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Abstract

We study how the interaction between China’s productivity growth and currency peg to
the US dollar affected manufacturing decline, unemployment, trade deficit, and welfare in
the United States. Empirically, we document that in response to similar surges in Chinese
exports, countries pegging to the US dollar experienced larger unemployment and trade
deficits compared to floating countries. Theoretically, we develop a dynamic model of trade
featuring endogenous imbalances and nominal rigidity that is consistent with the findings.
We show that Foreign growth may hurt Home welfare and characterize optimal trade and
monetary policy in this environment. Quantitatively, we find that China’s currency peg is
responsible for 447 thousand manufacturing jobs lost in the US over 2000-2012, 1.3% out
of 3.4% (% GDP), the average annual US trade deficit in the same period, and reduced US
lifetime welfare gains from Chinese growth by 32% compared to an economy where an oth-
erwise identically growing China had its currency floating. However, the welfare impact of
the China shock remains positive. We find that a short-run safeguard tariff may have effec-
tively accommodated China’s currency peg and ameliorated the labor market distortions.
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1 Introduction

Four facts of the past two decades have drawn significant attention in both academic research
and public discourse. First, China’s exports to the US have grown significantly, driven by spec-
tacular productivity growth and falling trade costs — henceforth the China shock (Figure 1a).
Second, US manufacturing has undergone a significant decline, coupled with a rise in unem-
ployment in manufacturing-heavy regions (Figure 1b). Third, the US has incurred a substantial
trade deficit, while China ran a trade surplus (Figure 1c). Fourth, China has pegged its currency
against the US dollar via an explicit peg (until 2004) or a managed band (after 2005) (Figure 1d).

An often-heard narrative in policy circles emphasizes how the last fact may have caused
or magnified the first three. According to that narrative, currency manipulation by China might
have been responsible for its sudden export surge to the US, large trade imbalances between
the two countries, and, in turn, depressed the US labor market.! Although much has been said
about the China shock in the trade and labor literature (Caliendo et al., 2019; Rodriguez-Clare
et al., 2022; Dix-Carneiro et al., 2023), as well as the global savings glut in the international
macro literature (Caballero et al., 2008; Mendoza et al., 2009; Kehoe et al., 2018), there has been
no attempt at connecting the four facts collectively. This paper proposes to fill this gap by
developing a theory in which, under an exchange rate peg, exogenous productivity shocks in
China simultaneously cause import surges, trade deficits, and unemployment in the United
States.

Our contribution is threefold. First, we present empirical evidence that a country’s ex-
change rate regime affects the incidence of the China shock on labor market outcomes and
trade imbalances. We show that countries using or pegging to the US dollar — whose currency
was de facto pegged to the Chinese currency — experienced larger declines in output, higher un-
employment, as well as larger trade deficits in response to higher exposure to the China shock,
compared to floating countries, whose currency depreciated in response to China shock expo-
sure. Second, we develop a simple model of intra- and intertemporal trade with wage rigidity
that parsimoniously connects the four facts above by endogenizing the US trade deficit as a re-
sult of Chinese growth. We highlight the possibility that Home welfare may decrease as a result
of Foreign growth and study optimal policy responses. Third, we use a richer version of the
same model to reevaluate the effects of the China shock and the role of China’s exchange rate
peg. We find that China’s exchange rate peg contributed to a substantial part of the US trade
deficit, decline in US manufacturing, unemployment, and reduced the welfare gains from the
China shock.

In Section 2, we present evidence of the role of China’s exchange rate peg in shaping la-
bor market outcomes and trade imbalances in response to trade shocks. We use the joint fact

ICountries increase tariffs in response to unemployment (Bown and Crowley, 2013) and trade deficits
(Delpeuch et al., 2021), consistent with this narrative and suggesting that it may have affected policy.
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Figure 1: Four stylized facts.

Sources: (a) Import of goods from China obtained from US Census Bureau and Bureau of Economic Analysis
(BEA), US goods consumption obtained from BEA. (b) Bureau of Labor Statistics. (c) US Census and BEA. (d)
Board of Governors of the Federal Reserve System (US). Retrieved from FRED.

that China’s export growth post-2000 varied across sectors and that countries varied in their
sectoral composition pre-2000 to construct a shift-share measure of country-specific exposure
to the China shock, a cross-country analog of Autor et al. (2013, 2021). We then implement
a triple-difference strategy that compares the differential impact of the same exposure between
floating countries and countries pegged to the US dollar and, therefore, pegged to the Chinese
currency. Our triple-difference strategy shows that a similar surge in exposure led to a lower
manufacturing output, a temporary increase in unemployment, and larger trade deficits when
the country’s currency is pegged to the US dollar, relative to a country that floats.

In Section 3, we develop a dynamic model of trade with predictions consistent with the
empirical findings and can jointly explain the four facts above. Our model is a two-period
model with Armington trade in each period that allows consumption savings through an in-
ternational bond market, and features short-run nominal wage rigidity. Under an exchange

rate peg (Figure 1d), our model predicts that an increase in Foreign productivity (Figure 1a)



causes a trade deficit at Home (Figure 1c) and Home workers face involuntary unemployment
(Figure 1b).? This holds provided that the trade elasticity o is higher than the intertemporal
elasticity 7, as documented empirically. The intuition is as follows: after Foreign growth, the
Home relative wage should adjust through nominal wage or exchange rate. With both channels
muted, the trade balance is determined by expenditure switching and relative inflation. When
o > 7, the expenditure switching channel dominates, Home runs a trade deficit, and shrinking
global demand for Home goods causes unemployment at Home. This framework allows us
to jointly explain the trade deficit and unemployment in manufacturing-heavy regions of the
US as an endogenous outcome of Chinese growth under an exchange rate peg, parsimoniously
explaining the stylized facts of the 2000s.>

Turning to welfare and policy analysis, we show that Home welfare may even decrease as
a result of Foreign growth when the trade elasticity is sufficiently high. Despite an improve-
ment in terms-of-trade today, Foreign growth under a peg creates involuntary unemployment
and future terms-of-trade deterioration due to required future trade surpluses. The higher the
trade elasticity, the more expenditure is switched towards foreign goods, and the more severe
the negative effects are. We show that the optimal short-run tariff in response to the shock is
positive. Here, dynamic terms-of-trade considerations reinforce the standard motive for safe-
guard tariffs allowed by the WTO. We also highlight that Home’s optimal monetary policy,
barring constraints such as the Zero Lower Bound, would want to overshoot the output gap
because it is borrowing and can set the global interest rate under a peg.

To explore the quantitative significance of the mechanism, Section 4 introduces a multi-
country, multi-sector, infinite-horizon model consisting of two blocks. The first block is a
workhorse trade model with input-output linkages and labor migration frictions (Caliendo
et al., 2019), both of which shape how trade shocks affect the labor market. This trade block
allows us to quantify the general equilibrium effects of the China shock using observed sector-
level trade and worker reallocation data. The second block is a macroeconomic block compris-
ing wage rigidity generating a New Keynesian Phillips Curve (Erceg et al., 2000), intertemporal
balances from consumption-savings (Obstfeld and Rogoff, 2005), and exchange rate determi-
nation from long-run balances (Itskhoki and Mukhin, 2021a). This macro block allows us to in-
corporate involuntary unemployment, endogenous trade imbalances, and compare exchange
rate pegs with floating exchange rates.

We calibrate the model to exactly match the sectoral trade flow data from the World In-
put Output Database (WIOD) and labor adjustment data from the Current Population Survey
(CPS). Our solution algorithm allows us to solve for the full sequence of wages, prices, labor

2In principle, monetary policy can sufficiently react to undo this. We discuss this possibility in the main text.

3In related work, for which we explain in more detail below, Dix-Carneiro et al. (2023) study an environment
with endogenous trade imbalances and unemployment due to search friction. As we show in the Online Sup-
plement, in such an environment with quantity friction, we get opposite predictions on the direction of trade
imbalance, highlighting the role of nominal rigidity and exchange rate pegs in connecting these facts.
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allocation, and trade imbalances for any realized or counterfactual fundamentals and policies,
including the exchange rate regime. We bring frontier computational methods from macroe-
conomics, leveraging the sequence-space Jacobian method introduced by Auclert et al. (2021a)
and using advances in machine learning frameworks to efficiently solve for the equilibrium in
minutes.

Section 5 conducts counterfactual and welfare analysis. We first quantify the effect of the
China shock by comparing the realized economy with the counterfactual economy without
Chinese productivity growth and trade liberalization. We find that the China shock can explain
2.25 percentage points of the US trade deficit between 2000 and 2012, 991 thousand manufac-
turing jobs lost, and may be responsible for a surge in unemployment of 3.04% over the same
period, concentrated in the affected manufacturing sectors, estimates that are approximately
double those in the previous literature. Turning to welfare analysis, we find that the China
shock still increased the welfare of the US by 0.183%, an estimate lower than previous liter-
ature but still positive, showing that the surge in Chinese exports, even after accounting for
involuntary unemployment and dynamic terms-of-trade effects due to the exchange rate peg,
increases the welfare of the US.

We also consider an additional counterfactual economy without Chinese growth and trade
liberalization, and also without China’s savings glut — residual demand for savings by China,
which we calibrate to match the trade imbalances of each country. We use this counterfactual to
assess the contributions of China’s savings glut to the outcomes of the US and find that the de-
cline in manufacturing is nearly identical with or without China’s savings glut. This reinforces
the findings of Kehoe et al. (2018), which show that the global savings glut is responsible for
only a small portion of the decline in US goods-sector employment (15.1%). We show that once
we incorporate the exchange rate peg, China’s residual savings glut had a negligible effect on
the US manufacturing decline or the trade deficit. This finding underlines the centrality of the
exchange rate peg in how the growth and savings of China affected the US.

Next, we isolate the effect of China’s exchange rate peg on the same aggregate outcomes.
The question we ask is: How different would the effects of the China shock have been without
the peg? Comparing the realized economy with the counterfactual economy where an oth-
erwise identically growing China floats its exchange rate, we find that China’s peg to the US
dollar is responsible for 1.3 percentage points of the US trade deficit (% GDP), 447 thousand
manufacturing jobs lost. These equilibrium responses largely match those observed in the em-
pirical findings (Section 2) and support the quantitative significance of the relevant channels in
our theoretical model (Section 3). Balancing these factors, China’s exchange rate peg lowered
US lifetime welfare by 0.083% relative to an economy where the China shock occurred, but
China floated its currency with respect to the US dollar.

Finally, we explore the consequences of counterfactual policies on labor market outcomes
and US welfare. We ask the following questions: What would have been the impact on US
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welfare if different policy measures were implemented? What are the effects of a targeted tariff
designed to reduce trade deficits? And finally, what is the role of monetary policy in shaping
these outcomes? We find that a tariff of 15-20% on Chinese goods could have ameliorated the
short-run labor market distortions, this positive effect remains even under retaliatory tariffs,
and monetary policy could have been effective in reducing the distortion from the China shock,
conditional on not being subject to the Zero Lower Bound.

The paper is accompanied by an Appendix containing a description of the data, proofs of
the main propositions, and derivations of key equations, and a longer Online Supplement, that
contains robustness tests, model extensions, further derivations, calibration details, and the

solution algorithm.

Related Literature

Our paper contributes to a large trade and labor literature that studies the labor market conse-
quences of globalization. On the empirical side, Autor et al. (2013, 2021), Acemoglu et al. (2016)
have shown that US labor markets competing more with Chinese imports are hurt relatively
more.* On the structural side, the seminal work by Caliendo et al. (2019) (henceforth CDP)
quantifies the effect of the China shock across labor markets. We contribute to the structural
trade literature by embedding a full New Keynesian macro block into CDP. This allows us to
address involuntary unemployment, discuss the implications of endogenous imbalances, and
study counterfactual policies.

Two closely related papers, Rodriguez-Clare et al. (2022) and Dix-Carneiro et al. (2023), also
study unemployment in response to the China shock by augmenting CDP with labor market
frictions. Rodriguez-Clare et al. (2022) (henceforth RUV) is most similar to ours in that they
introduce wage rigidity. Our approach is different in two dimensions. First, we feature en-
dogenous imbalances through consumption-savings and nominal rigidity generating a Phillips
Curve. This complements their approach, which uses exogenous imbalances and demand an-
chors with a reduced-form downward nominal wage rigidity (DNWR). Second, our model
underscores the central role of exchange rate pegs, allowing us to evaluate the welfare effect of
China’s USD peg on the United States. These differences allow our framework to highlight the
effect of counterfactual monetary policies and exchange rate pegs.’

Dix-Carneiro et al. (2023) introduce endogenous consumption-savings to study the effect
of the China shock and trade imbalances on the labor market and uses search frictions a la

4Recent empirical papers that connect trade shocks with the labor market include Pierce and Schott (2016),
Dix-Carneiro and Kovak (2017), Handley and Liméao (2017), Carrere et al. (2020), Costinot et al. (2022). Autor et al.
(2016) and Redding (2022) provide excellent review of the literature.

*In related work, Fadinger et al. (2023) study the effect of German growth on the Eurozone through a model of
DNWR and consumption-savings, with an exogenous demand anchor. In such models, a floating exchange rate
moves to clear all nominal frictions; on the other hand, a floating exchange rate in our model is financially driven
and may not immediately adjust to clear the labor market across all sectors.
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Mortensen and Pissarides (1994) to generate unemployment.® However, the response to trade
shocks qualitatively differs under nominal frictions (wage rigidity) and quantity friction (search)
in two important ways. First, quantity friction amplifies terms-of-trade shocks and leads to a
reduction in unemployment in response to Foreign trade shocks, in conflict with increased un-
employment in regions more exposed to the China shock (Autor et al., 2013, 2021). Second,
quantity friction generates a force for the US, not China, to run trade surpluses in response
to Chinese productivity growth, necessitating an even larger exogenous savings shock to align
with the observed trade imbalance. Under our model of wage rigidity, short-run unemploy-
ment and trade deficit in the US are endogenous outcomes of the Chinese productivity growth.
Our framework can also investigate the effect of the exchange rate peg and study counterfac-
tual tariffs or monetary policies, elements absent from their study.

We highlight how an exchange rate peg under nominal rigidity can generate trade imbal-
ances. This contributes to the international finance literature that studies the "global savings
glut" of the 2000s, a term first coined by Bernanke (2005). Recent work attributes the US current
account deficit to financial frictions (e.g. Caballero et al. (2008, 2021), Mendoza et al. (2009)),
business cycle dynamics (e.g. Backus et al. (2009), Jin (2012)) or demographics (e.g., Auclert
et al. (2021b), Barany et al. (2023)).” Our work highlights a goods-market explanation of the
observed trade imbalances under exchange rate pegs that can exist concurrently with the fi-
nancial origins. Through the lens of our quantitative model, we attribute 37.1% of the US
deficit to China’s exchange rate peg, with the remaining deficit attributable to other countries
and potential financial mechanisms that we have abstracted from.

We contribute to the open economy macroeconomics literature by bridging it with structural
trade models to study sector-level shocks, such as the China shock.® From Gali and Monacelli
(2005, 2008) to more recent work such as Schmitt-Grohé and Uribe (2016) and Auclert et al.
(2021c), the literature has studied the role of trade, exchange rates and monetary policy in
the macroeconomy. We build on these papers along two dimensions. First, we consider the
effects of the exchange rate peg for an economy facing a peg, necessitating a departure from
the small open economy model, which a majority of the literature focuses on, and consider
Home monetary policy that directly affects savings decisions abroad. Second, we incorporate a
multisector trade model that allows us to investigate the macroeconomic effect of shocks such
as the China shock that are very asymmetric across sectors.

Our work on tariffs and monetary policy in response to the China shock is closely related

to the literature studying the macroeconomic consequences of trade policy and monetary pol-

®Kehoe et al. (2018) also study the effect of imbalances in the labor market, but do not study unemployment.
Dix-Carneiro (2014), Kim and Vogel (2020, 2021), Galle et al. (2023) also embed search-and-matching into trade,
without imbalances.

’See Gourinchas and Rey (2014) for a review of this literature.

8In doing so, we follow the recommendations of Rodriguez-Clare et al. (2022) by "adding a Taylor Rule [..] allow
agents to make savings and investment decisions, and incorporate international financial flows affecting exchange rates."



icy in the open economy. The closest to our analysis are Jeanne (2020), Auray et al. (2023),
and Bergin and Corsetti (2023), each of which studies the interaction of tariffs and monetary
policy in an Open Economy New Keynesian model.” While our insights resonate well with
theirs, these papers focus on steady-state and business-cycle optimal policy, whereas we study
policies in a transition path in response to a permanent shock. As such, their government is
focused on steady-state welfare maximization, while the government in our model seeks to
affect dynamics, including endogenous imbalances.

We underscore the role of China’s exchange rate peg in generating unemployment and a
steeper decline for US manufacturing by worsening its competitiveness. This is closely related
to the idea that flexible exchange rates are a shock absorber. Previous empirical evidence of
such an absorber role has been documented in the goods market (Broda, 2001, 2004; Edwards
and Levy Yeyati, 2005; Carriere-Swallow et al., 2021), labor market (Schmitt-Grohé and Uribe,
2016; Campbell, 2020; Ahn et al., 2022), and financial market (Ben Zeev, 2019). Our analysis
in Section 2 provides additional support that flexible exchange rates operate as an adjustment
margin for the China shock. Our model explicitly incorporates exchange rate regimes into a
structural trade model, allowing us to quantify the welfare effects of a large emerging market

economy’s currency peg on the US.!

2 Empirics: Exchange Rate Regimes and the China Shock

This section presents motivating evidence for the relevance of China’s exchange rate peg in
how the China shock affected the US labor market and trade deficit. Public discourse puts
trade deficits and the peg at the center of how China affected the US labor market: with Chinese
productivity growth and a peg, cheap Chinese goods flood the US market, shifting demand,
exacerbating trade deficits, and harming US manufacturing. Would a floating exchange rate
have functioned as a margin of adjustment? Establishing the sign and magnitude of the rela-
tionship between China’s exchange rate peg and the labor market outcomes and trade balances
is important in understanding the role the exchange rate plays in international trade.

To empirically answer this question, our focus must extend beyond the US and China, given
the absence of a counterfactual scenario of Chinese export surge under a fully flexible exchange
rate between the two countries. We overcome this challenge by comparing countries with dif-
ferent currency regimes vis-a-vis China’s regime — peg to the US dollar — and similar exposure
to Chinese exports. We construct a measure of each country’s exposure to Chinese export

9See also Barbiero et al. (2019); Lindé and Pescatori (2019); Barattieri et al. (2021); Auray et al. (2022) for tar-
iffs, Ghironi (2000); Benigno and Benigno (2003); Devereux and Engel (2003); Faia and Monacelli (2008); Corsetti
et al. (2010); Lombardo and Ravenna (2014) for monetary policy, and Erceg et al. (2018), Barattieri et al. (2021),
Cacciatore and Ghironi (2021) for empirical analysis of tariffs, monetary policy and exchange rates.

10This also relates us to the exchange rate determination literature, such as Gabaix and Maggiori (2015), Itskhoki
and Mukhin (2021a), Hagedorn (2021). Our model is a limit case of these setups.
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growth, and conditional on the same exposure to the China shock, test (1) whether the nominal
exchange rate responds to the China shock for floating countries, and if so, in which direction,
and (2) whether countries pegged to the US dollar (including the US) experience a drop in
output and employment, and larger trade deficits relative to countries that do not peg to the
US dollar. Our findings are consistent with these two hypotheses and motivate our modeling

framework and quantitative analysis in Sections 3 onwards.

2.1 Background: the China shock and exchange rate peg

A large literature investigates the role of Chinese productivity growth and decreased trade
costs in disrupting the US labor market. Empirical evidence and quantitative estimations con-
sistently find that the surge in Chinese exports is a key factor in the economic decline and
potential welfare losses of regions and sectors with greater exposure. This China shock is pri-
marily attributed to productivity growth (Hsieh and Ossa, 2016) and falling trade costs due to
China’s 2001 accession to the WTO (Handley and Limao, 2017), and plateaued after the early
2010s (Autor et al., 2021).

Concurrently to the export growth, China maintained an exchange rate peg to the US dol-
lar. The renminbi (China’s official currency) was pegged at a rate of 8.28:1 in June 1994 and
sustained a hard peg until July 2005, which "contributed to the exploding exports and bal-
looning trade surpluses of the early 2000s" (Kroeber, 2014). Subsequently, the People’s Bank
of China (PBOC) implemented a managed band, allowing the currency to fluctuate within a
narrow band. This band gradually widened from 0.3% in July 2005 to 1% in April 2012, with a
hard peg during the Great Recession. The renminbi appreciated through a slow and controlled
process, and Ilzetzki et al. (2019) classify China’s exchange rate policy as a de facto peg from
January 1994 to 2019.

2.2 Data and Measure of the China Shock

In this subsection, we outline the sources of our data and the construction of shocks. Additional
details are provided in Appendix A.

Exposure to the China shock. To measure the exposure of a country i to the surge in Chinese
exports, we follow Acemoglu et al. (2016) and Autor et al. (2021) to construct a shift-share
measure of exposure that combines (1) a weight of each sector s for each country i and (2)
global growth in Chinese exports for each sector s
Si=) A % 8¢ (1)
5~~~ ——

share  China shock in sector s



Here g¢. = log(E%;) — log(E¢,) is the global increase in Chinese export value for each sector
s from the pre-shock period t to post-shock T (t = 2000 to T = 2012, following Autor et al.
(2021)), and A} is a weight of each country i’s exposure to Chinese export growth in sector s.
Sectoral export data is obtained from the UN Comtrade database at the 4-digit SITC level, and
we closely follow the cleaning procedures in Feenstra et al. (2005) and Atkin et al. (2022).

S; is a shift-share measure (Bartik, 1991) of each country’s exposure to the surge in Chinese
exports and is akin to the local labor market exposure measure in Autor et al. (2013). From
Equation 1, any variation in S; across countries comes entirely from variations in sector share
A?: countries with higher S; face more competition from Chinese exports precisely because
those countries had a larger share of sectors where Chinese exports increased. A sufficient
condition for S; identifying country i’s exposure to the sectoral shocks is for the shocks ¢¢ to
be exogenous to demand-side confounders (Borusyak et al., 2022). We discuss this further in
Section 2.5 find supporting evidence for shock exogeneity in Appendix A.!!

We define the weights A? of each sector s in country i. Gathering accurate data on 4-digit
sector sizes across countries is difficult, and we proxy for the sector size using export value
data, which is readily available. Thus, our baseline measure of each sector s’s weight in each
country i is given by

o B

i~ GDP;,
where Ej, is country i’s total value of exports at the pre-period t; a higher share A} means
country i is exporting relatively more to sector s. Thus, our measure of exposure to China shock

for country i becomes
S

— Eit s
Si= ZGTPﬁAlOg(EC)

S
which has the following interpretation: a higher S; means that country i is exporting more
in sectors where Chinese exports globally increased. Thus, S; measures how much country
i’s exports to third countries are substituted to China, which complements the China shock
literature, which often studies domestic competition with imports from China. In the Online
Supplement, we consider alternative weights A; and shocks ¢¢, showing that the results are
robust to alternative choices.

Exchange rate regime. Because China’s currency is pegged to the US dollar, we want to com-
pare countries that use or peg to the US dollar to countries floating relative to the US dollar. We
classify each country-year observation’s de facto exchange rate regime using the Ilzetzki et al.
(2019) (henceforth IRR) exchange rate classification. IRR categorizes every country’s de facto
exchange rate policy from 1946 to 2019 into a six-category classification, with the categories

1 The assumption of exogenous shocks (or “shifts’) in the China shock context is standard and is used in Autor
et al. (2013, 2021); Acemoglu et al. (2016).
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being: (1) peg; (2) a narrow band; (3) a broad band and managed float; (4) freely floating;
(5) freely falling; (6) dual market with missing market data, with an anchor currency to each
observation.!?

We define the dummy variable Peg;, to be 1 if the country is the United States, or the coun-
try is classified as coarse category 1 or 2 according to IRR and their anchor currency is the US
dollar. We define Peg;, to be 0 if the country’s currency is floating or is classified as coarse
category 1 or 2 and their anchor currency is not the US dollar. Observations in categories 3
(intermediate categories), 5 and 6 (freely falling or missing data) are dropped, and we also ex-
clude countries whose Peg;, changes during our period of interest, as currency regime changes
are highly endogenous and indicate turbulent economic conditions. In the remainder of this
section, we say the country pegs if Peg;, = 1 and floats if Peg; = 0, with the implication that

pegs and floats are with respect to the US dollar.

Outcome variables of interest. We consider the following outcome variables for each country:
(1) nominal exchange rate; (2) real GDP; (3) manufacturing output; (4) unemployment; and (5)
net exports. If the nominal exchange rate responds to higher S; for floating countries but not
for the pegged countries, this is evidence that the exchange rate is operating as an adjustment
margin. Then, we investigate the effects of the margin through the dependent variables (2)
to (5). For the nominal exchange rate, we use the nominal exchange rate with respect to the
US dollar. Real GDP, manufacturing export, and trade balance are computed from the World
Bank’s World Development Indicators (WDI) database; the unemployment rate is from the
International Labour Organization (ILO); the nominal exchange rate of a country is the effective

exchange rate and obtained from Darvas (2012, 2021).

2.3 Empirical Design

Our goal is to test across different countries whether higher exposure to the China shock had
differential effects depending on each country’s exchange rate regime. Thus, we wish to test

for countries i:
E[AY;|AS;, Peg, = 1] # E[AY;|AS;, Peg, = 0] (2)

where Y; denotes a dependent variable of interest (trade deficit, labor market, and goods mar-
ket outcomes), S; denotes exposure to the China shock, and Peg; is a dummy variable for
whether country i uses or pegs to the US dollar. This approach circumvents the heteroge-
neous exposure confounder — each country’s differential exposure to the China shock — that

may plague a simple binary test on the exchange rate regime.!>

12IRR also provides a fine 15-category classification. Details and the fine classification are given in Appendix A.
13As such, confounders such as different industry composition or development levels should not affect our
analysis, as they are captured by conditioning on S;.
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Triple-Difference Regression. Our novel analysis is to explore how the interaction between
a country i’s exposure to the China shock (S;) and its currency regime (Peg;) affects output,
employment, and trade balances. We estimate first-difference models using successively longer

time differences. For each year /1, we implement Equation 2 through the following regression:
ApYirin = ay + B1nSi + BanPeg; + Ban(Si x Peg;) + Xiv + €, 3)

where ALY 1y, = Yi 1y — Vi is the change in the outcome for country i between later year t + h
and initial year t. X; includes controls for country i’s pre-period characteristics that might be
correlated with the exchange rate regime and affect outcome variables of interest. The strategy,
a triple-difference design (over time, exposure, and exchange rate regime), aims to compare
how variations in outcomes between countries with similar exposure levels are influenced by
the exchange rate regime. Rejecting the null B3, = 0 supports the hypothesis in Equation 2:
similar exposure to the China shock affects peggers and floaters differently.

Following Autor et al. (2021), we focus on the period 2000 to 2019, comprising China’s
intense growth in the first decade and the plateauing in the second. Our definition of the China
shock is growth in exports between t = 2000 and t = 2012. Hence, for i < 12, the estimate
captures the effect of the partial shock from 2000 to 2000 + & on the outcome variables. For
h > 12, the estimate is an event study of how the China shock impacts the outcome variable

over a longer horizon.

Controls. Through the control vector X/, we control for log population and log GDP per capita
in each country at the starting period t = 2000. This is to control for the possibility that the
effect of the China shock may interact with the size and development of this country. Since
our construct of the shift-share exposure S; implies ) ,; A} # 1 in general, we purge for the bias
generated by ‘incomplete shares,” highlighted in (Borusyak et al., 2022) by including ) ; A} in
our set of controls.!* We control for the interaction of those controls with the Peg;, to account
for the possibility that the exchange rate peg is correlated with the shares, these variables, and
affects the outcome variable differently. We also control for one lag of the outcome variable
— if Yj 1+ is the outcome variable, we control for Y;;_; for h > 0 and Y;;,y_1 for h < 0. The
controls, with the exception of ) ; A, are obtained from the WDI database.

Balanced Panel. Our empirical strategy rests on the identifying assumption that there are no
omitted variables that are correlated with the exchange rate regime and affect the outcome

variables differentially. Table A.2 reports summary statistics in various observable characteris-

14We chose these weights because the alternative — divide by total exports — would mean that relatively closed
countries are more exposed to the China shock, which is unrealistic. In the Online Supplement, we conduct the
same empirical specification with alternative weights A7 that sum to 1.
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Figure 2: Exchange rate response to the China shock.

Note. The figure plots f3), of the model 3 with the nominal exchange rate as the dependent variable across time. It
shows the differential response of the nominal exchange rate among peggers and floaters to the China shock. In the
Appendix, we plot the coefficient for the subset of countries where the currency is pegged versus floated against
the US dollar respectively. A higher value of the nominal exchange rate implies depreciation of the currency. The
shaded area is the 95% confidence band for each regression. The red dashed line indicates the beginning of the
China shock (2000) and the green the end of the China shock (2012). The plotted coefficients have standard error
of S; normalized to 1.

tics between the countries pegging and floating with respect to the USD, and their differences.
Pegging countries are smaller (Hassan et al., 2022), have a lower manufacturing share and mod-
erately lower unemployment in 2000. However, peggers and floaters show broad similarity in

other observable factors, including exposure to the China shock.

2.4 Results

Nominal exchange rate. We first ask whether the nominal exchange rate responds to the China
shock. If exchange rates indeed serve as an adjustment margin, we would expect currencies
of countries more exposed to the China shock to depreciate more under a floating regime. In
contrast, we would not anticipate currency responses to the China shock for countries pegged
to the US dollar. If true, this supports the hypothesis that competition with Chinese goods
leads to depreciation in the currencies of floating economies, while the lack of such a response
in pegged economies could lead to distortions.

We report the estimated response of the nominal exchange rate to the interaction of the
China shock and exchange rate regime using our triple difference strategy. Figure 2 displays
the coefficients B3, of the differential response between pegged and floating countries, together
with the 95% confidence intervals. Conditional on similar China shock exposure §;, floating
countries have their currency depreciate compared to pegged countries.

The significance of this effect suggests that the exchange rate operates as an important mar-
gin of adjustment in global export competition. This perspective is often overlooked in the

China shock literature, either empirically or structurally. We underscore that the role of the ex-
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change rate may be relatively uncharted territory, and the absence of exchange rate adjustments

may have real consequences, which we explore next.

Output, Unemployment, and Net Exports. Next, we assess how the China shock affects
pegged and floating economies differently for our variables of interest: real GDP, manufactur-
ing output, unemployment rate, and net exports. If the pegging of China’s exchange rate to the
dollar indeed influences the impact of the China shock on goods market outcomes and trade
balances, we should observe a non-zero B3, with the interpretation that countries more ex-
posed to Chinese exports will experience a stronger decline in output, higher unemployment,
and larger trade deficits, if their currency is pegged to the US dollar.

Figure 3 plots our estimates of B3, for those outcome variables. For real GDP and manu-
facturing output, the outcome variable is log(Y; ;) — log(Y;;—1) and is intended to measure
percentage change. For the unemployment rate, the outcome variable is the simple differ-

NXipn  NXjpa

ence Y,y — Yi;—1. For net exports, the outcome variable is —- . YT
4 4 it+h it—

double-difference results for the full sample and the pegged and floating countries separately

We report the

in Appendix A.

The top two panels of Figure 3 show that the real GDP and manufacturing output were
more adversely affected by the China shock for pegging countries, even conditional on the
same increase in exposure S;. The negative effects on real GDP and manufacturing output for
pegging countries build up during the trade exposure period and extend persistently for years
after the shock.'® Notably, the decline in manufacturing output is larger than the decline in out-
put: the coefficient on manufacturing output is double the coefficient on real GDP, suggesting
that the manufacturing sectors are hurt more by higher exposure.

The bottom left panel (Figure 3c) shows that unemployment increases during the duration
of the shock and reverts after the culmination of the shock. This finding suggests the existence
of short-run friction in the labor market that is affected by higher exposure to the China shock
when the currency is pegged, consistent with the notion that the friction in the labor market
may be a nominal friction. The bottom right panel (Figure 3d) shows that the trade balances of
pegged countries deteriorate more for pegged countries, and this decline persists.

In Figure A .4, we show how peggers and floaters respond differently to higher S; separately,
by running regressions for each subsample and plotting ;. We see that within the peggers,
greater exposure to Chinese exports led to lower manufacturing output, a temporary increase
in unemployment, and larger trade deficits. In sharp contrast, within the floaters, we find

that nominal exchange rates adjust in a way that there is no material association between the

15 Autor et al. (2021) suggest two reasons for why trade-exposed labor markets suffer long-lasting hardship; the
first is that such regions are poorly positioned to recover because of a dearth of college-educated workers, and the
second is that specialization in industries with Chinese competition left these regions exposed to industry-specific
shocks that self-reinforce during decline (Dix-Carneiro and Kovak, 2017). We note that both are plausible.
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Figure 3: Responses of peggers to USD vs floaters to USD to the China shock.

Note. The plotted coefficient B3, is the differential response among peggers and floaters to the China shock. A
positive coefficient implies that conditional on the same exposure to the China shock S;, pegged countries’ output
variable response is higher than floating countries’ response for the same variable. The shaded area is the 95%
confidence band for each regression. The red dashed line indicates t = 2000, the start of the China shock, and the
green line t = 2012, the end of the China shock. A comparison plot of the separate double-difference regressions
for pegged and floating countries is provided in Appendix A, in Figures A.3 and A .4 respectively. The plotted
coefficients have standard error of S; normalized to 1.

exposure to Chinese exports and macroeconomic outcomes.

The difference of real outcomes in pegging countries suggests that those countries’ peg to
the US dollar — which pegs them to China — affects the incidence of the China shock on those
countries because the exchange rate cannot adjust to the China shock. These empirical findings
can be viewed as supporting evidence to the strand of literature that finds the costs of exchange
rate pegs through the loss of a nominal adjustment margin (see e.g., Broda (2004) and Ahn et al.
(2022)).

2.5 Discussion
2.5.1 Sensitivity analysis

Robustness. The results in Figures 2 and 3 are robust to alternative specifications. In the On-
line Supplement, we progressively add and remove the controls, incorporate potential addi-
tional controls, and change the time horizon of the China shock to be 2000-2010 and 2000-2007
(removing the financial crisis). In addition, we conduct a parallel analysis using an alterna-
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tive shift-share instrument where the shares are now exports as a share of total exports from i
(summing to 1) or where the shifts are increases in nominal export volumes. Our results are

consistent across these alternative specifications.

Shift-share instruments. As Borusyak et al. (2022) show, a sufficient condition for identifica-
tion is for the industry-specific growth shocks g¢ to be exogenous, clarifying the identifying
assumptions in our analysis and the construction of the standard errors. In Appendix A, we
draw on recent literature (Borusyak et al., 2022; Borusyak and Hull, 2023) to test the validity of
the shock exogeneity assumption and find supporting evidence for the shift-share measure S;

as leveraging quasi-random variation in the shocks g%..16

Instruments and Bias. A potential issue arises if Chinese exports and sector shares are corre-
lated with sector-level demand shocks, which can potentially create bias in the shift-share strat-
egy. In studying the differential effect of the China shock across US regions, Autor et al. (2013)
overcome this by instrumenting the shock with exposure of other developed countries. Un-
fortunately, we cannot use this instrument, as a global preference shifter (our concern) would
affect all countries. However, if such a shock existed, this global shock would also violate the
exogeneity of the "other developed countries" instrument in Autor et al. (2013). We proceed

with the OLS estimates due to the absence of a superior alternative.

2.5.2 Relation with exchange rate puzzles

Our empirical results raise the following question: how do we reconcile the fact that exchange
rate regimes affect differential responses of macroeconomic aggregates to shocks to the fact
that the unconditional correlation between exchange rates and output is close to zero? It is
known that the exchange rate is disconnected from macroeconomic aggregates (Meese and
Rogoff (1983), Itskhoki and Mukhin (2021a)), and while the nominal and real exchange rate
volatility are highly correlated, (Mussa, 1986), such movements are orthogonal to behavior of
other macro variables (Itskhoki and Mukhin, 2021b).

We argue that the conditional exchange rate response to exogenous shocks can be consistent

with unconditional exchange rate disconnect.!”

Our empirical findings suggest that exchange
rate movements counteract underlying shocks to fundamentals: a productivity growth leads to
an increase in demand for that country’s goods in partial equilibrium, and the general equilib-
rium response of the exchange rate moves in the opposite direction through an appreciation of

that country’s currency (Figure 2) — and the lack of this force has real consequences (Figure 3).

16Goldsmith-Pinkham et al. (2020) develop an alternative approach to identification of shift-share exposure
based on the exogeneity of the initial-period shares Aj; this is less suitable for our analysis.

7The conditional relation and unconditional disconnect can be microfounded through noisy expectation about
future productivity (Chahrour et al., 2023) or through multiple financial shocks (Fukui et al., 2023).
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This role of exchange rates as an insulator is documented in Broda (2004) using a VAR analysis
of terms-of-trade shocks. Our analysis highlights that China’s exchange rate peg to the US dol-
lar can mute this insulator role for countries using the US dollar, leading to real consequences.

3 A two-period trade model with nominal rigidity

In this section, we develop a tractable model that rationalizes the unemployment in manufac-
turing and trade deficits as an outcome of Foreign productivity growth and an exchange rate
peg, explaining concurrently the four facts (Figure 1) and corroborating the findings in Section
2. Our one-sector, two-period, two-country model highlights the role of exchange rate pegs
and nominal wage rigidity. Using this model, we study the positive and normative implica-
tions of a trade shock and policy implications.'® We keep the ingredients minimal for analytical

tractability and extend the model in Section 4.

3.1 Model setup

Our environment has two countries, Home (H) and Foreign (F). In our application, Home
will be the United States and Foreign will be China. There are two periods: t = 0 (short-run)
and t = 1 (long-run). A representative household in each country consumes goods from both
countries and supplies labor to firms that produce goods. Each country has its own nominal
account; the price of country j’s currency in units of country i’s currency at time f is ¢j;;, with
enmr = eppr = 1 and epp; = ——. We denote e; = epp;. Hence an increase in e; is a depreciation

CHFt
of the Home currency.

Household preferences. In each country j, there is a representative agent who consumes goods
Cij+ across origins i aggregated into a final good Cj;, supplies labor Lj. The household has
preferences represented by

Uj = [u(Cjo) —v(Ljo)] + Blu(Cj1) —v(Lj)], (4)
cl-v' 1 o1 o1,
where M(C) = 1_—’)/_1, and C]t = (CH?t + CF‘ZL )1771.

Here o is the elasticity of substitution between domestic and foreign goods (the Armington
elasticity), and v is the elasticity of intertemporal substitution. We assume that the Armington
elasticity is larger than unity, and the intertemporal elasticity is small: formally, ¢ > 1 and

18Tn the Online Supplement, we analyze a two-sector tradable-nontradable model to study the decline in manu-
facturing, and how trade shocks may propagate to nontradable sectors through aggregate demand.
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o > .19 v(-) is the disutility of supplying labor, which we assume is increasing and convex
with v(0) = 0.

Technology. A representative firm in country i uses labor as input and has a constant returns

to scale production function that requires % labor to supply a unit of good to market j. Thus
ij

for a firm in country i selling Y;; goods to country j at time ¢ using L;j; labor, we have

Yije = AjjLijs.

Ajj implicitly incorporates trade frictions. Throughout we assume Apyr < App and Apy <
Arr, implicitly assuming home bias in consumption.

Savings. Each country issues a domestic bond with zero net supply. In period 0, households in
each country j have access to a claim of a unit of currency i in period 1, with the price of a claim
being ﬁ in country i currency. We let B;j; denote the amount of claims for i currency that
households in country j own. We assume there is no risk, and bonds from Home and Foreign
are perfect substitutes.

Labor Market and Nominal Rigidity. We consider the simplest form of short-run nominal
wage rigidity. We assume that nominal wages in both countries are completely fixed in period
t = 0 to an exogenous level {wjp}, while wages {w; } are flexible for t = 1. Since wages are
rigid in period 0, we assume that the labor market is demand-determined in both countries,
and workers supply whatever labor is demanded. In period 1, we assume that wages equalize

labor supply and labor demand.?’

Monetary policy and exchange rates. The monetary authority at Home sets the nominal inter-

est rate according to a CPI-based Taylor rule with a coefficient of 1 on inflation:
. . P H1
log(1+im) = —log(p) +log(p" ) +em, ®)

where ey is the discretionary monetary policy.?! This rule implicitly sets the real rate Ry; =

YEmpirical estimates of ¢ range from 3-10 (Anderson and van Wincoop, 2003; Imbs and Mejean, 2017) to 1.5-3
(Boehm et al., 2023), but is consistently greater than 1. Estimates of <y are almost always less than 1 and sometimes
indistinguishable from 0. Section 3.5 draws on the literature to discuss this assumption. If we instead had ¢ =
v = 1, we are in the Cole and Obstfeld (1991) case, where the equilibrium always features trade balance. Thus our
assumption is essential in predicting the direction of trade imbalance.

20The assumption that wages are completely fixed is to highlight the intuition; any short-run friction in wage
adjustment will yield qualitatively identical results.

2IThis follows McKay et al. (2016), Auclert et al. (2021c), and allows our analysis to be orthogonal to the effects
of monetary policy rules.
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(1 + iHl)llz_ﬁ(l) at

1
Ry1 = — exp(€mo).

p

We say a monetary policy does not respond to shocks if it sets egog = 0, or equivalently Ry = %
In Sections 4 onwards, we consider a more standard Taylor rule, which delivers similar results.

Turning to Foreign monetary policy, we are interested in the equilibrium dynamics when
Foreign pegs the nominal exchange rate to Home. We assume that Foreign monetary policy

directly chooses the exchange rate

eg =e; = ¢, (6)

at an exogenous level 2.2

Trade taxes and subsidies. Besides monetary policy, the government can also levy taxes on
imports and subsidize exports. We assume that the Home government unilaterally chooses the
short-run import tariff trp; and export subsidy syr; If we denote the pre-tariff price of i goods
to j at time t by P;;;, Home government revenue is

Tut = traePraCrar — sareerat PariCHEr- (7)

We assume that the revenue Ty; is rebated lump-sum to the representative household in each
period.

3.2 Competitive Equilibrium

In a competitive equilibrium, households maximize their utility, firms maximize their profit,
and markets clear. We briefly derive each condition and relegate the details to the Online
Supplement.

Utility maximization. The household at country j chooses consumption {C;j; }, { Lt } t=1,{ Bij: }
to maximize utility Uy as described in Equation 4 subject to the sequential budget constraints,

1

Biji
Y (1 + tijo) PijoCijo + ) ] ‘|‘l]i"t eijo < WioLjo + ITjp + Tjo, (8)
1' i ij
Y (1 +tij)PijnCijt < WitLjr + ) Bijiein + Iy + Tjy, )
i

where Pjj; is the (pre-tariff) prices for goods from country i to j in units of j currency, Bj; is a
tradable claim to one nominal unit of account in period 1 with price ﬁiﬂ, Wj; is the nominal

wage, 1 is the profit of country j firms and Tj; is the government revenue rebated lump-sum.

22 An explicit monetary rule setting ir; that leads to the exchange rate peg can be found in Benigno et al. (2007).
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The first-order conditions to this utility maximization problem are standard and imply:

Py = (L (1 + tije) Pye) )V ), (10)
1 tii P,“ l-o

Nt = ((1+ ]t)l_g) , an

X Pljt

u'(Cin)wj
v'(Ljp) = ——4 (12)

]
/ . P]'f / /

u (C] ) = ‘3(1 + th)mu (Cjt-l—l) = ,BR]-tu (Cjt+1)/ (13)

]
1+ip _a (14)

14+im e
where Pj; denotes the consumer price index (CPI) in country j and A;j; the expenditure share.

With the peg e; = ¢p = ¢, the last condition becomes ip; = iy (trilemma).

Since wages {wjo} are rigid at t = 0 and the labor market is demand determined, we may

have v'(Ljy) # Ml(clé—]o)wfo We define the labor wedge in period 0 as

u'(Cjo)wjo
Hio =o' (Ljp) = —p = (15)
jO

how much the marginal value of working for households is away from the marginal return
from working in utility terms. If pjy < 0, households would like to supply more labor but

cannot, so there is involuntary unemployment. If pjy > 0, households are supplying more labor
than they would want to, so the economy is overheated.

Firm optimization. The profits of a representative firm from j selling Y;j; goods to market i is
given by
1 W;

Bit =4,

=) [(14si) :
ij

i €ijt

Yijt

where s;j; is an ad-valorem sales subsidy to i. Since firms are competitive, profits I1;; are equal
to 0, and the unit price is equal to marginal cost:

1 [

P, — — e, M 16
ijt 1+ Sijtez]t Az] (16)
Market clearing. For each (i, t), the goods market clearing conditions are given by
Ciji
L., — 2 —ut 17
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and the bonds market clearing condition is given by
By1 +e1Bpp = 0. (18)

Equilibrium. We are ready to define an equilibrium in the model as follows:

Definition 1. Given fundamentals {A;;}, rigid short-run wage wro, wro, policy {Ru1, tije, sijr} and
pegged exchange rate & = eg = ey, a pegged equilibrium consists of prices {wjy, Py, Pij }, household’s
choice variables {Cijs },{Bit },{Lit } +>1 and demand-determined short-run labor {L;o} such that Equa-
tions 8 to 18 hold.

3.3 Consequences of a trade shock

In this subsection, we highlight the equilibrium response to trade shocks in this model. As a
benchmark, we consider the laissez-faire equilibrium where try; = syr; = 0.

The timing of the model and the shock is as follows. Before the start of our setup (t = —1),
productivities were at a level {Aij,_l}, and nominal wages w; _; and exchange rate e_; were
such that trade is balanced and labor wedge is zero. Right before t = 0, a shock permanently
increases Foreign export productivity Arp; we call this the trade shock. We assume that wages
{wjy} are rigid at the pre-shock level {w; _1}, and the Foreign policymaker pegs the exchange
rate eg = e at the pre-shock level e_;.

Equilibrium responses. To investigate the effects of the trade shock on trade balance and
employment levels, we first observe how the terms-of-trade responds to a trade shock under a
peg. We denote by Syr = I;’szf the Home terms-of-trade at time ¢, where a higher terms-of-
trade means a higher price of exports relative to imports. Sgr; is given by:

(s4-)e WH A
S _ ~eApp’/” _ (UHt AFH 19
HFt W€ (wFfé AHP) ( )
FH ——

relative wage productivity

In a model where wages are flexible, there are two effects of an increase of Aryy on Syr. The
direct effect increases Syr by an equal proportion, improving Home terms-of-trade. The general

equilibrium effect is that relative wage w; = wTHth adjusts. Under the assumption that ¢ > 1, an

w
increase in Ary decreases Home's relative wage w;, so the general equilibrium effect reduces
wy. If wages are flexible or the exchange rate is floating, the general equilibrium effect would
take place immediately, and the equilibrium after the trade shock will be a new steady-state

equilibrium with wy = wy, without any dynamics between t = 0 and t = 1.%3

23The fact that a floating exchange rate can adjust for the general equilibrium effects under nominal rigidity is
closely reltaed to the Dornbusch (1976) overshooting model.
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However, when wages are rigid and the exchange rate is pegged, the general equilibrium
effect is muted in the short-run. As such, we have wy > wy and Syrg > Syr1: Home's relative
wage is higher in the short-run than the long-run. These dynamics of w; generate several

equilibrium properties, summarized in the following proposition:

Proposition 1. In the pegged equilibrium, in response to a trade shock (Apy 1), Home runs a trade
deficit (B1 < 0). Moreover, if Home monetary policy does not respond (Ryp = % ), then there is
involuntary unemployment at Home (ypo < 0).

Proof. See Appendix B. O

The logic for the first part (By; < 0) is as follows. Home borrows if and only if:

eArroProCro eArr1 PriCr Arro/AnF ng Cuo/Cr1 _  TF )iy

Ara0PHOCHO Ara1Pa1Cm ArHo/ ArH1 iy Cro/Cr1 TH

— ——— —— —— ———— ——
t=0 exports/imports t=1 exports/imports expenditure switching relative inflation

(20)
Inequality 20 highlights the two forces that determine the sign of trade balance. The first force
is expenditure switching. When ¢ > 1, we have wy > wj, so both countries want to buy more
Foreign goods today than tomorrow, implying Argo > Apg1 and Agrpp < Agpg, resulting in a
force towards Home deficit. The second force is relative inflation. With wy > w1, Home’s future
prices increase less because of home bias in consumption. This becomes a force towards Home
surplus if and only if 7 > 1.2 When ¢ > 1, expenditure switching (governed by ¢) outweighs
relative inflation (governed by 7), resulting in Home trade deficit.?>

Home’s monetary policy cannot affect the sign of the trade imbalance. Home borrows re-
gardless of Ry, because Ry affects the consumption-savings decision of both Home and For-
eign under the peg. In fact, when v = 1, Ry cannot affect the magnitude of the deficit, as the
effect of interest rates on consumption is exactly proportionate in both countries. We discuss
this further in the next subsection (Section 3.4).

The intuition for Home unemployment is as follows. The short-run Home consumption Cyg
is determined from the Euler equation. At Cyg and real wage %, Home workers would want
to supply labor L3, = o'~ 1(u/(C Ho)zp"—g). However, workers supply whatever is demanded,
and the demand Ly is pinned down by relative wage wo:

1 )\HHO(WO)PHOCHO n 1 Amro(wo)Pro

Cro.
HH PrHo AHF Phro

Lo =
HOA

If wy is higher, the desired supply L, increases but actual demand Ly falls; this generates

24In fact, estimates of -y are often 1 or less, whence relative inflation also leads to Home borrowing.
2 An intuitive example is when ¢ — 0. Home wouldn’t produce at all at t = 0, but it can compete against
Foreign at t = 1. So Home wants to borrow to smooth consumption unless 7y = co.
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involuntary unemployment, with the unemployment rate given by upo =1 — %.26
H

In contrast, under a floating exchange rate, we would observe neither degicits nor unem-
ployment: as wy = wj, the equilibrium is observationally equivalent to the new steady-state
after the trade shock, with trade balance and full employment.

Proposition 1 parsimoniously connects the four facts in the introduction: the US trade deficit
(Figure 1c) and surge in manufacturing unemployment (Figure 1b) can be endogenously ex-
plained by Chinese productivity growth (Figure 1a) and its exchange rate peg (Figure 1d). This
contrasts with prior studies of the China shock, which typically perceive China’s concurrent
saving and growth as a puzzle. We show that China’s exchange rate peg with wage rigidity
promotes a stronger short-term comparative advantage during its growth, driving its endoge-
nous decision to save.”

Proposition 1 supports nominal rigidity as a key factor in the labor market’s slow response
to trade shocks, differing from frameworks that use quantity friction such as search friction
(Dix-Carneiro et al., 2023; Galle et al., 2023), which predict the opposite outcome — Home saving
in response to Foreign growth. This is because relative wages across time is reversed under
quantity friction: short-run Home relative wage is depressed, leading to Home saving and less

unemployment. Further details and proof are provided in the Online Supplement.

Welfare effects. Next, we turn to the welfare implications of the trade shock. We first highlight
that trade balances affect the future terms-of-trade: specifically, a deterioration in balances By
leads to a decrease in future relative wage wj. The intuition is closely related to the transfer
problem: debt accumulated today becomes a future transfer for Foreign, which, combined with
a home bias for demand, increases global demand for Foreign goods, improving their terms-
of-trade and worsening Home'’s.

Using this, we study the welfare implications of the trade shock. The next proposition
highlights the possibility that Home welfare may decrease as a result of Foreign growth:

Proposition 2. In the pegged equilibrium where monetary policy does not respond (R = %), a small
increase in Ary reduces Home welfare when o is sufficiently high and improves Home welfare when o
is small (i.e. close to 1).

Proof. See Appendix B. O

An intuitive explanation is as follows. There are three channels through which productivity

26In this economy, Foreign (China) is overheated and has employment rate greater than 1. We leave this open
as a possibility and discuss potential microfoundations and implications in Section 6.

?’Here we assumed that productivity Ay increases from t = —1 but is the same between t = 0 and 1. If
productivity were increasing between the two periods, there would be competition between our expenditure
switching channel and the standard force for China to borrow. International finance papers such as Caballero
et al. (2008) offer a financial solution.

22


https://drive.google.com/file/d/1PJMOO6AmW0_I6wee9pnMiBeZTR11IkZi/view?usp=drive_link

growth Arp affects Home welfare:

dihy u'(CHo)CFHOdPPHo o dlo Bu'(Cn) Chirt dPyr1 Crin dPpm 1)
dArH _ Pro dAry,  _dArn  Pmi dArH dArp |
terms—of-;r;de at t=0 labor wedge terms of t?gde att=1

The terms correspond to (1) the short-run effect of cheaper import goods (2) labor market
friction caused by wage rigidity (3) change in long-run terms-of-trade, including direct pro-
ductivity effects and general equilibrium effects on future terms-of-trade. If ¢ — 1, preference
becomes Cobb-Douglas, the pegged equilibrium coincides with the flexible-wage equilibrium,
and trade is balanced as in Cole and Obstfeld (1991). Thus, the effects (2) and the general equi-
librium component of (3) go to zero, leaving cheaper goods as the primary welfare benefit. In
the opposite case, when ¢ — oo, short-run demand for Home goods becomes 0. Then, a small
change in Arp can cause a discrete loss of utility from the labor wedge and the trade deficit
worsening future terms-of-trade, dwarfing welfare gains from cheaper goods.

This possibility of Foreign productivity growth harming Home welfare echoes immiser-
izing growth, characterized by Home productivity growth worsening Home terms-of-trade,
potentially outweighing the gains from the expansion of the production possibilities frontier
(PPF) (Bhagwati, 1958). Here, Foreign productivity growth improves Home terms-of-trade.
The exchange rate peg magnifies this gain in the short-run, but it moves Home production into
the interior of the PPF because of unemployment and hampers future terms-of-trade through
the trade deficit, offsetting the gains.

Proposition 2 emphasizes the need to be cautious in using trade balance as a welfare indica-
tor. Public discourse often views trade deficits as inherently undesirable. However, whenever
o exceeds 1 and surpasses 7, a trade deficit is the predicted outcome for Home under a trade
shock under a peg. This may benefit Home welfare if ¢ is not excessively high but suggests
welfare losses if ¢ is very high. Conversely, if y is very large and ¢ — 1, Home runs a trade
surplus and has welfare gains, whereas if both ¢ and vy are sufficiently large with v > ¢, Home
runs a trade surplus but incur welfare losses. In the next sections, we undertake a quantitative
analysis of the substitution, rigidity, and productivity growth to reassess whether the China
shock improved or harmed aggregate US welfare.?®

3.4 Policy response

In this subsection, we consider the unilateral problem of the Home government facing a growth

in Ary and an exchange rate peg. We assume the Home government can choose its short-run

2This is a different question to whether capital controls are beneficial. The next subsection shows that capital
controls unambiguously hurt Home welfare.
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tariff level trpo, domestic subsidy sgrp and monetary policy Ri1.%° We assume the govern-
ment cannot choose long-run tariff trp, as the motivation for long-run tariffs as terms-of-trade
manipulation is well understood since Graaff (1949).

Formally, the policy problem that the Home government faces is:

1
max Uy = max Y B'u(Cui)—v(Lp)] (22)

trHo,SHFORH1 trH0,SHFORH1 ()

subject to the same equilibrium conditions.
We first note that the planner can replicate the flexible price outcome. Indeed, if wpeq = 742

Wrpé
f

is the short-run relative wage under peg, and wy = a}HO ; is the relative wage under flexible
ZUFOC

price (after the trade shock), the planner can set Ry = % and trgo = SFHo = w“;{ o 1. This tax

and subsidy level sets the relative prices equal to the flexible price level, and the tax revenue
and cost of subsidy cancel out exactly. Thus, we know the planner can undo the wedges and
the potential welfare losses in Proposition 2.3

However, this policy may not be optimal for the Home government. As an extreme exam-
ple, if Foreign is offering goods for free, Home would be much better off taking those goods
than setting high tariffs that distort consumption.

To solve for the optimal policy, we proceed in two steps. First, we solve for the optimal
trade policy (frHo, SHFo) given monetary policy Ry, then we proceed to solve for the optimal
Rp1. This approach makes the problem more tractable, and the inner problem may be a more
reasonable benchmark of reality, where monetary policy is unable to fully respond to a sector-
origin specific trade shock.>! We give an executive summary of our results and discuss the
details in the Online Supplement.

3.4.1 Optimal trade policy

Given monetary policy Ry, an indirect formula for the optimal trade policy can be obtained
via a first-order variation argument. Starting from the optimal policy, the marginal effect of

policy change in welfare must be zero, yielding the following formula:>?

2Since wages are rigid, we do not have Lerner symmetry, and subsidies and tariffs are independent.

30This connects with Farhi et al. (2014) that fiscal instruments can replicate currency devaluations.

31In the early 2000s, the government was tightening monetary policy in response to concerns over inflation and
tightening of unused resources; loosening in response to the China shock was not the Federal Reserve Bank’s goal
(Federal Reserve Board, 2005). Following the Great Recession, the Federal Reserve Bank was subject to the Zero
Lower Bound.

32 A similar argument can be found in Costinot et al. (2022).
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Lemma 1. The optimal short-run tariff rate on imports tpp satisfies

1 Ho aLHO 1 ale aw E)C HFO

t = ——0 | &= — . L — Lry P 23
FHO = oo | X 9Crmo (% i) ( HRge -~ Lemge )+SHF0 HEO3E (23)
N / N

labor wedge future terms- -of-trade subszdy extemalzty

The optimal short-run subsidy rate on exports syro satisfies

1 ]/lo aLH() 1 ale awpl aSHp()
= — , Lyrpi—— — PrroC 24
SHFO = B 3 9Cur T A+ i) (LaF1 3Crpg  LFHI aCHFO) HroCHFO 5= (24)
S——— ~ ~~
labor wedge future terms-of-trade terms—of—tmde today
where A is the Lagrange multiplier on the lifetime budget constraint.
Proof. See Appendix B. O

The first-order formula for tariffs succinctly captures the three externalities of imports that
the Home government seeks to address via a tariff. First, tariffs and subsidies both reduce the
labor wedge by stimulating demand for domestic labor. Second, tariffs and subsidies, by af-
fecting relative prices of goods, improve current trade balance (Inequality 20), which improves
the terms-of-trade in the future. Third, the fiscal externality (deadweight loss) of tariffs and
subsidies interact in general equilibrium. In a competitive equilibrium, home households do
not internalize any of these effects of an extra unit of import. Thus the tax level trpoPrpo and
the subsidy level sgroPrro can be considered a Pigouvian tax that corrects for the three exter-
nalities of consuming an extra unit of import or exporting an extra unit.

Using the formula, we can sign the optimal tariff and show that its magnitude increases with
the Foreign shock Arpo:

Proposition 3. If there is unemployment at the zero-tariff economy (ugo < 0 when tryg = 0), the
optimal tariff tppo is positive and is increasing in the size of the trade shock Arpp.

Proof. See Appendix B. O

The intuition that we can and should use tariffs as second-best instruments to fix distor-
tions is well-known. The prediction obtained in Proposition 3 is sharper. We show that in an
environment where trade shocks cause unemployment and trade deficits, the tariff should be
positive and increase in the magnitude of the trade shock. In this context, the short-run tariff
trro is akin to safequard tariffs allowed under the WTO Agreement on Safeguards.

But this is not the only role of tariffs in our model, as highlighted in the future terms-of-trade
term in Equation 23. While tariffs do not affect today’s terms-of-trade (due to wage rigidity and
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peg), a unilateral short-run tariff reduces Home’s trade deficit, improving Home’s future terms-
of-trade. Hence, Home would want to set tariffs beyond the globally optimal "distortion-fixing"
level, at the expense of Foreign welfare. As such, short-run tariffs are safequard and beggar-thy-
neighbor at the same time, even when the short-run terms-of-trade is rigid.**

Our model underscores that under an exchange rate peg, the optimal short-run tariff is
increasing in the magnitude of the trade shock. This contrasts with the flexible exchange rate
case, where the optimal tariff is pinned down primarily by the trade elasticity (Gros, 1987)
and does not depend on the shock magnitude. Our framework focuses on tariffs that correct a
distortion caused by the peg and the trade shock, so the magnitude of the optimal tariff scales
with the size of the distortion. We discuss this in more detail in the Online Supplement.

Proposition 3 assumes monetary policy does not clear unemployment. As aforementioned,
the central bank may be unable to clear the output gap caused by sector-specific trade shocks
because of multisector considerations, financial concerns, and liquidity constraints such as the
Zero Lower Bound. Tariffs will be a useful tool in this second-best world.

3.4.2 Optimal monetary policy

What is the optimal monetary policy Ry1? An analogous first-order condition on monetary
policy highlights the channels in which monetary policy affects welfare. We highlight a special

case when the intertemporal elasticity is equal to 1 (consumption is log):

Proposition 4. When v = 1, optimal monetary policy Ry satisfies the following equation:

dL PrpodC
0= —po +Ar [RHltFHo SRER 4 (NXo) (25)
dR dR Hl ——"
M intertemporal TOT
wedge tariff ﬁscal externality

where A, is the Lagrange multiplier on the Home lifetime real budget constraint normalized by Pry.
As a special case, when trpo = 0, the optimal monetary policy Ry is such that yo > 0: it is optimal
to loosen monetary policy beyond clearing the output gap.

Proof. See Appendix B. O

Proposition 4 highlights that in an open economy where Home is subject to a Foreign peg,
optimal monetary policy may want to overshoot the output gap when Home borrows from
Foreign. This is because Home has the power to set global monetary policy and can freely ma-
nipulate intertemporal terms-of-trade. When Foreign pegs its currency to Home (giving Home
the power to set intertemporal terms-of-trade) and Home borrows from Foreign, Home can

gain by further lowering the interest rate, beyond the output gap-clearing level. This intuition

3By nature of being beggar-thy-neighbor, Foreign can retaliate with its own tariffs to undo the imbalance-
adjusting channel of Home tariffs.
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is especially relevant to the US, which effectively sets the interest rate for many countries being
the dominant currency (Gopinath et al., 2020), and runs current account deficits; the central
bank may want to set a looser interest rate, with minimal risk of bond liquidation from dollar-
pegging countries.

The proposition also clarifies again that tariffs are primarily second-best instruments to be
used when monetary policy cannot respond — whether due to the ZLB or multisectoral consid-
erations. In fact, under a strictly positive tariff, the additional losses from tariff fiscal externality
compels Home to adopt a more contractionary monetary stance, reducing overall welfare.>*

The assumption v = 1 allows us to circumvent the effect of today’s monetary policy on the
magnitude of the trade deficit. When o = 1, the effect of interest rate on consumption and
output is proportionate in both countries: thus the real value of the deficit does not change,
and monetary policy Ry does not affect the intratemporal terms-of-trade in the future. On the
other hand, when  # 1, the optimal monetary policy equation (Equation 25) comes with an
additional "future terms of trade" term: monetary policy may affect the magnitude of the deficit
in real terms (but not the sign, as we discussed in Section 3.3), affecting the optimal policy.

3.4.3 Capital Controls

Lastly, we study the welfare effects of the endogenous deficits we highlighted in Proposition 1
by considering capital controls in addition to the tariffs and subsidies. We have established that
deficits and unemployment can come from the same cause — trade shock and exchange rate peg
— but are deficits inherently bad for Home welfare? While this is where some policy narratives
go, the next proposition shows that this is not the case.

Proposition 5. In the pegged equilibrium, removing international financial flows (forcing Byp = 0)
worsens Home unemployment (1 g decreases), and reduces Home welfare Uy.

Proof. See Appendix B. O

Removing financial flows worsens Home unemployment because of home bias in consump-
tion. Indeed, with trade costs, under the same price levels, Home borrowing to consume will
increase demand for Home goods, while Foreign saving will decrease demand for Foreign
goods. Since unemployment is determined by aggregate demand, Home’s trade deficit in the
short-run actually ameliorates unemployment, and capital controls will only worsen unem-
ployment. As such, while deficits may be symptoms of a friction that may harm the economy,
deficits themselves are not a friction to solve, and capital controls may harm Home welfare.

The fact that financial transfers are welfare-improving under an exchange rate peg is closely

34In the Online Supplement, we numerically solve for the joint optimal trade and monetary policy for various
levels of the trade shock Arpg. We find that the joint optimal policy involves no tariffs and a very loose mon-
etary policy, highlighting the distortionary nature of tariffs. In a first-best one-sector world, Home would take
advantage of the cheap goods and solve the labor wedge solely through monetary policy.
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related to the idea that fiscal unions are desirable under currency unions (Farhi and Werning,
2017); we highlight that the possibility of a dynamic budget-balanced (net current value zero)

transfer is welfare-improving.

3.5 Discussion

Our model shows that the welfare consequences of trade shocks under an exchange rate peg
fundamentally depend on labor market frictions, and tariffs and monetary policy may work as
a second-best instrument to ameliorate any potential welfare losses from the friction. Here we
discuss some relevant issues with the model, including the duration of nominal rigidity and

the parameter values.

Duration of nominal rigidity. A natural question is whether the duration of nominal rigid-
ity can justify the effects of the China shock, which seem prolonged (Autor et al., 2021). Our
answer is twofold. The first is that over the first decade of the 2000s, China shock itself was
a persistent shock spanning over 10 years instead of a sudden productivity growth in 2000.
Thus, the observed patterns of the early 2000s can be consistent with even short-lived chan-
nels. Second, the nominal rigidity that generates our channel is wage rigidity, and it is known
that downward nominal wage rigidity (DNWR), which generates the unemployment effects
at Home, can be highly persistent across time (Schmitt-Grohé and Uribe, 2016), and can have
unemployment and trade balance implications well beyond the measured duration of price

rigidity.

Assumptions on the elasticity of substitution. Our results depend on the assumption that
the consumption of Home and Foreign goods in the same period is more substitutable than
the consumption of goods across time. Depending on the methods, estimates vary between 1
to 10, but all estimates of the trade elasticity are above unity (Costinot and Rodriguez-Clare,
2014; Imbs and Mejean, 2017; Boehm et al., 2023), and recent literature (Teti, 2023) suggests
that the estimates closer to 1 may have been biased due to misreporting in tariffs, and the
corrected elasticity is much higher. Estimates of the intertemporal elasticity vary, but from
Hall (1988) to Best et al. (2020), the literature’s estimates are well below 1, and sometimes
indistinguishable from 0. As such, it is reasonable to assume that substitution across origins has
higher elasticity than substitution across time.® In subsequent sections, we introduce a more
realistic, multisector model of high substitution within sector but lower substitution across

sectors, and find that our model’s predictions are quantitatively significant.

%The international macroeconomics literature uses a much lower macro-trade elasticity to rationalize Inter-
national Real Business Cycle (IRBC) facts (Backus et al., 1994). Feenstra et al. (2018) estimate the macro- and
micro-elasticities, and find that the macro-elasticity is “not as low as the value of unity sometimes found using
macro time series methods," further supporting our notion that the trade elasticity is at least unity.
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Multisector considerations. In this section, we used a one-sector model to highlight how trade
shocks under a peg impact trade balances and unemployment. In the Online Supplement, we
expand this to a two-sector model of tradable and nontradable goods, assuming a segmented
labor market to examine spillovers orthogonal to labor reallocation, which is well understood
(Acemoglu et al., 2016; Caliendo et al., 2019). The expanded model predicts analogous aggre-
gate effects of a trade shock under a peg: short-term trade deficits, unemployment in tradables,
and potential welfare losses.

Additionally, the tradable-nontradable model reveals the following distributional conse-
quences. First, the output share of the tradable sector declines, even absent labor reallocation,
connecting with the decline in manufacturing (Fact 1b and Section 2) under a peg. Second, if
monetary policy does not respond, we have unemployment in both sectors: the recession spills
over to the nontradable sector, through contraction of tradable demand reducing Home income
and demand for nontradables. Third, the optimal monetary policy faces a trade-off between
a recession in the tradable sector and overheating in the nontradable sector, explaining the
US service sector boom in the 2000s. Further details and analysis are provided in the Online
Supplement, and subsequent sections provide a quantification of the China shock through a

general equilibrium multisector model.

4 Quantitative model

In this section, we extend the model in Section 3 so that it can be taken to sector-level trade data
for a general equilibrium analysis of the effects of Chinese growth and the peg. We general-
ize the previous setup in two directions: (1) a multi-sector, multi-country model with Ricardian
forces, input-output linkages and labor reallocation (Caliendo et al., 2019); (2) an infinite-period
model with wage rigidity (Erceg et al., 2000), consumption-savings pinning down trade bal-
ances (Obstfeld and Rogoff, 1995) and exchange rate determination from financial channels
(Itskhoki and Mukhin, 2021a). The first block allows us to investigate how the China shock, a
sector-specific shock, affects other sectors, while the second block allows us to consider invol-

untary unemployment, endogenous trade imbalances, and the role of exchange rate pegs.

4.1 Model Setup and Equilibrium

In the model, time is discrete and indexed by t = 0,1,---. The economy consists of i,j =
1,2,---, I countries, each with an exogenous labor endowment given by a continuum of work-
ers with mass L; (thus, we rule out migration across countries). There are n,s = 1,2,---,S
sectors. Unless otherwise stated, i is the producer/exporter, j is the importer/buyer, and we
write exporters first in subscripts. Country 1 is the USA; country 2 is China; we are mainly in-

terested in the interaction between these two countries. Each country has its nominal account,
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and nominal variables are denominated in the currency of the price-facing household. The ex-
change rate ¢j;; is the value of currency j with respect to currency i, so an increase in ¢j;; is a
relative depreciation of i currency with respect to j currency. We present the main assumptions

and relegate the derivations and details to Appendix C.

Household preferences. In each country j, there is a representative household family that

comprises atomistic menbers m of measure L; and has preferences represented by
=) ; I‘j
U =T Y B'o; /0 U (m)dm, (26)
t=0

where Uj;(m) is the member-specific utility, B is a discount factor common across all countries,
and Jj; is a country-specific intertemporal preference shifter which captures financial factors
exogenous to our model. We implement our model at an annual frequency, so each period ¢
corresponds to a year.

The utility of each member m depends on final goods consumption Cj;(m), labor supply

¢;y(m), current sector sj;(m), future sector of choice sj;;1(m), and an idiosyncratic preference

shifter €j;(m) = {e;t(m)}s across different future sectors. The preferences of member m is
represented by
Uit (m) = u(Cji(m)) +o(ljt(m),sjt(m),sjr1(m), €it), (27)
177_1 -1 _
where u(C) = C—, and v(l,s,n,et) = —6; ! ey i —Xit —€i (28)

1— ,),—1 ZW it
where 7 is the elasticity of intertemporal substitution, ¢ is the Frisch elasticity of labor supply,
and 67 is the intensity of labor disutility in each sector s. 7}, captures the non-pecuniary sector-
specific benefits, and 7' captures the relocation costs of moving from sector s to sector 7,
measured in terms of utility. This formulation follows Artug et al. (2010) with an additional
endogenous labor supply term K;Fé 36

We have perfect risk sharing across members of the family, so Cj(m) = Cj;. Final goods
Cj; is a Cobb-Douglas aggregate of consumption across each of the sectors s = 1,2, - - -, S with
shares oc]s-t. Consumption within each sector follows the Armington trade model, where con-
sumption is a CES aggregate of goods from each of the I countries with an elasticity of substi-

tution s > 1 within each sector s. Consumption is given by

s g

A\

s jt

36This can implicitly be interpreted as an intensive margin of labor supply; in Appendix C, we microfound this
as with an extensive margin interpretation, more suitable to study unemployment.
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Savings. Analogously to Section 3, each country issues a nominal bond of price 17+ + . There is
no aggregate risk, and bonds are perfect substitutes across origins.

Firms and technology. Goods are distinguished by sector and origin. Sector s goods from
country i are produced by competitive firms using Cobb-Douglas technology, with labor share
¢ and sector n input shares ¢* satisfying ¢7 + 3, ¢i* = 1. The total factor productivity of
country i, sector s at time t is A%, and exports from i to j face an iceberg cost T;; it with 7, = 1 by
normalization. Inputs from sector n across different goods are aggregated CES with elasticity
0s, in the same way as consumption goods in sector n. Thus the production function F; ]t of a

representative firm in country i, sector s at time f to destination j is

a5 (" o (X"
z]t( 1]t/ {Xz]t} ) = 1t (;j) H ((Pn]st> (29)

z]t n i

Unions and Wage Rigidity. We assume wage rigidity in each sector s through wage-setting
unions facing nominal friction. A continuum of unions in sector s organizes the measure L,
of workers in sector s and employs them for an equal number of hours £,. Each union faces a
labor demand curve and sets nominal wages W, in each period to maximize the welfare of the
sector s members with discount rate .% We assume wage rigidity in the form of a Rotemberg
friction ®(W;, W;_,) and choose the union objective function so that the union’s optimization
problem leads to the wage Phillips curve,

Ws
log (7" +1) = 10 (0" (45;) — P—f:u'(Cit)) + Blog(7iyy +1) (30)

W;
where 715 = = — 1 denotes wage inflation at time £.%
it—1

Migration across sectors. We assume that each member m is forward-looking and faces a
dynamic problem with discount factor j, labor reallocation costs x:" to move from sector s
to n; these reallocation costs are time-invariant, additive, and measured in utility units. Each
member 1 receives an idiosyncratic shock for each choice of sector, denoted by €;; = {€}},.
Since the per-worker labor supply /3, is determined by the union, the member takes it as given.

If we denote by V; (e;;) the lifetime utility of the worker in sector s with preference shock €j,

% Here, we are implicitly assuming that the intertemporal preference shifters dj; are pure consumption shocks
that affect consumption but not labor supply. We make this assumption for clarity of exposition, as the shifters are
intended to match the realized trade imbalances and model financial shocks outside of the scope of our model.

38To a first order, the equation is identical to assuming Calvo rigidity, where the probability of keeping the wage

w

fixed is 6, with x;, =
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then we have the worker’s Bellman equation,
it(€it) = Wi liy — h(6Gy) + i, + max[BE[Vi 4 (€ir41)] + € — Xif'], (31)

where A;; = ”/gji”) is the Lagrange multiplier on the country i household family’s period ¢

budget constraint. Here A;; W, is the marginal utility of labor by a worker in sector s. Workers
internalize how their choice of sector affects the family budget. The solution to the Bellman

equation above yields a transition matrix y3;' and expected utility V;; = E[V;(e;;)] given by

]/[S.” _ exp(%(ﬁVi?_H B Xftn))
S aexp(L(BVE, — X))

~ 1
Vii = AuWilyy + 115 — o(6) +vlog (Z exp(—(BVit1 — Xif ))) : (33)
n

(32)

Monetary policy. The monetary authority in each country i sets a nominal interest rate i;;. We
assume that country 1 (USA) sets a Taylor rule on inflation

log(1+i1¢) = r1t + ¢ log(1 + 714) + e{\fp, (34)

where rq; is the real interest rate, 1y; = },*—*tl is the CPI inflation, and interpret e{\fp
1

as any
discretionary monetary policy the central bank of Country 1 may pursue.

The monetary policy of country 2 (China) may be a peg or a float. Under a peg, we assume

that country 2 pegs the exchange rate to country 1, so iy; is implicitly pinned down by ejp; = .%
Under a float, country 2 pursues an independent Taylor rule of the form
log(1+ ig¢) = rat + ¢ log (1 + ma) + €57 " (35)

We assume that the rest of world (i > 3) floats its currency with respect to the US dollar, and
assume that monetary policy in each of the countries is given by its own Taylor rule (Equation
34) responding to its CPI inflation.*’

Exchange rate determination. Denote by e;; = ¢;; the value of currency i with respect to the
US dollar. We have ¢;;; = g—;t If country i pegs its currency, it sets ¢;; to an exogenous number
;. When country i floats its currency, the UIP condition pins down elé—zl We assume that, if

%Because bonds are perfect substitutes, we rule out pegging in the form of foreign exchange intervention. In
fact, in a model with UIP deviations, the first-order linear consumption responses are identical whether China
pegs the currency through moving interest rates, or fixing the interest rate and buying bonds (and financing this
through lump-sum taxes), because the current account of the country (fiscal authority plus household) is identical
in both cases. We formally explore this in a work in progress.

40 Alternatively we may consider a middle ground, corresponding to a Taylor rule with an exchange rate target.
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country i floats its currency, e; is the unique value such that

lim B;; = 0. (36)

t—o0

Equation 36 operationalizes the idea that there are financial forces that move exchange rates
to clear long-run balance of payments, and can be microfounded as a limit case of financial
frictions pinning down the exchange rate.*!

Tariffs and fiscal policy. Each country j can choose a set of ad valorem import tariff rates {#; t}
on goods from country i to country j; the tariff revenues are rebated to households lump-sum,
and the government balances its budget every period. Thus if we denote the pre-tariff price of

sector s goods from i to j at time ¢ by P}, government j’s revenue is

ijt’

]f - thjtplsjt z]t + ijt) (37)

where Cj; is consumption of (i,s) goods in country j, and Xj;, is total input use of (i,s) goods

in country j. To focus on tariffs, we assume away export subsidies.

Equilibrium. We are now ready to define the equilibrium in the quantitative model.

Definition 2. Given parameters { A, Ty, 6;, X3, 115 }, previous period nominal wage {W;_,}, initial
bond holdings {Bjo}, labor allocation {L3,}, and policy rules {i;}, {t; t} an equilibrium in this model
consists of consumption {Cj, Cz]t} bond holdings {B,}, labor supply {5}, labor allocation {Ls,
prices { Py, P5,, P, }, wage {W; } and exchange rates {e;; } that satisfy the following:

(a) Consumption and bond holdings solve the family optimization problem,

(b) Prices, labor, and input demand solve firm profit maximization,

(c) Labor supply and wages satisfy the Phillips curve,

(d) Labor reallocation and lifetime value solves the sector choice problem,

(e) Monetary policy in the US is given by a Taylor rule,

(f) Monetary policy in other countries and exchange rates satisfy (a peg) or (zero long-run balances).
(g) Goods market, bond market clears, and the government balances its budget.

The formal equations and derivations are in Appendix C.1.

41This idea dates back to Meade (1951) and Friedman (1953). Equation 36 is a special case of the exchange rate
determination literature with financial frictions (Kouri, 1976; Itskhoki and Mukhin, 2021a) where we take the limit
of the magnitude of the friction to zero. We microfound this in Appendix C.
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4.2 Data and Calibration

We provide an overview of our data and calibration process and relegate the details to the
Online Supplement. Our quantitative model has six country aggregates: US, China, Europe
(including UK), Asia, the Americas, and the rest of world. We consider 6 sectors: agriculture,
low-, mid- and high-tech manufacturing, and low- and high-tech services, classified according
to the North American Industry Classification System (NAICS).*?> The time of our data spans
from t = Ty = 2000 to t = Tj,, = 2012 annually.

Trade and production data. The primary dataset we use is the World Input-Output Database
(WIOD) 2016 edition (Timmer et al., 2015). The WIOD compiles data from national accounts
and bilateral trade data for 56 sectors and 44 countries. It has information on the value of trade
flows ijt from country i to country j in sector s at year ¢ for 56 sectors across 44 countries. It also
contains data on purchases of inputs across sectors, value added of each sector in each country
(which corresponds to the labor share in our model), consumption shares across sectors, and
the net exports for each country. We obtain the price indices for each sector from the WIOD’s

Socioeconomic Accounts (WIOD SEA).

Labor and Sectoral Adjustments. We obtain the initial distribution of workers in the year 2000
by sectors using the WIOD SEA. We use data from the Current Population Survey (CPS) in
the United States to construct the matrix of migration flows " across sectors in the US. We
assume away migration flows between countries. For countries outside of the US and China,
we assume that workers are immobile and fixed in that sector; for China, we assume that the

cost of moving is fixed at the 2000 level.

Calibration. Table 1 provides a summary of the parameters, including the sources of parame-
ters whose values we take from the literature or the moments that we target for the parameters
we directly calibrate.

Values for parameters in Panel A of Table 1 are taken from the literature, as they are difficult
to identify given available data, or our estimation strategy would be analogous to the litera-
ture. The time frequency is annual, and we use f = 0.95 to match the 5% annual interest rate.
Estimating the dispersion v of sectoral preference shocks €7, requires panel data and instrumen-
tal variables; we impose this to be common across all countries and set them to be v = 2.02,
following Caliendo et al. (2019). For the elasticity of intertemporal substitution, we follow stan-
dard practice in the macro and trade literature and set y = 1, assuming log utility. The Frisch
elasticity of labor supply is set to ¢ = 2, closer to macro estimates (Peterman, 2016). Measuring
the elasticity of substitution of goods across origin often requires panel data on variation, so

#This follows Dix-Carneiro et al. (2023).
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Panel A. Fixed according to literature

Parameter Value Description Source
B 0.95  Discount factor 5% interest rate
v 202 ¢} dispersion Caliendo et al. (2019)
0% 1 Intertemporal Elasticity Standard
[ 2 Frisch elasticity Peterman (2016)
Os 5 Elasticity of substitution Head and Mayer (2014)
K 0.05  NKPC slope Hazell et al. (2022)
dr 1.5 Taylor rule coefficient Taylor (1993)
Panel B. Parameters we calibrate
Parameter Description Target moments
o Expenditure shares WIOD consumption share
&3 Labor share WIOD value added
e Input-output matrix WIOD input-output
07 Intensity of labor disutility o000 =1
/H Non-pecuniary utility WIOD SEA labor distribution
X Migration cost CPS sector change
Tfjt Trade cost WIOD trade flow
Aj Productivity WIOD trade flow and SEA price index
it Intertemporal preference shifter WIOD net exports
Tit US real interest rate Full employment without China shock

Table 1: Calibrated parameters

we set it to 5, which is standard in the literature (Head and Mayer, 2014; Rodriguez-Clare et al.,
2022; Dix-Carneiro et al., 2023). We set the New Keynesian Phillips Curve slope to x = 0.05
to match Hazell et al. (2022) which exploit variation across US states to obtain the response of
inflation to the labor wedge.*> The Taylor rule coefficient is set to 1.5, following the original
paper by Taylor, as standard in the macro literature.

In Panel B of Table 1, we can directly compute the sectoral consumption expenditure share
af,, labor share ¢7,, and input-output share ¢;;" directly from the WIOD data. For the rest of the
parameters, we rely on parts or all of the model to match the model-generated moments with
the data. We divide our calibration into two steps: calibrating the initial period, and then cali-
brating how those parameters change in our model. We set the non-pecuniary utilities 7} such
that the model-implied initial labor distribution L} ,,,, matches the realized labor distribution
observed in the WIOD SEA, and the migration cost ;% so that it matches the observed sec-

tor change flows in the CPS of the US; we assume that China faces the same sectoral migration

43Gince their model is quarterly and the Phillips curve links price inflation with unemployment, we undergo a
series of transformations to make our estimate consistent with their estimate of ¥’ = 0.0062. Details are given in
the Online Supplement.
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costs, and countries besides US and China have an immobile labor market. We normalize 9?
so that the initial per-worker labor supply in our model is £ = 1. Turning to the trade side,
we calibrate the trade costs TZ-S]-O and Aj, to match the trade flow in the initial period exactly up
to normalization, following the exact hat algebra approach of Dekle et al. (2007) and Caliendo
et al. (2019).

Next, we discuss the calibration of the shocks we extract. We extract three main sets of shocks
from the WIOD data: changes in trade costs T3, = ki

AS
1]t T changes in productivity A A;t ,and
intertemporal preference shocks (5it.44 We calibrate these shocks to exactly match three realized
Ps dom __ Pft’dom
Pisédom 7

‘shocks” in the WIOD data: changes in sectoral output price indices

changes in

A8,
trade shares Af]t = Ag —*, and net exports in each period as a share of GDP NXGDP;; = G D B We
calibrate the trade cost shocks Tjj; to exactly match the gravity structure of trade flows up to

normalization; we assume t7, = 1. On the other hand, since prices are a function of wage and

iit
productivity, and the dynamics of wage (and its rigidity) are central to our channel, we cannot
back out the productivity without solving for the full model. Thus, we employ a Simulated
Method of Moments (SMM) approach, targeting the changes in output price and net exports as
moments we exactly match. We also calibrate the sector change costs x;/' in the US so that the
model-implied migration 5 exactly match the sector reallocation data in the CPS. The details

of this calibration procedure can be found in the Online Supplement.

4.3 Solution algorithm

We aim to study the employment, trade balance, and welfare effects of China’s peg against the
US dollar and revisit the effects of the China shock under this framework. We bring frontier
computational methods from macroeconomics (Auclert et al., 2021a) and apply them to answer
trade questions. We sketch our solution algorithm here and provide the details and discussions
in the Online Supplement.

Given the elasticities and parameters calibrated in Subsection 4.2 (Table 1), we directly solve

for the equilibrium in the sequence-space of equilibrium objects
{Xt}?:TO = {(Bit/ Pit/ Cit/ €it, Wlstl E?t/ Lft/ VS ) }?:TO

for T > T4, such that the economy returns to a new steady-state by t = T. This requires
solving a high-dimensional nonlinear equation.** The key idea is that the nonlinear system of
equations that define {X;} is extremely sparse: each period t equilibrium condition only de-

pends on variables of time t,t — 1,f + 1, and even those equations depend on a few parameters

#We also assume that the preference and technology parameters (a5, ¢S, ¢S
observe this as shares from the data.

BWith I = S = 6and T = 100, the system of equations have over 20000 variables.

) are time-varying, but we directly
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within each t. Then, the Jacobian of the equilibrium conditions can be efficiently constructed,
and we employ nonlinear root-finding algorithms to solve for the full sequence of wages, con-
sumptions, trade imbalances, and labor allocations. By leveraging the sequence-space Jacobian
approach from Auclert et al. (2021a) and combining it with computational advances in ma-
chine learning, we can solve for the full nonlinear solution of our model in seconds to minutes
depending on specification, allowing us to compute a wider dimension of counterfactual sce-

narios and explore policy implications.*®

5 Effects of the China shock and the role of the peg

In this section, we use the model described in Section 4.1 and calibrated parameters from Sec-
tion 4.2 to study the effect of the China shock and the China peg. In Section 5.1, we first define
the “China shock", using the change in productivities, trade costs, and preference parameters
observed over this period.

In Section 5.2, we revisit the effect of the China shock on the US labor market and trade
deficit. We show how modeling wage rigidity, consumption-savings, and exchange rate peg
affects the predictions on the effect of the China shock, compared to estimates in the literature
that ignore these channels. In Section 5.3, we quantify how the exchange rate peg magnified
the effects of the China shock on the United States by comparing the realized economy with a
counterfactual economy with otherwise identical evolution of parameters, but under a floating

exchange rate.

5.1 The China shock

One goal of our quantitative model is to estimate the effect of the China shock under an ex-
change rate peg and nominal rigidity. In this subsection, we define what the China shock is in
the context of our model.

In Section 4.2, we extract the realized evolution of parameters across time. This is the base-
line, realized economy with the China shock. We consider two notions of the China shock. The
main shock, which we call the China trade shock only considers the changes in China that are
directly associated with increasing import penetration of Chinese goods: the productivity A2,
and the trade costs Tfjt. Thus the counterfactual economy without the China trade shock is the
equilibrium where the calibrated parameters (Table 1) are identical to the realized equilibrium,

with the exception of productivity A% and the trade costs 7, in China; for China, we fix the

ijt

46The methods we use include parallelization, autodiff, just-in-time compiling, and Intel’s PARADISO package
for quickly solving large sparse systems, many of which are heavily used in machine learning contexts where the
parameter space is even larger. The toolkits are available in the Python-based framework “JAX," which we use
extensively. Details can be found in the Online Supplement.
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Figure 4: Calibrated values of the China trade shock.

productivity A% and trade costs Ti-y;, Ton;; to be fixed at their levels in t = Tp.*

Figure 4 plots the computed China shock on the productivities A%, and the trade cost from
China to US 1 ;5 ; as a ratio between the levels at time f versus the level at the initial period
t = Top = 2000 for the six sectors. China’s productivity increases in all sectors, but especially
in the medium-tech and high-tech manufacturing sectors. China’s trade costs also decrease for
all sectors; while the decline seems to be most pronounced for the service sectors, this is driven
by the fact that the service sectors are close to nontradable — the implied trade costs Tfjt in 2000
are close to 70-80 that get reduced to 30 by 2012, but is still very high. Much of the effect on the
US economy is driven by the shocks in the manufacturing sectors.

We also consider another set of shocks, which includes the intertemporal preference shock
dcnt- While the changes in productivity A and trade cost T capture the surge in Chinese ex-
ports, this is not the only structural change in China during this period. Rich financial dynamics
outside the scope of our model will affect realized trade imbalances and consumption-saving
patterns. Those ‘residuals’ constitute the savings glut of China and are interpreted as part
of the China shock in Dix-Carneiro et al. (2023). We call this shock the China trade and sav-
ings shock. Then, the counterfactual economy without the China trade and savings shock is
the equilibrium with identical parameters as the realized equilibrium, with the exception of
AEn Tient 9Nt we fix those values to be the values at t = Tp in China.*®

Comparing the realized economy with the economy without the China trade shock allows

us to evaluate the effect of Chinese growth on US outcomes, such as the distribution of labor,

#In the Online Supplement, we discuss alternative notions of the no China shock counterfactual, such as
(1) where China’s global import penetration does not increase throughout the period (Caliendo et al., 2019;
Rodriguez-Clare et al., 2022), or (2) Chinese productivity grows on par with the global average during this pe-
riod (Dix-Carneiro et al., 2023). We find qualitatively similar results.

#During this period, consumption shares af, and input-output linkages, labor shares ¢3,, ¢5" vary over time.
We match the varying shares in both the realized and counterfactual equilibrium.
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trade balances, or unemployment. Comparing the realized economy to the economy without
the China trade and savings shock gives us the effect of China’s structural change, including
the savings glut, on the same US outcomes. By looking at the difference between these two
outcomes, we can evaluate the extent to which the realized US trade deficit and decline in
manufacturing (Figure 1) can be causally attributed to Chinese growth.

For all our counterfactual scenarios, we assume in our baseline analysis that agents have no
foresight of the shocks during this period for both the realized and counterfactual equilibrium,
operationalizing the notion that “every year is a China shock" during the period of spectacular
productivity growth in China. We discuss the details of our implementation, the rationalization
for agents’ foresight, and robustness exercises where we alternatively assume perfect foresight

in the Online Supplement.

5.2 Reevaluating the China shock

We start by revisiting the quantitative effects of the surge in China’s imports — the China shock —
on the US economy using our calibrated model. We are interested in asking the following ques-
tion: what are the dynamic effects of the China shock on labor reallocation, unemployment, the
trade balance of the US, and welfare consequences through the lens of our model? We revisit
the effects of the China shock under wage rigidity and endogenous consumption-savings and
compare how those ingredients lead to different implications of the China shock than three
previous literature: Caliendo et al. (2019), which feature exogenous deficits and no involuntary
unemployment, Rodriguez-Clare et al. (2022) which feature nominal rigidity but exogenous
deficits, and Dix-Carneiro et al. (2023) which feature endogenous deficits but quantity rigidity
instead.

To quantify our answer to this question, we first solve for the baseline economy with the
actual evolution of fundamentals over 2000-2012. Then we solve the economy under both
the no China trade shock counterfactual and the no China trade and savings shock counterfactual
and treat the difference in outcomes such as the trade imbalance, labor market, and welfare
outcomes between the realized and counterfactual outcomes as the effect of the shock.

Figure 5 shows the import penetration ratio of China to the US, the manufacturing share
of US employment, the net exports of the US (as a percentage of contemporaneous GDP), and
aggregate unemployment in the economy for the (1) realized economy, (2) the counterfactual
economy without the China trade shock, and (3) the counterfactual economy without the China
trade and savings shock. The first three figures replicate the four stylized facts we highlight
in the introduction (Figure 1). Figure 5a clarifies that the growth in import penetration from
China in this period is driven by productivity growth and trade liberalization of China. In fact,
if China had not grown in this period, import penetration from China would have decreased,

as other Asian countries growing in this period (most notably other parts of Asia) would have
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assumed the role of China.

Next, we study the decline in US manufacturing. Figure 5b investigates the impact of the
China shock on the manufacturing share of employment. As we see, a sizable share of the
exit of workers from manufacturing can be attributed to the China shock in our framework. In
numbers, 991 thousand jobs lost in manufacturing could be attributed to the China trade shock.
Most notably, the decline in manufacturing is almost identical in the no China trade shock case
and the no China trade and savings shock case, suggesting that the residual savings glut of China
plays a negligible role in the decline of US manufacturing. This goes further than the findings
of Kehoe et al. (2018), which show that the savings glut is responsible for 15.1% of the decline
in US manufacturing. Our framework in Section 3 substantiates this viewpoint: Proposition 5
shows that US borrowing should mitigate the decline in manufacturing, as consuming more in
the short-run would help a declining demand for Home goods.

Turning to trade deficits, Figure 5c shows that a significant proportion of realized US trade
deficits can be explained by the China trade shock. In fact, taking the average from 2000 to
2012, 2.25 percentage points of the US annual deficit (% GDP) can be explained solely by the
China trade shock, and if China had not grown, the US may have had balanced trade by 2012.
The realized average annual trade deficit of the US during the same period was 3.4% of GDP,
suggesting that two thirds of the US trade deficit over this period could be explained by the
China shock. The residual savings glut J;; plays little role in affecting the balances, suggest-
ing that the theoretical channel we highlighted in Proposition 1 — permanent Foreign growth
leading to Home deficits — is responsible for a majority of the US trade deficit of the 2000s.

Next, we use our general equilibrium model to obtain the implied effects of the China shock
on unemployment. Figure 5d plots the aggregate US unemployment response to the China
shock according to our model. Unemployment increases through the span of the shock, and on
average, the excess unemployment generated from the China shock from 2000 to 2012 is 3.04%;
this unemployment is necessarily short-lived, and it reaches zero after the culmination of the
China shock, as nominal wages adjust to the new equilibrium level.*’

Finally, we measure the welfare implications of the China shock. The household family’s
utility comprises both consumption utility and the disutility of labor. In evaluating the welfare
effects, we consider the aggregate discounted utility incorporating the full path of consump-
tion and the disutility of labor. Thus we define the welfare effect of the shock as the lifetime

compensating variation in consumption for the US; formally, the welfare effect of the China

“The unemployment level is high because the shock to manufacturing can spill over to the service sector
through aggregate demand (highlighted in the two-sector model in the Online Supplement), and targeting CPI
inflation is not an optimal monetary policy in this setup. We consider this result as a benchmark and consider
alternative monetary policy rules in the Online Supplement, and show that the decline in manufacturing share
and trade deficits are robust.
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Figure 5: Response of the economy to the China shock.

Note. The ‘realized” graphs are the equilibrium outcome from the full sequence of parameters that were targeted
to match realized moments. The 'no trade shock” graphs are the equilibrium outcome from the sequence of pa-
rameters identical to the realized, except we remove the productivity growth and trade cost reduction in China.
The 'no T+S shock’ graphs are the equilibrium outcome from the same sequence, except we remove the residual
’savings shocks” in China. The similarities between the no trade shock and the no T+S shock suggest that the
residual savings glut of China played close to zero role in the manufacturing decline or the trade deficits after we
account for the effect of the exchange rate peg.

shock is the scalar { such that

uO({CCS}t/ {ECS}S,t)) = MO({(l + g)cnoCS}tr {gnoCS}S,t)/ (38)

or how much more lifetime consumption (in percentages) the household needs to be indifferent
between the China shock case and the no China shock case. According to this metric, the China
shock contributed to a 0.183% gain in lifetime welfare, a modest but significant gain, and the
distortion margins we highlighted in Proposition 2 — unemployment and future terms-of-trade
deterioration — did not flip the aggregate welfare implications of the China shock.

Table 2 compares the estimated effects of the China shock from our framework to three
references in the literature. The first is Caliendo et al. (2019) (CDP19), which features no intra-
sector labor market friction and models imbalances through systems of transfers. The second is

Rodriguez-Clare et al. (2022), which features downward nominal wage rigidity but exogenous
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Effect of China shock
Our model CDP19 RUV22 DPRT23

MEFG jobs lost 991k 550k 498k 530k
Deficit (% GDP) 2.25 N/A N/A 08
Unemployment (%) 3.04 N/A 1.4 0
Welfare gains 0.183% 0.2% 0.229% 0.183%*
Wage rigidity O X O X
Search friction X X X O
Cons-savings O X X @)

ER peg O X X X

Table 2: Effects of the China shock: comparison to existing literature.

Note. *: Dix-Carneiro et al. (2023) measure welfare using consumption only, without considering the labor market
effects of welfare. We take into account the disutility of labor in measuring aggregate welfare.

imbalances. The third is Dix-Carneiro et al. (2023), which models labor market friction through
quantity friction (search and matching). Our model estimates close to double the number of
manufacturing jobs lost through the China shock than the estimates of the previous literature,
a much larger proportion of the realized US trade deficit than what Dix-Carneiro et al. (2023)
attribute to the China shock and more moderate welfare gains from the China shock. Our
estimate of the number of manufacturing jobs lost is close to the estimates of Autor et al. (2013)
—982,000 jobs lost as a result of the China shock after 2000 — suggesting that the missing intercept
may not be as large as previously thought. Interestingly, despite the manufacturing jobs lost
that are about twice as large and a significant level of unemployment, the welfare consequences
of the China shock are still positive and close to the literature’s estimates.

In the following subsection, we show that the difference between our estimates and the
literature’s estimates can be almost entirely attributed to China’s exchange rate peg.

5.3 The effect of the exchange rate peg

The second and most novel part of our quantitative analysis focuses on how much the peg
interacted with the China shock to generate the realized effects of the China shock we saw in
Section 5.2. If the empirical findings in Section 2 and the propositions in Section 3 hold, we
should expect that the exchange rate peg is responsible for a sizable part of the trade deficit,
the decline in manufacturing, and may affect the welfare implications of the China shock.

To quantify this, we compare the outcomes of the baseline economy to a counterfactual
economy with identical fundamentals, except for one change: China’s monetary policy no
longer pegs to the US dollar. China’s alternative monetary policy could be many things — a
full-discretion policy, an interest rate with an exchange rate target — but to highlight the effect
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of the peg, we consider the simplest counterfactual by assuming that China’s monetary pol-
icy is symmetric to the US, an independent Taylor rule with the same coefficient on China’s
domestic CPI inflation. The difference in the outcomes of the economy with the peg and the
economy without the peg, both with the China shock, is the causal effect of China’s exchange
rate peg on the US.

Figure 6 shows the same aggregate variables in the US — import penetration ratio of Chi-
nese goods, manufacturing share of employment, net exports of US, and unemployment in the
economy for the (1) realized economy, (2) the counterfactual economy without the China trade
shock, and (3) the counterfactual economy with the same shocks as the realized economy, but
China had a floating exchange rate.

Figure 6a shows that the exchange rate peg played a role in Chinese import penetration
to the US, and the actual penetration ratio would have been closer to 4% under a floating
exchange rate. Under a float, Chinese currency would have appreciated during this period,
and the increased price would have made Chinese goods less attractive to US consumers.

Investigating the decline in manufacturing (Figure 6b) and the US trade deficit (Figure 6¢),
we see that the exchange rate peg played a significant role in both. Even if China were iden-
tically growing, if China had a floating currency, close to 50% of the manufacturing decline
attributable to the China shock and a significant proportion of the US trade deficit would disap-
pear. Likewise, the level of unemployment is much closer to the ‘no China shock’ case (Figure
6d).>0

Finally, we study the change in welfare. While the above results — the effect of the peg on
the trade balance and the labor market — suggest that the peg may have adverse effects on
the US economy, the peg comes with a clear benefit: the terms-of-trade improves, as China is
selling goods at a price cheaper than in a flexible-price equilibrium. This force lowers the price
index and increases consumption given the same budget. At the same time, unemployment
moves the budget inwards, and this is a force that leads to a decline in consumption. Using the
same compensating variations formula, we see that the China peg contributes to a welfare loss
of 0.083% compared to the counterfactual economy with an identically growing but floating
China.

Table 3 summarizes the quantitative effects of the interaction of the peg and the China
shock. The first column summarizes the realized effects of the China shock under a peg, while
the second column summarizes the counterfactual effect of the China shock when China is
floating; the third and fourth columns compare the differences in relative and absolute terms.
As we see, the China shock interacted with the peg significantly. In absolute terms (Column
3), we see that China’s currency peg is responsible for 447 thousand manufacturing jobs lost,

50The ‘jump’ in 2001 comes from the fact that our analysis takes the realized wages and distribution of labor in
2000 as fixed initial conditions, and these values were under a peg. When we report the average trade deficit and
unemployment below, we take the average from 2003 to 2012 to trim this discontinuity.
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Figure 6: Response of economy to China’s peg.

Note. The ‘peg + CS’ graphs are the equilibrium outcome from the full sequence of parameters targeted to match
realized moments. The 'no CS’ graphs are the equilibrium outcome from the no China trade shock assumption. The
‘float + CS’ graphs are the equilibrium outcome from the full sequence of parameters identical to the ‘peg + CS’
case (realized equilibrium), but under the counterfactual assumption that China did not peg its exchange rate and
had its own independent Taylor rule.

1.34% (as a fraction of GDP) US trade deficit, and 1.84% (in percentage points) unemployment
in the US, and the welfare gains are reduced by 0.083 percentage points, compared to a coun-
terfactual economy where an otherwise identical China floats. In relative terms (Column 4),
China’s currency peg magnifies the manufacturing jobs lost from the China shock by 82%, the
trade deficits caused by the China shock by 161%, unemployment by 176%, and reduces the
welfare gains by 32%.

The last column takes the literature’s estimates from the three papers we discussed in the
previous subsection (Caliendo et al., 2019; Rodriguez-Clare et al., 2022; Dix-Carneiro et al.,
2023). The effect of the China shock under a counterfactual ‘floating” economy (second col-
umn) is strikingly similar to the structural estimates of the effects of the China shock in the
literature. The manufacturing jobs lost are close to 550 thousand in all of the three aforemen-
tioned papers, while we estimate 543 thousand under float. The US trade deficit caused by the
China shock is estimated to be 0.8% of GDP in Dix-Carneiro et al. (2023); the US trade deficit
attributed to the China shock under a (counterfactual) floating economy is 0.86% of GDP. The
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Decomposing China shock vs China peg
CS+peg CS+float Y, —Yr Y,/Y;—1 Litestimate

MEFG jobs lost 991k 543k 447k +82% 550k
Deficit (% GDP) 2.25 0.86 1.34 +161% 0.8%
Unemployment (%) 3.04 1.10 1.84 +176% 1.4%
Welfare gains 0.183%  0.268% -0.083p.p —32% 0.2%

Table 3: Effects of the China peg

Note. The first column shows the realized effect of the China shock when the exchange rate is pegged. The second
column shows the counterfactual effect of the identical China shock when China floats its currency. The third
and fourth columns show the difference and ratio of the two, respectively. The fifth column shows the literature’s
estimates from Table 2.

unemployment effect estimated by Rodriguez-Clare et al. (2022) is 1.4%; under our modeling
framework, the counterfactual effect of the China shock under a float is 1.10%. These results
suggest that explicitly modeling the exchange rate peg is essential in a general equilibrium
analysis of the effects of China shock on the US.

5.4 Counterfactual policies

We conclude by studying how policies such as tariffs and monetary policy may have altered the
effects of the China shock. Suppose we wanted a quantitative answer to policy questions such
as: (1) Could the US have mitigated the negative consequences of the China shock with a tariff
on Chinese goods in the early 2000s? (2) Does the answer to this question depend on whether
China retaliates? (3) Should the US have pursued a different monetary policy to counter the
effects of the exchange rate peg? Our quantitative framework is especially suitable for studying
the effects of alternative policies, as we can quickly compute the counterfactual equilibrium
under any set of policies. We can answer such questions by comparing the realized equilibrium
with a counterfactual equilibrium with different tariff rates £};,, or alternative monetary policies,
expressed either through a discretionary monetary policy response given by eM? in the US
monetary policy Taylor rule (Equation 34), or alternative rules of monetary policy.

The first counterfactual exercise we consider is a unilateral tariff that the US imposes on Chi-
nese goods. Could protective tariffs have helped ameliorate the short-run losses from China’s
growth and exchange rate peg? The specific policy experiment we analyze is a uniform tariff
rate of x% for x € [0,0.3] imposed by the United States on Chinese goods from 2000 to 2012. In
Figure 7, we highlight the effects of the tariffs on four key variables affected by the China shock:
the share of manufacturing employment, US trade deficit as a percentage of GDP, unemploy-
ment rate, and aggregate welfare in the United States. The first three indicators are measured

as their level in 2012, whereas aggregate welfare is computed using compensating variations
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Figure 7: Effect of unilateral tariffs.

relative to the realized equilibrium.

Figure 7 shows that a unilateral tariff reduces the decline in the share of manufacturing in
the short-run, reduces the deficits, and reduces the unemployment rate. The welfare-maximizing
tax rate is close to 20%, and this rate is much lower than the rate that restores full employment
or restores the balance of trade. The tariff reduces 25% of the unemployment associated with
the China shock and 10% of the realized trade deficit. The welfare gains from the tariff are
modest, about 0.04% of lifetime welfare. This is about half of the welfare costs of the China peg
(0.083%), suggesting that tariffs may help alleviate some of the welfare costs of the exchange
rate peg. In this context, while a safequard tariff helps alleviate the welfare losses from labor
market frictions, the distortionary impact of tariffs on consumption is substantial enough so
that the US government will not fully undo the distortions using tariffs. This analysis clari-
ties the quantitative relevance of the different welfare channels in the optimal tariff formula
(Equation 23).

In the second counterfactual exercise, we consider the same tariffs on Chinese exports to
the US but assume that China retaliates with a tariff of equal magnitude. The possibility of
retaliatory tariffs undoing any gains from tariffs is well understood in the trade context without

nominal rigidity and is often used as an argument for free trade agreements. How do the
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Figure 8: Effect of tariffs with retaliatory tariffs of equal magnitude

welfare effects of safeguard tariffs change when such tariffs are faced with retaliatory tariffs?

Figure 8 shows the response of the same aggregate variables for different tariff rates set by
the US, with a retaliatory tariff from China of the same magnitude. Retaliatory tariffs weaken
the effectiveness of tariffs on the manufacturing share, net exports, and unemployment. Still,
the safeguard nature remains even with retaliatory tariffs: short-run unemployment in the US
is lowered.

In the next experiment, we assess the effects of monetary policy loosening in this economy.
In the baseline equilibrium (Figure 5), we saw that aggregate unemployment increased due
to the China shock when the monetary policy was a Taylor rule targeting CPI inflation. How
much looser should monetary policy be to undo the unemployment effects, and what are the
effects of this additional discretionary monetary policy by the US? We simulate the model with
different Home monetary policy shocks €M over 2000-2012 to find é}/? that sets aggregate
unemployment to zero from 2000 to 2012, and plot the economy’s response to this monetary
policy shock.

As Figure 9 shows, to clear unemployment, the nominal interest rate needs to be lower in
2000-2012 than the rate implied by the Taylor rule by up to 2%. This restores full aggregate
employment but does not change the trade deficit or the decline in manufacturing share, con-
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Figure 9: Effect of alternative monetary policy

tirming the role of monetary policy as an aggregate, not a distributional tool. Monetary policy
loosening does not affect the trade deficit much because of the Chinese peg — if the US loosens
monetary policy, the effective interest rate in China declines, t0o0.!

In summary, we have found that a modest short-run tariff on Chinese goods in the early
2000s may help alleviate some of the labor market distortion caused by Chinese growth com-

bined with the exchange rate peg.

6 Concluding remarks

What is the role of the exchange rate regime in shaping short-to-medium-run responses to trade
shocks? The conventional trade literature sidesteps this question by focusing on flexible price
equilibrium. We use the three different angles — empirical, theoretical, and quantitative — to
revisit the effects of the China shock consistently suggest that China’s currency peg against

the US dollar is qualitatively and quantitatively pivotal in determining the labor market, trade

°lIn the Appendix, we study alternative monetary policy rules that are better suited to target unemployment
under permanent trade shocks. In a work in progress, we study optimal monetary policy rules in this environ-
ment.
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balance, and welfare response.

We have empirically documented that countries using or pegging to to the US dollar exhibit
lower real GDP, a larger decline in manufacturing, and deteriorating trade balances in response
to the China shock, compared to countries with similar China shock exposure that float to
the US dollar. Notably, the floating countries have their currency appreciate in response to a
larger exposure to the China shock, suggesting that the exchange rate operates as an adjustment
margin. We develop a simple model of wage rigidity that can explain these findings, where we
analytically characterize how exchange rate pegs interact with Foreign productivity growth to
generate trade deficits and unemployment at Home. When we calibrate the multi-sector trade
model to match the trade and sectoral reallocation data, we find that China’s peg against the
US dollar is quantitatively significant in shaping the effects of the China shock in the US trade
deficit, unemployment, and decline in manufacturing.

While we intentionally focused our analysis on the China shock and the US dollar, the
intuition of the direction of trade imbalances and labor market adjustments under exchange
rate pegs apply more broadly. The post-WWII East Asian growth stories, most notably Japan
and South Korea, involve having the currency follow the US dollar and running large trade
surpluses in the growth path. Our framework can also give a better understanding of trade
balances within the Eurozone, such as the persistent trade surplus of Germany and Ireland,
and the deficit of Greece in the Eurozone.

One aspect of the model we intentionally abstracted from is China’s policy goal. Why does
China peg the exchange rate to the US dollar by effectively overheating its economy to sup-
ply cheap goods to the world? Potential explanations missing in our model include financial
stability and an increase in investment coming from exchange rate stability, a myopic govern-
ment seeking to maximize short-run output, learning-by-doing models (where more exports
lead to productivity growth), and an increase in trade leading to technology diffusion (Perla
et al., 2021). These are all mechanisms outside the scope of our model that can rationalize an
exchange rate peg for a growing country, which we do not take a stance on.

One final direction forward is to consider heterogeneous agents in our model. In our model,
since the consumption-savings decision is made at a family level, and unemployment is only
at the intensive margin, our estimates of the losses from the exchange rate peg are underesti-
mates. With a concave utility, involuntary unemployment in the extensive margin will aggra-
vate losses for the unemployed and may have precautionary saving implications for manufac-
turing workers in the US. A model of heterogeneous agents and savings in incomplete markets
may better highlight the distributional consequences of the China shock and the China peg.
Probing this direction would further enrich our understanding of the China shock, and the role
of the exchange rate as a shock absorber.

49



References

ACEMOGLU, D., D. AUTOR, D. DORN, G. H. HANSON, AND B. PRICE (2016): “Import Compe-
tition and the Great US Employment Sag of the 2000s,” Journal of Labor Economics, 34, 141-198.

AHN, J., J. CHOI, AND I. RIVADENEYRA (2022): “Downward Nominal Wage Rigidity, Fixed
Exchange Rates, and Unemployment: The Case of Dollarization with a Binding Minimum
Wage,” Working paper.

ANDERSON, J. E. AND E. VAN WINCOOP (2003): “Gravity with Gravitas: A Solution to the
Border Puzzle,” American Economic Review, 93, 170-192.

ARTUG, E., S. CHAUDHURI, AND J. MCLAREN (2010): “Trade Shocks and Labor Adjustment:
A Structural Empirical Approach,” American Economic Review, 100, 1008-1045.

ATKIN, D., A. COSTINOT, AND M. FUKUI (2022): “Globalization and the Ladder of Develop-
ment: Pushed to the Top or Held at the Bottom?” NBER Working Paper.

AUCLERT, A., B. BARDOCZY, M. ROGNLIE, AND L. STRAUB (2021a): “Using the Sequence-
Space Jacobian to Solve and Estimate Heterogeneous-Agent Models,” Econometrica, 89, 2375—
2408.

AUCLERT, A., H. MALMBERG, F. MARTENET, AND M. ROGNLIE (2021b): “Demographics,
Wealth, and Global Imbalances in the Twenty-First Century,” Working paper.

AUCLERT, A., M. ROGNLIE, M. SOUCHIER, AND L. STRAUB (2021c): “Exchange Rates and
Monetary Policy with Heterogeneous Agents: Sizing up the Real Income Channel,” Working
paper, 28872.

AURAY, S., M. B. DEVEREUX, AND A. EYQUEM (2022): “Self-enforcing trade policy and ex-
change rate adjustment,” Journal of International Economics, 134, 103552.

(2023): “Trade Wars, Nominal Rigidities and Monetary Policy,” NBER Working Paper,
27905.

AUTOR, D. H., D. DORN, AND G. H. HANSON (2013): “The China Syndrome: Local Labor
Market Effects of Import Competition in the United States,” American Economic Review, 103,
2121-2168.

(2016): “The China Shock: Learning from Labor-Market Adjustment to Large Changes

in Trade,” Annual Review of Economics, 8, 205-240.

(2021): “On the Persistence of the China Shock,” NBER Working Paper, 29401.

BACKUS, D., E. HENRIKSEN, F. LAMBERT, AND C. TELMER (2009): “Current Account Fact and
Fiction,” NBER Working Paper, 15525.

Backus, D. K., P. J. KEHOE, AND F. E. KYDLAND (1994): “Dynamics of the Trade Balance
and the Terms of Trade: The J-Curve?” The American Economic Review, 84, 84-103, publisher:

American Economic Association.

50



BARANY, Z. L., N. COEURDACIER, AND S. GUIBAUD (2023): “Capital flows in an aging world,”
Journal of International Economics, 140, 103707.

BARATTIERI, A., M. CACCIATORE, AND F. GHIRONI (2021): “Protectionism and the business
cycle,” Journal of International Economics, 129, 103417.

BARBIERO, O., E. FARHI, G. GOPINATH, AND O. ITSKHOKI (2019): “The Macroeconomics of
Border Taxes,” NBER Macroeconomics Annual, 33, 395-457.

BARTIK, T. J. (1991): Who Benefits from State and Local Economic Development Policies?, W.E. Up-
john Institute.

BEN ZEEV, N. (2019): “Global credit supply shocks and exchange rate regimes,” Journal of
International Economics, 116, 1-32.

BENIGNO, G. AND P. BENIGNO (2003): “Price Stability in Open Economies,” The Review of
Economic Studies, 70, 743-764.

BENIGNO, G., P. BENIGNO, AND F. GHIRONI (2007): “Interest rate rules for fixed exchange rate
regimes,” Journal of Economic Dynamics and Control, 31, 2196-2211.

BERGIN, P. R. AND G. CORSETTI (2023): “The macroeconomic stabilization of tariff shocks:
What is the optimal monetary response?” Journal of International Economics, 103758.

BERNANKE, B. (2005): “FRB Speech: The Global Saving Glut and the U.S. Current Account
Deficit,” Sandridge Lecture, Virginia Association of Economists.

BEST, M. C., J. S. CLOYNE, E. ILZETZKI, AND H. J. KLEVEN (2020): “Estimating the Elasticity
of Intertemporal Substitution Using Mortgage Notches,” The Review of Economic Studies, 87,
656—690.

BHAGWATI, J. (1958): “Immiserizing Growth: A Geometrical Note,” The Review of Economic
Studies, 25, 201-205.

BOEHM, C. E., A. A. LEVCHENKO, AND N. PANDALAI-NAYAR (2023): “The Long and Short
(Run) of Trade Elasticities,” American Economic Review, 113, 861-905.

BORUSYAK, K. AND P. HULL (2023): “Non-Random Exposure to Exogenous Shocks: Theory
and Applications,” Econometrica, Forthcoming.

BORUSYAK, K., P. HULL, AND X. JARAVEL (2022): “Quasi-Experimental Shift-Share Research
Designs,” The Review of Economic Studies, 89, 181-213.

BowN, C. P. AND M. A. CROWLEY (2013): “Import protection, business cycles, and exchange
rates: Evidence from the Great Recession,” Journal of International Economics, 90, 50-64.

BroDA, C. (2001): “Coping with Terms-of-Trade Shocks: Pegs versus Floats,” The American
Economic Review, 91, 376-380.

(2004): “Terms of trade and exchange rate regimes in developing countries,” Journal of

International Economics, 63, 31-58.

51



CABALLERO, R. J., E. FARHI, AND P.-O. GOURINCHAS (2008): “An Equilibrium Model of
"Global Imbalances" and Low Interest Rates,” The American Economic Review, 98, 358-393.

(2021): “Global Imbalances and Policy Wars at the Zero Lower Bound,” The Review of
Economic Studies, 88, 2570-2621.

CACCIATORE, M. AND F. GHIRONI (2021): “Trade, unemployment, and monetary policy,” Jour-
nal of International Economics, 132, 103488.

CALIENDO, L., M. DVORKIN, AND F. PARRO (2019): “Trade and Labor Market Dynamics:
General Equilibrium Analysis of the China Trade Shock,” Econometrica, 87, 741-835.

CAMPBELL, D. L. (2020): “Relative Prices and Hysteresis: Evidence from US Manufacturing,”
European Economic Review, 129, 103474.

CARRERE, C., A. GRUJOVIC, AND F. ROBERT-NICOUD (2020): “Trade and Frictional Unem-
ployment in the Global Economy,” Journal of the European Economic Association, 18, 2869-2921.

CARRIERE-SWALLOW, Y., N. E. MAGUD, AND J. F. YEPEZ (2021): “Exchange Rate Flexibility,
the Real Exchange Rate, and Adjustment to Terms-of-trade Shocks,” Review of International
Economics, 29, 439-483.

CHAHROUR, R., V. CORMUN, P. D. LEO, P. GUERRON-QUINTANA, AND R. VALCHEV (2023):
“Exchange Rate Disconnect Revisited,” Working Paper.

COLE, H. L. AND M. OBSTFELD (1991): “Commodity trade and international risk sharing;:
How much do financial markets matter?” Journal of Monetary Economics, 28, 3-24.

CORSETTI, G., L. DEDOLA, AND S. LEDUC (2010): “Chapter 16 - Optimal Monetary Policy in
Open Economies,” in Handbook of Monetary Economics, ed. by B. M. Friedman and M. Wood-
ford, Elsevier, vol. 3, 861-933.

COSTINOT, A. AND A. RODRIGUEZ-CLARE (2014): “Chapter 4 - Trade Theory with Numbers:
Quantifying the Consequences of Globalization,” in Handbook of International Economics, ed.
by G. Gopinath, E. Helpman, and K. Rogoff, Elsevier, vol. 4 of Handbook of International Eco-
nomics, 197-261.

COSTINOT, A., M. SARVIMAKI, AND J. VOGEL (2022): “Exposure(s) to Trade and Earnings
Dynamics: Evidence from the Collapse of Finnish-Soviet Trade,” Working Paper.

DARVAS, Z. (2012): “Real effective exchange rates for 178 countries- a new database,” Bruegel
Working Papers.

(2021): “Timely measurement of real effective exchange rates,” Bruegel Working Papers.

DEKLE, R., J. EATON, AND S. KORTUM (2007): “Unbalanced Trade,” American Economic Review,
97, 351-355.

DELPEUCH, S., E. FIZE, AND P. MARTIN (2021): “Trade Imbalances and the Rise of Protection-
ism,” Working paper.

52



DEVEREUX, M. B. AND C. ENGEL (2003): “Monetary Policy in the Open Economy Revisited:
Price Setting and Exchange-Rate Flexibility,” The Review of Economic Studies, 70, 765-783.

Di1x-CARNEIRO, R. (2014): “Trade Liberalization and Labor Market Dynamics,” Econometrica,
82, 825-885.

D1x-CARNEIRO, R. AND B. K. KOVAK (2017): “Trade Liberalization and Regional Dynamics,”
American Economic Review, 107, 2908-2946.

Dix-CARNEIRO, R., J. P. PESSOA, R. REYES-HEROLES, AND S. TRAIBERMAN (2023): “Global-
ization, Trade Imbalances, and Labor Market Adjustment,” The Quarterly Journal of Economics,
138, 1109-1171.

DORNBUSCH, R. (1976): “Expectations and Exchange Rate Dynamics,” Journal of Political Econ-
omy, 84, 1161-1176, publisher: University of Chicago Press.

EDWARDS, S. AND E. LEVY YEYATI (2005): “Flexible exchange rates as shock absorbers,” Euro-
pean Economic Review, 49, 2079-2105.

ERCEG, C., A. PRESTIPINO, AND A. RAFFO (2018): “The Macroeconomic Effects of Trade Pol-
icy,” International Finance Discussion Paper.

ERCEG, C. J., D. W. HENDERSON, AND A. T. LEVIN (2000): “Optimal monetary policy with
staggered wage and price contracts,” Journal of Monetary Economics, 46, 281-313.

FADINGER, H., P. HERKENHOFF, AND J. SCHYMIK (2023): “Quantifying the Germany Shock:
Structural Reforms and Spillovers in a Currency Union,” Working Paper.

Faia, E. AND T. MONACELLI (2008): “Optimal Monetary Policy in a Small Open Economy
with Home Bias,” Journal of Money, Credit and Banking, 40, 721-750.

FARHI, E., G. GOPINATH, AND O. ITSKHOKI (2014): “Fiscal Devaluations,” The Review of Eco-
nomic Studies, 81, 725-760.

FARHI, E. AND I. WERNING (2017): “Fiscal Unions,” American Economic Review, 107, 3788-3834.

FEDERAL RESERVE BOARD (2005): “Monetary Policy and the Economic Outlook,” 92nd Annual
Report: Monetary Policy and Economic Developments.

FEENSTRA, R. C., R. E. LIPSEY, H. DENG, A. C. MA, AND H. MO (2005): “World Trade Flows:
1962-2000,” NBER Working Paper.

FEENSTRA, R. C., P. LUCK, M. OBSTFELD, AND K. N. RUSS (2018): “In Search of the Armington
Elasticity,” The Review of Economics and Statistics, 100, 135-150.

FRIEDMAN, M. (1953): “The Case for Flexible Exchange Rates,” in Essays in Positive Economics,
University of Chicago Press, 157-203.

Fukul, M., E. NAKAMURA, AND J. STEINSSON (2023): “The Macroeconomic Consequences
of Exchange Rate Depreciations,” Working Paper 31279, National Bureau of Economic Re-
search.

53



GABAIX, X. AND M. MAGGIORI (2015): “International Liquidity and Exchange Rate Dynam-
ics,” The Quarterly Journal of Economics, 130, 1369-1420.

GALIf, J. AND T. MONACELLI (2005): “Monetary Policy and Exchange Rate Volatility in a Small
Open Economy,” The Review of Economic Studies, 72, 707-734.

(2008): “Optimal monetary and fiscal policy in a currency union,” Journal of International
Economics, 76, 116—-132.

GALLE, S., A. RODRIGUEZ-CLARE, AND M. YI (2023): “Slicing the Pie: Quantifying the Ag-
gregate and Distributional Effects of Trade,” The Review of Economic Studies, 90, 331-375.

GHIRONI, F. P. (2000): “Towards New Open Economy Macroeconometrics,” SSRN Electronic
Journal.

GOLDSMITH-PINKHAM, P., I. SORKIN, AND H. SWIFT (2020): “Bartik Instruments: What,
When, Why, and How,” American Economic Review, 110, 2586-2624.

GOPINATH, G., E. Boz, C. Casas, F. J. DAEZ, P.-O. GOURINCHAS, AND M. PLAGBORG-
MAZLLER (2020): “Dominant Currency Paradigm,” American Economic Review, 110, 677-719.

GOURINCHAS, P.-O. AND H. REY (2014): “External Adjustment, Global Imbalances, Valua-

tion Effects,” in Handbook of International Economics, ed. by G. Gopinath, E. Helpman, and
K. Rogoft, Elsevier, vol. 4, 585-645.

GRAAFF, J. D. V. (1949): “On Optimum Tariff Structures,” The Review of Economic Studies, 17,
47-59.

GROS, D. (1987): “A note on the optimal tariff, retaliation and the welfare loss from tariff wars
in a framework with intra-industry trade,” Journal of International Economics, 23, 357-367.

HAGEDORN, M. (2021): “An Equilibrium Theory of Nominal Exchange Rates,” Working Paper.

HALL, R. E. (1988): “Intertemporal Substitution in Consumption,” Journal of Political Economy,
96, 339-357, publisher: University of Chicago Press.

HANDLEY, K. AND N. LIMAO (2017): “Policy Uncertainty, Trade, and Welfare: Theory and
Evidence for China and the United States,” American Economic Review, 107, 2731-2783.

HAssaN, T. A., T. M. MERTENS, AND T. ZHANG (2022): “A Risk-based Theory of Exchange
Rate Stabilization,” The Review of Economic Studies, 90, 879-911.

HAZELL, ]., J]. HERRENO, E. NAKAMURA, AND J. STEINSSON (2022): “The Slope of the Phillips
Curve: Evidence from U.S. States,” The Quarterly Journal of Economics, 137, 1299-1344.

HEAD, K. AND T. MAYER (2014): “Chapter 3 - Gravity Equations: Workhorse,Toolkit, and
Cookbook,” in Handbook of International Economics, ed. by G. Gopinath, E. Helpman, and
K. Rogoff, Elsevier, vol. 4 of Handbook of International Economics, 131-195.

HsIEH, C.-T. AND R. OssA (2016): “A global view of productivity growth in China,” Journal of
International Economics, 102, 209-224.

54



ILZETZKI, E., C. M. REINHART, AND K. S. ROGOFF (2019): “Exchange Arrangements Entering
the Twenty-First Century: Which Anchor will Hold?” The Quarterly Journal of Economics, 134,
599-646.

IMBS, J. AND I. MEJEAN (2017): “Trade Elasticities,” Review of International Economics, 25, 383~
402.

ITSKHOKI, O. AND D. MUKHIN (2021a): “Exchange Rate Disconnect in General Equilibrium,”
Journal of Political Economy, 129, 2183-2232.

(2021b): “Mussa Puzzle Redux,” NBER Working Paper, 28950.

JEANNE, O. (2020): “Currency Wars, Trade Wars, and Global Demand,” Working Paper.

JIN, K. (2012): “Industrial Structure and Capital Flows,” American Economic Review, 102, 2111-
2146.

KAREKEN, J. AND N. WALLACE (1981): “On the Indeterminacy of Equilibrium Exchange
Rates,” The Quarterly Journal of Economics, 96, 207222, publisher: Oxford University Press.

KEHOE, T. J., K. J. RUHL, AND J. B. STEINBERG (2018): “Global Imbalances and Structural
Change in the United States,” Journal of Political Economy, 126, 761-796.

KM, R. AND J. VOGEL (2020): “Trade and Welfare (Across Local Labor Markets),” NBER Work-
ing Paper, 27133.

(2021): “Trade Shocks and Labor Market Adjustment,” American Economic Review: In-
sights, 3, 115-130.

KoOURi, P. J. K. (1976): “The Exchange Rate and the Balance of Payments in the Short Run and
in the Long Run: A Monetary Approach,” The Scandinavian Journal of Economics, 78, 280-304.

KROEBER, A. R. (2014): “New Rules of the Game for China’s Renminbi,” Brookings Institute
Commentary.

LINDE, J. AND A. PESCATORI (2019): “The macroeconomic effects of trade tariffs: Revisiting
the Lerner symmetry result,” Journal of International Money and Finance, 95, 52—69.

LOMBARDO, G. AND F. RAVENNA (2014): “Openness and optimal monetary policy,” Journal of
International Economics, 93, 153-172.

McKAY, A., E. NAKAMURA, AND J. STEINSSON (2016): “The Power of Forward Guidance
Revisited,” American Economic Review, 106, 3133-3158.

MEADE, J. E. (1951): The Balance of Payments, Oxford University Press.

MEESE, R. A. AND K. ROGOFF (1983): “Empirical exchange rate models of the seventies: Do
they fit out of sample?” Journal of International Economics, 14, 3-24.

MENDOZA, E., V. QUADRINI, AND ].-V. RiOS-RULL (2009): “Financial Integration, Financial
Development, and Global Imbalances,” Journal of Political Economy, 117, 371-416.

MORTENSEN, D. T. AND C. A. PISSARIDES (1994): “Job Creation and Job Destruction in the

55



Theory of Unemployment,” The Review of Economic Studies, 61, 397—415.

MussA, M. (1986): “Nominal exchange rate regimes and the behavior of real exchange rates:
Evidence and implications,” Carnegie-Rochester Conference Series on Public Policy, 25, 117-214.

OBSTFELD, M. AND K. ROGOFF (1995): “Chapter 34: The Intertemporal Approach to the Cur-
rent Account,” in Handbook of International Economics, Elsevier, vol. 3, 1731-1799.

OBSTFELD, M. AND K. S. ROGOFF (2005): “Global Current Account Imbalances and Exchange
Rate Adjustments,” Brookings Papers on Economic Activity, 36, 67-146.

PERLA, J., C. TONETTI, AND M. E. WAUGH (2021): “Equilibrium Technology Diffusion, Trade,
and Growth,” American Economic Review, 111, 73-128.

PETERMAN, W. B. (2016): “Reconciling Micro and Macro Estimates of the Frisch Labor Supply
Elasticity,” Economic Inquiry, 54, 100-120.

PIERCE, J. R. AND P. K. SCHOTT (2016): “The Surprisingly Swift Decline of US Manufacturing
Employment,” American Economic Review, 106, 1632-1662.

REDDING, S. J. (2022): “Chapter 3: Trade and Geography,” in Handbook of International Eco-
nomics, ed. by G. Gopinath, E. Helpman, and K. Rogoff, Elsevier, vol. 5, 147-217.

RODRIGUEZ-CLARE, A., M. ULATE, AND J. P. VASQUEZ (2022): “Trade with Nominal Rigidi-
ties: Understanding the Unemployment and Welfare Effects of the China Shock,” NBER
Working Paper, 27905.

SCHMITT-GROHE, S. AND M. URIBE (2003): “Closing small open economy models,” Journal of
International Economics, 61, 163-185.

(2016): “Downward Nominal Wage Rigidity, Currency Pegs, and Involuntary Unem-
ployment,” Journal of Political Economy, 124, 1466-1514.

TAYLOR, J. B. (1993): “Discretion versus policy rules in practice,” Carnegie-Rochester Conference
Series on Public Policy, 39, 195-214.

TETI, F. A. (2023): “Missing Tariffs, False Imputation, and the Trade Elasticity,” Working Paper.

TIMMER, M. P., E. DIETZENBACHER, B. LOS, R. STEHRER, AND G. J. DE VRIES (2015): “An
Ilustrated User Guide to the World Input-Output Database: the Case of Global Automotive
Production,” Review of International Economics, 23, 575-605.

56



Appendix

The Appendix contains three sections. Section A supplements Section 2, describing the data
and justification for identification based on shock exogeneity of the shift-share instrument.
Section B supplements Section 3, laying out the proofs for the propositions. Section C sup-
plements Section 4, deriving key equations of the quantitative model. Robustness tests, details
on the sectoral trade data, calibration procedure and solution algorithm are provided in the
Online Supplement.

* Click here for the latest version of the main text and the Appendix.

* Click here for the Online supplement.

A Empirical Appendix
A.1 Description of Data

Table A.1: Ilzetzki et al. (2019)’s Exchange Rate Classification

Fine Coarse Description Example

1 1 No separate legal tender Eurozone, Cameroon

2 1 Pre-announced peg Argentina, Malaysia

3 1 Pre-announced horizontal band < +2% N/A

4 1 De facto peg China, Egypt, Saudi Arabia
5 2 Pre-announced crawling peg; band < £1% Nicaragua

6 2 Pre-announced crawling band < +2% Sweden, Venezuela

7 2 De facto crawling peg Russia, Vietnam

8 2 De facto crawling band < 2% Iceland, Canada

9 3 Pre-announced crawling band > +2% Hungary, Sri Lanka

10 3 De facto crawling band < 5% Paraguay, Turkey

1 3 Moving band < £2% Korea, Thailand

123 Managed floating Brazil, Mexico, United Kingdom
13 4 Freely floating Japan, United Stats

14 5 Freely falling Congo, Zimbabwe

15 6 Dual market with missing data Afghanistan, Myanmar

Note: The table lists the fine and coarse exchange rate regime classification of Ilzetzki et al. (2019). < stands for
‘narrower than’, and > stands for ‘'wider than’, and denotes the size of the (horizontal, crawling, moving) band.
The last column lists some example countries that was classified as that regime as of June 2000.
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Table A.2: Summary statistics for pegs and floats

Variable Pegs Floats Diff
log(population) 1.512 1.677 -0.689*
(2.341) (1.512) (0.372)
log(GDP per capita) 8.421 8.562 -0.141
(1.374) (1.628) (0.283)
MEFG share (%) 11.414 14213  -2.798*
(6.428) (7.692) (1.394)
export (% GDP) 27.977 29.419 -1.442
(26.995)  (22.065)  (4.561)
import (% GDP) 39.598 34.523 5.075
(24.433)  (18.492)  (4.001)
NFA / GDP -0.336 -0.106 -0.230
(1.097) (1.262) (0.221)
CPI inflation 0.0437 0.0346 0.00910

(0.0562)  (0.0315)  (0.00903)
unemployment rate  0.0870 0.1016  -0.0285**
(0.0504)  (0.0871)  (0.0135)

S; (china shock) 0.03493  0.04115 -0.00621
(0.03022) (0.03885) (0.00643)
No. of obs 56 63

Note: The first two columns report summary statistics for pegging countries and floating countries, with standard
deviation in parentheses. The third column reports regression coefficients for regressions of the characteristics on
a dummy variable for whether the country’s currency is pegged to the US dollar, with the dependent variables on
the left, with standard errors for the coefficients in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Figure A.1: Average responses to the China shock across countries.



A.2 Additional results

Nominal ER

Nominal ER
2 4 6

0

Figure A.2: Average responses to the China shock across countries.

Note. The figure plots the double-difference regression result of the exchange rate against the China shock across
all countries. The shaded area is the 95% confidence band for each local projection regression. The red dashed line
indicates the beginning of the China shock (2000) and the green the end of the China shock (2012). On average

countries’ currencies depreciate in response to higher exposure to the China shock; the latter figure shows that the
effect is completely driven by floaters.
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Figure A.3: Average responses to the China shock across countries.

Note. The plotted coefficient By is the average response to the China shock, without taking into account the
heterogeneity in exchange rates: this is the ‘double-difference’ equivalent of Figure 3. As we see, the heterogeneity
in exchange rate regime masks the true effect of the China shock. The shaded area is the 95% confidence band
for each local projection. The red dashed line indicates t = 2000, the start of the China shock and the green line
t = 2012, the end of the China shock.
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Figure A.4: Differential response of the China shock.

Note. This regression plots the coefficient for the subset of countries where currency is pegged versus floated
against the US dollar respectively. The shaded area is the 95% confidence band for each local projection regression.
The red dashed line indicates t = 2000, the start of the China shock and the green line t = 2012, the end of the
China shock. The figures show that the nominal exchange rate for floaters appreciated, and for floaters, higher
exposure to the China hsock did not affect manufacturing output, unemployment, or net exports (red lines); in
sharp contrast, greater exposure to Chinese export led to lower manufacturing output, a temporary increase in
unemployment, and larger trade deficits for pegging countries (blue lines).
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A.3 Causal identification and inference

In this subsection, we discuss the identification and inference properties of our shift-share in-
strument, in relation to recent literature on such instruments (Borusyak et al., 2022; Borusyak
and Hull, 2023).

Borusyak et al. (2022) (henceforth BHJ) derive sufficient conditions for causal identification
in empirical setups that measure the exposure of a shock through a ‘shift-share’, or an average
of a set of shocks with exposure share weights. Their sufficient condition is in terms of a quasi-
random assignment of the shocks: in our context, the ‘shock’, or the growth in global Chinese
exports Alog E¢. is as good as random conditional on the exposure shares s;. This holds if the
shares are exogenous (Goldsmith-Pinkham et al., 2020), or if the large-sample covariance be-
tween the export shocks ¢¢ and the unobserved shocks €, in the regression equation (Equation
3) is zero. Our preferred interpretation is the latter, following the China shock literature Autor
et al. (2013, 2021), henceforth ADH); as highlighted in BH]J, it is a priori implausible that the
2000 industry shares A} are uncorrelated with the errors €;, as the latter will capture unob-
served industry-level shocks. As such, we interpret our empirical strategy as assuming shift
exogeneity, rather than share exogeneity.

ADH studies variation within US across commuting zones, and uses Chinese export surge
into other developed countries as instruments to purge US-specific demand shocks that may
bias their results, adding support to their a priori justification of shift exogeneity. This is un-
available for us, as we study global surge in Chinese exports. However, if there is an unob-
served global demand shock towards Chinese goods, either (1) one may interpret this as a part
of the ‘China shock’, or (2) this demand shock violates the exogeneity condition of the ADH
instrument. As such, while our analysis is reduced-form, we believe that there is a priori justi-
tication for ‘global surge in Chinese exports’ in each sector being as-good-as-random.

With this in mind, we follow the framework of BH] to test for the validity and robustness

of our exposure measure.

A.3.1 Industry shocks and exposure measures

For the shift-share exposure measure to be valid under the shock exogeneity assumption, it is
sufficient to have that g is as good as random conditional on the shares A} (Assumption 1 of
BH]J). Moreover, for the measured coefficient to be consistent, we need the effective sample size
1/E[¥5(A%)?] to be large enough (Assumption 2 of BH]J). Following BHJ, we summarize the
distribution of the shocks ¢¢- and the industry-level weights A* « }; A? (normalized to add up
to one).

Table A.3 reports summary statistics for the shocks and the shares.”?. The distribution of

the shock is quite regular, with the average of 1.757, a standard deviation of 1.525, and an

52This table is the analogue of Table 1 in BH]J.
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Table A.3: Shock and share summary statistics

Mean 1.757
Standard deviation 1.525
Interquartile range 1.596
Effective sample size (1/HHI) 24.38
Largest A* weight 0.189
2nd largest A* weight 0.022
Effective sample size, SITC3 18.44
Largest A°, SITC3 0.214
2nd largest A°, SITC3 0.027
No. of shocks (SITC4 industries) 782

No. of SITC3 groups 237

Note: The table summarizes the global China export shock g across sectors s.

interquartile range of 1.596. Figure A.5 shows the histogram of the shocks ¢¢- and a Q-Q plot
of the realized distribution against the quantile of the normal distribution (using the gnorm
command of Stata) shows that the distribution is close to normal, which adds support to the
shock exogeneity assumption. The inverse HHI — the “effective sample size" according to BHJ
— is 24.38. This is smaller than the sample size in BHJ (191.6, 58.4 when acoross SIC3 groups),
and the main cause is that some countries in our sample have high concentration in petroleum
and crude oil products (code 3330, share 18.9%). Thus we have suggestive evidence that the
shocks are as good as random, and the effective sample size is reasonable for causal inference.

Besides these conditions, Assumption 2 of BHJ require the shocks to be sufficiently mu-
tually uncorrelated. BH] recommend analyzing the correlation patterns of shocks across the
industries using available industry classifications. Following their methodology, we compute
intra-class correlation coefficients (ICCs) of shocks within different industry groups. We use a

random effects model with nested random effects:

gsC =u+ Asitcl(s) + bsith(s) + Csitc3(s) +€s (A.1)

where ag;01(5), bsitca(s)r Csitea(s) Tespecitvely denote random effects generated by the SITC 1-digit
sectors, 2-digit sectors, and 3-digit sectors respectively. We estimate Equation A.1 as a hierar-
chical linear model with maximum likelihood assuming Gaussian residuals. Table A.4 reports
the results from this mixed linear model; there is moderate clustering of shock residuals at each
level of the SITC (0.225, 0.193, 0.281), but the residual component at the 4-digit level is largest.
This supports the assumption that shocks are sufficiently mutually uncorrelated.
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Figure A.5: Distribution of global China export shock g¢-

Estimate SE

SITC 1-digit 0.225  (0.142)
SITC 2-digit 0.193  (0.087)
SITC 3-digit 0.281  (0.089)
4-digit (residual) 1.594 (0.096)
No. of SITC1 groups 10
No. of SITC2 groups 69
No. of SITC3 groups 237

No. of shocks (SITC4 industries) 782

Table A.4: China export shock intra-class correlations

Note: This table reports intra-class correlation coefficients for the ¢Z- China exprot shocks in Section 2, estimated
from the hierarchical model (Equation A.1).

A.3.2 Non-random exposure

Next, we purge bias coming from non-random exposure to shocks, following Borusyak and
Hull (2023). If some countries structurally have higher exposure to the quasi-random China
shock because they have higher shares A?, this will create a bias in the regression coefficient;
notably, in our example, if pegged countries structurally have higher (lower) shares, the esti-
mated effect of the interaction term will be biased upwards (downwards). This is econometri-
cally equivalent to the ‘incomplete shares’ issue raised in BHJ; even if the DGP for the shocks
Alog E¢ is truly random, if some countries have structurally high exposure shares A2, the re-
gression coefficients will be biased.

In this subsection, we briefly explain our implied DGP, and how using } ; A} is equivalent
to the re-centering instrument. We assume that the shocks ¢ = ¢ come from a distribution G

with mean E[g] = ), ‘%SC. In this case, countries with higher } ; A? is going to have a higher
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expected exposure E[A?¢7] conditional on the DGP, and this is going to bias our regression which
seeks to evaluate the effect of causal higher ¢ on outcomes. Borusyak and Hull (2023) show
that ‘re-centering’” the exposure S; = ) ; A{¢¢ by instrumenting S; with

Si=Y Mgt —E[LAi%Ig € Gl,
S
or alternatively controlling for E[} s A7¢°|¢° € G] in the regressions is sufficient to purge this
bias. But in linear shift-share settings such as ours under conditional exogeneity of the shock,

we have

E[} Aig°lg® € Gl = Y _AE[$°],

so this is equivalent to controlling for } ; A7 in the regression; this is exactly the solution for
the ‘incomplete shares” problem in Borusyak et al. (2022). Since we control for ) s A} in our
regressions, this is sufficient to purge the bias coming from non-random exposure.
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B Proofs of propositions

B.1 Proofs for Subsection 3.3

In this section I prove the Propositions in Section 3.3. In the equilibrium under the exchange
rate peg, I assume without loss of generality that ¢ = 1. I first highlight a number of properties

of the laissez-faire equilibrium that I extensively use in the proof.

Lemma B.1. Denote by w; = ZZ”U—I;: the relative wage of Home at period t € {0,1}. The following
properties hold:

(a) The real wage and expenditure share Ajy depend on {wy;, wr; } only through wy.
(b) Home real wage ZP”—IIj: increases in wy, while Foreign real wage decreases in w;.

(c) Expenditure share for Home goods Ayj; is a decreasing function of wi; Apjy = 1 — Ayj is an

increasing function of wy
(d) Home relative wage is higher in period 0: wy > wy.

wHO WH1
(e) The real wage of Home is higher in period 0: > o

(f) Relative inflation is higher at Foreign. If we define 11; = Py We have T > 7TH.
Proof.  (a) We have

WHt WHt _ Wit
Put (Pl 4 PRV =) ((wpe/ Ann) =0 + (wre/ App )=o)/ (120)
1

(1/ App)t= + (wi/ Apg) =)/ (1=0)

and analogously for wr;/ Pr;. Likewise, we have

1
A PH]ta . 1 o 1
Hjt = 51— ¢ 1-¢c wr/ Ap;i o 1 /AHi\1_
Priji + Prje Ut (rag) ™7 T (@) M)

and Apjy = 1 — Ayj. In general, the real wage and expenditure share are functions of wy
for any homothetic aggregator of Home and Foreign goods C; = C;(Cpjy, Cjt)-

(b) By inspection of the previous formula, we see that when ¢ > 1, wa is increasing in wy.

(c) Likewise, when ¢ > 1, Ayj; is decreasing in w;.
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(d) Denote by w*({A;;}) the Home relative wage under a static, flexible-price economy under
productivity {A;;}; ic{n,r}, which can be solved by the trade balance equation:
L H A HF (w* )
ArgwyLly = Agrwrplp = w'— = ———<%
FHWHLH HFWEFLF Lr  Ar(w?)
Now since L i is increasing in %, the left-hand side is increasing in w* while the right-hand

side is decreasing in w*. Thus there is a unique w*.

Consider the trade shock that increases Ar. Since App is increasing in Ar, Ary is de-
creasing in Ar, we have that a higher Ar decreases the right-hand side. Thus to satisfy

equality, an increase in Ar must be accompanied by a decrease in w*.

We assumed that Home relative wage wy is rigid at wp = w*({Ajj,—1}). Given an increase
in Ap, wo = w*({Ajj,-1}) > w*({Aijp}) - Now, if we assumed for sake of contradiction
that w; > wp > w*({Ajjo}) = wf, we would have

Wi L (wr) > Ar(wr) fort =0,1

Lr(wy) = Apm(wi)

but this would break the lifetime trade balance condition — Home’s relative wage is too

high in both periods, so Home cannot balance the lifetime budget. Thus we have wy > wj.

(e) This follows from 2 and 5.

(f) We have
— _ _ A _ A _
(@)1 ? _ Phg+Phl _ (wm )+ (F)
Pri Pir; + Perf (w gEE)1=7 +1
ApgA 1—
_ (AHF 104 (Zipaz;) ~—1
= (IR 4+ e )

. AppA . . .
Since ¢ > 1 and ﬁ > 1 (Home bias, equivalently trytyr > ;), the;ast expression is
decreasing in w;. Then since wy > wj and again ¢ > 1, we have % > % Rearranging,
we get 7tp > 7y.

O

Using these properties, we prove the propositions.
Proposition 1. In the pegged equilibrium, in response to a trade shock (Apy 1), Home runs a trade

deficit (B < 0). Moreover, if Home monetary policy does not respond (Ry; = %), then there is
involuntary unemployment at Home (ypo < 0).
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Proof. For the first part (Bg; < 0), note that Home borrows in the short-run if the following
inequalities hold:

AaroProCro < ArpoPHoChHo and  App1PriCri > AppiPri Chy, (B.1)
————— N——— N——— —————
t=0 Home exports t=0 Home imports t=1 Home exports t=1 Home imports

Invert the second inequality and multiply with the first to have

Auro ProCro  ArHo ProCHo
Aur1 PriCr1 Armp Pa1Chr

Rearrange to have:
Arro/Aur1 _ 7tr Cro/CHi

— B.2
Arro/Arm 7H Cro/Cr1 (B.2)

where 71; = PL; denote inflation in country j. Note that if B; > 0, both inequalities are flipped
J

in Inequality B.1, so we have the exact opposite inequality, so Inequality B.2 is a necessary and

sufficient condition for Home borrowing. Since both countries face the same nominal interest

rate under a peg, we have

.—1/7: 1 l ._1/’)/ &: 1 N—11—r
o7 = B+ > B+

Use this to rewrite Inequality B.2 as

Arro/Anr1 _ (TENT o By < 0
ApH0/AFH1  TTH
(Note that the left-hand-side is the first ‘variation in terms-of-trade across time’ governed by
o, while the right-hand-side is the second ‘home bias and relative prices” governed by 7, as
described in the main text.)
With the CES parametric assumption, we may rewrite the expenditure shares A;; as

AHFO _ (Piiro/ Pro ) _ loo(LHOy1—

Aupr (PLS/PLO) T twm

AFHO _ (P;Ijlg/Pll-IBU) _ 1—0(@)1—0

Aem (PR /PE) T H Cwp
Hence,

Auro/AHFL _ ( TTF\1-¢ WHO/WH1\1 ¢

ArHo/AFH1  TTH wWro/ WE1
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This is smaller than [;—;]1_7 if and only if

(JEyi-o WHO/WH1 \1-0 _ TE Y1y
TH Wro/ Wr1 Ty
WHo/ WH1 -0 (E)U—'y

& (
wWro/ WEy TTH

We have that the left-hand side is less than 1 by ¢ > 1 and part (d) of Lemma B.1. We have
that the right-hand side is greater than 1 by ¢ > < and part (f) of Lemma B.1. Thus we have
RHS > 1> LHS.

For the second part (4o < 0 when Ryg = 1/f), we first have

w
v'(Lin) = 1/ (Cpp) PHl
H1

From part (e) of Lemma B.1, we have {10 > Tl At the same time, we have u'(Cy1) = u'(Chyo)

with Ry = 3' Thus, if we can show Ly > L Ho, we have

w
pro = v'(Lio) — u (CHO)P—HO <V (Ly1) — u'(Cn) PHl =0
HO H1
We proceed to show Ly > Lpo. Goods market clearing condition is Ly = THgCHH: +

BHo ~ %Hi , we have Cygo < Cymi-

THFCHFt/ and since CHl CHO and )\HHO < AHHl by Wro Wr

Moreover, with o > 1 and ¢ > 7, we have

Pero \ — Prro —
CHFO o (%) UCFO _ (%) 7 (‘3(14- )PFO)
CHF1 (I;H—;ll)—‘fcpl (I;H—;ll)—‘f Ppy
P _
U Para
Prri\
(FE)=7  Pro P
_ (PHPO@ —y _ (WHO PH1y
Pyr1 Pho w1 Pho

where we have the intermediate inequality because (P pt/ Plﬁfl 1) > 1 (which follow from wgy >
w1)and ¢ > 7, and the last inequality from part (e) of Lemma B.1. Thus we have Cypo < Cyp
and Cyrg < Cyr1, 80 Lyo < Ly, and we obtain UHo < 0. [

For the next proposition, we first prove that deficits hurt future terms-of-trade.

Lemma B.2. Suppose Home borrows more in real terms, so that g—llﬁ decreases. Then % falls: Home
future relative wage worsens as a result of Home borrowing.
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Proof. The goods market clearing condition for Home goods at t = 1 can be rewritten as

w1 Ly = Agm (W Ly + B) + Agrei(wriLpr — Brn)

Rearranging this equation and writing everything in terms of Sy = 7 and b = 7, we may

write
b 1Lk b
1= 14 2 i i S
A (14 LH1)+/\HF(5 L LHl)
AHH — AgF 1Lp
_ | = 1 — — _—
b| I ] AHH /\HF(SLH)

We have a)‘a%, a/\a—fg“ < 0 (Home better terms-of-trade <= Home goods more expensive),
aaL—SH > 0, % < 0 (Home better TOT <= Home workers have better real wage, want to work
more). Then the RHS is increasing in S. Moreover, from home bias we have Ay +App > 1 —
AgH > AHF, so the coefficient on b is positive. Thus g—g > 0; then g—i = E,lj > 0 so running more
debt (b |) will lead to worsening terms of trade S |. ” O

Proposition 2. In the equilibrium where policy does not respond (Ry; = % ), the effect of a small
increase of Ary on Home welfare Uy is ambiguous, and depends on o. For small changes in €4 =
Argo — Apg—1, we have that:

* When o — 1, we have Home welfare increases as a result of the Foreign shock: d’%’; >0.
* When o — oo, we have Home welfare decreases as a result of the Foreign shock: dﬁ% <0

Proof. We first derive the first-order welfare equation 21:

ddy ' (Cho) dPrHo dLg Bu'(Crr1) dPyF1 dPrm
= — CrHo + Mo + [CHF1 — Crm ]
dArH Pro dArH dArH Py dArH dArH
. ~~ ~/ N’ \ ~~
cheap goods labor wedge terms of trade at =1
Home agent’s lifetime utility is
Uy = U(Crro, Crao, Can1, CrH1, Lo, La)
and is subject to the lifetime budget constraint
1 1
PyroChHO + PrHoCEHO + — (Pur1CHH1 + PraiCrat) = wHoLpo + —wy1Ly
1+ig; 1+im
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Invoking the Envelope theorem, the first-order effect of Ar on Uy can be written as

AUy 1 dU dCiyyy & dU dLpy

— +y 2=
dAfry dCigt dAry t_ZOdLHt dAFH

(B.3)
t=0ic{H,F}

If we denote by A the Lagrange multiplier on the lifetime budget constraint, we have:

du A du A

au
= —Pim, —— = ———
dCimn 1+im dLm 1+im

dCiro

= AP;no, WH1

while we may have ddL_go + —Awpo because households do not choose Lp: in fact, we have

au - u'(C
Jr.- T AwWH = —v'(Lpo) + ED HO)wHO = —Ho
HO HO
Plugging these into Equation B.3, we get
didy 5 dCi1 | Pim1 dCipo dLyo w1 dLp dLo
=A P; : —w — _ —
dAry ie{%}( HUGAr T 1+ dAF )~ wHo dArg  1+imdAm | "dAm
(B.4)
Now, if we take the derivative of the budget constraint, we have
dCio | Pim dCim dLpo 1 dLp
P; ne L —w — —w
iE{%F} < iHO dAp 1+ig dAr HOdAFH 14+im HldAFH
dPio | Cim dP'Hl) dwho Ly dwp
= - Cito— ————— | +L + —
ie{%ll,l-"} ( iHO dAF 1+1H1 dAF HOdAl:H 1—|—1H1 dAFH
— Cpn dPrho Cimp dPim | Lm dwm
OdAFH 1+4iy; dAF 14+ iy dAry

ie{H,F}

where the last expression follows from the fact that wgy is fixed, so we have g;f’f}g = %{ﬁf =0.
Now to further simplify the last term — } iy 1%?1;1 dfﬂl 15;?}51 g;f’f; , we note that the Home

goods market clearing condition in period 1 is

1 THF1
Loy — — i
H1 QHCHHI + e CHr1
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and Py = wy1/ Ay so APy = LHdel. From this, we can rewrite

dPim dwgr dPHm dPrm 1 THF1 dwp
ie{;F} Cimt JAr + L DA CHH1 IAr CrH1 TArn + (AH Chym1 + A CHFl)dAFH
dPry1 | THF dwp
CrH1 TAr + AL CHF1 JAr
B dPrm APy
= —Crm IA Crr1 JA;
Substitute everything into Equation B.4 to obtain
AU ~ dPrrio dLy A dPxr dPrin
= —ACrgo—— — + —(C - C B.5
AArr FHO 2 VodAFH Tr ZHl( HFU g~ CFHl dAFH) (B.5)

w'(Cho) _ B(+ip)u'(Cr)
Pro Py
The terms have natural interpretations:

and we substitute in A = to obatin Equation 21.

* The first term, _ZCFHO% correspond to utility gains from cheaper consumption at

t = 0. As Ar increases, lef 11 takes on a negative value, so the utility increases.

¢ The second term —jp dilfH is the labor wedge at t = 0. Labor is away from where the

consumer wants to supply it. As a result of a higher Ar we have ¢y < 0 (from Proposition

1) and dLg < 0, so there is a loss in welfare.

¢ The third term Cypp Zi’;ﬁ — Crm fli% FH; can be interpreted as the terms-of-trade in t =

1; it pins down how much total revenue changes from an additional import versus an

additional export, multiplied by the marginal utility of a dollar at ¢+ = 1. This is affected
by both the permanent increase in Ar and the trade imbalance that is incurred that affects

future terms-of-trade (Lemma B.2).

Now we can prove the proposition. Consider a small shock that increases Ar — Ar + €.

When ¢ — 1, we know that pp — 0, and By; — 0. (This is known from Cole and Obstfeld
(1991), but we can directly inspect the proof of Proposition 1 and see that all the inequalities
become equalities at ¢ = 1). So the first-order relevant welfare changes are the decrease in prices
resulting from the productivity gains (term (1) and the productivity component of term (3)).
Thus there is a welfare gain when o — 1.

On the other hand, as ¢ — oo, the welfare losses from term (2) are discrete. Specifically,

consider the following formulation:

dlly; = —ACrrodPro — podLo + (Cur1dPur1 — Cra1dPrm1)

1+imp
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When 0 < dArg < ¢, the first and third terms are bounded by the price changes, which are
also at most epsilon: so we have

| — ACrrodPrro + (Cur1dPur1 — CrmdPrm) || < em

1+im

On the other hand, as ¢ — oo, we have Ly — 0, and pg — u < 0O; there is a discrete loss of
welfare associated with an infinitesimal change in Ar. As such, we have that for small € and
large o, d‘if(—g{ < 0: there is a welfare loss associated with trade.

Remark. We conjecture that ﬂf{—g{ is monotonic in o, so that there exists a ¢* such that there
are welfare gains when ¢ < ¢* and losses when ¢ > ¢*. This seems intuitive, as all three
effects (gains from cheaper goods, labor wedge, and future terms-of-trade) should naturally be
monotonic in . However, we are unable to prove this, and leave this as a possibility. O

B.2 Proofs for Subsection 3.4

Here we prove the propositions for the optimal policy subsection. For this, we prove the fol-
lowing Lemma.

Lemma B.3. The first-order effect of a tariff and subsidy on Home welfare can be written as:

u'(C
AUy = — podLo +#[EFHOPFHOdCFHO — d(SHFOPHFOCHFO)]
N~ HO N~ N 4
labor wedge Cyo distortion cost of subsidy
u'(C
+ M(?HHCIPHH — CrmdPr)

P ~-
future terms-of-trade
Proof. Re-normalize the tariffs trgo — trpo/Prro, and subsidies sgyrg — syro/Phro so that
they have the interpretation of a ‘flat addition in price’, and we can renormalize them back
later.

The rest of the argument is similar to the proof of Proposition 2 above. Home agent’s life-
time utility is

Un = U(Crno, Crao, Ca, Crat, LHo, Lin)

and is subject to the lifetime budget constraint

1

PrroCrro + (Prao + trro)Crro + T+ im (Pur1CrH1 + Pra1Crm1)

= wyoLpo + why1Ly1 + ThHo

1+4+imp

with Tro = trgoCrHo — SHFoCHFoO-
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Analogously to the proof of Proposition 2, the first-order effect of any policy on welfare can

be written as . .
du du
AUy = —dCiyg; + ——dLy; (B.6)
t;:) ie{%F} dCipr t;) dLp

If we denote by A the Lagrange multiplier on the lifetime budget constraint, we have:

ngZ{JHO = APy, dgio = A(Prro + trHo)
du A du A
ACum  1+im 7Y dCpm  1+im Fran
du < au A
Al —Ho — Awmo, AL _1+iH1wH1

Plugging these into Equation B.6, we get

~ P; w
AU =1 | ) (PiHOdCiHO + dCiHl) — wriodLpo — 2 —dLyp
ic {H,F} L+im T+im

+ AtrpodCrro — podLo

Now the household lifetime budget constraint, with the tax revenue plugged in, is

1
PrroCrro + PraoCrHo + T im (PumCrm1 + PraiCrmn)
1
= wyoLpo + —wH1L1 — sHroCHFo
1+im

Take the derivative of this, and rearrange to obtain

P.
Z (PiHOdCiHO + 1 jiHl dCiHl) — whodLpo — 1+ wr1dLm
ic{H,F} tH1 tH1
1

= — (Crur1dPyr1 — CrmdPri1) — d(suroCrro)
1+im

where we use the fact that dPypo = dPrgo = dwpo = 0 by rigidity, and then further simplify
using the Home labor market clearing condition. Then the first-order welfare effects are given

by

- - A
AUy = —podLo + AMrrodCrho — Ad(sproCrro) + T im (Cur1dPur1 — CrdPryn)
u'(C u'(C
= —podLo + %[tmodcmo —d(sgroChro)] + %(CledPle — Cr1dPr1)
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Lemma 1. The optimal short-run tariff rate on imports tppy satisfies

1 Ho aLHO 1 8wH1 aZUF aCHFO

trHO = = - — (Luris~— — Lrm ) + sHroPHFo (B.7)
Prro | A 9Crho  (14im1) = 9CrHo dCrho’ dCrHo
labor wedge future terms of-trade subsidy externahty

The optimal short-run subsidy rate on exports syrq satisfies

1 I‘I/l() aLHO 1 ale awpl aSHFO
_— L — L — PyyroC B.8
Prro A 0Chro  (14im1) ( "HLSChro FHlaCHpo) HEOARO 5 C o (B8)
———— ~ RN

labor wedge future terms-of-trade terms-of-trade today

SHF0 =

where A is the Lagrange multiplier on the lifetime budget constraint.

Proof. Under variation in tariffs, the optimal tariff rate with di/fy = 0 will satisfy

1 to dLyo . d(sHroPrroCHro) 1 dwm dwry )

tFHO = = - . HF1 — Lrm
A dtrmo dtHro (1+1im) ( dtrHo dtrho

1

T dCrry
Prhyog zf L0

respect to tariffs; a lower elasticity implies a higher tariff rate. The first term is the effect of tariff

on the labor wedge. Since jLHO > 0, when there is unemployment (3¢9 < 0), we want a higher

The multiplier < 0 corresponds to the inverse elasticity of domestic demand with

tariff. The second term is the effect of tariffs on subsidy revenue; a higher tariff will decrease
real wage in Foreign, leading them to work/consume less, decreasing subsidy revenue. The
third term is how much future terms-of-trade moves, in terms of how much marginal revenue
from exports vs expenditure from imports move. A higher tariff will lead to less borrowing,
leading to improving terms-of-trade, increasing the term.

In summary, when there is unemployment (9 < 0), the three terms inside the bracket are
all negative; thus the optimal tariff trpyq is positive.

A special case is when the Home economy is small; here today’s tariffs cannot affect (1)

tomorrow’s terms-of-trade and (2) the subsidy revenue, so the optimal tariff is simply

trHo = ! Ho ILto
PFHOLjiCFHO A dtri

and this immediately shows that (1) the tariff is positive and (2) the tariff leaves some unem-

ployment (3¢ < 0; otherwise, we have a contradiction.)
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Now, considering variation in subsidies, we have

SHF0 =—c——PuroCrro + tproPeHo
CEHE dsHFo
HFO Fs1p0
W dLyo 1 dwm dwpy

. L
A dsgro (1+1H1)( PP dsuroe "M dsprg

)]

1

Piyro “CHEO
SHFO

respect to exports, and is positive. The first term is the resource cost of the subsidy; it costs to

The multiplier > 0 corresponds to the inverse elasticity of foreign demand with

sell cheap goods. The second term is how much consumption distortion by tariffs is affected
by subsidies; with a positive tariff, domestic subsidies will be a resource cost that reduces
spending overall. The last two terms deliver similar intuition to the tariff case, with both forces
implying a positive subsidy. O

Proposition 3. If there is unemployment at the zero-tariff economy (ypo < 0 when trpo = 0), the
optimal tariff tppyo is positive and is increasing in the size of the trade shock Arpp.

Proof. When ppo < 0, all three terms in the optimal tariff formula (Equation 23) are positive:

¢ The first term is positive since an increase in imports Crpo reduce demand for Home

labor.

* the second is positive since an increase in Crpo decrease wy relative to wr; tomorrow

(transfer affecting future terms-of-trade effect).

* The third term is positive since an increase in Crpyg is associated with an increase in ex-

ports Cyro.
Likewise, all three forces increase when the magnitude of Arpyg increases. l

Proposition 4. When v = 1, optimal monetary policy Ry satisfies the following equation:

dLy PrpodC
0= —po AR +Ar [RHlfFHo FHD dRF;lO + (NXol I (B.9)
~~ intertemporal TOT
wedge tariff f1sca1 externality

where A, is the Lagrange multiplier on the Home lifetime real budget constraint normalized by Pry.
As a special case, when trpg = 0, the optimal monetary policy Ry is such that pg > 0: it is optimal
to loosen monetary policy beyond clearing the output gap.
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Proof. Since the central bank is choosing the real rate Rf;, we rewrite the budget constraint to
incorporate Rpy:

1 1
Ry1—=—(PrroCruo + (Prro + trao)Crao) + —— (P Crm + PraiCran)
Pro Py
1 WH1
= Ryg1—=—(wgoLuo + Tro) + ——Lm
Pro Pm

Then the Lagrange multiplier on this real budget constraint is A, = ”/1({(;171'0) = Bu'(C)

Recall that the central bank’s monetary policy rule sets interest rate according to Equation

. P 1
log(1+ i) = —log(p) +10g(P—ﬁ;) +€ego & Ry = Eexp(eHo)

We consider variations in exp(epo) that leave inflation constant; notably, Py; does not move in
this variation.

Transform the marginal change in utility in a way analogous to Lemma B.3 to write

. b; P; w w
dUy =Ar | ) (RHl PZHO dCipo + Pl—HldCiH1> — R P—HOdLHo - P_HldLHl
ic{HE) HO H1 HO H1

. t
+ AR %dCFHO — podLo
HO

Taking the derivative of the budget constraint, we get:

P; b
) (RHl 0 4C;0 + PlTHlldcim) - RH1@‘;ZLHO - @dLHl

ie{TLF) Pho PHo P
1 1
= — (Cyrp1dPyr1 — CrmidPry1) + dRp1 (5—NXHwo)
Prq Pry

where NXpo = (wgoLyo + Tao) — PuroCrrao — (Prro + trao)Crho = g—flﬁ is the net export in
period 0. Plugging this in and replacing trgo — trHoPro, we get

~ t P
AUy = —podLo + A+[Rpy FHI(D)T(I;HOCZCFHO

+ PL(CHFldPHFl — CpmidPrm1) + dRHl(PLNXHO)]
H1 HO
Now we note that when 7 = 1, the equilibrium level of real balances g—l"ﬁ do not depend
on Ryyp. This is because after any change in Ry — (Rpp for some constant ¢, the equilibrium
conditions exactly hold if we replace C;j1, Ci1, Li1 with {Cij1, {Cjy, {L;1; monetary policy affects
period 0 without affecting any real variables in period 1. (We can verify by inspecting the
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equilibrium conditions)
Thus, the period 1 variables do not depend on Ry, and under the optimal monetary policy,
the above equation becomes

~ traoP, 1
0 — podLo + A [Renn 2250 4 C 1o + dR g1 (=—— N X o) (B.10)
Pryo Pryo
which is exactly the equation in the proposition. O
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C Derivations and microfoundations

In this section, we derive the equations in the main text in 4.

C.1 Equilibrium in the quantitative model

The equations characterizing the equilibrium (Definition 2) in the case when China pegs is

given by the following conditions:

(a) Family optimization:

Pjt = H(Pjst)mj

S

P
P]:St = [Z((l + tz]t)PzS}t)l »]Ta

((1 + tf]t) z]t)l_aS
Lk((

S

> = _
i T+ 6, B )
5 w(Ci)
o
it pzt
/ 2 . P]f /
u'(Cjt) = Bojr(1+ ljt)P u' (Cits1)
jt+1

Cijt+1

1+ = (14dj) e
ij

P

1 jtejt

(b) Firm optimization: if R]?t is total revenue of sector s in country j at time ¢, we have

1 S ns
Py = eijtTiSjtF(Wist)qj" H(Pg)qb"
it

n

Wz’c’thS'tL?t - (prft

(c) Labor supply: given by New Keynesian Phillips curve

S

W:
log (75’ +1) = xw(v'(6;) — 51/ (Cir)) + Blog (i +1)

Plt
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(C.1)

(C.2)

(C.3)

(C.4)
(C.5)
(C.6)

(C.7)

(C.8)

(C.9)

(C.10)



(d) Labor reallocation and worker’s value function:

sno__ exp( (:B 1t+1 Xf?))

" : (C.11)
T Taexp(L(BVEL - )
Vi = AWl + 15 — v(45;) +vlog (Z exp (BVit1 Xff))) (C.12)
Ly = ZP‘?LZ (C.13)
(e) Monetary policy and exchange rates:
log(1 +i1;) = r1t + P log(1 + m14) + €1 (C.14)
ey —=¢€ (C.15)
log(1+1ij) = 1yt + ¢ log(1+ i) +€jr (j > 3) (C.16)
lim Bjr =0 (j > 3) (C.17)
T—o0
(f) Market clearing conditions:
RS = Zeﬂt%t Cjt + Zgbj.”R;?t (C.18)
n
0= ZBitem (C.19)
i
The equilibrium is: given calibrated parameters and initial conditions sz',fl’ Bjo, LS jos @ sequence

of variables {X;}{° , where

Xt — (Bjt/ Cjt/ Pjtr e]t/ W]St/ P]St/ L;t/ E;t/ ]t)
that satisfy Equations (C.1) to (C.19). In the case where China floats its exchange rate, we
replace ey; = € with an analogous Taylor rule for China along with limr_, Bor = 0.
In the next subsections, we derive each of the equations, especially the ones that are new in
the quantitative setup.

C.1.1 New Keynesian Phillips curve

Suppress the country and sector index (i,s). In each labor market, the maximization problem

of the labor packer ! at time ¢ facing a labor demand curve with elasticity €y, is

max 1 B[Ry () ~ [ o0u(0)de = (1)

t>t/ Wy 1( )
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where I;/(1) = (wf’([))*GWLt. The FOC wrt w; (1) is:

0= A1 —ew)( ;U(t)) L + 0 (1i(1) ) ew( va(t>) 152
1 Wi (1) \ Wi (1)
() L, + g (Lt 1)
w1 (1) )wt,l(t) e+ PO wi (1) ) wi(1)2 t+1
Impose symmetry w;(1) = wy and [;(1) = {4, if we let wage inflation 1 + 71}’ = - — 1, the

above equation becomes
0 = Ai(1 — ew) Liwy + 0" () ewls — @' (1 + ) (1 + )Ly + BP' (1 + 7%1) (1 + 7% 1) Lt

If we let ®(x) = ewﬁ(log x)?, then ®'(77) = %}”% log x. Moreover, A; = ”/(T(t:t), and letting
P = g1 be markup, we have

wy\ _ / ul(ct) w Lt+1
log(1+ 7}") = w (v (€r) — wy 2 Hw) +plog(1 + 7Tt+1)L_t

. S

outpart gap

Note that when cost of adjustment is zero, x,, — o0 so output gap becomes zero. Since we are
not interested in the markup that unions charge, we assume that every period we tax w; so that
wage markup is undone and any tax revenue is rebated to the household lump-sum, we have
the desired New Keynesian Phillips Curve:

u'(C)
Py

L
)+ Blog(1+ ni"ﬂ)il

log(1+ 71{") = x4 (' (Lt) — wy »

C.1.2 Exchange rate determination

In Section 4, for each floating country i, we defined the exchange rate in period ¢jy to be the
unique value such that
lim B;; = 0. (36)
t—o0

Here we microfound this condition through the segmented financial market model, a reduced-
form version of Itskhoki and Mukhin (2021a). We assume that the household family in country
i cannot directly trade any assets with one another, and the international asset positions are
intermediated by the financial sector. As in the main text, households in each country i demand
a quantity Bj;;1 of home-currency bonds in time ¢, giving identical optimization conditions,
minus the UIP condition (since we do not have free bond markets).

The financial sector features two additional types of agents that trade bonds internationally:
arbitraguers and noise traders. We assume countries i > 2 have each type of them, and they
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trade domestic bonds and US dollars only.”® Each period, arbitraguers of mass n1; in country i

: . , du ..
choose a zero-capital portfolio (dj;1, d}{ +1) such that d}é—ftl + 6%1%_;1 = 0, where Rjy = 1+ i, is
1 1

the gross return, or the inverse price of bonds of country i at time ¢, and e;; = e;3; is the value of
currency i with respect to the US dollar. Their profits are rebated lump-sum to the household

in i, and seek to maximize the CARA utility of the real return in units of country i goods:

1 Rt — Ry“1)d;
_Zexp (_w( it t"e; ) it+1 R, (C.ZO)

max [E;
dit

Pit 1

where w is the risk aversion parameter.

In addition, the financial market features a liquidity demand from a measure 7; of symmet-
ric noise traders in each country i > 2. The total positions in US dollar bonds invested by noise
trader in country i is modeled as an exogenous process

N, iltl+1 _ Py : _ t
Toi, n(e" —1) with ¢ = pypipr_1 + oye;. (C.21)
and they invest in country i bonds equivalent to this.

Denoting the total position of arbitraguers as D;;1 = m;d;;+1, we have the portfolio balance
condition for each i:

Bit+1+ Nit1+Dipy1 =0 and Byy1+ Y (NFL + DY) =0 (C.22)

i>2
The fact that intermediaries are risk-averse (w > 0) require them to take some compensation,

and yields the modified UIP condition for each country with respect to the US dollar:

Lemma C.1. (Lemma 1 of Itskhoki and Mukhin (2021a).) The equilibrium condition in the finnacial
market, log-linearized around a symmetric steady-state with B; = 0,R = %, is given by

iit — ilt = ]EtAet+1 + Xllpt — XZbH-l (C23)
_ nwd? _ pwo?
wherexl—ﬁ and xo = Y= ¢

Consider the limit of this economy, first where n — 0, sending the magnitude of the noise
trader to zero, while fixing Uﬂgm (with an appropriate adjusting financial shock volatility). The
UIP deviation then becomes

iip — i1y = EtAes 11 — Xobpia- (C24)

Note that this condition can alternatively be microfounded through convex portfolio adjust-
ment costs (Kouri, 1976) or debt-elastic interest rate premiums (Schmitt-Grohé and Uribe, 2003);

3This can be relaxed, and is mainly for clarity of exposition.
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the business-cycle level equivalence of these models are explored in (Schmitt-Grohé and Uribe,
2003).
We highlight that under Equation C.24, the model is stationary, and when e;; is pursuing an

independent monetary policy, we must have
lim b;y1 =0, (C.25)
t—0c0
in any steady-state. If we take the limit x, — 0, the condition converges to
iip —i1p = ErAeq (C.26)
which is the UIP condition, and a terminal condition given by Equation C.25.

Discussion on relevance. Why do we need an extra ‘terminal’ condition under UIP? This is
closely related to the indeterminacy result by Kareken and Wallace (1981). Under frictionless
bond markets with pure interest rate targets, the exchange rate at t = 0 after a shock is in-
determinate. While this fact is a pure nominal result without real consequences in Kareken
and Wallace (1981), in our model, each level of the nominal exchange has real implications on
output and labor supply, as it connects with the nominal wage anchor from t = —1: different
exchange rates correspond to different levels of output and demand in each country. The fact
that the indeterminacy result could have real implications in setups of nominal rigidity and
independent interest rates is also explored in Caballero et al. (2021), and the nonstationarity of
a pure UIP model is also discussed in (Schmitt-Grohé and Uribe, 2003).

C.1.3 Labor and unemployment as extensive margin

In our current formulation, all supply of labor is at the intensive margin. We provide a micro-
foundation of the labor supply problem in terms of the extensive margin, following Gali (2008).
We assume that each member m draws idiosyncratic productivity shocks {€}(m)} distributed

Type 1 EV, and moving fromm sector s to n involves moving costs of x3/":

v({eit(m)}u,sit(m), sig1(m)) = Zk) [eit(m) = xi¢' | U(sie(m) = n,sip—1(m) = s),

Then, given sectoral choice n = s;;(m), we pin down optimal work decisions at that sector (un-
der full employment). Each member m has a disutility from wage inflation and work according

to
D (1y(m), {15,"}) = —14(m) — D (713")
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where 1;;(m) is the disutility from working. Once a member m is in sector 1, we assume that
the households draw idiosyncratic disutility from work after choosing a sector n:

ut(m) =1, T~ U[0,1].

Households decide to work if

o1’ < Aith,

where A; is the Lagrangian multiplier on the budget constraint, and w?. is the wage. Then,

conditional on choosing sector 7, fraction ¢ € [0, 1] member will want to work where

i € arg Zrél[g)l(] wiAis — v({)

with

l gl—i—v
o(f) :5/ Ml = 5.
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