
NBER WORKING PAPER SERIES

INTERNATIONAL TRADE AND 
MACROECONOMIC DYNAMICS WITH SANCTIONS

Fabio Ghironi
Daisoon Kim

G. Kemal Ozhan

Working Paper 32188
http://www.nber.org/papers/w32188

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue

Cambridge, MA 02138
March 2024, Revised July 2025

We thank Boragan Aruoba and Yuriy Gorodnichenko (editors), an anonymous referee, Marcin 
Bielecki (discussant), Linda Goldberg, Pierre-Olivier Gourinchas, Julian Hinz (discussant), 
Loukas Karabarbounis, Massimo Ferrari Minesso (discussant), Alberto Martin (discussant), 
Dmitry Mukhin (discussant), Hélène Rey, Felipe Saffie, Linda Tesar (discussant), Yinxi Xie 
(discussant) and seminar and conference participants at Asia School of Business; Asian Meeting 
of the Econometric Society in 2023; ASSA 2025 Annual Meeting; Bank of Canada; Bank of 
Canada and European Central Bank Conference on "The Future of Global Trade Amid Shifting 
Geopolitics;" Bank of Korea; CEPR, Banque de France, University of Surrey & World Bank 
Conference on "Globalisation: What’s Next?;" CEPR & Kiel Institute for the World Economy 
Conference on Geoeconomics; CEPR-MEF 2023 Annual Symposium; Federal Reserve Board; 
Global Research Forum at the European Central Bank; Hong Kong Monetary Authority; IMF 
2022 Jacques Polak Annual Research Conference; International Macro and Finance Conference 
at Hong Kong University of Science and Technology; ITAM; KIEP-KAEA Workshop; North 
American Econometric Society 2023 Summer Meeting; Paris School of Economics Macro Days 
Conference; Research Conference of the Central Banks of Ukraine and Poland; SED 2024; 
SUERF-ESM-Bruegel Joint Workshop on "Risk, Resilience, and Policy Responses;" T2M 
Conference; University of Alabama; University of Southampton; and 2023 West Coast Trade 
Conference. We are also grateful to the NSF for funding through a grant to the NBER (award 
number SES 2317089). We thank Jaehong (Jay) Choi for excellent research assistance. All errors 
are ours. The views expressed are those of the authors and do not necessarily represent the views 
of the IMF, its Executive Board, IMF management, or the National Bureau of Economic 
Research.

NBER working papers are circulated for discussion and comment purposes. They have not been 
peer-reviewed or been subject to the review by the NBER Board of Directors that accompanies 
official NBER publications.

© 2024 by Fabio Ghironi, Daisoon Kim, and G. Kemal Ozhan. All rights reserved. Short sections 
of text, not to exceed two paragraphs, may be quoted without explicit permission provided that 
full credit, including © notice, is given to the source.



International Trade and Macroeconomic Dynamics with Sanctions 
Fabio Ghironi, Daisoon Kim, and G. Kemal Ozhan
NBER Working Paper No. 32188
March 2024, Revised July 2025
JEL No. F31, F41, F42, F51

ABSTRACT

We develop a framework combining dynamic, intertemporal choices of general-equilibrium 
macro models with microfoundations of modern trade theory to study sanctions. In a two-country, 
two-sector setup, Home holds a comparative advantage in producing differentiated consumption 
goods via heterogeneous firms with endogenous entry, while Foreign in homogeneous 
intermediate goods from a fixed number of firms. Sanctions include trade bans and financial 
restrictions excluding particular Foreign agents from markets. In our model, sanctions reallocate 
resources across and within countries, affecting production, exchange rates, and welfare, with 
larger welfare losses when targeting sectors of comparative disadvantage. Focusing only on long-
run outcomes, overlooking initial dynamics, inaccurately assesses welfare impacts. Sanctions 
weaken international comovement and fragment markets but leave business cycles intact.

Fabio Ghironi
University of Washington
Department of Economics
and NBER
fabio.ghironi.1@gmail.com

Daisoon Kim
North Carolina State University
dkim29@ncsu.edu

G. Kemal Ozhan
International Monetary Fund
gozhan@gmail.com



1. Introduction

Understanding the mechanisms of international economic interdependence is crucial, especially
in times of geopolitical tensions. The February 24, 2022, large-scale invasion of Ukraine by Russia
triggered a wave of sanctions by 38 countries targeting Russia and Belarus, which aimed to punish
aggression, cut off critical resources, and engage in economic warfare in support of Ukraine. Unlike
post-World War II sanctions that targeted smaller economies, Russia is a major player, ranked 11th
and 13th globally by nominal GDP and goods exports in 2021. Moreover, today’s global economy is
more interconnected, with Russia occupying a pivotal position as one of the world’s largest energy
suppliers. In 2021, Russia was a net creditor, with the 4th-largest foreign exchange reserves, making
it deeply embedded in global financial markets. The sizable scope and deep interconnectedness
of the target country amplify both the intended and unintended consequences of these sanctions
on both the target and the imposing countries. This study contributes to the understanding of
interdependence in times of geopolitical tensions by developing a micro-founded model that
captures trade and macroeconomic dynamics under sanctions, offering a baseline framework for
future research on the macroeconomics of geoeconomic conflicts.1

We build on the open-economy framework of Ghironi and Melitz (2005) to capture the
economic effects of sanctions. Our model considers two countries with comparative advantage in
producing differentiated, final consumption goods (Home) and homogeneous, intermediate goods
(Foreign).2 The structure of comparative advantage that we posit is intended to reflect the pattern
that characterizes trade between Western economies, which specialize in high-value industries with
differentiated goods and firm entry, and countries that specialize in production of homogeneous
commodities without firm entries. Under normal trade conditions, Home runs a trade surplus in
consumption goods and a deficit in intermediate goods. Thus, while interpreting intermediate goods
as energy (gas and/or oil) facilitates direct application of the model to the recent sanctions on Russia,
the model is broadly applicable to other contexts, such as China’s specialization in homogeneous
intermediate goods versus the US advantage in production of differentiated ones.

Our model economy consists of two sectors. In the upstream sector, a given number of producers
combine labor and natural resources to produce a tradable commodity (for instance, natural gas)
under Cournot competition.3 A representative distributor then processes these commodities into
homogeneous intermediate goods (for instance, usable gas), which are used in the downstream sec-
tor. Firms in the downstream sector exhibit productivity differences and operate under monopolistic

1A strand of the literature on geoeconomic conflicts such as in Clayton, Maggiori and Schreger (2025) studies
strategic behavior to exert influence. This type of relationship can also be integrated in our framework.

2As described below, our model features microfoundations of both Ricardian and Melitz (2003) types of trade.
3Many extractive industries, such as oil and gas, have market structures between monopoly/oligopoly and perfect

competition as highlighted long ago by Hotelling (1931), Salant (1976), and Loury (1986). Also, our previous version
of this paper (Ghironi, Kim and Ozhan 2024b) also assumed perfect competition for the upstream sector. This choice
of market structure does not affect our main result, except for upstream sector profits.
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competition. Monopoly power allows them to set markups over marginal cost, resulting in positive
operating profits that increase in firm-specific productivity. Entry is endogenous, with potential
entrants facing sunk entry costs. Under normal trade conditions, fixed trade costs imply that only
the most productive firms in this sector export.

Households hold bonds and shares, though only bonds are traded internationally. Bond ad-
justment costs determine the steady-state levels of bond holdings (which can be different after
sanctions) and allow for long-run international imbalances. This setup enables us to analyze how
initial net foreign asset (NFA) positions and unbalanced trade flows shape transition dynamics,
welfare, and business cycles in sanctioning and sanctioned economies.

We introduce financial sanctions and trade sanctions imposed by Home, both of which restrict
access to international markets. Financial sanctions target a subset of Foreign households by
excluding them from international bond trading. As a result, Foreign households are divided
into two groups: sanctioned and non-sanctioned. While non-sanctioned households continue to
trade bonds with Home households, sanctioned households are confined to trading bonds solely
with other non-sanctioned Foreign households. Trade sanctions affect both the commodity and
consumption-good sectors. In the case of the commodity, sanctions restrict trade volumes (or
impose effective price caps), while in the consumption-good sector, they are implemented through
export or import bans based on firm productivity thresholds. Without sanctions, all firms in Home
and Foreign with productivity above a cutoff determined by fixed trade costs would export. Under
sanctions, a second, higher productivity cutoff is introduced.Only firms whose productivity falls
between the two cutoffs are now allowed to engage in international trade. This setup is intended to
capture the fact that sanctions primarily affect larger, highly productive firms, typically producing
high-tech or advanced technology products.4

We examine the short-, medium-, and long-term effects of sanctions on international relative
prices, macroeconomic indicators, and welfare. We begin by studying the determinants of the real
exchange rate in our model. As in Ghironi and Melitz (2005), an increase in the cost of consumption-
good production in Home relative to Foreign—higher relative cost of Home effective consumption-
good sector labor or higher relative price of the Home intermediate good—leads to real appreciation
of the Home currency. Additionally, the real exchange rate is sensitive to changes in the average
productivity of exporters and shifts in the composition of consumption baskets. For example, when
the average productivity of Foreign exporters decreases, the average price of Home imports rises,
resulting in Home real exchange rate appreciation. Conversely, if the share of imported goods

4Western governments that imposed extensive trade sanctions on Russia have published detailed guidance notes
specifying which goods are restricted—and explicitly clarifying that these measures do not amount to blanket bans (see,
for example, https://www.consilium.europa.eu/en/policies/sanctions/ and https://crsreports.congress.gov/). Notably,
the industries subject to these sanctions tend to exhibit higher productivity levels than nonsanctioned sectors such
as non-durable goods.

Ghironi, Kim, and Ozhan: 2025 Page 2 of 38
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in Home’s consumption basket rises, the real exchange rate depreciates, because expenditure is
shifting toward relatively lower-priced goods.5 These theoretical results help us interpret how
sanctions affect the real exchange rate by altering its key drivers. We use numerical simulations to
further illustrate these dynamics and explore the broader macroeconomic implications of sanctions.

The numerical results reveal that the real exchange rate reacts differently to types of sanctions,
consistent with the analytical results and economic intuition. First, consider consumption-good
export sanctions that prevent the most productive Home firms from exporting to Foreign. All
else given, this reduces the attractiveness of entry into Home’s consumption-good sector, because
prospective entrants now know that, even if they were characterized by high productivity post entry
into Home, they would not be able to reap the benefit of this in terms of export profits. As a result,
entry shifts toward Foreign. However, in the long run, a sufficient mass of firms must continue
to be present in this sector of the Home economy to keep at least some Home consumption-good
sector labor employed. This necessitates a decline in the relative cost of effective labor in that
sector, resulting in Home real exchange rate depreciation. The responses of entry and the numbers
of consumption-good producers along the transition path ensure the working of this mechanism,
shifting consumption-good sector labor demand across countries (and sectors within countries) in
a manner consistent with the movement of the relative cost of effective labor in the consumption-
good sector. Since labor in this sector of the Home economy becomes relatively less expensive, the
trade-cost determined cutoff for entry into the Home export sector decreases, which combines with
the exclusion of top-productivity firms from exporting in producing lower average Home exporter
productivity. Conversely, Foreign consumption-good sector labor becomes more expensive, raising
Foreign’s export cutoff and increasing average productivity among its exporters. These effects
reinforce the depreciation of Home’s real exchange rate by causing higher average import prices in
Foreign and lower average import prices in Home. Sanctions targeting high-productivity Foreign
exporters yield symmetric effects in the opposite direction.

Interestingly, the real exchange rate effects of financial sanctions are qualitatively similar to
those of sanctions on Foreign exporters in the consumption-good sector. Intuitively, preventing
(enough) Foreign households from accessing the international capital market reduces the resources
available for financing entry into the Foreign economy, making it a less attractive environment for
entry, just like sanctions that imply that high-productivity firms will not be able to export. The
one situation in which the movement of the real exchange rate does not qualitatively correspond to
that of the relative cost of effective consumption-good sector labor is commodity trade sanctions.

5A key contribution of our analysis is its ability to track how policy measures reshape the composition of traded
consumption goods. As we demonstrate below, sanctions tend to weed out higher-productivity exporters, leaving the
export market composed of goods from relatively lower-productivity firms. By contrast—though not examined in
this paper—tariffs would have the reverse compositional effect, excluding lower-productivity exporters, despite both
measures producing similar exchange-rate and trade-imbalance dynamics.

Ghironi, Kim, and Ozhan: 2025 Page 3 of 38
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This happens because commodity trade sanctions have the largest effect on the relative price of
intermediate goods at Home and in Foreign. Preventing Home from importing Foreign-produced
commodity causes a large increase in the price of the Home intermediate good relative to
Foreign, which dominates other effects and causes the Home real exchange rate to appreciate.
Additional counterfactual analysis highlights the pivotal role of comparative advantage in driving
changes in labor use across sectors in response to the different types of sanctions we analyze.
When comparative advantage is removed, sectoral labor reallocations are significantly dampened,
particularly over the long term.

In the context of financial sanctions on Russia, it has been argued that, for them to be effective,
all Russian banks should be sanctioned instead of only a subset (see, for instance, De Luce 2022.)
To keep our analysis simple, our model does not include banks. Nevertheless, the results provide
some backing to the argument that target countries should be fully financially isolated for these
sanctions to be effective. We find that financial sanctions significantly affect Foreign consumption
and welfare only when a large share of Foreign households is excluded from international capital
markets. If the sanctioned share is small, non-sanctioned households can borrow and lend on
behalf of sanctioned ones, offsetting the impact of the sanctions. It is only when a large portion
of Foreign households faces sanctions that the availability of resources for financing investment
(in the form of domestic firm entry) in Foreign diminishes, leading to significant reduction in the
number of Foreign firms and lower Foreign consumption.6 Also, initial NFA positions matter for
the consequences of financial sanctions: the larger is the initial level of international bond holdings
by Foreign households, the more pronounced the impact of financial sanctions, as their negative
wealth effect on Foreign households is correspondingly amplified.

While sanctions inflict economic damage on the targeted economy, they carry significant costs
when the sanctioned country is large and integrated into global markets. Their effectiveness and
costs depend on sectoral targeting and comparative advantage.7 For example, commodity-trade
sanctions are particularly costly for Home because they force the economy to reallocate labor use
to the less efficient commodity sector. Conversely, sanctions on trade in final consumption goods
are more detrimental to Foreign, given its comparative disadvantage in that area. Furthermore,
transition paths matter when assessing the effects of sanctions: Ignoring these paths leads to
overestimation of Home welfare losses and underestimation of Foreign, especially for financially
unsanctioned Foreign households.

Finally, while sanctions may achieve their intended geopolitical objectives or welfare losses
in sanctioned economies through the impact and transmission of sanction shocks in absence of

6When most Foreign households are sanctioned, the economy shifts to a situation of near financial autarky, forcing
near-balanced trade from the time sanctions are imposed. This implies that, despite the overall reduction in the number
of Foreign consumption-good producers, the number of those that export to Home increases to ensure balanced trade.

7Absence of comparative advantage leads to smaller welfare losses for both the economies.
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other sources of fluctuations, sanctions can also affect macroeconomic dynamics and welfare
by altering the transmission of business cycle shocks. To study this possibility, we compare
the business cycle properties of our model world economy before and after the imposition of
sanctions. While sanctions reduce international business cycle comovement by limiting trade
in goods and international assets, there is a limited impact on within-country business cycle
fluctuations. Sanctioned and unsanctioned economies display similar cyclicality and volatility of
GDP, investment, labor, and consumption, suggesting that, at least in our model, sanctions have a
limited impact on welfare through their impact on business cycle fluctuations.

The large scale invasion of Ukraine by Russia has sparked a series of studies that examine
the economic effects of sanctions.8 An incomplete list of works in this context includes Albrizio,
Bluedorn, Koch, Pescatori and Stuermer (2022); Bachmann, Baqaee, Bayer, Kuhn, Löschel, Moll,
Peichl, Pittel and Schularick (2022); Bianchi and Sosa-Padilla (2024); Chupilkin, Javorcik, Peeva
and Plekhanov (2023); Eichengreen, Ferrari Minesso, Mehl, Vansteenkiste and Vicquéry (2023);
Itskhoki and Mukhin (2022); Lorenzoni and Werning (2023), and Becko (2024). Work that pre-
dates Russia’s large scale attack on Ukraine includes Korhonen (2019); Van Bergeijk (2021), and
references therein. These papers present quantitative, multi-country, static analyses of trade effects
(for instance, Bachmann et al. 2022), analyses that abstract from extensive margin effects (for
instance, Lorenzoni and Werning 2023), or small open economy, New Keynesian models that
cannot address the full range of consequences of sanctioning a large economy (for instance, Itskhoki
and Mukhin 2022). Our approach differs in that we present a dynamic analysis within a canonical
trade and macroeconomic framework with interdependence between large economies. Although
our model is not explicitly quantitative or multi-country, it allows us to explore the dynamic effects
of sanctions, incorporating extensive margin mechanisms that we deem crucial to capture the effects
of sanctions as defined in official documents. In line with the findings of Eichengreen et al. (2023),
our results confirm their conclusions that exchange rate movements reflect the type and scale
of sanctions rather than measuring their success or failure. By expanding on these insights, we
highlight the role of market entry and exit and firm heterogeneity in determining exchange rate
fluctuations in response to sanctions.

Ghironi, Kim and Ozhan (2024a) extend the framework of this paper to a three-region model
and apply it to recent sanctions on Russia. The model distinguishes between sanctioning countries
(EU, UK, US), the sanctioned country (Russia), and third countries (China, India, Turkey).
Their quantitative analysis shows that third-country effects are critical: Russia’s welfare losses
are reduced, and the sanctioning countries’ losses increase when third countries do not join the
sanctions. These third countries benefit from redirected trade and investment. These findings

8For historical context, see Blackwill and Harris (2016) and Mulder (2022). See also Caldara and Iacoviello (2022)
on the economic effects of adverse geopolitical events.
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Figure 1: Model architecture

underscore both the necessity and the challenges of coordinating international sanctions. The
exercise in Ghironi et al. (2024a) exemplifies how our baseline framework can be extended to study
complex geopolitical dynamics and policy questions.

The rest of the paper is structured as follows: Section 2 presents the model. Section 3 analyzes its
implications for the real exchange rate. Section 4 details the calibration. Section 5 introduces various
types of sanctions and examines their effects. Section 6 provides a welfare analysis. Section 7 studies
the impact on business cycles. Section 8 concludes.

2. The Model

We build a framework with two asymmetric countries (Home and Foreign) which consist
of identical households. There are two tradable sectors. The upstream sector (intermediate-good
sector, indexed by 𝐺) operates under Cournot competition with homogeneous goods (e.g., gas,
commodities, low-technology industries). It supplies intermediate goods used in consumption
goods production. The downstream sector (consumption-good sector, indexed by 𝑌 ) utilizes Melitz
(2003)’s monopolistic competition framework with endogenous market entries. This sector requires
relatively high technologies, where Home has a comparative advantage. Figure 1 depicts the model
architecture, highlighting key features of supply chains within and between the two countries.

2.1. Household Preference and Labor Supply
Households maximize their expected intertemporal utility, which depends on their consumption

level (𝐶𝑡) and the disutility from labor supply (𝐿𝑡).

𝔼0

[

∞
∑

𝑡=0
𝛽 𝑡
(

log𝐶𝑡 −
𝜅
2
𝐿2

𝑡

)

]

, where 𝐿𝑡 ≡
[

(

𝛾
)

1
𝜚
(

𝐿𝑌
𝑡

)
1+𝜚
𝜚 +

(

1 − 𝛾
)

1
𝜚
(

𝐿𝐺
𝑡

)
1+𝜚
𝜚

]
𝜚

1+𝜚

. (1)
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The parameter 𝛽 ∈ (0, 1) is a discount factor, and 𝜅 > 0 represents disutility from labor. The
consumption basket (𝐶𝑡 ≡ {∫𝜔∈Ω[𝑐𝑡(𝜔)]

𝜃−1
𝜃 𝑑𝜔}

𝜃
𝜃−1 ) is defined over a continuum of goods Ω,

where the elasticity of substitution across goods is constant, 𝜃 > 1. The aggregate price index
is 𝑃 1−𝜃

𝑡 = ∫𝜔∈Ω𝑡
[𝑝𝑡(𝜔)]1−𝜃d𝜔, where Ω𝑡 ⊂ Ω is a set of available goods in period 𝑡. Then, the home

demand function of each consumption-good 𝜔 is 𝑐𝑡(𝜔) = [𝑝𝑡(𝜔)∕𝑃𝑡]−𝜃𝐶𝑡. The total labor (𝐿𝑡) is
allocated between the two sectors (𝐿𝑌

𝑡 and 𝐿𝐺
𝑡 for differentiated consumption- and homogeneous

intermediate-goods) according to a constant elasticity of substitution function. The parameter 𝜚 > 0
captures the degree of labor mobility between sectors, and the labor disutility share of sector 𝑌 is
𝛾 ∈ (0, 1).

In addition to the imperfect substitution, we introduce adjustment costs in units of consumption.
The adjustment costs for supplying their labor depend on a reference level (𝑆 𝑖

𝑡 ) as:

Ψ𝑡(𝐿𝑌
𝑡 , 𝐿

𝐺
𝑡 ) ≡

∑

𝑖∈{𝑌 ,𝐺}

𝜂𝐿
2

(𝐿𝑖
𝑡

𝑆 𝑖
𝑡
− 1

)2

𝑤𝑖
𝑡𝑆

𝑖
𝑡 . (2)

We set the reference level to be 𝑆 𝑖
𝑡 = 𝐿𝑖

𝑡−1 for 𝑖 ∈ {𝑌 ,𝐺}. The adjustment cost allows the elasticity
of substitution between sectoral labor (i.e., the degree of labor mobility between sectors) to differ in
short and long run. The positive coefficient, 𝜂𝐿 > 0, implies additional short-run costs for changes
in labor supply, leading the short-run mobility to be more limited than the long-run mobility.

2.2. Downstream Sector with Differentiated Goods (Consumption-Good Sector)
Each country’s differentiated goods sector consists of monopolistically competitive firms

subject to endogenous entry. These firms produce differentiated final consumption goods by
employing labor and using the intermediate good such as gas.

Consumption-Good Producers A firm produces output 𝑦𝑡(𝜔) of a specific good 𝜔: 𝑦𝑡(𝜔) =
𝑧(𝜔)𝑍𝑌

𝑡 [𝑔𝑡(𝜔)]
𝛼[𝑙𝑌𝑡 (𝜔)]

1−𝛼 where 𝑦𝑡(𝜔) ≡ 𝑦𝐷,𝑡(𝜔) + 𝜏𝑌𝑡 𝑦𝑋,𝑡(𝜔). The variables 𝑦𝐷,𝑡(𝜔) and 𝑦𝑋,𝑡(𝜔)
denote the quantity of goods supplied to the domestic and export markets with an iceberg export
cost of consumption goods from Home to Foreign, 𝜏𝑌𝑡 > 1. Also, 𝑔𝑡(𝜔) and 𝑙𝑌𝑡 (𝜔) denote the firm’s
use of the intermediate good and labor usage in production. The parameter 𝛼 ∈ (0, 1) reflects the
relative importance of intermediates and labor in production. Firms’ productivity consists of the
sectoral and firm specific productivity (𝑍𝑌

𝑡 and 𝑧(𝜔)). It is assumed that Home has a comparative
(absolute) advantage in the production of consumption goods, which is reflected by 𝑍𝑌

𝑡 > 𝑍𝑌 ∗
𝑡 .

The firm chooses its prices (𝜌𝑌𝐷,𝑡 ≡ 𝑝𝑌𝐷,𝑡∕𝑃𝑡 and 𝜌𝑌𝑋,𝑡 ≡ 𝑝𝑌𝑋,𝑡∕𝑃
∗
𝑡 ) and quantities (𝑦𝐷,𝑡 and 𝑦𝑋,𝑡) to

maximize its profit subject to its demand functions.

max
{𝜌𝑌𝑗,𝑡,𝑦𝑗,𝑡}𝑗=𝐷,𝑋

𝜌𝑌𝐷,𝑡𝑦𝐷,𝑡 +𝑄𝑡𝜌
𝑌
𝑋,𝑡𝑦𝑋,𝑡 −

(𝜌𝐺𝑡
𝛼

)𝛼( 𝑤𝑌
𝑡

1 − 𝛼

)1−𝛼 𝑦𝑡
𝑧𝑍𝑌

𝑡
− 𝑓𝑋,𝑡

𝑤𝑌
𝑡

𝑍𝑌
𝑡
𝟙{𝑦𝑋,𝑡>0},
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where the indicator function, 𝟙{⋅}, takes the value of 1 if the condition inside the brackets is true,
and 0 otherwise. Exporting (𝑦𝑋,𝑡 > 0) requires 𝑤𝑌

𝑡 𝑓𝑋,𝑡∕𝑍𝑌
𝑡 units of consumption.9

The identifier 𝜔 is dropped and replaced it with 𝑧 (productivity) to emphasize the link between
firm heterogeneity and productivity. Firms set prices with a constant degree of markup over
marginal cost: 𝜌𝑌𝐷,𝑡(𝑧) = [𝜃∕(𝜃 − 1)](𝜌𝐺𝑡 ∕𝛼)

𝛼[𝑤𝑌
𝑡 ∕(1 − 𝛼)]1−𝛼∕(𝑧𝑍𝑌

𝑡 ) and 𝜌𝑌𝑋,𝑡(𝑧) = (𝜏𝑌𝑡 ∕𝑄𝑡)𝜌𝑌𝐷,𝑡(𝑧).
The total profit is the sum of the domestic and export market profits, 𝑑𝑡(𝑧) ≡ 𝑑𝐷,𝑡(𝑧)+𝑑𝑋,𝑡(𝑧), where
the domestic and export market profit equations are:

𝑑𝐷,𝑡(𝑧) =
1
𝜃
[𝜌𝑌𝐷,𝑡(𝑧)]

1−𝜃𝐶𝑡 and 𝑑𝑋,𝑡(𝑧) = max

{

1
𝜃
[𝜌𝑌𝑋,𝑡(𝑧)]

1−𝜃𝑄𝑡𝐶
∗
𝑡 − 𝑓𝑋,𝑡

𝑤𝑌
𝑡

𝑍𝑌
𝑡
, 0

}

. (3)

A firm exports only if the profits from exporting outweigh the fixed export costs. Thus, the export
cutoff, denoted by 𝑧𝑋,𝑡, is the level of productivity at which a firm becomes indifferent between
exporting and not exporting, i.e., 𝑑𝑋,𝑡(𝑧𝑋,𝑡) = 0. A firm with 𝑧 greater than 𝑧𝑋,𝑡 will find exporting
profitable, while firms with 𝑧 below 𝑧𝑋,𝑡 will not.

Number of Firms, Exporters, and Their Averages Following Melitz (2003), define the market-share
weighted productivity average for all firms and exporters in Home: 𝑧̃𝐷 ≡

{

∫ ∞
𝑧min

𝑧𝜃−1dΦ(𝑧)
}

1
𝜃−1

and 𝑧̃𝑋,𝑡 ≡
{

∕[1 − Φ(𝑧𝑋,𝑡)]
−1 ∫ ∞

𝑧𝑋,𝑡
𝑧𝜃−1dΦ(𝑧)

}
1

𝜃−1 . The model can be viewed as if there are 𝑁𝐷,𝑡

domestic firms all operating with the average productivity 𝑧̃𝐷, and 𝑁𝑋,𝑡 exporting firms with the
average productivity 𝑧̃𝑋,𝑡. These averages are linked with firm profits and price indexes. The average
total profits for Home firms (𝑑𝑡 ≡ 𝑑𝐷,𝑡+[1−Φ(𝑧𝑋,𝑡)]𝑑𝑋,𝑡) are calculated based on the average profits
from domestic and export sales (𝑑𝐷,𝑡 ≡ 𝑑𝐷,𝑡(𝑧̃𝐷) and 𝑑𝑋,𝑡 ≡ 𝑑𝑋,𝑡(𝑧̃𝑋,𝑡)), considering the proportion of
Home firms that choose to export (𝑁𝑋,𝑡∕𝑁𝐷,𝑡 = 1−Φ(𝑧𝑋,𝑡)). Similarly, the aggregate price index in
the Home country (𝜌𝑌𝑡 ) is determined by the average relative prices charged by domestic producers
(𝜌̃𝑌𝐷,𝑡 ≡ 𝜌𝑌𝐷,𝑡(𝑧̃𝐷)) and foreign exporters (𝜌̃𝑌 ∗𝑋,𝑡 ≡ 𝜌𝑌𝐷,𝑡(𝑧̃

∗
𝑋)) in the Home market, along with the number

of firms in each category (domestic and exporting), i.e., (𝜌𝑌𝑡 )
1−𝜃 = 𝑁𝐷,𝑡(𝜌̃𝑌𝐷,𝑡)

1−𝜃 +𝑁∗
𝑋,𝑡(𝜌̃

𝑌 ∗
𝑋,𝑡)

1−𝜃.

Firm Entry and Exit There is an unbounded mass of potential entrants in each country. All potential
entrants are identical and face a one-time sunk entry cost to enter, measured in terms of consumption
goods (𝑓𝐸,𝑡𝑤𝑌

𝑡 ∕𝑍
𝑌
𝑡 ). Upon entry, each firm draws its productivity level (𝑧) from distribution

function Φ(𝑧), which remains fixed thereafter. Potential entrants look ahead and calculate the
expected stream of future profits, factoring in potential economic changes. Entry occurs until this
value (the average value of a new entrant, 𝜐̃𝑡) reaches the sunk entry cost. All firms (new and
existing, regardless of productivity) face a probability (𝛿) of exiting at the end of each period. We

9We assume that fixed and sunk costs only require labor but not intermediate goods. See Bak, Kim and Mehra
(2024) for more discussions about factor usages in variable and fixed cost function.
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also assume a one-period time-to-build requirement. Thus, the mass of Home producing firms is
𝑁𝐷,𝑡 = (1 − 𝛿)(𝑁𝐷,𝑡−1 +𝑁𝐸,𝑡−1), where 𝑁𝐸,𝑡−1 is the number of firms that entered in period 𝑡 − 1.

2.3. Upstream Sector with Homogeneous Goods (Intermediate-Good Sector)
In each country’s intermediate-good sector, a fixed number of identical producers manufacture

commodity that is tradable and homogeneous. Within each country’s market, both Home and
Foreign producers engage in Cournot competition, selling their commodity to a representative
distributor. Subsequently, the distributor transforms the acquired commodity (natural gas) into an
intermediate good (usable gas) and sells it to respective domestic downstream firms.

Intermediate-Good Distributor Commodities cannot be directly consumed by households or used as
intermediate goods in the differentiated consumption-good sector. Home representative distributor
transforms domestically produced commodity (𝐺𝐷,𝑡) and imported commodity (𝐺∗

𝑋,𝑡) into a
homogeneous intermediate-good (𝐺𝑡) and sells it in a perfectly competitive market:

max
{𝐺𝑡,𝐺𝐷,𝑡,𝐺𝑋,𝑡}

𝜌𝐺𝑡 𝐺𝑡 − 𝜌𝐺𝑅,𝑡(𝐺𝐷,𝑡 + 𝐺∗
𝑋,𝑡), s.t. 𝐺𝐷,𝑡 + 𝐺∗

𝑋,𝑡 = 𝐺𝑡.

In equilibrium, its profit is zero, and the commodity price is equal to the intermediate good price
(𝜌𝐺𝑡 = 𝜌𝐺𝑅,𝑡). Also, the market clearing equates 𝐺𝑡 to the demand as an intermediate input by the
consumption-good sector, with a constant price elasticity, as: 𝜃𝐺 ≡ 1 + 𝛼(𝜃 − 1) ∈ (1, 𝜃):

𝐺𝑡 = (𝜌𝐺𝑡 )
−𝜃𝐺𝑡, where 𝑡 ≡ 𝛼

(𝜃 − 1
𝜃

)

[

𝑁𝐷,𝑡𝑧̃𝜃−1𝐷 𝐶𝑡+𝑁𝑋,𝑡(𝑄𝑡𝑧̃𝑋,𝑡∕𝜏𝑌𝑡 )
𝜃−1𝑄𝑡𝐶∗

𝑡

{(1−1∕𝜃)(1∕𝛼)𝛼[𝑤𝑌
𝑡 ∕(1−𝛼)]1−𝛼∕𝑍

𝑌
𝑡 }𝜃−1

]

. (4)

Commodity Producers There exists 𝑀 number of Home commodity (e.g., natural gas) producers.
They operate with identical productivity and employ a constant returns to scale technology to
produce a homogeneous commodity using labor (𝑙𝐺𝑡 (𝑗)) and an endowment of a natural resource
(𝑍𝐺

𝑡 ): 𝑍𝐺
𝑡 𝑙

𝐺
𝑡 (𝑗) = 𝑔𝐷,𝑡(𝑗)+𝜏𝐺𝑡 𝑔𝑋,𝑡(𝑗). The commodity can be used domestically (𝑔𝐷,𝑡(𝑗)) or exported

(𝑔𝑋,𝑡(𝑗)), and 𝜏𝐺𝑡 is the iceberg cost of commodity trade from Home to Foreign. Foreign has a
comparative (absolute) advantage in commodity production with 𝑍𝐺∗

𝑡 > 𝑍𝐺
𝑡 .

The producers compete by simultaneously choosing quantities of commodity output, with the
total quantity determining the inverse demands of representative distributor in each market:

𝜋𝐺
𝑡 (𝑗) ≡ max

{𝑔𝐷,𝑡(𝑖),𝑔𝑋,𝑡(𝑗)}

(

𝜌𝐺𝑅,𝑡 −
𝑤𝐺

𝑡

𝑍𝐺
𝑡

)

𝑔𝐷,𝑡(𝑗) +
(

𝑄𝑡𝜌
𝐺
𝑅,𝑡 − 𝜏𝐺𝑡

𝑤𝐺
𝑡

𝑍𝐺
𝑡

)

𝑔𝑋,𝑡(𝑗),

s.t.
𝑀
∑

𝑗=1
𝑔𝐷,𝑡(𝑗) +

𝑀∗
∑

𝑗∗=1
𝑔∗𝑋,𝑡(𝑗) = (𝜌𝐺𝑅,𝑡)

−𝜃𝐺𝑡 and
𝑀
∑

𝑗=1
𝑔𝑋,𝑡(𝑗) +

𝑀∗
∑

𝑗∗=1
𝑔∗𝐷,𝑡(𝑗

∗) = (𝜌𝐺∗
𝑅,𝑡)

−𝜃𝐺∗
𝑡 .
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Because the producers are identical, we drop the identifiers 𝑗 and 𝑗∗. When a market price is lower
than its marginal cost, the producer does not sell commodity in a market. The optimal decisions
yield Home producer’s sales in Home and Foreign markets to be:

𝜌𝐺𝑅,𝑡𝑔𝐷,𝑡 = 𝜃𝐺𝐺𝑡max
{

0, 𝜌𝐺𝑅,𝑡 −
𝑤𝐺

𝑡

𝑍𝐺
𝑡

}

and 𝜌𝐺∗
𝑅,𝑡𝑔𝑋,𝑡 = 𝜃𝐺𝐺∗

𝑡 max
{

0, 𝜌𝐺∗
𝑅,𝑡 −

𝜏𝐺𝑡
𝑄𝑡

𝑤𝐺
𝑡

𝑍𝐺
𝑡

}

. (5)

Then, the number of Home producers in Home and Foreign commodity markets are 𝑀𝐷,𝑡 ≡
𝑀 × 𝟙{𝜌𝐺𝑅,𝑡>𝑤𝐺

𝑡 ∕𝑍
𝐺
𝑡 }

and 𝑀𝑋,𝑡 ≡ 𝑀 × 𝟙{𝑄𝑡𝜌𝐺∗
𝑅,𝑡>𝜏

𝐺
𝑡 𝑤

𝐺
𝑡 ∕𝑍

𝐺
𝑡 }

.
Combining the optimal decisions of commodity producers, we obtain Home commodity price:

𝜌𝐺𝑅,𝑡 =
[

𝜃𝐺

𝜃𝐺−1∕(𝑀𝐷,𝑡+𝑀∗
𝑋,𝑡)

]

𝑚𝑐𝐺𝑡 , where 𝑚𝑐𝐺𝑡 ≡ 𝑀𝐷,𝑡

𝑀𝐷,𝑡+𝑀∗
𝑋,𝑡

𝑤𝐺
𝑡

𝑍𝐺
𝑡
+

𝑀∗
𝑋,𝑡

𝑀𝐷,𝑡+𝑀∗
𝑋,𝑡

𝜏𝐺∗
𝑡 𝑄𝑡𝑤𝐺∗

𝑡

𝑍𝐺∗
𝑡

. (6)

Home commodity price is proportional to the average marginal cost of Home and Foreign producers
selling to Home distributor. A more elastic demand (high 𝜃𝐺) leads to a low markup and price. In
addition, the large number of commodity suppliers in Home market (𝑀𝐷,𝑡 + 𝑀∗

𝑋,𝑡) create more
competition, lowering the price. When the number of commodity producers, 𝑀 and 𝑀∗, go to
infinity, markups (and, therefore, profits) disappear and 𝑚𝑐𝐺𝑡 = min{𝑤𝐺

𝑡 ∕𝑍
𝐺
𝑡 , 𝜏

𝐺∗
𝑡 𝑄𝑡𝑤𝐺∗

𝑡 ∕𝑍𝐺∗
𝑡 }.

2.4. The Rest of the Model
The rest of the model is standard. See Appendix for the representative household’s budget

constraint and choices and the market clearing conditions.

3. The Real Exchange Rate

Our analysis begins by providing a formal analysis of real exchange rate determinants in our
model. The real exchange rate (the relative price of consumption baskets between countries) is a
critical indicator of how sanctions affect trade and resource allocation. As in Ghironi and Melitz
(2005), a measure of the real exchange rate purges pure variety effects on price levels that would
not be captured by available price-level data. Specifically, given the Home price index 𝑃𝑡 (the price
of consumption in welfare-consistent units), we follow Feenstra (1994) and adjust it to remove
the pure welfare effect of product variety by using 𝑃𝑡 ≡ 𝑁1∕(𝜃−1)

𝑡 𝑃𝑡, where 𝑁𝑡 ≡ 𝑁𝐷,𝑡 + 𝑁∗
𝑋,𝑡 is

the total number of products available to Home consumers. We apply a similar adjustment to the
Foreign price index and compute the data-consistent, model-implied real exchange rate 𝑄̃𝑡 using
these adjusted price indexes. Using optimal price setting decisions by firms, 𝑄̃𝑡 is

𝑄̃1−𝜃
𝑡 =

(𝑁∗
𝐷,𝑡∕𝑁

∗
𝑡 )
[

(𝑇𝑂𝐿𝑌
𝑡 )

1−𝛼(𝑇𝑂𝐺𝑡)𝛼(𝑧̃𝐷∕𝑧̃∗𝐷)
]1−𝜃 + (𝑁𝑋,𝑡∕𝑁∗

𝑡 )
[

𝜏𝑌𝑡 (𝑧̃𝐷∕𝑧̃𝑋,𝑡)
]1−𝜃

(𝑁𝐷,𝑡∕𝑁𝑡) + (𝑁∗
𝑋,𝑡∕𝑁𝑡)

[

(𝑇𝑂𝐿𝑌
𝑡 )1−𝛼(𝑇𝑂𝐺𝑡)𝛼𝜏𝑌 ∗𝑡 (𝑧̃𝐷∕𝑧̃∗𝑋,𝑡)

]1−𝜃
, (7)
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where 𝑇𝑂𝐿𝑌
𝑡 ≡ 𝑄𝑡(𝑤𝑌 ∗

𝑡 ∕𝑍𝑌 ∗
𝑡 )∕(𝑤𝑌

𝑡 ∕𝑍
𝑌
𝑡 ) is the terms of labor (the relative cost of effective

labor) in the consumption-good sector. Similarly, 𝑇𝑂𝐺𝑡 ≡ 𝑄𝑡(𝜌𝐺∗
𝑡 ∕𝑍𝑌 ∗

𝑡 )∕(𝜌𝐺𝑡 ∕𝑍
𝑌
𝑡 ) is the terms of

intermediates (usable gas). Using hatted variables to denote percentage deviations from the steady-
state with constant iceberg trade costs, log-linearizing the above equation (7) yields:

̂̃𝑄𝑡 ≈
(

𝑠𝑌𝑋 ̂̃𝑧∗𝑋,𝑡 − 𝑠𝑌 ∗𝑋 ̂̃𝑧𝑋,𝑡
)

+ (𝜃 − 1)−1
[(

𝑁𝐷

𝑁
− 𝑠𝑌𝐷

)

(𝑁̂∗
𝐷,𝑡 − 𝑁̂𝑋,𝑡) −

(

𝑁∗
𝐷

𝑁∗ − 𝑠𝑌 ∗𝐷
)

(𝑁̂𝐷,𝑡 − 𝑁̂∗
𝑋,𝑡)

]

+ (𝑠𝑌𝐷 + 𝑠𝑌 ∗𝐷 − 1)
[

(1 − 𝛼)𝑇𝑂𝐿𝑌
𝑡 + 𝛼𝑇𝑂𝐺𝑡

]

, (8)

where we drop time subscripts to denote steady-state levels of variables. The Home and Foreign
consumers’ steady-state share of spending on domestically produced goods are 𝑠𝑌𝐷 and 𝑠𝑌 ∗𝐷 ,
respectively. The imported good shares are 𝑠𝑌𝑋 ≡ 1 − 𝑠𝑌𝐷 and 𝑠𝑌 ∗𝑋 ≡ 1 − 𝑠𝑌 ∗𝐷 . Equation (8) is the
generalized version of the key real exchange rate equation in Ghironi and Melitz (2005) when we
allow for intermediate goods (gas) and an asymmetric steady state for the two countries.

Considering the three key channels in equation (8) provides intuitive understanding of real
exchange rate fluctuations in our model. One of their major drivers is the changes in relative import
prices. For example, if the average productivity ( ̂̃𝑧𝑋,𝑡) of Home exporters is high, the average price
of Foreign final consumption-good imports decreases. This lowers the Foreign average price level,
which in turn leads to Home real exchange rate appreciation.

The real exchange rate is also influenced by shifts in consumer spending between domestic
and imported goods. Plausible parameter values imply that the share of domestic goods in available
product variety in each country is larger than the share of spending on domestic goods:𝑁𝐷∕𝑁 > 𝑠𝑌𝐷
and 𝑁∗

𝐷∕𝑁
∗ > 𝑠𝑌 ∗𝐷 ). In this case, an increase in the availability of domestic products relative

to imported ones leads to a higher domestic price level. This happens because, when only the
more productive firms export, imported goods are relatively cheaper. Expenditure switching toward
domestic goods, which include relatively more expensive non-traded goods, leads to a higher price
level and appreciation of the real exchange rate.

The second line of equation (8) shows how changes in relative production costs in the
consumption-good sector affect the real exchange rate. In the presence of trade costs, the share
of spending on domestic goods in each country is larger than 1/2, implying 𝑠𝑌𝐷 + 𝑠𝑌 ∗𝐷 > 1. Costly
trade then implies that an increase in relative effective labor costs and/or intermediate-good prices
causes the real exchange rate to appreciate.

To further understand the relationship between intermediate-good prices and the real exchange
rate it is useful to decompose the terms of intermediates (𝑇𝑂𝐺𝑡) as:

𝑇𝑂𝐺𝑡 ≈
{(

𝑀𝐷

𝑀𝐷+𝑀∗
𝑋

) [

𝜃𝐺−𝑠𝐺𝐷∕𝑀𝐷

𝜃𝐺−1∕(𝑀𝐷+𝑀∗
𝑋 )

]

+
(

𝑀∗
𝐷

𝑀∗
𝐷+𝑀𝑋

) [

𝜃𝐺−𝑠𝐺∗
𝐷 ∕𝑀∗

𝐷

𝜃𝐺−1∕(𝑀∗
𝐷+𝑀𝑋 )

]

− 1
}

𝑇𝑂𝐿𝐺
𝑡 − 𝑍𝑌 ∗

𝑡

𝑍𝑌
𝑡
, (9)
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where 𝑇𝑂𝐿𝐺
𝑡 ≡ 𝑄𝑡(𝑤𝐺∗

𝑡 ∕𝑍𝐺∗
𝑡 )∕(𝑤𝐺

𝑡 ∕𝑍
𝐺
𝑡 ) denotes the terms of labor in the intermediate-good

sector. This equation tells us that the relative cost of effective labor in commodity production
influences the real exchange rate through its impact on the relative price of intermediate goods
used in consumption good production. For example, Foreign exports the commodity (𝑀∗

𝑋 = 𝑀∗

and 𝑠𝐺𝐷 < 1), while Home does not export it (𝑀𝑋 = 0 and 𝑠𝐺∗
𝐷 = 1), an increase in the relative cost

of Home effective intermediate-good sector labor will lead to appreciation of the real exchange
rate by pushing up the price of the intermediate good in Home, 𝜌̂𝐺𝑡 , relative to Foreign. This
channel is amplified when commodity production is more concentrated in Foreign. The positive
𝑇𝑂𝐿𝐺

𝑡 coefficient, (1 + 𝑀∗∕𝑀)−1(𝜃𝐺 − 𝑠𝐺𝐷∕𝑀)[𝜃𝐺 − (𝑀 + 𝑀∗)−1], becomes large when there
are more foreign producers (𝑀∗) and a low share of domestic commodities (𝑠𝐺𝐷) due to the greater
comparative advantages (small 𝑇𝑂𝐿𝐺).

The mechanisms at work in equation (8) will be central to the effects of sanctions in our model.
Having understood how these mechanisms affect the real exchange rate will thus prove useful to
understand the broader effects of sanctions in the model.

4. Model Calibration

An essential feature of our model involves the asymmetry between the two countries. We depart
from the symmetric two-country standard parameterization by introducing differences in sectoral
productivities across the border and a (long-run) non-zero NFA position. In this benchmark setting,
the sanctioned country (Foreign) exhibits a comparative advantage in the intermediate-good sector
and maintains a positive NFA position in the initial steady-state (without sanctions).

We assume that the countries differ in terms of their consumption-good sector productivity
and intermediate-good sector productivity. The consumption-good sector in Home is more efficient
than in Foreign, characterized by higher productivity and lower cost of firm entry (i.e., 𝑍𝑌

𝑡 > 𝑍𝑌 ∗
𝑡

and 𝑓𝐸,𝑡∕𝑍𝑌
𝑡 < 𝑓 ∗

𝐸,𝑡∕𝑍
𝑌 ∗
𝑡 ). Home commodity production is less productive than in Foreign (i.e.,

𝑍𝐺
𝑡 < 𝑍𝐺∗

𝑡 ). Home is a net importer of commodity, while Foreign is a net exporter of commodity.
Specifically, we set 𝑍𝑌

𝑡 = 1.5 and 𝑍𝐺∗
𝑡 = 1.5, where 𝑍𝑌 ∗

𝑡 = 1 and 𝑍𝐺
𝑡 = 1 are normalized. This

calibration is enough to generate Home commodity imports from Foreign but no Home commodity
export to Foreign, which is consistent with Ghironi et al. (2024a)’s observation, almost zero Russia’s
mineral fuels import from the US, UK, and EU before and after 2022.

We calibrate the initial value of Foreign NFA position to 48% of GDP, which will reflect the
financial imbalances related with commodity exporters. (According to the World Development
Indicators (WDI), Russia’s NFA ratio to GDP was 48.6% in 2020.) This is accomplished by setting
𝐵𝐻 = −5 and 𝐵∗

𝐻 = 3. The scale parameter for the costs of adjusting bond and share holdings, 𝜂,
is set at 0.0025, a value with negligible impact on model dynamics, except for pinning down the
non-stochastic steady-state and ensuring mean reversion after transitory shocks.
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The discount factor, 𝛽, and firm exit rate, 𝛿, are set to their standard values in the literature,
at 0.99 and 0.025, respectively. Following Kim, Ozhan and Schembri (2021), the cost share of
intermediates in consumption-good production, 𝛼, is set at 0.1. The disutility parameter from
working, 𝜅, is set to 8.9, which normalizes the labor supply in the consumption-good sector,
𝐿𝑌

0 , to 1. This implies that total labor supply in the initial steady-state is 𝐿0 = 0.32. The cross-
sector labor elasticity parameter follows Horvath (2000), with 𝜚 = 1. The share parameter of
intermediate-good sector labor in disutility, 1− 𝛾 , is set to 0.1, leading to Home and Foreign initial
steady-state intermediate-good sector labor shares in total labor being 𝐿𝐺

0 ∕(𝐿
𝑌
0 + 𝐿𝐺

0 ) = 6% and
𝐿𝐺∗

0 ∕(𝐿𝑌 ∗
0 +𝐿𝐺∗

0 ) = 12%, respectively. The short-run labor adjustment cost parameter, 𝜂𝐿, is set to
1, implying the short-run elasticity of labor between the two sectors is half of the long-run elasticity.
We set the numbers of commodity producers in Home and Foreign are 𝑀 = 5 and 𝑀∗ = 10.10 This
implies 56% market share of Foreign commodity producers in Home commodity market. According
to European Commision (2022), energy represented 62% of EU total imports are from Russia in
2021; the EU imported more than 40% of its total gas consumption, 27% of oil imports and 46% of
coal imports from Russia.

Following Ghironi and Melitz (2005), the cost of entry in Home and Foreign are normalized to 1
(𝑓𝐸,𝑡 = 𝑓 ∗

𝐸,𝑡 = 1), and the elasticity of substitution across varieties, 𝜃, is set to 3.8. The consumption-
good producer markup is 36%. Firm-level productivity, 𝑧, follows a Pareto distribution with a lower
bound, 𝑧min, of 1 and a shape parameter of 3.4. This calibration for the firm-level productivity
distribution results in a Pareto shape parameter of 1.21 for the (domestic) sales distribution. Then,
the top 5% exporters (top 1% firms) contribute to 60% of total exports when 20% of firms export.
This aligns with empirical observations, as reported by Mayer and Ottaviano (2008) for various
countries.11 The fixed cost of exporting (𝑓𝑋,𝑡 = 𝑓 ∗

𝑋,𝑡) is set at 0.0085, ensuring that in the initial
steady-state, 18% and 24% of Home and Foreign firms export their products, respectively. This
calibration ensures that the lower bound of firm-level productivity, 𝑧min, is smaller than the export
cutoffs, 𝑧𝑋,𝑡 and 𝑧∗𝑋,𝑡. Iceberg costs for consumption-good trade are set at 30% (𝜏𝑌𝑡 = 𝜏𝑌 ∗𝑡 = 1.3),
while there are smaller costs for commodity trade (𝜏𝐺𝑡 = 𝜏𝐺∗

𝑡 = 1.15), suggesting relatively
smoother international transactions for commodities in the absence of sanctions. Our calibration
implies Home and Foreign export-GDP ratios to be 20% and 36%, respectively.12

10These numbers are enough to generate the small profit margins in oil/energy industries. In our calibration, the
commodity producer markup and profitability is around 5.5% on average in Home commodity market.

11According to Mayer and Ottaviano (2008), the share of top 5% exporters in total exports is 81, 73, 69, 59, 73, and
81% in Germany, France, UK, Italy, Belgium, and Norway, respectively.

12According to the WDI database, Russia’s exports of goods and services was 30% of GDP in 2021.
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5. The Sanctions

This section introduces trade sanctions for consumption goods, trade sanctions for commodity,
and financial sanctions. We then simulate the economy under each type of sanctions, studying their
short-, medium-, and long-term effects. These sanctions are imposed on Foreign by Home at 𝑡 = 1.
The simulations continue until the economy reaches a new steady-state at time 𝑡 = 201.

5.1. Consumption-Good Export and Import Sanctions
We implement sanctions on the trade of consumption goods by introducing another produc-

tivity cutoff for Home or Foreign exporters (𝑧̄𝑋 or 𝑧̄∗𝑋). These cutoffs are determined by the
Home government. These sanctions take two forms: When export sanctions are imposed, Home
differentiated goods producers with productivity exceeding the cutoff (𝑧̄𝑋) are no longer allowed
to export to the Foreign country. Import sanctions prohibit imports from the most productive
Foreign producers (those exceeding the cutoff 𝑧̄∗𝑋). Sanctions affect the average productivity of

Home and Foreign exporting firms: 𝑧̃𝑋,𝑡 =
{

[Φ(𝑧̄𝑋) − Φ(𝑧𝑋,𝑡)]
−1 ∫ 𝑧̄𝑋

𝑧𝑋,𝑡
𝑧𝜃−1dΦ(𝑧)

}
1

𝜃−1 and 𝑧̃∗𝑋,𝑡 ≡
{

[Φ(𝑧̄∗𝑋) − Φ(𝑧∗𝑋,𝑡)]
−1 ∫ 𝑧̄∗𝑋

𝑧∗𝑋,𝑡
𝑧𝜃−1dΦ(𝑧)

}
1

𝜃−1 . Also, the number of Home and Foreign exporters are
𝑁𝑋,𝑡 = [Φ(𝑧̄𝑋) − Φ(𝑧𝑋,𝑡)]𝑁𝐷,𝑡 and 𝑁∗

𝑋,𝑡 = [Φ(𝑧̄∗𝑋) − Φ(𝑧∗𝑋,𝑡)]𝑁
∗
𝐷,𝑡. Hence, the relative share of

exported goods in the total number of products is now determined by both the trade-cost-induced
cutoff and the sanction cutoff, which will lead to changes in firm entry into the export market.

When introducing sanctions, we drop the top 1% productive Home or Foreign firms from
international trade. The top 1% of Home firms account for a significant share of total exports (around
60%); however, as we explain shortly, export sanctions lower the endogenous, trade-cost-induced
export cutoff, causing lower productivity firms to begin exporting. In terms of the change in the
volume of exported goods, this implies a decrease of less than 60% of total export volume.

Figure 2 depicts the dynamics after the introduction of consumption-good trade sanctions.
Green lines with triangles denote responses to import sanctions where the top 1% productive
Foreign firms can no longer export to Home, i.e., Φ(𝑧̄∗𝑋) = 0.99. Blue lines with circles represent
responses to export sanctions where the top 1% productive Home firms must quit exporting to
Foreign, i.e., Φ(𝑧̄𝑋) = 0.99. Red lines denote responses to the imposition of both import and export
sanctions simultaneously (labeled as "Trade sanction").

The effect of consumption-good trade sanctions is largely driven by their effect on the
business environment for consumption-good sector firms relative to the pre-sanctions environment.
Consider the case of export sanctions (the blue lines with circles). All else given, this reduces the
attractiveness of entry into Home’s final consumption-good sector, because prospective entrants
now know that, even if they were characterized by high productivity post entry into Home, they
would not be able to earn export profits. This implies that consumption-good sector entry shifts
toward Foreign. However, in the long run, a sufficient mass of consumption-good sector firms

Ghironi, Kim, and Ozhan: 2025 Page 14 of 38



International Trade & Macro Dynamics with Sanctions

10 20 30

  

-4

-3

-2

-1

0

  
Consumption

(Home)

10 20 30

  

-8

-6

-4

-2

0

  

Consumption

(Foreign)

10 20 30

  

-6

-4

-2

0

  

GDP

(Home)

10 20 30

  

-8

-6

-4

-2

0

  

GDP

(Foreign)

10 20 30

  

-20

-10

0

10

20

  

Upstream Profit

(Home)

10 20 30

  

-15

-10

-5

0

5

  
Upstream Profit

(Foreign)

10 20 30

  

-5

0

5

  

Commodity Price

(Home)

10 20 30

  

-10

-5

0

  

Commodity Price

(Foreign)

10 20 30

  

-5

0

5

  

Upstream Labor

(Home)

10 20 30

  

-4

-2

0

2

4

  

Upstream Labor

(Foreign)

10 20 30

  

-4

-2

0

2

  

N of Firms

(Home)

10 20 30

  

-4

-2

0

2

  

N of Firms

(Foreign)

10 20 30

  

-10

-5

0

5

10

  
Firm Entry

(Home)

10 20 30

  

-20

-10

0

10

  

Firm Entry

(Foreign)

10 20 30

  

-1

-0.5

0

0.5

  

Downstream Labor

(Home)

10 20 30

  

-1

-0.5

0

0.5

1

  

Downstream Labor

(Foreign)

10 20 30

  

-50

0

50

100

  

N of Exporters

(Home)

10 20 30

  

-50

0

50

  

N of Exporters

(Foreign)

10 20 30

  

-20

-10

0

10

  

Export Cutoff

(Home)

10 20 30

  

-20

-10

0

10

  

Export Cutoff

(Foreign)

10 20 30

  

-40

-30

-20

-10

0

  

C-Good Exports

(Home)

10 20 30

  

-60

-40

-20

0

  

C-Good Imports

(Home)

10 20 30

  

-20

-10

0

10

20

  

P Indexed RER

(Foreign/Home)

10 20 30

  

-10

-5

0

5

10

  

RER

(Foreign/Home)

10 20 30

  

-0.5

0

0.5

  

TOG

(Foreign/Home)

10 20 30

  

-1

-0.5

0

0.5

1

  

TOL (Upstream)

(Foreign/Home)

10 20 30

  

-10

-5

0

5

10

  

TOL (Downstream)

(Foreign/Home)

10 20 30

  

-10

-5

0

5

10

  

Commodity Imports

(Home)

Figure 2: Transition dynamics after consumption-good trade sanctions Notes: The green dashed
lines with triangles, blue dashed lines with circles, and red solid lines represent the transitional dynamics when
differentiated consumption-good import, export, and trade sanctions (both export and import) are imposed at
𝑡 = 1. All deviations are measured in units of percent deviation from the initial steady-state without sanctions
(𝑡 = 0), i.e., 100 × (𝑥𝑡∕𝑥0 − 1). The figures of RER, TOL, and TOG express deviations in units of percentage
points from the initial steady-state, i.e., 100 × (𝑥𝑡 − 𝑥0).

must continue to be present in Home to keep at least some Home consumption-good sector labor
employed. Because of this, the relative cost of Home effective consumption-good sector labor must
decrease (𝑇𝑂𝐿𝑌

𝑡 increases), resulting in Home real exchange rate depreciation, consistent with the
intuition in Section 3. The responses of entry and the numbers of consumption-good producers
in the short run and along the transition path ensure the working of this mechanism, shifting
consumption-good sector labor demand across countries (and sectors within countries) in a manner
consistent with the movement of the relative cost of effective final consumption-good sector labor.
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Since Home consumption-good sector labor becomes relatively cheaper, the trade-cost deter-
mined cutoff for entry into the Home export sector decreases, which combines with the exclusion
of top-productivity firms from exporting to generate lower average Home exporter productivity.
Conversely, Foreign consumption-good sector labor becomes relatively more expensive, as in-
creased entry and number of firms put upward pressure on labor demand. This pushes up the trade-
cost-determined Foreign export cutoff and average Foreign exporter productivity. Consistent with
Section 3, these effects reinforce the depreciation of Home’s real exchange rate by causing higher
average import prices in Foreign and lower average import prices in Home.

Reduced entry, number of firms, and export volume by the Home firms also imply less
intermediate-good usage in Home, leading to a decrease in commodity imports from Foreign. This
contributes to the shift in Foreign labor usage from commodity production to consumption-good
production, the relative increase in the cost of Foreign effective consumption-good sector labor,
and relative decrease in the price of the intermediate good (usable gas) in Home (𝑇𝑂𝐿𝐺

𝑡 rises). As
explained in Section 3, this further contributes to the depreciation of Home’s real exchange rate.

Sanctions that prevent the top 1% Foreign firms from exporting to Home (import sanctions)
have similar, but opposite-direction effects. Now it is the attractiveness of entry into the Foreign
final consumption-good sector that is reduced relative to the pre-sanction environment. Entry shifts
toward Home, leading to a gradual increase in the number of Home firms, and fueling appreciation
of Home’s consumption-good sector terms of labor. This is the primary driver of Home’s real
exchange rate appreciation in this scenario. The appreciation is then amplified by the fact that higher
labor cost causes a higher trade-cost-induced cutoff for export by Home firms (conversely, the trade-
cost-induced export cutoff in Foreign becomes lower). Mirroring the export sanction scenario, the
higher (lower) average export productivity in Home (Foreign) contributes to lower (higher) average
import prices in Foreign (Home), which strengthens Home’s real exchange rate appreciation. The
increase in entry also results in higher intermediate-good demand from the Home consumption-
good sector, prompting the Foreign economy to reallocate production toward its commodity sector.
In turn, these effects drives up the Home price of the intermediate good relative to Foreign. 𝑇𝑂𝐿𝐺

𝑡

appreciates, and this contributes to the appreciation of 𝑄̃𝑡. Like in the case of export sanctions, all
the effects and mechanisms are consistent with the analysis in Section 3.

The fact that the responses to export and import sanctions do not exactly mirror each other
quantitatively is explained by our assumptions about comparative advantage and the implied
asymmetry of initial positions. This also explains why the joint introduction of export and import
sanctions (red responses) produces trade and macroeconomic responses similar to those of export
sanctions, rather than import sanctions. Home’s comparative advantage in producing consumption
goods implies that the effect of forcing top Home firms to quit exporting dominates the effect of
terminating trade with top Foreign final consumption-good exporters.
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5.2. Financial Sanctions
We model financial sanctions by excluding a portion of Foreign agents from participating

in international bond markets. When Home imposes financial sanctions on Foreign, a fraction
𝜆 ∈ [0, 1] of Foreign households is excluded from participating in international financial markets.
After the imposition of sanctions, these households lose the Home-issued bonds, and thus, they
cannot receive any returns from them at 𝑡 = 1. Also, they can only trade Foreign bonds and shares
with other Foreign households. However, they can still trade Foreign bonds with unsanctioned
Foreign households, but their terminal steady-state level is zero. In the extreme case where all
Foreign households are sanctioned (𝜆 = 1), Foreign operates under financial autarky. Appendix
provides more details for the financial sanctions.

Figure 3 presents the transition dynamics under varying fractions of exclusion.The red solid
line plots these dynamics when 90% of Foreign households are excluded from international
financial transactions, representing a 90% asset freeze. The impact of financial sanctions on Foreign
consumption is more pronounced in the short to medium term when a larger proportion of Foreign
households is affected. Only a fraction of the Foreign population is subjected to financial sanctions,
allowing the sanctioned group to mitigate the effects by engaging in transactions with those in
Foreign who still have access to international financial markets.

The qualitative effects of financial sanctions are in many ways similar to those of final
consumption-good sector sanctions that exclude the top Foreign exporters from trade (import
sanctions). The reason is that, just like import sanctions, financial sanctions reduce the attractiveness
of entry into the Foreign consumption-good sector relative to the pre-sanction world. In the case
of import sanctions, this happens because prospective entrants know that, even if they have high
productivity post entry, they will not benefit from it in terms of export profits. In the case of financial
sanctions, it is reduced access to entry finance in the form of borrowing from Home that makes entry
into Foreign less appealing, and shifts entry toward Home. Then, once again, the effects on the real
exchange rate can be interpreted easily by referring to the mechanisms in Section 3.

In Figure 4, the red solid lines depict the model transition dynamics with the benchmark initial
bond holdings (𝐵𝐻 = −5 & 𝐵∗

𝐻 = 3). To understand the role of initial bond holdings in financial
sanctions, we introduce two counterfactual scenarios. The green lines with triangles represent the
first counterfactual scenario with half the initial bond holdings (𝐵𝐻 = −5∕2 & 𝐵∗

𝐻 = 3∕2),
representing a less financially linked world economy. In the second counterfactual scenario (blue
lines with circles), we set 𝐵∗

𝐻 = 0.679 with 𝐵𝐻 = −5∕2 maintaining the same NFA-GDP ratio as
the benchmark (48.7%) but with a lower initial level of international bond holdings.

Upon the imposition of financial sanctions, we observe a sharp short-term decline in Foreign
consumption, exceeding its long-term reduction. This is primarily due to wealth effects arising from
the loss of Home bond holdings. These wealth effects significantly determine the negative impacts
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Figure 3: Transition dynamics after financial sanctions with different shares of sanctioned
households Notes: The red solid lines, green dashed lines with triangles, and blue dashed lines with circles
depict the model transition dynamics when financial sanctions are imposed at 𝑡 = 1, with the share of sanctioned
households 𝜆 ∈ {0.9, 0.7, 0.5}. All deviations are measured in units of percent deviation from the initial steady-state
without sanctions (𝑡 = 0), i.e., 100 × (𝑥𝑡∕𝑥0 − 1). All Foreign variables are aggregates except for the last row.

of financial sanctions on Foreign consumption. Therefore, the impact of financial sanctions on
Foreign consumption is more pronounced when a larger amount of bonds are traded internationally
initially. A negative wealth effect in Foreign generates an increase in Foreign labor supply.
Consequently, Foreign terms of labor in all sectors depreciate (low labor costs), contributing to
a depreciation of the Foreign real exchange rate.
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Figure 4: Transition dynamics after financial sanctions with different initial asset holdings Notes:
The red solid lines, green dashed lines with triangles, and blue dashed lines with circles depict the model transition
dynamics when financial sanctions are imposed at 𝑡 = 1, with the benchmark initial bond holdings (𝐵𝐻 = −5
& 𝐵∗

𝐻 = 3), the low initial level of international bond holdings (𝐵𝐻 = −5∕2 & 𝐵∗
𝐻 = 3∕2), and the low initial

level of Foreign household Home-issued bond holdings (𝐵𝐻 = −5∕2 & 𝐵∗
𝐻 = 0.679) while the NFA-GDP ratio is

identical to the benchmark. All deviations are measured in units of percent deviation from the initial steady-state
without sanctions (𝑡 = 0), i.e., 100 × (𝑥𝑡∕𝑥0 − 1). All Foreign variables are aggregates except for the last row.

When sanctions are imposed, Foreign sanctioned households experience a negative transitory
income shock and face limited opportunities for savings through Home bonds. This leads to a
decrease in Foreign consumption demand, including its demand for imports from Home. The
reduction in Foreign imports results in fewer Home exporters accessing the Foreign market,
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raising their export threshold. This, in turn, lowers the average Home export price and causes an
appreciation of the Home real exchange rate.

The last row of Figures 3 and 4 show significant heterogeneity between sanctioned and
unsanctioned Foreign households. Sanctioned households respond to the fall in their financial
income by increasing their labor supply in both the consumption- and intermediate-good production
sectors. This surge in labor supply results in lower wages, contributing to the depreciation of the
Foreign terms of labor and real exchange rate, along with an increase in the trade surplus. In contrast,
unsanctioned households decrease their labor supply in both sectors and benefit from non-labor
incomes by trading bonds with Home households and sanctioned households. This indicates that
(almost) all Foreign households should be sanctioned for financial sanctions to be effective.

5.3. Commodity Trade Sanctions
We explore commodity trade sanctions by implementing a permanent ban on commodity

trade (𝐺∗
𝑋,𝑡 = 𝐺𝑋,𝑡 = 0). In the new equilibrium, Home and Foreign commodity markets are

separated, and market clearing conditions in Home and Foreign are 𝑍𝐺
𝑡 𝐿

𝐺
𝑡 = 𝐺𝐷,𝑡 = 𝐺𝑡 and

𝑍𝐺∗
𝑡 𝐿𝐺∗

𝑡 = 𝐺∗
𝐷,𝑡 = 𝐺∗

𝑡 . This ban is equivalent to imposing a permanent price cap below marginal
costs of commodity production, causing Foreign to cease commodity exports to Home.

Figure 5 plots the transition dynamics in response to commodity trade sanctions (blue lines
with circles). For comparative analysis, we include the dynamics under consumption-good trade
sanctions (red solid lines). Because the initial steady-state Home commodity exports to Foreign are
zero, we also include the dynamics under consumption goods import sanctions (green lines with
triangles) for a clearer comparative analysis. Commodity trade sanctions are not as impactful as the
sanctions on consumption-good trade in reducing Foreign consumption. While consumption-good
sanctions lead to a more significant drop in Foreign consumption compared to Home consumption,
commodity sanctions create more consumption drops in Home than Foreign. This observation
is crucial in understanding welfare losses due to sanctions, comparative advantages, and their
relationship, which will be discussed in detail in the following section 6.

The decrease in demand for Foreign commodities reduces commodity production in Foreign,
leading to an increase in the commodity price (intermediate good price) in Home. Since domesti-
cally produced and imported commodities are highly substitutable, and Foreign holds a comparative
advantage in commodity production, the Home economy heavily depends on Foreign commodities.
As a result, commodity trade sanctions drastically appreciate the relative price of intermediates
(TOG) because Home must replace cheaper imported commodities with domestically produced
ones, which have higher production costs. This also raises labor supply to commodity production
and decreasing labor supply to the consumption-good production, further driving up the terms of
labor in the intermediate-good sector.
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Figure 5: Transition dynamics after commodity and consumption-good trade sanctions Notes:
The blue dashed lines with circles depicts the transitional dynamics when commodity trade sanctions are imposed at
𝑡 = 1. The green dashed lines with triangles and red solid lines depict the transitional dynamics when consumption-
good sector import and trade sanctions, respectively, are imposed at 𝑡 = 1. All deviations are measured in units
of percent deviation from the initial steady-state without sanctions (𝑡 = 0), i.e., 100 × (𝑥𝑡∕𝑥0 − 1).

The intermediate-good price increase is driven by consumption-good producing firms, which
demand more domestic commodity to compensate for the lost imported commodity. As the price of
intermediate good increases, the marginal cost of production in the Home consumption-good sector
also rises. This cost escalation is reflected in fewer entrants in Home, leading to a decline in the
total number of producers. Furthermore, no Foreign commodity-producers in Home market leads
sharp increases in Home commodity-producers’ profits and markups, which is notable because we
assumed the number of commodity-producers to be fixed.

In contrast, the Foreign economy undergoes a rebalancing in the opposite direction. To offset the
loss of commodity exports, the economy shifts towards increased production in the consumption-
good sector and higher imports of final consumption goods. Consumption-good producers in
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Foreign increase their demand for labor, resulting in rising wages. Concurrently, the decrease in
commodity production reduces the need for labor in the intermediate-good sector, leading to a
decline in wages. This economic shift encourages more entrants into the consumption-good sector.
Consequently, the number of producers in the Foreign consumption-good sector increases. To
counter the loss of commodity exports, more firms in the consumption-good sector begin exporting,
and the cutoff productivity level for the least efficient exporter in Foreign decreases. This adjustment
in Foreign exporter productivity cutoff translates into higher average Home final consumption-good
import prices, appreciating the Home real exchange rate.

5.4. Combined Sanctions
This subsection presents the combined impact of all sanctions introduced simultaneously.

Figure 6 shows the dynamics of our benchmark model when all combinations of sanctions
are in place (red solid lines). To understand the role of comparative advantage, we consider a
counterfactual scenario where Home and Foreign have no comparative advantage (green lines with
triangles, 𝑍 𝑖

𝑡 = 𝑍 𝑖∗
𝑡 = 1.25 for 𝑖 = 𝑌 ,𝐺 and 𝑀 = 𝑀∗ = 7.5). The differences between the red

solid lines and green lines with triangles reveal the role of comparative advantages in the dynamics
arising from sanctions. We also consider a symmetric country scenario (blue lines with circles)
where Home and Foreign have zero initial bond holdings alongside the identical productivities.
Thus, the differences between the green lines with triangles and the blue lines with circles represent
the role of international asset positions. In the symmetric scenario, the blue lines for Home and
Foreign variables have identical dynamics, and relative variables such as real exchange rates and
terms of labor do not respond to sanctions.

In Figure 6, the transition dynamics of sectoral labor show that comparative advantages play a
key role in production reallocation across sectors. Under the benchmark, both countries experience
significant labor reallocation towards comparative disadvantage sectors: Home labor shifts from
the consumption-good sector to the intermediate-good sector, while Foreign labor shifts from
the intermediate-good sector to the consumption-good sector. When we remove comparative
advantages, these reallocations are significantly dampened, especially in the long run.

In contrast, firm entry and export cutoff dynamics of the red lines and green lines with triangles
are similar, implying a limited role of comparative advantages in the within-consumption-good
sector’s extensive margins in domestic and export markets. However, the red and green lines
significantly differ from the blue lines with circles, highlighting the important role of foreign asset
holdings in transition dynamics reacting to sanctions. As discussed, the impact of financial sanctions
depends on initial asset holdings. With zero international bond holdings, financial sanctions do
not affect bond and share prices, limiting their impact on the value of entrants and thus firm
entries. Additionally, zero initial bond holdings prevent financial sanctions from creating positive
and negative wealth effects in Home and Foreign, respectively. However, all three models provide

Ghironi, Kim, and Ozhan: 2025 Page 22 of 38



International Trade & Macro Dynamics with Sanctions

10 20 30

  

-6

-4

-2

0

  
Consumption

(Home)

10 20 30

  

-15

-10

-5

0

  

Consumption

(Foreign)

10 20 30

  

-8

-6

-4

-2

0

  

GDP

(Home)

10 20 30

  

-8

-6

-4

-2

0

  

GDP

(Foreign)

10 20 30

  

0

100

200

300

400

  

Upstream Profit

(Home)

10 20 30

  

-40

-30

-20

-10

0

  
Upstream Profit

(Foreign)

10 20 30

  

0

20

40

60

  

Commodity Price

(Home)

10 20 30

  

-40

-30

-20

-10

0

  

Commodity Price

(Foreign)

10 20 30

  

0

10

20

30

40

  

Upstream Labor

(Home)

10 20 30

  

-30

-20

-10

0

10

  

Upstream Labor

(Foreign)

10 20 30

  

-2

-1

0

1

  

N of Firms

(Home)

10 20 30

  

-2

-1

0

1

2

  

N of Firms

(Foreign)

10 20 30

  

-10

0

10

20

  
Firm Entry

(Home)

10 20 30

  

-40

-30

-20

-10

0

  

Firm Entry

(Foreign)

10 20 30

  

-4

-3

-2

-1

0

  

Downstream Labor

(Home)

10 20 30

  

0

2

4

6

  

Downstream Labor

(Foreign)

10 20 30

  

-20

-10

0

10

20

  

N of Exporters

(Home)

10 20 30

  

0

20

40

60

80

  

N of Exporters

(Foreign)

10 20 30

  

-5

0

5

  

Export Cutoff

(Home)

10 20 30

  

-15

-10

-5

0
  

Export Cutoff

(Foreign)

10 20 30

  

-80

-60

-40

-20

0

  

C-Good Exports

(Home)

10 20 30

  

-60

-40

-20

0

  

C-Good Imports

(Home)

10 20 30

  

-6

-4

-2

0

  

P Indexed RER

(Foreign/Home)

10 20 30

  

-4

-3

-2

-1

0

  

RER

(Foreign/Home)

10 20 30

  

-60

-40

-20

0

  

TOG

(Foreign/Home)

10 20 30

  

-60

-40

-20

0

  

TOL (Upstream)

(Foreign/Home)

10 20 30

  

-10

-5

0

5
  

TOL (Downstream)

(Foreign/Home)

10 20 30

  

-100

-50

0

  

Commodity Imports

(Home)

10 20 30

  

-15

-10

-5

0

  

Consumption

(Sanctioned Foreign HH)

10 20 30

  

-30

-20

-10

0

10

  

Upstream Labor

(Sanctioned Foreign HH)

10 20 30

  

0

5

10

  

Downstream Labor

(Sanctioned Foreign HH)

10 20 30

  

-10

-5

0

5

10

  

Consumption

(Unsanctioned Foreign HH)

10 20 30

  

-40

-30

-20

-10

0

  

Upstream Labor

(Unsanctioned Foreign HH)

10 20 30

  

-15

-10

-5

0
  

Downstream Labor

(Unsanctioned Foreign HH)

Figure 6: Transition dynamics with combinations of sanctions Notes: The red solid lines and green
dashed lines with triangles depict the transitional dynamics of the benchmark and counterfactual scenarios when
all sanctions are imposed at 𝑡 = 1. Under the no comparative advantage counterfactual scenario, productivities
are identical (𝑍𝑌

𝑡 = 𝑍𝑌 ∗
𝑡 = 𝑍𝐺

𝑡 = 𝑍𝐺∗
𝑡 = 1.25 and 𝑀 = 𝑀∗ = 7.5) instead of the benchmark calibration

(𝑍𝑌
𝑡 = 1.5 = 𝑍𝐺∗

𝑡 , 𝑍𝑌 ∗
𝑡 = 1 = 𝑍𝐺

𝑡 , 𝑀 = 5 and 𝑀∗ = 10). The symmetric country implies zero initial bond
holdings (𝐵𝐻 = 𝐵∗

𝐻 = 0) alongside the identical productivities. All deviations are measured in units of percent
deviation from the initial steady-state without sanctions (𝑡 = 0), i.e., 100 × (𝑥𝑡∕𝑥0 − 1).

similar long-run levels of firm entries and export cutoffs under sanctions because the long-run firm
entries and export cutoffs are primarily affected by 𝛽 and trade balance of the new steady-state.
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6. Welfare Analysis

This section explores the welfare effects of sanctions on both the imposing and targeted
economies. To measure welfare, we consider lifetime utility from consumption and disutility from
labor. The lifetime utility used to measure welfare without sanctions is 0 ≡ (log𝐶0−0.5𝜅𝐿2

0)∕(1−
𝛽) where 𝐶0 and 𝐿0 are Home household’s consumption and labor supply at the (initial) steady-
state without sanctions. Similarly, the lifetime utility at the new steady-state after sanctions is
 sanc

201 ≡ (log𝐶201 − 0.5𝜅𝐿2
201)∕(1 − 𝛽) where 𝐶201 and 𝐿201 are Home household’s consumption

and labor supply at the (terminal) steady-state with sanctions. Then, the welfare with sanctions and
transition paths can be expressed as:  sanc

0 =
∑200

𝑡=0 𝛽
𝑡
(

log𝐶𝑡 − 0.5𝜅𝐿2
𝑡

)

+𝛽201 sanc
201 . The aggregate

Foreign welfare under sanctions is calculated by the weighted average of welfare for sanctioned and
non-sanctioned households (indexed by 𝑆 and 𝑁𝑆):  sanc∗

0 = 𝜆 sanc∗
𝑆,0 + (1 − 𝜆) sanc∗

𝑁𝑆,0 .
We then calculate the lifetime welfare gain Δ in initial consumption-equivalent terms. To

compare welfare with and without dynamics, we calculate the welfare gain Δ𝑠𝑠 from comparative
statistics between the initial and new steady-states.

Δ = exp[(1 − 𝛽)( sanc
0 −0)] − 1 and Δ𝑠𝑠 = exp[(1 − 𝛽)( sanc

201 −0)] − 1, (10)

which satisfy (1− 𝛽) sanc
0 = log[(1+Δ)𝐶0] − 0.5𝐿2

0 and (1− 𝛽) sanc
201 = log[(1+Δ𝑠𝑠)𝐶0] − 0.5𝐿2

0.
Table 1 presents the calculated welfare effects in Home and Foreign resulting from different

sanctions. The welfare gains without dynamics are presented in parentheses. To understand the
role of comparative advantage and international asset holdings in the welfare effects of sanctions,
we consider three counterfactual scenarios: i) no initial state bond holdings, 𝐵𝐻 = 𝐵∗

𝐻 = 0, ii)
identical productivity levels across countries, 𝑍 𝑖

𝑡 = 𝑍 𝑖∗
𝑡 = 1.25 for 𝑖 = 𝑌 ,𝐺 and 𝑀 = 𝑀∗ = 7.5,

and iii) symmetric countries with zero initial bond holdings and identical productivities.
The first part of Panel B reports the welfare gains in response to individual sanctions. Both

consumption goods export and import sanctions lead to more pronounced welfare losses in Foreign
than in Home. commodity trade sanctions, while causing more significant welfare losses in Home
compared to Foreign, have a smaller quantitative impact than consumption-good trade sanctions.
Notably, financial sanctions generate a small but positive welfare gain in Home due to wealth effects
arising from the transition from a negative NFA position to having no external debt.

The economies’ rebalancing toward different sectors plays a crucial role in the effect of
sanctions. Table 1 shows that sanctioning the comparative disadvantage sector (consumption goods)
in Foreign results in more significant welfare losses in Foreign compared to Home because the
Foreign economy must reallocate resources towards this sector. Conversely, under sanctions on the
comparative advantage sector (intermediate goods, commodity) in Foreign, Home welfare losses
are significantly higher than Foreign. The comparison between the benchmark and counterfactual
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Table 1
The welfare effects of sanctions

(1) (2) (3) (4) (5) (6) (7) (8)
Benchmark Long-run zero No comparative Symmetric

foreign assets advantages countries

Type of sanctions Household Δ [Δ𝑠𝑠] Δ [Δ𝑠𝑠] Δ [Δ𝑠𝑠] Δ [Δ𝑠𝑠]

Commodity trade Home −1.70 [−1.87] −1.68 [−1.85] −0.14 [−0.14] −0.14 [−0.14]
Foreign −0.63 [−0.39] −0.66 [−0.41] −0.14 [−0.14] −0.14 [−0.14]

C-good export Home −3.12 [−3.46] −3.20 [−3.52] −3.59 [−3.95] −3.65 [−3.99]
Foreign −4.29 [−4.12] −4.13 [−3.98] −2.87 [−2.74] −2.76 [−2.64]

C-good import Home −1.81 [−1.71] −1.75 [−1.65] −2.86 [−2.73] −2.76 [−2.64]
Foreign −3.90 [−4.27] −4.06 [−4.42] −3.49 [−3.83] −3.65 [−3.99]

C-good trade Home −4.47 [−4.64] −4.47 [−4.63] −5.76 [−5.89] −5.71 [−5.84]
Foreign −7.26 [−7.35] −7.25 [−7.34] −5.67 [−5.79] −5.71 [−5.84]

Financial Home +1.02 [+0.34] 0 [0] +1.25 [+0.48] 0 [0]
Foreign −1.57 [−0.50] 0 [0] −1.30 [−0.47] 0 [0]
Sanctioned −2.31 [−0.56] 0 [0] −2.05 [−0.53] 0 [0]
Unsanctioned +5.35 [+0.01] 0 [0] +5.72 [+0.01] 0 [0]

Commodity trade Home −0.69 [−1.52] −1.68 [−1.85] +1.11 [+0.34] −0.14 [−0.14]
+ Financial Foreign −2.21 [−0.91] −0.66 [−0.41] −1.43 [−0.61] −0.14 [−0.14]

Sanctioned −2.95 [−0.97] −0.67 [−0.41] −2.17 [−0.67] −0.14 [−0.14]
Unsanctioned +4.63 [−0.38] −0.63 [−0.41] +5.51 [−0.13] −0.14 [−0.14]

C-good trade Home −3.43 [−4.31] −4.47 [−4.63] −4.48 [−5.40] −5.71 [−5.84]
+ Financial Foreign −8.79 [−7.81] −7.25 [−7.34] −6.99 [−6.28] −5.71 [−5.84]

Sanctioned −9.46 [−7.86] −7.25 [−7.34] −7.70 [−6.34] −5.71 [−5.84]
Unsanctioned −2.52 [−7.36] −7.24 [−7.34] −0.32 [−5.80] −5.71 [−5.84]

Commodity trade Home −5.10 [−6.07] −6.10 [−6.39] −4.61 [−5.53] −5.84 [−5.97]
+ C-good trade Foreign −9.32 [−8.15] −7.79 [−7.69] −7.12 [−6.41] −5.84 [−5.97]
+ Financial Sanctioned −10.01 [−8.21] −7.80 [−7.69] −7.83 [−6.47] −5.84 [−5.97]

Unsanctioned −2.89 [−7.66] −7.76 [−7.69] −0.46 [−5.93] −5.84 [−5.97]

Notes: The table reports the welfare (lifetime utility) gains of sanctions in terms of initial consumption, Δ in
equation (10). In brackets, we report the welfare gains of sanctions through comparative statistics (ignoring
transition paths) between the initial and terminal points, Δ𝑠𝑠 in equation (10). The Foreign (aggregate) welfare
gains are calculated from the weighted sum of financially sanctioned and unsanctioned households’ welfare.

economies (Columns 1–2 and 5–6) shows that comparative advantages create significant hetero-
geneity in the welfare losses across countries and amplify the welfare effects of sanctions. For
example, when all sanctions are introduced, the benchmark economy’s welfare losses are larger
in both Home and Foreign than in the counterfactual economies without comparative advantages:
–5.10 and –9.32% in Column (1) vs. –4.61 and –7.12% in Column (5).

The differences between the benchmark and counterfactual economies (Columns 1–2 and 3–4)
reveal the role of foreign asset holdings in the welfare effects of sanctions. The initial international
asset position has a limited role in the welfare effects of individual sanctions on commodity and
consumption-good trade. By the design of financial sanctions, Foreign’s positive NFAs lead to
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Figure 7: The welfare effects of sanctions with alternative calibrations Notes: The figure plots the
welfare (lifetime utility) gains of sanctions in terms of initial consumption, Δ in equation (10), across various
parameter values. The Foreign (aggregate) welfare gains are calculated from the weighted sum of financially
sanctioned and unsanctioned Foreign households’ welfare. The blue lines with circles depict the welfare gains from
the symmetric country counterfactual model with zero steady-state international bond holdings and identical
productivities (𝑍𝑌

𝑡 = 𝑍𝑌 ∗
𝑡 = 𝑍𝐺

𝑡 = 𝑍𝐺∗
𝑡 = 1.25 and 𝑀 = 𝑀∗). The black vertical lines represent the baseline

calibration values for each parameter.

positive but negative welfare gains for Home and Foreign, respectively, through wealth effects.
Under combined sanctions, the differences between the benchmark and counterfactual economies
with zero foreign assets are around 1% and –1.5% in Home and Foreign, respectively, which are
similar to the differences observed when only financial sanctions are implemented.

The welfare analysis in Table 1 highlights the importance of considering transition paths when
evaluating the effect of sanctions. Comparing Δ and [Δ𝑠𝑠] reveals that Home welfare losses from the
combined sanctions are overvalued, while Foreign welfare losses are undervalued, when transition
paths are ignored. These discrepancies arise due to the sluggish convergence of Home consumption
to the new steady-states and the short-term sharp decline in Foreign consumption, driven by the loss
of income from Home bonds at 𝑡 = 1, as illustrated in Figures 3.

The mismeasurements are even more pronounced when focusing on financially unsanctioned
Foreign households. Table 1 shows that comparative statistics between the initial and new steady-
states tend to significantly overestimate their welfare losses. For instance, combined commodity
trade and financial sanctions lead to welfare gains for unsanctioned households (Δ∗

𝑁𝑆 = 4.63%
in Column 1), while the welfare measure without transition paths indicates a decrease (Δ∗

𝑁𝑆,𝑠𝑠 =
−0.38% in Column 2). This discrepancy arises because comparative statistics cannot account
for short-run advantages through the ability to trade Home and Foreign bonds in domestic and
international markets, advantages that diminish in the long run. As shown in Figure 3, unsanctioned
Foreign households experience short-run increases in consumption and income but decreases in
labor, which are not captured by comparative statistics.

To understand the mechanisms underlying our welfare results and assess their robustness,
Figure 7 presents the welfare impacts of sanctions under alternative calibrations. The red lines with
circles and green lines with triangles plot Home and Foreign welfare effects when all sanctions are
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imposed. The blue lines with crosses plot the counterfactual welfare effects of symmetric countries
with zero initial bond holdings, resulting in identical Home and Foreign welfare gains.

The first column of Figure 7 demonstrates that input-output linkages amplify the negative
welfare effects of sanctions. When the intermediate-good share (𝛼) in consumption-good production
increases, both Home and Foreign welfare losses increase, with Home experiencing a more
pronounced rise due to its comparative disadvantage in commodity production. This highlights
the significant harm caused by the commodity trade ban when intermediates are intensively used
in consumption-good production. The second column shows that the elasticity of substitution (𝜎)
between imported and domestically produced commodities also influences welfare losses. When
imported commodity can be more easily replaced by domestic commodity, the welfare losses from
commodity trade sanctions are mitigated.

We also consider different levels of sectoral labor mobility. Because sectoral reallocations
are the key mechanism in reacting to sanctions, the economy’s ability to move labor between
the consumption-good and intermediate-good sectors determines the level of welfare effects of
sanctions. The third column of Figure 7 indicates that welfare gains do not change quantitatively
with short-run labor adjustment costs (𝜂𝐿). In contrast to the limited impact of the short-run
elasticity, the last column reveals that long-run elasticity (𝜚) plays a crucial role.13 When long-
run sectoral mobility increases, Foreign losses decrease, but Home welfare losses surprisingly
increase.14 Under symmetric countries, the absence of comparative advantage leads to limited
sectoral reallocations as shown in Figure 6. Consequently, different levels of labor mobility in both
the short- and long-run do not generate significant differences, as evidenced by the green lines with
triangles in the last two columns of Figure 7.

7. The International Business Cycle

This section investigates how sanctions affect the propagation of shocks and the cyclical
comovements between countries. By comparing sanctioned and unsanctioned economies, we aim
to uncover the mechanisms through which sanctions alter cross-country resource allocations and
comparative advantages, ultimately influencing business cycle fluctuations. Through this lens, we

13The labor 𝐿𝑡 in preference equation (1) varies with the long-run mobility parameter (𝜚). To remove this scale
affect, we choose 𝜅 to match unsanctioned initial labor 𝐿0 = 0.3227 for each 𝜚.

14This heightened loss for Home occurs because higher mobility allows its pre-sanction economy to achieve
greater specialization. Specifically, Home households leverage their comparative advantage in the differentiated final
consumption-good sector, leading to substantial gains from trade. However, this initial specialization makes it more
susceptible to sanctions, which necessitate a significant reallocation of labor towards the intermediate goods sector.
This forced shift away from its area of specialization causes more welfare declines for Home when the mobility is high.
For example, wiith low mobility (𝜚 = 0.5), Home’s initial commodity labor share is 7.5%, rising modestly to 8.8%
post-sanction. With high mobility (𝜚 = 2), Home’s initial share is only 3.7%, but it surges to 7.7% after sanctions,
indicating a much larger disruption.
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Figure 8: Responses to a 1% productivity shock in Home consumption-good sector Notes: The
red solid lines and green dashed lines with triangles represent the unsanctioned and sanctioned model’s responses
to the productivity shock of the Home consumption-good sector (𝑍𝑌

𝑡 ) at 𝑡 = 1: 1% increase in the shock
innovation with 0.99 autoregressive coefficient. All deviations are expressed in units of percent log difference from
the steady-state. All Foreign variables are aggregates.

will explore the broader economic interactions that emerge under sanctions, shedding light on their
unintended macroeconomic consequences.

7.1. Impulse Responses under Sanctions
This subsection analyzes the impulse responses of key model variables to a one-time, transitory

home aggregate productivity shock in the consumption-good sector. Specifically, we consider
a scenario without international spillovers, ensuring that all comovements are endogenously
generated. The productivity shock follows an autoregressive process as specified by log𝑍𝑌

𝑡 −
log𝑍𝑌

𝑠𝑠 = 0.99× (log𝑍𝑌
𝑡−1− log𝑍𝑌

𝑠𝑠) + 𝑒𝑡, where we set the steady-state level of consumption-good
sector productivity to be 𝑍𝑌

𝑠𝑠 = 1.5 = 𝑍𝐺∗
𝑠𝑠 and 𝑍𝑌 ∗

𝑠𝑠 = 1 = 𝑍𝐺
𝑠𝑠.
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Figure 8 illustrates the model responses to a 1% productivity shock (𝑒1 = 0.01) in the Home
consumption-good sector at time 𝑡 = 1. Sanctions act by disrupting the efficient allocation
of resources between countries, primarily through restrictions on trade and asset flows. These
disruptions are captured in the model through labor adjustments, both within and across sectors,
and are reflected in the impulse response functions presented in the figure. The solid red lines and
green lines with triangles plot the impulse responses of the unsanctioned and sanctioned economies
(all sanctions), respectively. Notably, the two lines are indistinguishable in the Home consumption-
good sector, Home consumption-good sector labor, firm entry, and export cutoffs. This indicates
that sanctions have a limited impact on within-country business cycle properties.

While sanctions do not meaningfully affect within-country variables, they significantly mitigate
Foreign responses to the Home favorable shock. In the absence of sanctions, comparative advan-
tages create cross-country comovements and within-country labor allocations across sectors. The
shock leads Home and Foreign to concentrate in the consumption- and intermediate-good sectors,
as illustrated by the red lines in labor variables. Also, the demand for intermediates rises due to
increased consumption, which moderates price fluctuations and promotes commodity imports.

Sanctions, on the other hand, suppress these reallocation channels between- and within-country,
mitigating international comovements, labor reallocations, and boosting the Home intermediate-
good price. Consequently, sanctions isolate economies, dampening Foreign consumption and GDP
increases and leading to higher Home intermediate price during a Home boom.

7.2. The Business Cycle Properties under Sanctions
This subsection presents the international business cycle properties of the model with and

without sanctions. For simulation, we define data-consistent variables using CPIs (i.e., price-
indexed variables). The data-constant variable of 𝑥𝑡 is defined as 𝑥𝑅,𝑡 = (1∕𝑁𝑡)1∕(𝜃−1)𝑥𝑡. To calculate
model-generated moments, we use HP filtered variables with a smoothing parameter of 1,600.

Recent open economy macro studies have documented a highly persistent shock (near unit
root) with zero transmission across countries. Following Kim (2021)’s heterogeneous two-sector
model calibration, we set sectoral productivities to follow the AR(1) process for each industry
𝑖 ∈ {𝑌 ,𝐺}: log𝑍 𝑖

𝑡 − log𝑍 𝑖
𝑠𝑠 = 0.99 × (log𝑍 𝑖

𝑡−1 − log𝑍 𝑖
𝑠𝑠) + .8𝑒𝐴𝑡 + 0.2𝑒𝑖𝑡, where there exist

aggregate and industry-specific shocks. The home and foreign shock innovations are the sum
of aggregate and industry shock innovations with weights 80% and 20%. The shock innovations
{𝑒𝐴𝑡 , 𝑒

𝐴∗
𝑡 , 𝑒𝑌𝑡 , 𝑒

𝑌 ∗
𝑡 , 𝑒𝐺𝑡 , 𝑒

𝐺∗
𝑡 } are multi-normally distributed with zero mean and 0.013 standard devia-

tions. The aggregate and industry-specific shock innovations are uncorrelated within country, but
we allow 10% cross-country correlation of shock innovations, representing the advanced countries’
pairwise correlations of TFP (Ambler, Cardia and Zimmermann 2004). See Kim (2021) for more
discussions.
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Table 2
International business cycles

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Data Model-generated moments

Benchmark Benchmark Symmetric countries Symmetric countries
without sanctions with sanctions without sanctions with sanctions

Variables Home [Foreign] Home [Foreign] Home [Foreign] Home [Foreign]

% Standard deviation
GDP 1.54 1.63 [1.55] 1.66 [1.61] 1.60 [1.60] 1.64 [1.63]

Standard deviation relative to GDP
Consumption 0.82 0.64 [0.66] 0.65 [0.65] 0.67 [0.65] 0.65 [0.65]
Investment 4.20 3.56 [4.23] 3.41 [3.69] 3.85 [3.84] 3.53 [3.54]
Labor 0.62 0.23 [0.23] 0.21 [0.21] 0.21 [0.23] 0.21 [0.21]

Correlation with GDP
Consumption 0.86 0.99 [0.99] 0.99 [0.99] 0.99 [0.99] 0.99 [0.99]
Investment 0.91 0.95 [0.92] 0.97 [0.95] 0.94 [0.94] 0.96 [0.96]
Labor 0.81 0.96 [0.96] 0.96 [0.96] 0.96 [0.96] 0.96 [0.96]

Cross-country correlation
GDP 0.22 0.172 0.117 0.168 0.116
Consumption 0.14 0.165 0.083 0.119 0.082

Notes: The table reports the model-generated moments of price-indexed variables consistent with the data. All
variables are HP-filtered. Columns (6)–(9) present the model-generated moments with zero steady-state
international bond holdings and identical steady-state productivities (𝑍𝑌

𝑠𝑠 = 𝑍𝑌 ∗
𝑠𝑠 = 𝑍𝐺

𝑠𝑠 = 𝑍𝐺∗
𝑠𝑠 = 1.25). The

standard deviations and GDP correlations are from Table F.9 of Kim (2021), and the cross-country correlation
data are from the first column of Table 1 in Ambler et al. (2004).

Table 2 reports the unsanctioned vs. sanctioned model-generated business cycle properties,
with the last columns showing the business cycle properties of the symmetric countries model.
The results reveal that while the standard deviations of GDP, consumption, investment, and labor
are similar across both sanctioned and unsanctioned environments, cross-country correlations drop
significantly under sanctions. This suggests that sanctions may not increase volatility in individual
economies, but they do reduce economic integration, making the global economy more fragmented.
Furthermore, The benchmark model-generated moments are close to the counterfactuals when all
sanctions are imposed. This implies that comparative advantages and international bond holdings
play a limited role in shaping the sanctioned economy’s business cycle properties.

These findings hold important implications for policymakers considering the use of sanctions
as an economic tool. While sanctions may achieve their intended geopolitical objectives, they also
come with macroeconomic costs in terms of reduced global economic synchronization. Despite
of desynchronization, sanctions do not significantly alter within-country business cycle properties,
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particularly standard deviations of consumption and GDP flows. This implies that sanctions would
not create additional welfare costs through business cycle fluctuations.

Our findings echo those of previous open macroeconomic studies, which highlight the limited
impact of international frictions on within-country volatility. The within-country business cycle
properties in Ghironi and Melitz (2005) are similar to those in Bilbiie, Ghironi and Melitz (2012),
the closed economy version of Ghironi and Melitz (2005). Also, Kim (2021) documents that
adding two sectors with heterogeneous production technologies causes only slight changes in the
model’s within-country business cycle properties while amplifying cross-country comovements.
These results are notable with near-unit root shocks and incomplete asset markets. Non-contingent
bonds are limited to hedge persistent shocks and thus to have low consumption and production
smoothing abilities even in unsanctioned economies.

8. Conclusions

In this paper, we provided an international trade and macroeconomic framework to study the
effects of economic sanctions in an interdependent world economy. Our analysis focused on how
sanctions operate and propagate, and their effects on relative prices, standard macroeconomic
indicators, and welfare. A key feature of our framework is the treatment of sanctions as exclusion
of households and/or firms from international financial and goods markets, distinguishing it from
models that treat sanctions as tariff increases, and in which the adjustment to sanctions takes place
primarily along the intensive margin of existing trade relationships.

The transmission of sanctions in our model emphasizes extensive margin effects and firm
heterogeneity. For instance, when sanctions prevent the highest-productivity Home consumption
good sector producers from exporting to Foreign, Home becomes a less attractive environment
for firm entry into the final consumption-good sector relative to the pre-sanction world. Entry
shifts toward Foreign, and the relative cost of effective Home labor decreases, leading to Home
real exchange rate depreciation. This is amplified by the increase in the average price of imports
faced by Foreign consumers as a consequence of forced market exit of the most productive Home
exporters, and by the effect of higher Foreign demand of domestically produced goods. In contrast,
commodity-trade sanctions, which block trade in those goods, cause the Home real exchange rate
to appreciate. This occurs because commodity-trade sanctions force Home to reallocate resources
(labor) toward commodity production and Foreign toward final consumption-good production.
The number of Foreign final consumption-good exporters increases, but their average productivity
decreases, which pushes up the average price of Home imports. Most important, the price of
intermediate goods in Home rises substantially relative to Foreign, and this dominates all other
effects in determining Home real exchange rate appreciation. These examples demonstrate why
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the exchange rate is not a reliable measure of the effectiveness of sanctions: it may depreciate or
appreciate depending on the nature of the sanction and the resource reallocations that follow.

Our welfare analysis reveals that sanctions on consumption-good trade lead to the largest welfare
losses for the targeted economy, as they compel a shift toward the less efficient production sector,
where the country is at a comparative disadvantage. Counterfactual exercises demonstrate that
comparative advantage is key to shaping the welfare effects of sanctions on trade of commodities
or final consumption goods, while initial foreign asset positions are key to the welfare effects of
financial sanctions. Additionally, accounting for transition paths is crucial in accurately assessing
welfare effects in both sanctioning and sanctioned economies.

When analyzing the effects of sanctions on business cycle fluctuations, we find that sanctions
reduce international business cycle comovement by restricting international trade in goods and
assets. However, their impact on within-country business cycles is small. Both Home and Foreign
exhibit similar volatility and cyclicality of key macroeconomic variables in the pre- and post-
sanction scenarios. This suggests that, at least in our model, sanctions do not have large welfare
effects through their impact on business cycles.

As the literature that followed Ghironi and Melitz (2005) demonstrates, our framework is easily
amenable to extensions in several directions, and thus it opens several promising avenues for
future research. We explored one—third-country effects—in Ghironi et al. (2024a). Others include
optimal determination of sanctions by the governments of sanctioning countries and of responses by
the governments of targeted economies; the effects of sanctions on the budgets of targeted-country
governments, particularly when fiscal revenues are highly dependent on international trade, and
how these governments can use fiscal policy to ameliorate the effects of sanctions; finally, the roles
of central banks once the model is extended to incorporate nominal rigidity. Currency appreciation
may seem attractive to monetary policymakers in sanctioning countries, particularly if sanctions
end up causing inflation, yet the same events that prompt governments to impose sanctions could
trigger economic downturns that call for expansionary monetary responses. These topics present
intriguing questions that we will explore in our future work.
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APPENDIX

A. The Rest of the Model
A.1. Household Budget Constraint, Asset Holding, and Labor Supply Decisions

International financial markets are incomplete, as only non-contingent, riskless real bonds are
traded internationally. The representative household in the Home country holds domestic bonds
(denoted by 𝐵𝐻,𝑡) and earns the risk-free real interest rate (𝑟𝑡) on them during period 𝑡. They
also hold foreign real bonds (𝐵∗

𝐻,𝑡) denominated in foreign consumption units and pay the foreign
risk-free real interest rate (𝑟∗𝑡 ), in which Foreign bonds and interest rate are in units of Foreign
consumption. We assume that domestic firms are fully owned by domestic households. Specifically,
the household enters period 𝑡 with holdings (𝑥𝑡) in a mutual fund representing all 𝑁𝐷,𝑡 domestic
producing firms. During period t, they receive dividends (𝑑𝑡 per share) and can sell their entire
shareholding at the price of 𝜐̃𝑡 per share. The household incurs quadratic adjustment costs for
holding domestic and foreign bonds and shares. These costs are denoted by 0.5𝜂(𝐵𝐻,𝑡+1 − 𝐵𝐻 )2,
0.5𝜂𝑄𝑡(𝐵∗

𝐻,𝑡+1 − 𝐵∗
𝐻 )

2, and 0.5𝜂𝜐̃𝑡𝑁𝑡(𝑥𝑡+1 − 1)2, where 𝜂 is a positive parameter.
In addition to income from financial assets, the household’s resources in period 𝑡 include labor

income from the consumption-good and intermediate-good sectors (𝑤𝑌
𝑡 𝐿

𝑌
𝑡 and 𝑤𝐺

𝑡 𝐿
𝐺
𝑡 ). Then, the

budget constraint of the representative Home household is:

𝐶𝑡 + 𝐵𝐻,𝑡+1 +𝑄𝑡𝐵
∗
𝐻,𝑡+1 + 𝜐̃𝑡𝑁𝑡𝑥𝑡+1 + 0.5𝜂

[

(𝐵𝐻,𝑡+1 − 𝐵𝐻 )2 +𝑄𝑡(𝐵∗
𝐻,𝑡+1 − 𝐵∗

𝐻 )
2 + 𝜐̃𝑡𝑁𝑡(𝑥𝑡+1 − 1)2

]

= (1 + 𝑟𝑡)𝐵𝐻,𝑡 +𝑄𝑡(1 + 𝑟∗𝑡 )𝐵
∗
𝐻,𝑡 + (𝑑𝑡 + 𝜐̃𝑡)𝑁𝐷,𝑡𝑥𝑡 +𝑀𝜋𝐺

𝑡 +𝑤𝑌
𝑡 𝐿

𝑌
𝑡 +𝑤𝐺

𝑡 𝐿
𝐺
𝑡 − Ψ𝑡(𝐿𝑌

𝑡 , 𝐿
𝐺
𝑡 ) + 𝑇𝑡.

(11)

where the adjustment costs transfer to the household, 𝑇𝑡 = 0.5𝜂(𝐵𝐻,𝑡+1 − 𝐵𝐻 )2 + 0.5𝜂𝑄𝑡(𝐵∗
𝐻,𝑡+1 −

𝐵∗
𝐻 )

2 + 0.5𝜂𝜐̃𝑡𝑁𝑡(𝑥𝑡+1 − 1)2 + Ψ𝑡(𝐿𝑌
𝑡 , 𝐿

𝐺
𝑡 ).

The intertemporal decision rules for home and foreign bonds and share holdings are

1 + 𝜂(𝐵𝐻,𝑡+1 − 𝐵𝐻 ) = 𝛽𝔼𝑡
[

𝑡,𝑡+1
]

(1 + 𝑟𝑡+1), (12)

1 + 𝜂(𝐵∗
𝐻,𝑡+1 − 𝐵∗

𝐻 ) = 𝛽𝔼𝑡

[

𝑡,𝑡+1
𝑄𝑡+1

𝑄𝑡

]

(1 + 𝑟∗𝑡+1), (13)

𝜐̃𝑡[1 + 𝜂(𝑥𝑡+1 − 1)] = 𝛽(1 − 𝛿)𝔼𝑡
[

𝑡,𝑡+1(𝜐̃𝑡+1 + 𝑑𝑡+1)
]

, (14)

where the discount factor is 𝑡,𝑡+1 = (𝐶𝑡+1∕𝐶𝑡)−1. The decision rules for labor supply to the
consumption-good and intermediate-good sectors are

𝑤𝑌
𝑡

𝐶𝑡
=

𝜅𝛾
1
𝜚𝐿

1− 1
𝜚

𝑡 (𝐿𝑌
𝑡 )

1
𝜚

1 − 𝜂𝐿(𝐿𝑌
𝑡 ∕𝑆𝑌

𝑡 − 1)
and

𝑤𝐺
𝑡

𝐶𝑡
=

𝜅(1 − 𝛾)
1
𝜚𝐿

1− 1
𝜚

𝑡 (𝐿𝐺
𝑡 )

1
𝜚

1 − 𝜂𝐿(𝐿𝐺
𝑡 ∕𝑆

𝐺
𝑡 − 1)

. (15)

Ghironi, Kim, and Ozhan: 2025 Page 35 of 38



International Trade & Macro Dynamics with Sanctions

A.2. Market Clearing and Aggregate Accounting
In the intermediate-good sector, the market clearing condition for Home commodity is

𝑍𝐺
𝑡 𝐿

𝐺
𝑡 = 𝐺𝐷,𝑡 + 𝜏𝐺𝑡 𝐺𝑋,𝑡. (16)

The market clearing condition for Home intermediate good (usable gas) is

𝜌𝐺𝑡 𝐺𝑡 = 𝛼(𝜃 − 1)
[

𝑁𝐷,𝑡𝑑𝑡 +𝑁𝑋,𝑡(𝑤𝑌
𝑡 𝑓𝑋,𝑡∕𝑍𝑌

𝑡 )
]

. (17)

The consumption-good sector’s labor demand is

𝐿𝑌
𝑡 = (1 − 𝛼)(𝜃 − 1)

[

𝑁𝐷,𝑡(𝑑𝑡∕𝑤𝑌
𝑡 ) +𝑁𝑋,𝑡(𝑓𝑋,𝑡∕𝑍𝑌

𝑡 )
]

+𝑁𝑋,𝑡(𝑓𝑋,𝑡∕𝑍𝑌
𝑡 ) +𝑁𝐸,𝑡(𝑓𝐸,𝑡∕𝑍𝑌

𝑡 ),
(18)

which equals to the labor supply (equation 15) in equilibrium. The consumption goods market
clearing is

𝐶𝑡 = 𝜃
[

𝑁𝐷,𝑡𝑑𝑡 +𝑁𝑋,𝑡(𝑤𝑌
𝑡 𝑓𝑋,𝑡∕𝑍𝑌

𝑡 )
]

. (19)

Market clearing for bonds issued by Home requires 𝐵𝐻,𝑡+1 +𝐵𝐹 ,𝑡+1 = 𝐵𝐻,𝑡 +𝐵𝐹 ,𝑡 = 0 in every
period, and for bonds issued by Foreign: 𝐵∗

𝐻,𝑡+1 + 𝐵∗
𝐹 ,𝑡+1 = 𝐵∗

𝐻,𝑡 + 𝐵∗
𝐹 ,𝑡 = 0 in every period. Stock

market clearing in each country requires 𝑥𝑡+1 = 𝑥𝑡 = 1 and 𝑥∗
𝑡+1 = 𝑥∗

𝑡 = 1 in every period. Since
costs of adjusting bond holdings away from zero are rebated back to households in equilibrium,
imposing equilibrium conditions on the household budget constraint yields:

𝐶𝑡 + 𝜐̃𝑡𝑁𝐸,𝑡 + 𝐵𝐻,𝑡+1 +𝑄𝑡𝐵
∗
𝐻,𝑡+1 = (1 + 𝑟𝑡)𝐵𝐻,𝑡 +𝑄𝑡(1 + 𝑟∗𝑡 )𝐵

∗
𝐻,𝑡 + 𝐺𝐷𝑃𝑡, (20)

where we define GDP by the total Home income from labor and dividends 𝐺𝐷𝑃𝑡 = 𝑤𝐺
𝑡 𝐿

𝐺
𝑡 +

𝑤𝑌
𝑡 𝐿

𝑌
𝑡 + 𝑁𝐷,𝑡𝑑𝑡 + 𝑀𝜋𝐺

𝑡 . The budget constraints of Home and Foreign households together, and
bond market equilibrium, imply that Home foreign assets obey the law of motion:

𝐵𝐻,𝑡+1 +𝑄𝑡𝐵
∗
𝐻,𝑡+1 =(1 + 𝑟𝑡)𝐵𝐻,𝑡 +𝑄𝑡(1 + 𝑟∗𝑡 )𝐵

∗
𝐻,𝑡 + 𝑇𝐵𝑡, (21)

where 𝑇𝐵𝑡 is the trade balance:

𝑇𝐵𝑡 = 0.5
[

(𝐺𝐷𝑃𝑡 −𝑄𝑡𝐺𝐷𝑃 ∗
𝑡 ) − (𝐶𝑡 −𝑄𝑡𝐶

∗
𝑡 ) − (𝜐̃𝑡𝑁𝐸,𝑡 −𝑄𝑡𝜐̃

∗
𝑡𝑁

∗
𝐸,𝑡)

]

. (22)
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Home’s current account is determined by:

𝐶𝐴𝑡 ≡ 𝐵𝐻,𝑡+1 +𝑄𝑡𝐵
∗
𝐻,𝑡+1 − (𝐵𝐻,𝑡 +𝑄𝑡𝐵

∗
𝐻,𝑡) = 𝑟𝑡𝐵𝐻,𝑡 +𝑄𝑡𝑟

∗
𝑡𝐵

∗
𝐻,𝑡 + 𝑇𝐵𝑡. (23)

Home and Foreign current accounts and trade balances are such that

𝐶𝐴𝑡 +𝑄𝑡𝐶𝐴∗
𝑡 = 𝑇𝐵𝑡 +𝑄𝑡𝑇𝐵

∗
𝑡 = 0. (24)

B. Financial Sanctions

Once financial sanctions are imposed, the Foreign population is divided into two groups of
households: 𝜆 who are subject to the sanctions and 1−𝜆 who are not. The budget constraint for the
representative sanctioned household becomes:

𝐶∗
𝑆,𝑡 + 𝐵∗

𝑆,𝐹 ,𝑡+1 + 𝜐̃∗𝑡𝑁
∗
𝑡 𝑥

∗
𝑆,𝑡+1 + 0.5𝜂

[

(𝐵∗
𝑆,𝐹 ,𝑡+1 − 𝐵∗

𝑆,𝐹 )
2 + 𝜐̃∗𝑡𝑁

∗
𝑡 (𝑥

∗
𝑆,𝑡+1 − 1)2

]

= (1 + 𝑟∗𝑡 )𝐵
∗
𝑆,𝐹 ,𝑡 +𝑤∗

𝐺,𝑡𝐿
∗
𝑆,𝐺,𝑡 +𝑤∗

𝑡𝐿
∗
𝑆,𝑡 + (𝑑∗

𝑡 + 𝜐̃∗𝑡 )𝑁
∗
𝐷,𝑡𝑥

∗
𝑆,𝑡 +𝑀∗𝜋𝐺∗

𝑡 − Ψ𝑡(𝐿𝑌 ∗
𝑆,𝑡, 𝐿

𝐺∗
𝑆,𝑡) + 𝑇 ∗𝑓

𝑆,𝑡 ,
(25)

for period 𝑡 ≥ 1. The subscript 𝑆 denotes households that are subject to sanctions. The sanctioned
households lose the Home-issued bonds (𝐵𝑆,𝐹 ,1 = 𝐵𝐹 = −𝐵𝐻 > 0), and thus, they cannot receive
any returns from them at 𝑡 = 1. Additionally, they cannot trade Home bonds for the entire duration
after the sanctions (𝐵𝑆,𝐹 ,𝑡+1 = 0 for ∀𝑡 ≥ 1). However, they can still trade Foreign bonds with
unsanctioned Foreign households, but their terminal steady-state level is zero (𝐵∗

𝑆,𝐹 = 0).
After the imposition of financial sanctions, the budget constraint for the representative non-

sanctioned household remains unchanged:

𝐶∗
𝑁𝑆,𝑡 +

𝐵𝐹 ,𝑡+1

𝑄𝑡
+ 𝐵∗

𝑁𝑆,𝐹 ,𝑡+1 + 𝜐̃∗𝑡𝑁
∗
𝑡 𝑥

∗
𝑁𝑆,𝑡+1

+ 0.5𝜂

[

(𝐵𝑁𝑆,𝐹 ,𝑡+1 − 𝐵𝑁𝑆,𝐹 )2

𝑄𝑡
+ (𝐵∗

𝑁𝑆,𝐹 ,𝑡+1 − 𝐵∗
𝑁𝑆,𝐹 )

2 + 𝜐̃∗𝑡𝑁
∗
𝑡 (𝑥

∗
𝑁𝑆,𝑡+1 − 1)2

]

= (1 + 𝑟𝑡)
𝐵𝑁𝑆,𝐹 ,𝑡

𝑄𝑡
+ (1 + 𝑟∗𝑡 )𝐵

∗
𝑁𝑆,𝐹 ,𝑡 +𝑤∗

𝐺,𝑡𝐿
∗
𝑁𝑆,𝐺,𝑡 +𝑤∗

𝑡𝐿
∗
𝑁𝑆,𝑡 + (𝑑∗

𝑡 + 𝜐̃∗𝑡 )𝑁
∗
𝐷,𝑡𝑥

∗
𝑡 +𝑀∗𝜋𝐺∗

𝑡

− Ψ𝑡(𝐿𝑌
𝑡 , 𝐿

𝐺
𝑡 ) + 𝑇 ∗𝑓

𝑁𝑆,𝑡, (26)

where the subscript 𝑁𝑆 denotes non-sanctioned households, who retain the ability to trade bonds
during the transition. In the terminal steady-state, the bond holdings of non-sanctioned Foreign
households remain unchanged after financial sanctions, specifically 𝐵𝑁𝑆,𝐹 = 𝐵𝐹 = −𝐵𝐻 and
𝐵𝑁𝑆,𝐹 = 𝐵∗

𝐹 = −𝐵∗
𝐻 .
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The Home and Foreign bond markets clear: 𝐵𝐻,𝑡+(1−𝜆)𝐵𝑁𝑆,𝐹 ,𝑡 = 0 and 𝐵∗
𝐻,𝑡+(1−𝜆)𝐵∗

𝑁𝑆,𝐹 ,𝑡+
𝜆𝐵∗

𝑆,𝐹 ,𝑡, respectively. Also, the market clearing for shares in Home and Foreign implies 𝑥𝑡 = 1 and
𝜆𝑥∗

𝑆,𝑡 + (1 − 𝜆)𝑥∗
𝑁𝑆,𝑡 = 1. Because financial sanctions enforce zero bond holdings for sanctioned

Foreign households, the new steady-state bond holdings for Home and Foreign are −(1 − 𝜆)𝐵𝑁𝑆,𝐹

and −(1 − 𝜆)𝐵∗
𝑁𝑆,𝐹 , respectively.
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