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Abstract

We study how geopolitical fragmentation shapes cross-border technology
licensing and innovation incentives. We show that bilateral royalty flows vary
with geopolitical distance differently from goods trade, and that this relation-
ship depends on intellectual property enforcement. To interpret these facts,
we develop a growth-trade model in which geopolitical risk weakens licensing
enforceability when intellectual property rights are poorly protected. Royalty
payments reflect both technology adoption and licensing prices: weaker enforce-
ment can reduce diffusion while inducing firms to reprice contracts. Reduced
market size lowers returns to frontier technologies, whereas repricing can redi-
rect innovation toward the technological leader, generating asymmetric welfare

effects.
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1 Introduction

Cross-border technology diffusion is a key determinant of global innovation, yet ris-
ing geopolitical fragmentation increasingly shapes how firms organize the transfer of
ideas across borders. Technologies move internationally through different arrange-
ments, ranging from arm’s-length licensing to internalization within multinational
firms, that differ in their reliance on formal legal enforcement. Licensing contracts
depend especially on the enforceability of intellectual property rights and other con-
tractual protections, making them particularly exposed to geopolitical conditions.
This paper studies how geopolitical fragmentation is reflected in the contractual struc-
ture of international technology transfer, and how these changes can alter innovation
incentives.

The question is increasingly important because geopolitical considerations now
play a central role in the organization of innovation and technology diffusion across
countries (Chatterji and Murray, 2025). Concerns about economic security and tech-
nological sovereignty have raised the policy relevance of cross-border technology trans-
actions, especially in sectors where intellectual property and legally enforceable knowl-
edge transfers are central. Yet despite this growing attention, the mechanism linking
political risk, technology transfer contracts, and the global allocation of innovation
remains poorly understood.

We first examine this contractual channel empirically. Royalty flows, the observ-
able counterpart of arm’s-length technology transfer, are more sensitive to geopoliti-
cal distance than merchandise trade, and this sensitivity is concentrated in countries
with weak IPR enforcement. This pattern is consistent with the idea that legally
mediated technology transactions are especially exposed to political and enforcement
risk. Interpreting the evidence, however, requires confronting an identification prob-
lem. Royalty flows combine price and quantity margins, making it difficult to dis-
tinguish changes in the price of licensing from changes in technology adoption itself.
A deterioration in geopolitical relations may simultaneously reduce compliant adop-
tion and increase the compensation innovators require to license abroad. Stronger
IPR protection attenuates these responses by improving contract enforceability, but
reduced-form evidence alone cannot separately identify the underlying margins. This
motivates a structural framework that isolates the role of licensing contracts in shap-

ing innovation outcomes.



We develop a multi-country endogenous growth model in which geopolitical frag-
mentation affects innovation through both market access and the enforceability of
international technology licensing contracts. Cross-border technology transfer oc-
curs through licensing agreements subject to enforcement risk. Because licensing
separates ownership of ideas from their use abroad, political risk affects compliant
adoption as well as the royalties required by innovators. Geopolitical distance oper-
ates through two channels. The first is an enforcement channel: higher geopolitical
distance raises the probability of contractual breach and induces endogenous royalty
repricing. Consistent with recent work on contractibility, which emphasizes that en-
forcement depends on the ability of parties to generate legally verifiable evidence of
deviations from agreed terms (Corrao, Flynn, and Sastry, 2025), we interpret this
risk as a reduced-form representation of the greater difficulty of monitoring, verify-
ing, and punishing contractual deviations across jurisdictions. Since innovators and
adopters bargain over royalty fees, enforcement risk affects both the expected value of
technology transfer and the division of surplus between licensors and licensees. Along
the balanced growth path, royalty adjustment offsets the direct effect of breach risk
on contractual surplus shares conditional on successful adoption; during transitions,
however, licensing relationships formed under different geopolitical environments co-
exist, so contractual conditions adjust gradually and propagate shocks over time.
The second is a market-size channel: fragmentation raises trade costs and compresses
adopters’ profits, reducing the scale over which technologies can be profitably adopted
and licensed internationally. Through these channels, geopolitical shocks jointly de-
termine licensing prices, adoption quantities, and innovation incentives.

The interaction between these forces generates a central theoretical implication. A
natural prior is that geopolitical fragmentation uniformly reduces innovation incen-
tives by shrinking market access. The model shows why this need not be true. Holding
market size fixed, higher enforcement risk raises innovation effort in the technological
leader and lowers it in the follower: endogenous royalty repricing shifts the division of
the global knowledge market toward the frontier economy. By contrast, the market-
size effect works in the opposite direction. Lower adopter profits compress demand
for frontier technologies and shift R&D toward less innovative locations. The overall
response of innovation to fragmentation therefore depends on which force dominates.
Importantly, the enforcement channel implies that geopolitical tensions may increase

innovation in the technological leader even as they reduce technology diffusion and



raise contractual frictions. This prediction does not arise in models with fixed licens-
ing terms or without enforcement frictions, where fragmentation affects innovation
only through market size and adoption incentives.

To assess the quantitative importance of these mechanisms, we take the model to
the data. We calibrate the global economy to trade flows, royalty payments, R&D
intensities, patent stocks, and international citation patterns across eight regions. The
multi-region structure disciplines the geography of innovation, adoption, and licensing
opportunities faced by firms, while allowing the counterfactual analysis to focus on a
particularly bilateral margin in frontier technology markets: fragmentation between
the United States and China. This distinction is important because the effects of
a bilateral geopolitical shock depend not only on the affected pair, but also on how
technologies, goods, and royalty flows are reallocated through the rest of the world.

The calibrated model implies that geopolitical fragmentation generates a price—
quantity wedge in international technology transfer: royalty rates rise through en-
dogenous contract repricing, while compliant adoption falls. In the calibrated econ-
omy, the market-size channel dominates the enforcement channel. As a result, frag-
mentation reduces cross-border technology diffusion, lowers frontier innovation, and
slows long-run growth. Although firms renegotiate licensing contracts in response to
greater geopolitical risk, the decline in adoption dominates, leading to lower royalty
payments overall. Fragmentation also reallocates research activity across countries
and narrows technological gaps between leaders and followers. The associated welfare
effects are unevenly distributed across economies.

The counterfactual results also point to a policy question. Because licensing fric-
tions affect the future allocation of innovation, private licensing decisions may not co-
incide with national objectives. Firms choose technology-transfer arrangements based
on expected enforcement conditions and current surplus, but do not internalize how
diffusion today shapes future technological leadership. Governments may therefore
value international technology transfers not only for their contemporaneous consump-
tion and diffusion gains, but also for their effect on the future location of innovative
activity. This dynamic wedge provides a rationale for studying restrictions on tech-
nology transfers, such as export controls, as strategic policy instruments rather than
simply barriers to exchange. We characterize optimal policy under alternative govern-
ment objectives. Under a standard consumption-based welfare criterion, unilateral

export controls are not optimal because they reduce the gains from international tech-



nology diffusion. Once governments place value on technological leadership, however,
the policy prescription changes: restrictions on technology transfers can reallocate
future innovation activity across countries even when they reduce contemporaneous
welfare. This mechanism is consistent with recent work showing that geopolitical
objectives can rationalize trade and industrial policies that would be inefficient un-
der a purely consumption-based welfare criterion (Becko and O’Connor, 2024; Becko,

Grossman, and Helpman, 2025; Clayton, Maggiori, and Schreger, 2025).

Related Literature This paper connects to several strands of research on growth,
trade, technology diffusion, and geoeconomic fragmentation. A large literature stud-
ies how market size and openness shape innovation incentives in open economies
(Grossman and Helpman, 1991; Eaton and Kortum, 2001). Building on this tradi-
tion, Santacreu (2015) develops a quantitative framework in which trade facilitates
the international diffusion of ideas and affects innovation incentives across countries,
while Cai, Li, and Santacreu (2022) show how knowledge diffusion, trade, and inno-
vation interact across countries and sectors. Related empirical work uses cross-border
patenting to measure international technology diffusion and its relationship to glob-
alization and development (LaBelle et al., 2023). Recent text-based evidence also
shows that new technologies originate in highly concentrated locations and diffuse
only gradually across space, occupations, and skill groups (Kalyani et al., 2025).

More recent work studies how policy can affect the direction and geography of
technology diffusion in dynamic trade environments (Bai, Jin, and Lu, 2023, 2025).
Closely related, Hémous et al. (2025) study optimal patent protection in an open-
economy environment with trade and innovation. We contribute to this literature
by introducing geopolitical distance and institutional enforcement as determinants
of the contractual environment in which technology is transferred. Our focus on
how geopolitical fragmentation reallocates innovation incentives is also related to
recent work showing that the composition of inventive activity matters for aggregate
productivity growth (Kalyani, 2026).

The paper is also related to work on technology diffusion, licensing, intellectual
property rights, and imperfect enforcement (Glass and Saggi, 1999; Acemoglu and
Akcigit, 2012; Branstetter, Fisman, and Foley, 2006). Existing frameworks empha-
size the role of intellectual property protection and imitation risk, but typically treat

licensing terms as fixed or exogenous. Recent evidence shows that royalty rates de-



pend not only on technology quality but also on bargaining conditions and con-
tract characteristics (Kankanhalli and Kwan, 2023). Motivated by these findings, we
model royalty rates as endogenous contract terms that respond to geopolitical risk.
Higher breach risk increases the compensation innovators require to license technolo-
gies abroad, creating a wedge between observed royalty payments and underlying
technology adoption. We extend the technology-diffusion literature by embedding
Nash bargaining with breach risk into a multi-country growth framework in which
geopolitical shocks affect contractual terms, technology adoption, wages, and long-run
innovation dynamics.

Our analysis is related to Lam (2024), who studies how countries choose IPR pro-
tection in a global environment with innovation and imitation. We differ by treating
geopolitical distance as a bilateral source of contractual breach risk and by allow-
ing royalty terms to reprice endogenously in response to that risk. Our analysis
also relates to work on trade agreements, international commitment, and incomplete
contracts. A central insight of the trade-agreement literature is that international
agreements can discipline trade-policy discretion and support cross-border exchange
when governments face domestic or strategic incentives to distort trade (Bagwell and
Staiger, 1999; Maggi and Rodriguez-Clare, 1998, 2007; Bagwell and Staiger, 2011).
Santacreu (2025) extends this logic to dynamic trade agreements with intellectual
property provisions, where IP commitments shape technology transfer through licens-
ing contracts. Our setting differs because the relevant commitment problem is not
only trade policy, but also private contractual enforcement in cross-border technology
licensing. In this sense, our framework complements the trade-agreement literature by
studying how geopolitical risk operates through private contracts even in the absence
of formal changes in trade policy. It also connects to the incomplete-contracting tra-
dition (Grossman and Hart, 1986; Hart and Moore, 1990; Antras, 2003) by studying
how politically contingent enforceability affects licensing terms, technology diffusion,
and long-run innovation dynamics in a multi-country environment.

More broadly, our paper contributes to recent work on geoeconomic fragmenta-
tion, geoeconomic power, and strategic technology policy (Aiyar, Presbitero, and
Ruta, 2023; Bai, Jin, and Lu, 2023, 2025; Fornaro and Wolf, 2025; Clayton, Mag-
giori, and Schreger, 2026, 2025; Liu and Yang, 2025; Kleinman, Liu, and Redding,
2024). This literature studies how geopolitical considerations reshape international

economic relationships through concerns about dependence, coercion, and economic



security. Kleinman, Liu, and Redding (2024) show that trade exposure shapes polit-
ical alignment, while Liu and Yang (2025) measure international power arising from
asymmetric import dependence and show that countries strategically adjust trade
exposure when geopolitical relations deteriorate. Existing work emphasizes the pos-
sibility that foreign suppliers may withhold critical goods or intermediate inputs,
generating vulnerabilities that can motivate industrial policy, supply-chain diversifi-
cation, or export controls. For example, Corrao, Flynn, and Sastry (2025) show that
exposure to foreign political risk can stimulate domestic innovation as firms seek to
reduce reliance on vulnerable foreign suppliers. Similarly, Alfaro and coauthors (2025)
show that China’s rare-earth export restrictions induced innovation in downstream
industries outside China by encouraging the development of technologies that econ-
omize on scarce inputs. We study a complementary channel: dependence in markets
for ideas rather than goods. Because technology transfers are governed by licensing
contracts, geopolitical tensions affect not only sourcing patterns but also enforcement
risk, contractual prices, and the future distribution of technological leadership.

The remainder of the paper is organized as follows. Section 2 presents the em-
pirical evidence on the relationship between geopolitical distance, trade flows, and
technology transfer. Section 3 develops the quantitative model and characterizes its
equilibrium properties and the balanced growth path. Section 4 analyzes the mech-
anisms through which geopolitical tensions affect licensing, innovation, technology
diffusion, and transition dynamics. Section 5 presents the quantitative analysis and

policy experiments. Section 6 concludes.

2 Empirical Evidence

This section documents two empirical regularities that motivate the model. First,
cross-border royalty payments respond differently to geopolitical distance than mer-
chandise trade. Second, the relationship between geopolitical distance and royalty
payments varies systematically with the strength of IPR protection in the destina-
tion country. These patterns are informative because royalty payments arise from
formal licensing agreements and are therefore especially exposed to the enforceability
of cross-border contracts.

Our data cover bilateral flows among 43 countries over 2007-2021. Merchandise
trade data are from BACI-CEPII, and royalty and license fee flows are from the OECD



International Trade in Services statistics. Geopolitical distance, denoted by GF;;, is
the ideal-point distance between countries ¢ and j in United Nations General Assembly
voting, following Bailey, Strezhnev, and Voeten (2017) and Airaudo et al. (2025). We
use the post-2007 average of this measure to capture persistent differences in political
alignment. IPR protection is measured by the International Property Rights Index
and normalized to lie between zero and one.

We estimate gravity equations for merchandise exports and royalty payments using
Poisson Pseudo-Maximum Likelihood (Yotov et al., 2016). The baseline specification

1S

pije = E[Yiji | Xiji] = exp|[Bilog GPyj + B2 (log GPy; x IPRy)

(1)
+ X8+ b + V5

where Y;;; denotes either merchandise exports or royalty payments from country ¢ to
country j in year t. The vector X;;; includes standard gravity controls: log geographic
distance, contiguity, common language, and trade-agreement indicators. Exporter—
year fixed effects ¢;; and importer—year fixed effects 7;; absorb time-varying country
characteristics and multilateral resistance terms. The standalone IPR term is ab-
sorbed by the importer—year fixed effects.

The coefficient 3; captures the association between geopolitical distance and bi-
lateral flows when the interaction is omitted. With the interaction, the geopolitical-

distance elasticity of expected bilateral flows is

0log pijt

Ear(IPR;) = Olog GP;;
ij

= b1 + B2l PR;. (2)
Thus, B measures how the elasticity with respect to geopolitical distance varies with
destination-country IPR protection.!

We interpret the estimates as conditional associations rather than causal effects.
Political alignment and bilateral economic relationships may co-evolve, and exporter—
year and importer—year fixed effects do not absorb bilateral time-varying confounders.
The purpose of the exercise is to document the differential sensitivity of trade and

royalty payments to geopolitical distance.

IThe interaction coefficient is not, by itself, a cross-partial derivative of the level of expected
flows. The cross-partial derivative of p;;; depends on the predicted conditional mean and on both

B1 and Bs.



Table 1: Geopolitical Distance, IPR Protection, and Bilateral Flows

No Interaction With Interaction
Trade  Royalties Trade Royalties
Log Geopolitical Distance -0.034***  0.149*** | -0.169*** -0.536***
(-3.47) (7.00) (-7.59) (-11.28)
Geo x IPR - - 0.225*** 0.916***
(7.09) (14.14)
FTA/WTO 0.460*** 0.097* 0.452%** 0.211%**
(16.43)  (2.01) | (16.02) (4.47)
Log Distance -0.596***  -0.350*** | -0.601*** -0.331%**
(-55.33)  (-16.17) | (-55.94) (-14.70)
Contiguity 0.558***  -0.145* 0.571*** -0.096
(19.93)  (-2.25) | (20.32) (-1.45)
Common Language 0.079** 0.107 0.080** 0.047
(2.66) (1.87) (2.69) (0.83)
Observations 25,284 27,090 ‘ 25,284 27,090

Notes: PPML estimates with exporter—year and importer—year fixed effects. ¢ statistics are in
parentheses. Implied geopolitical-distance elasticities at different percentiles of IPR protection are
computed as linear combinations of the coefficient on log geopolitical distance and the Geo x IPR
interaction; standard errors use the full variance—covariance matrix of these estimates.

*p < 0.05, **p < 0.01, **p < 0.001.

Table 1 reports the results. Columns 1 and 2 omit the IPR interaction. Geopoliti-
cal distance is negatively associated with merchandise trade but positively associated
with royalty payments. The positive coefficient for royalties should not be interpreted
as evidence that geopolitical distance raises technology diffusion. Royalty payments
combine a licensing price and a quantity of compliant technology use. A deterio-
ration in geopolitical relations may reduce compliant adoption while increasing the
compensation innovators require to license technology abroad.

Columns 3 and 4 allow the association with geopolitical distance to vary with
destination-country IPR protection. For both trade and royalties, stronger IPR pro-
tection makes the geopolitical-distance elasticity more positive. The gradient, how-
ever, is much larger for royalty payments. The estimated interaction is 0.916 for
royalties, compared with 0.225 for merchandise trade. This difference suggests that
institutional protection is especially relevant for transactions involving formal tech-
nology licensing.

The magnitudes are economically meaningful. For royalties, the implied geopolitical-

distance elasticity increases from approximately —0.03 at the 25th percentile of IPR



protection to 0.10 at the median and 0.28 at the 75th percentile. For merchandise
trade, the corresponding elasticities remain close to zero, increasing only from ap-
proximately —0.05 to —0.01 and 0.03. Thus, the sensitivity of royalty payments
to geopolitical distance varies substantially with destination-country IPR protection,
whereas the analogous variation for merchandise trade is modest.

The estimates point to two robust empirical patterns. First, royalty payments
and merchandise trade differ in their conditional relationship with geopolitical dis-
tance. Second, the royalty-distance relationship varies with destination-country IPR
protection. Together, these patterns suggest that geopolitical conditions are reflected
not only in the movement of goods, but also in legally mediated transactions over
technology.

This interpretation has limits. The reduced-form evidence cannot distinguish
whether changes in royalty payments arise from licensing prices, compliant technology
adoption, or both. It also does not require contractual enforcement to be the only rea-
son royalties differ from merchandise trade. The structural model developed next uses
these facts as discipline while separating the price, adoption, and market-size margins

through which geopolitical frictions shape technology diffusion and innovation.

3 Model

Guided by the empirical patterns, we develop a model in which geopolitical tensions
affect the enforcement of international licensing contracts and, through them, the
allocation of technology across countries. There are M countries in the world economy,
indexed by 7, n, and m. Time is discrete and indexed by ¢.

Each country is populated by four types of agents. Final-good producers op-
erate under perfect competition and combine traded intermediate varieties into a
homogeneous consumption good. Intermediate-good producers are monopolistically
competitive firms that use labor to produce differentiated varieties. Intermediate
varieties are internationally traded and are subject to iceberg trade costs. Innova-
tors invest in R&D to create new technologies, while adopters invest resources to
implement these technologies and produce new varieties. The interaction between
innovators and adopters is governed by Nash bargaining over licensing agreements,

which determines royalty payments and the extent of legitimate technology transfer.
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3.1 Households

Each country is inhabited by a representative household that maximizes lifetime util-

ity,
Un,t - Z ﬁs_t ln(Cn,s>7 (3>
s=t

where 3 denotes the discount factor and C,, ; is consumption in country n at time s.
The household faces the budget constraint

PoiChi+ PpiBpisv1 = WLy + Hallt + Py Ry By (4)

n,

where P, ; is the aggregate price index, W), ; is the wage rate, L, ; is the labor endow-
ment, Hf;“t denotes aggregate profits from all firms owned by the household, and B, ;
represents holdings of a one-period risk-free bond that pays the gross interest rate R;.
The representative household consumes, saves through bond holdings, supplies labor

inelastically, and owns all firms operating in the economy.

3.2 Final Production

In each country, there is a final good Y, ; produced under perfect competition with a

constant elasticity of substitution (¢ > 1) production function

M T ¢ o 1
Yn,t = Z / xm',t<j>T dj ) (5)
i=1 70

where z,;:(j) is the amount of intermediate input j demanded by country n and
produced by country ¢ at time ¢, and 75, is the mass of intermediate goods produced

in country 7. This yields the demand for intermediate goods:

i) = (290 T Q
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where pp;:(j) is the price paid in country n for intermediate input j produced by

country ¢. The aggregate price index is

1

1—0o

P, = (Zl/o N Pait(5)' 7 dj) . (7)

3.3 Intermediate Production

There is a continuum of monopolistically competitive intermediate producers. A

producer in country n produces variety 7 with a linear technology

Yn,t (j) - Qn,tln,t (])7 (8)

where €2, ; is country-specific productivity and [,,;(7) is labor hired by the firm. Given

input demand, an intermediate producer in country n maximizes

T () = me,t(j)xm,t(j) — Wl (7)), (9)

where ;,+(j) is demand in destination ¢ for a variety produced in origin n.

3.4 International Trade

Intermediate goods are traded internationally. Trade is costly because of iceberg trade

costs d; ¢, which are parameterized as

diny = (dS)™ ()" . (10)

This specification separates trade barriers into geographic distance, d$,
P
n,t?

and geopolit-
ical distance, d allowing the model to discipline the responsiveness of trade flows
to both measures. The import share in country n accounted for by intermediates

from country i is

Q7T (Wigdpie)' ™7

— —0o (11)
Z%ﬂ Q;7t1Tm,t (Wm,tdnm,t)l

Snit =
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3.5 Innovation

In each country n, innovators invest H*, units of final output to introduce new ideas

or technologies. The number of new technologies invented is

R
n7

5R
H
AZy, = Anzggt< Y/t> , (12)

t

where AZ,,, = Z 411 — Zn, and Z,; is the stock of technologies invented in country
n. The term \,ZY, represents innovation efficiency, where A, is a country-specific
innovation productivity parameter and Z;’;, captures global knowledge spillovers. In

particular,

M
Ly = Z’Vm’Zi,t, (13)
i=1

where v,; € [0,1] is an exogenous weight that reflects the ease with which ideas

from country ¢ diffuse to country n. Thus, Z%, measures the global knowledge pool

n,t
accessible to country n at time ¢, before considering adoption for production.
The term V; = S |V, is world output, and 8% € (0,1) reflects diminishing

m=1

returns to innovation. An innovator in country n chooses HE, to maximize
R
Vn,t (Zn,t—l—l - Zn,t) - Pn,tHn,ta (14>

where V), ; is the value of an innovation. Ideas are blueprints that can be used in the

production of differentiated intermediate goods only after adoption.

3.6 Adoption and Technology Licensing

This subsection describes how foreign technologies enter production and generate roy-
alty payments. Firms in destination country ¢ invest resources to adopt technologies
invented in origin country n. Upon successful adoption, the adopter uses the tech-
nology in production and enters a licensing contract with the innovator. Because
enforcement is imperfect, the stock of technologies used in production need not coin-
cide with the stock of technologies that generate royalty payments. We first describe

adoption and then characterize licensing contracts and their enforcement.
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Adoption. For each origin—destination pair (i, n), adoption is represented by a con-
tinuum of potential adoption opportunities. In the symmetric equilibrium, individual
adoption outcomes aggregate to deterministic origin—destination stocks. Let A, de-
note the stock of technologies invented in country n that have been adopted for use
in country ¢ by date t. This is the production-relevant adoption stock.

A

Adoption is costly and uncertain. Adopters in country ¢ invest Hj,, units of

]

final output to adopt technologies invented in country n. The probability that an

unadopted technology from n is successfully implemented in i is

H /8
_ in,t
m,t — Cin ]*,7 5 L)
€ )t € ( 7 ) ( )

where €, is the adoption productivity parameter and 84 € (0, 1) captures diminishing

returns to adoption.

The adoption stock evolves according to
A142'71,15 = €int (Zn,t - Ain,t) y (16)

where Z,,; — A, is the mass of technologies invented in n that have not yet been
adopted in 7. Equivalently, €;,; is the fraction of the remaining unadopted stock that
is implemented in period t.

The production-relevant technology stock in country ¢ is the sum of all technologies

adopted for use in country i:

M
E,t = Z Ain,t- (17)
n=1

Technology Licensing. Upon successful adoption, the adopter uses the technology
to produce a differentiated intermediate good and pays the innovator for the right to
use it. We model licensing as a fixed-rate profit-sharing contract. For technologies
invented in country n and adopted in country ¢ at date t, the adopter pays the
innovator a royalty share 7, of flow profits m;,;. The royalty share is determined
when the contract is signed and remains fixed for that adoption cohort. Thus, all
technologies from the same origin—destination pair adopted at date t face the same

royalty share n;,, for as long as their licensing relationships remain compliant.
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In the symmetric equilibrium, individual licensing outcomes aggregate to deter-

ministic origin—destination royalty-paying stocks. Let Afn,t denote the subset of
technologies invented in n, adopted for use in 4, and still associated with compliant
royalty-paying licensing relationships at date t. Newly adopted technologies enter this
stock when their licensing contracts are signed. Existing royalty-paying relationships

remain compliant between ¢ and ¢ + 1 with probability 1 — ¢, 141, where

¢m,t+1 =9 (dgz,H-la IPRi) (18)

is the probability that a royalty-paying licensing relationship becomes non-compliant.

Hence,
Al i = (Aingsr — Aing) + (1 — Ginas1) Al - (19)

A non-compliant relationship no longer generates royalty payments, but the technol-

ogy remains in production. Thus, A;,; governs production and remaining adoption

L
in,t

Because contracts are signed when technologies are adopted, different adoption

L
in,t

opportunities, while A , governs royalty payments.

cohorts may carry different royalty shares. Let A;, ,(7) denote the mass of technologies
invented in n, adopted in ¢ at date 7 < ¢, and still compliant at date ¢. Define the
average royalty claim on the production-relevant adoption stock as

1 L
A, Z Min,r Ain 1 (T). (20)

T<t

Lin,t =

This object is the royalty claim per unit of the total adopted stock A;,;, not the
average royalty share among compliant technologies only. The normalization is useful
because all adopted technologies enter production, including those that no longer
generate royalty payments.

The royalty share 7, is determined by Nash bargaining at date ¢, given the eco-
nomic and enforcement conditions prevailing at that date.? The bargaining problem

18

] o 1—pin
M € arg max (VA ()" (VS () (21)

2This follows the idea in Benhabib, Perla, and Tonetti (2017).
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where p;, is the innovator’s bargaining power, and VZL“?OV and Vgﬁof’t denote the
continuation values to the innovator and adopter from licensing a newly adopted
technology at date ¢.?

Geopolitical tensions affect the bargaining problem through enforcement risk. We
assume 0¢/dd}, , > 0 and dp/0IPR; < 0: greater geopolitical distance raises the
probability of non-compliance, whereas stronger IPR protection lowers it. The en-
forcement risk relevant for bargaining at date t is the one anticipated under date-t
conditions. Tt affects the continuation values in equation (21) and therefore the roy-
alty share negotiated for the new cohort. Once the contract is signed, however, the
royalty share for that cohort is fixed. Later changes in geopolitical conditions affect
future contracts, but not the royalty shares on existing ones.

For a newly negotiated contract at date ¢, the innovator’s value satisfies

Pn t
> 1 — &, VInnov
RtPn7t+1 ( ¢7/n7t) in,t+1

= Nint Tin,ta (22)

Innov __
V;n,t — nin,tﬂ-in,t +

where Y, ; is the discounted value of the compliant profit stream associated with the
newly signed contract.

The adopter’s value when the contract remains compliant is

P,
Ad t Ad
Vi = (1 = i) Tins + =5 [(1 — Gint) Vimo! + GinaVinses
RiPij1q
= (L= int) Tinge + Tin 5, (23)
where T?;fch denotes the continuation value associated with non-compliance. If non-

compliance occurs, the adopter keeps using the technology and receives the full profit
flow:
Py

Breach __ s Breach
‘/;;n,t - ﬂ-in:t + R P V;n,t+1 ' (24)
td i, t+1

Both T, ; and T%‘"ft’“h are determined by the profit stream m;,; and the enforce-
ment hazard faced by the newly negotiated contract. These objects summarize the

conditions under which the date-¢ contract is signed.

3In the symmetric equilibrium, all technologies from origin n adopted in destination i at date ¢
face the same royalty share 7, +.
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Royalty Fee. Solving the Nash bargaining problem in equation (21) yields

Breach
n,t

Tin,t

The royalty share consists of the standard Nash-bargaining component and an addi-
tional term that compensates the innovator for the adopter’s breach option. A higher
breach probability raises the value of this option and therefore increases the royalty
share negotiated for technologies licensed at date t. Importantly, this repricing applies
only to newly negotiated contracts. Existing contracts continue to pay the royalty
share fixed at the time they were signed, so aggregate royalty payments reflect both
current royalty rates on new technologies and the inherited royalty shares of older

contract vintages.

Royalty Payments. Royalty payments are generated only by adopted technologies
whose licensing contracts remain compliant. Because royalty rates are fixed at the
time of adoption, aggregate royalty payments depend on both current royalty rates
and the surviving stock of older contract vintages.

The vintage representation of the average royalty claim is

1
| Mhint (Am,t - Ain,t—l)

int =
' A’in,t

t—1 s
+ Z Nint—s H (]- - d)in,t—k—i-l) (Ain,t—s - Ain,t—s—l)
s=1 1

k=

t
+ Nin,o0 H (1= Ging—rs1) AL o |- (26)
k=1

The first term is the royalty claim on the newly adopted cohort. The second term is
the surviving royalty claim on older adoption cohorts, whose contracts were negotiated
under past royalty rates. The third term is the surviving royalty claim on the pre-
existing compliant stock.

Aggregate royalty payments from destination country ¢ to innovators in origin

country n are

RPin,t - 'Cin,tAin,tﬂ-in,t- (27)
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Equivalently, if II; , = T; ;m; + denotes aggregate intermediate-good profits in country

7 and technologies used in ¢ earn common flow profits, then

Ain
RPiy = Lins ( ’t) 10, (28)

The average royalty claim evolves recursively according to

Am
+ Lint (1 — Gingt1) A—ttl
m,t+

Ain,t—‘rl - Ain,t

29
Ain i1 (29)

ﬁm,tﬂ = Nin,t
The first term is the royalty claim on the newly adopted cohort, which is initially
compliant and pays the current royalty rate 7;,:. The second term is the surviving
royalty claim on older cohorts, scaled by contract survival and by the share of the
current adopted stock inherited from the past.

This recursive representation separates the production-relevant adoption stock
A;n from the royalty-paying component embedded in £;,;. An increase in geopo-
litical distance raises royalty rates on newly negotiated contracts immediately, but
aggregate royalty payments adjust gradually because older contract vintages survive
until breach. Thus, royalty payments respond through both a price margin, captured
by 7in, and a compliant-quantity margin, captured by the survival of legal claims in
Lint.

3.7 Optimal Innovation and Adoption

Before an invention is adopted, its value to the innovator is

1 P
Tt = — = (e Vartdd 4 (1= €ing) ity - (30)
Ry Py q

With probability €;,,, the invention is adopted next period and gives value Vigf?ji‘{.

Innov

With probability 1 — €;,, it remains unadopted and gives continuation value J;%%.

The value of an unadopted invention to an adopter is

L By

Adopt A
J; = — i,thin,t + _P— €in,t
Ry Py

wmn,t

Ado Ado
Vm,t+plt + (1 - Em,t) Jm,tf{] ) (31)

where h2

in.t 18 the investment required to adopt one technology.

Summing equation (30) across adopting countries gives the total value of an inno-
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vation invented in country n:
M
Vie =D Tt (32)

i=1

In a symmetric equilibrium, every technology generates the same value and aggre-
gation leads to the first-order conditions for innovation and adoption. The first-order

condition for optimal innovation is
antHTIL%,t = 5R (Zngs1 — Zng) Vg (33)
Using equation (31), the first-order condition for optimal adoption is

-Pi o o
IDZ th‘zn t — 61461'”775 R P'7t (‘/zﬁ(ierlt Jz?ftff) (34)
td 1 t+1

Total adoption expenditure is

HA _hA

wn,t in,t

(Znt — Aint—1) - (35)

3.8 Market Clearing Conditions

The final good is used for consumption, innovation, and adoption. Output market

clearing in country n implies

Yy, = nt+HRt+Z o (36)

Labor is supplied inelastically and used for intermediate-good production. Labor-

market clearing in country n implies

xm tdzn ,t
nt_zzl:Tnt Qnt ) (37>
o M
———WaiLns = 2; SinaPiaYi- (38)
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Balance of payments requires that net export value equals net royalty payments:

; S?ZFP:;? Z RP,; = ; % + ; RP;, ;. (39)

The left-hand side collects country n’s goods-export revenues and royalty receipts
from foreign destinations. The right-hand side collects country n’s goods-import

payments and royalty payments to foreign innovators.

3.9 Equilibrium

Given the initial vector {A;, 0, AZ

0y Linoy Znolt, an equilibrium is a sequence of aggre-

gate prices and wages { P, ¢, Wy.t, R }22,, intermediate-good prices and royalty rates

{Pint, Nint )20, value functions {V;}:2,, where

in,t in,t in,t )y “Yangt » Yangt

Adopt Adopt
Vt = {V op VInnov VBrcaCh J op JInnov v }

profits and allocations {II,,;, RP;, ¢, Y, HE HA

n,t? in,t?

L
{Ain7t+1’ Az’n,t—i—l? ‘C’in,t-i-lv Zn,t+1}fi0 such that:

Sint 112, and technology stocks

(i) {Am,t+1,AiLn,t+1,£m,t+17 Zn i1}, satisty equations (16), (19), (29), and (12);

(ii) Given prices, household allocations maximize utility in equation (3) subject to

the budget constraint in equation (4);
(iii) Given prices, final-good producers solve their problem, yielding equation (6);

(iv) Given prices, intermediate-good producers solve equation (9) subject to demand

in equation (6);

(v) Given prices, innovators and adopters solve their problems, consistent with
equations (33) and (34);

(vi) Royalty rates are determined by Nash bargaining in equation (21);
(vii) The feasibility condition in equation (36) is satisfied;

(viii) Prices clear all markets in equations (37), (38), and (39).
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3.10 Balanced Growth Path

We define the balanced growth path (BGP) as an equilibrium in which aggregate vari-
ables grow at a common constant rate and relative objects are stationary. Throughout
this section, hats denote stationarized variables and stars denote their stationary BGP
values. The BGP is characterized by a stationary vector of relative technology stocks

{T*} and a common growth rate g*. The pair (¢*, {T7}) solves

*T*_i/[: e;kn A ZA;U* (Hylj*)BRT*:ZA ( *6*)T*
g [ E;kn _|_g* n T* ?* n — in\g 3 n:
n=1 \ , n n

adoption factor

Equivalently,

where A(g*) collects adoption intensities and innovation productivity evaluated at the
stationary allocation. Given the stationary allocation, A(g*) is nonnegative. Under
indecomposability, the Perron—Frobenius theorem implies a unique positive dominant
eigenvalue and an associated positive eigenvector.

This representation highlights the two objects that determine long-run technology
diffusion and growth. Adoption intensities €}, govern how quickly technologies diffuse
across countries, while innovation effort H®* governs how quickly new technologies
are created. The next section studies how geopolitical fragmentation affects these
margins through market size, contractual enforcement, and the pricing of technology

licenses.

4 Mechanisms

This section uses the model to clarify how geopolitical fragmentation affects technol-
ogy licensing, innovation, and growth. We first study equilibrium objects along the
balanced growth path, where relative technology stocks, adoption intensities, royalty
rates, and R&D allocations are stationary. We then use a two-country version of
the model to illustrate the general-equilibrium forces that are not analytically signed
in general. Finally, we return to transition dynamics, where licensing relationships
formed under different geopolitical conditions coexist and aggregate repricing is grad-

ual.
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There are two channels. The first is a market-size channel: higher trade frictions
reduce adopter profits and shrink the scale over which technologies can be profitably
adopted and licensed. The second is a contractual-enforcement channel: higher geopo-
litical risk raises the probability that a licensing relationship becomes non-compliant
and induces royalty repricing. These channels affect different margins of the model

and need not move innovation in the same direction.

4.1 Royalty Pricing and Contract Repricing

We begin with the pricing of licensing contracts. Along the BGP, a newly negotiated
contract between an innovator in country n and an adopter in country ¢ has royalty

share
nin - P )
1 - Ba

where S = /(1 + g) is the growth-adjusted discount factor.

(40)

Proposition 1 (Contract repricing under geopolitical risk). Along the balanced growth

path, newly negotiated licensing contracts reprice in response to enforcement risk:

D0 > 0.

Consequently, conditional on IPR protection, higher geopolitical distance raises royalty

rates in newly negotiated licensing relationships.

Proof. Differentiating (40) with respect to ¢, yields

377m ﬁG
= > 0,

since p € (0,1) and S € (0, 1). O

The proposition isolates the contract-repricing force. Higher geopolitical risk re-
duces expected enforceability, so newly negotiated contracts compensate the inno-
vator with a higher royalty share. This price response is distinct from technology
diffusion. Royalty payments combine the royalty share with the mass of relationships
that remain compliant. Along the BGP,

Ain _

g
RPzn = Tin—F77— 5
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where m = 1/(0—1). Equation (41) shows why observed royalty flows are not a direct
measure of technology diffusion. Higher enforcement risk raises the price of licensing
through n;,, but it also reduces the expected duration of royalty-paying relationships
through g/(g+ ¢s). Thus, geopolitical fragmentation can increase royalty rates while

reducing compliant technology use.

4.2 Surplus Splitting

Contract repricing has a useful implication for surplus division. Although enforcement
risk changes the royalty rate, it does not change the division of contractual surplus

conditional on successful adoption along the BGP.

Proposition 2 (Balanced-growth surplus allocation). Along the balanced growth path,

W (42)

m

Vin = (1= p) v, (43)

Hence, conditional on successful adoption, equilibrium surplus shares are independent

of breach risk.

Proof. Using (40) in the innovator value function,

I m’szz
Uin = TNin .
Substitution yields
v

in — P75 = PUiy-
1 - Ba
The adopter value follows analogously. O]

Proposition 2 shows that, on the BGP, royalty repricing offsets the direct effect of
enforcement risk on the contractual surplus split. This does not imply that enforce-
ment risk is irrelevant for innovation. Rather, its effects operate through equilibrium
changes in adoption, market size, wages, and technology allocations. This distinction
separates the pricing of a contract from the general-equilibrium environment in which

adoption and innovation decisions are made.
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4.3 Innovation Reallocation and Long-Run Growth

We now turn from individual licensing contracts to innovation incentives. The value
of an innovation developed in country n aggregates the value of having that innovation

adopted across destination markets:

T, .
Tn ﬁGein I
= - , 45
T 1~ el — ) ™ 45)
Tn BGEin mszl

=Tl Be(l - ) " T= Bl — )’ (46)

Equation (46) identifies the margins through which geopolitical conditions affect
innovation values. A single geopolitical shock can move these objects in opposing
directions. Higher enforcement risk raises royalty rates through repricing, but may
reduce compliant licensing relationships and adoption incentives. Higher trade fric-
tions reduce destination profits and the market available to foreign technologies. Be-
cause these margins adjust jointly in general equilibrium, the sign of the innovation
response is not analytically determined in general.

We therefore use a two-country economy to illustrate the equilibrium forces. This
exercise is not a separate model; it is a restriction of the multi-country environment
that makes the mechanisms easier to see. Countries are identical except for innovation
productivity and institutional quality: country 1 has higher innovation productivity,
A1 > Ao, and stronger intellectual property protection, IPR; > IPRy. Country 1 is
the technological leader and country 2 is the follower. The key adoption margin is
€21, adoption in country 2 of technologies developed in country 1, which captures the
foreign market available to frontier technologies.

Figure 1 isolates contract repricing by comparing an increase in breach risk under
endogenous royalty rates with a counterfactual in which royalty rates are fixed.

Under endogenous repricing, higher breach risk reallocates innovation toward the
technological leader: country 1’s R&D rises while country 2’s R&D falls, and relative
wages, technology stocks, and innovation stocks increase. When royalty rates are
fixed, innovators cannot adjust contract terms in response to higher enforcement

risk, and the same shock has different implications for growth and the allocation of
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Figure 1: Higher breach risk with endogenous royalty repricing and fixed royalty

rates.
innovation. The comparison shows that royalty repricing is part of the economic
mechanism, not only an accounting adjustment.

Figure 2 compares the market-size and enforcement channels directly by contrast-
ing an increase in the market-size friction d with an increase in enforcement risk
0.

The market-size channel reduces the profitability of adoption in country 2, shrink-
ing the foreign market for country 1’s technologies. As a result, HF¥/Y™ declines,
HE/Y™ rises, Ty /T declines, and Z;/Z5 declines. Growth falls because innovation
shifts away from the more productive innovator. The enforcement channel gener-
ates the opposite reallocation: with endogenous repricing, higher enforcement risk
shifts innovation toward the technological leader and raises relative wages, technol-

ogy stocks, and innovation stocks.

Remark 1 (The enforcement channel under alternative royalty payment schedules).
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Figure 2: Market-size

The opposite-sign responses in Figure 2 are specific to the contracting structure of
the model. A model with fized licensing terms or no contractual enforcement friction
cannot generate a reallocation of RED toward the leader through enforcement risk

alone; higher enforcement risk would reduce innovation returns through the quantity

margin.

and breach channels in the two-country economy.

the direction of the enforcement channel.

channel dominates in the calibrated economy is a quantitative question addressed in

Section 5.

Along the BGP, global growth is

26
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Endogenous repricing therefore changes not only the magnitude but also

Whether the enforcement or market-size



Differentiating with respect to a geopolitical parameter x gives

99 pe g ORE

The growth effect depends on how geopolitical fragmentation reallocates equilibrium
R&D across countries. Growth rises when R&D moves toward locations with suf-
ficiently high marginal innovation productivity and falls when R&D moves away
from those locations. In the calibrated economy studied below, the R&D response
is market-size dominant: fragmentation lowers frontier R&D and reduces the BGP

growth rate.

4.4 Transition Dynamics and Contract Vintages

The preceding results describe stationary allocations. Along a BGP, all active licens-
ing relationships are governed by the same stationary environment: newly negotiated
contracts and surviving contracts face the same enforcement risk and the same royalty
schedule. In that case, repricing is complete. This is why Propositions 1 and 2 imply
that enforcement risk affects royalty rates but does not directly alter the contractual
surplus split conditional on successful adoption.

A transition after a geopolitical shock has an additional state variable: the vin-
tage composition of licensing relationships. New adoption cohorts are priced under
the new geopolitical environment, while older cohorts remain governed by royalty
shares negotiated before the shock until those relationships become non-compliant.
Aggregate royalty claims therefore adjust more slowly than newly negotiated royalty
rates. This matters for innovation because firms choose R&D based on the value of
a new blueprint, which depends on future adoption, profits, and royalty payments.
Even when new contracts reprice immediately, the aggregate state variables that
shape adoption and innovation incentives inherit past contractual conditions.

This gradual adjustment is captured by the law of motion for the compliant stock,
derived in Section 3:

Al = (Aingsr — Aing) + (1= inerr) Al .

)

The first term is the new adoption cohort, whose contracts are negotiated under
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current conditions. The second term is the surviving stock of older compliant rela-
tionships, whose royalty shares were set when those cohorts were adopted.
The same vintage logic applies to the average royalty claim L, ;. Its law of motion

18

Ain,t—‘rl - Ain,t

Ain,t—i—l

Ain,t

Ain,t—i—l

Lint+1 = Nint + Lint (1 — Gint1)

The first term applies the royalty share negotiated for the current adoption cohort.
The second term carries forward surviving claims from earlier cohorts, weighted by
contract survival and by the inherited share of the adoption stock. Thus, 7;,; can
jump with the shock, whereas L;,,; adjusts gradually.

This vintage structure implies a gap between newly negotiated royalty terms and
the average royalty claim embedded in the aggregate state. After a permanent geopo-
litical shock, newly formed licensing relationships are priced under the new enforce-
ment environment. Existing compliant relationships, however, continue to reflect the
terms negotiated when those cohorts were adopted, as long as they remain compliant.
As aresult, the average royalty claim £;, ; need not jump one-for-one with the royalty
share on new contracts, 7.

The speed of adjustment depends on the composition of active relationships. When
new adoption accounts for a large share of the active stock, the average claim moves
quickly toward the terms faced by newly negotiated contracts. When instead most
active relationships are inherited from the past, and when those relationships remain
compliant for longer, past contractual terms continue to matter for aggregate royalty
claims. In this sense, contract vintages make the transition more gradual than the
adjustment of newly negotiated royalty rates alone.

This mechanism links the stationary analysis to the quantitative transition exer-
cise. The BGP characterizes the allocation once all active relationships are priced
under common stationary conditions. During the transition, aggregate royalty claims
reflect both newly repriced contracts and surviving contract vintages. The quan-
titative model evaluates how this gradual repricing interacts with adoption, wages,

technology stocks, R&D, growth, and welfare during the adjustment.
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5 Quantitative Analysis

We now use the quantitative model to study how geopolitical fragmentation affects
trade, technology diffusion, innovation, growth, and welfare. This exercise is needed
for two reasons. First, the theoretical results identify the main forces in the model,
but their aggregate importance is ambiguous because the enforcement and market-size
channels push innovation incentives in different directions. Second, geopolitical shocks
unfold along transition paths. During the transition, new licensing relationships are
priced under the new geopolitical environment, while older relationships continue to
reflect the terms negotiated before the shock as long as they remain compliant. As a
result, aggregate royalty claims, adoption, and innovation incentives adjust gradually
rather than jumping immediately to their new balanced-growth values.

The counterfactual exercises therefore serve two purposes. First, they trace the dy-
namic effects of geopolitical fragmentation on trade, royalty flows, innovation, growth,
and welfare. Second, the decompositions in the Appendix isolate the enforcement and
market-size channels by shutting down each in turn, allowing us to quantify their rel-
ative contributions to innovation reallocation and welfare effects. The quantitative
analysis complements the analytical results by measuring the strength of the mecha-
nisms and their interaction along the transition.

We calibrate the model to bilateral trade flows, royalty payments, R&D intensities,
patent stocks, citation flows, and standard gravity variables across eight regions over
20002020, treating this period as the pre-fragmentation calibration window. We then
study a counterfactual increase in US-China geopolitical rivalry beginning in 2021,
so that post-2020 dynamics are generated by the model rather than used to discipline
the pre-shock calibration. The analysis traces the implications for trade, technology
adoption, innovation, growth, and welfare. Welfare is measured in consumption-
equivalent units.

We then apply our theory to study export controls as restrictions on international
technology adoption. We first consider a government that maximizes household con-
sumption and then extend the analysis to allow governments to value technological
leadership in addition to consumption. The algorithm used to solve for the balanced

growth path and transition dynamics is described in the Appendix.
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5.1 Calibration

The calibration disciplines the quantitative model with three sets of moments: (i)
directly observed country-level aggregates, (ii) gravity-based estimates of trade and
technology-diffusion frictions, and (iii) moments governing innovation, licensing, and
transition dynamics. Table 2 reports the common calibrated parameters, while Ta-
ble 3 reports the region-specific objects. The mapping between parameters, initial
states, and targeted moments is summarized in Table 4. The main paper reports the
objects needed to understand the quantitative exercises and the link between the the-
ory and the calibrated economy. The Appendix provides the full parameter mapping,

bilateral matrices, and estimation details.

Directly observed objects. We use national accounts and the World Develop-
ment Indicators to measure GDP, population, expenditure shares, labor endowments,
and R&D expenditures. Patent stocks are constructed using a perpetual-inventory
method with a depreciation rate of 15 percent. Geographical distance comes from
CEPII, while geopolitical distance is measured using ideal-point distances in United
Nations voting. The elasticity of substitution across varieties, the discount factor,
and the bargaining parameter are set to values standard in the quantitative trade
and growth literature; these common parameters are reported in Table 2. Labor
endowments, productivity, innovation efficiency, and IPR enforcement vary across

regions and are reported in Table 3.

Trade, technology diffusion, and breach risk. Bilateral trade frictions are dis-
ciplined using structural gravity. In particular, trade shares identify bilateral iceberg

costs of the form
din = (d5)" (d)"", (49)

where d$ denotes geographical distance and df denotes geopolitical distance. The
estimated trade-politics elasticity, x”, governs the strength of the market-size channel
and is reported in Table 2.

Technology diffusion is disciplined using bilateral patent citation flows from INPACT-
S. The fitted bilateral component of a citation gravity equation is mapped into adop-
tion intensities €;,, which determine the probability that country ¢ adopts technologies

developed in country n. These adoption probabilities are the key objects governing
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the effective foreign market for licensable technologies.

Breach risk is parameterized as

Ounldf &) = (1= &) [1 = exp (1= () )] . (50)

where &, captures IPR enforcement in the adopter country. Geopolitical distance
raises breach risk, while stronger IPR enforcement lowers the maximum attainable
breach probability. The enforcement parameters &, are reported in Table 3, and the

elasticity x?, which governs the strength of the breach channel, is reported in Table 2.

Innovation and licensing. Innovation parameters are disciplined using R&D ex-
penditures, patent stocks, and growth moments. Country-specific innovation effi-
ciency A, governs how R&D effort translates into new technologies and is reported
in Table 3, while the curvature parameter 4% and innovation scale « are reported in
Table 2. The remaining parameters and initial states are chosen to match bilateral

technology flows, royalty payment shares, and transition dynamics, as summarized in
Table 4.

Parameter Description Value
Ié] Discount factor 0.96
B4 Adoption curvature 0.3843
BE Innovation curvature 0.3843
o Elasticity of substitution 5

p Innovator bargaining weight 0.25
kY Trade-geography elasticity 1

kP Trade-politics elasticity 0.1030
K® Breach-politics elasticity 0.0923
y Innovation scale 1.6227

Table 2: Common calibrated parameters.

Targeted moments and fit. The calibration targets moments that discipline the
model’s main mechanisms: trade shares and productivity for the market-size channel,
citation flows for adoption, R&D and patent stocks for innovation, and royalty flows
for the licensing channel. Table 4 summarizes the mapping between parameters and

targeted moments.
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Table 3: Region-specific calibrated parameters

Parameter Description USA CAN MEX EU CHN JPN  KOR ROW
A Innov. eff. 0.1634 0.0191 0.0092 0.0518 0.1078 0.0748 0.0318 0.0425
L; Labor endowment 1.0000 0.1105 0.3674 1.6440 4.3432 0.4128 0.1607 6.5303
Q; Productivity 0.6219 0.5121 0.3708 0.4570 0.3405 0.5609 0.4628 0.2942
& IPR enforcement  0.9432 0.9709 0.4535 0.7358 0.1597 0.8686 0.8268 0.5368

Parameter or state Targeted moment

Q, Total factor productivity

Ein Average adoption efficiency

An R&D expenditure shares and patenting

v Long-run growth rate

K? Royalty response to geopolitical distance

Aino Transitional growth rates

Lino Royalty payment shares

Table 4: Parameters, initial states, and targeted moments.

The calibrated values of x” and k%, reported in Table 2, are central for interpreting
the mechanism decomposition. The trade-politics elasticity is slightly larger than the
breach-politics elasticity (7 = 0.1030 versus k® = 0.0923), placing the calibrated
economy on the side where market-size effects dominate breach effects.

As external validation, the calibrated model reproduces several untargeted mo-
ments closely: the correlation between model-implied and empirical TFP levels is
0.983, and the correlation for bilateral adoption probabilities is 0.996. The model
also matches cross-country R&D intensities and bilateral royalty payment shares rea-
sonably well. The Appendix reports the full bilateral trade-cost matrices, adoption
matrices, model-versus-data fit tables, and a qualitative royalty-regression validation.
Because the quantitative model aggregates countries into eight regions, the model-
implied royalty regression is not intended to reproduce the country-level elasticities
one-for-one. Instead, the exercise asks whether the calibrated mechanism generates
the same qualitative relationship between geopolitical distance, enforcement quality,

and royalty flows.
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5.2 Counterfactual: Bilateral US—China Fragmentation

We now study the counterfactual in which geopolitical distance between the United
States and China rises permanently.* Figure 3 reports the transition dynamics for
adoption, royalty rates, R&D effort, and bilateral royalty payments following the
shock.

The main effect of fragmentation is a decline in cross-border technology adop-
tion together with endogenous contract repricing. Higher geopolitical distance raises
breach risk and lowers the expected continuation value of international licensing re-
lationships. At the same time, fragmentation reduces the effective market size over
which technologies can be profitably licensed by lowering trade integration and shrink-
ing the scale of foreign adoption. These two forces jointly reduce the value of exporting
frontier technologies internationally.

As shown in Figure 3, China’s adoption of US technologies declines persistently
relative to baseline. Royalty rates nevertheless increase through Nash bargaining as
innovators demand compensation for higher enforcement risk. Fragmentation there-
fore generates a price—quantity wedge in technology flows: contractual prices rise,
but the quantity of technology diffusion falls. Quantitatively, the decline in adoption
dominates, causing aggregate royalty payments to fall over time despite higher royalty
rates.

Figure 3 also illustrates the repricing gap. The newly negotiated royalty rate 7, ¢
responds immediately to the higher breach hazard, while the average legal claim L;,, ;
adjusts gradually because it embeds surviving contract vintages negotiated before the
shock. Thus, royalty payments do not move one-for-one with the new royalty rate:
they reflect both current repricing and the slow replacement of inherited licensing
relationships. This vintage composition is the reason the transition differs from a
direct comparison of the old and new BGPs.

These licensing dynamics feed directly into innovation incentives, as reflected in
the R&D panels of Figure 3. In the United States, lower foreign adoption reduces
the value of exporting frontier technologies and weakens R&D incentives. In China,
reduced access to foreign technologies raises the relative value of domestic innovation
and induces substitution toward internal R&D. Geopolitical fragmentation there-

fore reallocates innovation geographically: research activity shifts toward the follower

4The increase in geopolitical distance d” is calibrated to double breach probability ¢.
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economy while aggregate innovation and growth decline.

The transition also generates asymmetric welfare effects. The reduction in compli-
ant technology diffusion lowers profits and consumption in the United States, while
China partially offsets lower foreign adoption through a reallocation of innovation
toward domestic R&D activity. At the same time, fragmentation narrows the rel-
ative technology gap between the two countries, implying a gradual erosion of US
technological leadership.

Figure 4 summarizes these welfare-relevant outcomes. Relative technology de-
clines as innovation reallocates toward China, while consumption deviations remain
quantitatively modest but persistent.

The counterfactual highlights the interaction between two forces in the model. The
first is a bargaining channel through which higher geopolitical distance raises royalty
rates by increasing breach risk. The second is a market-size channel through which
fragmentation reduces compliant adoption and the scale of international technology
diffusion. Quantitatively, the market-size channel dominates, implying lower adop-
tion, weaker frontier innovation, and lower long-run growth despite higher royalty
rates.

The decompositions clarify the independent contribution of each channel. When
market-size effects are shut down and only breach risk rises, US R&D increases and
Chinese R&D falls; the opposite of what the full model and a market-size-only frame-
work predict. The market-size channel dominates in the aggregate calibrated econ-
omy, but the breach channel determines the direction of R&D reallocation conditional
on enforcement conditions, and generates the welfare asymmetry between the two
countries: under breach risk alone, the leader retains a larger share of innovation
rents rather than losing them to the follower.

The welfare effects of fragmentation also extend beyond the United States and
China. Because innovation and adoption are globally linked, changes in bilateral
technology flows reallocate licensing, trade, and innovation activity across third coun-
tries. Table 5 reports consumption-equivalent welfare changes under the same increase
in geopolitical distance. China experiences welfare gains because a larger share of
innovation rents is retained domestically, while the United States experiences wel-
fare losses due to lower foreign adoption and reduced royalty revenues. Most third
countries experience small negative welfare effects as global technology diffusion and

growth decline.
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Figure 3: Impulse responses for adoption, royalty rates, R&D, and royalty payments
following a permanent increase in US—China geopolitical distance. Dotted lines denote
the baseline transition to the original BGP; solid lines denote the counterfactual path
after the shock.
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Figure 4: Welfare-relevant outcomes of a permanent increase in US—-China geopo-
litical distance. Relative technology declines as innovation reallocates toward China,
while consumption reflects the asymmetric welfare effects of fragmentation.

Table 5: Welfare and Growth Effects of Geopolitical Fragmentation (consumption-
equivalent changes, %)

%AW US-CHN Rivalry (¢ double)

USA -0.133
CAN -0.010
MEX -0.006
EU -0.010
CHN 0.059
JPN 0.001
KOR -0.002
ROW -0.008
NAg -0.017

Notes: The table reports consumption-equivalent welfare changes following an increase in
geopolitical distance, calibrated as a doubling of ¢ between the United States and China.
Positive values denote welfare or growth gains; negative values denote losses. Growth rates
refer to changes in the balanced-growth-path consumption growth rate.
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5.3 Policy Application: Export Controls

The counterfactual treats geopolitical fragmentation as an exogenous increase in bi-
lateral geopolitical distance. We now ask whether a government would choose to
create a similar restriction through policy. This exercise serves two purposes. First,
it distinguishes efficiency motives from strategic motives for restricting technology
transfer. Second, it shows that the welfare implications of export controls depend on
the same price—quantity wedge and innovation-reallocation forces emphasized above.

We analyze unilateral export controls as restrictions on international technology

adoption, modeled as a policy wedge that reduces bilateral adoption intensity:

el = (1= Xin) €in, (51)
where y;, € [0,1] measures the intensity of export restrictions. The analysis de-
livers two results. First, export controls are not optimal when governments value
only household consumption, because restricting technology diffusion lowers aggre-
gate efficiency without offsetting gains. Second, positive export controls can emerge as
optimal when governments value technological leadership in addition to consumption,
because restricting foreign access to frontier technologies affects the future allocation

of innovation activity across countries. We characterize each case in turn.

Consumption-Based Welfare. Under a pure consumption objective, tighter ex-
port controls reduce welfare monotonically. Although royalty rates rise through en-
dogenous contract repricing, the reduction in compliant adoption dominates, com-
pressing the scale over which domestic technologies are used abroad and lowering the
balanced-growth-path growth rate. Figures 5 and 6 illustrate these effects. The

optimal export control is therefore
X" =0.

This result is a direct implication of the market-size channel established in Sec-
tion 3.10. Export controls act as an additional source of market-size contraction,
reducing the effective scale of international technology diffusion beyond what geopo-
litical fragmentation already generates. A government that internalizes the gains from

technology diffusion therefore has no incentive to impose further restrictions.

37



Welfare changes (rel. to no shock)

Consumption Equivalence (%)

45 . . . . . . . . . |
0 0.1 02 03 04 05 06 07 08 09 1

X

Figure 5: Consumption-equivalent welfare effects of export controls.

Notes: Each line reports the consumption-equivalent welfare change for a given region relative to
the no-controls baseline. Higher x denotes tighter U.S. export restrictions on China. Welfare
declines monotonically for all regions as export controls tighten.
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Figure 6: Export controls and the balanced-growth-path growth rate.

Notes: The solid line reports the balanced-growth-path growth rate g*(x) as export-control
intensity x increases. The dotted line reports the growth rate in the no-shock baseline. Tighter
export controls lower the effective scale of international technology diffusion and reduce long-run
growth monotonically.
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This benchmark clarifies the role of the contracting channel in the policy analysis.
Export controls reduce adoption directly through the quantity margin, that is, the
same margin through which the market-size channel operates. Endogenous royalty
repricing partially offsets the welfare cost of reduced adoption by reallocating some
surplus to innovators, but this offset does not reverse the aggregate efficiency loss.
Thus, the model does not provide an efficiency rationale for export controls. It
provides a strategic rationale: restrictions can be optimal only when the planner

values the future allocation of innovation activity, not merely current consumption.

Strategic Objectives and Optimal Export Controls. We therefore extend the

government’s objective to allow for strategic considerations:

W= B'llogCpy+wSnl, (52)

t=0

where S,,; captures the value of technological leadership and w > 0 governs the
weight placed on strategic considerations relative to consumption. When w = 0,
equation (52) reduces to the consumption-based objective and the result above ap-
plies. When w > 0, the government places direct value on the relative technology
stock T}, + /T, +, creating an incentive to restrict foreign access to frontier technologies.

Under a government objective that depends only on household consumption (w =
0), the numerically optimal unilateral export control is x* = 0. When the government
values technological leadership (w > 0), positive export controls can arise in the
calibrated equilibrium. In the numerical exercises below, the optimal export-control
intensity x*(w) is increasing in w and satisfies x*(0) = 0.

The key mechanism is that export controls affect not only current consumption and
technology diffusion, but also the future distribution of technological leadership. By
restricting foreign access to frontier technologies, a government slows the technological
catch-up of rival economies, shifting the long-run allocation of innovation activity in
its favor. This future benefit is absent from the consumption-based objective and
therefore generates no intervention under w = 0.

Figure 7 reports the optimal export-control intensity x* as a function of w under
three retaliation scenarios. In the no-retaliation case, positive controls emerge at
relatively low values of w because the strategic benefit of slowing foreign catch-up is

not offset by bilateral losses. Uncertainty about retaliation raises the threshold value
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of w at which intervention becomes optimal. When retaliation is certain, positive
controls arise only for sufficiently high w because bilateral restrictions compress both
countries’ access to foreign technologies symmetrically, reducing the net strategic
gain.

No iati Uncertain iati Always
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Figure 7: Optimal export-control intensity and strategic concerns.

Notes: Each panel reports the optimal export-control intensity x* as a function of the strategic
weight w in the government objective (52). Left panel: no retaliation by China. Center panel:
uncertain retaliation. Right panel: certain retaliation. The optimal control is zero at w = 0 in all
cases and increasing in w, with the threshold depending on the retaliation environment.

The export-control exercise reinforces the main mechanism of the paper. Because
technology transfer is mediated by licensing contracts, restricting foreign adoption af-
fects both current royalty revenues and the future geography of innovation. The same
contracting channel that shapes the response to geopolitical shocks also determines
whether policy restrictions can shift technological leadership. Without strategic pref-
erences, this channel is not enough to justify intervention; with strategic preferences,
it changes the policy tradeoff.

Two broader implications follow from this analysis. First, export controls in this
model are not a response to market failures or contracting inefficiencies. Private
licensing arrangements are constrained efficient given geopolitical frictions, and there
is no role for intervention on contracting grounds alone. Export controls emerge
solely from government preferences that extend beyond aggregate consumption to
include relative technological standing. Second, because export controls are costly,
as they reduce technology diffusion, lower global innovation incentives, and decrease
the balanced-growth-path growth rate for all countries, the relevant policy question
is whether alternative instruments can achieve the same strategic objectives at lower
efficiency cost. The model suggests that domestic R&D subsidies targeted at frontier

innovation could raise a country’s relative technology stock without compressing the
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bilateral adoption margin, potentially dominating export controls on both efficiency
and strategic grounds. A full characterization of the optimal policy mix between

export controls and domestic innovation subsidies is left to future work.

6 Final Remarks

This paper studies how geopolitical shocks reshape innovation through the contractual
structure of cross-border technology adoption. Many forms of diffusion occur outside
formal licensing, but licensing is the margin where prices are explicitly set and innova-
tion rents are allocated. Recent policy interventions such as export controls, licensing
restrictions, and investment screening, operate directly on these contractual margins,
and the data show that royalty flows are more sensitive than goods trade to geopo-
litical distance, especially where enforcement is weak. This makes licensing a natural
laboratory for studying how political risk feeds back into innovation incentives.

Our quantitative results show that fragmentation reallocates innovation across
countries and lowers BGP growth rates by compressing compliant adoption. The same
price—quantity mechanism governs the welfare consequences of policy interventions.
Under a pure consumption objective there is no role for export controls; intervention
arises only when governments value technological leadership in addition to efficiency.

A central finding is that the breach and market-size channels move innovation in
opposite directions, so their interaction determines both the sign and distribution
of R&D reallocation across countries. Models that omit the contracting channel,
treating licensing terms as fixed or abstracting from enforcement frictions, predict
that fragmentation uniformly suppresses frontier innovation. The present framework
shows that this prediction holds only when market-size forces dominate; when breach
forces dominate, fragmentation can raise innovation effort in the leader and generate
gains for the country initiating restrictions. Understanding which regime applies
requires quantifying both channels jointly, as we do here.

More broadly, when innovation is traded through enforceable contracts, geopolit-
ical frictions propagate through pricing and adoption decisions rather than through
trade volumes alone. Understanding global growth under fragmentation therefore

requires tracking how political risk reshapes the market for technology itself.
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Appendix

A Data

Data Sources The empirical analysis combines multiple international datasets, harmo-
nized at the bilateral-year level. The dataset contains 42 countries and a category called
ROW (Rest of the World). The ROW category aggregates the following variables for all
other countries in the dataset. The 41 countries were identified from the World Input
Output Database (WIOD). Vietnam was added later. The key variables and their sources

are:

e Trade Flows: Annual bilateral trade in current thousand USD, from the BACI
database maintained by CEPII. BACI reconciles export and import declarations in
UN Comtrade to provide consistent and symmetric trade flows. Here, the bilateral
tradeflow_baci ranges from 2000 to 2021. The initially unbalanced dataset was sub-
sequently balanced. Finally, all the NAs were replaced by 0.

e Royalties: Charges for the use of intellectual property (millions USD), from OECD’s
Balanced Trade in Services or BaTIS. These cover payments between residents and
non-residents for the authorized use of intellectual property, including patents, trade-
marks, and industrial processes. Here, the bilateral balanced export data was used
from the year 2005 till 2021.

e Geopolitical Distance: Bilateral ideal-point distance (IPD) based on United Na-
tions General Assembly roll-call voting, following the methodology of Bailey, Strezh-
nev, and Voeten (2017). The scores are derived from a dynamic ordinal item-response
model and reflect long-run foreign policy alignment. Here, Idealpointall is used, which
is based on all votes, including votes on paragraphs and amendments. The Ideal-
pointall measure contains the ideal-point distance for each country. The ideal-point
for the country pair is subtracted, and its absolute value is taken. Then, the log of
the difference is used. Here, the IPD data ranges from the year 2000 till 2021.

To ensure robustness, multiple variations of the ideal-points were used in regression
models. These include: idealpointfp from Bailey, Strezhnev, and Voeten (2017), which
calculates the ideal-point based on the final votes at the United Nations; ipd_all_full
from Airaudo et al. (2025), which estimates IPD using the full sample of UN votes;
ipd_econ_full from Airaudo et al. (2025), which estimates IPD using the subset of
only economic votes; and finally, ipd_all_short, which estimates IPD from the sample
of all UN votes after 1991. The regression results are consistent across all the IPD

measures, ensuring robustness.
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e IPR Protection: Protection of Intellectual Property Rights (IPR) (0-10 scale) is
a component of the International Property Rights Index, published annually by the
Property Rights Alliance. The data captures citizens’ perspectives on the protection
of intellectual property in their country. Here, the scale was normalized by dividing
it by 10. Here, the IPR Protection data ranges from the year 2007 till 2021.

Similar to geopolitical distance, there were multiple variations of protection of intel-
lectual property rights that were used in the regression models to ensure robustness
of the results. These include: International Property Rights Index; Intellectual Prop-
erty Rights Subindez, which includes protection of intellectual property rights as one
of its factors. Patent Protection was used as one of the variations; however, the in-
dex had more NAs than all other indices. Finally, Protection of Intellectual Property
Rights was chosen as in the final regression model it was directly related to the aim
of the paper. The regression results are consistent across all IPR measures, ensuring

robustness.

e Geographic Distance, Common Language, Contiguity, and Trade Agree-
ments: Data sourced from CEPII’'s Gravity dataset. Geographic distance is mea-
sured as the great-circle distance between capital cities, with log distance used in
the regression. Contiguity indicates whether countries share a land border. Trade
agreement participation covers common membership in FTAs or the WTO. Common
language indicates whether the countries share a common primary or official language.

Like trade flow data above, the above variables range from 2000 to 2021.

Table A.1 reports descriptive statistics for the variables of interest for the period 2007-

2021 when the sample is restricted to 43 countries.

Table A.1: Descriptive Statistics of Key Variables

mean sd min P25 p50 P75 max count
IPR Index 0.70 0.18 0.00 0.55  0.69 0.89 1.00 27,090
Log Geopolitical Distance -1.06 146  -12.76 -1.85 -0.86 0.14 1.33 27,090
Royalties (Mill. USD) 183.22 1045.71 0.00 0.56 543  46.49 56376.05 27,090
Trade Flow (Mill. USD)  7170.37 27800.00 0.00 116.11 769.05 3896.19 775000.00 27,090

Country-Pairs Driving the Positive Geopolitical Coefficient A natural con-
cern is that the positive coefficient on geopolitical distance is driven by tax havens that
attract royalty payments for fiscal rather than technological reasons. To address this is-
sue, we re-estimate the specification excluding common royalty-routing destinations such
as Ireland, the Netherlands, and Switzerland. The coefficient on geopolitical distance falls

substantially, although it remains positive and statistically significant.
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Table A.2: List of Countries

ISO Country ISO Country ISO Country
AUS Australia AUT Austria BEL Belgium
BGR Bulgaria BRA Brazil CAN Canada

CHE Switzerland CHN China CYP Cyprus

CZE  Czech Republic DEU Germany DNK Denmark
ESP  Spain EST Estonia FIN  Finland

FRA France GBR Great Britain GRC Greece

HRV Croatia HUN Hungary IDN  Indonesia
IND India IRL Ireland ITA Ttaly

JPN Japan KOR South Korea LTU Lithuania
LUX Luxembourg LVA Latvia MEX Mexico

MLT Malta NLD Netherlands NOR Norway

POL Poland PRT Portugal ROW Rest of the World
RUS Russian Federation SVK Slovakia SVN Slovenia
SWE Sweden TUR Turkey USA  United States

VNM Vietnam

Examining the residuals from the restricted regression shows that the largest positive
outliers correspond primarily to flows between technologically advanced economies, espe-
cially the United States, the European Union, and Japan. These country-pairs exhibit
royalty flows that are systematically larger than predicted by geopolitical distance alone.
This suggests that, once tax-haven effects are removed, the remaining positive association
partly reflects intense licensing relationships among innovation leaders with strong IPR
protection.

Figure A.1 illustrates these patterns. The left panel shows residuals after excluding tax
havens, where advanced-economy pairs remain the dominant positive outliers. The right
panel highlights the importance of royalty-routing hubs such as Ireland and Switzerland in
the unrestricted specification.

Residuals vs. Geopolitical Distance (High IPR Countries) Residuals vs. Geopolitical Distance (High IPR Countries)
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Figure A.1: Residuals and geopolitical distance
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Overall, the results suggest that the baseline positive relationship between geopolitical
distance and royalties is partly driven by a small number of country-pairs with exceptional

institutional or fiscal characteristics.

B Stationary system
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~ 1
5 1 P (1 +gne)ot
Innov _ 1t |: Vlnnov +(1—e Jlnnov} Mt B8
int Rt Pl o 67,71 t Jt+1 ( ezn,t) in,t+1 1 + g;[‘t ( )
The value of unadopted innovation to adopter:
1
gt 1 Piy Adopt ~Adopt] (14 gne) o1
Jimt | = Ribos . [(1 — Ba)€intVin S+ (=€ + 5a€m,t)<]m,t(f1] Tgﬁ (B9)

C Technology Adoption

Let A; denote the stock of technologies adopted at time t. These technologies come from two
sources: new technologies that arrive between periods ¢ — 1 and ¢, and previously legitimate
technologies that have not yet been imitated. We define A as the stock of legitimate
technologies at time t that generate royalty revenue.

The dynamics of technology adoption and imitation are governed by the following pa-

rameters:

e ¢ € [0,1]: Probability that a legitimate technology is imitated after one period
e 1;: Royalty fee applied to legitimate technologies
m;: Profit generated by each technology

e T;: Total number of available technologies in the market

C.1 Evolution of Legitimate Technologies

The stock of legitimate technologies evolves according to:
AF = (A — A1) + (1 — ¢ AF (C1)
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This equation captures two components:

e (A; — Ai—1): Newly adopted technologies between periods ¢t — 1 and ¢

e (1 — ¢y)AL |: Previously legitimate technologies that remain unimitated

C.2 Royalty Revenue Generation

The total royalty revenue generated at time ¢ is given by:

t

A — A
RP; = nttTlﬂt + (1 — @) AFL /T (C2)

This expression consists of two terms:
o At_ji?t—l
resents the fraction of new technologies relative to all available ones

m: Royalty revenue from newly adopted technologies, where

Ai—Ai_1

o n(1— gbt)AtL_lz Royalty revenue from previously legitimate technologies that remain

protected from imitation

C.3 Balanced Growth Path Analysis with Explicit Treat-

ment of Past Technologies

On a balanced growth path (BGP), the technology stock grows at a constant rate g4, defined

as:
A — A
=— C3
ga A (C3)
This implies:
Ay =(1+ga)Ai (C4)
Ay
Ay 1= Ch
A e (C5)
For any time period ¢t — j:
Ay
Apj=—— C6
T (14 ga) (C6)
Additionally, the ratio of adopted technologies to total available technologies is constant:
A
el Cc7
oo (1)
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Therefore:

At_' At ,I;f
T : = J — . = : C9
= a a(l+ga)l  (1+ga) (C9)

C.3.1 Explicit Derivation of Legitimate Technologies

The stock of legitimate technologies at time ¢ consists of technologies from all past periods
that have not been imitated. For a technology introduced in period ¢ — j, the probability
it remains legitimate at time ¢ is (1 — ¢).

The flow of new technologies in period ¢t — j is:

gaAy
(1+ga)it?

Therefore, the stock of legitimate technologies at time t is the sum of all past technology

Ay j— A j 1 =gaAj 1= (C10)

flows, each adjusted by its probability of remaining legitimate:

Al = (A=A )+ (1 =) (A1 — Ap )+ (1 — )2 (Aya — Ay 3) + ... (C11)
_ f;u P (A~ As) (€12)
p
- gu - (€13)
- gAAti o e
- 191:12; i <11+_gi>j (C15)

This is a geometric series with ratio r = %. Since 0 < ¢ < 1 and g4 > 0, we have

AT



0 < r < 1, so the series converges to 1717”:

AL _ gAAt 1

! S ldga1- 42

94 1+ga

C1+galdga—(1-9)

 gaAy 1+4ga

l4gad+ga

_ 9441 +9g4)
(1+94)(®+ga)

_ gaA:

9+ ga

Similarly, for the previous period:

L _ gaAi—1

1T gt ga
A
_ gAlJrEtIA

R
gAAt
(¢ +94)(1+ ga)

C.3.2 BGP Royalty Revenue

(C16)
(C17)
(C18)
(C19)

(C20)

(C21)

(C22)

(C23)

The royalty revenue formula on the balanced growth path with AL | divided by T is:

Ay — A AL
Royalty Revenue, = L 4 (1 — ¢)—=2q
T; T
Substituting our expressions:
A gaAs
Royalty Revenue, = ngAAtt_l T+ n(l— ¢)%&1+MW
a a
At
9gA 14+g4 QAAt «
=7 T+n(l—¢ —
4 O U e 4,
gAQ gax
= T+n(l—¢ ™
N+ ga ! )(¢+9A)(1+9A)
Factoring out the common terms:
1 1-6

Royalty Revenue;, = namrga

1+ga * (¢ +94)(1+ga)
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(C25)

(C26)

(C27)

(C28)



To simplify the expression inside the brackets, we need to find a common denominator:

ERd T e n A e A e I
BGrnieTn (0
"~ (@ Ir ;;(gﬁr ga) (C31)
T b+ga (02)

Therefore, the royalty revenue simplifies to:
Royalty Revenue, = namga o (C33)
= nomqj iAgA (C34)

This means that royalty revenue is proportional to total profits (wA;) scaled by three

factors:

e 1: The royalty fee
e «: The technology adoption ratio (A:/T})

° ¢‘%;A: The fraction of technologies that remain legitimate

gA
$+ga

fraction approaches 1 when ¢ — 0 (perfect IPR protection) and decreases as ¢ increases

The expression represents the fraction of technologies that generate royalties. This

(more imitation). It also increases with higher growth rates g4, indicating that faster
technology adoption counteracts imitation by introducing more new technologies that are

initially legitimate.

C.3.3 Special Cases

For ¢ = 0 (perfect IPR protection):

Royalty Revenue, = nam ga_ _ nam (C35)
0+ga

For ¢ =1 (complete imitation after one period):

gA
1+ga

Royalty Revenue, = nar (C36)

D Model Solution Algorithm

We characterize the BGP of the economy and the associated transitional dynamics. The

algorithm proceeds in two stages.
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Balanced Growth Path

We start to solve the BGP equilibrium by making the initial guesses for the BGP blueprint
allocation and the growth rate {Z, g*}:

A
* * Hm*
7 ninu Y *

(i) Guesses {Z;‘L, g*}, guess {w } to compute prices, trade shares, outputs, and

value functions. We solve for the fixed point with three layers of iterations

Ax A
(a) iterate adoption rate }i—j—” and check against the first-order condition of Hi‘fl*,

*

(b) iterate wages w} and check against balance-of-payments condition,

(c) iterate licensing fee ), and check against the first-order condition of Nash bar-
gaining

HE~

Y*

Theorem. Iterate until it converges.

(ii) Compute the implied and solve for a new {Z*, g*} applying Perron-Frobenius

Transitional Dynamics

Assume the economy reaches the BGP at time T. To compute the transition from an

arbitrary initial condition {Z,, o, Ain0, Lino} to the BGP, we employ time-path iteration:

(i) Set the BGP value functions as terminal conditions. Make an initial guess for the
time paths of the jump variables {w™, 1, s, H{?l’t/ﬁ, Hﬁt/}_ﬁg}tho.
(ii) Given the state variables {Z, 0, Ain.0, Lin,0}, compute forward the sequences {Z, ¢, Ain.t, Tnt }1—1-
(iii) Update the time paths of the jump variables by imposing equilibrium conditions:
e Balance-of-payments conditions to iterate on wages wp, t,
e Nash-bargaining conditions to iterate on licensing fees 7;y ¢,
e First-order conditions of innovation and adoption to iterate on H;:‘%t /Y; and

HE /Y

(iv) Repeat until the entire system converges to a consistent transition path.

E Calibration Details

This appendix provides the calibration details underlying the quantitative analysis. The
main text reports the objects needed to understand the economic content of the calibration.
Here we describe the mapping from data to parameters, the construction of bilateral frictions

and adoption intensities, the method-of-moments procedure, and the validation exercises.
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E.1 Data and Directly Measured Quantities

The calibration uses data on trade flows, GDP, population, R&D expenditures, patent
stocks, royalty payments, patent citations, geographical distance, and geopolitical distance.
Country labor endowments L,, GDP, population, expenditure shares, and R&D expendi-
tures are taken from national accounts and the World Development Indicators. Geographi-
cal distance dicfZ comes from CEPII. Geopolitical distance dﬁl is measured using ideal-point
distances based on United Nations voting records.

Patent stocks are constructed using the perpetual inventory method with depreciation
rate 07 = 0.15. The elasticity of substitution across varieties, o, the household discount
factor, 8, and the bargaining parameter, p, are set using values standard in the quantitative
trade and growth literature. The remaining parameters are disciplined using the structural

mappings described below.

E.2 Trade Flows, Trade Costs, and Productivity

Trade flows are taken from the CEPII BACI dataset. Bilateral trade costs are estimated
using a structural gravity equation for import shares. Let
s o Xin,t
= = v
" Zm anzt

where X, ; denotes exports from country ¢ to country n at time t. We estimate
Insip s = g + Ont — k% In d% — kP In df’; + €inyt- (E1)

Exporter—year fixed effects ;; and importer—year fixed effects d,,; absorb multilateral re-
sistance terms. Estimation is performed using PPML following Yotov et al. (2016).

The estimated elasticities imply bilateral iceberg trade costs
G P
dip = (d53)" (d],)" . (E2)

The model-implied trade share is

QZ;lﬂ,t(Wfi,tCZm,t)l_a

Sint = o— 7 : (E3)
" Zm Qm7t1Tm,t(Wm,tdmn,t)l_o
Comparing equations (E1) and (E3), exporter fixed effects identify
a;jt = (0 —1)1log Qi +1logTi + (1 — o) log W ¢ + const. (E4)

All



Given wages and technology stocks, productivity is backed out as

Qi = <

exp{ag W7

Ty

) 1/(c—-1)

Table E.1: Estimated Total Trade Costs diot!

Importer \ Exporter USA CAN MEX EU CHN JPN KOR ROW
USA - 6.257 7.779 10.811 7.598 8.813 10.582 15.594
CAN 1.799 — 4.514 5.542 3.845 4.352 5.246 8.306
MEX 3.169 6.426 — 6.874 4.177 5.140 6.182 8.174
EU 3.651 6.190 5.828 - 3.809 4.408 4.763 6.767
CHN 6.219 10.948 8.483 8.878 - 4.847 5.053 10.209
JPN 5.319 9.075 7.438 7.857 3.626 - 4.469 8.902
KOR 4.276 7.348 6.004 6.146 2.515 3.007 - 7.308
ROW 3.082 5.554 3.796 4.053 2.569 3.530 4.052 -

(E5)

Notes: The table reports bilateral total trade costs, combining geographical and geopolitical

components.

Table E.2: TFP and GDP per Capita Relative to the United States

Region TFP (USA = 1) GDP per Capita (USA = 1)

USA
CAN
MEX
EU
CHN
JPN
KOR
ROW

1.000
0.823
0.587
0.733
0.523
0.903
0.742
0.470

1.000
0.724
0.152
0.573
0.163
0.615
0.506
0.074

Notes: TFP is backed out from the gravity system and normalized relative to the

United States.

E.3 Adoption Probabilities

We discipline bilateral adoption probabilities using international patent citation flows from
INPACT-S following Caballero and Jaffe (1993) and Cai, Li, and Santacreu (2022). Ci-

tations from country d to patents originating in country o reveal cross-border knowledge

diffusion from o to d.

Let C\yq; denote citation flows from origin country o to destination country d. We estimate

the citation gravity equation

Codt = exp (p1 Indist,q + Sacontig,; + fscomlang,; + S4lngeo,y + ot + dat) + €oar- (E6)

The fitted bilateral component is

Iﬁi\rod = 1 Indistog + Bgcontigod + Bgcomlanggd + B41n g€0, -
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We map this index into an adoption probability using

1

~adopt

D = —. E7
od 1 + exp(—pair,y) (E7)

Assuming adoption occurs with constant hazard €,y over horizon L,g,

pijopt =1- eXp(_fodLod)v (ES)
which implies
R 1
=~ log (1 B ﬁ;jopt) ' (E9)
od

Table E.3: Estimated Adoption Intensities ¢;,

Adopter \ Innovator USA CAN MEX EU CHN JPN KOR ROW

USA 0.333 0.247 0.106 0.140 0.103 0.111 0.114 0.135
CAN 0.247 0.333 0.153 0.188 0.114 0.137 0.138 0.152
MEX 0.107 0.149 0.333 0.134 0.154 0.135 0.133 0.188
EU 0.141 0.188 0.134 0.333 0.127 0.176 0.178 0.157
CHN 0.104 0.114 0.154 0.127 0.333 0.179 0.204 0.166
JPN 0.115 0.139 0.135 0.176 0.179 0.333 0.325 0.138
KOR 0.116 0.139 0.133 0.179 0.204 0.326 0.333 0.141
ROW 0.132 0.150 0.192 0.161 0.159 0.143 0.142 0.333

Notes: Rows denote adopter regions and columns denote innovator regions.

E.4 Innovation

Innovation parameters are disciplined using R&D expenditures and patent stocks. We

estimate

AZ RD, \*"
A, (_”t> : (E10)

Zy 7
where )\, captures innovation efficiency and S% governs the curvature of the innovation
technology.

Patent stocks are initialized using the average patent stock distribution over 1996-2000

and then evolved using the innovation law of motion.

Table E.4: R&D Intensity, Patent Stocks, and Innovation Efficiency

Region R&D Intensity (%) World GDP GDP Population Patent Stock  An,

USA 3.2 75800 21369 0.330 992708 0.1634
CAN 1.8 75800 1759 0.038 75042 0.0191
MEX 0.3 75800 1238 0.126 2942 0.0092
EU 1.7 75800 19228 0.518 961228 0.0518
CHN 2.3 75800 14889 1.406 105060 0.1078
JPN 3.2 75800 5037 0.126 1016114 0.0748
KOR 4.6 75800 1693 0.052 243966 0.0318
ROW 1.2 75800 10602 2.226 442591 0.0425
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E.5 Joint Calibration Procedure
The remaining parameters
O = {0, &in, My 7, K2, Aino, Lino}

are calibrated jointly using a method-of-moments procedure. The targeted moments are
summarized in Table E.5.
Table E.5: Parameters, States, and Targeted Moments

Parameter / State | Targeted Moment
Q. Total factor productivity
€in Average adoption efficiency
An R&D expenditure share
0 Long-run growth rate
K® Royalties on geopolitical distance
Aino Transitional growth rates
Lino Royalty payment shares

Formally, the calibration solves

Hgn HMmodel(@) _ Mdata ’ (Ell)

where M™°dl(@) and M3 denote the vectors of model-implied and empirical moments.

The calibration proceeds as follows:
(i) Estimate trade-cost elasticities and recover productivity terms from the gravity sys-
tem.
(ii) Estimate bilateral adoption intensities from citation gravity and map them into haz-
ards using equation (E9).
(iii) Initialize patent stocks and licensing states using pre-sample patent distributions and
observed royalty shares.
(iv) Solve for the balanced growth path and transition dynamics.
(v) Update parameters and initial states until the model matches the targeted moments.

(vi) Calibrate x® by matching the empirical response of royalty payments to geopolitical

distance.

E.6 Breach Probabilities

Breach probabilities are parameterized as
Gin(dsn) = (1= &) [1—exp (1= (d5)™")] . (E12)
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Table E.6: Region-Specific Calibrated Parameters

Parameter Description ‘ USA CAN MEX EU CHN JPN KOR ROW
Ai Innovation efficiency | 0.1634 0.0191 0.0092 0.0518 0.1078 0.0748 0.0318 0.0425
L; Labor endowment 1.0000 0.1105 0.3674 1.6440 4.3432 0.4128 0.1607 6.5303
Q; Productivity 0.6219 0.5121 0.3708 0.4570 0.3405 0.5609 0.4628 0.2942
& IPR enforcement 0.9432 0.9709 0.4535 0.7358 0.1597 0.8686 0.8268 0.5368

Table E.7: Calibrated Common Parameters

Parameter Description Value
15} Discount factor 0.96
pA Adoption curvature 0.3843
B Innovation curvature 0.3843
o Elasticity of substitution 5

p Innovator bargaining power 0.25
o Trade-geography elasticity 1

kP Trade-politics elasticity 0.1030
K® Breach-politics elasticity 0.0923
v Innovation scale 1.6227

Geopolitical distance affects the slope of breach risk, while IPR enforcement governs the

ceiling:

lim g (dh, &) = (1 — &) o (E13)

P
d;,, —o0

0.25
USA MEX CHN KOR
=————=CAN ————EU =———JPN =——ROW

0.2

015

&(%)

0.1

0.05 ¢ /"

0

5 10 15 20 25

Figure E.1: Breach Hazard as a Function of Geopolitical Distance
Notes: The figure plots equation (E12) for different levels of IPR enforcement.

E.7 Validation Exercises

This subsection reports additional validation exercises not directly targeted in the calibra-
tion.
The calibrated model reproduces several untargeted moments. The correlation between

model-implied and empirical TFP levels is 0.983, while the correlation for bilateral adoption
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Table E.8: Royalty Regressions: Model versus Aggregated Data

Model Data
log(dP— 1) -0.40503 -0.40502
1og(dp— 1)xIPR 0.36131 0.91618
log(dG) -0.35231 -2.39780

Table E.9: Model Fit: Growth Rates and Royalty Payment Shares

Region GDP growth rates (%) Royalty payment shares

Model Data Model Data
USA 2.537 2.557 0.143 0.168
CAN  2.594 2.597 0.018 0.044
MEX  1.229 1.235 0.024 0.018
EU 1.815 1.756 0.271 0.300
CHN  9.845 9.853 0.205 0.059
JPN 1.129 1.191 0.062 0.075
KOR  5.043 5.046 0.018 0.031
ROW — — 0.259 0.305

probabilities is 0.996. The model also closely matches cross-country R&D intensities and
bilateral royalty payments.

The interaction between geopolitical distance and IPR enforcement in royalty regressions
is not directly targeted in the calibration and therefore provides an additional validation
exercise at the same level of aggregation as the quantitative model. The Data column
reports the royalty regression after aggregating bilateral flows to the eight-region geography
used in the calibration, while the Model column reports the corresponding regression using
model-generated royalty flows. Therefore, these estimates are not intended to reproduce

the country-level elasticities reported in Section 2.

F Robustness Analysis: Understanding the Mech-
anisms

In this section, we show the counterfactual paths where (i) n is fixed, (ii) the market size
effect is fixed, (iii) the market size effect and 7 are both fixed.

The three decompositions isolate the contribution of each channel to the full counter-
factual. Figure F.1 shuts down endogenous repricing by holding 7 fixed; without repricing,

the breach channel no longer partially offsets market-size forces and innovation losses are

A16



substantially larger.
Figure F.1: Baseline versus Fixed n
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Figure F.2 removes the market-size channel by holding trade costs fixed at baseline;
under breach risk alone, US R&D rises and Chinese R&D falls—the opposite direction from
the full counterfactual—as innovators capture a larger share of rents through repricing.

Figure F.3 shuts down both channels, providing a pure-breach baseline with fixed royal-
ties; here the adoption decline is driven entirely by enforcement risk without any repricing
offset. Together these exercises confirm that the market-size and breach channels operate in
opposite directions, and that neither alone replicates the full model’s predictions for R&D

reallocation or welfare.
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Figure F.2:
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Figure F.3: Baseline versus No Market Size Effect + Fixed n
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G Mathematical Appendix

This appendix derives the balanced-growth-path relationships that underlie the mechanisms
discussed in Section 4. In particular, we show how geopolitical fragmentation affects equi-
librium royalty pricing, why surplus shares remain constant along the balanced growth path
despite changes in breach risk, and how equilibrium wages and cross-border adoption jointly
determine innovation reallocation across countries.

We first derive the equilibrium royalty rate and the surplus-splitting result used in Propo-
sitions 1 and 2. We then characterize the joint determination of wages and cross-border
technology adoption in the two-country economy used to illustrate the market-size and

breach channels.

G.1 Balanced-growth-path royalty pricing and surplus allo-
cation

Along the balanced growth path, all aggregate variables grow at the common rate g. After
normalizing by growth, the continuation values of innovators and adopters become station-
ary. This stationarity allows us to derive closed-form expressions for equilibrium royalty
rates and surplus shares.

The key mechanism is straightforward. Higher breach risk shortens the expected dura-
tion of licensing relationships. Nash bargaining therefore adjusts royalty rates upward to
compensate innovators for the expected loss in future licensing income.

Define the growth-adjusted discount factor as
P
1+g

We begin with the value of a breached relationship. Once breach occurs, the adopter

Ba

(G1)

keeps the full profit flow forever:

B ’ﬁ’L’LUZLZ

. = . G2
The innovator’s value under compliance is
I mw; L;
U = ; 5 G3

where ¢;, is the probability of contractual breach. The denominator reflects that the
licensing relationship survives each period with probability 1 — ¢;,.
The adopter’s value contains two components: (i) the compliant surplus received while

the contract remains enforceable, and (ii) the continuation value obtained if breach occurs
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in the future. Hence,

a4 (L =mp)mw,L; + Badinvh

vA = G4
” Ty G
mw; L BePin mw; L
=(1—mn + .
( 7hn)1—-50(1—-¢nﬂ 1—Ba1—Ba(l— ¢in)
Using the recursive representation of continuation values,

Vifl,t = Nint Lin,t, (G5)

Viny = (1= ning) Ving + THE", (G6)

and matching these expressions to the balanced-growth-path values above yields

Tﬁreach _ BGQSML .
Tin 1- BG

Substituting these continuation values into the Nash bargaining problem implies that

(G7)

equilibrium royalty rates satisfy

1— ﬁG(l - ¢zn)
T8

Equation (G8) establishes the contract-repricing channel described in Proposition 1.

Higher geopolitical risk raises breach probabilities, which shortens the expected duration
of licensing relationships and therefore increases the compensation innovators require to
license technologies abroad.

Importantly, higher royalty payments do not necessarily imply greater technology diffu-
sion. Royalty flows combine both a pricing margin and a quantity margin. Higher breach
risk raises equilibrium royalty rates through contract repricing, while simultaneously reduc-
ing compliant technology adoption.

We can also derive the balanced-growth-path surplus allocation directly from the value

functions. Substituting the equilibrium royalty rate into the innovator value gives

mw; L;
Uiy = pr—" = pUjy, (G9)
1 - Ba
Similarly,
mw; L;
vh = (1= ) T = (1= ppob. (©10)

Hence, conditional on successful adoption, equilibrium surplus shares remain constant
along the balanced growth path despite changes in breach risk. This result corresponds to

Proposition 2 in the main text.
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G.2 General-equilibrium determination of wages and tech-

nology adoption

Section 4 shows that geopolitical fragmentation affects innovation through two equilibrium
objects: (i) cross-border adoption rates and (ii) relative wages.

To illustrate these mechanisms transparently, we study a parsimonious two-country econ-
omy in which countries differ only in innovation productivity and institutional quality. In

particular, we assume
O =Q, L1 =Ly, €&9g=2¢y=1, (G11)
while
A1 > Ao, IPR; > IPR,. (G12)

Country 1 therefore represents the technological leader, while country 2 represents a
follower economy with weaker institutional quality.

Given trade shares, labor-market clearing, and technology accumulation, equilibrium
objects such as adoption rates, technology stocks, wages, prices, and output can all be
expressed as functions of geopolitical frictions and breach risk.

Three equations are central for equilibrium determination:

(i) two from the adoption block, and

(ii) another one from the balance-of-payments block.

Adoption block The adoption block determines the profitability of cross-border tech-
nology diffusion. Higher adoption raises the gains from accessing frontier technologies, but
breach risk lowers the expected duration of licensing relationships and therefore reduces the
incentive to adopt foreign technologies.

The optimal adoption conditions are

L sdpq e 9 A 1 w
(612)ﬁ — B ﬁ(l p)ml + q Tl P1YW 1— BG + 5G€12(1 — 514)& (Gl?’)
(ea) 7 = 45(1 — S22 ! (G14)

m — .
1+g Tp RYW1— g+ Baean(l —(4)
These equations characterize how equilibrium adoption responds to changes in relative

wages, technology stocks, and geopolitical frictions.
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Balance-of-payments block Relative wages are jointly determined by trade balances

and royalty flows. The balance-of-payments condition requires

NXi2 = RP — RPs, (G15)
where
w(l —s11) + 899 —1
NX12 = (1 + m) ( 511 ili22 _2i s (G16)
1-Ba(l—¢21)A2 _ g
RPy = Ann 9 G17
A=L 1 - Bag Ty g+ ¢ (G17)
1 —Ba(l = ¢12) Az _ g
Py = — . 1
e = 1 ™ (G18)

The balance-of-payments condition links equilibrium wages to technology licensing flows.
Changes in geopolitical fragmentation therefore affect wages not only through trade flows,
but also through royalty payments and the cross-border allocation of technologies.

To understand the equilibrium mechanisms, it is useful to visualize the joint determina-

tion of relative wages and cross-border adoption.

Higher d Higher ¢
16
15} 1.7 | [sesesnnnnnne Tech block (baseline)
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e 1.6 | |- - - - PE: Tech block (1 ¢)
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- < 1.4
dzt1.2r o B 3
i 1.3 P 32
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Figure G.1: Relationship between relative wages and cross-border adoption

The equilibrium is determined by the intersection of two schedules: the adoption block
and the balance-of-payments block.

The adoption block is downward sloping because higher relative wages reduce the prof-
itability of foreign technology adoption. The balance-of-payments block is upward sloping
because countries with higher relative wages require offsetting adjustments in trade balances
and royalty flows.

Together, these two relationships determine the equilibrium pair
{ s }
W, — ¢,
€12
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illustrated in Figure G.1.



The comparative statics map directly into the two mechanisms discussed in the main
text.

First, a rise in trade frictions d reduces market size by lowering the profitability of cross-
border adoption. This market-size channel reduces the effective foreign market available to
frontier technologies and lowers cross-border adoption.

Second, a rise in breach risk ¢ changes the contractual environment governing technol-
ogy transfer. Through endogenous royalty repricing, the breach channel alters equilibrium
wages, adoption incentives, and the allocation of innovation activity across countries.

In partial equilibrium, where g and technology stocks are held fixed, higher trade frictions
raise the relative wage and lower the cross-adoption ratio, while higher breach risk lowers
the relative wage and raises the cross-adoption ratio.

In general equilibrium, technology stocks and growth respond endogenously, mitigating
these effects quantitatively. Nevertheless, the qualitative logic of the market-size and breach

channels remains unchanged.
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