of costly signaling, view costly increases or reductions in
one’s military armament as a signal of intentions.?%>

In addition to using individual indicators, scholars and policymakers also constructed compos-
ite measurements of state capabilities.?®® A commonly used indicator is “war potential,” which

accounts for gross national economic output and military assets.?®” The Correlates of War (COW)

project’s Composite Index of National Capability (CINC) combines seven different data sources,

261. Many scholars show that GDP size is an accurate predictor of eventual war outcome. For example, Mark Har-
rison, The Economics of World War II: Six Great Powers in International Comparison (Cambridge, UK: Cambridge
University Press, 2000); Mearsheimer, The Tragedy of Great Power Politics; Paul M. Kennedy, The Rise and Fall of
the Great Powers: Economic Change and Military Conflict from 1500 to 2000 (New York, NY: Random House, 1987)
262. Baldwin, Economic Statecraft.

263. Katherine Organski and A.F.K. Organski, Population and World Power (New York, NY: Alfred Knopf, 1961).
264. Stephen Biddle, Military Power: Explaining Victory and Defeat in Modern Battle (Princeton, NJ: Princeton
University Press, 2004).

265. Mearsheimer, The Tragedy of Great Power Politics; Kydd, Trust and Mistrust in International Relations; Glaser,
Rational Theory of International Politics: The Logic of Competition and Cooperation.

266. Between 1936 and 2010, researchers created at least 69 composite indicators combining various material mea-
surements and occasionally nonmaterial factors like prestige or morale. See Karl Hermann Hohn, “Geopolitics and
the Measurement of National Power” (PhD diss., University of Hamburg, 2011)

267. Klaus Eugen Knorr, War Potential of Nations (Princeton, NJ: Princeton University Press, 2015); Hohn, “Geopol-
itics and the Measurement of National Power.”
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including military budget size, number of troops, population size, urban population share, pro-
duction of iron and steel, and total energy consumption.?® More recently, scholars have suggested
using net indicators, which subtract the countries’ consumption demand from its gross resources, to
more accurately estimate the capabilities of populous but poor countries.?% Nevertheless, whether
it is the individual indicators or composite measures, scholars have traditionally held a starkly
state-centric view in calculating state capabilities.?’?

What existing frameworks consistently overlook is the growing importance of private firms in
developing and controlling vital state capabilities. This oversight becomes particularly significant
as firms increasingly lead innovation in strategic sectors and defense-relevant technologies, where

government and military actors lag behind private actors.?’!

Private firms, especially powerful
conglomerates and tech giants, control an ever larger share of the world’s informational, financial,
and strategic resources. That’s why efforts to gauge a state’s capabilities will necessarily need to
consider the capabilities of its firms.

Two mechanisms drive this firm-state capability link. First, firms’ control over critical net-
works and infrastructure gives states potential leverage over other actors. This mechanism is ex-
plored extensively in the emerging literature on “weaponized interdependence,” which highlights

how states can use private firms to control global information and threaten to cut off other states’

access to global economic networks.?’> Major technology companies like Google, Meta, and Ama-

268. Singer, “Reconstructing the Correlates of War Dataset on Material Capabilities of States, 1816-1985” Between
1987 and 2018, more than more than 1,000 academic publications have used this index as a proxy for state military
capability. See Beckley, “The Power of Nations: Measuring What Matters,” 10
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zon maintain near-monopolistic control over crucial data, computing resources, and social net-
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works—resources that the state could leverage.”’® Financial institutions like the U.S.-dominated

interbank communication system SWIFT can also be co-opted by the state for imposing financial
sanctions.?’*

Second, states can adopt and adapt firms’ civilian technologies for military purposes, as seen in
the rise of dual-use technologies in military applications.?’> This dynamic is particularly evident
in emerging technology sectors like Al, drones, and robotics, where private firms often lead inno-
vation. Al algorithms were initially developed for search engines, and recommendation systems
have been used for battle-field decision-making.?’® Cheap commercial drones have increasingly
found their way into battlegrounds for delivery, surveillance, or attack missions.2”” The speed of
civilian technological development and their applicability to military operations means that private
sector technological breakthroughs can be translated into potential military capabilities.

Importantly, firm capabilities have unique signaling values that differ from traditional state
signaling. In liberal economies, firms operate as independent agents whose interests often di-
verge from their home states.>’® Even in non-liberal economies like China, firms and state-owned

enterprises can take actions that contradict state policies.?’”® While states can carefully manage in-

formation about their capabilities, market incentives often drive firms to reveal their technological
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capabilities to attract customers and investors accurately.”® Firm actions are akin to what Robert
Jervis refers to as “indices”—the less manipulable and inextricable source of information about
a state’s capabilities—contrasting the more deliberate “signals” states intend to send.”8! This cre-
ates an interesting paradox where firm behavior may provide more reliable information about state
capabilities than states’ own actions.

While existing literature establishes these potential pathways through which firm capabilities
can translate into state capabilities, little is known about how other states perceive and react to
displays of firm capabilities. Some scholars have noted that many IR theories leave their micro-
level mechanisms unarticulated or untested.?®? This is particularly true in emerging technology
domains where firms often lead development. Do states view firm technological breakthroughs as
credible indicators of their rivals’ latent military potential? What specific mechanisms drive their
assessment of the firm-state capabilities link? These questions call for careful examination of the

microfoundations of how firm capabilities influence assessments of state power.

3.3 Microfoundations of the Firm-State Capabilities Link

Understanding how other states perceive the link between firm and state capabilities requires
examining both the causal relationship and its underlying mechanisms. Taking a microfoundational
approach, I first need to establish causation between displays of firm capabilities and subsequent
changes in assessments of state power. Then, I trace three specific mechanisms through which
private firm capabilities shape assessments of state power: (1) direct capability transfer through
civil-military fusion, (2) indirect capability building through technological learning and adaptation,
and (3) signaling of broader technological sophistication.

Assessing the microfoundations of the firm-state capabilities link requires a two-stage research

280. John M. Schuessler, “The Deception Dividend: FDR’s Undeclared War,” International Security 34, no. 4 (2010):
133-165.

281. Robert Jervis, The Logic of Images in International Relations (New York: Columbia University Press, 1989),
ISBN: 0-231-06932-4.

282. Joshua D. Kertzer, “Microfoundations in International Relations” [in en], Conflict Management and Peace Sci-
ence 34, no. 1 (January 2017): 81-97, 1SSN: 0738-8942, 1549-9219, accessed January 20, 2025, https://doi.org/10.11
77/0738894216665488, https://journals.sagepub.com/doi/10.1177/0738894216665488.
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design that establishes a causal relationship and uncovers the specific mechanisms.?®> The first
stage requires using statistical or experimental methods to establish a casual relationship. The
second stage involves testing the mechanisms with observational data. The main challenge of
examining the firm-state capabilities link lies in the first stage, where isolating the causal effect of
specific firm actions remains difficult. Traditional statistical approaches struggle to separate the
impact of a single firm’s technological demonstration from broader trends in state capabilities and
international relations.

The synthetic control method, developed by Abadie and Gardeazabal and refined in subsequent
work, provides a powerful tool for addressing this issue and establishing causality.?®* Developed
specifically to analyze interventions that affect aggregate entities where finding a single adequate
comparison unit is difficult, this method is an ideal tool for assessing the causal effect of firms’
capabilities. This methodology has been used to establish causal effects in numerous other cases.
For instance, synthetic control was used to examine how terrorism affected economic growth in the
Basque Country by constructing a synthetic comparison with other regions in Spain.?®> Similarly,
the methodology was employed to analyze how German unification impacted West Germany’s
economy by creating a synthetic West Germany from a weighted combination of OECD coun-
tries.”8% Abadie et al. also used this method to demonstrate how California’s tobacco control pro-
gram affected smoking rates by comparing California to a synthetic comparison constructed from
other U.S. states.?8” In all of these cases, synthetic control helped construct counterfactuals that
isolate the impact of the intervention, allowing researchers to trace how specific events influence
complex political outcomes.

The synthetic control method addresses the problem of establishing causal effects in firm ac-

283. This two-stage research design is discussed in detail in Kertzer, “Microfoundations in International Relations.”
284. Alberto Abadie and Javier Gardeazabal, “The Economic Costs of Conflict: A Case Study of the Basque Country”
93, no. 1 (2003): 113-132.

285. Abadie and Gardeazabal.

286. Alberto Abadie, Alexis Diamond, and Jens Hainmueller, “Comparative Politics and the Synthetic Control
Method,” American Journal of Political Science 59, no. 2 (2015): 495-510.

287. Alberto Abadie, Alexis Diamond, and Jens Hainmueller, “Synthetic Control Methods for Comparative Case
Studies: Estimating the Effect of California’s Tobacco Control Program,” Journal of the American Statistical Associ-
ation 105, no. 490 (2010): 493-505.
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tions in three ways. First, it enables the construction of a precise counterfactual by creating a
“synthetic” counterfactual through combining multiple comparison units. This allows for the pre-
cise estimation of what would happen absent the firm’s display of capabilities. Second, the method
systematically selects the weights for creating the counterfactual based on their pre-treatment char-
acteristics, ensuring that the counterfactual closely matches the case of interest. Third, its transpar-
ent and statistical approach makes it particularly useful for examining causal processes that unfold
over time, such as how firm activities influence state capability assessments over a period of time.
Such statistical comparison is especially useful in combination with qualitative analyses.

The DeepMind AlphaGo case offers an excellent opportunity to apply this method to study
the microfoundations of the firm-state capabilities link. China’s technology development planning
provides insight into the full suite of technologies that are top priorities for the Chinese government
and military. The timing of AlphaGo’s release provides an exogenous shock. At the same time,
other technologies in China’s Five-Year Plan can serve as ideal comparison units due to their sim-
ilar characteristics, such as policy attention, military relevance, and technological sophistication.

In addition, by examining the qualitative texts in Chinese military publications, I can establish
the specific mechanisms through which AlphaGo impacted the Chinese military’s assessment of
U.S. national capabilities. The dataset of over 10,000 Chinese military publications from 2000
to 2021 provides unique insight into the PLA’s thinking on emerging technologies. By applying
synthetic control to this rich longitudinal data, I can measure the magnitude of AlphaGo’s release
on Chinese assessments of U.S. capabilities and trace the specific mechanisms through which

Chinese military analysts connected private sector Al capabilities to potential U.S. military power.

3.4 The Effect of DeepMind’s AlphaGo on China

3.4.1 Background

Between March 9 and March 15, 2016, the Google DeepMind Challenge Match was held in
Seoul, Korea. The match featured five games of Go between DeepMind’s Go-playing Al system

AlphaGo the South Korean grandmaster and eighteen-time world champion Lee Sedol. As a com-
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plex board game that requires creativity and strategic planning, Go was widely seen as a game

that is difficult for AI systems to master.8

However, in the end, AlphaGo won four out of the
five matches against Lee Sedol. More than 60 million viewers watched the match in China, the
birthplace of Go.?%” The match also caught the attention of China’s top leaders. On the day af-
ter the match, Chinese Premier Li Keqiang mentioned AlphaGo in an interview after a National
People’s Congress session.?”’ Two insiders in the Chinese government claim that this match was
a “Sputnik moment” for China.?! The match led to a widespread belief in Chinese government
and military circles of a “capabilities gap” in Al technology between China and the United States.
Al policy experts note that though there have been Al development programs in China previously,
the AlphaGo victory contributed to China’s release of the much more ambitious “New Generation

Artificial Intelligence Development Plan” in July 2017.2%2

The plan outlines China’s goal of be-
coming a ”world leader in AI” by 2030 and the intermediary steps and programs to achieve it.>>
The following sections offer quantitative evidence on the effect of the AlphaGo victory on China’s

interest in Al and examine why a product release by a private company could have such an impact

on a major state actor.

3.4.2 Data and Method

In this section, I use the synthetic control method developed by Abadie and Gardeazabal to

estimate the effect of DeepMind’s AlphaGo release on China’s interest in military AL?** This
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method is particularly appropriate because it allows me to construct a credible counterfactual for
how Chinese military interest in Al would have evolved absent the AlphaGo demonstration.

To apply this methodology, I first compiled an original dataset of 11,802 Chinese publica-
tions on the military utility of emerging technologies (2000-2021). The dataset comes from CNKI
(China National Knowledge Infrastructure), one of the largest research databases in China, which
includes comprehensive publicly available military publications. These publications represent offi-
cial military thinking through three main channels: direct PLA institutional publications, military-
technical journals, and civilian publications by military-affiliated authors. The first category in-
cludes journals published by key military research organizations, such as the National University
of Defense Technology’s National Defense Technology. The second encompasses technical jour-
nals focused on military applications, like Military Digest published by China Aerospace Science
& Industry Corporation, a state-run defense corporation directly controlled by China’s State Coun-
cil. The third consists of publications by authors affiliated with military institutions in civilian
journals. The PLA maintains a robust system of public technical and theoretical publications that
reflect ongoing debates and priorities within the military establishment. While these publications
do not capture classified research, they provide insight into how the PLA professionally evaluates
and conceptualizes different technologies’ military potential.

This sample period (2000-2021) serves several methodological purposes. First, the sixteen-
year pre-treatment period (2000-2016) provides sufficient time to establish the credibility of the
synthetic control. Second, this period captures the emergence of modern Al and other information
technologies and their application to military settings. Third, this timeframe aligns with key Chi-
nese policy documents, spanning multiple Five-Year Plans (10th through 14th), which provides
consistent policy context for our analysis of military interest in emerging technologies. Finally,
the five-year post-treatment period (2016-2021) allows us to observe both immediate responses to
AlphaGo and longer-term shifts in military attention.

To systematically collect data on military interest in these technologies, I searched CNKI using

a combination of military and technology-specific terms. For each technology, I combined the topic
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"military" (% ZF) with relevant technical terms (e.g., “artificial intelligence” “ A\ L& HE” for Al)
and collected information on all resulting publications between 2000-2021. This process yielded
11,802 publications with detailed information, including publication date, author affiliations, and
citations. To measure broader technological development, I collected annual counts of academic
publications on each technology. Government policy attention was measured through mentions in
China’s Five-Year Plans (1996-2025), accounting for variations in terminology across plans.

The synthetic control method requires appropriate comparison units. I identify eight other in-
formation technologies listed alongside Al in China’s 13th Five-Year Plan for Scientific and Tech-
nological Innovation. These include augmented reality/virtual reality (AR/VR), broadband com-
munications, micro- and nanoelectronics, optoelectronics, high-performance computing (HPC),

the Internet of Things (IoT), cloud computing, and intelligent interaction.?

Since the other eight
technologies are listed in the same category in a significant government document, they are used
as comparison units, or the “donor pool,” for Al. The selection of comparison units lays the foun-
dations for synthetic control analysis because the methodology relies on creating a treatment unit
from a weighted average of the control units.

To construct a credible synthetic control, I also collected data on key characteristics that could
predict military interest in a technology. First, I measured broader technological development
through annual counts of academic publications, as rapid scientific advances often precede military

applications. Second, I tracked government policy attention through mentions in China’s Five- Year

Plans (1996-2025), accounting for variations in terminology across plans. Government prioritiza-

295. These emerging technologies represent different domains of information technology with significant military
applications: Al enables machines to perform tasks that typically require human intelligence, with military applica-
tions in autonomous systems and battlefield decision-making; AR/VR creates immersive digital environments used
for military training and battlefield visualization; broadband communications enables high-speed data transmission
crucial for command and control; micro- and nanoelectronics involves miniaturized electronic components essential
for advanced weapons systems; optoelectronics combines optics and electronics for sensing and targeting systems;
high-performance computing (HPC) provides computational power for military simulations and intelligence anal-
ysis; Internet of Things (IoT) connects physical devices through networks, enabling battlefield sensor integration;
cloud computing offers scalable computing resources for military data processing; and intelligent interaction (human-
machine interaction) develops interfaces between humans and computers used in weapons control systems. For the
full list of technologies in the 13th Five-Year Plan, see The State Council of the People’s Republic of China, State
Council Notice on the Publication of the National 13th Five-Year Plan for S&T Innovation, trans. Inc. Etcetera Lan-
guage Group, July 2016, https://cset.georgetown.edu/publication/state-council-notice-on-the-publication-of-the-nati
onal- 13th-five-year-plan-for-st-innovation/
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tion of a technology could drive both research funding and military interest. These predictors help
ensure that the synthetic Al constructed from other technologies matches the pre-AlphaGo char-
acteristics of Al as closely as possible, a crucial requirement for valid causal inference using the
synthetic control method. See Appendix C for a list of all variables used in the analysis as well as
their sources.

The validity of the synthetic control method depends on several key requirements. First, the
intervention must be a significant and well-defined event. The AlphaGo matches from March
9-15, 2016 provide such a clear intervention point. Chinese Premier Li Keqiang’s public com-
ments and other documentation of Chinese leadership attention underscore the significance of the
intervention. Second, the timing of the intervention must be exogenous to the outcome. Deep-
Mind’s decision to release AlphaGo was driven by its internal research progress and competition
with other Al firms, independent of Chinese military planning. Third, there must be sufficient
pre-intervention data to establish the credibility of the counterfactual. The long pre-treatment pe-
riod from 2000 to 2016 provides over 15 years of monthly observations that are sufficient for
constructing the counterfactual. Finally, the comparison units must share relevant characteristics
while remaining unaffected by the treatment. The other eight technologies in China’s Five-Year
Plan meet this criterion, as they received similar levels of policy attention but represent distinct
technological domains.

The dependent variable in this study is military interest, as measured by the number of Chinese
publications on military Al per month. This simple measurement strategy of military interest has
several advantages. First, the number of publications reflects the intensity of military interest and
the extent of professional discourse around the technology. Because these publications undergo
institutional review, they represent organizational thinking rather than merely individual opinions.
Second, a simple publication count ensures consistent measurement across different technologies.
Such objectivity is difficult to achieve with pure qualitative analysis. While publication counts do
not capture classified research or discussions, they provide a reliable proxy for observable military

interest.

98



To create a “synthetic AI” so that the predictors of military interest best reproduce military
interest in Al before the AlphaGo release, I choose the weights w; of the donor units so that the

synthetic Al minimizes the root mean square prediction error (RMSPE) in the validation period:

Ty
1 ~
min RMSPE = min T E [Yi — Yit]z

03

where Yj; is the observed outcome of the treated unit 7 at time ¢ in the pretreatment period Ty and Yj;
is the counterfactual outcome of unit i at time z. ¥j; is given by a weighted average of the untreated

comparison units j (J in total):

J
Y, = ZWJ-Y_,-, where ij =1
j#i

I also use a cross-validation method to select the weights for the predictor variables. Let v, be
the weight of the m-th variable for treated unit and suppose there are k variables in total. Let X
be a (k X 1) vector with the values of the pretreatment characteristics of of the treated unit and X
be a (k X J) matrix with the same values for the comparison units. Let W be a (J X 1) vector of the

weights for each comparison unit w ;. The selection of v, should minimize:

k
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If the pretreatment predictors match well, the results from the synthetic counterfactual is suffi-
ciently similar to the pretreatment trend of the treated, the comparison units are unaffected by
the treatment, and there are no further treatments, the synthetic control methods can capture the
observed and unobserved predictors and offer a claim to causal effects. The AlphaGo release is
an excellent case for applying synthetic control. First, there is a drastic increase in the number
of military publications on Al after the release. The mean number of publications jumped from
7.32 per month to 31.01 per month. Second, the timing of the treatment is relatively exogenous,

as it is difficult to argue that political, military, or technological trends in China affected the time
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Table 3.1: Synthetic Weights for Al

Technology Synthetic control weight
AR/VR 0.49
Broadband communications 0.00
Micro- and nanoelectronics 0.40
Optoelectronics 0.00
HPC 0.00
IoT 0.00
Cloud computing 0.10
Intelligent interaction 0.00

of DeepMind’s AlphaGo release. Third, the identification of control units and predictor variables
is relatively straightforward. As I show in the following section, the control units and predictor

variables in this study provide a good fit to the pre-AlphaGo military attention trend of Al.

3.4.3 Results

To estimate the variable weights v,,, I divide the pretreatment period (January 2000 to Febru-
ary 2016) into a training period (January 2005 to December 2010) and a cross-validation period
(January 2011 to February 2016). The v,, weights for the three predictor variables are the number
of military publications (0.455), the number of academic publications (0.381), and government
policy attention (0.163). This means that all three of the predictor variables selected have a pretty
large effect on the outcome variable. The amount of existing military attention and the speed of
technological development have an especially significant effect on China’s military interest in an
emerging technology. Surprisingly, existing policy attention plays a secondary role.

Table 1 shows the synthetic control weights for each of the donor units in constructing a syn-
thetic Al. Synthetic Al is a weighted average of three technologies: AR/VR (0.49), micro- and
nanoelectronics (0.40), and cloud computing (0.10). This means that, in the pretreatment period,
the predictor variables of these three technologies display similar patterns as Al. Other technolo-

gies have zero weights and do not contribute to the construction of synthetic Al
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Table 3.2: Means of Predictors for Military Interest Before AlphaGo Release

Predictor Al Synthetic AI Other technologies
Number of military publications 7.7 7.8 4.1
Number of academic publications 3856.9 3554.5 3273.1
Government policy attention 0.0 0.1 0.5

Table 2 compares the predictors of military interest for Al, synthetic Al, and other technologies
(mean) before the AlphaGo release. It is clear that synthetic Al is a much better approximation
to Al than the mean of all eight comparison technologies. Figure 1 shows that in the pretreatment
period, Al and the mean of the other control technologies showed different trends. However,
because Al had a relatively high number of academic publications before AlphaGo and appeared
for the first time in the government’s Five-Year Plan in 2016, it is difficult to find a combination of
technologies that perfectly fits Al

However, Figure 2 shows that the synthetic Al can provide a relatively accurate reproduction
of the trend in military interest before the AlphaGo release. I use the gap between the number of
military publications per month to estimate the effect of the AlphaGo release, as shown in Figure
3. The positive effect of the AlphaGo release on military attention is almost immediate. I also find
that over the entire post-treatment period (March 2016 to December 2021), the number of military
publications on Al has increased approximately three times on average, from 10.43 per month to
31.01 per month. In 2021 the number of military publications on Al is estimated to be about 3.70
times that of synthetic Al

However, one possible concern of this study is that there could be spillover effects on other
technologies associated with the AlphaGo release. Fortunately, the limited number of comparison
units allows for the examination of the direction of biases. For instance, technologies used in
conjunction with Al, such as cloud computing, broadband communications, HPC, and IoT, might
receive more military attention as a result of Al gaining prominence. This would mean that the

effect of AlphaGo on Chinese military interest in Al is underestimated and would not undermine
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Figure 3.1: Trends in Military Interest: Al vs. Other Technologies (Mean).
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the validity of my central causal claim. It is difficult to make a case that the AlphaGo release could
reduce the military’s interest in the other technologies, which means that the positive effect of Al
is probably not exaggerated. Finally, the spillover effects of Al on technologies not included in the

donor pool do not affect the synthetic control analysis.

3.4.4 Robustness and Placebo Checks

To provide further evidence for the credibility of my synthetic control estimates, I conduct a
series of robustness checks. First, I conducted a placebo study where the treatment occurred in
March 2012 instead of March 2016. A large placebo effect would undermine my causal claim and
indicate that the positive effect of the AlphaGo release could be random noise. I use January 2004
to December 2007 as the training set and January 2008 to February 2012 as the cross-validation
set for finding predictor variable weights. I rerun the model using the same method to estimate
the synthetic control weights for the comparison units. Figure 4 shows the results of this placebo
study. The trajectories of Al and synthetic Al do not diverge significantly at the placebo treatment
point. This suggests that the positive effect estimated in the previous section can be attributed to
the AlphaGo release and not random fluctuations.

Second, I reassign the treatment to technologies in the donor pool, obtaining synthetic control
estimations for the untreated comparison units. The effect of AlphaGo on Al is considered valid if
the estimated synthetic control effect for Al is significantly larger than for other technologies. The
results are shown in Figure 5. RMPSE measures the difference between the treated unit and its
synthetic counterpart. A large post-period to pre-period RMPSE ratio indicates a large estimated
treatment effect. Interestingly, while Al has a significantly higher ratio than other technologies,
the ratio for micro- and nanoelectronics is also quite high. This is likely due to spillover effects,
as micro- and nanoelectronics are closely relevant to the production of semiconductor chips, the
hardware for training Al models.

Finally, I conduct a leave-one-out analysis to evaluate the sensitivity of my results to the com-

parison unit weights w;. Previously, I reported that synthetic Al is constructed as a weighted
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Figure 3.6: Leave-One-Out Analysis of the Synthetic Control for Al

average of AR/VR, micro- and nanoelectronics, and cloud computing. In this study, I rerun the
main model while iteratively eliminating one of the above three technologies in constructing syn-
thetic Al. The rerun models will not provide as accurate a fit as the original model but will allow
me to see whether the results are driven by a particular comparison unit. As Figure 6 shows, the
omission of a comparison unit with positive synthetic control weights does not have a significant
effect over the pretreatment period estimated trends. The smallest synthetic control estimation
comes from leaving out micro- and nanoelectronics. But even then, the number of monthly publi-
cations for actual Al (31.01) is about 2.66 times that of the number for synthetic Al (11.66). The

other two leave-one-out conditions result in a similar or larger estimated treatment.
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3.4.5 Qualitative Analysis

The above synthetic control analysis has established that DeepMind’s AlphaGo release sig-
nificantly increased Chinese attention to the military applications of Al. To understand how the
microfoundations of DeepMind’s display of firm capabilities influenced the Chinese military’s as-
sessment of U.S. capabilities, I conducted a qualitative analysis of the content of the military pub-
lications. This qualitative evidence helps trace three key mechanisms: how Chinese analysts (1)
connected private firm capabilities to potential state power, (2) viewed firm technological demon-
strations as signals of broader U.S. technological dominance, and (3) assessed specific pathways
through which firm capabilities could transform into military capabilities.

First, I find that Chinese military researchers consistently drew connections between Google
DeepMind’s capabilities and broader U.S. state power, illustrating how they viewed private firms’
capabilities as an extension of state capabilities. This connection manifests through multiple chan-
nels that Chinese analysts identified. Most directly, they pointed to concrete examples of civil-
military fusion in the U.S., such as the DoD’s Project Maven, in which DeepMind’s parent com-
pany Google was involved.?® The project involved establishing an Algorithmic Warfare Cross-
Functional Team (AWCFT) to use Al algorithms to process intelligence data. Although Google
eventually withdrew from Project Maven due to employee protests, its initial involvement gave
Chinese analysts a reason to link Google DeepMind’s capabilities with the U.S. military’s Al po-
tential. >’

Beyond specific collaborations, Chinese analysts identified structural features of the U.S. tech-
nology system that enable firm-to-state capability transfers. Researchers at the National University

of Defense Technology (NUDT) warn that the development of information technology has “blurred

296. Xuecheng Wang, “Rengong zhineng suanfa: gaixie zhanzheng de wuxing zhi shou A\ T AEH . M5k
$ )T IE Z F AT Algorithms: The Inivisible Hand That is Changing Warfare),” Junshi wenzhai % =5 3CH#, 2017,
19-23.

297. For more information about Project Maven, see Cheryl Pellerin, Project Maven to Deploy Computer Algorithms
to War Zone by Year’s End, accessed October 21, 2022, https://www .defense. gov/News/News - Stories/ Article
/ Article/ 1254719/ project - maven - to - deploy - computer - algorithms - to - war - zone - by - years - end/; Dylan Byers,
“Google Says It Will Not Renew Controversial Pentagon Contract,” CNN, June 2018, accessed October 21, 2022,
https://money.cnn.com/2018/06/01/technology/google-maven-contract/index.html.
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the line between the military and civilian actors,” creating natural pathways for capability transfor-
mation.?”® They point out that the U.S. military’s “Third Offset” strategy, announced by the DoD
in 2014, deliberately seeks to leverage emerging technologies like Al to maintain U.S. military
superiority. This strategy will necessarily require civil-military fusion and leverage private sector
innovation. The capabilities of U.S. Al firms like Google and its subsidiary DeepMind can be
central to the military’s engagement in “algorithmic warfare”?*® Such analysis aligns well with
theories of weaponized interdependence, which emphasizes how states can exploit private firms’
control over critical networks and technologies for strategic exploitation3%°

Chinese observers also saw institutional arrangements as facilitating capability transfer. The
Partnership on Al, a nonprofit coalition between America’s five Al giants—Google, Facebook,
IBM, Amazon, and Microsoft—was seen by Chinese analysts as not just an industry alliance but
as part of a broader U.S. government initiative to harness private sector Al capabilities.*°! Feng
Shuai, a researcher at the Shanghai Institute for International Strategic Studies, drew explicit con-
nections between DeepMind’s achievements with the U.S. government’s Al initiatives, noting that
the U.S. government released three important Al strategy documents in the same year that AlphaGo

was released.’?? Interestingly, China’s own experience with state-directed technological develop-

ment may have influenced how its analysts interpreted U.S. initiatives—they viewed private sector

298. Kun Long and Qichao Zhu, “"Suanfa zhanzheng" de gainian - tedian yu yingxiang “B AN FFIMEE - 5 5
5 #2mm[Algorithmic Warfare: Concept, Characteristics and Implications],” Guofang keji [E Bt National Defense
Science & Technology 38, no. 6 (2017): 39.

299. Long and Zhu.

300. Farrell and Newman, “Weaponized Interdependence: How Global Economic Networks Shape State Coercion”;
Drezner, Farrell, and Newman, The Uses and Abuses of Weaponized Interdependence.

301. Daguang Li, “Rengong zhineng tuidong guofang jianshe xiang zhihui guofang fazhan A TGS EFh 1%
7] B7 22 [E] [y 4 J&[ Artificial Intelligence Promotes the Intelligentization of National Defense],” Zhongguo junzhuanmin
HFEZERR 9 (2017): 77.

302. Shuai Feng, “Rengong zhineng shidai de guoji guanxi: zouxiang biange gie bu pingdeng de shijie A T.%7
REIT AR E Frok &: 7k 17 28 35 B 1S F % 9 tH 5 [International Relations in the Age of Al: Towards a Changing
and Unequal World],” Waijiao pinglun N2 V12 1 (2018): 128-156 The three documents include The National
Artificial Intelligence Research and Development Strategic Plan, technical report (Washington D.C.: National Science
and Technology Council, 2016), https://www . nitrd . gov/pubs/national _ai_rd _strategic _ plan. pdf; Preparing
for the Future of Artificial Intelligence, technical report (National Science and Technology Council, 2016), accessed
October 21, 2022, https://obamawhitehouse.archives.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/p
reparing_for_the_future_of_ai.pdf; Artificial Intelligence, Automation, and the Economy, technical report (Executive
Office of the President, 2016), accessed October 21, 2022, https://obamawhitehouse.archives.gov/sites/whitehouse.go
v/files/documents/Artificial-Intelligence- Automation- Economy.PDF
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achievements through the lens of state planning despite the more market-driven nature of the U.S.
Al sector. While these Chinese observers may have exaggerated the connections between private
firms and the U.S. government, their interpretation reveals how foreign states view private sector
capabilities as potential strategic assets that could be mobilized during international competition
or conflict.

Second, Chinese analysts viewed AlphaGo not just as a single technological achievement but
as a herald of a broader Al technological and military revolution in which the U.S. is leading.
In the words of Li Daguang, a prominent professor at China’s National Defense University, “As
the Al wave set off by AlphaGo sweeps the civil, industrial, and military fields, Al has become a
battleground for military strategists.”3"> The AlphaGo release precipitated his claim that “Al will
be widely used in national defense.” His characterization of AlphaGo as triggering an “Al wave”
shows how private firms’ technological demonstration can reshape perceptions of an entire domain
and an entire country’s military potential.

This interpretation further illustrates how firm capabilities can serve as “indices” of state power,
which are less manipulable than deliberate “signals.” The credibility of the AlphaGo index was
enhanced precisely because it came from a private sector actor rather than a government agency.
Colonel Kang Hao from the Chinese Academy of Military Sciences noted it was DeepMind’s re-
lease of AlphaGo and OpenAlI’s release of the game-playing Dota 2 Al that triggered “widespread
discussion” in Chinese military research circles over the battlefield applications of A% These
commercial demonstrations were particularly valuable because they publicly revealed a state’s la-
tent Al capabilities without government manipulation or military secrecy.

Chinese analysts consistently interpreted U.S. firms’ Al achievements as indicators of broader
American technological dominance. In an article in a popular military newspaper, NUDT re-

searchers wrote that the release of the third generation of AlphaGo, the AlphaGo Master, in 2017

303. Li, “Rengong zhineng tuidong guofang jianshe xiang zhihui guofang fazhan A\ T4 GEHELN[E Py &5 a2 2
Fjj & J&[ Artificial Intelligence Promotes the Intelligentization of National Defense].”

304. Hao Kang, “Taolu VS chulu — dui rengong zhineng jishu junshi yingyong de zai sikao £ VS H - %F A T
HEE 5 N H P B2 [Fad or Solution: Thinking Again about the Military Application of Artificial Intelligence],”
Guofang E 7 6 (2019): 86.
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“indicates a trend towards unmanned military combat.”3% Military commentators and analysts also
point out that the U.S. military is “world-class” in developing Al-powered computer war game al-
gorithms and systems and that the U.S. military has been paying close attention to the military
applications of Al since the birth of the field of AI.3% In the eyes of Chinese analysts, private
sector breakthroughs reveal the potential ceiling of U.S. capabilities. If commercial firms could
achieve such results, state capabilities with dedicated resources could presumably go further.

Third, Chinese military analysts describe multiple concrete ways that the U.S. military can ap-
ply the technology behind DeepMind’s AlphaGo on the battlefield. The most frequent application
mentioned is assistance in military decision-making. The speed and accuracy at which Al systems
are capable of processing intelligence gives them great potential for becoming “the most powerful
battlefield decision-maker.”3"” The impact was particularly profound given Go’s deep cultural sig-
nificance in China, where the game has long been associated with military strategy and strategic
thinking.3%® For Chinese military thinkers, mastery of Go represents not just gaming prowess but
strategic acumen at the highest level. This is why AlphaGo’s achievement is seen as especially
significant for military applications.

The technical sophistication of these analyses is particularly noteworthy. Researchers at the
Naval Research Academy and Chinese Academy of Sciences conducted detailed examinations of
AlphaGo’s core technologies, identifying how its key components—policy networks and value net-
works—could be adapted for military combat systems.*® Policy networks, which help AlphaGo

select optimal moves, could support military action selection, while value networks, used for evalu-

305. Qichao Zhu and Jingling Wang, “Rengong zhineng koukai zhinenghua zhanzheng damen A T8 ER[ FF- £ g
{% % KT 1[AT Opens the Door for Intelligentized Warfare],” Zhongguo junwang % [EZ ¥, January 2017, accessed
October 21, 2022, http://www.xinhuanet.com//mil/2017-01/23/c_129459228.htm.

306. Wang, “Rengong zhineng suanfa: gaixie zhanzheng de wuxing zhi shou AN L& GEHE % M5 F T
JE Z FF[AI Algorithms: The Inivisible Hand That is Changing Warfare],” 20, Feng, “Rengong zhineng shidai de
guoji guanxi: zouxiang biange gie bu pingdeng de shijie A T & GERTCATEFR K R E M2 E HAFERH
5 [International Relations in the Age of Al: Towards a Changing and Unequal World],” 138-39.
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TP R G I HEZE i 57 [ Architecture Design Research of Military Intelligent Wargame System],” Huoli yu zhihui
kongzhi ‘K 11 5F81E#5 ][ Fire Control& Command Control] 45, no. 9 (2020): 119.
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ating board positions, could be adapted for battlefield situation assessment. This granular analysis
of specific algorithms and their military potential reveals how states systematically evaluate the
military applicability of firm innovations.

Some researchers mention that the U.S. military often quickly translates useful civilian tech-
nologies into military applications. They cite historical precedents to explain why AlphaGo could
be adapted for military use. For instance, following IBM’s chess-playing Al Deep Blue’s defeat
of grandmaster Garry Kasparov, the U.S. Defense Advanced Research Projects Agency (DARPA)
developed an Al system Deep Green with similar technologies to provide decision-making support
for the U.S. Army.>!? This historical pattern of civilian-to-military technology transfer informed
Chinese analysts’ assessment that DeepMind’s innovations would likely find their way into U.S.
military capabilities through direct adaptation or by inspiring parallel military developments.

Beyond decision-making applications, analysts envisioned broader military applications span-
ning multiple domains. They identified potential uses in intelligence and surveillance systems,
drone warfare coordination, and weapons systems management..>!! These assessments came from
various military-affiliated universities and institutions, such as the Academy of Military Science,
PLA Information Engineering University, and China’s Air Force Engineering University. This
comprehensive evaluation of potential military applications demonstrates how states assess not

just the existence of firm capabilities but their specific utility across different military functions.

310. Minwen Wu and Sicai Sheng, “Wurenhua zuozhan yanjing zhong de sange guanjian wenti & AL 1EHE 3 H
A = B (7] /[ Three Key Issues in Fully Autonomous Warfighting],” Junshi wenzhai %5531, 2021, 28-33.
311. Aiguo Dang et al., “Zhinenghua zhanzheng tiaojian xia de junshi sheshi fanghu — yingdui "fengqun" zuozhan
de sikao B REAL LT 55 1 T 1 S5 5t B 47— R B B VE 52 1 S % [Some thought about military facility
protection against swarming fighting threat under the condition of intelligent warfare],” Fanghu gongcheng M1 1.
T&[Protective Engineering] 40, no. 2 (2018): 1-6; Zicai Huang, Chunyao He, and Yuan Yang, “Zhinenghua bian hai
fang jianshe & BEAL1717 B 15 [Research on the Construction of Intelligent Coastal Defense],” Guofang keji [E| B}
HiDefense Technology Review 39, no. 3 (2018): 14—16; Shucai Liu, “Jishu biange yu zhanzheng "miwu" yanhua
N5 5 5 2K 3518 {4 [ Technological Changes and Metamorphose of the Fog of War],” Guoji zhanwang [E
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Intelligence Work 1,” Guofang keji [ Bli B+ National Defense Technology 41, no. 2 (2020): 15-20; Dali Ding, Lei
Xie, and Yuan Wang, “Youren ji/wuren ji xietong zuozhan yunyong ji dui zhanzheng xingtai yingxiang 5 AHL/7C
AU RIVESS 2 F B 555 T A 520 [ The Application of Manned/Unmanned Aerial Vehicle Cooperative Combat
and Its Influence on War Form],” Wuren xitong jishu JTo N RELH AR [Unmanned Systems Technology] 3, no. 4 (2020):
1-9; Wang, “Rengong zhineng suanfa: gaixie zhanzheng de wuxing zhi shou N TR EEE: MEHREFMTLEZ
F[AI Algorithms: The Inivisible Hand That is Changing Warfare].”
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The breadth of identified applications suggests that technological demonstrations in one domain
can influence assessments of military potential across multiple areas.

In sum, the qualitative evidence suggests that DeepMind’s AlphaGo release—an instance of
private firm behavior—became China’s “Sputnik moment” because of the connection between firm
and state capabilities. Foreign observers see that firms can directly assist states in their military de-
velopment and that the military can also adopt the technologies developed by firms to bolster their
capabilities. Such a firm-state or military-civilian connection would likely be strengthened under
conditions of increased international tensions or international conflict.>!?> The potential transfor-
mation of firm to state capabilities is why firm capabilities reveal information about the capabilities

of the state.

3.5 Conclusion

In a globalized world driven by rapid technological progress, high-tech firms have become pow-
erful actors in the international arena. Yet, these firms are undertheorized in existing frameworks
of international politics. This paper uses DeepMind’s AlphaGo release case to study the micro-
foundations of how firm capabilities influence assessments of state power. The synthetic control
analysis shows that this private firm’s technological demonstration led to a three-fold increase in
Chinese military interest in Al. Qualitative evidence reveals how Chinese analysts interpreted firm
capabilities as indicators of potential state power.

In addition to theoretical contributions, the case study in this paper makes methodological
and policy contributions. Methodologically, the DeepMind case shows how the synthetic control
method can be combined with qualitative analyses to examine causal relationships in international
politics. Rather than simply asserting that firm capabilities matter, this microfoundational approach
establishes the causal relationship in the perceived firm-state capabilities link and traces the con-

crete mechanisms behind such perceptions. This two-stage research design offers a template for

312. For an overview of the policy levers and tools at the disposal of the U.S. government, see Sophie-Charlotte
Fischer et al., Al Policy Levers: A Review of the US Government’s Tools to Shape Al Research, Development, and
Deployment, technical report (Oxford, UK: Centre for the Governance of Al, Future of Humanity Institute, University
of Oxford, 2021)
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studying how other non-state actors can play a role in international politics. In conducting the
case study, I also compiled a comprehensive data set of over 11,000 Chinese publications on the
military applications of nine emerging technologies. This data set can be useful for future research
on Chinese policy on emerging technologies.

Policy-wise, my paper highlights the role of firms in revealing state capabilities. This implies
that firm behavior might have significant international security ramifications, the consequences of
which might deviate from the state’s intentions. For instance, the release of a new Al algorithm or a
new spaceship by a private firm might inadvertently trigger an arms buildup by an adversarial state.
Information about firms’ incompetence might also signal a state’s weakness and thus undermine
the state’s efforts to deter or coerce. One possible remedy is for the government to coordinate
with powerful private actors in releasing new technologies or products, although doing so would
compromise the freedom of private enterprises. Nevertheless, the findings from this paper do
underscore the trade-offs between unrestrained firm behavior and managing information about a
state’s capabilities.

It is worth noting that this article’s analysis of Chinese perceptions of U.S. capabilities may ac-
tually underestimate the microfoundational effect identified. Given that the United States already
possesses the world’s largest military establishment, the marginal change in Chinese perceptions
following AlphaGo’s demonstration faced an upper-bound constraint. A particularly illuminating
parallel case that warrants future investigation is the United States’ reaction to China’s DeepSeek
model, which significantly updated U.S. policymakers’ and military personnel’s estimation of
Chinese Al capabilities and their potential military applications.>! This reverse case—where a
Chinese technological demonstration affected US strategic calculations—offers an opportunity to
test the robustness of the firm-state capabilities perception link in contexts where the baseline as-
sumptions about the demonstrating state’s capabilities might be lower, potentially revealing even
stronger microfoundational effects.

The findings in this paper suggest several directions for future research. First, scholars should

313. Matt Pearl, Julia Brock, and Anoosh Kumar, Delving into the Dangers of DeepSeek, technical report (CSIS,
February 2025), accessed February 25, 2025, https://www.csis.org/analysis/delving-dangers-deepseek.
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examine how different institutional arrangements for civil-military technology transfer affect both
actual capability transformation and interstate perceptions. The U.S. government’s ability to lever-
age private sector innovation is constrained by legal frameworks that protect corporate autonomy,
with limited powers to compel private sector cooperation outside wartime. In contrast, China’s
system features both state-owned defense enterprises and legal frameworks requiring private firms
to cooperate with government security needs. These institutional differences affect not only how
states can actually access firm capabilities but also how they perceive and evaluate the military
potential of other states’ private sector innovations. Another related question is whether countries
could misperceive how easily other states’ firm capabilities could be converted to military purposes
because they project their own institutional models onto other states.

Second, more work is needed to understand when and why firm technological demonstrations
are considered credible indicators of state capabilities. The AlphaGo case suggests that public
demonstrations in strategically significant domains can have outsized effects. However, future
research should examine factors such as technological domain, firm market position, government
ties, and other factors to develop more nuanced theories about the relationship between private
innovation and perceived state capabilities.

Finally, and more broadly, as the private sector leads technological advancement, there is a
need for a more granular analysis of how specific technologies and capabilities can transfer from
civilian to military applications. This includes examining the different incentives and actions of
firms and states and understanding how differences in technological characteristics affect the speed
and likelihood of military adoption. Moreover, future research should approach firms not merely
as objects or sources of information about state capabilities, but as subjects with their own agency,
strategic interests, and influence in the international arena. Understanding these micro-level pro-
cesses would help refine theories about the relationship between private-sector innovation and state
military capabilities while unveiling practical insights for policymakers navigating the complex re-

lationship between private firms and national security.
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Appendix A: Proof for Paper 1 ‘““Strategic Stakes”

A.0.1 Proof of Proposition 1

First, I consider state F’s best response. For any given s, F' chooses r = {r;, r;} to maximize

UFI

UF1=—(9S(1—I‘1)—C1 ifr:rl

UFh:—QS(l—rh)—Ch ifr:rh
F will choose r; over rj, if Ug; > Upy, this results in:

—0s(1—=r;))—c; = -0s(1 —rp) —cy
Cp—C]

s<—— =41
O(rp —rp)

where A is the investment threshold for F* where it would switch from r; to rj,. Essentially, F’s best

response function is:

rp ifs <A

r, ifs>A

As a result, state H’s best response can be divided into two cases: when s < A (moderate invest-
ment) and when s > A (high investment). When s < A, the home state H’s utility function can be

written as:

gs?

Uni(s) = as — Br; — BN
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The first order condition (FOC) of this case is:

Uy
ds

=a—-gs=0

sy =—
"=
8

However, s; > A because @ > gA. This means that the FOC for this case is always greater than 0

and that H maximizes its utility by setting s; = A. This results in:

Uz, (s%) = ad — Bry - %AZ

Next, I consider the case of s > A. Similar to the previous case, we can derive:

s, = —
hg

which is feasible since @ > gd. When H sets s = s7, its payoff is:

Ui = (D) = Bra = 50

2
a
=2 - Bri
Let AUy = U}, (1) — Uy, (a/g),
g, @
AUy = ad - Br; — 2% — — + Bry,
2 2g
@ — g)?
=B(rp—r) - (z—g)
8
Set AUy = 0 to find the critical S.:
@ — gA)?
B, = (a - gd)
2g(rp —11)
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When 8 > B, AUy 2 0, the H chooses to invest at the limit, playing s = A and receives U}, (s) =
ald — Br; — g/2A%. F plays r* = r; and receives Up; = —0A(1 — ;) — ;.
When 8 < 8., AUy < 0, H prefers to invest at higher levels, playing s = /g > A and receives

Uy, (s™) = a?/2g — Bry. F plays r* = r;, and receives Uy, (s%) = =0(a/g)(1 = ry) — cp.
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Appendix B: Proofs for Paper 2 “Calculated Coercion”

B.0.1 Proof of Proposition 2

Let h; = (x1,x2,...,x,—1) be the history of demands before period ¢ and H; be the set of
all such histories. A pure strategy for state T is a sequence of maps s, : H; — [0,1] and a
pure strategy for state S is a sequence of maps s§ : Hy;1 — {sanction, refrain}. Let Vg(x;, h;)
be state S’s continuation payoff in period ¢ + 1 in some subgame perfect (SGP) equilibrium if §
refrains and accepts the offer of x; at ¢ following history A;. If S decides to refrain in period ¢, T’
receives x; for that period and S receives (1 — x;). If S decides to sanction, its expected utility is
p(i)/(1 —65) —cs. For T, itis (1 — p(i;))/(1 = 67) — cr(i;). S is faced with sanctioning now,
which yields p(i;) /(1 — ds) — ¢s and refraining, which yields (1 —x;) + dsVs(x;, h;). S will choose
to refrain if

p(ir)
1-065

—cs < (1 =x;)+0s5Vs(xs, hy)

In any SGP equilibrium, Vg(x;, h;) must be greater than or equal to its continuation payoff if it
sanctions p(i;+1)/(1 — d5) — cs because otherwise state S will choose to sanction in period ¢ + 1.
Therefore,

p(ir)
1 -0y

—cs < (1 =x;) +0g (p(l}+1) - cs)

1 -06g
which can be rearranged to

_ plir) = 6sp(ir+1)
1 -0s

x; <1+ (1-=68g)cs (B.1)
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State 7' will always want to offer x, that holds the above equation (1) with equality.

_ p(ir) — 0sp(irs1)
1 -5

x;‘:1+(1—65)05

This x; can only be offered if x; € [0, 1], which can be translated into p(i;) — dsp(is+1) € [cs(1 —

§5)%, 1 = s +cs(1 = 5)?].

B.0.2 Proof of Corollary 1

I prove this result in two steps. First, I show that sanctions will occur when p(i;) drops dis-
continuously and that such a drop is sufficiently large relative to S’s cost of sanctioning. Second, I
demonstrate why sanctions do not occur with upward discontinuities.

Suppose that i1, is, ..., i; is a monotonically decreasing sequence and that p(i;) is discontinuous

at p({;), such that

lim p(i;) = p* (i) < p(ix) = lim_p(iy)

ip—I; i;—1;

At the discontinuity point, if S refrains from sanctioning, its continuation payoff is bounded
above by 1 —x; + 85(1 — xs41)/(1 = ds), where x,, reflects T’s optimal demand after the drop in
leverage. T will setxy,, = 1+ (1 —ds)cs — pr(i;) /(1 = 65).

If S sanctions, it receives p(i;)/(1 — ds) — cs. Given the discontinuous drop, there exists a
threshold such that if p(i;) — p*({) is sufficiently large relative to cg, S prefers to sanction.

If S refrains, its payoff is bounded above by:

Os

Vs (refrain) = 1 — x; + (I—=x7,p)
1 - 65

S prefers sanctions when Vg (sanction) > Vg(refrain):

* S *
1oy —Cs > I—Xt +1_—6S(1—XH_1)
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After algebraic manipulation, this condition reduces to:

p(f)) = 6sp*(f)) > 1 - 65+ cs(1 - 65)?

The same dynamics do not occur when the discontinuity favors state S. For example, if iy, i2, ..., i;

is a monotonically increasing sequence and that p(i;) is discontinuous at p(i;), such that

lim p(i) = p*(i;) > p(i;) = lim_p(i;)

iy —iy i;—I1;

Here, S’s continuation value from refraining strictly dominates sanctioning because 1) its leverage
will increase without costly sanctions; 2) T’s optimal demand x; decreases in anticipation of S’s
growing leverage; and 3) any deviation by 7" can be punished more effectively after the increase in

leverage. Therefore, sanctions never occur in equilibrium with upward discontinuities.

B.0.3 Proof of Corollary 2

Assume that i1, iy, ..., i; is a linear sequence and that p(i;) is a linear continuous function with a
positive correlation with i;,. At period ¢, state T demands x; = 1+(1-35)cs—[p (i) —0sp(ir+1)]/(1—

ds). At period 7 — 1, state T demands x* | = 1 + (1 = ds)cs — [p(ir-1) — 6sp(ir)]/(1 = Js). The

*

difference x; — x7_,

is [p(ir=1) + 0sp(irs1) — (1 + 65)p(ir)]/(1 = 85). Given the assumptions of

linearity and continuity, p(i;) = [p(i;+1) + p(i;-1)]/2, we can derive that

_ plit-1) = p(ir+1)
B 2

_ *
X =X

This term is negative if iy, i, ...,7; is strictly increasing, meaning that if state S’s products
become more irreplaceable over time, the amount state 7 demands x; goes down. Conversely, if
i1, 12, ...,1; 1s strictly decreasing, x; goes up over time. This is intuitive because state 7”’s bargaining

power is negatively correlated with state S’s product irreplaceability.
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Appendix C: Details of Data Collection for Paper 3 “Power Proxies”

The main data for this data comes from CNKI, one of China’s largest research databases. To
collect data on the number of military publications on each emerging technology, I searched under
the topic “military” (“Z Z5”) and searched the full article for the names of the nine technologies:
Al AN LA 88”), AR/VR (“Rz LN 52/ 55 T 52°°), broadband communications (“5 i 5),
micro- and nanoelectronics (“fil 48 B, T/ R B &E 1), optoelectronics (“Jt: L), HPC (“/ =1k e

BETT &), IoT (“UBX ®”), cloud computing (“Z 11 %), and intelligent interaction (“& ¢
H.). T designed a web crawler in Python to obtain the data and limited my requests per hour to
avoid being blocked by the website. In the end, I collected data on the author(s), title, publication
date, citations, downloads, and web links for 11,802 publications between January 1, 2000 and
December 31, 2021.

I searched the same database to collect information on the number of academic publications.
This time, I used the names of the technologies as the search topic. As the number of academic
publications is significantly larger than the number of military publications, I wasn’t able to collect
data on each of the publications to create a variable for monthly publications. Instead, I used the
website’s innate function for displaying the number of publications on a certain topic per year. The
resulting academic publications number shows the annual publications.

Finally, I used whether a technology is mentioned in the Chinese government’s Five-Year Plan
as a proxy for government policy attention. To do so, I obtained the documents for the 9th (1996-
2000), 10th (2001-2005), 11th (2006-2010), 12th (2011-2015), 13th (2016-2020), and 14th (2021-
2025) Five-Year Plans and searched for the nine technologies. Slight variations of the technology
names are counted as the same technologies. For example, “mobile communications” (“#% %/ i
157), “wireless communications” (“JCZ%1H{5”) and “network communications” (“M%%iE5”) are

counted as the same as “broadband communications” (“% 7 i# {5”). “Supercomputing” (“# 2
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Table C.1: Validation of Dictionary Measures.

Technology Accuracy Precision Recall FlI

Al 0.85 0.92 0.88  0.90
AR/VR 0.83 0.87 0.84 0.85
Broadband Communications 0.80 0.76 0.82 0.79
Micro- and nanoelectronics 0.88 0.90 0.86 0.88
Optoelectronics 0.82 0.79 0.77 0.78
HPC 0.93 0.96 091 0.93
IoT 0.89 0.91 0.87 0.89
Cloud computing 0.94 0.97 0.95 0.96
Intelligent interaction 0.81 0.84 0.78 0.81

11#) is counted as the same as "HPC” (“Ei14 8811 ") and “microelectronics” (“fil &) the
same as “micro- and nanoelectronics” (“fll4NFEF").

To validate the dictionary measures, I conducted a manual labeling process on a representative
subset of the dataset. From a total corpus of 11,802 papers, I randomly selected 50 papers from the
Al domain and 20 papers from each of the other nine technologies. I randomly labeled these papers
to assess the performance of my dictionary-based classification method. I then calculated accuracy,
precision, recall, and F1 scores by comparing the human-annotated labels with the results from the
dictionary-based approach, ensuring a rigorous and comprehensive validation of the classification
methodology across different technological domains.

The above metrics show that the dictionary method performs particularly well for AI (F'1 = 90),
the primary technology of interest, and cloud computing. In Chinese, Al (“ A\ L%§E") and cloud
computing (“z 11 %”) are distinct technical terms that are less likely to be used in other contexts.
The dictionary method scored lower in technologies whose terms are more ambiguous, such as
intelligent interaction (“&f BE3 H.”), which is an evolving field whose scope is less well-defined,
and optoelectronics (“Jt: B ), which appears in a wide range of applications and subfields.

Nevertheless, the dictionary methodology has performed well due to the technical nature of the

key words.
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