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Global value chains and trade in intermediates have been proposed as one of the
most important systemic changes in the global economic order. Besides their
implication for the international trade, investment, and growth, we propose that they
also have significant implications for the enforcement of sanctions. Intermediate
trade allows economic actors to export and import products split into parts, later
to be reassembled in another destination. Moreover, parts and components can
also be classified differently in border crossings than final goods. In turn, these
factors allow states to avoid enforcing sanctions that would negatively affect
their own firms, while allowing firms to more safely export to sanction targets.
We estimate United States’ trade with partners using disaggregated trade data
and show that indeed, US exports disproportionately more in intermediates to
sanctioned countries than to trade partners without sanctions. We conclude the
report by proposing several propositions that pave the way for future research.
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1 Introduction

Recent decades have seen a growing body of political economy research on the
geographically-dispersed patterns of internationally joined-up production broadly referred as
“global value chains” (GVCs) (e.g., Gereffi et al., 2005; Elms and Low, 2013; Eckhardt and Lee,
2018; Kim et al., 2019; Osgood, 2017, 2018; Zeng, 2021). Scholars have proposed that trade in
parts and components—wherein countries and firms operating cross-nationally produce
various intermediate inputs before delivering final goods and services—characterizes one the
most important developments in international economic relations (e.g., Gereffi et al., 2005;
Jensen et al., 2015; Baldwin, 2012). Over two-thirds of global merchandise trade takes place
across GVCs (European Parliament, 2023) and approximately half of exports between Group
of 20 (G20) members consist of parts and components trade (OECD, WTO, and UNCTAD,
2013). This shift in international trade patterns underscores the central role played by
intermediate products and GVCs in contemporary trade governance (Johnson and Noguera
2017; Miroudot et al., 2009).

The implications of internationalization of production have led to a burgeoning literature
across social and political sciences. While diverse in scope, key findings highlight that trade
in parts and components increases demand for open trade policies (Lanz and Miroudot, 2011;
Blanchard et al., 2016; Eckhardt and Poletti, 2018; Yildirim, 2017, 2020; Jensen et al., 2015),
increases support for trade liberalization through preferential trade agreements (PTAs)
(Orefice and Rocha, 2014; Antras and Staiger, 2012; Eckhardt and Lee, 2018; Baccini et al.,
2018), and helps contain protectionist interests in the aftermath of crises (Gawande et al., 2015).

Our study contributes to this literature by highlighting the implications of GVCs on
complicating sanction enforcement. We argue that trade in industrial intermediate products
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provides firms with a channel to bypass sanction enforcement.
Products that are disassembled to their parts and components can in
the future be re-assembled into finished commodities that might
otherwise be banned. By exporting products classified as intermediate
goods, firms in sanctioning countries can circumvent enforcement of
sanctions and maintain compliance with their legal obligations.

Recent research in economic sanctions has examined how black
knights can undermine sanctions through trade (Early, 2011; Early,
2015), how firms can use foreign direct investment to obtain indirect
access to markets (Barry and Kleinberg, 2015), and how states can use
illicit means (such as smuggling) to move goods into sanctioned states
(Chestnut, 2007). Scholars have suggested that sanctioning states can
mitigate these issues through the use of secondary sanctions (Peterson,
2021), punishing violators (Early and Peterson, 2022), and
encouraging firms to engage in de-risking behaviors, such as
overcompliance (Early and Peterson, 2024).

Sanctions research has yet to connect GVCs with enforcement
systematically. Le et al. (2022) show that sanctions reduce developing
countries’ GVC participation but do not address enforcement or sender
circumvention. Poletti and Sicurelli (2022) link GVC integration to EU
sanction hesitancy but focus on domestic politics. Akoto et al. (2020)
examine intra-industry trade’s effect on vulnerability, but not imposition.
Therefore, despite GVCs' impact on global trade, their role in sanctions
remains underexplored. Our study fills this gap by analyzing how
intermediate trade enables sanction circumvention.

We test our argument by analyzing United States (US) trade with
partners from 1995 to 2019, showing that exports to sanctioned
countries are disproportionately concentrated in industrial
intermediate goods relative to final or non-industrial products.
We focus on the U. S. as it is the world’s largest economy, the greatest
trader in intermediates, and a hub for multinational firms sustaining
GVCs. To assess this dynamic in detail, we use the OECD’s Trade in
Value Added (TiVA) database and the Global Sanctions Database
(GSDB) (Felbermayr et al., 2020), which offer detailed sector-level and
sanctions data.

We begin below with a theoretical account of GVC trade and its
implications for sanctions enforcement. We then test our explanation,
examining US trade flows with partner states between 1995 and 2019.!
This is followed by a discussion of our findings and their broader
relevance. We conclude by outlining the implications of our study for
the literature on sanctions and global value chains, and by identifying
avenues for future research.

2 Overview of the theoretical
framework

This section outlines three interrelated dynamics in our theoretical
framework: sanctions design and implementation, the nature of

1 The purpose of this research note is to demonstrate a plausible means by
which GVCs and economic sanctions can interact. As such, the analysis is
meant to be an initial look at the phenomenon and is inherently limited.
We focus on the US in particular as it is the world's most prolific sanctioner
(accounting for more than half of all economic sanctions) and is second only

to China in terms of total trade volume.
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intermediate trade, and actor incentives. We begin with the designs
and implementation of US sanctions. These range from complete
embargoes (e.g., the US embargo on Cuba) to targeted sanctions on
sectors and entities (e.g., US sanctions on Iran, the financial sanctions
imposed on Russia). While sanctions may be imposed via executive
orders or Acts of Congress (through the International Emergency
Economic Powers Act), these orders are generally vague. Outside of
complete embargoes, they rarely specify which trade is prohibited.
Specific prohibitions and licensing requirements are instead handled
by the U.S. Department of Commerce, Bureau of Industry and
Security (2025), through its Commerce Control List (CCL).? This list
informs exporters of the restrictions and licensing requirements for
various items. Importantly, the classification of the item is the duty of
the exporter.’

In some cases, the classification of an export is clear. Finished
products (such as automobiles or aircraft) will have an obvious
classification that may depend only upon their design (e.g., whether
an aircraft is military or civilian in nature). For parts and components,
this is less obvious. While the CCL does restrict certain parts, these
tend to be those components designed for a purpose. For example,
paragraph 0A501.c restricts “parts’ and ‘components’ if ‘specially
designed’ for” certain types of non-automatic firearms. Yet, not all
components that have proscribed applications are “specially designed”
for those applications. As an example, following the 2022 sanctions,
the Russian military reportedly began using computer chips from
dishwashers and refrigerators to repair tanks and other military
equipment (Whalen, 2022). These parts have potential military
applications but can be classified as civilian exports.

This type of classification is made possible by the nature of trade
in intermediates, which facilitates interchangeability and reassembly
across borders. Since many types of goods— especially industrial
goods—are ultimately assembled from smaller parts, sanctions often
involve products that cross borders, which can be traded as
intermediate inputs. By engaging in intermediate trade, firms can
classify their goods in ways that align with customs and border
regulations, taking advantage of disassembled products’ classification
as intermediates. Breaking down products into such parts and
components allows firms in sanctioning countries to bypass sanctions,
as they can export disassembled goods classified as intermediates, later
reassembling them into restricted commodities. This distinction
between finished and intermediate goods is therefore key in enabling
trade between sender and target states and it is particularly helpful
when it comes to industrial products, which have a high degree of
interchangeability.*

2 The current CCL can be found at: https://www.bis.doc.gov/index.php/
regulations/export-administration-regulations-ear

3 The BIS provides some guidance to exporters on how to classify their
products online (U.S. Department of Commerce, Bureau of Industry and
Security, 2025).

4 Such interchangeability has recently been demonstrated in investigations
showing that Western-manufactured industrial components have been found
in North Korean and Russian missiles. Reports highlight how microelectronics
have been repurposed — and the difficulties in enforcing sanctions with
international supply chains (Yatskova, 2024; Business and Human Rights
Resource Centre, 2024).
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Exporting parts and components also aligns with the incentives
of both firms and states. Firms can lower their risk of breaching
sanction law while continuing to trade, and states can gain plausible
deniability in overlooking sanction enforcement. From the perspective
of firms in sanctioning countries, profit incentives are likely to remain
stable regardless of sanctions. In cases where they face restrictions to
trade, firms have been observed to breach sanction law and states
themselves have been shown to refrain from enforcing sanctions
under certain conditions (Bapat and Kwon, 2015). This is particularly
true, as members of the public care more about the long-run potential
for sanctions than their immediate impact (Heinrich et al., 2017).
Given this context, both firms and states often prefer to avoid full
sanction enforcement when viable alternatives exist.

From the perspective of sanctioning states, trade in intermediates
allows them to avoid imposing sanctions on their own firms. States
often have structural disincentives to enforce sanctions as their own
firms will lose profits and market share in the target country. However,
as products are classified differently at the borders as intermediates,
disassembled exports can more easily flow between senders and
targets. This expectation implies that we should observe
disproportionately higher trade in intermediates between sanctioning
states and target economies, particularly with components that are
more interchangeable and easier to assemble, like industrial goods. To
test the validity of this proposition, we proceed with a comprehensive
analysis below.

3 Methods

To examine broader patterns underlying the relationship between
intermediate trade and economic sanctions, we draw data from three
primary sources. Our dependent variables are based on exports of
intermediate trade between the US and a partner country. The data
come from the Trade in Value Added (TiVA) dataset, compiled by the
OECD.’ TiVA has the highest temporal and cross-country coverage
regarding in intermediate trade, with available data between 1995 and
2019. We create three sets of dependent variables, all using the same
unit of analysis: the US-partner dyad-year. These variables represent
a tiered approach to our research question, with each level reflecting
more precision.

Our first set of dependent variables looks at total exports (in
logged USD) from the US to its partners.® We begin with total exports,
then disaggregate to intermediate goods, and then further into
industrial intermediates and non-industrial intermediates.” This
allows us to examine whether sanctions influence trade across
different categories.

5 TiVAis publicly available via https://www.oecd.org/sti/ind/measuring-trade-
in-value-added.htm.

6 In line with standard practices, we log the dependent variable because
export values are large numbers that tend to be skewed and measured in units
(USD) whose value is marginally decreasing. As discussed below, we do the
same for independent variables measured in USD.

7 We use TiVA data reported as "intermediates” or “final products” and further
aggregate “industrial” category as manufactured goods — Chapters 26, 27, 28,
29, and 30 in ISIC Rev. 4.
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Our second set of dependent variables goes further, investigating the
possibility that sanctions may dampen trade overall, but leave
intermediates untouched. Therefore, we calculate the percentage of US
manufacturing exports to a given country accounted for by all
manufacturing  intermediates, industrial intermediates, and
non-industrial intermediates, respectively. This lets us assess whether
intermediate exports increase in importance as a result of the sanctions.

Finally, we examine five manufacturing sectors that are
particularly easy to break down and reclassify. If our theoretical
proposition is correct, then these are the types of areas in which
we should see change. For each of, we compute the percentage of US
industrial exports to the target accounted for by that sector. This
approach allows us to assess the relationship between intermediate
trade and sanctions with increased precision and granularity.

Our key independent variable is the imposition of economic
sanctions. We draw from the GSDB (Felbermayr et al., 2020) which
covers all episodes of economic sanctions between 1950 and 2019.*
We include a dummy variable that takes a value of 1 if the US had
sanctions on a partner state in any part of a given year and 0 if it
did not.’ In addition to sanctions, we control for several variables
that may be related to trade. To account for economic and trade-
related factors, we include logged measures of both real GDP and
per capita GDP in the partner state (Feenstra et al., 2015), capital
openness in the partner country (Chinn and Ito, 2006), and logged
US foreign direct investment in the partner country (Anderson
et al., 2019). To control for political considerations, we include a
dummy variable for whether the US was involved in a defensive
alliance with the partner country (Leeds et al., 2002), and the
partner nation’s level of liberal democracy, as measured by the
Varieties of Democracy project (Coppedge et al., 2021). Finally,
we consider whether the partner is a member of the WTO and
whether the US has a free trade agreement with the partner in force
in a given year. We then run an OLS regression of the relevant
dependent variable on sanctions and our set of control variables.'
To account for the possibility of spurious correlation due to
idiosyncratic factors (such as the types of goods produced by
states), global trends in the international economy, or shifts in the
US, we include fixed effects for partner state and year. Finally,
we report standard errors clustered on partner state. Table 1 below
outlines the summary statistics for the variables used in the
analysis. The OLS equation that we estimate is given by:

Yie=BXi +ai+y +ei

8 An alternative data set, which is widely used is the Threat and Imposition
of Economic Sanctions (TIES) database (Morgan et al.,, 2014). While the TIES
data are well known and high quality, their temporal coverage is shorter, ending
in 2005. We use the GSDB data for its broader range.

9 The GSDB includes several types of sanctions. For our purposes, we limit
the analysis to trade sanctions only.

10 Because our dependent variable is logged, coefficients can be interpreted
as a one-unit (for linear variables) or one-percent (for logged variables) change
in the independent variable being associated with a p"%change in the

dependent variable.
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TABLE 1 Table of summary statistics.

10.3389/fpos.2025.1533226

Variable N Mean SD Minimum Maximum
Total exports 2,028 7.466 2.28 0 13.7
Total intermediates 2,028 6.772 2.33 0 13.2
Industrial intermediates 2,028 5.773 2.41 0 12.2
Non-industrial intermediates 2,028 6.219 2.31 0 12.8
Intermediates (percentage of mfg.) 2,002 0.158 12.3 8.238 85.1
Industrial intermediates (percentage of mfg.) 2,002 0.933 11.05 0.466 63.2
Non-industrial intermediates (percentage of mfg.) 2,002 0.225 10.72 1.423 784
Computers (percentage of total exports) 2,002 7.374 7.59 0.071 52.5
Electrical goods (percentage of total exports) 2,002 1.538 1.08 0.024 9.4
Machinery (percentage of total exports) 2,002 4.951 3.12 0.091 31.3
Vehicles (percentage of total exports) 2,002 2.143 2.84 0.025 414
Transport (percentage of total exports) 2,002 4.927 5.73 0.026 45.7
Sanctions 2,028 0.021 0.14 0 1
GDP per capita 1,900 9.603 0.96 6.126 11.3
Real GDP 1,900 0.635 1.6 8.771 16.8
Capital openness 1,860 0.764 1.55 -1.927 2.3
FDI 1,849 7.815 3.34 —6.37 13.7
Alliance 2,028 0.425 0.49 0 1
Liberal democracy 1,950 0.554 0.28 0.017 0.9
WTO membership 2,028 0.764 0.42 0 1
Free trade agreement 2,028 0.091 0.29 0 1

Where g, is a vector of country-level fixed effects and y, is a vector
of temporal fixed effects.

4 Results

The results of our regression of intermediate exports on sanctions
and control variables are reported in Table 2."" All four columns
concern US exports to a partner state, divided by type of export.
We start with total exports in column 1, to examine the effects of
sanctions on all trade. Column 2 examines all intermediate goods, and
columns 3 and 4 break apart intermediates into industrial and
non-industrial. Industrial intermediate goods (column 3) are the most
easily interchangeable and reclassifiable, and therefore most relevant
to our theory. Non-industrial intermediates (column 4) have broader
possibilities for classification, but are not as easy to assemble
and disassemble.

11 We recognize that across all models, our R? values are relatively low,
suggesting that little variance has been explained. We would argue that this is
because trade tends to exhibit significant temporal autocorrelation. We could
improve the model fit by including a lagged dependent variable; however,
because we estimate a fixed effects model, this would lead to biased results
(Nickell, 1981). Therefore, we opt to omit the lagged dependent variable and

focus instead on explaining variation, rather than maximizing fit.
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The results in Table 2 demonstrate that trade sanctions do reduce
exports from the US to sanctioned countries.'” Exports tend to fall by
nearly 30% (nearly half a billion USD at the mean).”* Column 2 shows
that this effect comes at least partially from intermediate goods, as
sanctions are also associated with a reduction in intermediate exports
of nearly 30%. This is equivalent to around $257 million at the mean.
However, when we break down intermediate goods into industrial and
non-industrial categories, we see that this difference is driven
primarily by non- industrial intermediates. The estimated decrease for
industrial intermediates is small and statistically indistinguishable
from zero, while for non-industrial goods, sanctions are associated
with a reduction in exports of nearly 40% (about $195 million at the

12 We note that sanctions are relatively rare within the data set. As indicated
in Table 1, only about 2% of country- years involve US sanctions. Approximately
9% of partner countries in the data set experience sanctions at one point or
another. Although these countries are relatively diverse with respect to our
control variables, there is the possibility that the results are driven by a handful
of observations. Thus, future research should examine our theoretical argument
with a broader data set.

13 One might expect the total value of exports to decline simply due to firms
substituting finished goods with cheaper intermediate components (e.g.,
excluding assembly costs). However, our results rely not only on export values
but also on changes in composition—specifically, the relative increase in
industrial intermediate goods. These patterns suggest a strategic shift in trade

structure rather than a purely price-driven effect.
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TABLE 2 Determinants of total U. S. manufacturing exports (logged USD).

Total exports

Total intermediates

10.3389/fpos.2025.1533226

Non-Industrial
intermediates

Industrial intermediates

Sanctions —0.32 ** —0.35 *** —0.02 —0.49 ***
(0.14) (0.12) (0.16) (0.12)
GDP per capita (logged) 0.42 0.44 0.66 0.32
(0.29) (0.36) (0.50) (0.40)
Real GDP (logged) 0.44 0.30 0.24 0.37
(0.27) (0.33) (0.55) (0.37)
Capital openness 0.00 —0.02 0.03 —-0.06
(0.02) (0.03) (0.04) (0.06)
FDI (logged) 0.03 ** 0.02 0.07 ##* 0.01
(0.01) (0.02) (0.02) (0.02)
Alliance 0.18 ** 0.21 ** 0.25 ** 0.16 *
(0.09) (0.09) (0.12) (0.10)
Liberal democracy —-0.19 —0.24 —-0.10 —-0.29
(0.20) (0.27) (0.31) (0.40)
WTO membership 0.06 0.08 0.02 0.06
(0.12) (0.13) 0.22) (0.16)
Free trade agreement 0.24 % 0.29 ** 0.02 0.37 **
(0.12) (0.15) (0.10) (0.18)
Partner fixed effects v v v v
Year fixed effects v v v v
R? 0.25 0.19 0.19 0.15
Number of observations 1,673 1,673 1,673 1,673

*Ep < 0.01; #¥p < 0.05; *p < 0.1. All tests are two-tailed tests. Standard errors clustered on trading partner in parentheses.

mean). Therefore, we proceed to a second set of tests to compare trade
percentages as a function of sanctions.

Table 3 looks at percentages of manufacturing exports. Column 1
examines the share of all such exports accounted for by intermediate
goods. Here, we find a negative, but non-significant effect, suggesting
that, among manufactured goods, the share accounted for by
intermediates versus finished goods remains unchanged in the wake
of economic sanctions. Columns 2 and 3 explore the reasoning behind
this lack of finding. They show the offsetting effects of sanctions upon
the percentage of manufactured goods made up by industrial and
non-industrial intermediates, respectively."*

The estimated coefficients explain the lack of impact on total
intermediates. Column 2 shows that industrial intermediates make
up a significantly larger percentage of all manufactured goods in
the wake of economic sanctions, leading to an increase in industrial
intermediate goods of 4.39 percentage points. At the mean, this is
equivalent to about a 21% increase in such commodities.
Meanwhile, we see a decrease of 7.26 percentage points in the
amount of manufactured goods accounted for by non-industrial
intermediates. This is equivalent to a reduction of about 24% at
the mean.

14 These categories are non-exhaustive, as remaining goods would

be non-intermediate manufacturing exports.
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Given that industrial goods are the most easily substitutable and
reclassifiable, these results are in line with our expectations. As a final step,
we disaggregate industrial intermediates by sector to see which types of
industrial goods are most likely to be sold to sanctioned countries.

Table 4 presents sector-level results based on TiVA categorizations:
computers, electrical equipment, machinery, vehicles, and transport
goods—arguably the most interchangeable sectors in terms of
intermediate goods."> We estimate positive coefficients across all five,
finding significant results for three in particular: computers, electrical
equipment, and vehicles. Sanctions raise the percentage of exports in
these categories by 1.31 and 0.89, and 0.86 percentage points,
respectively. While these numbers may seem small, they represent
changes as a percentage of all exports. At these variables’ respective
means, sanctions increase the percentage of exports accounted for by
computers by nearly 18%, electrical goods by just under 58%, and
vehicles by more than 40%. Importantly, these are the types of
components that would be represented in the Russian case described
above, as they are especially easily to repurpose for other uses.

15 In another analysis, not reported here, we looked at six other industrial
sectors that we believed to be less closely aligned with our idea of
interchangeable and reclassifiable goods: chemicals, pharmaceuticals, plastics,
minerals, base metals, and fabricated metals. None of these exhibits a

statistically significant effect.
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TABLE 3 Determinants of percentage of US manufacturing exports.

10.3389/fpos.2025.1533226

Industrial intermediates Non-industrial intermediates

All intermediate exports

Sanctions —2.86 4.39 ik —7.26 %
(3.83) (1.04) (3.78)
GDP per capita (logged) 2.18 1.49 0.69
(6.53) (5.84) (6.42)
Real GDP (logged) -7.13 —3.35 —3.78
(5.77) (5.71) (6.22)
Capital openness —0.56 0.64 -1.20
(0.68) (0.69) (0.87)
FDI (logged) —0.17 0.33 —-0.50
(0.44) (0.30) (0.34)
Alliance 2.16 2.16 —0.00
(1.38) (1.55) (1.58)
Liberal democracy -1.37 -3.13 1.77
(4.23) (4.61) (6.22)
WTO membership 0.05 1.18 -1.13
(2.28) (2.29) (2.98)
Free trade agreement 2.64 -2.26 4.90 *
(2.12) (1.44) (2.67)
Partner fixed effects v v v
Year fixed effects v v v
RrR? 0.03 0.04 0.06
Number of observations 1,673 1,673 1,673

##kp < 0.01; #¥p < 0.05; *p < 0.1. All tests are two-tailed tests. Standard errors clustered on trading partner in parentheses.

5 Discussion

Across the three increasingly fine-grained analyses outlined above,
the results are clear: intermediate goods provide a way for states (and
their firms) to trade even under sanctions. The fact that such trade is
focused on industrial goods—commodities that are most
interchangeable and easily turned into other, potentially forbidden
products— is particularly important. It provides evidence that there is
a specific type of good that is exported by US firms during periods of
economic sanctions. Indeed, economic sanctions aim to prevent target
states from acquiring particular goods or services. We identify a key
means by which sanctioned states can potentially acquire the goods
that they desire in such a way that US firms are able to profit. By
exploiting the prevalence of GVCs and the flow of intermediate goods,
target states can import intermediate products, which they can then
assemble into finished commodities that might otherwise be banned.
This allows both states and firms to adhere to the letter of the law while
skirting its spirit.

While our analysis focuses on the US, similar dynamics can
be observed elsewhere. Firms often use both official and unofficial
means to avoid imposed sanctions. For example, following President
Trump’s 2018 withdrawal from the Iran nuclear deal, European firms
and states sought ways to continue trade with Iran without violating
US restrictions. One proposal in the EU was the Instrument in
Support of Trade Exchanges (INSTEX), which would allow
simultaneous transactions on non-SWIFT financial networks to
simulate exchanges between European and Iranian firms without
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money actually moving across borders in violation of the US
sanctions (Peel, 2019).

6 Conclusion

In this research report, we investigated the implications of GVC
trade for sanction enforcement. We argued that GVCs facilitate
circumvention by allowing firms to export intermediate products that
can be reassembled into finished goods that might otherwise be banned.
To illustrate this, we analyzed disaggregated U. S. trade data from 1995
to 2019, focusing on changes in the composition of exports—particularly
industrial intermediates—to sanctioned versus non-sanctioned countries.

Our study contributes to multiple strands of literature. First,
we speak to the GVC literature by showing their unintended
consequences for sanction enforcement. Second, we expand the
sanctions literature by proposing and testing a novel mechanism of
circumvention. We build on Akoto et al. (2020), who argue that intra-
industry trade may make states more resilient to sanctions, even when
such resilience does not prevent their threat or imposition. We offer a
complementary explanation by focusing on sanction circumvention.

Our findings also have policy implications. In a world of
fragmented production, sanctions must consider products that are
resistant to reassembly and enforcement bypass. The Russia case
shows how semiconductors from civilian appliances were used to
repair military equipment. While this does not confirm firm-level
circumvention in sender states, it highlights the centrality of parts
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TABLE 4 Determinants of sectoral export percentages.

10.3389/fpos.2025.1533226

Computers Electrical Machinery Vehicles Transport
Sanctions 1.31 ** 0.89 *** 1.01 0.86 * 0.32
(0.58) (0.23) (0.62) (0.51) (0.88)
GDP per capita (logged) —8.37 ki —-0.36 2.33 3.57 sk 433
(2.97) (0.63) (2.63) (1.33) (2.87)
Real GDP (logged) 8.26 *** 0.19 -3.71 —3.09 ** —4.99 *
(2.58) (0.52) (2.67) (1.46) (2.95)
Capital openness 0.17 0.11 * —0.11 0.13 0.35
(0.31) (0.06) (0.23) 0.17) (0.42)
FDI (logged) —0.14 —0.06 ** 0.11 0.25 0.17
(0.09) (0.03) (0.10) (0.18) (0.14)
Alliance 0.65 0.18 0.11 0.87 0.36
0.71) (0.12) (0.47) 0.71) (0.80)
Liberal democracy 0.33 —-0.54 -3.20 —-1.06 1.34
(2.01) (0.42) (2.88) (0.74) (3.07)
WTO membership 0.71 —0.15 0.69 0.20 -0.27
(0.90) (0.16) (0.94) (0.53) (0.73)
Free trade agreement —0.06 —-0.21 —-0.76 0.13 —-1.36
(0.89) (0.25) (0.64) (0.30) (1.03)
Partner fixed effects v v v v v
Year fixed effects 4 v v v v
R’ 0.04 0.05 0.05 0.08 0.03
Number of observations 1,673 1,673 1,673 1,673 1,673

##kp < 0.01; #*p < 0.05; *p < 0.1. All tests are two-tailed tests. Standard errors clustered on trading partner in parentheses.

and components trade in sanction effectiveness. Furthermore, as
firms can exploit production fragmentation to maintain trade with
target states, designing smart sanctions becomes imperative
(Kavakl et al., 2020).1

Finally, our findings point to new directions for research. For
one, in-depth case studies would be particularly useful to better
understand firm-level and product-level dynamics of sanction
bypass. Focusing on specific firm behavior or product flows before
and after sanctions would deepen our understanding of the
mechanism in which GVC trade can bypass sanction enforcement.
Second, our findings suggest that intermediate trade and assemblage
through third countries may also lead to sanction busting (e.g.,
Early, 2009, 2011). While seemingly avoiding trade with sanctioned
states, countries may first export parts and components to third
countries, assemble it through export platforms, and finally export
final products to a target state. Indeed, sources indicate that British
firms may have done precisely this in 2023-24, exporting aircraft
components to Indian companies who then assembled them and

16 Although smart sanctions may allow senders to address some of the issues
discussed here, they bring their own problems. Some scholars suggest that
smart sanctions are less effective than broader measures (see Drezner, 2011;
Ashford, 2016), that they may harm civilians or strengthen authoritarian leaders
(Peksen, 2011; Grauvogel and von Soest, 2014), and that they can adversely
affect non-targeted firms (Sun et al., 2022). These are all issues for policymakers

to consider as they move forward in this space.

Frontiers in Political Science

sent them onward to Russia (Boffey et al., 2025). Studies would thus
benefit from focusing on sanction busting from export platforms
and third countries, yielding important insights as to when
economic coercion is more likely to succeed.
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