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Abstract

This paper documents signs that the long-standing dominance of the U.S. dollar in global trade
invoicing is beginning to falter, a development associated with U.S. financial sanctions. Theoret-
ically, I propose a novel mechanism linking invoicing currency choice to sanctions: invoicing in
dollars exposes firms to uncertainty about cash flows under sanctions, which can lead creditors to
limit working-capital lending. Firms balance this financing risk against the benefits of dollar invoic-
ing in terms of liquidity and reduced exchange-rate risk. Using country-level import invoicing data,
I find a small but measurable shift away from dollar invoicing. Stronger U.S. sanctions against Chi-
nese entities are associated with larger declines in dollar invoicing shares and larger increases in
renminbi invoicing shares in countries with greater pre-existing import exposure to China. For a
10-percentage-point higher initial share of imports from China, a one-standard-deviation increase
in sanctions is associated with a 0.8-percentage-point larger decline in the dollar invoicing share
and a 0.2-percentage-point larger rise in the renminbi invoicing share on impact. Consistent with
the mechanism, suggestive evidence indicates that the renminbi response is weaker where imports
fromChina are concentrated in industrieswith lowerworking-capital needs. These findings suggest
that sanctions can weaken dollar dominance by making dollar invoicing a source of financing risk.
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1 Introduction

A central question in dollar dominance is no longer onlywhyfirmsuse the dollar, butwhen they choose

to leave it. International trade is increasinglymultipolar, yet invoicing and tradefinance remainheavily

dollar-centered. The standard explanation is that the dollar network is privately valuable: it provides

liquidity, hedging opportunities, and strategic complementarities, and it shapes international trans-

mission of shocks, exchange-rate pass-through, trade adjustment, and firms’ financing conditions.¹

Recent geopolitical fragmentation, however, has made visible a cost that is largely absent from normal-

time theories of dollar dominance: the same network that creates liquidity also creates jurisdictional

exposure. This paper examines how U.S. financial sanctions against Chinese entities relate to currency

choice along trade links to China. I show that this financial fragmentation does not produce broad

de-dollarization. Instead, they induce “selective” switching from the U.S. dollar (USD) to Chinese ren-

minbi (RMB) invoicing in financially vulnerable supply-chain links.

Financial sanctionsmatter for trade because they operate through the sameprivate intermediaries

thatmake thedollar network valuable. AU.S. designation can freeze assets underU.S. jurisdiction, pro-

hibit transactions with targeted entities, and restrict access to dollar clearing. Even when a transaction

is not itself prohibited, banks and correspondent institutions may respond by tightening compliance

screening, delaying or rejecting payments, reducing credit limits, or withdrawing from relationships

that create sanctions exposure. These de-risking responses propagate along supply chains because

trade payments, receivables, and short-term trade finance are jointly processed through the banking

system. For firms relying on dollar settlement, sanctions can therefore affect the reliability of dollar

cash flows as a source of working-capital finance.² Choosing the dollar inherently means choosing

exposure to the enforcement network embedded in dollar clearing and credit infrastructure.

This financing channel motivates examining two predetermined characteristics of each destina-

tion: its import exposure to China and the working-capital intensity (WCI) of its import basket from

China. The first measures how strongly a country is connected to Chinese supply chains. The second

summarizes how costly a disruption to dollar-linked working-capital finance would be for the goods it

imports from China. Together, they provide a way to examine whether the relationship between sanc-

¹For canonical contributions, see Corsetti et al. (2010) and Gopinath and Itskhoki (2022).
²Although invoicing and settlement currencies are conceptually distinct, they are closely aligned in many trade trans-

actions (Friberg and Wilander, 2008; Boz et al., 2022). I therefore interpret invoicing currency as the observed contractual
margin that proxies for exposure to currency-specific payment, settlement, and trade-finance frictions.
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tions and currency choice varies with the financing needs of the goods traded.

I examine these relationships using a country-year panel of FX-neutral import invoicing shares

from 2012 to 2023. The empirical challenge is that U.S. sanctions against Chinese entities are a com-

mon global shock across destinations, so I interact time-varying U.S. financial sanctions against Chi-

nese entities with each country’s pre-sanctions import exposure to China fixed in 2010. I then allow

the exposure gradient to differ between destinations with working-capital intensity of the country’s

predetermined import basket from China. The use of FX-neutral invoicing shares is critical, as it re-

moves mechanical valuation effects from exchange-rate movements, ensuring the estimates capture

active changes in currency choice rather than passive changes in the dollar value of a fixed basket.

Thebaselineestimates indicate economicallymeaningful differences in sanctions responsesacross

destinations. In the fully controlled specification, a one-standard-deviation increase in the log sanc-

tions index is associated with a contemporaneous RMB response that is about 0.19 percentage points

(pp) higher and a USD response that is about 0.84 pp lower for a 10 pp higher baseline import share

from China.³ The heterogeneity specification estimates a negative RMB exposure interaction for desti-

nations in the bottom decile of working-capital intensity, indicating a flatter exposure gradient in this

group. This describes how the sanctions response varies with China exposure. Accordingly, the low-

WCI result remains compatible with a nonzero RMB response. These patterns are consistent with a

role for financing requirements in currency choice.

To interpret these patterns, I introduce a geopolitical risk-management motive into the invoicing-

currencyproblem. In standardmodels, firms choose the currency that best replicates flexible prices un-

der normal-time macroeconomic volatility. In my model, I relax the implicit political neutrality of the

currency network. Chinese exporters jointly choose an invoicing currency and a preset price, balanc-

ing the dollar’s normal-time financing and hedging benefits against sanctions-sensitive credit access.

Greater sanctions intensity raises the probability of a stress state in which usable credit under dollar

invoicing is impaired. RMB invoicing sacrifices the dollar’s normal-time advantages but insulates the

firm from this dollar-specific credit impairment.

For exporters that prefer dollar invoicing at low risk and RMB invoicing at sufficiently high risk,

the model yields a switching threshold logic. Working-capital dependence lowers this threshold when

³These magnitudes use ̂𝜃(𝑐) × 10 × 1.36, with the coefficients in columns (3) and (6) of Table 1 and the sanctions-index
change used in Section 3.
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it increases the cost of impaired credit more than the normal-time dollar advantage. Dollar-priced

inputs raise the thresholdwhen their contribution to the normal-timehedging advantage exceeds their

effect on the cost of sanctions risk. Aggregation uses baseline trade-value weights to connect these

firm-level choices to destination-level invoicing shares. China exposure scales the affected trade, while

the concentration of trade at thresholds near the prevailing risk level determines the local response

to a further risk increase. Lower thresholds imply earlier RMB adoption and the size of a subsequent

responsedependsonhowmuch trade remainsnear the switchingmargin. Thisdistinctionconnects the

conditional firm-level mechanism to the aggregate heterogeneity examined in the empirical analysis.

Thequantitative implementation specifies a trade-value-weighteddistributionof switching thresh-

olds, generates RMB invoicing shares, and applies the same regression used in the empirical analysis.

At the reference probability normalization and threshold dispersion, removing the working-capital

loading prevents the model from reproducing the negative low-WCI exposure differential, including

after re-fitting the remaining parameters to the same coefficient targets. This comparison describes

the contribution of working-capital heterogeneity within the reference specification. A separate ret-

rospective exercise calibrates the WCI and no-WCI models on 2012–2019 observations and evaluates

their 2020–2023 paths conditional on realized sanctions. Under that design, including WCI modestly

reduces both level root mean square error (RMSE) and RMSE after removing country and year effects,

relative to the re-fitted no-WCI model and the initial-share benchmark.

Related Literature. —This paper contributesmost directly to the literature on endogenous invoicing-

currency choice by showing that currency choice is a pricing and hedging decision and also a choice

over exposure to currency-specific payment and credit infrastructure. Classic theory views the invoic-

ing currency as a device for managing normal-time macroeconomic risk: firms choose the currency

that best replicates theflexible-price optimumtheywould set under the real-hedgingmotive (Devereux

et al., 2004; Engel, 2006;Gopinath et al., 2010).⁴ Amore recent literature extends this real-hedging logic

todominant-currencypricing (DCP) throughstrategic complementarity inmarket structure (Bacchetta

and Van Wincoop, 2005; Goldberg and Tille, 2008; Devereux et al., 2017), input-currency matching

⁴Prior to the development of endogenous currency-choice frameworks, the invoicing currency was treated as an exoge-
nous. Classic exchange-rate overshooting and dynamic general-equilibrium models (Dornbusch, 1976;Obstfeld and Rogoff,
1995) typically reliedonproducer-currencypricing (PCP),while studies emphasizingpricing-to-market and incompletepass-
through (Krugman, 1986; Dornbusch, 1987) assumed local-currency pricing (LCP).
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through intermediate sourcing (Novy, 2006; Devereux et al., 2010; Chung, 2016; Gopinath et al., 2020;

Mukhin, 2022), and a trade-finance channel (Gopinath and Stein, 2021). These theoretical models are

supported by a large empirical literature using transaction-, firm-, and country-level data on invoic-

ing currency choice (Donnenfeld and Haug, 2003; Kamps, 2006; Goldberg and Tille, 2016; Devereux

et al., 2017; Licandro and Mello, 2019; Amiti et al., 2022; Corsetti et al., 2022; Chowdhry, 2024; Yoshida

et al., 2024; Benguria and Wagner, 2024). This literature emphasizes the factors that explain the dol-

lar’s dominant invoicing status and its persistence for roughly a century, while the forces that could

let a new currency rise, or threaten the dollar’s dominance, have received comparatively little atten-

tion (Arslanalp et al., 2022). As the dollar displaced sterling in the interwar period once dollar financial

infrastructure developed (Chiţu et al., 2014), the recent build-out of financial infrastructure together

with geopolitical fragmentation has renewed attention to new currencies and payment systems.

This paper also relates to a rapidly growing body of work on the effects of resurging geopolitical

fragmentation on the global financial system. Recent theoretical work formalizes the tension between

a hegemonic currency issuer’s ability to weaponize its central position (Clayton et al., 2026a,b) and

the endogenous emergence of alternative payment systems that blunt this power (Cipriani et al., 2023;

Clayton et al., 2025). Through complementarities across financial systems, geopolitical fragmentation

is associated with a declining dollar role in trade invoicing and borrowing (Berthou, 2023; Boz et al.,

2025;Corsetti et al., 2025;Chupilkin et al., 2025;Garofalo et al., 2025), in central bank reserves (Bianchi

and Sosa-Padilla, 2025; Sanusi et al., 2025), and in cross-border lending (Efing et al., 2023; Niepmann

and Shen, 2025; Pradhan et al., 2025; Reinhardt et al., 2025), and with adjustments in exchange rates

(Itskhoki and Mukhin, 2025; Lorenzoni and Werning, 2023).

A primary contribution of this paper is to connect country-level evidence on sanctions and invoic-

ing with a model of exporters’ financing decisions. The model builds on the three-period working-

capital framework of Bahaj and Reis (2026) and their complementarity between the currency of work-

ing capital and the currency of invoicing; they study a “pull” force, central-bank swap lines that reshape

the distribution of RMB funding costs. Corsetti et al. (2025) study a closely related “push” away from

the dollar, operating through reputational and secondary-sanction risk and the cost of dollar payment

circuits when exporting to a sanctioned destination. I examine a complementary dollar push factor

operating through Chinese exporters’ access to working-capital finance. In the model, usable credit

depends on the invoicing currency and the realized geopolitical state, and firms take this dependence
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into account when choosing currency and price. This interpretation is consistent with evidence that

the currency composition of credit responds to sanctions (Garofalo et al., 2025). Building on the litera-

ture on earnings-based borrowing constraints (Lian and Ma, 2021; Drechsel, 2023; Caglio et al., 2021),

the model makes currency-specific credit impairment part of the invoicing decision. Currency choice

therefore determines both the denomination of revenues and exposure to a particular source of fund-

ing risk.

Finally, this paper speaks to the literature on RMB internationalization. Despite significant policy

efforts by the Chinese government, the RMB’s global invoicing share remains low, with highly hetero-

geneous adoption across countries. Existing research highlights that central bank swap lines and off-

shore clearing banks are critical factors explaining this cross-country variation (Song and Xia, 2020;

Perez-Saiz and Zhang, 2023;Han et al., 2026). For example, Benguria and Novy (2025) document using

Argentine firm-level data that RMB import invoicing surged toward fifty percent when a bilateral swap

line relieved a local dollar shortage, before receding as the constraint eased. Using broader SWIFT data,

Bahaj and Reis (2026) find that swap lines increase both the probability and the intensity of RMB us-

age. Regional economic integrationandgeopolitical alignment also shapeadoptionpatterns (Koosakul

et al., 2024), with RMB usage accelerating most prominently in geoeconomically fragmented regions.

This paper complements these pull factors by examining a potential push factor associated with U.S.

sanctions against Chinese entities. The empirical exposure relationship remains after controlling for

observed swap-line access, RMB clearing banks, and trade agreements, while the model explains how

less reliable dollar credit can strengthen the incentive to use RMB.

Roadmap. The remainder of the paper is organized as follows. Section 2 describes the data construc-

tion, including the FX-neutral invoicing shares, U.S. sanctions data, measures of China trade expo-

sure, and working-capital dependence. Section 3 presents the empirical framework and main results,

documenting how the relationship between China-directed sanctions and invoicing shares varies with

baseline trade exposure andworking-capital intensity. Section 4 develops a theoreticalmodel of invoic-

ing currency choice under sanctions-sensitive working-capital constraints. Section 5 implements the

threshold mechanism quantitatively and compares specifications with and without working-capital

heterogeneity. Section 6 concludes.
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2 Data

The empirical analysis uses an unbalanced annual panel of 88 destination countries over 2012–2023.
Theoutcomevariables are country-level import invoicing shares adjusted for contemporaneousexchange-

rate valuation effects. I merge these outcomes with three constructed measures: (i) annual counts

of new U.S. Specially Designated Nationals and Blocked Persons (SDN) designations associated with

China; (ii) the share of eachdestination country’s total imports accounted for by imports fromChina in

2010, which measures predetermined trade exposure to China; and (iii) the working-capital intensity

of the country’s 2010 import basket from China, which captures predetermined heterogeneity in ex-

posure to the proposed financing channel. The empirical design combines the common time-varying

sanctions measure with these predetermined cross-country exposures.

Global Invoicing Data. I obtain annual country-level invoicing shares from the Global Currencies

Database developed by Boz et al. (2025), which extends the dataset of Boz et al. (2022) by expanding

country coverage and adding invoicing shares for the Chinese renminbi (RMB).⁵ The underlying series

were collected from national authorities through data requests conducted by the International Mone-

tary Fund (IMF) and the European Central Bank (ECB). The full database covers 106 economies at an

annual frequency over 1995–2024, although coverage varies across countries, years, trade flows, and in-

voicing currencies. The empirical analysis uses import invoicing observations from 2012 to 2023. Iran,

Taiwan, and Hong Kong are not covered, while Russia is observed only through 2021. These coverage

limitations reduce the representation of economies with particularly close trade.

Because the reported invoicing shares are value-based, exchange-rate movements can mechan-

ically change a currency’s recorded share even when the underlying currency composition of trade

remains unchanged. For example, an appreciation of the RMB increases the USD value of a RMB-

denominated trade flow and can therefore raise the recorded RMB share even if the underlying cur-

rency compositionof tradedoesnot change. To reduce thismechanical valuation component, I revalue

currency-specific invoiced trade using fixed exchange rates and refer to the resultingmeasure as the FX-

neutral invoicing share.

⁵The data are publicly available from the Chiṭu–Eichengreen–Mehl Global Currencies Database. I use the version down-
loaded on September 22, 2025.
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Let 𝑠𝑐
𝑖,𝑡 denote the raw import invoicing share of currency 𝑐 in country 𝑖 and year 𝑡:

𝑠𝑐
𝑖,𝑡 ≡ Value of imports invoiced in currency 𝑐

Total import value ,

where both values refer to country 𝑖’s imports from all origins in year 𝑡 and are measured in current

U.S. dollars. The annual average nominal exchange rate, ℰ𝑐,𝑡, is expressed in units of currency 𝑐 per

USD.⁶ Under this convention, an increase in ℰ𝑐,𝑡 represents a depreciation of currency 𝑐 against the

USD. Holding exchange rates fixed at their base-year values, the FX-neutral invoicing share is defined

as

̃𝑠𝑐
𝑖,𝑡 = 𝑠𝑐

𝑖,𝑡 (ℰ𝑐,𝑡/ℰ𝑐,𝑏)
∑𝑘∈𝒞𝑖,𝑡

𝑠𝑘
𝑖,𝑡 (ℰ𝑘,𝑡/ℰ𝑘,𝑏)

. (1)

Here, 𝑏 denotes the base year. For country 𝑖 in year 𝑡, 𝒞𝑖,𝑡 comprises the USD, the euro, the RMB,

and a residual group containing all remaining currencies used to invoice its imports. Because the cur-

rency composition of the residual group is unobserved, I approximate its valuation adjustment using

country 𝑖’s home-currency exchange rate. The baseline specification sets 𝑏 = 2019. For the corrected

import-share construction, Table A.1 compares the 2019-based measure with alternatives using 2010

exchange rates and the arithmetic averages of annual exchange rates over 2007–2010 and 2012–2023.

The table reports correlations in levels and after removing country and year fixed effects, using a com-

mon country–year sample for each currency. The 2012–2023 average yields measures very similar to

the 2019 benchmark.

Table A.2 compares raw and FX-neutral invoicing shares over 2012–2023 using a common country–

year samplewithin each trade flow. TheUSDaccounts for the largest average share among the reported

currencies: its unweighted average FX-neutral share is 51.42% for imports and 52.58% for exports.

These descriptive averages are consistent with the prominent role of dollar invoicing documented in

the dominant currency literature (Gopinath et al., 2020; Mukhin, 2022; Boz et al., 2025). The average

RMB share remains below 1% in both flows, at 0.45% for imports and 0.33% for exports. Figure A.1

provides a complementary cross-country comparison of import invoicing shares and bilateral trade

exposure in 2023.

Although the average RMB invoicing share remains small for most economies, Figure 1 shows con-

siderable cross-country variation and an increase between 2016–2019 and 2020–2023 for a majority
⁶Annual average exchange rates are obtained from the IMF’s International Financial Statistics (IFS).
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of economies. Among the economies displayed in the figure, the average RMB import invoicing share

increases in 71 of 109 economies, while the export share increases in 60 of 102 economies. In the full de-

scriptive sample reported in Figure A.2, the corresponding counts are 73 of 111 economies for imports

and 61 of 103 economies for exports. These averages use available observations within each period, so

the years entering the comparison can differ across economies.

Figure 1: Changes in FX-neutral RMB invoicing shares

(a) Import invoicing
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(b) Export invoicing
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Notes: Thefigure compares country-level averageRMB invoicing shares in 2016–2019 and 2020–2023. Panel a reports import invoicing shares,
and Panel b reports export invoicing shares. Each point represents an economy with at least one nonmissing observation in both periods.
The invoicing shares are adjusted using 2019 exchange rates as described in equation (1). The dashed 45-degree line represents no change
between the two periods; observations below the line experienced an increase in their average RMB invoicing share. Selected economies are
labeled by their ISO country codes. To preserve the scale of the figure, Mongolia and the Russia are omitted from the import panel, while
Mongolia is omitted from the export panel. Figure A.2 reports the corresponding figures using the full sample. The underlying invoicing data
are from Boz et al. (2025).

U.S. Financial Sanctions. I use the SDN data published by the U.S. Treasury’s Office of Foreign

Assets Control (OFAC) to construct two distinct measures of sanctions intensity.⁷ The distinction re-

flects the empirical setting: the model centers on Chinese exporters’ invoicing decisions, whereas the

country-level outcome records the currencies used to invoice destination country 𝑖’s imports. The first

measure is China-directed sanctions intensity, defined from new SDN designations assigned to China.

⁷AhnandLudema (2020)useU.S. andEUsanctions records, includingSDNdesignations, to studyfirmsexposed toRussia-
related sanctions. For China, Dou et al. (2026) examine financing constraints using a broader set of U.S. sanctions lists
that includes SDN. Laudati and Pesaran (2023) construct an alternative sanctions-intensity measure from U.S. Treasury
designation and removal records for Iran, alongside their main newspaper-based measure.
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It captures the common exporter-side pressure central to the paper. The second is destination-directed

sanctions intensity, defined from new SDN designations assigned to destination country 𝑖. Such desig-

nations may disrupt dollar payment and trade-finance conditions in the destination market, thereby

changing the relative attractiveness of USD versus RMB invoicing to Chinese exporters. I include this

measure separately so that the coefficient on China-directed sanctions exposure is not conflated with

sanctions pressure operating through the destination country itself.

An SDN designation is a blocking sanction. It requires U.S. persons to freeze any property and

interests in property of the designee that come within U.S. jurisdiction or their possession or control,

and generally prohibits them from dealing with the designee. These restrictions extend to financial in-

termediation. U.S. financial institutions cannot open accounts for an SDN and must block transfers

in which the designee has an interest. Designation therefore impairs the target’s access to U.S.-linked

dollar clearing and associated cross-border payment services. More broadly, restrictions on access to

the institutions and infrastructure supporting international payments have become an increasingly

prominent form of financial sanctions. Because key networks such as SWIFT have few close substi-

tutes, these restrictions can disrupt a broad range of cross-border activities, including trade financ-

ing (Cipriani et al., 2023). This common combination of asset blocking and transaction prohibitions

provides a relatively consistent treatment margin with a direct nexus to U.S. financial jurisdiction. By

contrast, OFAC’sConsolidatedNon-SDNfiles combine several listswhose restrictions differ across pro-

grams and are not uniformly blocking. I exclude those records from the baseline measure to preserve

this common treatment margin.

The raw OFAC snapshot provides the publication date, entity identifier, entity type, sanctions-

program tags, country, citizenship, and location associated with each listed record. I use the publi-

cation date to assign each record to a month and retain records classified by OFAC as either an Indi-

vidual or an Entity. Vessels and aircraft are excluded because they identify blocked property rather

than counterparties and cannot be assigned to countries using a comparable nationality-based rule.

I assign each record to its directly reported country; when that field is missing, I use citizenship and

then location. Within the 2012–2023 analysis window, 683 of 10,309 individual and entity records (6.6
percent) lack usable information in all three geographic fields and are therefore excluded. Country

names are subsequently harmonized and mapped to ISO-3 codes. To prevent duplicate counting, I re-

tain one observation per identifier, publication month, assigned country, and person type. I aggregate
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the cleaned records to the country-month level, fill zero-designation months with zeros, and sum the

monthly counts to obtain annual flows of new SDN designations.

Let 𝑆CN
𝑡 denote the annual number of new SDN records assigned to China, and let 𝑆D

𝑖,𝑡 denote the

corresponding count assigned to destination country 𝑖. I transform these counts as 𝑔𝑡 = ln(1 + 𝑆CN
𝑡 )

and 𝑑𝑖,𝑡 = ln(1+𝑆D
𝑖,𝑡). Panel a of Figure 2 displays the annual China-directed SDNadditions underlying

𝑆CN
𝑡 , separately for entities and individuals from 2012 to 2023. The series provides the common time-

series variation in sanctions intensity used in the exposure design.

Figure 2: Sources of Identifying Variation
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Notes: Panel A reports annual additions to the U.S. SDN list directed at China between 2012 and 2023, separately for entities
and individuals. Panels B–D use the 88 destination countries included in the fully controlled RMB specification. Panel B shows
the cross-country distribution of the share of imports from China in 2010. Panel C shows the distribution of the standardized
Chinese working-capital-intensity measure. Panel D plots the two predetermined exposure measures and reports their cross-
country association (Pearson 𝑟 = −0.184, Spearman 𝜌 = −0.260, and 𝑁 = 88); the fitted line is from a bivariate OLS regression,
with the shaded area denoting its 95 percent confidence interval. The corresponding 𝑅2 is 0.034. The weak linear association
is consistent with the China import share primarily capturing the scale of bilateral trade and the WCI capturing the industry
composition of Chinese imports.
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China Import Exposure. I construct the baseline China import share from annual bilateral trade

records in UN Comtrade. For destination country 𝑖, the measure is

𝐸𝑖,2010 = 𝑀𝑖,CN,2010
𝑀𝑖,World,2010

, (2)

where 𝑀𝑖,CN,2010 is the value of country 𝑖’s imports reported from China in 2010 and 𝑀𝑖,World,2010 is its

total imports from all origins in the same year. The measure is expressed as a percentage and is fixed

at its 2010 value. Panel b of Figure 2 shows its distribution across the 88-country matched analytical

sample.

Working Capital Intensity and Exposure. To examine whether the invoicing response to sanctions

varieswith short-term liquidity needs before sales are collected, I construct a new, predeterminedmea-

sure of the working-capital intensity embedded in each destination country’s imports from China.⁸

Because the relevant suppliers are Chinese firms, I construct the industry ratios from Chinese A-share

listed firms’ balance sheets and income statements. This allows the measure to reflect payment terms

and supplier and customer financing arrangements observed inChina, without assuming that industry

rankings estimated from U.S. firms carry over to China. The resulting measure remains a proxy based

on listed firms’ observed operating-finance practices rather than a directmeasure of the financing con-

straint faced by the marginal exporter.

The construction proceeds in three steps. First, I obtain balance-sheet and income-statement data

for Chinese A-share listed firms from Eastmoney through AKShare (King, 2022). For firm 𝑓 , net oper-

ating working capital (NOWC) is accounts receivable plus inventories, less accounts payable and ad-

vances from customers. Dividing this amount by sales gives

𝑤𝑓,𝑡 =
Receivables𝑓,𝑡 + Inventories𝑓,𝑡 −Payables𝑓,𝑡 −Customer Advances𝑓,𝑡

Sales𝑓,𝑡
. (3)

where the baseline retains firms listed by the end of fiscal year 𝑡 = 2010 with positive sales and non-

missing values for all four NOWC components.

The sign of 𝑤𝑓,2010 has a direct operating-finance interpretation. When 𝑤𝑓,2010 > 0, the funds tied

⁸For sectoral financial measures constructed from U.S. firms, see Manova et al. (2015). Working-capital management
using Chinese listed-company data has also been studied byHe et al. (2017). Themeasure developed here combines Chinese
industry working-capital intensity with destination-specific import composition.
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up in receivables and inventories exceed the operating finance supplied through accounts payable and

customer advances. The firm must finance this gap using internal liquidity or external sources such as

bank credit and trade finance. A positive ratio therefore indicates an operating funding requirement,

not necessarily realized borrowing or a binding financial constraint. Conversely, when 𝑤𝑓,2010 < 0,
financingprovidedby suppliers andcustomers exceeds the funds tiedup in receivables and inventories,

so trading partners finance the firm’s operating cycle on net. A negative ratio may reflect favorable

payment terms, customer prepayments, or supply-chain bargaining power.

Second, I assign firms to 2-digit ISIC Revision 3.1 industries using the official China Securities Reg-

ulatory Commission (CSRC) 2012Q4 listed-company assignments and a CSRC-to-ISIC concordance

that I construct. This concordance places the firm accounts and bilateral trade data in a common in-

dustry classification. This is a retrospective taxonomy applied to fiscal-year 2010 accounts. The broad

CSRCC39 (Computers, Communication Equipment, andOther Electronic EquipmentManufacturing)

does not have a unique ISIC counterpart. I use the more detailed legacy CSRC code to form an initial

assignment and then review the principal activity of 60 ambiguous firms. For industry 𝑠, the baseline

working-capital intensity is the revenue-weighted mean of the winsorized firm ratios:

NOWC𝑠,2010 =
∑𝑓∈𝑠 Sales𝑓,2010 𝑤𝑓,2010

∑𝑓∈𝑠 Sales𝑓,2010
, (4)

where 𝑤𝑓,2010 denotes the winsorized firm ratio at the 1st and 99th percentiles of the ISIC goods-sector

firm distribution, preventing service sectors from determining the goods-sector cutoffs.⁹ The revenue

weights make the statistic representative of listed-firm sales within an industry, while the industry me-

dian shown in Figure 3 documents sensitivity to large firms.

Figure3 shows substantial cross-industrydispersion. Toassess the sensitivityofmeasured industry

working-capital requirements, I compare the baseline NOWC-to-sales measure with an inventory-to-

sales proxy and alternative choices of aggregation, accounting period, sample composition, and out-

lier treatment. The inventory-to-sales proxy follows the intuition of Manova et al. (2015). Table A.5

defines these alternatives and reports the number of available industries and their Pearson and Spear-

man correlations with the baseline. The comparisons indicate similar cross-industry patterns across

⁹The resulting baseline contains 1,214 firms in 28 ISIC divisions. The underlying Eastmoney endpoint provides current-
vintage values for historical reporting periods, which may incorporate subsequent restatements, rather than an archive of
values exactly as reported in 2011. De-listed firms are also underrepresented.
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the alternative measures.

Figure 3: Net Operating Working Capital across 2-Digit ISIC Industries
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25  Rubber & plastic products

17  Textiles

21  Paper & paper products

32  Radio, television & communication equipment
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Notes: This figure reports cross-industry variation in net operating working capital at the 2-digit ISIC (Revision 3.1) level. The ratios are
constructed from financial statements of Chinese A-share listed firms in 2010. Filled circles report revenue-weighted industry means of
firm-level NOWC-to-sales ratios winsorized using the pooled 1st- and 99th-percentile cutoffs across all eligible goods-sector firms in 2010;
open diamonds report medians of the corresponding raw ratios. The cutoffs are common across industries. Industries are ordered by the
revenue-weighted mean. The rightmost column reports the number of firms.

Finally, I map each destination country’s 2010 HS6 imports from China into 2-digit ISIC Revision
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3.1 industries and combine the resulting import shares with Equation 4. Let 𝑀CN
𝑖,𝑠,2010 denote country

𝑖’s imports fromChina in industry 𝑠, and let 𝒮𝑖 denote themapped goods industries for which the final

Chinese WCI is available. I normalize the weights over this covered basket,

WC𝑖,2010 = ∑
𝑠∈𝒮𝑖

𝜔𝑖,𝑠,2010 NOWC𝑠,2010, 𝜔𝑖,𝑠,2010 = 𝑀CN
𝑖,𝑠,2010

∑𝑟∈𝒮𝑖
𝑀CN

𝑖,𝑟,2010
. (5)

Thus, WC𝑖,2010 measures the average working-capital intensity of country 𝑖’s 2010 imports from China,

weighting each covered industry by its share in that country’s covered Chinese import basket. A higher

value indicates that these imports are concentrated in industries with greater net operating working-

capital requirements relative to sales. China’s share of country 𝑖’s total imports separately measures

its overall trade exposure to China.

Coverage of the industrymeasure is high. ISIC divisions 12, 14, and 16 lack an eligible 2010Chinese

WCI observation, but together account for only 0.210% of import value in the crosswalk-eligible analyt-

ical trade sample. Themedian destination-country unmatched share is 0.085%.¹⁰ To strictly isolate the

impact of U.S. financial sanctions or invoicing choices during the 2012–2023 estimation period, both

the industry intensities and bilateral import weights are fixed in 2010. Its interpretation nonetheless re-

mains exposure-based: identification requires that the predetermined import composition not proxy

for other country characteristics that differentially load on subsequent sanctions shocks. The resulting

country index is standardized across countries. Panel c of Figure 2 reports its distribution across the

same 88-country analytical sample. Both the underlying industry intensities and the bilateral industry

weights are measured using the sectoral composition of countries’ 2010 imports from China.

Panel d of Figure 2 compares the two 2010 country-level measures. Their Pearson correlation

is −0.184, their Spearman rank correlation is −0.260, and the corresponding bivariate 𝑅2 is 0.034
(𝑁 = 88). The limited raw association shows that the measures are not mechanical substitutes in the

matched sample. The China import share measures the overall scale of imports from China, whereas

the WCI summarizes the industry composition of those imports. This descriptive separation supports

including the two measures as conceptually distinct exposures.

¹⁰These percentages use the analytical trade universe after the upstream product and industry crosswalks. Relative to raw
2010 imports from China, 98.77% of value reaches a non-missing Chinese WCI. The most of the additional loss occurs in
the HS-to-industry mapping of bilateral trade data.
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Additional Covariates. Theempirical specifications progressively incorporate controlsmotivated by

evidence on trade composition and geopolitics in currency invoicing (Boz et al., 2025), and on China-

related trade andmonetary institutions in international RMBuse (Bahaj andReis, 2026; Perez-Saiz and

Zhang, 2023). I first add contemporaneous institutional indicators and then lagged measures of trade

exposure, import composition, and political alignment.

The first group consists of three contemporaneous institutional indicators. The free trade agree-

ment (FTA) indicator equals one from the entry-into-force year of a trade agreementwithChina, includ-

ing a regional agreement. It captures policy-driven trade integration that may affect invoicing through

trading relationships and transaction costs beyond the observed bilateral import share.

The swap-line indicator equals one when the country has an active People’s Bank of China (PBoC)

facility at year-end, including coverage through the sharedPBoC–ECBarrangement for euro-areamem-

bers. It captures access to an RMB liquidity backstop that can reduce funding risk and support RMB-

denominated trade finance (Bahaj and Reis, 2026). This indicator measures facility availability, rather

than actual drawings or the size of the announced ceiling.

The clearing-bank indicator equals one from the year in which an official RMB clearing bank is

designated in the country. It captures local infrastructure that can lower the costs and operational

frictions of clearing and settling cross-border RMB payments (Perez-Saiz and Zhang, 2023).¹¹

The second group captures annual trade exposure, import composition, and geopolitical align-

ment. These three variables enter the regressions with a one-year lag. The time-varying China import

share is the value of country 𝑖’s imports from China divided by its total merchandise imports from all

origins, expressed in percent. It accounts for changes in trade composition that may raise aggregate

RMB invoicing even if currency choiceswithin a given trading relationship are unchanged. This annual

control is distinct from the fixed 2010 China import share used to construct sanctions exposure.

Thecommodity-import share is the sumof theWorldBank’sWorldDevelopment Indicators import

shares for fuels, ores andmetals, and agricultural rawmaterials, eachmeasured as a percentage of total

merchandise imports from all origins. Following Boz et al. (2025), I use this share as a proxy for trade

in relatively homogeneous goods. It accounts for import composition in markets where standardized

¹¹I manually collect FTA entry-into-force dates from the China FTA Network of China’s Ministry of Commerce, and swap-
line agreements and clearing-bank designations from PBoC announcements and RMB internationalization reports. Re-
newals and changes in announced maximum amounts are recorded in the underlying swap-line data. The common PBoC–
ECB ceiling is not allocated to individual euro-area members. Details of the three institutional indicators are reported in
Table A.3.

15



pricing and vehicle-currency use tend to favor the dollar (Goldberg and Tille, 2008).

Using the time-varying ideal points of Bailey et al. (2017), I construct a political-alignment indica-

tor equal to onewhen country 𝑖’s ideal-point distance toChina is smaller than its distance to theUnited

States in year 𝑡, and zerootherwise. This control accounts for geopolitical preferences and relationships

that may influence currency use alongside sanctions (Boz et al., 2025).

Together, these controls allow the sanctions-related invoicing response tobeestimatedconditional

on observed institutional arrangements, trade composition, and political alignment.

Table A.4 reports summary statistics for the variables used in the fully controlled baseline and

working-capital heterogeneity specifications over 2012–2023. Outcomes and time-varying regressors,

including lagged variables, are summarized over the observations entering the regressions. This distin-

guishes variation across country–year observations, across the 88 sample countries, and across the 12
sample years. The EUR specification uses a smaller sample because euro-area countries are excluded.

3 US Sanctions and Spillover Effects

3.1 Exposure Design and Identification

This section examines whether increases in U.S. financial sanctions directed at China are followed by

differential changes in the currencies used to invoice destination countries’ imports. I combine the

FX-neutral import invoicing shares and sanctions measures described in Section 2 with two country-

level exposures fixed in 2010. The outcomes cover imports from all origins and are examined sepa-

rately for the RMB, USD, EUR, and residual currency categories. I estimate dynamic panel regressions

with country and year fixed effects and complement them with local projections (Jordà, 2005) to trace

horizon-specific adjustment.

Let 𝑆CN
𝑡 and 𝑆D

𝑖,𝑡 denote the annual numbers of new U.S. SDN designations assigned to China

and destination country 𝑖, respectively, including entities and individuals. Define the corresponding

log-transformed sanctions measures as¹²

𝑔𝑡 = ln(1+𝑆CN
𝑡 ) and 𝑑𝑖,𝑡 = ln(1+𝑆D

𝑖,𝑡).
¹²Using the inverse hyperbolic sine (IHS) transformation for both sanctions measures preserves the main findings: the

RMB exposure coefficient remains positive and significant at the 1% level, and the USD coefficient remains negative and
significant at the 5% level in all three specifications (Appendix Table B.4).
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Because 𝑔𝑡 is common to all destination countries, its level is absorbed by year fixed effects. I interact

it with the predetermined exposure 𝐸𝑖,2010, the share of country 𝑖’s total imports sourced from China

in 2010, measured in percent:

ChineseRisk𝑖,𝑡 ≡ 𝐸𝑖,2010 ×𝑔𝑡. (6)

In this interaction, 𝑔𝑡 provides the time variation in sanctions intensity, and 𝐸𝑖,2010 provides the fixed

cross-sectional exposure weight. This strategy mirrors macroeconomic approaches for identifying the

heterogeneous transmission of aggregate shocks (Ottonello and Winberry, 2020; Crouzet and Mehro-

tra, 2020).

This interaction provides the identifying variation in the baseline exposure design. Its coefficient

measures whether invoicing shares change more strongly in destinations with greater initial import ex-

posure toChinawhenChina-directed sanctions intensity increases, conditional on the laggedoutcome

and included covariates. It does not identify the average global effect of 𝑔𝑡, which remains absorbed

by year fixed effects. I also include 𝑑𝑖,𝑡 separately to distinguish this exposure-related response from

sanctions pressure directed at the destination itself.

A causal interpretation requires that, conditional on thefixedeffects and includedcovariates, coun-

tries with different values of 𝐸𝑖,2010 would not otherwise have experienced systematically different

changes in invoicing shares in the same years in which 𝑔𝑡 changed. Fixing exposure in 2010 prevents

subsequent invoicing choices or sanctions realizations frommechanically changing the exposuremea-

sure. The main threat is another aggregate event that coincides with China-directed sanctions and

affects countries differentially according to their initial trade exposure to China. Year fixed effects ab-

sorb the component of such events that is common across countries, but not heterogeneous effects

correlated with 𝐸𝑖,2010.

I next examinewhether sanctions-related invoicing responses vary with theworking-capital inten-

sity of imports from China. Conditional on the initial China import share, 𝐸𝑖,2010, a higher WC𝑖,2010 in-

dicates that the destination’s 2010 import basket fromChina is concentrated in covered industrieswith

greater net operating working-capital requirements relative to sales. If sanctions increase the risk that

payments on dollar-invoiced exports are delayed or blocked, banks may restrict the working-capital

credit available before production. This mechanism motivates testing whether RMB invoicing rises

more, and USD invoicing falls more, among destinations whose initial Chinese import baskets have
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greater working-capital requirements. Theworking-capital index combines industrymeasures derived

fromChinese A-share listed firms’ balance sheets and income statementswith destination-specific im-

port weights. It measures the operating funding needs embedded in import composition; these data

do not establish whether the exporters serving each destination face binding credit constraints. A re-

sponse pattern matching the proposed prediction would therefore be consistent with the financing

channel, but would not by itself identify that channel. The weak raw correlation between 𝐸𝑖,2010 and

WC𝑖,2010 in Figure 2 documents their limited overlap in the sample.

3.2 Panel Linear Regressions

I estimate dynamic panel regressions over 2012–2023. The sample begins after the expansion of cross-

border RMB trade settlement and ends in 2023 because invoicing data for 2024 remain incomplete.¹³

The regressions relate changes in import invoicing shares to China-directed sanctions pressure inter-

acted with predetermined trade exposure, conditional on destination-directed sanctions, observed co-

variates, and country and year fixed effects.

Specification. Building upon the established empirical frameworks of Goldberg and Tille (2008) and

Bozet al. (2022, 2025), I specify the followingequation for eachcurrency 𝑐 ∈ {RMB,USD,EUR,Residual}:

Invoicing(𝑐)
𝑖,𝑡 = 𝛼(𝑐)

𝑖 +𝛽(𝑐)
𝑡 +𝜉(𝑐)Invoicing(𝑐)

𝑖,𝑡−1 +𝛾(𝑐)′𝑋𝑖,𝑡−1 +𝜓(𝑐)′𝑍𝑖,𝑡

+𝛿(𝑐)𝑑𝑖,𝑡 +𝜃(𝑐)ChineseRisk𝑖,𝑡 +𝜖(𝑐)
𝑖,𝑡 . (7)

Thedependent variable is the FX-neutral import invoicing share,measured in percentage points. To ac-

count for the pronounced inertia characteristic of currency invoicing, Equation 7 includes the lagged

dependent variable (Invoicing(𝑐)
𝑖,𝑡−1). 𝑑𝑖,𝑡 = ln(1 + 𝑆D

𝑖,𝑡) controls for SDN designations directed at the

destination country capturing idiosyncratic sanctions risk. As defined in Equation 6, ChineseRisk𝑖,𝑡 =
𝐸𝑖,2010𝑔𝑡 combines the common China-directed sanctions measure with country 𝑖’s predetermined

import exposure to China. The vector 𝑋𝑖,𝑡−1 contains the lagged import share from China, the lagged

¹³In July 2009, China initiated a pilot program for cross-border RMB trade settlement, initially restricted to Shanghai and
four cities in Guangdong province. It was not until the end of 2011 that the international use of the RMB was authorized
nationwide. The extension of the coverage of cross-border RMB trade settlement to all provinces and municipalities was
officially implemented via the “Notice on Expansion of the List of Regions for Cross-border RMB Settlement,” jointly issued
by the PBoC and the other five regulatory authorities in August 2011.
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homogeneous-goods import share, and lagged political alignmentwith China. The time-varying China

import share accounts for changes in bilateral trade intensity that may accompany changes in RMB

use; it is distinct from the fixed 2010 exposure entering ChineseRisk. The vector 𝑍𝑖,𝑡 contains contem-

poraneous indicators for an FTA with China, access to an RMB swap line, and an official RMB clearing

bank. The coefficients therefore describe responses conditional on these observed trade and institu-

tional characteristics.¹⁴ Finally, 𝛼𝑖 and 𝛽𝑡 absorb country and time fixed effects, respectively. Standard

errors are clustered by country.

The coefficient 𝜃(𝑐) measures the exposure gradient in the response to the intensity of U.S. sanc-

tionsagainstChineseentities. For a changeΔ𝑔 andbaselineexposure𝐸, the contemporaneousexposure-

related component is 𝜃(𝑐)𝐸Δ𝑔.¹⁵ Both invoicing shares and 𝐸 are expressed in percentage points, so a

country importing 10 percent of its goods from China has 𝐸 = 10.

Baseline Results. Table 1 reports three specifications for each currency. Columns (1), (4), (7), and

(10) include the lagged dependent variable, both sanctions measures, and country and year fixed ef-

fects. The second column within each currency group adds the institutional indicators, and the third

adds the lagged trade andpolitical-alignment controls. Euro-area countries are excluded from the EUR

regressions. The fully controlled specifications contain 831 country-year observations from 88 coun-

tries for RMB, USD, and Residual, and 640 observations from 69 countries for EUR.

The reported estimates show a positive exposure-related response of RMB invoicing and a neg-

ative response of USD invoicing. Across the three specifications, the ChineseRisk coefficient ranges

from 0.014 to 0.017 for RMB and from −0.062 to −0.053 for USD. The RMB coefficients are statistically

significant at the 1 percent level, and the USD coefficients at the 5 percent level. The RMB and USD

patterns persist after the observed policy and trade controls are included. The opposite signs for RMB

and USD are consistent with a reallocation of invoicing away from the dollar and toward the RMB. The

estimates for EUR and Residual are imprecise and do not establish a systematic response.

These findings relate to evidence that financial and geopolitical frictions shape currency choice.

Using detailed Turkish export data, Corsetti et al. (2025) document a shift from dollar to lira invoicing

¹⁴As a robustness check against potential simultaneity bias, lagged policy variables (𝑍𝑖,𝑡−1) was considered. The results
show that the signs and significance levels of the main coefficients are fully robust to this alternative specification.

¹⁵The specific choice of the baseline year for exposure does not materially alter the baseline results, as the import share
from China exhibits high persistence over time(??).
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Table 1: US Financial Sanctions on Chinese Entities and Global Invoicing Currencies

RMB USD EUR Residual

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

ChineseRisk 0.017∗∗∗ 0.016∗∗∗ 0.014∗∗∗ -0.053∗∗ -0.059∗∗ -0.062∗∗ 0.011 0.014 0.018 0.050 0.051 0.048
(0.005) (0.006) (0.005) (0.024) (0.026) (0.027) (0.025) (0.023) (0.022) (0.034) (0.037) (0.038)

Idio. Sanc. -0.026 -0.023 -0.024 -0.187 -0.180 -0.152 0.288 0.291 0.270 0.181 0.182 0.183
(0.041) (0.041) (0.043) (0.258) (0.255) (0.264) (0.199) (0.205) (0.213) (0.266) (0.270) (0.278)

Lag. Dep. Var. 0.459∗∗∗ 0.454∗∗∗ 0.438∗∗∗ 0.509∗∗∗ 0.510∗∗∗ 0.514∗∗∗ 0.579∗∗∗ 0.573∗∗∗ 0.565∗∗∗ 0.497∗∗∗ 0.496∗∗∗ 0.501∗∗∗

(0.140) (0.135) (0.121) (0.061) (0.062) (0.064) (0.078) (0.079) (0.076) (0.098) (0.101) (0.105)

LR Effects 0.031∗∗∗ 0.030∗∗∗ 0.025∗∗∗ -0.108∗∗ -0.121∗∗ -0.127∗∗∗ 0.027 0.033 0.041 0.100 0.100 0.095
(0.010) (0.010) (0.008) (0.045) (0.047) (0.049) (0.061) (0.055) (0.053) (0.062) (0.068) (0.070)

Contemp. Ctrl. 3 3 3 3 3 3 3 3

Lagged Ctrl. 3 3 3 3

Year & Cty FE 3 3 3 3 3 3 3 3 3 3 3 3

Obs 849 849 831 849 849 831 658 658 640 849 849 831
Countries 91 91 88 91 91 88 72 72 69 91 91 88
Within 𝑅2 0.175 0.177 0.194 0.278 0.279 0.281 0.327 0.328 0.328 0.251 0.252 0.252
Notes: This table presents the baseline dynamic panel fixed-effects estimation results. The dependent variables are the FX-neutralized import invoicing shares of
the respective currencies (RMB, USD, EUR, and Residual). ChineseRisk is 𝐸𝑖,2010𝑔𝑡, where 𝐸𝑖,2010 is the country’s 2010 import share from China, measured in
percent, and 𝑔𝑡 is the natural logarithm of one plus annual China-directed U.S. SDN designations, including entities and individuals. Idio. Sanc. is 𝑑𝑖,𝑡, the natural
logarithm of one plus annual U.S. SDN designations directed at the importing country. LR Effects reports the long-run multiplier of the sanctions shock, computed
via the Delta method based on the lagged dependent variable (Lag. Dep. Var.). Contemporaneous controls encompass indicators for bilateral FTAs, currency swap
lines, and official RMB clearing banks. Lagged controls include the import share from China, the import share of homogeneous goods, and a political alignment
index. All specifications include country and year fixed effects. Standard errors, clustered at the country level, are reported in parentheses. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗

p<0.01.

and greater reliance on cash-in-advance payments in trade with Russia following the 2022 invasion

of Ukraine and Western sanctions. In a different policy setting, Bahaj and Reis (2026) document in-

creasedRMBuse following the introductionof PBoC swap lines, while Perez-Saiz andZhang (2023)find

that swap lines and offshore clearing banks facilitate RMB use in cross-border payments with China.

My analysis complements these studies by examining how annual import invoicing shares respond

to China-directed sanctions pressure across countries with different predetermined import exposures

to China. The positive RMB and negative USD coefficients persist after conditioning on the observed

institutional indicators.

The lagged dependent variable also links the contemporaneous estimates to the adjustment im-

plied by persistence in invoicing shares. Holding other covariates fixed, the long-run exposure-related

response to a sustained increase Δ𝑔 converges to

LR(𝑐)(𝐸,Δ𝑔) = 𝜃(𝑐)

1−𝜉(𝑐) 𝐸Δ𝑔, |𝜉(𝑐)| < 1. (8)

The LR Effects row in Table 1 reports the unscaled long-run multiplier 𝜃(𝑐)/(1−𝜉(𝑐)). For a one-period
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increase in sanctions intensity, the associated response instead decays according to the estimated au-

toregressive coefficient; the same multiplier summarizes the sum of those responses over subsequent

periods.

Figure 4: Model-Implied Long-Run RMB Invoicing Response to a Sustained Increase in U.S. Sanctions
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Baseline: 2022 (49 designations); marker: 156 designations, 24.2% exposure.
Point-estimate illustration conditional on a sustained increase; not a country forecast.

Notes: Thisfigureuses theestimateddynamicpanel coefficients fromColumn (3)ofTable1. Thevertical axismeasures the shareof a country’s
imports originating inChina in 2010, expressed inpercent. Thehorizontal axismeasures additional annualChina-directed SDNdesignations,
relative to the2022 total of 49. For an increaseof𝑘designations, the simulationcompares a referencepathwith49newdesignations eachyear
against a path with 49+𝑘 new designations each year, starting from the same initial conditions and holding other factors constant. Shading
and contours report the resulting long-run difference in the RMB invoicing share, in percentage points: { ̂𝜃𝐸/(1− ̂𝜉)}[ln(50+𝑘)− ln(50)]
where 𝐸 is baseline import exposure, ̂𝜃 is the ChineseRisk coefficient, and ̂𝜉 is the lagged dependent-variable coefficient. They illustrate the
conditional exposure-related component of the estimated relationship.

Toretain thenormalizationused in the reported results, consider abenchmarkone-standard-deviation

change Δ𝑔 = 1.36 and a country with 𝐸 = 10. The parsimonious estimates imply contemporaneous

changes of approximately 0.23 percentage points for RMB and −0.72 percentage points for USD. Un-

der a sustained change of the same size, the fully controlled estimates imply long-run changes of ap-

proximately 0.34 and −1.73 percentage points, respectively. These are conditional implications of the
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estimated dynamic relationship.¹⁶

Figure 4 illustrates how the estimated long-run RMB relationship varies with baseline China expo-

sure and the assumed change in sanctions intensity, based on the estimates in Column (3) of Table 1.

The larger predicted response at greater exposure follows directly from the interaction specification.

The figure is therefore an illustration of the estimated relationship rather than independent evidence

of a nonlinear response or a forecast for individual countries.

Cambodia illustrates the economic magnitude of the estimates. China accounted for approxi-

mately 24.2% of Cambodia’s imports in 2010, the fixed exposure used in the regressions. Consider

two hypothetical scenarios with the same initial conditions. In the reference scenario, annual China-

directed SDN designations remain at 49. In the higher-sanctions scenario, they rise to 156 and remain

at that level each year. These counts correspond to the observed annual totals in 2022 and 2023, respec-

tively. Holding other factors constant, the fully controlled specification implies an exposure-related dif-

ference in Cambodia’s RMB invoicing share of approximately 0.39 percentage points between the two

scenarios in the first year. Because invoicing shares are persistent, this difference gradually widens

to approximately 0.69 percentage points if the higher annual designation rate continues. The 0.69-
percentage-point figure is the total long-run difference. For perspective, the long-run difference is

approximately 37% of Cambodia’s observed FX-neutral RMB invoicing share of about 1.9% in 2023.

Heterogeneity by Working-Capital Intensity. I further examine whether the sanctions-related in-

voicing response varieswith theworking-capital intensity of imports fromChina. Theproposed financ-

ing mechanism suggests that larger operating-liquidity needs can strengthen exporters’ incentives to

reconsider dollar invoicing when U.S. financial sanctions increase the risk of disruptions to dollar-

linked credit and payments.

For the specification reported in Table 2, let 𝐷WC
𝑖 = I{WC𝑖,2010 ≤ 𝑄0.10} indicate membership in

¹⁶Given the relatively short time dimension of the panel, the standard two-way fixed effects (TWFE) estimator may under-
estimate the autoregressive coefficient 𝜉(𝑐) due to Nickell (1981) bias. To address this, Table B.1 reports estimates using the
bias-corrected least squares dummy variable (LSDVC) estimator developed by Kiviet (1995). The LSDVC specification yields
comparable long-run effects. While while the USD coefficient remains negative but is less precisely estimated, the positive
RMB coefficient remains statistically significant
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Table 2: U.S. Financial Sanctions and Global Invoicing Currencies: Working-Capital Intensity

RMB USD EUR Residual
(1) (2) (3) (4)

ChineseRisk 0.014∗∗∗ -0.062∗∗ 0.018 0.047
(0.005) (0.027) (0.022) (0.038)

ChineseRisk𝐷WC
𝑖 -0.014∗ 0.326∗∗∗ -0.219∗∗∗ -0.047

(0.008) (0.091) (0.077) (0.103)
𝑔𝑡𝐷WC

𝑖 0.143∗∗ -2.066∗∗ 1.727∗∗ -0.060
(0.065) (0.879) (0.825) (0.985)

Lag. Dep. Var. 0.438∗∗∗ 0.515∗∗∗ 0.564∗∗∗ 0.500∗∗∗

(0.121) (0.065) (0.078) (0.105)
Contemp. Ctrl. 3 3 3 3

Lagged Ctrl. 3 3 3 3

Year & Cty FE 3 3 3 3

Observations 831 831 640 831
Countries 88 88 69 88
Within 𝑅2 0.194 0.282 0.328 0.252
Notes: The table presents the effects of working-capital intensity Let 𝐸𝑖 denote the
fixed 2010 China import share, measured in percent, and let 𝑔𝑡 = ln(1 + SDNCN,𝑡),
where the count includes annual China-directed additions. ChineseRisk𝑖,𝑡 = 𝐸𝑖𝑔𝑡.
𝐷WC

𝑖 identifies the bottom decile of the original WCI reference distribution. Policy
controls are the China FTA, swap-line, and RMB clearing-bank indicators. Trade
controls are lagged China import and homogeneous-goods shares; political align-
ment is also lagged. All columns additionally control for destination-directed sanc-
tions and the lagged dependent variable, and include country and year fixed ef-
fects. The EUR sample excludes euro-area countries under the original sample rule.
Country-clustered standard errors appear in parentheses. ∗𝑝 < 0.10, ∗∗𝑝 < 0.05,
∗∗∗𝑝 < 0.01.

the bottom decile of the original working-capital index distribution. I estimate

Invoicing(𝑐)
𝑖,𝑡 = 𝛼(𝑐)

𝑖 +𝛽(𝑐)
𝑡 +𝜉(𝑐)Invoicing(𝑐)

𝑖,𝑡−1 +𝛾(𝑐)′𝑋𝑖,𝑡−1 +𝜓(𝑐)′𝑍𝑖,𝑡

+𝛿(𝑐)𝑑𝑖,𝑡 +𝜃(𝑐)ChineseRisk𝑖,𝑡 +𝜅(𝑐) (ChineseRisk𝑖,𝑡𝐷WC
𝑖 )

+𝜆(𝑐) (𝑔𝑡𝐷WC
𝑖 )+𝜖(𝑐)

𝑖,𝑡 . (9)

All specifications retain the baseline controls, country and year fixed effects, and country-clustered

standard errors. Country fixed effects absorb the time-invariant terms 𝐷WC
𝑖 and 𝐸𝑖,2010𝐷WC

𝑖 , while year

fixed effects absorb the common sanctions index 𝑔𝑡.

The additional interaction 𝑔𝑡𝐷WC
𝑖 allows the group difference in sanctions responses to have an

intercept as well as an exposure-dependent component. Accordingly, 𝜅(𝑐) measures the difference in
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exposure gradients. For a one-unit increase in 𝑔𝑡, the conditional short-run response difference be-

tween the low-WCI group and the remaining countries at the same baseline exposure 𝐸 is Δ𝑅(𝑐)(𝐸) =
𝜆(𝑐) + 𝜅(𝑐)𝐸. A negative value of Δ𝑅(𝑐)(𝐸) indicates a smaller response in the low-WCI group at that

exposure.

In Table 2, the RMB interaction coefficient is −0.014 indicating a flatter exposure gradient in the

low-WCI group. This does not imply a uniformly smaller RMB response, because the estimated 𝜆(RMB)

is positive. At higher exposure values, the fitted contrast Δ̂𝑅
(RMB)

(𝐸) becomes negative, a direction

consistent with the proposed financing-channel interpretation.¹⁷ The USD and EUR interaction coef-

ficients are positive and negative, respectively. These estimates suggest that the relationship between

sanctions pressure and invoicing varies with the financing requirements of the goods imported from

China. Their interpretation is limited by the country-level nature of the data and the small low-WCI

estimation group.

Appendix C provides complementary evidence on timing through year-specific exposure profiles

and local projections. The projections relate sanctions pressure to changes in invoicing shares from

𝑡 − 1 to 𝑡 + ℎ for ℎ = 0,…,3, including a comparison across WCI groups. Longer horizons, however,

require follow-up outcomes that are unavailable for the most recent sanctions observations. At ℎ = 3,
the 2022 and 2023 reference years are excluded because the corresponding 2025 and 2026 outcomes

are not observed. The unbalanced panel also produces substantial changes in country and reference-

year coverage across horizons and estimationwindows. Differences across projections therefore reflect

changes in sample composition as well as possible dynamic adjustment. These exercises complement

the panel evidence but do not establish the full adjustment path following the latest sanctions escala-

tion.

3.3 Robustness: The Russia Effect and Placebo Tests

In this subsection, I assess the sensitivity of the panel estimates to three changes in sample or specifi-

cation: excluding Russia, replacing baseline China exposure with exposure to Germany, and replacing

current China-directed sanctions intensitywith its two-year lead. These exercises examinewhether the

reported invoicing patterns depend onRussia’s observations andwhether similar relationships appear

¹⁷At China import exposures of 20% and 30%, the estimated low-WCI-minus-remaining-group contrasts are −0.135 and
−0.273 percentage points per unit increase in 𝑔𝑡, respectively.
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under alternative exposure and timing measures.

Excluding Russia. A particular concern is that Russia’s own adjustment to Western financial sanc-

tions may disproportionately influence the estimated China-exposure relationship. Existing research

documents a limited and uneven international role for the RMB. Its use in cross-border payments is

associated with trade and institutional ties to China (Perez-Saiz and Zhang, 2023), while evidence on

trade invoicing suggests a limited role as a vehicle currency in transactions between third countries

(Chowdhry, 2024; Boz et al., 2025). Against this background, longstanding sanctions against Russia

could have encouraged greater RMBuse in its tradewith China. If this adjustment covaries with China-

directed sanctions intensity, it could influence the estimated coefficient on 𝐸𝑖,2010𝑔𝑡. The baseline

specification already adjusts for sanctions directed at the importing country through 𝑑𝑖,𝑡, with a com-

mon coefficient across countries. This adjustment and the other included controls may nevertheless

leave Russia-specific responses incompletely captured, particularly if theirmagnitude or timing differs

from the relationship imposed by the model.

I therefore re-estimate the fully controlled baseline specification across three samples: the original

sample, a sample excluding Russia, and a sample jointly excluding Russia and four selected trading

partners with important trade links to Russia, including Brazil, India, Turkey, and Kazakhstan, to assess

whether the positive RMB and negative USD relationships depend on its observations.¹⁸ In Table 3,

Columns (1)–(3) report theRMBestimates, andColumns (4)–(6) report theUSDestimates. All columns

retain the same controls and country and year fixed effects. Russia contributes invoicing observations

only for 2012–2021, so its own invoicing changes following the 2022 invasion of Ukraine do not enter

these regressions directly.

Excluding Russia alone leaves the RMB and USD coefficients nearly unchanged, at approximately

0.014 and −0.062, respectively. Under the broader exclusion, the RMB coefficient remains similar at

approximately 0.015, while the USD coefficient remains negative but declines in absolute magnitude

to approximately −0.052. Thus, the positive RMB and negative USD relationships persist across these

samples, with some attenuation of theUSD relationship under the broader exclusion. Table B.2 reports

the corresponding estimates for all four currency categories using the same three sample definitions.

Table B.3 reports the corresponding Russia-only exclusion for the working-capital heterogeneity spec-

¹⁸Iran and Syria are also absent from the baseline estimation sample.
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ification in Equation 9. The main coefficient patterns and the estimated group contrasts at a common

baseline China import share of 10 percent remain broadly similar.

Table 3: Baseline Estimates under Alternative Country Exclusions

RMB USD
Full Excl. Russia Excl. five Full Excl. Russia Excl. five
(1) (2) (3) (4) (5) (6)

𝐸𝑖𝑔𝑡 0.014∗∗∗ 0.014∗∗∗ 0.015∗∗∗ -0.062∗∗ -0.062∗∗ -0.052∗

(0.005) (0.005) (0.006) (0.027) (0.027) (0.026)
Destination sanctions -0.024 -0.025 -0.026 -0.152 -0.112 -0.261

(0.043) (0.045) (0.048) (0.264) (0.276) (0.282)
Lagged dependent variable 0.438∗∗∗ 0.433∗∗∗ 0.428∗∗∗ 0.514∗∗∗ 0.515∗∗∗ 0.513∗∗∗

(0.121) (0.120) (0.119) (0.064) (0.065) (0.070)
𝑝: 𝜃 = 0 0.0090 0.0097 0.0094 0.0256 0.0245 0.0509
Observations 831 821 784 831 821 784
Countries 88 87 83 88 87 83
Within 𝑅2 0.194 0.188 0.189 0.281 0.281 0.279
Notes: This table compares the fully controlled baseline specification in Equation 7 using the original sample, excluding Russia
only, and jointly excluding Russia, Brazil, India, Turkey, and Kazakhstan (“Excl. five”). The estimation period is 2012–2023;
Russian observations cover 2012–2021. The dependent variables are FX-neutral RMB and USD import invoicing shares, in
percentage points. 𝐸𝑖 is the fixed 2010 China import share, in percent. 𝑔𝑡 and the destination sanctions measure are the
natural logarithms of one plus annual U.S. SDN designations directed at China and the importing country, respectively, includ-
ing entities and individuals. All columns include country and year fixed effects, the lagged dependent variable, destination-
directed sanctions, contemporaneous FTA, RMB swap-line and RMB clearing-bank indicators, and lagged China import share,
homogeneous-goods import share, and political alignment. Standard errors in parentheses are clustered by country. ∗𝑝 < 0.10,
∗∗𝑝 < 0.05, ∗∗∗𝑝 < 0.01.

Exposure placebo. I next examine whether the baseline pattern also appears when China-directed

sanctions intensity is interacted with exposure to a different major supplier. Let 𝐸DEU
𝑖 denote the share

of country 𝑖’s imports originating inGermany in2010, expressed inpercent. I replace𝐸𝑖𝑔𝑡 inEquation7

with

𝑃 DEU
𝑖𝑡 = 𝐸DEU

𝑖 𝑔𝑡,

retaining the laggeddependent variable, destination-directed sanctions, baseline covariates, and coun-

try and year fixed effects. Germany is excluded from this specification.

Columns (3) and (4) of Table 4 report coefficients of approximately −0.002 for RMB and 0.035
for USD, with country-clustered standard errors of 0.002 and 0.022, respectively. Neither coefficient

is statistically distinguishable from zero at conventional levels. The Germany-exposure specification

therefore does not reproduce the baseline combination of a positive RMB gradient and a negative USD

gradient. This finding is consistent with the relevance of China-specific trade exposure, although Ger-
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many exposure need not capture all alternative sources of differential invoicing trends.

Timing placebo. Finally, I replace the contemporaneous interaction 𝐸𝑖𝑔𝑡 with

𝑃 lead
𝑖𝑡 = 𝐸𝑖𝑔𝑡+2.

The outcome remains the invoicing share in year 𝑡, and the other controls and fixed effects are un-

changed. This specification examines whether sanctions intensity dated two years ahead is associated

with current invoicing shares through baseline China exposure.

Table 4: US Financial Sanctions on Chinese Entities and Global Invoicing Currencies (Placebo Tests)

Baseline Exposure Temporal
Placebo Placebo

RMB USD RMB USD RMB USD

(1) (2) (3) (4) (5) (6)

ChineseRisk 0.014∗∗∗ −0.062∗∗ −0.002 0.035 −0.004 −0.016
(0.005) (0.027) (0.002) (0.022) (0.004) (0.033)

Idio. Sanc. −0.024 −0.152 −0.027 −0.182 −0.032∗ −0.113
(0.043) (0.264) (0.046) (0.271) (0.017) (0.284)

Lag. Dep. Var. 0.438∗∗∗ 0.514∗∗∗ 0.471∗∗∗ 0.511∗∗∗ 0.980∗∗∗ 0.563∗∗∗

(0.121) (0.064) (0.130) (0.063) (0.307) (0.057)

LR Effects 0.025∗∗∗ −0.127∗∗∗ −0.004 0.072 −0.179 −0.036
(0.008) (0.049) (0.004) (0.050) (2.917) (0.073)

Contemp. Ctrl. 3 3 3 3 3 3

Lagged Ctrl. 3 3 3 3 3 3

Year & Cty FE 3 3 3 3 3 3

Obs 831 831 819 819 751 751
Countries 88 88 87 87 88 88
Within 𝑅2 0.194 0.281 0.169 0.277 0.493 0.316
Notes: This table presents placebo tests to validate the identification strategy of the baseline dy-
namic panel fixed-effects regressions. The dependent variables are the import invoicing shares of the
RMB and USD. Columns (1) and (2) replicate the baseline results for comparison. Columns (3) and
(4) report the Exposure Placebo, which tests for spurious network trends by replacing the destina-
tion country’s 2010 baseline import share from China with the baseline import share from Germany
(ExposureDEU

𝑖,2010). Columns (5) and (6) report the Temporal Placebo, which tests for pre-existing
trends and anticipation effects by substituting the contemporaneous sanctions shock with a 2-year
leading value of the global U.S. sanctions against Chinese entities (sanctionlog

𝑐𝑛,𝑡+2). Idio. Sanc. de-
notes the log-transformed idiosyncratic U.S. sanctions directly targeting the destination country. LR
Effects reports the long-run multiplier of the sanctions shock, computed via the delta method based
on the lagged dependent variable (Lag. Dep. Var.). Contemporaneous controls encompass indica-
tors for bilateral FTAs, currency swap lines, and official RMB clearing banks. Lagged controls include
the import share from China, the import share of homogeneous goods, and a political alignment in-
dex. All specifications include country and year fixed effects. Standard errors, clustered at the country
level, are reported in parentheses. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.

Columns (5) and (6) of Table 4 report coefficients of approximately −0.004 for RMB and −0.016 for

USD, with standard errors of 0.004 and 0.033, respectively. These estimates do not provide statistically

significant evidence of the lead-exposure relationship in this specification. The placebo replaces the
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current interaction with its lead; it does not estimate their separate contributions in a joint specifica-

tion.

The placebo comparisons also involve changes in sample coverage. The exposure and timing spec-

ifications use 819 and 751 observations, respectively, compared with 831 in the baseline columns. Dif-

ferences across specifications therefore reflect both the alternative regressor and the available observa-

tions. These checks provide evidence on specific sources of sensitivity.

Thenext sectiondevelops amodel of aChinese exporter to examine afinancingmechanismconsis-

tentwith theempirical patterns. In themodel, the invoicingcurrencydetermines exposure to sanctions-

sensitive disruptions in the usable amount of working-capital credit. The firm weighs the dollar’s

normal-time financing and hedging benefits against the risk of impaired dollar-linked credit access.

Working-capital requirements increase the cost of such disruptions, while dollar-priced intermediate

inputs create an incentive to retain dollar revenues as an operational hedge.

4 Theoretical Model for Currency Choice

Thissectiondevelopsa three-periodpartial-equilibriummodelof invoicing-currencychoicewithworking-

capital financing. A Chinese exporter jointly chooses its invoicing currency and a preset price to max-

imize expected profits. Its choice between RMB and USD invoicing balances the normal-time bene-

fits of dollar invoicing against greater exposure to sanctions-related disruptions in credit access. This

trade-off provides an interpretation of the positive China-exposure gradient for RMB invoicing, the

negative gradient for USD invoicing, and the differences across working-capital groups documented

in Section 3. The model derives a currency-switching threshold and specifies the additional conditions

needed to connect firm choices to the country-level estimates.

The contribution is tomake the reliability of credit access depend on the invoicing currency choice

in an otherwise familiar preset-price problem. Existing work establishes the role of hedging and input-

currency matching in currency choice (Engel, 2006; Goldberg and Tille, 2008; Chung, 2016) and the

complementarity between trade finance and invoicing (Gopinath and Stein, 2021; Bahaj and Reis,

2026). The centralmechanismhere concerns a reduction in usable credit capacity in a sanctions-stress

state. Its cost depends on how much production must be financed before revenues arrive and on the

alternatives available when usable credit line is impaired. This also distinguishes the proposed mech-
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anism from the payment-circuit and reputational frictions studied by Corsetti et al. (2025). The model

takes sanctions risk and financial infrastructure as given.

4.1 Environment, Timing, and Currency Choice

A risk-neutral Chinese exporter 𝑗 in sector 𝑠 serves a single destination 𝑖. It chooses producer-currency

pricing (PCP), denoted 𝑐 = 𝑒 and interpreted as RMB invoicing, or dominant-currency pricing (DCP),

denoted 𝑐 = 𝑣 and interpreted as USD invoicing. The destination’s own currency need not be either of

these. The binary choice isolates the RMB–USD margin. Throughout the firm-level analysis, destina-

tion 𝑖 is fixed. I retain 𝑖 on destination demand and its shifters, and suppress it on firm-specific prices,

profits, values, and switching thresholds.

At 𝑡 = 0, the firm observes the sanctions-risk environment 𝜏 , takes its predetermined credit limit

ℬ̄𝑗 as given, and chooses an invoicing currency and a price fixed in that currency. I treat this limit as

a firm-level benchmark reflecting established financing capacity, including historical cash flows, not

a transaction-by-transaction receivable collateral. At 𝑡 = 1, the macroeconomic state X, including ex-

change rates, borrowing rates, and destination demand shifters, is realized. Given the preset price, this

state determines the quantity demanded and the production and financing conditions facing the firm.

The credit state 𝜉 ∈ {𝑔,𝑏} is also realized, with 𝑔 and 𝑏 denoting the good and bad states, respectively.

Given the chosen invoicing currency 𝑐, usable credit is 𝒜𝑐
𝑗,𝜉 = Θ𝑐

𝜉ℬ̄𝑗, where Θ𝑐
𝜉 is the credit-availability

factor associated with currency 𝑐 in state 𝜉. Having observed both macroeconomics state and credit

state, thefirmchooses its inputmix andfinancing tominimize the cost of fulfilling contractual demand,

and then produces. At 𝑡 = 2, it collects export revenue, repays borrowing, and pays wages. Exchange

rates are uncertain at 𝑡 = 0 but do not change further after 𝑡 = 1.
Although the credit state is realized at 𝑡 = 1, the firm assesses its likelihood when choosing its

invoicing currency and preset price at 𝑡 = 0. The observed sanctions-risk environment 𝜏 summarizes

public information available at that date about the risk of a subsequent disruption to dollar-related

credit andpayment services. I represent the relationshipbetween this informationand the future credit

state by

Pr(𝜉 = 𝑏 ∣ 𝜏) = 𝜋(𝜏), 𝜋′(𝜏) > 0. (10)

In the benchmark, firms know the mapping 𝜋(⋅) and use 𝜋(𝜏) as the conditional probability of the
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bad state in their expected-profit calculations. A higher 𝜏 therefore makes a future credit disruption

more likely, while the realized state remains unknown when the contract is priced. The firm chooses

its invoicing currency and price in anticipation of this possibility; after the state is realized, it adjusts

production and financing to the credit actually available.

For the sanctions comparative static, I let 𝜏 change this probability while holding fixed the joint

distribution of X, each firm’s reference credit limit ℬ̄𝑗, and the state-specific credit-availability factors

Θ𝑐
𝜉. I also assume that 𝜉 is independent of X conditional on 𝜏 . These restrictions isolate a change in

the likelihood of impaired credit access: neither the macroeconomic distribution nor the amount of

usable credit within a given state changes with 𝜏 .

I assume that export contracts are settled in the currency in which they are invoiced. The exporter

commits to the associated payment arrangements and lending relationships before the credit state is

observed. I treat these arrangements as fixed over the contract. Expected disruptions to settlement in

the chosen currency can therefore affect the credit banks make available.

Disclosed lending agreements illustrate the contingent nature of credit access. Article 10 of the

agreementbetweenMulti-FinelineElectronix (SuzhouNo. 2) andShanghai PudongDevelopmentBank

permits the lender to adjust the credit limit and its duration, or terminate credit provision, under cir-

cumstances including:

2. “There happened or has potential critical financial risks at Party A’ s region;”

4. “Party A is or will be under significant business difficulties or risks;”

Source: Comprehensive Credit Line Agreement (2006), Article 10(2) and (4). Party A is the borrower.

These provisions encompass anticipated difficulties, allowing credit access to be adjusted before an

actual repayment failure. Theagreement betweenShenzhenHighpower Technology andBankofChina

also specifies triggering circumstances and the credit restrictions available to the lender.¹⁹

5. “Party [A] is or will be under significant business difficulties or risks […]”

(2) “Reduce, temporarily pause or permanently terminate Party A’s Credit limit in part or in all”

¹⁹ThedisclosedEnglish versionofClause 10(5) refers to Party B, the lender. I interpret this as an apparent party-designation
error: Clause 7 uses the same borrower-distress wording with Party A, as does Article 10(4) of the Shanghai Pudong Devel-
opment Bank agreement quoted above. I therefore replace B with [A] in the quotation. This editorial correction is based on
contextual comparison.
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Source: Comprehensive Credit Line Contract (2018), Clause 10, item (5) and remedy (2). Party A is

the borrower.

These contractual rights motivate the distinction between the firm’s reference credit limit and the

amount it can actually draw. Under the assumed link between invoicing currency and payment infras-

tructure, sanctions-related disruptions to dollar payment processing may weaken lenders’ confidence

in the timely arrival of the firm’s operating cash inflows and its ability to service debt. Lenders may

consequently restrict drawings under the existing facility before production. I represent this possible

response by Θ𝑣
𝑏 < Θ𝑣

𝑔. For the benchmark model, I assume that the payment infrastructure support-

ing RMB invoicing remains operational under this particular disruption and that its associated credit

availability is unchanged, Θ𝑒
𝑏 = Θ𝑒

𝑔.²⁰

An illustrative exporter. Consider a hypothetical Chinese manufacturer exporting electric vehicles

to Korea. Its predetermined credit limit is RMB 10 million, reflecting its established financing capacity.

At 𝑡 = 0, the firm observes 𝜏 and chooses whether to invoice in USD or RMB, together with a price fixed

in that currency. For illustration, usable credit under USD invoicing is RMB 10million in the good state

and RMB 5 million in the bad state; under RMB invoicing, it is RMB 8 million in either state.

At 𝑡 = 1, exchange rates, borrowing rates, demand conditions, and the credit state are realized. For

a given macroeconomic state and the preset USD price, suppose the cost-minimizing input plan at

borrowing rates requires RMB 8 million of external funding. In the good state, the firm can draw the

full amount under its existing facility. In the bad state, usable credit covers only RMB 5 million, leaving

a funding shortfall of RMB 3 million if the input plan is unchanged. The firm can obtain emergency

finance at an additional cost and adjust its input mix to reduce expenditure requiring advance pay-

ment. Its actual emergency borrowing may therefore be smaller than RMB 3 million while contractual

demand is still fulfilled.

At 𝑡 = 2, the firm receives export revenue, repays borrowing, and pays wages. Anticipating these

outcomes, it chooses the currency and preset price that maximize expected profits at 𝑡 = 0. A higher 𝜏
increases the probability of restricted USD credit access and hence the expected cost associated with

that exposure.
²⁰Discussing RMB settlement, Adam Wolfe, quoted in the Financial Times on October 23, 2025, emphasized China’s abil-

ity to continue trading: “no matter what happens, it can still trade.” The remark illustrates the rationale for maintaining
alternative payment channels.
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4.2 Demand and Normal Financing Costs

Let ℰ𝑒𝑑 and ℰ𝑒𝑣 denote units of RMBper unit of the destination currency and per USD, respectively. An

increase in either rate therefore indicates adepreciationof theRMBagainst the corresponding currency.

These exchange rates are components ofmacroeconomic stateX realized at 𝑡 = 1. For the two invoicing

choices 𝑐 ∈ {𝑒,𝑣}, where 𝑒 denotes RMB and 𝑣 denotes USD, define 𝑎𝑒 = 1 and 𝑎𝑣 = ℰ𝑒𝑣, so that 𝑎𝑐

converts one unit of the invoicing currency into RMB. A preset price 𝑃 𝑐 denominated in 𝑐 therefore

yieldsRMBunit revenue 𝑝𝑐 = 𝑎𝑐𝑃 𝑐 andadestination-currencyprice𝑎𝑐𝑃 𝑐/ℰ𝑒𝑑. For a givenpreset price,

the invoicing currency determines how exchange-rate movements translate into destination-currency

prices and demand.

The firm sells a differentiated variety to destination 𝑖 and faces constant-elasticity demand. Its

price is fixed in the chosen invoicing currency 𝑐 before the macroeconomic state is realized. Condi-

tional on 𝑐 ∈ {𝑒,𝑣}, the preset price, and X, demand is

𝑌 𝑐
𝑖 (𝑃 𝑐,X) = ( 𝑎𝑐𝑃 𝑐

ℰ𝑒𝑑𝑄𝑖
)

−𝜖
, 𝜖 > 1, (11)

where 𝜖 is the demand elasticity and 𝑄𝑖 > 0 is a destination-demand shifter, taken as given by the firm.

For a given preset price and macroeconomic state, the firm fulfills the same demand in either credit

state. Sanctions risk can nevertheless affect quantities through the price chosen ex ante.

I now formalize the firm’ s production technology and cost structure. Firm 𝑗 in sector 𝑠 operates

with a constant-returns-to-scale Cobb–Douglas technology. Combining an intermediate input bundle

𝑋𝑗 and labor 𝐿𝑗, output is given by

𝑌𝑗 = 𝑋𝛼
𝑗 𝐿1−𝛼

𝑗 , 0 < 𝛼 < 1. (12)

where 𝛼 is the intermediate-input share of total production cost.

The exporters supplying intermediate inputs to firm 𝑗 choose the prices and invoicing currencies

of those inputs. Firm 𝑗 takes these upstream pricing decisions as given. Its exposure to dollar-priced

inputs is summarized by 𝜔𝑣, which is predetermined given its sourcing structure. The intermediate

bundle aggregates RMB- and USD-priced inputs with fixed Cobb–Douglas weights 1 − 𝜔𝑣 and 𝜔𝑣. The
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input bundle’s pre-financing price in RMB is

̄𝑃 𝑒
𝑋(X) = (𝑃 𝑒

𝑥)1−𝜔𝑣(ℰ𝑒𝑣𝑃 𝑣
𝑥 )𝜔𝑣 , 0 ≤ 𝜔𝑣 ≤ 1. (13)

where 𝑃 𝑒
𝑥 and 𝑃 𝑣

𝑥 are the prices set by intermdeidate inputs exporters in RMB and USD, respectively.

𝜔𝑣 fixes expenditure weights rather than physical input proportions.²¹

A sector-specific fraction 𝜈𝑠 ∈ (0,1] of the input bundle’s pre-financing price requires external fi-

nancing before revenues are collectedwith the remaining fraction 1−𝜈𝑠 funded internally. The sectoral

financing requirement is driven by its technological characteristics, such as cash conversion cycle and

time-to-build (Figure 3). I assume that this financing requirement applies uniformly across invoicing

currencies of intermediate goods. Therefore, the borrowing currency mechanically mirrors this exoge-

nous currency composition of its intermediate input bundle. This alignment of borrowing shares with

input expenditure weights is a maintained financing assumption. Let 𝑖𝑒 and 𝑖𝑣 denote the correspond-

ing net borrowing rates for RMB and USD over the financing period, respectively. The average borrow-

ing rate is 𝑖𝑗 = (1 − 𝜔𝑣)𝑖𝑒 + 𝜔𝑣𝑖𝑣 ≥ 0. The effective unit price of the intermediate bundle, inclusive of

financing costs, is therefore
̃𝑃𝑋 = ̄𝑃 𝑒

𝑋(1+𝜈𝑠𝑖𝑗). (14)

Absent an credit shortfall, cost minimization gives the state-contingent marginal cost

𝑀𝐶0
𝑗 (X) = (

̃𝑃𝑋
𝛼 )

𝛼

( 𝑊
1−𝛼)

1−𝛼
, (15)

where 𝑊 represents the nominal wage denominated in RMB. The cost-minimizing factor demands are

𝑋0
𝑗 (𝑌 ,X) =

𝛼𝑀𝐶0
𝑗

̃𝑃𝑋
𝑌 , 𝐿0

𝑗(𝑌 ,X) =
(1−𝛼)𝑀𝐶0

𝑗
𝑊 𝑌 . (16)

The working-capital principal requirement is the amount borrowed before production to finance the

externally funded share of the intermediate-input bill. Evaluated at the normal-financing input choice,

²¹For 0 < 𝜔𝑣 < 1, the normalization 𝑋𝑗 = [𝑥𝑒
𝑗/(1 − 𝜔𝑣)]1−𝜔𝑣 [𝑥𝑣

𝑗 /𝜔𝑣]𝜔𝑣 yields the stated unit cost 𝑃̄ 𝑒
𝑋(X) where 𝑥𝑒

𝑗 and
𝑥𝑣

𝑗 are quantities of RMB- and the USD-priced inputs.
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it is

𝒲0
𝑗(𝑌 ,X) ≡ 𝜈𝑠 ̄𝑃 𝑒

𝑋(X)𝑋0
𝑗 (𝑌 ,X)

= 𝜈𝑠 ̄𝑃 𝑒
𝑋

𝛼𝑀𝐶0
𝑗

̃𝑃𝑋
𝑌

= 𝜈𝑠𝛼
1+𝜈𝑠𝑖𝑗

𝑀𝐶0
𝑗⏟⏟⏟⏟⏟

𝜅0
𝑗(X)

𝑌 . (17)

Thedenominator follows from ̃𝑃𝑋 = ̄𝑃 𝑒
𝑋(1+𝜈𝑠𝑖𝑗). Wages are paid after revenues are received and there-

fore do not enter this advance-financing requirement. Appendix D.1 derives the normal cost function,

factor demands, and principal requirement. These are normal-financing benchmarks in the good state.

When credit is insufficient, the firm may adjust its input mix, so its actual principal requirement need

not equal 𝒲0
𝑗 .

4.3 Usable Credit and the Cost of Meeting Demand

The normal-financing benchmark describes how much credit the firm would need to produce at mini-

mum cost. I now allow the credit available at 𝑡 = 1 to fall short of that requirement. The firm responds

by combining emergency finance with adjustments to its input mix, while continuing to meet demand.

From the credit limit to usable funds. At 𝑡 = 0, the exporter takes a predetermined credit limit

ℬ̄𝑗 > 0 as given. It reflects established borrowing capacity, including firm scale, historical cash flows,

and creditworthiness, and remains fixed over the production cycle. The role of earnings in corporate

borrowing motivates this specification (Lian and Ma, 2021; Drechsel, 2023).²²

At 𝑡 = 1, banks may allow the firm to draw only part of this limit. Let Θ𝑐
𝜉 denote the share approved

and drawable through the lending and payment arrangements associated with invoicing currency 𝑐 in

credit state 𝜉. Usable credit, measured in RMB, is

𝒜𝑐
𝑗,𝜉 = Θ𝑐

𝜉ℬ̄𝑗, 0 ≤ Θ𝑐
𝜉 ≤ 1. (18)

²²ForU.S. nonfinancial firms, Lian andMa (2021) estimate that approximately 80%of debt by value is basedpredominantly
on operating cash flows. This evidence motivates the firm-level credit limit; it does not determine the usable-credit shares of
exporters.
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Thus ℬ̄𝑗 measures established capacity, while 𝒜𝑐
𝑗,𝜉 measures the funds available for the current pro-

duction decision.²³

The benchmark considers a disruption to dollar-related credit and payment services during which

the exporter retains access to RMB financing and settlement. The state-specific shares are

Θ𝑒
𝑔 = Θ𝑒

𝑏 = Θ̄𝑒, Θ𝑣
𝑔 = Θ̄𝑣, Θ𝑣

𝑏 = Θ𝑣, (19)

with

0 ≤ Θ𝑣 < Θ̄𝑒 < Θ̄𝑣 ≤ 1. (20)

Dollar invoicing therefore provides more usable ordinary credit in the good state and less in the bad

state. Thenormal-time ordering Θ̄𝑣 > Θ̄𝑒 represents the complementarity between invoicing and bank

financing emphasized by Gopinath and Stein (2021). The reversal in the bad state represents a stress

scenario in which disruptions to dollar payment services reduce the willingness or ability of banks to

finance dollar-invoiced exports.²⁴

This ranking orders credit capacity, rather than profits. Extra capacity lowers costs only when it

relaxes a financing shortfall. When ordinary credit is sufficient under both currencies, normal-time

differences in profits instead reflect the preset-price problem, including the input-currency matching

motive examined below. The unchanged PCP share (Θ̄𝑒) isolates the specified disruption to dollar ser-

vices.

Financing the shortfall and adjusting production. For an input quantity 𝑋𝑗, the external principal

requirement is 𝜈𝑠 ̄𝑃 𝑒
𝑋𝑋𝑗. The firm draws credit up to 𝒜 and obtains any remaining principal through

emergency finance. The shortfall is

𝐺𝑗(𝑋𝑗,𝒜) = [𝜈𝑠 ̄𝑃 𝑒
𝑋𝑋𝑗 −𝒜]+, [𝑧]+ ≡ max{𝑧,0}. (21)

²³For an institutional example, see Article 4(aa) of Guideline (EU) 2016/65, as amended by Guideline (EU) 2026/690. It
specifies additional valuation markdowns of 16 percent for USD- or GBP-denominated marketable assets and 26 percent for
JPY-denominated assets. For the exchange-rate-risk rationale, see Adler et al. (2023). These provisions concern collateral for
Eurosystem credit operations and serve as an institutional illustration of currency-dependent financing conditions.

²⁴Brüggen et al. (2025) discuss how sanctions can reduce the availability of a settlement currency. DeMarco and Walker
(2025) document a decline in Chinese banks’ dollar cross-border lending after 2022Q1 alongside evidence of a shift toward
RMB lending, and discuss funding costs and geopolitical considerations. These findings motivate the scenario; the credit-
access ranking remains a model assumption.
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Emergency finance is available at an additional cost Ψ𝑠(𝐺) above the ordinary financing charges al-

ready included in ̃𝑃𝑋. Assume Ψ𝑠(0) = Ψ′
𝑠(0) = 0, Ψ′

𝑠(𝐺) > 0 for 𝐺 > 0, and Ψ″
𝑠 (𝐺) ≥ 0, with finite

cost for finite 𝐺.

The firm can reduce its need for advance funding by using fewer intermediates and more labor,

whose wages are paid after revenues arrive. It chooses this input mix after observing both states. For

required output 𝑌 and macroeconomic state X, the minimum total cost is

𝐶𝑗(𝑌 ,X;𝒜) = min
𝑋𝑗,𝐿𝑗≥0

{ ̃𝑃𝑋𝑋𝑗 +𝑊𝐿𝑗 +Ψ𝑠(𝐺𝑗(𝑋𝑗,𝒜)) ∶ 𝑋𝛼
𝑗 𝐿1−𝛼

𝑗 ≥ 𝑌 }, (22)

where 𝑌 = 𝑌 𝑐
𝑖 (𝑃 𝑐,X) is fixed by the preset price and the realizedmacroeconomic state. The credit state

changes the cost of fulfilling this demand through both financing charges and the chosen input mix.

Two benchmarks clarify the size of the cost increase. Without a shortfall, cost is 𝑀𝐶0
𝑗 𝑌 . If the

firm keeps its normal input mix despite a shortfall, it additionally pays the emergency-finance cost on

[𝒲0
𝑗(𝑌 ,X)−𝒜]+. Since this input mix remains feasible,

𝑀𝐶0
𝑗 𝑌 ≤ 𝐶𝑗(𝑌 ,X;𝒜) ≤ 𝑀𝐶0

𝑗 𝑌 +Ψ𝑠([𝒲0
𝑗(𝑌 ,X)−𝒜]+). (23)

The actual cost incorporates the firm’s ability to adjust inputs. Moreover, more usable credit weakly

reduces cost at every input choice and hence also at the optimum. For the same required output and

macroeconomic state,

𝐶𝑗(𝑌 ,X;𝒜𝑣
𝑗,𝑏) ≥ 𝐶𝑗(𝑌 ,X;𝒜𝑣

𝑗,𝑔). (24)

Appendix D.2 derives the input choices and these cost properties. They provide the link from a disrup-

tion in credit access to the expected profits used in the currency decision.

4.4 Currency Values and the SwitchingThreshold

Thefirmnow compares the expected profits fromRMBandUSD invoicing, allowing for the production

decisions just described. The key timing restriction is that it chooses one price in the selected currency

at 𝑡 = 0, before either state is observed. Throughout this comparison, only the bad-state probability 𝜋
varies; the macroeconomic distribution and all other model parameters remain fixed.
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Expected profits at a common preset price. For either invoicing currency 𝑐 ∈ {𝑒,𝑣}, realized profit

in credit state 𝜉, measured in RMB, equals revenue less minimized production and financing costs:

Π𝑐
𝑗,𝜉(𝑃 𝑐,X) = 𝑎𝑐𝑃 𝑐𝑌 𝑐

𝑖 (𝑃 𝑐,X)−𝐶𝑗(𝑌 𝑐
𝑖 (𝑃 𝑐,X),X;𝒜𝑐

𝑗,𝜉), (25)

where 𝑎𝑒 = 1 and 𝑎𝑣 = ℰ𝑒𝑣 convert revenue into the same unit of account. For each currency, define

expected profit conditional on the credit state at a given preset price as

𝐽𝑐
𝑗,𝜉(𝑃 𝑐) = EX [Π𝑐

𝑗,𝜉(𝑃 𝑐,X)] , 𝑐 ∈ {𝑒,𝑣}, 𝜉 ∈ {𝑔,𝑏}.

The expectation averages over the common macroeconomic distribution. For each currency, both

credit states are evaluated at the same preset price.

Under PCP, 𝒜𝑒
𝑗,𝑔 = 𝒜𝑒

𝑗,𝑏. Realized profit is therefore identical across credit states at a given price

and macroeconomic state, implying

𝐽𝑒
𝑗,𝑔(𝑃 𝑒) = 𝐽𝑒

𝑗,𝑏(𝑃 𝑒) ≡ 𝐽𝑒
𝑗 (𝑃 𝑒).

Under DCP, usable credit differs between the two states, so the state subscript is retained. At a given

preset dollar price 𝑃 and macroeconomic state, revenue and demand are identical across credit states.

The expected loss from impaired dollar credit is therefore the increase in minimized total cost:

ℒ𝑗(𝑃 ) = 𝐽𝑣
𝑗,𝑔(𝑃 )−𝐽𝑣

𝑗,𝑏(𝑃 )

= EX[𝐶𝑗(𝑌 𝑣
𝑖 (𝑃 ,X),X;𝒜𝑣

𝑗,𝑏)−𝐶𝑗(𝑌 𝑣
𝑖 (𝑃 ,X),X;𝒜𝑣

𝑗,𝑔)] ≥ 0. (26)

The inequality follows from Equation 24. Because inputs can adjust, ℒ𝑗(𝑃 ) includes the resulting

changes in input expenditure as well as emergency-finance charges.

Choosing the price and invoicing currency. Under PCP, usable credit is the same in both credit

states, so its optimized value is independent of 𝜋. Under DCP, the firm weights the two state-specific
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profits by their probabilities and chooses a common price:

𝑉 𝑒
𝑗 = max

𝑃 𝑒
𝐽𝑒

𝑗 (𝑃 𝑒), (27)

𝑉 𝑣
𝑗 (𝜋) = max

𝑃 𝑣
{(1−𝜋)𝐽𝑣

𝑗,𝑔(𝑃 𝑣)+𝜋𝐽𝑣
𝑗,𝑏(𝑃 𝑣)}

= max
𝑃 𝑣

{𝐽𝑣
𝑗,𝑔(𝑃 𝑣)−𝜋ℒ𝑗(𝑃 𝑣)}. (28)

The last line expresses the trade-off: expected good-state profit minus the probability-weighted loss

from impaired credit. Let 𝑃 𝑣,∗
𝑗 (𝜋) denote an optimal DCP price. It can differ across risk environments,

although it remains fixed across realized states within a contract. Assume a fixed compact interval of

positive feasible prices and finite, continuous state-specific expected profits. These conditions ensure

that the optimized values exist and are continuous (See Appendix D.3).

The exact switching threshold. Define the DCP advantage as Δ𝑗(𝜋) = 𝑉 𝑣
𝑗 (𝜋)−𝑉 𝑒

𝑗 . The firm prefers

DCP when this difference is positive and PCP when it is negative. Increasing 𝜋 lowers expected DCP

profit at every fixed price, and choosing the best price preserves this ordering.

Proposition 1 (Sanctions risk and currency choice) The optimized DCP value is continuous, convex,

and weakly decreasing in 𝜋. If Δ𝑗(0) > 0 and Δ𝑗(1) < 0, there is a unique cutoff 𝜋∗
𝑗 ∈ (0,1) satisfying

Δ𝑗(𝜋∗
𝑗) = 0. The firm prefers DCP below this cutoff and PCP above it.

The endpoint conditions describe firms that prefer dollars without bad-state risk but prefer RMB

when the bad state is certain, after optimizing prices in each case. The optimized DCP value is the

highest of the fixed-price profit lines in 𝜋; this makes it convex and, together with the endpoint signs,

gives a unique crossing. A corresponding threshold 𝜏∗
𝑗 exists when the range of 𝜋(𝜏) contains 𝜋∗

𝑗 .

At a unique optimal price, the envelope theorem gives

𝑑𝑉 𝑣
𝑗 (𝜋)
𝑑𝜋 = −ℒ𝑗(𝑃 𝑣,∗

𝑗 (𝜋)) ≤ 0. (29)

Thus the marginal cost of greater sanctions risk is the bad-state loss at the currently optimal price. The

decline is strict wherever that loss is positive. The result accounts for price adjustment; it does not

require holding the optimal price fixed as risk changes.
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An interpretableapproximation. Let𝑃 𝑣
𝑗,0 = 𝑃 𝑣,∗

𝑗 (0)be thenormal-timeDCPpriceand𝑁𝑗 = 𝑉 𝑣
𝑗 (0)−

𝑉 𝑒
𝑗 > 0 the normal-timeDCPpremium. If this pricewere retained as risk increased, theDCP advantage

would be exactly 𝑁𝑗 −𝜋ℒ𝑗(𝑃 𝑣
𝑗,0). It would disappear at

𝜋lin
𝑗 = 𝑁𝑗

ℒ𝑗(𝑃 𝑣
𝑗,0) . (30)

This ratio compares thenormal-timedollar advantagewith the loss fromabadcredit state at thenormal-

time price. The firm can also choose a different preset price, so

Δ𝑗(𝜋) ≥ 𝑁𝑗 −𝜋ℒ𝑗(𝑃 𝑣
𝑗,0), 0 < 𝜋lin

𝑗 ≤ 𝜋∗
𝑗 < 1

under Proposition 1. The ratio is therefore the fixed-price cutoff and a lower bound on the exact cutoff.

At a unique normal-time optimum, it also gives the cutoff of the first-order approximation to Δ𝑗(𝜋)
around zero. AppendixD.3 proves these statements. The comparative statics belowuse the exact cutoff.

4.5 Working Capital and Operational Hedging

Twofirm characteristics shape the currency trade-off. Working-capital dependence 𝜈𝑠 determines how

much of the input bill must be financed before revenue arrives. The dollar-priced input share 𝜔𝑣 de-

termines how closely input costs move with dollar revenues. To assess either characteristic, one must

compare its effect on the normal-time dollar advantage with its effect on the cost of sanctions risk.

Comparing switching cutoffs across firm characteristics. Let 𝑧 denote either working-capital de-

pendence or the dollar-priced input share, holding the other characteristic and the remaining primi-

tives fixed. The bad-state probability 𝜋(𝜏) is exogenous to the firm and does not depend on 𝑧. Firm

characteristics instead affect the benefits and costs of DCP at a given probability.

To separate these effects, define

𝑁𝑗(𝑧) = 𝑉 𝑣
𝑗 (0,𝑧)−𝑉 𝑒

𝑗 (𝑧),

𝐻𝑗(𝜋,𝑧) = 𝑉 𝑣
𝑗 (0,𝑧)−𝑉 𝑣

𝑗 (𝜋,𝑧), (31)

where 𝑁𝑗(𝑧) is the DCP premium at zero bad-state probability and 𝐻𝑗(𝜋,𝑧) is the reduction in opti-
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mized DCP value at probability 𝜋. The remaining DCP advantage is Δ𝑗(𝜋,𝑧) = 𝑁𝑗(𝑧)−𝐻𝑗(𝜋,𝑧).
Under the conditions ensuring a unique interior cutoff, let 𝜋∗

𝑗(𝑧) denote the probability at which

firm 𝑗 is indifferent between DCP and PCP:

𝑁𝑗(𝑧) = 𝐻𝑗(𝜋∗
𝑗(𝑧),𝑧).

This cutoffdepends on 𝑧 because firmcharacteristics affect both the initialDCPpremiumand the value

loss from risk. Given sanctions intensity 𝜏 , the firm strictly prefers DCP when 𝜋(𝜏) < 𝜋∗
𝑗(𝑧) and PCP

when 𝜋(𝜏) > 𝜋∗
𝑗(𝑧).

Consider a regular interior cutoff: the values are differentiable nearby and ℒ𝑗(𝑃 𝑣,∗
𝑗 (𝜋∗

𝑗),𝑧) > 0. Dif-

ferentiating the cutoff equality gives

𝜕𝜋∗
𝑗

𝜕𝑧 = 𝜕𝑧𝑁𝑗(𝑧)−𝜕𝑧𝐻𝑗(𝜋∗
𝑗 ,𝑧)

ℒ𝑗(𝑃 𝑣,∗
𝑗 (𝜋∗

𝑗),𝑧) . (32)

Since the denominator is positive, a characteristic raises the cutoff when it adds more to the normal-

time premium than to the risk cost. It lowers the cutoff when the risk-cost effect is larger.

Working-capital dependence. A larger externally financed share increases the funds needed for a

given input purchase. When dollar credit is impaired, this can make fulfilling demand more costly and

induce an earlier switch to RMB.

Proposition 2 (Conditional working-capital amplification) Ata regular interior cutoff, higherworking-

capital dependence 𝜈𝑠 lowers 𝜋∗
𝑗 if

𝜕𝜈𝑠
𝐻𝑗(𝜋∗

𝑗 ,𝜈𝑠) > 𝜕𝜈𝑠
𝑁𝑗(𝜈𝑠).

One sufficient local case has zero normal net borrowing rates. Let 𝑃 𝑣
𝑗,0 denote the optimal DCP

pricewhen 𝜋 = 0, and let 𝑃 𝑣,∗
𝑗 (𝜋∗

𝑗) denote the optimal DCPpricewhen the bad-state probability equals

the switching cutoff. Both prices are chosen before the credit state is realized. Assume that, locally, nor-

mal credit is sufficient at the PCPoptimum. ForDCP, assume that good-state credit is sufficient tomeet

demand at either of these two prices. With input prices, credit limits, and emergency-finance technol-

ogy fixed, a marginal increase in 𝜈𝑠 then leaves the PCP value and the DCP value at 𝜋 = 0 unchanged
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(𝜕𝜈𝑠
𝑁𝑗(𝜈𝑠) = 0). Now consider the firm charging 𝑃 𝑣,∗

𝑗 (𝜋∗
𝑗) when the bad credit state is realized. Sup-

pose that meeting demand requires emergency finance for a set of macroeconomic realizations with

positive probability. A higher 𝜈𝑠 raises minimized costs in those realizations, even after inputs adjust.

Consequently, 𝜕𝜈𝑠
𝐻𝑗 > 0 = 𝜕𝜈𝑠

𝑁𝑗 at the cutoff, where the partial derivative of 𝐻𝑗 holds 𝜋 fixed. Ap-

pendix D.4 establishes this result allowing both prices and inputs to adjust.

Dollar-priced inputs. When more inputs are priced in dollars, an RMB depreciation raises a larger

part of the input bill. Dollar invoicing also raises RMB revenue per unit sold in that state, creating an

operational hedge. In the normal-time pricing problem, this covariance can strengthen the incentive

to use DCP. The firm may then tolerate more sanctions risk before switching.

Proposition 3 (Conditional operational hedging and DCP resilience) At a regular interior cutoff, a

higher dollar-priced input share 𝜔𝑣 raises 𝜋∗
𝑗 if

𝜕𝜔𝑣
𝑁𝑗(𝜔𝑣) > 𝜕𝜔𝑣

𝐻𝑗(𝜋∗
𝑗 ,𝜔𝑣).

This condition compares the additional normal-time dollar advantagewith the additional risk cost.

A higher 𝜔𝑣 can change both: it changes the RMB input bill, the weighted borrowing rate, and the fi-

nancing shortfall even when all usable-credit limits are fixed. Thus an unchanged credit-line impair-

ment alone does not imply a higher cutoff. Appendix D.6 derives the normal-time covariance channel

and explains how it relates to the level premium 𝑁𝑗; Appendix D.4 proves the cutoff result. Together,

the two propositions identify conditions for earlier switching through working-capital needs and later

switching through operational hedging.

4.6 Aggregation and the Empirical Exposure Design

Themodeldescribes individualChineseexporters,whereas the invoicingdataareobservedat thedestination-

country level. I connect the two by aggregating exporters’ currency choices using fixed baseline trade

values, consistent with the value-based measurement of import invoicing shares.

For industry 𝑠 and destination 𝑖, let 𝐹𝑖𝑠(𝜋) denote the fraction of baseline imports from China

within that industry accounted for by exporters choosing RMB at risk level 𝜋. Equivalently, 𝐹𝑖𝑠 is the

cumulative distribution of switching thresholds, weighted by exporters’ baseline trade values within
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the destination-industry pair. Let 𝜔𝑖𝑠,2010 denote industry 𝑠’s share of country 𝑖’s baseline imports

from China, with ∑𝑠 𝜔𝑖𝑠,2010 = 1. The implied RMB share within imports from China is

𝑞RMB
𝑖 (𝜋) = ∑

𝑠
𝜔𝑖𝑠,2010𝐹𝑖𝑠(𝜋). (33)

This share captures currency choices for the baseline import basket.

To express this contribution as a share of total imports, let 𝐸𝑖,2010 denote baseline China exposure,

measured in percent, and hold invoicing on imports fromother origins fixed. Let 𝑦RMB,tar
𝑖 denote the re-

sulting target RMB share of total imports, before any gradual adjustment. Under the model’s mapping

from observed sanctions to credit risk, 𝜋𝑡 = 𝜋(𝜏𝑡), a change from 𝜋0 = 𝜋(𝜏0) to 𝜋𝑡 implies

Δ𝑦RMB,tar
𝑖 = 𝐸𝑖,2010 ∑

𝑠
𝜔𝑖𝑠,2010 [𝐹𝑖𝑠(𝜋𝑡)−𝐹𝑖𝑠(𝜋0)] . (34)

Because 𝐸𝑖,2010 is expressed in percent and 𝐹𝑖𝑠 is a fraction, this change is measured in percentage

points. On this direct China margin, switching occurs only between RMB and USD, so their share

changes are equal and opposite. The empirical coefficients need not satisfy this restriction because

the observed outcomes also cover other origins and currencies.

For a local interpretation, suppose 𝐹𝑖𝑠 has a density 𝑓𝑖𝑠(𝑢) = 𝐹 ′
𝑖𝑠(𝑢) near the current risk level. For

a small probability increase 𝛿 > 0, 𝑓𝑖𝑠(𝑢)𝛿 approximates the fraction of baseline imports from China

within the destination-industry pair that switches toRMB. Holding 𝜏0 fixed, differentiating Equation 34

gives
𝜕Δ𝑦RMB,tar

𝑖
𝜕𝜏𝑡

= 𝜕𝑦RMB,tar
𝑖 (𝜏𝑡)

𝜕𝜏𝑡
= 𝐸𝑖,2010𝜋′(𝜏𝑡)∑

𝑠
𝜔𝑖𝑠,2010𝑓𝑖𝑠(𝜋(𝜏𝑡)). (35)

China exposure scales the directly affected import share, 𝜋′(𝜏𝑡) measures how sanctions change the

bad-state probability, and the weighted density captures the concentration of baseline trade near the

current switching threshold. This expression motivates the interaction between baseline China expo-

sure and observed sanctions in Equation 7.

The WCI specification in Equation 9 examines whether the exposure gradient of the sanctions re-

sponse differs between low-WCI destination countries and the remaining countries. The estimated

coefficients are 𝜃(𝑐) in the remaining group and 𝜃(𝑐) + 𝜅(𝑐) in the low-WCI group. Their difference, 𝜅(𝑐),

is the main heterogeneity parameter of interest. For RMB invoicing, a negative 𝜅(RMB) indicates that
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the sanctions response increases less with baseline China exposure in the low-WCI group. The specifi-

cation also includes 𝜆(𝑐) to allow a group-specific component of the sanctions response that does not

vary with exposure.

Interpreting this aggregate heterogeneity through the firm’s financing mechanism requires atten-

tion to the distribution of switching thresholds. Holding exposure and 𝜋′(𝜏𝑡) fixed, a larger local re-

sponse requires a greater concentration of baseline trade near the current risk level. Lower thresholds

imply earlier RMB adoption, but exporters that have already switched do not switch again after a fur-

ther sanctions increase. Thus, the firm-level cutoff comparative statics alone do not determine the

difference in aggregate exposure gradients. Appendix D.7 formalizes the distinction between earlier

adoption and a larger subsequent response. Country-level invoicing shares do not directly reveal indi-

vidual exporters’ thresholds or how working-capital dependence affects them. The WCI interactions

therefore measure heterogeneity in aggregate responses.

5 Quantitative Calibration

This section develops a parsimonious quantitative implementation of the switching-threshold mech-

anism in the theoretical model. The theory characterizes exporters’ currency choices through firm-

specific sanctions-risk thresholds and links those choices to aggregate invoicing shares using baseline

trade-value weights. To implement this aggregation with country-level data, I impose a parametric

distribution of switching thresholds whose location depends on the working-capital intensity of each

destination’ s import basket fromChina. Baseline China import exposure determines the share of total

imports directly affected by currency switching on the China margin, while working-capital intensity

enters the distribution of switching thresholds within that margin. This distribution is an additional

quantitative assumption. The quantitative mapping therefore combines the scale of China-related

trade with heterogeneity in currency-switching incentives.

Using theobserved country-yeardesign, I generateRMB invoicing shares and re-estimate the same

dynamic panel specifications. The primary targets are the exposure gradient 𝜃, its low-WCI differential

𝜅, and the auxiliary regression’s lag coefficient. The exercise evaluates whether this quantitative imple-

mentation of the theoretical mechanism can reproduce the main reduced-form patterns.
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5.1 Empirical Inputs and the Auxiliary Regression

The calibration uses the same data, estimation sample, WCI classification, and covariates as the RMB

specification in Equation 9, with variable notation as in Section 3. For each candidate parameter vec-

tor, I generate RMB invoicing shares and re-estimate this specification, replacing both the dependent

variable and its lagwith theirmodel-generated counterparts. This approach followsOttonello andWin-

berry (2020), who estimate their empirical specification on a simulated panel of firms to assess how

investment responses to monetary policy vary with firms’ financial positions. I apply it to invoicing

responses across destinations that differ in China exposure and working-capital intensity. The role of

coefficients differs. In their application, the regression coefficients areuntargetedandevaluate amodel

calibrated to other moments. Here, the empirical coefficients are the calibration targets, weighted by

the inverse of their country-clustered covariance matrix.

The coefficient 𝜅 measures the difference in the exposure gradient of the sanctions response be-

tween low-WCI destinations and the remaining countries. Among the latter, a higher baseline China

import share is associated with a larger conditional RMB response to sanctions at a rate of 𝜃. For low-

WCI destinations, the corresponding gradient is 𝜃 + 𝜅. A negative 𝜅 therefore indicates that the sanc-

tions response increases less with baseline China import exposure in the low-WCI group. In the re-

ported estimates, 𝜃+𝜅 is close to zero, suggesting a nearly flat relationship between baseline exposure

and the sanctions response within this group. A near-zero exposure gradient remains compatible with

a nonzero sanctions response through the group-specific term 𝜆𝑔𝑡𝐷WC
𝑖 . I retain this term in every re-

gression and report 𝜆 as an auxiliary diagnostic, while the primary calibration focuses on reproducing

the exposure gradients.

5.2 A BoundedMapping from SwitchingThresholds to RMB Shares

Let 𝑒𝑖 = 𝐸𝑖,2010/100, and let 𝑟𝑖0 and 𝑢𝑖0 denote initial RMB and USD invoicing shares as fractions. For

each country, initialization uses the first year with an observed RMB share from 2010 onward. This is

an initial condition, not necessarily a pre-sanctions observation, since some countries enter the sam-

ple later. The model is simulated annually, including years with missing observed invoicing shares. I

then estimate Equation 9 on the original empirical sample, retaining its consecutive-year observation

requirement and using model-generated shares for both the dependent variable and its one-year lag.
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For the quantitative implementation, I measure sanctions intensity using the same index as in the

empirical analysis, 𝑔𝑡 = log(1+𝑆CN
𝑡 ). This index provides the empirical counterpart to 𝜏 in the theoret-

ical model. Let 𝑔max = max2012≤𝑡≤2023 𝑔𝑡. I map sanctions intensity into the common probability of the

bad credit state as

𝜋𝑡 = 1−exp(−𝜒𝑔𝑡), 𝜒 = − log(1−𝜋max)
𝑔max

. (36)

This mapping makes the probability increase with sanctions intensity while remaining between zero

and one. It also allows the marginal increase in risk to diminish as sanctions intensify. The parameter

𝜒 scales the mapping so that the highest sanctions intensity observed during 2012–2023 corresponds

to 𝜋max. Thus, 𝜋max is an assumed probability normalization.

Exporters serving the samedestination can differ in their financing conditions and incentives to re-

tain dollar invoicing, so their switching thresholds can differ. Proposition 1 characterizes these thresh-

olds at the exporter level. To represent this heterogeneity quantitatively, I assume a baseline normal

distribution of switching thresholds weighted by baseline trade values:

𝑚𝑖 = Λ(𝑎0 −𝑎𝑊WC𝑖,2010) , 𝐻𝑖(𝜋𝑡) = Φ(𝜋𝑡 −𝑚𝑖
𝜎𝜋

), (37)

where the logistic function Λ(𝑥) = (1+exp(−𝑥))−1 restricts the location parameter 𝑚𝑖 to (0,1), placing

the center of the baseline threshold distribution within the feasible range of risk probabilities. Φ is the

standard normal cumulative distribution function. Thus. evaluated at the current risk probability 𝜋𝑡,

𝐻𝑖(𝜋𝑡) gives the fraction of baseline trade assigned a switching threshold at or below that probability.

The location 𝑚𝑖 depends on the working-capital intensity of the destination’s 2010 import bas-

ket from China and the calibrated parameters, and remains fixed over time. The parameter 𝜎𝜋 is the

standard deviation of the baseline normal distribution. With 𝑎𝑊 > 0, higher working-capital intensity

shifts the distribution toward lower thresholds, capturing the conditional tendency toward earlier RMB

adoption. The benchmark restriction 𝑎𝑊 ≥ 0 imposes this ordering.

To connect switching on the China margin to aggregate invoicing shares, the benchmark allocates

all initial RMB invoicing to imports fromChina and holds RMB invoicing on imports fromother origins

at zero. Let 𝑞𝑖0 denote themodel-imputed initial RMB invoicing sharewithin imports fromChinaunder
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the fixed baseline trade weights. I set

𝑟𝑖0 = 𝑒𝑖𝑞𝑖0, 𝑞𝑖0 = 𝑟𝑖0
𝑒𝑖

. (38)

The implied share 𝑞𝑖0 lies between zero and one for every country in the estimation sample. Additional

RMB invoicing replaces USD invoicing on imports from China one for one. The switching pool cannot

exceed either initially non-RMB imports from China, 𝑒𝑖(1−𝑞𝑖0), or the initial aggregate USD share, 𝑢𝑖0.

I therefore set the share of total imports available for additional switching to

𝑐𝑖 = min{𝑒𝑖(1−𝑞𝑖0),𝑢𝑖0}. (39)

I treat this amount as eligible USD-invoiced imports from China. Both the initial RMB allocation and

the switching capacity are quantitative assumptions, since the aggregate invoicing data do not identify

currency use by origin.

Let 𝑡0
𝑖 denote country 𝑖’s initialization year, and let 𝜋𝑡0

𝑖
be the common risk probability in that

year. The initial allocation in Equation 38 anchors RMB use to the observed aggregate share 𝑟𝑖0. The

calibrationdoesnot impose 𝑞𝑖0 = 𝐻𝑖(𝜋𝑡0
𝑖
): the initial bilateral share is determinedby theallocation rule,

while 𝐻𝑖 provides a baseline distribution for assigning thresholds to additional switching transactions.

The switching capacity 𝑐𝑖, determined from initial currency shares and baseline trade weights, rep-

resents trade available for RMB adoption beyond the observed initial share 𝑟𝑖0. Initial RMB use is

accounted for separately and maintained throughout the simulation. The transactions assigned to 𝑐𝑖

must therefore remain outside RMB invoicing at initialization. Thus, the fraction of this capacitywhose

thresholds are reached at the current risk level 𝜋𝑡 is

𝐺𝑖(𝜋𝑡) ≡ Pr
𝑖

(𝜋∗ ≤ 𝜋𝑡 ∣𝜋∗ > 𝜋𝑡0
𝑖
)

=

⎧{{
⎨{{⎩

0, 𝜋𝑡 ≤ 𝜋𝑡0
𝑖
,

𝐻𝑖(𝜋𝑡)−𝐻𝑖(𝜋𝑡0
𝑖
)

1−𝐻𝑖(𝜋𝑡0
𝑖
) , 𝜋𝑡 > 𝜋𝑡0

𝑖
,

(40)

where a subsequent decline in risk can reduce additional RMB adoption. If risk falls to or below its

initial level, the additional target share becomes zero. On the other hand, for risk above its initial level,
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the numerator measures the baseline threshold mass reached since initialization. The denominator

normalizes this mass relative to all thresholds above initial risk, so that 𝐺𝑖(𝜋𝑡) measures the fraction of

the switching pool 𝑐𝑖 converted into RMB. Thus, 𝑐𝑖𝐺𝑖(𝜋𝑡) is the additional RMB target share.

Adding 𝑐𝑖𝐺𝑖(𝜋𝑡) to initial RMB use gives the target share, expressed in percentage points:

𝑦tar
𝑖𝑡 = 100{𝑟𝑖0 +𝑐𝑖𝐺𝑖(𝜋𝑡)}. (41)

For 𝑒𝑖 > 0, the corresponding RMB share within imports from China is 𝑞tar
𝑖𝑡 = 𝑞𝑖0 + (𝑐𝑖/𝑒𝑖)𝐺𝑖(𝜋𝑡). Gen-

erated RMB shares adjust toward this target according to

𝑦mod
𝑖𝑡 = 𝜌𝑦mod

𝑖,𝑡−1 +(1−𝜌)𝑦tar
𝑖𝑡 , 𝑦mod

𝑖,𝑡0
𝑖

= 100𝑟𝑖0, 0 ≤ 𝜌 < 1. (42)

The parameter 𝜌 governs adjustment toward the current target: 𝜌 = 0 implies immediate adjustment

at the annual frequency. Because 0 ≤ 𝐺𝑖 ≤ 1, the target remains between 100𝑟𝑖0 and 100(𝑟𝑖0 + 𝑐𝑖).
The adjustment rule takes a weighted average of the previous share and this target, so generated RMB

shares remain in the same interval.

5.3 Coefficient Matching and Parameter Selection

For given (𝜋max,𝜎𝜋), I choose 𝑣 = (𝑎0,𝑎𝑊 ,𝜌) to approximate 𝑏 = (𝜃,𝜅,𝜉)′ using

𝑄(𝑣;𝜋max,𝜎𝜋) = {𝑏mod(𝑣;𝜋max,𝜎𝜋)− ̂𝑏}′𝑉 −1
𝑏 {𝑏mod(𝑣;𝜋max,𝜎𝜋)− ̂𝑏}, (43)

where ̂𝑏 and𝑉𝑏 are the vector of empirical estimates and theempirical country-clusteredcovariancema-

trix, respectively. Matching coefficients obtained from the same auxiliary regression follows the logic

of indirect inference (Gourieroux et al., 1993; Smith Jr, 1993). Christiano et al. (2005) estimate a subset

of their model’s parameters by using a related minimum-distance approach to match empirical and

model-implied impulse responses. Equation 43 has the same form, with panel regression coefficients

as the matched objects and their full covariance block as the weight.

I evaluate a grid of (𝜋max,𝜎𝜋) pairs, minimizing Equation 43 at each pair from multiple starting

values. The benchmark imposes 𝑎𝑊 ≥ 0 to implement the conditional ordering suggested by the theo-

47



retical mechanism. I select the pair with the smallest stored value of 𝑄.²⁵

5.4 Generated Coefficients and theWorking-Capital Channel

Table 5 compares the observed regression with the reference and two versions without WCI in the

threshold location. The reference reproduces 𝜃, 𝜅, and 𝜉 to numerical precision. Its low-WCI expo-

sure gradient, 𝜃+𝜅, is correspondingly close to zero. This describes how the sanctions response varies

with baseline China exposure and does not imply a zero sanctions response for the group.

Table 5: Observed and generated auxiliary-regression coefficients

Statistic Data Reference NoWCI fixed NoWCI re-fitted
(1) (2) (3) (4)

𝜃 0.014200 0.014200 0.024048 0.011459
(0.005304)

𝜅 -0.013870 -0.013870 0.002101 0.000883
(0.008325)

𝜉 0.437773 0.437773 0.153060 0.502155
(0.120671)

𝜆 0.142856 0.002884 -0.016122 -0.006430
(0.064503)

𝜃 +𝜅 0.000330 0.000330 0.026149 0.012343

𝑄 — ≈ 0 14.0421 3.1559
Notes: The three targets are 𝜃, 𝜅, and 𝜉. Country-clustered standard errors are reported in paren-
theses below the observed-data coefficient estimates. Allmodel columns use the same (𝜋max,𝜎𝜋)
pair. The fixed comparison keep 𝑎0 and 𝜌 with 𝑎𝑊 = 0; the re-fitted comparison re-optimizes 𝑎0
and 𝜌. All columns retain the empirical WCI group labels. The table reports numerical fit, not a
model specification test.

To assess the role of working-capital heterogeneity, I consider two restricted versions of the model

that impose 𝑎𝑊 = 0: one holds the remaining parameters at their reference values and the other re-fits

them, as Christiano et al. (2005) do. Under this restriction, the baseline threshold location becomes

𝑚𝑖 = Λ(𝑎0) for every destination, so working-capital intensity no longer directly shifts the threshold

distribution. Both comparisons retain the reference values of (𝜋max,𝜎𝜋), together with observed China

exposure, initial currency shares, initialization years, and the original covariates.

Thefirst comparison, labeled “NoWCI: fixed,” sets𝑎𝑊 = 0while holding𝑎0 and 𝜌 at their reference

values. It therefore measures how the generated coefficients change when the WCI loading is removed

²⁵The nonuniform grid contains 114 values of 𝜋max between 0.001 and 0.999 and 36 values of 𝜎𝜋 between 0.01 and 2, giving
4,104 pairs. At each pair, bounded nonlinear least squares uses twelve starting values, with 𝑎0 ∈ [−16,8], 𝑎𝑊 ∈ [0,15], and
𝜌 ∈ [0,0.95].
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without allowing the remaining parameters to adjust. The second comparison, labeled “No WCI: re-

fitted,” again imposes 𝑎𝑊 = 0 but re-optimizes 𝑎0 and 𝜌 to match the same three targets (𝜃,𝜅,𝜉) using

the sameobjective function. This allows the common threshold location andadjustment persistence to

compensate for the absence of theWCI loading. Neither comparison reproduces the negative low-WCI

exposure differential at the reference (𝜋max,𝜎𝜋) pair; the re-fitted model has 𝑄 = 3.1559. These results

show that the WCI-dependent location helps reproduce the targeted attenuation under the reference

specification.

5.5 Retrospective Temporal Evaluation and Interpretation

I next examine whether including working-capital heterogeneity improves the model’s ability to ac-

count for subsequent invoicing paths. I calibrate theWCI andno-WCImodels separately on 2012–2019

observations and evaluate their generated RMB shares over 2020–2023 for countries represented in the

training sample.

Each model selects its parameters and 𝜋max by matching the training-period coefficients (𝜃,𝜅,𝜉),
with 𝑎𝑊 = 0 in the no-WCI model and 𝜎𝜋 = 0.4 in both models. Among candidates with numerically

equivalentminimum losses, I select the onewith the lowest training-periodRMSEafter removing coun-

try and year effects.

The probability mapping is scaled using the maximum sanctions index observed through 2019. I

then hold this mapping and the selected parameters fixed and simulate the subsequent years using

realized sanctions. No evaluation-period invoicing outcomes enter parameter selection.

Table 6: Retrospective evaluation of RMB invoicing paths, 2020–2023

Statistic WCI
No WCI
re-fitted

Initial
share held

RMSE, levels (pp) 1.0668 1.1152 1.2041
RMSE, country/year effects removed (pp) 0.7005 0.7054 0.7102
Notes: Training uses 2012–2019 and evaluation uses 2020–2023. All columns use the same 286
evaluation observations from 73 countries represented in the training sample. RMSE is in per-
centage points; lower values indicate smaller discrepancies. The adjusted measure removes
country and year indicators using the evaluation sample, without removing the other controls
or lagged shares. The initial-share benchmark holds each country’s initialization share fixed.
The re-fitted no-WCI model selects its parameters and probability normalization separately.

Table 6 shows that the WCI model has lower evaluation-period RMSE than both the re-fitted no-

WCI model and the initial-share benchmark. Relative to the re-fitted no-WCI model, level RMSE is
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lower by 4.34 percent. After removing country and year effects, RMSE falls from 0.7054 to 0.7005 per-

centage points, a reduction of 0.70 percent. The latter comparison measures relative path discrepan-

cies. These results provide limited evidence of improved subsequent paths under the stated training

procedure and search bounds.

6 Conclusion

This paper examines how U.S. financial sanctions against Chinese entities relate to import invoicing

across destinations. Using a panel of FX-neutral invoicing shares from 2012 to 2023, I find that higher

sanctions intensity is associated with relatively higher RMB and lower USD shares in countries with

greater baseline import exposure to China. The estimated RMB exposure gradient is flatter among des-

tinations whose imports from China have low working-capital intensity. Thus, the evidence connects

sanctions-related currency substitution to both trade exposure and the financing requirements of the

goods traded.

The theoretical model provides a financing interpretation of these patterns. Chinese exporters bal-

ance the dollar’s normal-time financing and hedging benefits against the risk that sanctions impair

usable credit associated with dollar invoicing. Firms choose both the invoicing currency and a preset

price, anticipating how they will adjust financing and production if credit access deteriorates. Greater

working-capital dependence lowers the switching threshold when it raises the cost of impaired credit

more than the normal-time dollar advantage. Dollar-priced inputs can strengthen the incentive to re-

tain dollar invoicing throughoperational hedging. Aggregation connects these choices to country-level

shares: China exposure scales the affected trade, while the distribution of switching thresholds deter-

mines how much trade responds at the sanctions risk level.

The quantitative implementation translates this mechanism into generated RMB invoicing shares

and applies the same regression used in the empirical analysis. The reference calibration reproduces

the targeted exposure gradients and lag coefficient. At the reference probability normalization and

threshold dispersion, removing WCI from the threshold location prevents the model from reproduc-

ing the negative low-WCI exposure differential, including after re-fitting the remaining parameters. A

separate retrospective exercise calibrates the models on 2012–2019 observations and evaluates 2020–

2023 paths conditional on realized sanctions. In that comparison, the WCI model reduces both level
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andfixed-effect-adjusted errors relative to the re-fittedno-WCImodel and the initial-share benchmark.

These results illustrate how working-capital heterogeneity can account for the targeted regression pat-

terns and improve subsequent paths under the specified evaluation design.

Thebroader implication is that sanctions can change the appeal of an invoicing currency by chang-

ing the reliability of the credit andpayment services associatedwith it. Currency substitution can there-

fore differ across trade relationships facing the same sanctions environment. The incentives to adopt

RMB depend on how costly dollar-related financing disruptions are for production and on the avail-

ability of alternative financing and settlement arrangements.
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Appendices

A Data andMeasurement

Table A.1: Reference Exchange Rates under the Corrected Import-Invoicing Construction

Reference exchange rates RMB USD EUR Residual
Panel A. Correlation with the 2019 measure: levels
2007–2010 average 0.9743 0.9787 0.9967 0.9220
2010 0.9772 0.9817 0.9973 0.9328
2019 1.0000 1.0000 1.0000 1.0000
2012–2023 average 0.9998 0.9997 1.0000 0.9990
Panel B. Correlation with the 2019 measure:
Country and year fixed effects removed
2007–2010 average 0.9627 0.8819 0.9620 0.8735
2010 0.9664 0.8915 0.9700 0.8805
2019 1.0000 1.0000 1.0000 1.0000
2012–2023 average 0.9997 0.9988 0.9995 0.9976
Observations 819 819 640 819
Countries 87 87 69 87
Notes: All correlations are Pearson correlations with the corresponding 2019-
reference measure. Period reference rates are arithmetic means of annual currency-
per-USD exchange rates, requiring complete observations throughout the reference
window. Panel A uses invoicing-share levels. Panel B uses residuals from separate
least-squares projections of each measure on country and year indicators; these are
not residuals from the fully controlled regression. The country–year sample is iden-
tical across all reference choices and both the original and corrected invoicing con-
structions, within each currency, over 2012–2023.

Table A.2: Summary Statistics of Invoicing Currency Shares: Raw vs. FX-neutral

Raw FX-neutral

Export Import Export Import
Statistic USD EUR RMB USD EUR RMB USD EUR RMB USD EUR RMB

N (Obs.) 1,080 1,080 1,080 1,159 1,159 1,159 1,080 1,080 1,080 1,159 1,159 1,159
N (Countries) 117 117 117 121 121 121 117 117 117 121 121 121

Mean 52.13 35.08 0.34 50.84 34.23 0.46 52.58 34.80 0.33 51.42 33.88 0.45
SD 33.97 35.54 1.90 28.72 32.11 1.90 33.93 35.38 1.87 28.75 31.94 1.82
Min 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.69 0.00 0.00
P25 20.24 1.83 0.00 23.93 4.49 0.00 20.96 1.83 0.00 25.09 4.36 0.00
Median 47.50 15.38 0.00 48.00 20.87 0.02 48.11 15.17 0.00 48.26 20.41 0.02
P75 87.17 73.26 0.04 78.60 66.85 0.25 87.80 72.65 0.04 79.12 65.19 0.24
Max 100.00 99.46 31.20 100.00 95.26 32.43 100.00 99.43 31.71 100.00 95.50 29.61
Notes: This table reports pooled, unweighted country–year summary statistics over 2012–2023. Within each trade flow, the raw and FX-
neutral statistics for USD, EUR and RMB use exactly the same country–year observations, requiring nonmissing values for all six measures.
The export and import samples can differ and are not restricted to the regression sample. Raw shares are measured before the exchange-rate
valuation adjustment. FX-neutral shares use 2019 reference exchange rates to reduce mechanical exchange-rate valuation effects, treating
the residual invoicing category as the reporting country's home currency. Euro-area countries are included, and their euro invoicing is
reported under EUR. SD denotes the sample standard deviation. All share statistics are expressed in percent. Source: Boz et al. (2025) and
the author's calculations.
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Figure A.1: Import Invoicing Shares and Bilateral Trade Exposure (2023)
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(a) RMB Invoicing vs. Trade Share
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(b) USD Invoicing vs. Trade Share
Notes: This figure compares bilateral trade integration and currency invoicing shares for China (Panel a) and the U.S. (Panel b) in 2023. The
horizontal axis represents the destination country’s import share fromChina or theU.S., while the vertical axis represents the corresponding
FX-neutral RMB or USD invoicing share of total imports from all trading partners, using 2019 exchange rates. The dashed 45-degree line
benchmarks a one-to-one proportional relationship where currency usage perfectly matches trade share. In Panel a, RMB usage dispropor-
tionately lags behind actual bilateral trade integration. Conversely, in Panel b, the vast majority of countries are positioned well above the
45-degree line. This stark asymmetry visually corroborates the USD’s pervasive dominance as a global vehicle currency.

Figure A.2: Changes in FX-neutral RMB invoicing shares: Full Sample
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(a) Import invoicing
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(b) Export invoicing
Notes: Thefigure compares country-level averageRMB invoicing shares in 2016–2019 and 2020–2023. Panel a reports import invoicing shares,
and Panel b reports export invoicing shares. Each point represents an economy with at least one non-missing observation in both periods.
The invoicing shares are adjusted using 2019 exchange rates as described in equation (1). The dashed 45-degree line represents no change
between the two periods; observations below the line experienced an increase in their average RMB invoicing share. Selected economies are
labeled by their ISO country codes. The underlying invoicing data are from Boz et al. (2025).
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Table A.3: China-Related Policy Indicators by Country

FTA RMB clearing bank PBOC swap line

ISO3 Economy Effective year Effective year First month Initial ceiling Dec. 2023 ceiling Ceiling changes Positive periods
(month: bn RMB)

ALB Albania – – 2013-09 2 2 2013-09: 2 2013-09–2024-12
ARE United Arab Emi-

rates
– 2016 2012-01 35 35 2012-01: 35 2012-01–2024-12

ARG Argentina – 2015 2009-04 70 130 2009-04: 70; 2018-12: 130 2009-04–2024-12
ARM Armenia – – 2015-03 1 – 2015-03: 1 2015-03–2018-02
AUS Australia 2015 2014 2012-03 200 200 2012-03: 200 2012-03–2024-12
AUT Austria – – 2013-10a – – – 2013-10–2024-12
BEL Belgium – – 2013-10a – – – 2013-10–2024-12
BLR Belarus – – 2009-03 20 – 2009-03: 20; 2015-05: 7 2009-03–2012-02; 2015-05–2021-04
BRA Brazil – 2023 2013-03 190 – 2013-03: 190 2013-03–2016-02
BRN Brunei Darussalam 2005 – – – – – –
CAN Canada – 2014 2014-11 200 200 2014-11: 200 2014-11–2024-12
CHE Switzerland 2014 2015 2014-07 150 150 2014-07: 150 2014-07–2024-12
CHL Chile 2006 2015 2015-05 22 50 2015-05: 22; 2020-07: 50 2015-05–2024-12
CRI Costa Rica 2011 – – – – – –
CYP Cyprus – – 2013-10a – – – 2013-10–2024-12
DEU Germany – 2014 2013-10a – – – 2013-10–2024-12
ECU Ecuador 2024 – – – – – –
EGY Egypt – – 2016-12 18 18 2016-12: 18 2016-12–2024-12
ESP Spain – – 2013-10a – – – 2013-10–2024-12
EST Estonia – – 2013-10a – – – 2013-10–2024-12
FIN Finland – – 2013-10a – – – 2013-10–2024-12
FRA France – 2014 2013-10a – – – 2013-10–2024-12
GBR United Kingdom – 2014 2013-06 200 350 2013-06: 200; 2015-10: 350 2013-06–2024-12
GEO Georgia 2018 – – – – – –
GRC Greece – – 2013-10a – – – 2013-10–2024-12
HKG Hong Kong SAR,

China
2004 2003 2009-01 200 800 2009-01: 200; 2011-11: 400; 2020-11:

500; 2022-07: 800
2009-01–2024-12

HRV Croatia – – 2023-01a – – – 2023-01–2024-12
HUN Hungary – 2015 2013-09 10 40 2013-09: 10; 2019-09: 20; 2020-09: 40 2013-09–2024-12

Continued on next page
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Table A.3 continued

FTA RMB clearing bank PBOC swap line

ISO3 Economy Effective year Effective year First month Initial ceiling Dec. 2023 ceiling Ceiling changes Positive periods
(month: bn RMB)

IDN Indonesia 2005 – 2009-03 100 250 2009-03: 100; 2015-11: 130; 2018-11:
200; 2021-11: 250

2009-03–2024-12

IRL Ireland – – 2013-10a – – – 2013-10–2024-12
ISL Iceland 2014 – 2010-06 3.5 3.5 2010-06: 3.5 2010-06–2024-12
ITA Italy – – 2013-10a – – – 2013-10–2024-12
JPN Japan 2022 2018 2018-10 200 200 2018-10: 200 2018-10–2024-12
KAZ Kazakhstan – 2022 2011-06 7 – 2011-06: 7 2011-06–2021-04
KHM Cambodia 2005 2024 – – – – –
KOR Korea, Rep. 2015 2014 2009-04 180 400 2009-04: 180; 2011-10: 360; 2020-10:

400
2009-04–2024-12

LAO Lao PDR 2005 2022 2020-05 6 6 2020-05: 6 2020-05–2024-12
LKA Sri Lanka – – 2014-09 10 10 2014-09: 10 2014-09–2024-12
LTU Lithuania – – 2015-01a – – – 2015-01–2024-12
LUX Luxembourg – 2014 2013-10a – – – 2013-10–2024-12
LVA Latvia – – 2014-01a – – – 2014-01–2024-12
MAC Macao SAR, China 2004 2004 2019-12 30 30 2019-12: 30 2019-12–2024-12
MAR Morocco – – 2016-05 10 – 2016-05: 10 2016-05–2019-04
MLT Malta – – 2013-10a – – – 2013-10–2024-12
MMR Myanmar 2005 – – – – – –
MNG Mongolia – – 2011-05 5 15 2011-05: 5; 2012-03: 10; 2014-05: 15 2011-05–2024-12
MUS Mauritius 2021 – 2024-09 2 – 2024-09: 2 2024-09–2024-12
MYS Malaysia 2005 2015 2009-02 80 180 2009-02: 80; 2012-02: 180 2009-02–2024-12
NGA Nigeria – – 2018-04 15 15 2018-04: 15 2018-04–2024-12
NIC Nicaragua 2024 – – – – – –
NLD Netherlands – – 2013-10a – – – 2013-10–2024-12
NZL New Zealand 2008 – 2011-04 25 25 2011-04: 25 2011-04–2024-12
PAK Pakistan 2007 2022 2011-12 10 30 2011-12: 10; 2017-12: 20; 2020-07: 30 2011-12–2024-12
PER Peru 2010 – – – – – –
PHL Philippines 2005 2019 – – – – –
PRT Portugal – – 2013-10a – – – 2013-10–2024-12
QAT Qatar – 2014 2014-11 35 35 2014-11: 35 2014-11–2024-12

Continued on next page
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Table A.3 continued

FTA RMB clearing bank PBOC swap line

ISO3 Economy Effective year Effective year First month Initial ceiling Dec. 2023 ceiling Ceiling changes Positive periods
(month: bn RMB)

RUS Russian Federation – 2016 2014-10 150 150 2014-10: 150 2014-10–2024-12
SAU Saudi Arabia – – 2023-11 50 50 2023-11: 50 2023-11–2024-12
SGP Singapore 2005 2013 2010-07 150 300 2010-07: 150; 2013-03: 300 2010-07–2024-12
SRB Serbia 2024 2024 2016-06 1.5 – 2016-06: 1.5 2016-06–2019-05
SUR Suriname – – 2015-03 1 – 2015-03: 1 2015-03–2022-02
SVK Slovakia – – 2013-10a – – – 2013-10–2024-12
SVN Slovenia – – 2013-10a – – – 2013-10–2024-12
THA Thailand 2005 2015 2011-12 70 70 2011-12: 70 2011-12–2024-12
TJK Tajikistan – – 2015-09 3 – 2015-09: 3 2015-09–2018-08
TUR Türkiye – – 2012-02 10 35 2012-02: 10; 2015-02: 12; 2021-06: 35 2012-02–2024-12
TWN Taiwan, China 2010 2012 – – – – –
UKR Ukraine – – 2012-06 15 – 2012-06: 15 2012-06–2021-11
USA United States – 2016 – – – – –
UZB Uzbekistan – – 2011-04 0.7 – 2011-04: 0.7 2011-04–2014-03
VNM Viet Nam 2005 – – – – – –
ZAF South Africa – 2015 2015-04 30 30 2015-04: 30 2015-04–2024-12
ZMB Zambia – 2015 – – – – –
Notes: The table combines the three China-related policy variables used in the empirical analysis. FTA entry-into-force dates are obtained from China’s Ministry of Commerce, while bilateral
swap-line agreements and RMB clearing-bank designations are compiled from PBoC announcements. The reported FTA and RMB clearing-bank effective years reproduce the first year in
which the corresponding indicator switches to one. First month represents the earliest month having a positive recorded ceiling, and ceiling amounts are in billions of RMB. Renewals
are coded retroactively from the expiration month of the preceding agreement, whereas mid-contract ceiling increases are coded in their announcement month. In the panel, the FTA and
clearing-bank indicators equal one from the reported effective year onward, while the annual swap-line indicator equals one when the year-end monthly facility is active. The December 2023
ceiling is the amount observed at the end of the estimation period, not a separate index. Positive Periods report contiguous months with an active facility, so a gap may represent expiration,
non-renewal, ormissing source coverage. The table reports effective dates andmonthly swap observations through 2024; dates after 2024 are omitted. A dash ordinarily denotes no positive or
coded observation in the supplied inputs. Countries absent from the table equal zero on all three indicators. a The PBoC and ECB first established their bilateral currency swap arrangement
on October 8, 2013, with a common maximum size of RMB 350 billion or EUR 45 billion. The same common ceiling remained in force as of December 31, 2023. For each euro-area member,
First month is the later of October 2013 and its euro-adoption month; country-specific ceiling and change cells are shown as dashes because the common ceiling cannot be allocated across
member countries.
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Table A.4: Summary Statistics for the Regression Variables

Variable 𝑁 Mean SD Median Min Max

Panel A. Invoicing outcomes and their lags
RMB invoicing share (%) 831 0.322 0.834 0.027 0.000 9.156
Lagged RMB invoicing share (%) 831 0.249 0.660 0.014 0.000 9.156
USD invoicing share (%) 831 50.493 30.022 46.087 4.547 99.764
Lagged USD invoicing share (%) 831 51.275 29.966 46.743 4.547 99.764
EUR invoicing share (%) 640 27.316 28.415 12.479 0.236 95.453
Lagged EUR invoicing share (%) 640 26.995 28.021 12.661 0.236 95.453
Residual invoicing share (%) 831 11.753 18.872 0.000 0.000 81.192
Lagged Residual invoicing share (%) 831 11.416 18.521 0.000 0.000 82.274
Panel B. Time-varying regressors and interactions
Destination sanctions, 𝑑𝑖,𝑡 831 0.427 0.839 0.000 0.000 4.745
FTA indicator 831 0.167 0.373 0.000 0.000 1.000
RMB swap-line indicator 831 0.236 0.425 0.000 0.000 1.000
RMB clearing-bank indicator 831 0.164 0.370 0.000 0.000 1.000
Lagged China import share (%) 831 12.552 7.489 10.193 1.420 41.513
Lagged homogeneous-goods import share (%) 831 18.554 7.951 17.925 0.762 52.032
Lagged political-alignment indicator 831 0.735 0.441 1.000 0.000 1.000
China exposure × sanctions, 𝐸𝑖,2010𝑔𝑡 831 30.744 23.582 26.132 0.000 173.017
Low WCI × sanctions, 𝐷WC

𝑖 𝑔𝑡 831 0.048 0.403 0.000 0.000 5.056
Triple interaction, 𝐸𝑖,2010𝐷WC

𝑖 𝑔𝑡 831 0.366 3.035 0.000 0.000 35.704
Panel C. Predetermined characteristics: one observation per country
2010 China import exposure, 𝐸𝑖,2010 (%) 88 9.573 5.912 8.309 1.326 34.218
Standardized 2010 WCI 88 0.131 0.840 0.175 -1.282 1.867
Panel D. Common sanctions series: one observation per year
China sanctions, 𝑔𝑡 = ln(1+𝑆CN

𝑡 ) 12 2.967 1.361 3.111 0.000 5.056
China-directed SDN designations, 𝑆CN

𝑡 12 36.250 43.124 22.000 0.000 156.000
Notes: This table summarizes the variables used in the fully controlled baseline and working-capital het-
erogeneity regressions over 2012–2023. Panel A uses each currency’s estimation sample: 831 country–year
observations from 88 countries for RMB, USD and the residual category, and 640 observations from 69 coun-
tries for EUR, which excludes euro-area countries. Panel B uses the common RMB/USD/residual estimation
sample. Lagged variables are summarized at the values entering the regressions; FTA, swap-line and clearing-
bank indicators enter contemporaneously. Panel C counts each of the 88 countries once, and Panel D counts
each of the 12 years once. Predetermined country characteristics are therefore not weighted by the number
of observed years, and commonsanctionsmeasures arenotweightedby thenumber of countries observed in
a year. All statistics are unweighted. Invoicing shares and import shares are expressed in percent; indicators
take values zero or one. Sanctions intensity is the natural logarithm of one plus annual SDN designations, in-
cluding entities and individuals. SD denotes the sample standard deviation. Outcome rows retain the stored
invoicing construction used in the reported regressions and the existing conditional zero-filling of missing
RMB shares; they differ from the corrected descriptive shares in Table A.2.
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Table A.5: Alternative Measures of Industry Working-Capital Requirements

Alternative measure 𝑁 Pearson Spearman

Industry median, 2010. Median of firms’ raw NOWC-to-sales ratios. 28 0.948 0.863
Inventory-to-sales proxy, 2010. Industry median of firms’ raw inventories rel-
ative to sales (Manova et al., 2015).

28 0.939 0.845

Pre-periodmedian, 2007–2010. For each firm, take the median raw NOWC-to-
sales ratio over available years (at least two); then take the industry median of
these firm medians.

27 0.942 0.866

Exclude IPO-year observations. Recompute the 2010 revenue-weighted mean
after excluding firms listed during 2010; retain the baseline winsorization cut-
offs.

27 0.992 0.973

All-industry winsorization cutoffs. Recompute the 2010 revenue-weighted
mean using 1st/99th-percentile cutoffs estimated from all mapped industries,
including services.

28 0.991 1.000

Notes: Each rowcompares thealternativewith thebaseline revenue-weightedmeanoffirm-levelNOWC-to-sales ratios in2010,winsorizedat
the pooled 1st and 99th percentiles of eligible goods-sector firms. Correlations are unweighted across 2-digit ISIC Revision 3.1 industries and
use pairwise-complete observations. 𝑁 is the number of paired industries; Spearman correlations use average ranks for ties. The baseline
covers 28 goods industries and 1,214 firms. Thepre-periodmedian and IPO-year exclusion comparisons eachomit ISICdivision 37, forwhich
the alternative measure is unavailable. These are industry-level measurement comparisons.
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B Additional Panel Results and Sensitivity Checks

Table B.1: US Financial Sanctions on Chinese Entities and Global Invoicing Currencies: LSDVC Esti-
mates

RMB USD EUR Residual

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Lag. Dep. Var. 0.546∗∗∗ 0.542∗∗∗ 0.526∗∗∗ 0.620∗∗∗ 0.621∗∗∗ 0.627∗∗∗ 0.733∗∗∗ 0.728∗∗∗ 0.722∗∗∗ 0.636∗∗∗ 0.636∗∗∗ 0.642∗∗∗

(0.043) (0.044) (0.043) (0.040) (0.040) (0.041) (0.047) (0.047) (0.046) (0.041) (0.041) (0.042)
ChineseRisk 0.016∗∗∗ 0.015∗∗∗ 0.013∗∗∗ −0.049 −0.055 −0.057 0.018 0.020 0.023 0.044 0.045 0.041

(0.004) (0.004) (0.004) (0.036) (0.037) (0.037) (0.023) (0.024) (0.025) (0.040) (0.041) (0.042)
Idio. Sanc. −0.027 −0.025 −0.025 −0.184 −0.177 −0.146 0.268 0.273 0.252 0.175 0.173 0.178

(0.038) (0.038) (0.039) (0.320) (0.322) (0.335) (0.242) (0.245) (0.252) (0.361) (0.363) (0.375)

LR Effects 0.035∗∗∗ 0.034∗∗∗ 0.028∗∗∗ −0.129 −0.146 −0.152 0.067 0.072 0.081 0.121 0.124 0.115
(0.009) (0.010) (0.009) (0.094) (0.097) (0.102) (0.089) (0.088) (0.090) (0.110) (0.114) (0.118)

Contemp. Ctrl. 3 3 3 3 3 3 3 3

Lagged Ctrl. 3 3 3 3

Year FE 3 3 3 3 3 3 3 3 3 3 3 3

Obs 800 800 785 800 800 785 623 623 608 800 800 785
Notes: This table presents robustness checks addressing potential Nickell bias in dynamic panels by employing the bias-corrected least squares dummy variable
(LSDVC) estimator. The bias correction is initialized using the Arellano-Bond estimator. The dependent variables are the FX-neutralized import invoicing shares of
the respective currencies (RMB, USD, EUR, and Residual). ChineseRisk is the interaction between a destination country’s 2010 baseline import share from China
and the log-transformed global U.S. sanctions against Chinese entities. Idio. Sanc. denotes the log-transformed idiosyncratic U.S. sanctions directly targeting the
destination country. LR Effects reports the long-run multiplier of the ChineseRisk shock, computed via the Delta method based on the lagged dependent variable
(Lag. Dep. Var.). Contemporaneous controls encompass indicators for bilateral FTAs, currency swap lines, and official RMB clearing banks. Lagged controls
include the import share from China, the import share of homogeneous goods, and a political alignment index. All specifications include year fixed effects, and
country fixed effects are inherently absorbedby the LSDVCprocedure. Standard errors, obtained via bootstrappingwith 500 repetitions, are reported in parentheses.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
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Table B.2: Baseline Estimates under Alternative Country Exclusions: All Currencies

RMB USD EUR Residual

Original
No

Russia
Excl.
five Original

No
Russia

Excl.
five Original

No
Russia

Excl.
five Original

No
Russia

Excl.
five

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
ChineseRisk 0.014∗∗∗ 0.014∗∗∗ 0.015∗∗∗ -0.062∗∗ -0.062∗∗ -0.052∗ 0.018 0.021 0.024 0.048 0.045 0.028

(0.005) (0.005) (0.006) (0.027) (0.027) (0.026) (0.022) (0.021) (0.019) (0.038) (0.037) (0.034)
Idio. Sanc. -0.024 -0.025 -0.026 -0.152 -0.112 -0.261 0.270 0.404∗∗ 0.466∗∗ 0.183 0.045 0.150

(0.043) (0.045) (0.048) (0.264) (0.276) (0.282) (0.213) (0.197) (0.204) (0.278) (0.261) (0.270)
Lag. Dep. Var. 0.438∗∗∗ 0.433∗∗∗ 0.428∗∗∗ 0.514∗∗∗ 0.515∗∗∗ 0.513∗∗∗ 0.565∗∗∗ 0.561∗∗∗ 0.550∗∗∗ 0.501∗∗∗ 0.499∗∗∗ 0.487∗∗∗

(0.121) (0.120) (0.119) (0.064) (0.065) (0.070) (0.076) (0.077) (0.080) (0.105) (0.108) (0.119)
𝑝: 𝜃 = 0 0.0090 0.0097 0.0094 0.0256 0.0245 0.0509 0.4232 0.3319 0.2292 0.2170 0.2277 0.4043
Observations 831 821 784 831 821 784 640 630 593 831 821 784
Countries 88 87 83 88 87 83 69 68 64 88 87 83
Within 𝑅2 0.194 0.188 0.189 0.281 0.281 0.279 0.328 0.327 0.322 0.252 0.250 0.235
Notes: Within each currency, the three columns report the fully controlled baseline specification in Equation 7 using the original estimation sample
(“Original”), excluding Russia only (“No Russia”), and jointly excluding Russia, Brazil, India, Turkey, and Kazakhstan (“Excl. five”). The estimation period
is 2012–2023; Russian observations cover 2012–2021. The EUR regressions exclude euro-area countries under the baseline sample rule. The dependent
variables are FX-neutral import invoicing shares, expressed in percentage points. ChineseRisk𝑖,𝑡 = 𝐸𝑖𝑔𝑡, where 𝐸𝑖 is the fixed 2010 China import share,
in percent, and 𝑔𝑡 is the natural logarithm of one plus annual China-directed U.S. SDN designations, including entities and individuals. Idio. Sanc. is the
corresponding log-plus-one measure of destination-directed designations. All columns include the lagged dependent variable, destination-directed sanc-
tions, contemporaneous FTA, RMB swap-line and RMB clearing-bank indicators, lagged China import share, homogeneous-goods import share, political
alignment, and country and year fixed effects. Standard errors in parentheses are based on country-clustered covariance matrices. ∗𝑝 < 0.10, ∗∗𝑝 < 0.05,
∗∗∗𝑝 < 0.01.

Table B.3: Working-Capital Heterogeneity: Excluding Russia

RMB USD EUR Residual
Full Excl. Russia Full Excl. Russia Full Excl. Russia Full Excl. Russia
(1) (2) (3) (4) (5) (6) (7) (8)

𝜃: 𝐸𝑖𝑔𝑡 0.014∗∗∗ 0.014∗∗∗ -0.062∗∗ -0.062∗∗ 0.018 0.021 0.047 0.045
(0.005) (0.005) (0.027) (0.027) (0.022) (0.021) (0.038) (0.038)

𝜅: 𝐸𝑖𝑔𝑡𝐷𝑖 -0.014∗ -0.016∗ 0.326∗∗∗ 0.328∗∗∗ -0.219∗∗∗ -0.212∗∗∗ -0.047 -0.055
(0.008) (0.008) (0.091) (0.095) (0.077) (0.076) (0.103) (0.101)

𝜆: 𝑔𝑡𝐷𝑖 0.143∗∗ 0.165∗∗∗ -2.066∗∗ -2.081∗∗ 1.727∗∗ 1.633∗∗ -0.060 0.031
(0.065) (0.062) (0.879) (0.930) (0.825) (0.807) (0.985) (0.972)

Observations 831 821 831 821 640 630 831 821
Countries 88 87 88 87 69 68 88 87
Notes: Each pair compares the fully controlled WCI specification in Equation 9 using the original sample and a sample excluding Russia
only. The estimation period is 2012–2023; Russia contributes observations through 2021. The dependent variables are FX-neutral import
invoicing shares, in percentage points. 𝐸𝑖 is the fixed 2010 China import share, measured in percent; 𝑔𝑡 is the natural logarithm of one
plus annual China-directed U.S. SDN designations, including entities and individuals. 𝐷𝑖 identifies the bottom decile of the original WCI
reference distribution. Exposure and group assignments are fixed. All columns retain country and year fixed effects, the lagged dependent
variable, destination-directed sanctions, contemporaneous FTA, RMB swap-line and RMB clearing-bank indicators, and lagged China
import share, homogeneous-goods import share, and political alignment. Euro-area countries are excluded from the EUR regressions.
Δ𝑅(10) = 𝜆 + 10𝜅 is the low-WCI-minus-remaining-group contrast at a 10 percent China import share, in percentage points per one-
unit increase in 𝑔𝑡. Standard errors are clustered by country. ∗𝑝 < 0.10, ∗∗𝑝 < 0.05, ∗∗∗𝑝 < 0.01.
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Table B.4: Robustness to the IHS Transformation of Sanctions Measures

RMB USD EUR Residual
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

ChineseRisk (IHS) 0.015∗∗∗ 0.014∗∗∗ 0.012∗∗∗ -0.047∗∗ -0.052∗∗ -0.055∗∗ 0.008 0.011 0.014 0.047 0.047 0.044
(0.005) (0.005) (0.005) (0.021) (0.023) (0.024) (0.023) (0.021) (0.020) (0.031) (0.034) (0.035)

Idio. Sanc. (IHS) -0.020 -0.018 -0.018 -0.150 -0.144 -0.123 0.239 0.241 0.225 0.140 0.141 0.142
(0.034) (0.034) (0.036) (0.212) (0.210) (0.217) (0.159) (0.163) (0.170) (0.214) (0.216) (0.224)

Lag. Dep. Var. 0.460∗∗∗ 0.456∗∗∗ 0.440∗∗∗ 0.509∗∗∗ 0.510∗∗∗ 0.514∗∗∗ 0.579∗∗∗ 0.572∗∗∗ 0.565∗∗∗ 0.496∗∗∗ 0.496∗∗∗ 0.500∗∗∗

(0.140) (0.136) (0.121) (0.061) (0.062) (0.064) (0.078) (0.079) (0.076) (0.098) (0.101) (0.105)
LR Effects 0.027∗∗∗ 0.026∗∗∗ 0.022∗∗∗ -0.095∗∗ -0.107∗∗ -0.112∗∗∗ 0.020 0.025 0.032 0.093∗ 0.093 0.089

(0.009) (0.009) (0.007) (0.039) (0.042) (0.043) (0.056) (0.050) (0.048) (0.056) (0.062) (0.063)
Contemp. Ctrl. 3 3 3 3 3 3 3 3

Lagged Ctrl. 3 3 3 3

Year and Cty FE 3 3 3 3 3 3 3 3 3 3 3 3

Observations 849 849 831 849 849 831 658 658 640 849 849 831
Countries 91 91 88 91 91 88 72 72 69 91 91 88
Within 𝑅2 0.173 0.174 0.192 0.278 0.279 0.281 0.327 0.328 0.328 0.252 0.252 0.252

Notes: This table replaces the log-plus-one transformation with the inverse hyperbolic sine (IHS) transformation for both sanctions measures in the baseline
dynamic panel regressions. For a designation count 𝑆, asinh(𝑆) = ln(𝑆+

√
𝑆2 +1). ChineseRisk (IHS) is 𝐸𝑖,2010 asinh(𝑆CN

𝑡 ), where 𝐸𝑖,2010 is the fixed 2010
China import share,measured inpercent. Idio. Sanc. (IHS) is asinh(𝑆D

𝑖,𝑡). Counts includeannualnewdesignationsof entities and individuals. OutcomesareFX-
neutral import invoicing shares, in percentage points. Samples and controls match the corresponding baseline columns over 2012–2023; euro-area countries
are excluded from the EUR regressions. Contemporaneous controls are FTA, RMB swap-line and RMB clearing-bank indicators. Lagged controls are the China
import share, commodity-import share and political alignment. All columns include the lagged outcome and country and year fixed effects. LR Effects is the
ChineseRisk coefficient divided by one minus the lagged-outcome coefficient, with delta-method standard errors. Coefficient standard errors in parentheses
are clustered by country. ∗𝑝 < 0.10, ∗∗𝑝 < 0.05, ∗∗∗𝑝 < 0.01.
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C Complementary Dynamic Evidence

This appendix complements the panel regressions with two exercises describing the timing of invoic-
ing changes. The first reports year-specific differences in RMB invoicing between countries with high
and low baseline exposure to China. The second uses local projections to examine horizon-specific
relationships between China-directed sanctions pressure, baseline exposure, and invoicing changes.
These exercises organize the temporal patterns in the data.

C.1 Year-Specific RMB Invoicing Differences by China Exposure

I examine how the RMB import invoicing gap between high- and low-exposure countries evolves over
2012–2023. Baseline exposure is measured by the share of imports from China in 2010. I retain coun-
tries at or above the 75th-percentile cutoff and at or below the 25th-percentile cutoff, excluding coun-
tries between the cutoffs. Let 𝐻𝑖 equal one for high-exposure countries and zero for low-exposure
countries. Exposure is fixed at its 2010 value, and the group assignment is held constant over time. I
interact year indicators with an indicator for the high-exposure group and normalize the 2021 coeffi-
cient to zero. The resulting estimates describe the adjusted high–low invoicing-share gap in each year
relative to the gap in 2021.

I estimate

𝑦RMB
𝑖𝑡 = 𝛼𝑖 +𝛽𝑡 + ∑

𝜏∈𝒯
𝜏≠2021

𝑏𝜏𝐻𝑖1{𝑡 = 𝜏}+𝛾′𝑋𝑖,𝑡−1 +𝜓′𝑍𝑖𝑡 +𝛿𝑑𝑖𝑡 +𝜀𝑖𝑡,

where 𝒯 = {2012,…,2023} and 𝑦RMB
𝑖𝑡 is the FX-neutral RMB import invoicing share, expressed in per-

centage points. The covariates 𝑋𝑖,𝑡−1 and 𝑍𝑖𝑡 and the destination-directed sanctions measure 𝑑𝑖𝑡 are
defined as in Equation 7. The specification includes country and year fixed effects but no lagged de-
pendent variable. Standard errors are clustered by country.

The interaction for 2021 is omitted, normalizing 𝑏2021 = 0. Country fixed effects absorb permanent
differences across countries, including the main effect of 𝐻𝑖, while year fixed effects absorb changes
common toboth exposure groups. Thus, 𝑏𝜏 measures the change in the covariate-adjustedhigh-minus-
low invoicing gap between 2021 and year 𝜏 . A positive coefficient indicates that this gap is larger in
year 𝜏 than in 2021. This specification allows the exposure-group gap to vary freely across years rather
than linking its evolution to measured China-directed sanctions pressure. The coefficients therefore
describe an annual exposure profile.

Figure C.1 shows a pronounced positive difference in 2023 relative to the 2021 reference year. This
pattern documents the timing of the divergence between the exposure groups, but does not separately
identify sanctions as its cause. Other contemporaneous developments may have affected the groups
differently. As a sensitivity check, I also include the lagged RMB invoicing share. On a common estima-
tion sample, the year-specific profile and the positive differential in 2023 remain qualitatively similar.
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Figure C.1: Year-Specific RMB Invoicing Differences by China Exposure
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Notes: This figure plots the year specific estimates of the difference in the RMB invoicing share across two groups: high– and low–exposure
to China. Points are coefficients on interactions between year indicators and the high-exposure-group indicator, expressed in percentage
points. Theomitted reference year is 2021. The regression includes country and year fixed effects, destination-directed sanctions, FTA, swap-
line and RMB clearing-bank indicators, and lagged measures of the China import share, homogeneous-goods import share, and political
alignment. The lagged dependent variable is not included. Vertical bars show pointwise 90% confidence intervals based on standard errors
clustered by country.

C.2 Local Projections of Invoicing Changes

Figure C.1 describes when invoicing gaps emerge, without linking those differences directly to mea-
sured sanctionspressure. I complement that exercisewith local projections (LPs) following Jordà (2005).
Theseprojectionsexaminehowthe relationshipbetweenChina-directed sanctionspressureand invoic-
ing changes varies across horizons andwith baseline exposure toChina. Unlike the long-runmultiplier
calculated from the dynamic panel model, each horizon is estimated separately rather than obtained
by recursively applying a common adjustment coefficient.²⁶

Baselinespecification. Foreachcurrency 𝑐 ∈ {RMB,USD,EUR,Residual}andhorizonℎ ∈ {0,1,2,3},
I estimate

𝑦(𝑐)
𝑖,𝑡+ℎ −𝑦(𝑐)

𝑖,𝑡−1 = 𝛼(𝑐)
𝑖,ℎ +𝛽(𝑐)

𝑡,ℎ +𝜉(𝑐)
ℎ 𝑦(𝑐)

𝑖,𝑡−1 +𝛾(𝑐)′
ℎ 𝑋𝑖,𝑡−1 +𝜓(𝑐)′

ℎ 𝑍𝑖𝑡

+𝛿(𝑐)
ℎ 𝑑𝑖𝑡 +𝜃(𝑐)

ℎ 𝐸𝑖𝑔𝑡 +𝑢(𝑐)
𝑖,𝑡+ℎ (C.1)

²⁶Unlike traditional Vector Autoregression (VAR) models, the LP method directly estimates the impact of a shock at time 𝑡
on the outcome at horizon 𝑡+ℎ through a series of separate horizon-specific regressions, making it significantlymore robust
to dynamic misspecification.Jordà (2005); Jordà and Taylor (2025)
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where 𝑦(𝑐)
𝑖𝑡 is the FX-neutral import invoicing share, expressed in percentage points, and 𝐸𝑖 is the coun-

try’s import share from China in 2010, expressed in percent. The sanctions measure 𝑔𝑡 is the logarithm
of one plus annual China-directed SDN designations. The destination-directed sanctions measure 𝑑𝑖𝑡
and the covariates 𝑋𝑖,𝑡−1 and 𝑍𝑖𝑡 follow the definitions in Equation 7.

The dependent variable (𝑦(𝑐)
𝑖,𝑡+ℎ − 𝑦(𝑐)

𝑖,𝑡−1) is the cumulative change in the invoicing share between
𝑡 − 1 and 𝑡 + ℎ. At ℎ = 0, it measures the change from 𝑡 − 1 to 𝑡; at ℎ = 3, it measures the change from
𝑡 − 1 to 𝑡 + 3. Each projection includes its own country and year fixed effects and conditions on the
initial invoicing share 𝑦(𝑐)

𝑖,𝑡−1. Since 𝑔𝑡 is common across countries, its main effect is absorbed by year
fixed effects. The coefficient 𝜃(𝑐)

ℎ captures how the conditional relationship between current sanctions
pressure and the subsequent invoicing-share change varies with baseline China exposure.

Figure C.2 reports 10×1.36× ̂𝜃(𝑐)
ℎ , in percentage points. This scaling evaluates the exposure-related

component at a benchmark China import share of 10 percent and a 1.36-unit increase in 𝑔𝑡, approxi-
mately one standard deviation in the reference sample. It does not recover the common effect of sanc-
tions absorbed by year fixed effects or the total predicted invoicing change for an individual country.

Figure C.2: Exposure-Related Dynamics in Import Invoicing Shares
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(c) EUR invoicing share
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(d) Residual invoicing share

Notes: Each panel reports 10 × 1.36 × ̂𝜃(𝑐)
ℎ from Equation C.1, in percentage points. Each horizon is estimated separately with country

and year fixed effects, the lagged dependent variable, destination-directed sanctions, and the baseline covariates. Shaded areas denote 90
percent pointwise normal confidence intervals constructed usingDriscoll–Kraay standard errors with bandwidth ℎ+1. Samples vary across
currencies and horizons. Euro-area countries are excluded from the EUR specification.
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The RMB point estimates are positive at all reported horizons. The displayed confidence inter-
vals exclude zero at ℎ = 0 and ℎ = 3, where the scaled estimates are approximately 0.19 and 0.21 per-
centage points, respectively. The USD estimates are negative at all horizons, with confidence intervals
excluding zero at ℎ = 0 and ℎ = 3 and corresponding estimates of approximately −0.84 and −0.67
percentage points. The EUR estimates are positive, with the confidence interval excluding zero only
at ℎ = 3. The residual-currency estimate is positive at ℎ = 0 and negative at ℎ = 3, with both confi-
dence intervals excluding zero. Several intermediate-horizon estimates are imprecise. These results
describe currency-specific conditional patterns. Because the estimation samples can differ across cur-
rencies and horizons, the coefficients should not be interpreted as an exact accounting decomposition
of invoicing reallocation. As a sensitivity check, Figure C.3) reports projections using reference years
2012–2019. This exercise assesses whether the estimated relationships also appear before the most re-
cent sanctions escalation. Even in this truncated sample, the immediate surge in RMB usage remains
robustly identified.

Figure C.3: Exposure-Related Dynamics in Import Invoicing Shares (2012-2019)
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Notes: Each panel reports 10×1.36× ̂𝜃(𝑐)
ℎ from Equation C.1 with subsample (2012-2019), in percentage points. Each horizon is estimated

separately with country and year fixed effects, the lagged dependent variable, destination-directed sanctions, and the baseline covariates.
Shaded areas denote 90 percent pointwise normal confidence intervals constructed using Driscoll–Kraay standard errors with bandwidth
ℎ+1. Samples vary across currencies and horizons. Euro-area countries are excluded from the EUR specification.
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Heterogeneity byworking-capital intensity. I next examinewhether the relationship between sanc-
tions pressure and invoicing changes differs with the working-capital intensity of imports from China
(WC𝑖,2010). This comparison uses a different grouping from the high- and low-China-exposure compar-
ison. Let 𝐷𝑖 equal one for countries in the upper quartile of baselineworking-capital intensity and zero
for countries in the lower quartile. Countries in themiddle two quartiles are excluded. The comparison
uses the precomputed quartile indicators for the 2010 index.

To allow the coefficients on the controls to differ across groups, define

𝑄(𝑐)
𝑖𝑡 = (𝑦(𝑐)

𝑖,𝑡−1,𝑋′
𝑖,𝑡−1,𝑍′

𝑖𝑡,𝑑𝑖𝑡)
′
.

For each currency 𝑐 and horizon ℎ ∈ {0,1,2,3}, I estimate

𝑦(𝑐)
𝑖,𝑡+ℎ −𝑦(𝑐)

𝑖,𝑡−1 = 𝛼(𝑐)
𝑖,ℎ +𝛽(𝑐)

𝑡,ℎ +𝜂(𝑐)′
𝐿,ℎ𝑄(𝑐)

𝑖𝑡 +𝜂(𝑐)′
Δ,ℎ (𝐷𝑖𝑄(𝑐)

𝑖𝑡 )
+𝜃(𝑐)

𝐿,ℎ𝐸𝑖𝑔𝑡 +𝜃(𝑐)
Δ,ℎ𝐷𝑖𝐸𝑖𝑔𝑡 +𝜆(𝑐)

ℎ 𝐷𝑖𝑔𝑡 +𝑣(𝑐)
𝑖,𝑡+ℎ. (C.2)

The coefficients on the lagged dependent variable, destination-directed sanctions, and all other in-
cluded controls may differ between the two groups. Country fixed effects absorb the time-invariant
terms 𝐸𝑖, 𝐷𝑖, and 𝐷𝑖𝐸𝑖, while common year fixed effects absorb the main effect of 𝑔𝑡. The interaction
𝐷𝑖𝑔𝑡 is not absorbed by these fixed effects and is included explicitly.

At a given baseline exposure 𝐸, the sanctions-related slope is 𝐸𝜃(𝑐)
𝐿,ℎ for the low-WCI group and

𝐸(𝜃(𝑐)
𝐿,ℎ + 𝜃(𝑐)

Δ,ℎ) + 𝜆(𝑐)
ℎ for the high-WCI group. Thus, 𝜃(𝑐)

Δ,ℎ captures the difference in the exposure gra-
dient, while 𝜆(𝑐)

ℎ allows the two slopes to differ independently of exposure. The regressions use each
country’s observed 2010 China import exposure. I evaluate both groups at 𝐸 = 10 percent and use the
same 1.36-unit increase in 𝑔𝑡 as in the baseline LPs. The plotted quantities in Figure C.4 are

𝑚̂(𝑐)
𝐿,ℎ = 1.36(10 ̂𝜃(𝑐)

𝐿,ℎ), (C.3)

𝑚̂(𝑐)
𝐻,ℎ = 1.36[10( ̂𝜃(𝑐)

𝐿,ℎ + ̂𝜃(𝑐)
Δ,ℎ)+𝜆̂(𝑐)

ℎ ] . (C.4)

These quantities are expressed in percentage points. Using a common exposure benchmark avoids at-
tributing differences in average China exposure to differences in WCI. The term involving 𝜆(𝑐)

ℎ is scaled
by 1.36. The plotted quantities summarize the estimated sanctions-related components.

The high-WCI group has positive RMB point estimates throughout the reported horizons, exceed-
ing those of the low-WCI group. However, the high-WCI RMB confidence interval excludes zero only at
ℎ = 2. At ℎ = 0, the high-WCI USD estimate is negative and the residual-currency estimate is positive,
with their displayed confidence intervals excluding zero. TheEURestimate is negative at ℎ = 0 andpos-
itive at ℎ = 3, but both intervals include zero. These patterns provide a horizon-specific description of
invoicing relationships across WCI groups.
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Figure C.4: Invoicing Dynamics by Baseline Working-Capital Intensity

(a) RMB invoicing share (b) USD invoicing share

(c) EUR invoicing share (d) Residual invoicing share

Notes: The solid red and dashed blue lines report 𝑚̂(𝑐)
𝐻,ℎ and 𝑚̂(𝑐)

𝐿,ℎ from Equation C.4 and Equation C.3, respectively. Both are evaluated
at a 10 percent baseline China import share and a 1.36-unit increase in 𝑔𝑡, and are expressed in percentage points. The high-WCI estimate
includes 1.36𝜆̂(𝑐)

ℎ , the component associated with 𝐷𝑖𝑔𝑡. The sample retains the upper and lower quartiles of baseline WCI. All included
control coefficients, including that on the lagged dependent variable, may differ by group. The specification includes country fixed effects
and common year fixed effects. Shaded areas denote 90 percent pointwise normal confidence intervals based on Driscoll–Kraay covariance
estimateswith bandwidth ℎ+1. Each interval incorporates the covariances among the coefficients in the corresponding linear combination.
Euro-area countries are excluded from the EUR specification. Samples vary across currencies and horizons.
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D Model and Quantitative Details

D.1 Normal Financing Costs andWorking-Capital Requirements

This appendix derives the normal-financing benchmarks in Equation 15, Equation 16, and Equation 17.
Fix firm 𝑗, sector 𝑠, macroeconomic state X, and required output 𝑌 > 0. In the application, 𝑌 =
𝑌 𝑐

𝑖 (𝑃 𝑐,X) is determined by the preset price fixed in the chosen invoicing currency 𝑐 and the realized
macroeconomic state. Throughout this derivation, ordinary credit is sufficient to finance the normal
input choice in the good state. All prices are positive, and state arguments are suppressed where this
does not create ambiguity.

For an input quantity 𝑋𝑗, the purchase bill before financing charges is ̄𝑃 𝑒
𝑋𝑋𝑗. The firmborrows the

fraction 𝜈𝑠 of this bill, so the required principal is

𝐵𝑗(𝑋𝑗) = 𝜈𝑠 ̄𝑃 𝑒
𝑋𝑋𝑗. (D.1)

Under themaintainedquotedborrowing-rate convention 𝑖𝑗, interest is 𝑖𝑗𝐵𝑗(𝑋𝑗). The internally funded
input expenditure and repayment of principal plus interest therefore sum to

(1−𝜈𝑠) ̄𝑃 𝑒
𝑋𝑋𝑗 +(1+𝑖𝑗)𝐵𝑗(𝑋𝑗) = ̄𝑃 𝑒

𝑋𝑋𝑗 +𝑖𝑗𝜈𝑠 ̄𝑃 𝑒
𝑋𝑋𝑗

= ̄𝑃 𝑒
𝑋(1+𝜈𝑠𝑖𝑗)⏟⏟⏟⏟⏟

𝑃̃𝑋

𝑋𝑗. (D.2)

Thus input purchases are counted once, and borrowing adds an interest charge. This accounting fol-
lows the model’s convention that the internally funded portion carries no additional financing charge.
Wages are paid at 𝑡 = 2 and require no advance financing. The derivation takes the input bundle and
its quoted financing terms as specified in the main text.

Normal total cost is obtained from

𝐶0
𝑗 (𝑌 ,X) = min

𝑋𝑗,𝐿𝑗≥0
{ ̃𝑃𝑋𝑋𝑗 +𝑊𝐿𝑗 ∶ 𝑋𝛼

𝑗 𝐿1−𝛼
𝑗 ≥ 𝑌 }. (D.3)

For 𝑌 > 0, both inputs must be positive. Because both input prices are positive, the output constraint
binds at the optimum. The Lagrangian is

ℒ = ̃𝑃𝑋𝑋𝑗 +𝑊𝐿𝑗 +𝜆𝑗 (𝑌 −𝑋𝛼
𝑗 𝐿1−𝛼

𝑗 ) .

The first-order conditions are

̃𝑃𝑋 = 𝜆𝑗𝛼𝑋𝛼−1
𝑗 𝐿1−𝛼

𝑗 = 𝜆𝑗𝛼
𝑌
𝑋𝑗

, (D.4)

𝑊 = 𝜆𝑗(1−𝛼)𝑋𝛼
𝑗 𝐿−𝛼

𝑗 = 𝜆𝑗(1−𝛼) 𝑌
𝐿𝑗

. (D.5)
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Rearranging gives

𝑋0
𝑗 = 𝜆𝑗𝛼

̃𝑃𝑋
𝑌 , 𝐿0

𝑗 = 𝜆𝑗(1−𝛼)
𝑊 𝑌 . (D.6)

Substituting these expressions into the binding production constraint yields

𝑌 = (𝜆𝑗𝛼
̃𝑃𝑋

𝑌 )
𝛼

(𝜆𝑗(1−𝛼)
𝑊 𝑌 )

1−𝛼

= 𝜆𝑗𝑌 ( 𝛼
̃𝑃𝑋

)
𝛼

(1−𝛼
𝑊 )

1−𝛼
.

Dividing by 𝑌 and solving for the multiplier gives

𝜆𝑗 = (
̃𝑃𝑋

𝛼 )
𝛼

( 𝑊
1−𝛼)

1−𝛼
≡ 𝑀𝐶0

𝑗 (X). (D.7)

The first-order conditions also imply ̃𝑃𝑋𝑋0
𝑗 = 𝛼𝜆𝑗𝑌 and 𝑊𝐿0

𝑗 = (1−𝛼)𝜆𝑗𝑌 . Adding them gives

𝐶0
𝑗 (𝑌 ,X) = 𝑀𝐶0

𝑗 (X)𝑌 . (D.8)

Because technology has constant returns to scale, unit cost and marginal cost coincide. The normal
factor demands are consequently

𝑋0
𝑗 (𝑌 ,X) =

𝛼𝑀𝐶0
𝑗

̃𝑃𝑋
𝑌 , (D.9)

𝐿0
𝑗(𝑌 ,X) =

(1−𝛼)𝑀𝐶0
𝑗

𝑊 𝑌 . (D.10)

Toobtain theadvance-financing requirement, evaluate theprincipal definitionat this input choice:

𝒲0
𝑗(𝑌 ,X) ≡ 𝐵𝑗(𝑋0

𝑗 (𝑌 ,X))

= 𝜈𝑠 ̄𝑃 𝑒
𝑋𝑋0

𝑗 (𝑌 ,X)

= 𝜈𝑠 ̄𝑃 𝑒
𝑋

𝛼𝑀𝐶0
𝑗

̃𝑃𝑋
𝑌

= 𝜈𝑠𝛼
1+𝜈𝑠𝑖𝑗

𝑀𝐶0
𝑗 𝑌 ≡ 𝜅0

𝑗(X)𝑌 . (D.11)

Hence 𝜅0
𝑗 is the required working-capital principal per unit of output, measured in RMB. The factor

1/(1 + 𝜈𝑠𝑖𝑗) converts financing-inclusive input expenditure into the corresponding purchase expen-
diture before financing charges. Principal is distinct from interest 𝑖𝑗𝒲0

𝑗 and gross loan repayment
(1 + 𝑖𝑗)𝒲0

𝑗 . These results describe the unconstrained normal benchmark; the usable-credit problem
subsequently allows input choices to respond to a financing shortfall.

74



D.2 Production and Financing after the Credit State Is Observed

This appendix derives the cost function used in Section 4.3. Fix required output 𝑌 > 0, macroeconomic
state X, and usable ordinary credit 𝒜. Write 𝑝𝑋 = ̄𝑃 𝑒

𝑋, ̃𝑃𝑋 = 𝑝𝑋(1 + 𝜈𝑠𝑖𝑗), and 𝑟 = 𝛼/(1 − 𝛼) > 0. All
monetary costs and credit amounts are measured in RMB.

Optimal inputs after credit is observed. Because costs increase with either input, the production
constraint binds. Solving it for labor gives 𝐿 = 𝑌 1/(1−𝛼)𝑋−𝑟, so the cost problem becomes

𝐶𝑗(𝑌 ,X;𝒜) = min
𝑋>0

{ ̃𝑃𝑋𝑋 +𝑊𝑌 1/(1−𝛼)𝑋−𝑟 +Ψ𝑠([𝜈𝑠𝑝𝑋𝑋 −𝒜]+)}. (D.12)

Theobjective tends to infinity as 𝑋 approaches zero or infinity. The labor-cost term is strictly convex in
𝑋, and the emergency-finance term is convex. Hence there is a unique, positive, finite optimal input
quantity 𝑋∗. Since Ψ′

𝑠(0) = 0, the objective is differentiable even where the shortfall first becomes
positive. Its first-order condition is

̃𝑃𝑋 +𝜈𝑠𝑝𝑋Ψ′
𝑠(𝐺∗) = 𝛼

1−𝛼
𝑊𝐿∗

𝑋∗ . (D.13)

Here 𝐿∗ = 𝑌 1/(1−𝛼)(𝑋∗)−𝑟 and 𝐺∗ = [𝜈𝑠𝑝𝑋𝑋∗ −𝒜]+. The left side is the marginal cost of intermediates,
including the extra financing cost they create. The right side is the labor cost saved by using more
intermediates. When ordinary credit covers the normal principal requirement 𝒲0

𝑗(𝑌 ,X), the solution
is (𝑋0,𝐿0) and cost is 𝑀𝐶0

𝑗 𝑌 . When it falls short, the normal input choice has a positive additional
marginal financing cost; the optimum has 𝑋∗ < 𝑋0, 𝐿∗ > 𝐿0, and 𝐺∗ > 0.

Cost bounds and the value of usable credit. Emergency finance adds a nonnegative cost to the nor-
mal production problem, giving 𝐶𝑗 ≥ 𝑀𝐶0

𝑗 𝑌 . Evaluating the full objective at (𝑋0,𝐿0) gives the upper
bound in Equation 23. Optimizing inputs can lower this upper bound but cannot eliminate the cost of
a binding shortfall.

Increasing 𝒜 weakly lowers the cost of every feasible input pair. Minimization therefore preserves
the ordering. The cost envelope gives

𝜕𝐶𝑗(𝑌 ,X;𝒜)
𝜕𝒜 = −Ψ′

𝑠(𝐺∗) ≤ 0. (D.14)

The inequality is strict when emergency finance is used. This proves the good-state/bad-state cost
ordering in Equation 24. It compares minimized total costs, including input substitution; a difference
in emergency-finance charges alone does not generally equal the difference in total cost.

The ordinary credit draw is min{𝜈𝑠𝑝𝑋𝑋∗,𝒜} and emergency principal is 𝐺∗. Their sum is the ex-
ternal principal requirement. Normal financing charges apply to that requirement through ̃𝑃𝑋, while
Ψ𝑠 is an additional charge. Input purchases, principal, and normal interest are consequently counted
once.
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D.3 Currency Values, Exact Cutoffs, and the Local Approximation

This appendix follows the sequence in Section 4.4: optimize over a common preset price, establish the
switching cutoff, and then relate it to the fixed-price approximation. The macroeconomic distribution,
credit limits, and remaining primitives are fixed as 𝜋 changes.

Thepricing problemand regularity conditions. For each invoicing currency 𝑐, let the feasible price
set be 𝐾𝑐 = [𝑃 𝑐,𝑃 𝑐], where 0 < 𝑃 𝑐 < 𝑃 𝑐 < ∞. Assume that expected profits in each credit state are
finite and continuous in the preset price.

For DCP, expected profit at a given preset price is

𝐹𝑗(𝑃 ,𝜋) = 𝐽𝑣
𝑗,𝑔(𝑃 )−𝜋ℒ𝑗(𝑃 ), 𝑉 𝑣

𝑗 (𝜋) = max
𝑃∈𝐾𝑣

𝐹𝑗(𝑃 ,𝜋).

For each 𝜋 ∈ [0,1], continuity of the objective and compactness of the price set ensure that at least one
feasible price 𝑃 𝑣,∗

𝑗 (𝜋) achieves the maximum.
The expected bad-state loss ℒ𝑗(𝑃 ) is also continuous in price, since it is the difference between the

two state-specific expected-profit functions. It therefore has a finite upper bound over feasible prices:

ℒ𝑗 = max
𝑃∈𝐾𝑣

ℒ𝑗(𝑃 ) < ∞.

This bound applies regardless of which price the firm selects.

Proof of Proposition 1. For each fixed price, 𝐹𝑗(𝑃 ,𝜋) is affine and weakly decreasing in 𝜋, because
ℒ𝑗(𝑃 ) ≥ 0. Maximization over the same price set preserves this ordering. If 𝜋2 > 𝜋1 and 𝑃1,𝑃2 are
optimal at the two probabilities, evaluating each objective at the other optimal price gives

(𝜋2 −𝜋1)ℒ𝑗(𝑃2) ≤ 𝑉 𝑣
𝑗 (𝜋1)−𝑉 𝑣

𝑗 (𝜋2) ≤ (𝜋2 −𝜋1)ℒ𝑗(𝑃1).

where

𝑉 𝑣
𝑗 (𝜋1) ≥ 𝐽𝑣

𝑗,𝑔(𝑃2)−𝜋1ℒ𝑗(𝑃2) = 𝑉 𝑣
𝑗 (𝜋2)+(𝜋2 −𝜋1)ℒ𝑗(𝑃2),

𝑉 𝑣
𝑗 (𝜋2) ≥ 𝐽𝑣

𝑗,𝑔(𝑃1)−𝜋2ℒ𝑗(𝑃1) = 𝑉 𝑣
𝑗 (𝜋1)−(𝜋2 −𝜋1)ℒ𝑗(𝑃1).

The value change is therefore bounded in absolute value by ℒ𝑗|𝜋2 −𝜋1|, establishing continuity.
For 𝜆 ∈ [0,1], affinity at every fixed price implies

𝑉 𝑣
𝑗 (𝜆𝜋1 +(1−𝜆)𝜋2) = max

𝑃
{𝜆𝐹𝑗(𝑃 ,𝜋1)+(1−𝜆)𝐹𝑗(𝑃 ,𝜋2)}

≤ 𝜆𝑉 𝑣
𝑗 (𝜋1)+(1−𝜆)𝑉 𝑣

𝑗 (𝜋2).

Thus 𝑉 𝑣
𝑗 is convex. The right side permits a separate price in each risk environment, while the left side

uses one price for the weighted objective.
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Since 𝑉 𝑒
𝑗 is constant in 𝜋, Δ𝑗 inherits continuity, convexity, and weak monotonicity. The endpoint

signs
Δ𝑗(0) > 0, Δ𝑗(1) < 0.

ensure an interior zero. To establish uniqueness, suppose there were two zeros 𝑢 < 𝑤 < 1. Convexity
would require

0 = Δ𝑗(𝑤)−Δ𝑗(𝑢)
𝑤 −𝑢 ≤ Δ𝑗(1)−Δ𝑗(𝑤)

1−𝑤 < 0,

a contradiction. Continuity and the endpoint signs then give the preference ordering on either side of
the unique cutoff.

The marginal and cumulative costs of risk. When expected profits are differentiable in price and
the interior optimal-price rule is differentiable in 𝜋, the chain rule gives

𝑑𝑉 𝑣
𝑗

𝑑𝜋 = [𝐽𝑣′
𝑗,𝑔(𝑃 𝑣,∗

𝑗 )−𝜋ℒ′
𝑗(𝑃 𝑣,∗

𝑗 )]
𝑑𝑃 𝑣,∗

𝑗
𝑑𝜋 −ℒ𝑗(𝑃 𝑣,∗

𝑗 )

= −ℒ𝑗(𝑃 𝑣,∗
𝑗 ).

Thebracket is zero by the price first-order condition. More generally, the value envelope gives the same
derivative at a unique optimum without requiring a differentiable price rule.

To translate the marginal effect into a total value loss, define 𝐻𝑗(𝜋) ≡ 𝑉 𝑣
𝑗 (0) − 𝑉 𝑣

𝑗 (𝜋). It measures
the reduction in maximized DCP profit as the bad-state probability rises from zero to 𝜋. The value
bound above implies absolute continuity. Integrating the envelope derivative therefore gives

𝐻𝑗(𝜋) = ∫
𝜋

0
ℒ𝑗(𝑃 𝑣,∗

𝑗 (𝑢))𝑑𝑢. (D.15)

At almost every 𝑢, the integrand equals the marginal value loss evaluated at an optimal preset price.
Here, 𝑢 indexes alternative risk environments: in each environment, the firm chooses its preset price
before the credit state is realized.

To relate this value loss to currency choice, recall that 𝑁𝑗 ≡ 𝑉 𝑣
𝑗 (0)−𝑉 𝑒

𝑗 is the initial DCP advantage
defined in the main text. At any probability 𝜋, the remaining DCP advantage is therefore Δ𝑗(𝜋) = 𝑁𝑗 −
𝐻𝑗(𝜋). At the exact switching cutoff, the firm is indifferent between DCP and PCP, so

𝐻𝑗(𝜋∗
𝑗) = 𝑁𝑗.

Thus, the cutoff is the probability at which the total reduction in DCP value exactly offsets its initial
advantage over PCP.

Thefixed-price cutoff and its bounds. Let 𝑃 𝑣
𝑗,0 maximize good-state DCP profits and recall

𝐿𝑗,0 = ℒ𝑗(𝑃 𝑣
𝑗,0), 𝑁𝑗 = 𝑉 𝑣

𝑗 (0)−𝑉 𝑒
𝑗 > 0,
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where 𝑁𝑗 is the normal-time DCP premium. Since 𝐽𝑣
𝑗,𝑔(𝑃 𝑣

𝑗,0) = 𝑉 𝑣
𝑗 (0) and the normal-time price re-

mains feasible at every probability, optimality implies

Δ𝑗(𝜋) = max
𝑃

{𝐽𝑣
𝑗,𝑔(𝑃 )−𝜋ℒ𝑗(𝑃 )}−𝑉 𝑒

𝑗

≥ 𝐽𝑣
𝑗,𝑔(𝑃 𝑣

𝑗,0)−𝜋ℒ𝑗(𝑃 𝑣
𝑗,0)−𝑉 𝑒

𝑗

= 𝑁𝑗 −𝜋𝐿𝑗,0. (D.16)

The right-hand side is the value difference when the firm retains its normal-time DCP price.
At 𝜋 = 1, the endpoint restriction gives 𝑁𝑗 − ℒ𝑗,0 ≤ Δ𝑗(1) < 0. Since 𝑁𝑗 > 0, it follows that ℒ𝑗,0 >

𝑁𝑗 > 0. Evaluating the same bound at the exact cutoff gives

0 < 𝜋lin
𝑗 = 𝑁𝑗

ℒ𝑗,0
≤ 𝜋∗

𝑗 < 1.

Thus the conditions for an exact interior cutoff also put the fixed-price cutoff inside the probability
interval. The expansion concerns the value near zero; it does not supply a global error bound for the
approximate cutoff. The fixed-price interpretation and lower bound remain exact.

D.4 Working Capital and Dollar-Input Comparative Statics

This appendix proves the two conditional results in Section 4.5. All comparisons allow input quantities
and preset prices to adjust optimally.

Differentiating the exact cutoff. At a regular interior cutoff, Δ𝑗(𝜋,𝑧) = 𝑁𝑗(𝑧) − 𝐻𝑗(𝜋,𝑧) is differen-
tiable and 𝐻𝑗,𝜋 = ℒ𝑗(𝑃 𝑣,∗

𝑗 (𝜋),𝑧) > 0. Differentiating the indifference condition gives

0 = 𝜕𝑧𝑁𝑗 −𝜕𝑧𝐻𝑗 −𝐻𝑗,𝜋
𝜕𝜋∗

𝑗
𝜕𝑧 .

Rearranging proves Equation 32. Substituting 𝑧 = 𝜈𝑠 proves Proposition 2; substituting 𝑧 = 𝜔𝑣 proves
Proposition 3. Both signs compare changes in optimized value levels at the same probability.

Working-capital dependence and financing needs. A larger 𝜈𝑠 increases the share of the input bill
that must be financed before revenues arrive. In the normal-financing benchmark, this raises required
principal even after inputs adjust to financing costs. At fixed input prices, wage, and borrowing rate, 𝜅0

𝑗
is proportional to 𝜈𝑠(1+𝜈𝑠𝑖𝑗)𝛼−1, so

𝜕 log𝜅0
𝑗

𝜕𝜈𝑠
= 1+𝛼𝜈𝑠𝑖𝑗

𝜈𝑠(1+𝜈𝑠𝑖𝑗)
> 0. (D.17)

Since 𝒲0
𝑗 = 𝜅0

𝑗𝑌 , total required principal also increases at fixed output. The effect on the switching
cutoff depends on how financing needs affect both the normal-time premium 𝑁𝑗 and the risk cost 𝐻𝑗.
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The following sufficient case establishes that comparison using the full cost and pricing problems.

A sufficient case for working-capital amplification. Set 𝑖𝑒 = 𝑖𝑣 = 0 and hold the macroeconomic
distribution, input prices, wage, technology, all usable-credit limits, and Ψ𝑠 fixed. Require ordinary-
credit slackness locally at the PCP optimum and in the good state at both the normal-time and cutoff
DCP prices. Finally, suppose 𝐺𝑣,∗

𝑗,𝑏 > 0 with positive probability at the cutoff allocation.
The state-cost envelope, at fixed output, is

𝜕𝜈𝑠
𝐶𝑗 = 𝑝𝑋𝑋∗Ψ′

𝑠(𝐺∗),

where ̃𝑃𝑋 = 𝑝𝑋 and 𝜈𝑠 enters cost only through 𝐺. The derivatives are zero at the specified slack allo-
cations. They are positive in the bad state whenever 𝐺𝑣,∗

𝑗,𝑏 > 0. Applying the price envelope therefore
gives 𝜕𝜈𝑠

𝑁𝑗 = 0 and
𝜕𝜈𝑠

Δ𝑗(𝜋∗
𝑗 ,𝜈𝑠) = −𝜋∗

𝑗EX [𝑝𝑋𝑋𝑣,∗
𝑗,𝑏 Ψ′

𝑠(𝐺𝑣,∗
𝑗,𝑏)] < 0. (D.18)

Thus 𝜕𝜈𝑠
𝐻𝑗 > 0 and 𝜕𝜋∗

𝑗/𝜕𝜈𝑠 < 0. The input and price envelopes include optimal adjustment. With
positive normal borrowing rates, the state-cost derivative also contains 𝑝𝑋𝑖𝑗𝑋∗, and the relative effects
on normal and stressed values must be compared.

Dollar-priced inputs, hedging, and financing costs. A larger 𝜔𝑣 links a greater share of input costs
to the dollar’s RMB value, creating a motive to match those costs with dollar revenues. The normal-
time value comparison in Appendix D.6 derives this covariance channel. To assess the switching cutoff,
its contribution to 𝑁𝑗 must be compared with its effect on 𝐻𝑗. Even with 𝒜 fixed, changing 𝜔𝑣 changes
the input price and the weighted borrowing rate. For example,

𝜕𝜔𝑣
log ̄𝑃 𝑒

𝑋 = log(ℰ𝑒𝑣𝑃 𝑣
𝑥

𝑃 𝑒𝑥
), 𝜕𝜔𝑣

𝑖𝑗 = 𝑖𝑣 −𝑖𝑒.

The first expression varies with the exchange rate, while the second depends on currency-specific fi-
nancing terms. At a fixed output, the cost envelope is

𝜕𝜔𝑣
𝐶𝑗 = 𝑋∗𝜕𝜔𝑣

̃𝑃𝑋 +𝜈𝑠𝑋∗Ψ′
𝑠(𝐺∗)𝜕𝜔𝑣

̄𝑃 𝑒
𝑋. (D.19)

Thus holding the loss of credit capacity fixed does not hold its profit cost fixed. Proposition 3 requires
that the increase in the normal-time level premium dominate the change in the risk cost. The next
appendix isolates the normal-time hedging channel.

D.5 The Normal-Time HedgingMotive

This appendix isolates the covariance channel discussed before Proposition 3. It first derives normal-
time optimized profits and then distinguishes the relative-value comparison from the level premium
used in the exact cutoff.
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Normal-timepricesandvalues. Supposeordinary credit is slackat the relevantunconstrainednormal-
time optima. Write 𝐷𝑖 = (ℰ𝑒𝑑𝑄𝑖)𝜖 for the demand shifter and define

𝑈𝑐 = EX[𝐷𝑖𝑎1−𝜖
𝑐 ], 𝑇𝑗,𝑐 = EX[𝑀𝐶0

𝑗 𝐷𝑖𝑎−𝜖
𝑐 ].

At preset price 𝑃 𝑐, expected normal profit is 𝑈𝑐(𝑃 𝑐)1−𝜖 − 𝑇𝑗,𝑐(𝑃 𝑐)−𝜖. Differentiating and solving the
first-order condition gives

𝑃 0
𝑗,𝑐 = 𝜖

𝜖−1
𝑇𝑗,𝑐
𝑈𝑐

, 𝑉 0
𝑗,𝑐 = (𝜖−1)𝜖−1

𝜖𝜖
𝑈 𝜖

𝑐
𝑇 𝜖−1

𝑗,𝑐
. (D.20)

Assume theseprices lie inside the feasible intervals. Slackness at theseoptima is sufficient for the values
to equal the full normal-state values: 𝑉 0

𝑗,𝑣 = 𝑉 𝑣
𝑗 (0) and 𝑉 0

𝑗,𝑒 = 𝑉 𝑒
𝑗 . Emergency-finance costs cannot

raise profits at any alternative price.

Incomplete insulation under PCP. If the PCP credit arrangement also deteriorates in the bad state,
define its expected loss ℒ𝑒(𝑃 𝑒) analogously. The relative value derivative becomes

Δ′
𝑗(𝜋) = −ℒ𝑣

𝑗(𝑃 𝑣,∗
𝑗 (𝜋))+ℒ𝑒

𝑗(𝑃 𝑒,∗
𝑗 (𝜋)). (D.21)

The relevant condition is a larger optimized incremental loss under DCP. In this extension, the differ-
ence of the twooptimized values neednot be convex, so uniqueness requires a separate single-crossing
condition. Complete PCP insulation is sufficient for the baseline result, but relative impairment is the
underlying economic comparison.

D.6 The Normal-Time HedgingMotive

Suppose ordinary credit is slack at the relevant unconstrained PCP and good-stateDCP optima, almost
surely over the macroeconomic distribution. Write 𝐷𝑖 = (ℰ𝑒𝑑𝑄𝑖)𝜖 for the demand shifter and define

𝑈𝑐 = E[𝐷𝑖𝑎1−𝜖
𝑐 ], 𝑇𝑗,𝑐 = E[𝑀𝐶0

𝑗 𝐷𝑖𝑎−𝜖
𝑐 ], 𝑎𝑒 = 1, 𝑎𝑣 = ℰ𝑒𝑣.

Expected normal profits equal 𝑈𝑐(𝑃 𝑐)1−𝜖 − 𝑇𝑗,𝑐(𝑃 𝑐)−𝜖. For 𝜖 > 1, the interior optimum and its value
are

𝑃 0
𝑗,𝑐 = 𝜖

𝜖−1
𝑇𝑗,𝑐
𝑈𝑐

, 𝑉 0
𝑗,𝑐 = (𝜖−1)𝜖−1

𝜖𝜖
𝑈 𝜖

𝑐
𝑇 𝜖−1

𝑗,𝑐
. (D.22)

Slackness at these optima implies 𝑉 0
𝑗,𝑣 = 𝑉 𝑣

𝑗 (0) and 𝑉 0
𝑗,𝑒 = 𝑉 𝑒

𝑗 : emergency financing adds no cost there
and cannot increase profits at another price.

The two currency values coincide at a common deterministic benchmark. Consider a small-risk
expansion around this benchmark, maintaining normal-credit slackness locally. Let 𝑣 = log(ℰ𝑒𝑣/ℰ𝑒𝑣)
and 𝑑𝑖 = log(𝐷𝑖/𝐷𝑖), andwrite ̃𝑖𝑗 = 𝑖𝑗− ̄𝑖𝑗. Scale these shocks by𝜎, holding their joint distribution after
division by 𝜎 fixed. Assume positive normal financing factors andmoment conditions that support the

80



second-order expansion below.
With fixed wages and upstream invoice prices, define

𝜆𝑗 = 𝜈𝑠
1+𝜈𝑠 ̄𝑖𝑗

, 𝑚𝑗 = 𝛼𝜔𝑣𝑣 +𝛼𝜆𝑗 ̃𝑖𝑗.

Here 𝑚𝑗 is the first-order part of the log marginal-cost deviation:

log
𝑀𝐶0

𝑗

𝑀𝐶0
𝑗

= 𝛼𝜔𝑣𝑣 +𝛼 log(1+𝜆𝑗 ̃𝑖𝑗)

= 𝑚𝑗 − 𝛼
2 𝜆2

𝑗 ̃𝑖2
𝑗 +𝑜(𝜎2).

(D.23)

The quadratic financing term is present in log costs. Its mean enters both log currency values with the
same coefficient and cancels in their difference. Its covariance with 𝑣 is of order 𝜎3, so it does not enter
the second-order value comparison. Joint Gaussianity is not required.

Applying logE[𝑒𝑧] = E[𝑧]+ 1
2 Var(𝑧)+𝑜(𝜎2) to the moments in Equation D.22 gives

log𝑉 0
𝑗,𝑣 − log𝑉 0

𝑗,𝑒

= 𝜖
2 [Var(𝑑𝑖 +(1−𝜖)𝑣)−Var(𝑑𝑖)]

− 𝜖−1
2 [Var(𝑑𝑖 +𝑚𝑗 −𝜖𝑣)−Var(𝑑𝑖 +𝑚𝑗)]+𝑜(𝜎2).

(D.24)

The mean terms cancel. Expanding the variances also cancels the demand covariance: its coefficient
is 𝜖(1−𝜖)+𝜖(𝜖−1) = 0. The remaining terms yield

log𝑉 0
𝑗,𝑣 − log𝑉 0

𝑗,𝑒 = 𝜖(𝜖−1)[Cov(𝑚𝑗,𝑣)− 1
2 Var(𝑣)]+𝑜(𝜎2). (D.25)

Since Cov(𝑚𝑗,𝑣) = 𝛼𝜔𝑣 Var(𝑣)+𝛼𝜆𝑗 Cov( ̃𝑖𝑗,𝑣), this is equivalently

log𝑉 0
𝑗,𝑣 − log𝑉 0

𝑗,𝑒 = 𝜖(𝜖−1)[(𝛼𝜔𝑣 − 1
2)Var(𝑣)+𝛼 𝜈𝑠

1+𝜈𝑠 ̄𝑖𝑗
Cov( ̃𝑖𝑗,𝑣)]+𝑜(𝜎2). (D.26)

Inside the brackets, the exchange-rate variance term combines the input-currency hedge contribu-
tion 𝛼𝜔𝑣 Var(𝑣) with the remaining currency-pricing contribution −1

2 Var(𝑣). The covariance term
𝛼𝜆𝑗 Cov( ̃𝑖𝑗,𝑣) captures how normal financing costs move with the dollar’s RMB value.

To make the risk scale explicit, write 𝑣 = 𝜎𝑧𝑣 and ̃𝑖𝑗 = 𝜎𝑧𝑗, with a fixed joint distribution of (𝑧𝑣,𝑧𝑗).
Then Var(𝑣) = 𝜎2 Var(𝑧𝑣) and Cov( ̃𝑖𝑗,𝑣) = 𝜎2 Cov(𝑧𝑗,𝑧𝑣), so

log𝑉 0
𝑗,𝑣 − log𝑉 0

𝑗,𝑒 = 𝜎2Γ𝑗 +𝑜(𝜎2), (D.27)

where Γ𝑗 ≡ 𝜖(𝜖 − 1)[(𝛼𝜔𝑣 − 1
2)Var(𝑧𝑣) + 𝛼 𝜈𝑠

1+𝜈𝑠 ̄𝑖𝑗
Cov(𝑧𝑗,𝑧𝑣)]. Thus Γ𝑗 can have either sign. If Γ𝑗 >

0, then 𝑉 0
𝑗,𝑣 > 𝑉 0

𝑗,𝑒, and hence 𝑁𝑗 > 0, for sufficiently small nonzero risks. This is a local sufficient
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condition; the expansion does not determine the sign at arbitrary volatility.
Holding the financing-covariance term and exchange-rate distribution fixed, a larger 𝜔𝑣 raises the

leading log advantage. However, 𝑖𝑗 = (1−𝜔𝑣)𝑖𝑒 +𝜔𝑣𝑖𝑣 generally changes with 𝜔𝑣, affecting both 𝜆𝑗 and
the financing covariance. Moreover, the cutoff concerns the level premium 𝑁𝑗, whereas this expansion
describes the log ratio. With 𝑅𝑗 = 𝑉 𝑣

𝑗 (0)/𝑉 𝑒
𝑗 , the identity 𝑁𝑗 = (𝑅𝑗 − 1)𝑉 𝑒

𝑗 shows why changes in the
PCP value also matter. A higher cutoff therefore requires 𝜕𝜔𝑣

𝑁𝑗 > 𝜕𝜔𝑣
𝐻𝑗 at the cutoff, holding 𝜋 fixed

in the partial derivatives, as stated in Proposition 3.

D.7 Value-Weighted Aggregation and Local Empirical Predictions

Let 𝑚𝑖𝑗𝑠,0 ≥ 0 denote the baseline value of country 𝑖’s imports from Chinese exporter 𝑗 in industry 𝑠,
where 0 denotes 2010. For destination–industry pairs with positive baseline trade, the value-weighted
distribution is

𝐹𝑖𝑠(𝜋) =
∑𝑗∈(𝑖,𝑠) 𝑚𝑖𝑗𝑠,01{𝜋∗

𝑗 ≤ 𝜋}
∑𝑗∈(𝑖,𝑠) 𝑚𝑖𝑗𝑠,0

. (D.28)

This is the share of baseline trade accounted for by exporters choosing RMB at risk level 𝜋, with RMB
chosen at indifference. Exporters that choose RMB even at 𝜋 = 0 can be assigned threshold zero; ex-
porters that retain USD throughout 𝜋 ∈ [0,1] can be assigned threshold +∞. Thus 𝐹𝑖𝑠(𝜋) includes all
RMB users at that probability, while 𝐹𝑖𝑠(𝜋𝑡) − 𝐹𝑖𝑠(𝜋0) measures the additional share switching when
𝜋𝑡 > 𝜋0, with 𝜋𝑡 = 𝜋(𝜏𝑡).

The local formulas apply where the threshold distribution admits a density, as in a smooth contin-
uum approximation. At a differentiability point 𝑢, let 𝑓𝑖𝑠(𝑢) = 𝐹 ′

𝑖𝑠(𝑢). Then, as 𝛿 → 0,

𝐹𝑖𝑠(𝑢+𝛿)−𝐹𝑖𝑠(𝑢) = 𝑓𝑖𝑠(𝑢)𝛿,

where 𝑓𝑖𝑠(𝑢) measures the concentration of baseline trade value per unit increase in the bad-state
probability. A large exporter contributes more to this distribution than a small exporter. Substituting
𝑢 = 𝜋(𝜏𝑡) and using the chain rule gives

𝜕𝐹𝑖𝑠(𝜋(𝜏𝑡))
𝜕𝜏𝑡

= 𝑓𝑖𝑠(𝜋(𝜏𝑡))𝜋′(𝜏𝑡).

Multiplying by 𝐸𝑖,2010 and 𝜔𝑖𝑠,2010, and summing across industries yields Equation 35.
If a sector has lower thresholds in the sense that 𝐹𝐻(𝜋) ≥ 𝐹𝐿(𝜋) at all feasible probabilities, it has

a weakly higher RMB adoption level at each probability under otherwise identical weights. This does
not order 𝐹𝐻(𝜋1) − 𝐹𝐻(𝜋0) and 𝐹𝐿(𝜋1) − 𝐹𝐿(𝜋0). For example, thresholds uniformly distributed on
[0,0.4] are lower than thresholds on [0.4,0.8]. Between probabilities 0.5 and 0.6, the first group has
already fully switched and makes no additional adjustment; the second group’s RMB share rises by
0.25. Earlier adoption and a larger current response are therefore distinct predictions.
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