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Abstract

We study the role of exchange rates in industrial policy. We construct an open-
economy macroeconomic framework with Marshallian production externalities and im-
perfect capital mobility, and provide conditions under which foreign exchange interven-
tions that keep the currency undervalued can improve welfare. A quantitative analysis
applied to China’s growth take-off shows that the observed foreign exchange inter-
ventions significantly increased output growth. Our analysis shows that in economies
featuring a dynamic path of externalities, the optimal exchange rate industrial pol-
icy can lead to sizable welfare gains, especially when combined with time-invariant

conventional industrial policies.
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1. Introduction

a A long-standing view in policy circles is that the exchange rate can be used as a tool
to foster development. The broad idea is that maintaining a depreciated exchange rate
can stimulate strategic sectors by enhancing their competitiveness and speed up economic
growth. This narrative is based on salient examples of prolonged growth in emerging-market
economies, including South Korea from the 1960s to the 1990s and China from the 1980s to
the 2010s. These economies experienced decades of high per capita output growth, averaging
more than three times the global rate, a process that was also accompanied by significant
depreciations of real exchange rates (see Figure 1).

In this paper, we study how the real exchange rate can be used as an industrial policy
from a theoretical and quantitative perspective. To do so, we develop an open-economy
macroeconomic framework with production externalities and imperfect capital mobility. We
first establish conditions related to the dynamic path of externalities under which foreign
exchange interventions that keep the currency undervalued can be desirable and effective.
We then conduct a quantitative analysis of China’s growth take-off and show that the ob-
served foreign exchange interventions significantly increased output growth. Additionally, we
show that the optimal “exchange rate industrial policy” can generate sizable welfare gains,
particularly when combined with time-invariant conventional industrial policies.

The paper begins by constructing a theoretical framework to study the role of exchange
rates as an industrial policy. The model focuses on Marshallian production externalities—
often regarded as the textbook case for industrial policy (e.g., Harrison and Rodriguez-Clare,
2010)—that exhibit a dynamic pattern, with stronger spillovers in economies that are further
from the technological frontier (e.g., Redding, 1999). We introduce these externalities into
a canonical open-economy framework with tradable and nontradable goods and imperfect
international financial markets, which allow the government to influence the path of the real
exchange rate through foreign exchange interventions (e.g., Gabaix and Maggiori, 2015).

In this framework, the first-best allocation can be attained with time-varying, sector-

specific labor subsidies. In the absence of these tools, there can be scope for exchange rate



Figure 1: The Macroeconomic Effects of Exchange Rate Industrial Policy
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Notes: Panels (a) and (c) show the 5-year moving average of the annual per capita GDP growth rate. Panels
(b) and (d) show the 5-year moving average of the multilateral real exchange rate (expressed as domestic
currency per unit of a basket of foreign currencies). Data sources: BIS, OECD, World Bank.

industrial policies, based on foreign exchange interventions, as second-best policies. We show
that the desirability of these policies critically depends on the dynamic patterns of external-
ities. When externalities are stronger in the earlier stages of development, economies that
are converging to the technological frontier can benefit from foreign exchange interventions
aimed at keeping the currency undervalued in the early stages of the transition, increasing
labor supply, and directing resources to the tradable sector. The intuition for this result
follows from second-best policy theory (e.g., Bhagwati, 1969): By introducing a second-
order distortion in the domestic Euler equation, the government can achieve a first-order

welfare gain from internalizing the production externalities. In contrast, in economies that



are not converging—either because they are stagnating or because they are at the technolog-
ical frontier—there is little scope for these policies. Although these economies may feature
externalities, foreign exchange interventions are not the appropriate tool to address them if
externalities do not exhibit a dynamic pattern.

We then conduct a quantitative analysis of our model applied to China’s take-off to
assess the quantitative relevance of exchange rate industrial policy. For this, we build on
the methodology proposed by Bartelme, Costinot, Donaldson and Rodriguez-Clare (2019)
to estimate sector-specific production externalities using cross-country sectoral trade data
and an instrumental variables approach. We expand on this work by estimating how these
externalities depend on a country’s distance to the technological frontier and find that they
are stronger the farther a country is from the frontier, as considered in our theoretical
framework. We then calibrate the model to match salient features of the Chinese economy,
incorporating the observed path of reserve accumulation.

Our quantitative analysis leads to two main results. First, the output effect of exchange
rate industrial policy can be quantitatively large. Using our calibrated model, we estimate
that the observed reserve accumulation in China between 1980 and 2008 contributed to an
annual growth rate that was 0.4 percentage points higher. During the period after 2000, when
reserve accumulation was particularly large, the effect on annual growth was 1.60 percentage
points. Second, the optimal design of these policies can also generate considerable welfare
gains. In isolation, the optimal exchange rate industrial policy captures 17% of the welfare
gains from the first-best allocation. Additionally, we show that these policies complement
time-invariant traditional policy instruments. For instance, the welfare gains from time-
invariant labor subsidies amount to 66% of the first-best gains in isolation and increase to
90% when combined with the optimal exchange rate industrial policy.

Finally, we use our framework to study what determines the effectiveness of exchange
rate industrial policy. Our analysis highlights two key dimensions. First, the importance
of international capital mobility. On the one hand, regarding financial flows, a necessary
condition for this policy to be effective is imperfect capital mobility, so that foreign exchange

interventions can influence the exchange rate and the macroeconomy. In fact, the allocations



under the optimal exchange rate industrial policy can also be implemented through a capital
control tax, a result that can be recast as “capital controls as industrial policy.” On the
other hand, in terms of physical capital accumulation, a necessary condition is opening the
economy to foreign investors. Otherwise, the increase in domestic rates of return can hinder
capital accumulation and, consequently, backfire by reducing economic growth. Second,
our analysis highlights the importance of labor markets and the sectoral composition of
dynamic externalities. These policies are most effective in environments with highly elastic
labor supply, where changes in the exchange rate generate large reallocations of labor and
production. They are also most desirable when dynamic externalities are present in sectors
that can more easily attract additional labor as they become more competitive.

We conclude our analysis of the effectiveness of the exchange rate as an industrial policy
by using our framework to interpret historical experiences. The Asian growth miracles
are often cited as emblematic examples of export-led growth under undervalued currencies.
Through the lens of our model, these economies exhibit the central ingredients required
for effective exchange rate industrial policies: a process of convergence to the technological
frontier, initially underdeveloped financial markets, and “demographic dividends” that imply
a highly elastic labor supply to the tradable sector. The salient characteristics of the Asian
examples contrast with those of Latin American experiences, which are often referenced
as failures of these types of policies. Most Latin American economies did not undergo
convergence processes and featured tradable production tilted toward commodity sectors,
which are less likely to display sizable externalities. They also faced larger costs for sectoral

labor reallocation and had a relatively more open capital account.

Related Literature. Our paper is related to several strands of the literature. First, it
builds on the new generation of macroeconomic models of the exchange rate and imperfect
international financial markets, as surveyed by Maggiori (2022). These models have been
used to study exchange rate dynamics, their connection with the macroeconomy, and the

effectiveness of foreign exchange interventions (see, for example, Jeanne, 2013; Gabaix and



Maggiori, 2015; Fanelli and Straub, 2021; Itskhoki and Mukhin, 2021a,b).? We contribute
to this literature by analyzing how international capital market imperfections play a central
role in the desirability of exchange rate industrial policy.

Second, the paper contributes to the literature that studies the role of exchange rates
in economic development (see, for example, Hirschman, 1958; Rodrik, 1986; Krugman, 1987;
Baldwin and Krugman, 1989; Rodrik, 2008). This literature has developed models showing
how maintaining an undervalued exchange rate and managing capital inflows can be desirable
in the presence of various types of production externalities in the tradable sector (see, for
example, Michaud and Rothert, 2014; Korinek and Serven, 2016; Guzman, Ocampo and
Stiglitz, 2018; Itskhoki and Moll, 2019; Benigno, Fornaro and Wolf, 2022; Bergin, Choi and
Pyun, 2024). We contribute to this literature by conducting a quantitative investigation of
the effects of exchange rate industrial policies on growth, based on empirical estimates of
Marshallian externalities.

Our paper is also related to the vast literature on industrial policy (see Harrison and
Rodriguez-Clare, 2010; Juhasz, Lane and Rodrik, 2024, for a survey of recent advances

2 We build on this literature by modeling and estimating production

in this literature).
externalities. Our contribution is to show that conventional tools for industrial policy (e.g.,
import tariffs, taxes or subsidies to sectoral production, and direct financial interventions)
can be complemented with exchange rate policy: while the former have been shown to affect
allocation in the long run (Choi and Levchenko, 2021), the latter exploits the time-varying
dimension of these policies.

Finally, our paper is also related to the literature on how capital flows to fast-growing or

developing economies (see, for example, Lucas, 1990; Aguiar and Amador, 2011; Gourinchas

and Jeanne, 2013; Costinot, Lorenzoni and Werning, 2014, among others). Closest to the

LA related literature has studied exchange rate models in which market segmentation endogenously arises
from participation frictions in domestic money markets (e.g., Alvarez, Atkeson and Kehoe, 2002, 2009).

ZNotable contributions in the area of international trade include Redding (1999); Melitz (2005); Bartelme
et al. (2019); Lashkaripour and Lugovskyy (2023). Other applications have been studied in the context of
firm heterogeneity (Gaubert, Itskhoki and Vogler, 2021; Choi, Levchenko, Ruzic and Shim, 2024), network
economies (Liu, 2019), technology diffusion (Buera and Trachter, 2024; Bai, Jin, Lu and Wang, 2024),
financial frictions (Itskhoki and Moll, 2019; Farhi and Tirole, 2021), and geoeconomics (Clayton, Maggiori
and Schreger, 2023, 2024).



empirical context of our paper, a growing literature studies China’s integration into inter-
national capital markets. This literature has highlighted the central role of exchange rate
policy and capital controls in the process of international integration (see, for example, Song,
Storesletten and Zilibotti, 2011; Jeanne, 2013; Song, Storesletten and Zilibotti, 2014; Farhi
and Maggiori, 2019; Bahaj and Reis, 2020; Clayton, Dos Santos, Maggiori and Schreger,
2022).% We contribute to this by showing that growth processes without capital inflows can
result from the use of exchange rates and capital controls as industrial policies to redirect

resources to strategic sectors.

The rest of the paper is organized as follows. Section 2 presents the baseline theoretical
framework and characterizes the optimal exchange rate industrial policy. Section 3 conducts
the quantitative analysis and applies it to China’s takeoff. Section 4 examines the determi-
nants of the effectiveness and desirability of this policy, focusing on the role of international
capital mobility, labor market characteristics, production technologies, and sectoral hetero-
geneity, and discusses historical experiences through the lens of our model. Finally, Section

5 concludes.

2. Theoretical Framework

We consider a canonical small-open-economy model with tradable and nontradable goods.
There are three types of agents in the domestic economy: households, firms, and the gov-
ernment. In this setting, we incorporate dynamic production externalities and segmented
asset markets. The rest of the world trades tradable goods and an external asset with the
domestic economy. We study the optimal exchange rate industrial policy when the economy
undergoes a growth process and externalities dissipate as it converges to the technological

frontier.

3The literature analyzing China’s development has also emphasized the critical role of domestic factors,
such as increases in total factor productivity, sectoral reallocation, and labor market dynamics (see, for
example, Brandt, Hsieh and Zhu, 2008; Brandt and Zhu, 2010; Cheremukhin, Golosov, Guriev and Tsyvinski,
2015; Fernédndez-Villaverde, Ohanian and Yao, 2023). Our framework highlights that these factors also play
a key role in determining the effectiveness of exchange rate industrial policy.



2.1. Environment

Households. The environment is deterministic, and time is infinite, discrete, and denoted
by t = 0,1,.... The representative household has preferences over an infinite stream of

consumption, C}, and labor, L,

0 . Otlfo' Lt1+V
;6 [1—0_¢1+1/1' (1)

where 1/0 is the intertemporal elasticity of substitution, and 1/v is the Frisch elasticity
of labor supply. The consumption good is a composite aggregator of tradable C7; and

nontradable Cy; consumption

n

Co= [w3 (€)' + (=) (Cw)' 5] 2)

where w € (0, 1) is the weight on the tradable good and 1 > 0 is the elasticity of substitution
between tradable and nontradable consumption. Similarly, labor is a composite aggregate
of labor supply in the tradable sector Ly; and nontradable sector Ly
1 1 ﬁ
1+1 1+1

Ly = |:LTt C+ LNtC:| ] (3)
where ¢ > 0 is the elasticity of substitution between labor supply in different sectors. House-
holds receive their income from labor and profits from domestic firms and can save or borrow

using a domestic currency bond. Their budget constraint expressed in domestic currency is

given by
Pr.Cri + PNiCny + Biyr = WLy + Wi Ly + 11, + T, + R, By, (4)

where Pr;, Py, are the prices of tradables and nontradables; B, are the bonds purchased
in ¢ that mature in £+ 1; R; is the domestic currency interest rate; Wy, Wy, are the nominal

wages in the tradable and nontradable sectors; II; denotes profits from firms in both sectors;



and T; denotes transfers from the government.

The household’s problem is to choose allocations {Cy, Cry, Cnt, Liy Lty L, Beya Y520
that maximize utility (1), subject to the aggregation technologies (2)-(3), the sequence of
budget constraints (4), given a sequence of prices, profits, and transfers, and an initial level
of bonds Bj.

Throughout this section, we make the following parametric assumptions to provide
analytical results. These assumptions are relaxed in the quantitative analysis in the following

sections.
ASSUMPTION 1. Suppose c =n =1, (= %, and v — 0.

The first condition corresponds to the preference parameterization of Cole and Obstfeld
(1991). The second and third conditions correspond to a linear disutility of labor, as in
Rogerson (1988), and imply that sectoral wages are equal, Wyr, = Wy, = W,;. Given these
assumptions, the first-order conditions that characterize the solution to the household’s

problem are:

w Pr, ( w )
) = BR , 7
(cﬂ) P\ e, (7)

where p; = Pyy/ Pry is the relative price of nontradable goods. The first equation relates the
marginal utility of consuming tradables and nontradables to their relative price. The second
equation equates the marginal disutility of supplying labor with the product of the real wage
in tradable goods and the marginal utility of consuming tradables. The last equation is the
Euler equation, where the relevant interest rate is the real interest rate of the bond in local

currency.



Firms. There is a representative firm in each sector. Firms in each sector have access to

a production technology that uses labor [; as an input:
Yo = AL, (8)

for i = T,N. Firms’ productivity, Z; = AL}

2", is the product of an exogenous and an

endogenous component. The exogenous component, A;, evolves according to

log (Ar) = plog (pA) + (1 — p)log (A;-1), (9)

for ¢ > 1, where A is the technological frontier; ¢ € (0,1) is the fraction of the techno-
logical frontier to which the country converges in the steady state; Ay < @A is the initial
productivity; and p € (0,1) governs the speed of convergence. The endogenous component,
L}, captures the Marshallian production externalities by which aggregate sectoral labor Ly,
increases the productivity of firms operating in that sector (see Harrison and Rodriguez-
Clare, 2010, for a detailed discussion of this type of externality and their foundations). In
equilibrium, L;; = l;, given the representative firm assumption. We assume that the ex-
ternalities are sector-dependent and a function of the distance to the technological frontier,
ie., v = [i(A/A,), and make the following assumption regarding the relative strength and

dynamics of these sectoral externalities.

ASSUMPTION 2. Suppose that T'; is weakly increasing in A/A,, and T';(A/A,) € [0,1 — o],
with o« € (0,1). Additionally, suppose that T'x(A/A;) = 0.

The first condition assumes that externalities are stronger the further the economy
is from the technological frontier. This captures the idea that externalities are larger in
the initial growth phase of a sector, when the role of learning and knowledge acquisition
is more relevant (see, for example, Redding, 1999; Melitz, 2005; Itskhoki and Moll, 2019,
for studies on industrial policies in economies with dynamic externalities that dissipate as
sectors grow). We provide empirical evidence on this assumption in Section 3.1. Note that

we do not impose any assumption on the level of externalities once the economy reaches



its steady-state productivity ¢A; it could be that economies at the steady state feature a
permanently positive externality. The second condition, an upper bound on the level of
externalities, ensures concavity of the planner’s problem.*

The last condition assumes that externalities are only present in the tradable sector
and is common in the literature on industrial policy in open economies (see, for example,
Krugman, 1987). The rationale for this assumption is that learning-by-doing and knowledge
spillovers are more likely to be present in exporting sectors such as manufacturing and less
so in the nontradable sectors of developing economies, which, prior to growth takeoff, are
more concentrated in local agricultural sectors. In Appendix A.6, we relax this assumption
and characterize the optimal exchange rate industrial policy when the economy features
externalities in the nontradable sector that could be stronger or weaker than those in the
tradable sector. In addition, we study the effects of externalities in the nontradable sector
in our quantitative analysis in Section 3.

Firms choose labor to maximize their profits, Il;; = Py A, L}j*1% — W,l;, which gives rise

to the following aggregate labor demand:
QAL = W,/ Py (10)

Government. The government manages a portfolio of bonds in local and foreign currency
and transfers its proceeds to households as lump-sum payments. Its budget constraint is

given by
Fio + &7+ T, = RF, + ERFY, (11)

where Fi,; and F}, | are the local and foreign currency bonds purchased in period ¢, respec-
tively; R* is the foreign currency interest rate; and &; is the nominal exchange rate expressed

as domestic currency per unit of foreign currency.

4Under Assumption 1, which features linear disutility of labor, concavity of the planner’s problem requires
decreasing returns to scale in the aggregate. In the quantitative analysis, which features an upward-sloping
labor supply, we can relax these conditions and still obtain a concave planner’s problem with vp; > 0 and
a=1.

10



Rest of the world. The rest of the world exchanges tradable goods and foreign currency
bonds with the government of the small open economy and provides a perfectly elastic supply
of funds at the interest rate R*. Financial markets are segmented, and the rest of the world
cannot trade domestic currency bonds. Finally, we assume that the law of one price holds

for tradable goods and normalize the foreign currency price of tradables so that Pr, = &;.

Competitive equilibrium. We now define a competitive equilibrium for given govern-

ment policies.

Definition 1 (Competitive equilibrium). Given initial asset positions Fy, Fiy, a competitive
equilibrium is a sequence of private allocations {Cy, Cry, Cnt, Ly, Bey1, Ly, Lt by, prices

{Pri, Pne, Wi, &, Ri Y2, and government policies {F}H,Fgﬁrl,ﬂ}zo such that:
1. Allocations solve the households’ and firms’ problem, given prices;
2. Government policies satisfy the government budget constraint;

3. Markets clear:

Cni = ALYy, (12)

E+1 + Bt—‘,—l - 0 (].3)

Equations (12) and (13) are the market-clearing conditions for nontradable goods and local
currency bonds. The equilibrium allocations of labor and foreign currency bonds are demand-
determined because their supply is perfectly elastic.

We now derive the equations that characterize the competitive equilibrium allocations.

These will serve as implementability conditions for the optimal policy problem. By combining

(5), (6), and (10), we obtain

(o) -
w ONt L?Vzl ’
% = ALy (15)
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The first equation equates the marginal rate of substitution between tradable and nontrad-
able goods to their private marginal rate of transformation. The second equation equates
the marginal rate of substitution between tradables and labor with the private marginal
product of labor. Finally, competitive equilibrium allocations are also characterized by the
market-clearing condition for nontradables (12) and the balance of payments condition (or

the market-clearing condition for tradable goods),
Cry — ALy "™ = RF} — Fiyy, (16)

which states that net imports must be financed with external debt. Note that the household’s
Euler equation is not an implementability condition but is used to pin down the local currency
interest rate R;.

2.2. First-best allocation

We begin by characterizing the first-best allocation, which serves as a useful benchmark.

Definition 2 (First best). A first-best allocation is the allocation X, = {C‘Tt, Cwnt, L7, Ly, Fio, At}
that mazximizes utility (1), subject to the aggregation technologies (2)-(3), the balance of pay-

ments condition (16), and market-clearing conditions for nontradable goods (12).

The first-order conditions that characterize the first-best allocation are

1 Biled éTt g (CY + ’)/Tt) ‘Z?W:WTt_l (17)
w  Cyy o fj?\ﬁl ’
(ot )AL (18)

(&) o)

The first equation equates the marginal rate of substitution between tradable and nontrad-

able goods to their social marginal rate of transformation. The second equation equates the

marginal rate of substitution between tradables and labor with the social marginal product

12



of labor. The last equation is the Euler equation, which equates the intertemporal marginal
rate of substitution to the foreign currency interest rate.

The social marginal rate of transformation and the social marginal product of labor are
higher than their private counterparts due to production externalities in the tradable sector.
These differences introduce wedges in the intratemporal allocation of labor and consumption
in the competitive equilibrium, relative to the first-best allocation, that cannot be eliminated

by foreign exchange (FX) intervention. The following proposition formalizes this result.

Proposition 1 (Impossibility result). The first-best allocation cannot be attained through

FX intervention.

We include all proofs in Appendix A. FX intervention affects the intertemporal margin of
consumption by influencing the path of the exchange rate and the rate of return on domestic
savings. This policy cannot attain the first-best allocation because the wedges introduced by
the production externality distort the intratemporal allocation of consumption and labor.
On the other hand, as the next proposition states, fiscal policy can attain the first-best

allocation through time- and sector-specific labor subsidies.

Proposition 2. The first-best allocation can be attained with FX intervention and the fol-

lowing time-varying labor subsidies to the tradable sector:

T{zl“lt _ .

Qa+ 7y
This is a familiar result from the macro-public finance literature. Labor subsidies undo
the wedges between the social and private marginal rates of transformation, and FX inter-
vention ensures that the returns on saving in local and foreign currency are equal. While
this is the most desirable policy from a social perspective, it may be difficult to implement
from a political economy standpoint. In particular, since externalities dissipate during the
convergence process, these optimal subsidies are time-varying, with stronger subsidies in
the earlier stages of the transition. Additionally, sector-specific subsidies are likely to face

practical restrictions under WTO regulations (see, for example, Rodrik et al., 2009).

13



2.3. Optimal exchange rate industrial policy

The exchange rate industrial policy is a government policy that maximizes the lifetime utility
of households subject to the implementability conditions that characterize a competitive

equilibrium. This constitutes a second-best policy. We formally define this problem below.

Definition 3. An optimal exchange rate industrial policy is a government policy that solves

the following problem:

o
max Zﬁt log Cy — ¢ (Lry + Lng)]  subject to (P1)
{CimLit,Ftﬂrl}gg’N —0
(1 — W CTt) . L%i_’YTt_l

a—1
w CNt LNt

¢

_ a+yri—1
= OéAtLTt

(w/Cr)
CTt o AtL%jWTt _ R*Pvt* o P;&:-D

Y

the consumption aggregator definition (2), and the market-clearing condition for nontradable

goods (12).

This problem is characterized by the following modified Euler equation

w LO(Xe1, Yres1) ( W )
— | =B8R , 20
(OTt ) ﬁ Q(Xt, ’VTt) OTt—i—l ( )

where 6(x¢, yr¢) is a function that depends on the allocations of the economy,

X, = {C’Tt, Cnts Ly, Live, F 4, At}, and the strength of the externality at a given time period
t. We provide an expression for this function in Appendix A.3.

We contrast the allocations under the optimal exchange rate industrial policy with a
benchmark allocation that corresponds to a competitive equilibrium in which the government
is a “passive” agent, in the sense that it intermediates capital flows as if households have
direct access to saving and borrowing at the foreign currency interest rate but does not take
into account the effect of its FX interventions on production externalities. We formalize this

benchmark notion as follows.

14



Definition 4. A laissez-faire competitive equilibrium is a competitive equilibrium with an

associated government policy in which uncovered interest rate parity (UIP) holds, i.e., Ry11 =
«&

Rr=g+.

Quadratic-linear approximation to the policy problem. Under Assumption 1, the

equilibrium nontradable allocations are independent of intertemporal considerations and,

therefore, also independent of policy, and are given by

a(l—w)'

Lyt = 5

(22)

Using this result, in Appendix A.4, we show that the optimal policy problem can be approx-
imated by a quadratic-linear problem in terms of log deviations of tradable consumption and
labor from their first-best allocations.® In particular, we can approximate the welfare loss

from the first-best allocation to second order as
1 o
=5 28" [wa + [wla +9)* +wla+7)] 2], (23)
t=0

where z; = log(Cry) — log(C’Tt) and x; = log(Lyy) — log(f/Tt) are the log deviations from
the first-best tradable consumption and labor, respectively, and v is a weighted function of
the path of v, with the expression provided in Appendix A.4. Furthermore, we can also

approximate the implementability conditions to first order as

=P+ (a+y— 1Dy, (24)
[e%¢) 1 t
Z (ﬁ) (2t — (a+7)2) =0, (25)

®See Benigno and Woodford (2003) and Itskhoki and Mukhin (2023) for a description of this approxima-
tion approach to a general class of policy problems.
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where 1, = loga — log(a + ) < 0. The first equation equates the marginal rate of
substitution between tradables and labor with the private marginal product of labor. The
second equation represents the intertemporal budget constraint of the economy. With this

simplified problem, we can characterize the optimal policy.

Lemma 1. The allocations that solve the policy problem (P1) can be approzimated by those
that maximize (23) subject to (24) and (25).

Henceforth, all results refer to the solution of the approximate quadratic-linear problem.
This problem highlights the trade-offs faced by the planner. Ideally, the planner would like
to set tradable consumption and labor to their first-best levels in every period. However,
private choices impose a static relationship between them. Therefore, the planner can only
choose the path of net savings in the economy, which in turn determines the path of labor
and consumption given private choices.

Prior to characterizing the optimal policy, it is useful to explain the macroeconomic
effects of increasing aggregate savings in the initial period (see Figure 2). Higher savings
reduce current tradable consumption, which affects current allocations through two channels.
First, lower tradable consumption generates a reallocation of labor demand. Depressed
aggregate demand reduces the demand for both tradable and nontradable goods, depreciates
the exchange rate, and lowers labor demand in the nontradable sector. Second, lower tradable
consumption stimulates aggregate labor supply. Under the parameterization in Assumption
1, the positive supply-side effect and the negative demand-side reallocation effect in the
nontradable labor market cancel out, implying the same level of nontradable production
as in the laissez-faire equilibrium. In the tradable sector, both effects contribute to higher

labor.

The case of converging economies. We now study the optimal exchange rate industrial
policy (XR-IP) in converging economies. We begin by characterizing the optimal policy in
economies undergoing transitional dynamics, converging to steady-state productivity levels
closer to the technological frontier. These economies exhibit a path of production externali-

ties in the tradable sector that are stronger in the early phase of the growth process.
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Figure 2: The Macroeconomic Effects of Exchange Rate Industrial Policy in Initial Periods

(a) Nontradable Goods Market (b) Labor Market
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Notes: This figure shows the allocations of the laissez-faire competitive equilibrium (blue line) and the
optimal exchange rate industrial policy (green dotted line) in the nontradable goods market and the labor
market at ¢ = 0.

In the case of converging economies, the optimal policy features high saving rates in the
initial periods, when tradable production externalities are stronger, to induce greater labor
in the tradable sector. The following proposition characterizes the optimal exchange rate

industrial policy in comparison to the laissez-faire competitive equilibrium (CE).

Proposition 3 (Exchange rate industrial policy in converging economies). Suppose that the
economy starts below its steady-state level of productivity (i.e., Ay < @A), which implies a
decreasing path of externalities in tradable production (i.e., yry decreasing in t). Assuming
BR* =1, the optimal exchange rate industrial policy in these economies implies 3t > 0 such

that:
&> ER, Ly > LgP, O < Cgf ift <1,

with opposite inequalities if t > t. This is achieved through trade balance surpluses, T BIY >
TBPE ift <t, and FiP > FGF for all t. Furthermore, Ly > LY for all t.

Figure 3 shows the dynamic path of variables for the optimal policy relative to the
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Figure 3: Exchange Rate Industrial Policy Dynamics
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Notes: This figure shows the dynamics of the allocations under the first-best (blue line) and the optimal
exchange rate industrial policy (green line) in deviations from those of the laissez-faire competitive equilib-
rium.

laissez-faire competitive equilibrium. In the initial periods, when the externality is stronger,
the economy exhibits lower tradable consumption, higher tradable labor, and a depreci-
ated exchange rate relative to the laissez-faire competitive equilibrium exchange rate. The
depreciated exchange rate is achieved through currency market interventions and the accu-
mulation of international reserves. By generating a trade surplus and accumulating reserves,
the economy establishes a net creditor position, which leads to a trade deficit, higher trad-
able consumption, lower tradable production, and a more appreciated exchange rate in future
periods when the production externality dissipates.

Figure 3 also shows that tradable labor under the optimal policy is always below its

first-best level. This is because achieving the same labor allocation as in the first-best
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scenario would require a large distortion in the intertemporal consumption margin, making

this allocation suboptimal.

The case of non-converging economies. We now characterize the optimal exchange
rate industrial policy in economies that are either not converging to the technological frontier
or are already at the technological frontier. In this case, since externalities do not exhibit
a dynamic pattern, there is no role for this type of policy. Any exchange rate depreciation
induced by the government in early periods would be accompanied by an appreciation in
later periods when the trade balance is reversed. The following proposition formalizes this

result.

Proposition 4 (Exchange rate industrial policy in non-converging economies). Consider
an economy that is either not converging to the technological frontier or is already at the
technological frontier (i.e., Ay = @A), so that externalities are constant. Assuming BR* =1,
the allocations under the optimal exchange rate industrial policy coincide with those in the

laissez-faire competitive equilibrium.

This result implies that when externalities are constant, FX intervention is not the appropri-
ate tool to address them. Therefore, in our framework, a necessary condition for exchange
rate industrial policies to be welfare-enhancing, relative to the laissez-faire competitive equi-
librium, is that the economy is converging to the technological frontier so that externalities
exhibit a dynamic pattern.

It is worth emphasizing that this no-intervention result holds for general preferences
and does not rely on the parametric assumptions of Assumption 1.° However, this no-
intervention result applies only when considering interventions that satisfy the country’s
intertemporal budget constraint (25), i.e., we rule out interventions that induce permanent
current account surpluses (by ruling out free disposal technologies in agents’ problems). In
environments where externalities are sufficiently large, there may be scope for considering

these other types of policies. We leave the study of such policies for future research.

6This result assumes SR* = 1. If we relax this assumption and use the parameter values from Section
3 for the Chinese economy, we obtain a modest optimal FX intervention, an order of magnitude lower than
that under the observed convergence process.
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3. Quantitative Analysis

This section conducts a quantitative analysis of exchange rate industrial policy by applying
the theoretical framework to China’s growth takeoff. Section 3.1 provides new empirical
evidence on the dynamic path of Marshallian externalities. Section 3.2 discusses model
parameterization based on this empirical evidence and model validation. Finally, Section 3.3

examines the effects of the observed policy and the optimal exchange rate industrial policy.

3.1. Estimating dynamic Marshallian externalities

The most novel aspect of our model parameterization relates to production externalities.
We assume the functional form [;(df;) = ~? + ~}df;, where the distance to the technological
frontier is given by df, = AA; — 1. This specification implies that 7Y governs the production
externalities of sector i at the technological frontier, while 7} determines how externalities
vary with the distance to the technological frontier.

To estimate these parameters, we build on the methodology proposed by Bartelme

et al. (2019) (henceforth, BCDR), who estimate production spillovers in tradable sectors.

1+I°; (dfct)
cit

In particular, we estimate sectoral production functions Y.; = A.L , where Y,; is
the output of country ¢ and sector ¢ in period t. This equation is a multi-country version of
(8), which assumes constant returns to scale at the firm level (aw = 1). The only departure
from the BCDR method is that we allow the production externality to be a function of the
country’s distance to the frontier, df.;. Following BCDR, in Appendix B.1, we show that if
one assumes a CES demand structure and uses agents’ optimality conditions, the production

spillover parameters 7Y, ~;} can be obtained by estimating the empirical model:
Leit = Qe + a; + ay + /7? log Lcit + ’77,1dfct 1Og Lcit + )\dfct + Ecits (26)

where z.; is the average log expenditure on goods from country c in sector ¢ and period ¢

(adjusted by trade elasticity)”; L.y is a measure of employment in sector i in country ¢ in

"Formally, zei = (% Zd log Xcd,i,t) /0;, where X4+ is the expenditure on goods from country ¢ in sector
1 and destination d in period ¢; J is the total number of destinations; and 6; is the trade elasticity in sector
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period t; df, is the distance to the technological frontier of country c¢ in period t; a., a;,
and a; are country, sector, and time fixed effects that absorb productivity shifters as well as
other country, sectoral, and time-varying characteristics, respectively; and e.; is a random
error term. Note that, unlike our baseline model, the framework of BCDR assumes multiple
tradable sectors and imperfect substitutability of home varieties relative to those of the rest
of the world. In Section 4.4, we show that we obtain similar quantitative results to those
from our baseline model when we consider extensions with multiple tradable sectors and a
differentiated home tradable good facing a downward-sloping demand from the rest of the
world.

The estimation of (26) uses bilateral trade flows from sectoral input-output data and
population data across countries, along with labor productivity to proxy the distance to the
frontier for each country. Following BCDR, we estimate (26) using a demand-side instrumen-
tal variable strategy, where we instrument country-sector employment using the country’s
population and sectoral expenditure shares. The logic behind this instrument is that, within
each sector, employment should be higher in countries that are larger and /or have a stronger
preference for goods from that sector. Appendix B.1 provides further details on the data,
estimation sample, and instrumental variable strategy.

Appendix Table B.2 reports the results from estimating (26) for each manufacturing
sector included in the sample. For all sectors, we obtain positive estimates of ) and ~/},
reflecting production externalities at the technological frontier and showing that these exter-
nalities increase with the distance to the technological frontier, as assumed in our theoretical
framework.® Given that our baseline model features a single tradable sector, we set the
externality parameters to the sales-weighted average across tradable sectors. This implies an
average externality at the technological frontier of 4 = 0.14 and a loading on the distance to
the technological frontier of ' = 0.01. In Section 4.4, we consider a multi-sector extension
of our model in which we use all sectoral externality estimates {7?,}}.

To apply these estimates to our parameterized model, we estimate the process (9) using

i.
8We estimate significant variation in externalities across sectors, with most commodity-related sectors
(including oil, metals, minerals, and wood) displaying lower externalities than the average.
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observed data on labor productivity since 1980, as depicted in Panel (a) of Figure 4. We
restrict ¢ such that China’s productivity level cannot exceed half that of the U.S. (in line
with the long-term growth estimates of Fernandez-Villaverde et al., 2023; OECD, 2023), and
normalize A = 1.° The estimated parameters (Ag, p, ¢) are reported in Table 1. Panel (b)
shows the path of production externalities obtained by combining the estimated productivity
process with the estimates of production externalities. The estimated tradable externality
declines from vy = 0.67 in 1980—when U.S. productivity was more than 40 times that of
China—to 730 = 0.18 in 2010.

Figure 4: Estimated Externality for China

(a) Log labor productivity relative to US (b) Estimated tradable externality (vy7:)
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Notes: This figure shows the approximation of the exogenous productivity process for China and the
implied production externality path. Panel (a) presents the data and the approximation of labor
productivity. Panel (b) displays the estimated path for the production externality, using the implied
distance to the frontier and the average of the estimates of 42 and ~} from Table B.2. Further details are
provided in Appendix B.1.

3.2. Calibration

Standard parameters. We use the general preferences in (1)-(3) for the quantitative

analysis. Table 1 reports the values used in our baseline model parameterization. Our model

9We obtain similar quantitative results when we assume full convergence to the technological frontier (see
Appendix Table B.3).
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features a subset of parameters that are standard in open-economy macroeconomic models.
We set the coefficient of relative risk aversion to o = 1; the elasticity of substitution between
tradable and nontradable goods to 7 = 0.8; the weight of tradables in consumption, w = 0.35,
to match China’s average manufacturing share in output. We set the Frisch elasticity of labor
supply to % =1, and ¢ = 1/v which gives separable labor supply preferences across sectors.
Consistent with our externality estimation procedure we assume constant returns to scale
at the firm level in production, a = 1. We conduct an annual calibration with the gross
international interest rate R* = 1.05. We set the initial period of our exercise to 1980, when
China’s growth started to take off and set the initial level of foreign currency bonds Fj = 0.04
to match China’s international-reserves-to-GDP in 1980. We calibrate households’ subjective
discount factor to 8 = 0.98 so that the laissez-faire competitive equilibrium features no
foreign currency bond accumulation from 1980-2008, as a benchmark for our exchange rate
industrial policy analysis. For all the quantitative exercises replicating the growth take-off

period, we feed in the estimated productivity and externality processes given in Figure 4.

Validation. We validate the calibrated model by comparing it with data moments for
China during the growth takeoff, as shown in Table 2. To do this, we feed in the path
of foreign-currency bond holdings by the government during the transition to match the
observed level of reserves (see Figure B.1). The model aligns well with the observed growth
in output and consumption, as well as the dramatic increase in net exports, and it predicts

a currency depreciation, although smaller than in the data.

3.3. The Effects of Exchange Rate Industrial Policy

Observed policy. In this section, we assess the macroeconomic effects of the observed
exchange rate industrial policy, measured by the path of reserve accumulation. Appendix
Figure B.1 shows China’s reserve accumulation during the 1980-2008 period, which accel-
erated particularly after 2000. Table 3 reports the macroeconomic effects of this observed
reserve accumulation policy for both the full period and the 2000—2008 subperiod. We

evaluate these effects by comparing the model predictions under the observed policy to a
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Table 1: Parameter values

Parameter Value
Preferences
Coefficient of relative risk aversion o 1
Discount factor 15} 0.98
Frisch elasticity of labor supply 1/v 1
Tradable-nontradable elasticity n 0.8
Disutility of labor o 0.02
Weight on tradables in CES w  0.35
Technology
Returns to scale « 1
Steady-state productivity relative to the technological frontier ¢  0.48
Initial productivity Ao 0.02
Speed of convergence p 0.04
Externality at the technological frontier A0 0.14
Externality distance-to-frontier coefficient vt 0.01
International asset markets
Gross interest rate R 1.05
Initial foreign currency bond position F;  0.04

Notes: This table presents the baseline parameter values used in applying our model to China’s takeoff.

Table 2: Data and Model predictions under the Observed Reserves Policy

Average annual growth, % Data Model

Output 9.0 7.8
Consumption 7.5 7.1
Reserves 15.4 15.4
Net exports 16.0 18.6
Real exchange rate 4.9 2.4

Notes: This table shows the average growth for China from 1980-2008. The data for output, consumption,

and net exports are per capita in constant local currency units. Consumption refers to household

consumption expenditure, and reserves are per capita in constant USD. The model column represents the
path of foreign-currency bond holdings that match the observed reserve accumulation policy and the
estimated productivity and externality processes. Data sources: China National Bureau of Statistics,

OECD, World Bank.
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counterfactual scenario with no reserve accumulation.

We estimate a large impact of reserve accumulation on output, with an additional 1.6
percentage points of annual growth during the 2000—2008 period and 0.4 percentage points
during the full period. This policy had a particularly strong effect on the tradable sector,
where the impact was four times larger than in the aggregate economy and contributed to
currency depreciation. The counterpart of this policy is a decline in consumption, which grew
less than in the counterfactual economy with no reserve accumulation. Appendix Table B.3
shows that these conclusions are robust to alternative parameterizations of preferences and

technology.

Table 3: Effects of Observed Reserves Policy Relative to No Reserves Accumulation

Average annual growth, p.p. 1980-2008 2000-2008

a. Output Aggregate 0.4 1.6
Tradable 1.6 6.1

b. Labor Aggregate 0.3 1.2
Tradable 0.8 3.3

c. Consumption Aggregate -0.2 -0.8
Tradable -0.1 -0.5

d. External sector Reserves 15.4 31.1
Net exports 26.2 60.8
Real exchange rate 0.5 1.8

Notes: This table shows the difference in the average annual growth rate during China’s growth takeoff for
the observed reserve accumulation policy relative to constant reserves (no accumulation), measured in
percentage points. Output, consumption, and net exports are measured in units of domestic consumption,
while reserves are measured in tradables.

Optimal policy. In this section, we analyze the effects of the optimal exchange rate in-
dustrial policy. Figure 5 depicts the paths of output, labor, and consumption under the
optimal exchange rate industrial policy relative to the laissez-faire competitive equilibrium

in the first four decades of the transitional dynamics and compares them to the first-best
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allocation. Under the optimal exchange rate industrial policy, aggregate output is 2.1 per-
cent higher on average during the first decade of the policy, and labor is 2.3 percent higher.
The expansionary effects on output and labor are smaller than in the first-best allocation
due to the intertemporal cost associated with the exchange rate policy, which is reflected in
a consumption path that is 2.5 percent lower relative to the competitive equilibrium in the

first decade.

Figure 5: Allocations in the Transitional Dynamics: First-Best and Optimal Exchange
Rate Industrial Policy Relative to Competitive Equilibrium
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Notes: This figure shows the allocations for output, labor, and consumption under the first-best and
optimal exchange rate industrial policy, expressed as deviations relative to the laissez-faire competitive
equilibrium. First-best allocations are denoted by the superscript “FB,” while optimal exchange rate
industrial policy allocations are denoted by the superscript “IP.” The horizontal axis measures the number
of years since the initial period, 1980. Panel (a) shows output, Panel (b) shows labor, and Panel (c) shows
consumption, both in aggregate and for the tradable sector.

Panel (a) of Figure 6 shows that the allocation under the exchange rate industrial policy
is achieved through substantial reserve accumulation, reaching 55 percent of GDP in the first
decade and later decelerating over the following decades. This policy keeps the currency
undervalued by an average of 10.4 percent during the first decade and leads to “export-led
growth,” as reflected in a larger trade balance relative to the competitive equilibrium (see
Panels (b) and (c)). Note that the timing of the optimal policy stands in contrast to the

observed path of reserves that accelerated two decades after the beginning of the growth
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takeofl.

Figure 6: Foreign Exchange Interventions Under the Optimal Exchange Rate Industrial
Policy
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Notes: The variables in Panels (a)—(c) represent the optimal exchange rate industrial policy, expressed as
deviations relative to the laissez-faire competitive equilibrium. The horizontal axis measures the number of
years since the initial period, 1980. Panels (a) and (c) show differences as a share of GDP, while Panel (b)
presents the ratio. Figure B.2 provides these values for the first-best allocation.

In terms of welfare, the optimal exchange rate industrial policy increases welfare by
0.07% of permanent consumption, which is equivalent to one-fifth of the welfare gains from
the first-best allocation (see Table 4).

We also analyze the effects of other commonly implemented industrial policies and their
interaction exchange rate industrial policy. These include a constant subsidy to all labor
and a subsidy to labor in the tradable sector.!® We begin by analyzing the welfare effects of
time-invariant implementation of these policies in isolation and combined with exchange rate
industrial policy, reported in Table 4. The main takeaway from this analysis is that exchange
rate industrial policy complements these time-invariant policies. While time-invariant poli-

cies generate large welfare gains by exploiting the average level of production externalities,

0Ttskhoki and Moll (2019) provide a historical account of these types of policies in East Asian growth
miracles and show their desirability when externalities arise from financial frictions. These policies include
general labor market tools that affect real wages, such as restrictions on unionization and upper bounds on
wage growth.
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exchange rate industrial policy leverages their dynamic patterns. A combination of a time-
invariant subsidy to tradable labor and exchange rate industrial policy achieves 80% of the

first-best welfare gains.

Table 4: Welfare of Exchange Rate Industrial Policy and “Classic” Industrial Policies

Policy A Welfare

a. XR-IP 0.07

b. First best 0.41

c. Other policy mixes Labor subsidy 0.09
Tradable labor subsidy 0.27
Labor subsidy + XR-IP 0.15
Tradable labor subsidy + XR-IP 0.35

Notes: Welfare is expressed in consumption-equivalent terms as the percentage increase in per-period
consumption required to equate welfare with the laissez-faire competitive equilibrium in each case. The
labor subsidy refers to the optimal constant uniform labor subsidy of 5.8% applied to both sectors. The
tradable labor subsidy refers to the optimal constant labor subsidy of 17.1% applied only to the tradable
sector.

Appendix Table B.4 studies simple time-varying implementation of labor subsidies
through step functions, which introduce a temporary subsidy that is later removed or re-

duced. These policies achieve welfare gains similar to those attained by a policy mix of

time-invariant policies and exchange rate industrial policies.

4. On the Efficiency of Exchange Rate Industrial Policy

In this section, we examine the factors that determine the effectiveness of using the ex-
change rate as an industrial policy from both a theoretical and quantitative perspective. We
analyze the role of international capital mobility, labor market characteristics, production

technologies and sectoral heterogeneity, and henceforth focus on converging economies.
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4.1. International capital mobility

Model with global financial intermediaries. Consider an extension of the baseline
model in which households can trade in international capital markets that operate imper-
fectly, as in Gabaix and Maggiori (2015). Suppose there is a unit measure of foreign financial
intermediaries that engage in carry trade by buying and selling bonds in different currencies.
Their aggregate balance sheet is given by Q;,; = —Q¢41/&;, where Q;,; and Q¢ are bonds
purchased in period t in foreign and local currency, respectively. Their demand for local
currency assets is given by
R*

1
L L 27
Qs = - |6 = 7t (27)

where I'; > 0 is a measure of intermediaries’ risk-bearing capacity.!’ When I'; = 0, there
is free capital mobility, and the equilibrium features the UIP condition. In this case of a
completely open capital account, FX interventions become ineffective because households
undo them by trading with the rest of the world in a frictionless manner. At the other
extreme, when I'; — 00, no intermediation is possible, and the model collapses to the

baseline model. The market-clearing condition for domestic currency bonds is given by

Fivy + Bipr + Qi1 =0,

and the balance of payments condition is

Cry — ALS™ = RFy — Ff | + % - Rt%.
t t

In this setup, we show the following theoretical result. All the theoretical results in this

section are derived under the parametric assumptions of Section 2.

Proposition 5 (Exchange rate industrial policy with international capital mobility). Con-

sider the economy with international intermediaries in the initial period. Suppose that the

' This demand arises from an optimization problem of intermediaries that maximize next period’s profits
subject to an incentive compatibility constraint. See Gabaix and Maggiori (2015) for further details.
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economy starts below its steady-state level of productivity and converges to it in the next
period (i.e., Ay < @A and p =1 with ypo > yr: = 0 for t > 1). The optimal exchange rate
industrial policy (“IP-B”) implies:

EIF > EIP0 > €68, LIE > LIF-P > [9F, CIF < CIE-B < CSF, CALP > CAIP-P > C AP,

In an economy with intermediaries, the social planner faces an additional cost from
distorting intertemporal consumption choices. This distortion creates a wedge between the
returns in local and foreign currency, which intermediaries exploit through carry trades to ex-
tract positive profits from the economy. The planner’s optimal response to this environment
is to reduce the strength of exchange rate interventions.

We also conduct a quantitative analysis of this model extension. Appendix C.1 provides
further details on the model calibration, which is disciplined with data on private capital flows
to China during the growth takeoff. Table 5 shows that the observed reserve accumulation
during the 2000—08 period increased the output growth rate by 1.5 p.p., which is similar to

the estimated effect in the model without foreign intermediaries.

Capital controls as an industrial policy. In this section, we show that capital controls
can be used in a time-varying manner to replicate the allocations of exchange rate industrial
policy. This occurs because both capital controls and FX interventions affect the economy
by creating a distortion in the household’s Euler equation.

Consider a simplified version of the model in which households trade only foreign cur-
rency bonds with the rest of the world. Suppose further that the government has access to a
capital control policy in the form of a time-specific tax on households’ savings and borrowing,
8. The following result establishes an equivalence between the allocations attained under
the optimal exchange rate industrial policy in the baseline model and those in this economy

with optimal capital controls.

Proposition 6 (Capital controls as an industrial policy). Consider a model variant in which

households can save or borrow in foreign currency, and the government can impose a capital
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Table 5: Effectiveness of Observed Reserves Policy 2000-2008

Output Labor Consumption Ext. sector
Average annual growth, p.p. Agg. Trad Agg. Trad Agg. Trad NX RXR

a. Baseline 1.6 6.1 1.2 3.3 -0.8 -0.5 60.8 1.8
b. Int. capital mobility 1.5 4.0 1.0 21 -0.5  -0.3 11.0 1.2
c. Labor mkt characteristics
High Frisch elasticity 1.8 6.0 1.3 3.6 -0.7  -04 60.2 14
Low Frisch elasticity 1.5 6.2 1.1 2.9 -1.1 -0.6 61.6 2.3
d. Production technology
Foreign capital 1.2 2.5 0.8 1.4 -0.6 -0.5 57.5 04
Domestic capital -1.6  -1.6 -1 11 0.5 0.4 742  -0.3
Imported inputs 1.5 5.0 1.1 2.8 -0.8 -0.5 599 14
e. Sectoral structure
Multiple sectors 1.6 7.0 3.1 3.7 -0.8 -0.4 60.7 2.2
Nontradable externality 1.6 5.9 1.2 3.2 -0.9 -0.5 60.0 1.8
Home-foreign goods 1.4 9.4 1.8 5.6 24 -1.1 3.1 4.8

Notes: This table shows the difference in the average annual growth rate for China’s observed reserve
accumulation policy relative to constant reserves (no accumulation), measured in percentage points for the
period 20002008 across each model variant. Output, consumption, and net exports are measured in units

of domestic consumption. Output refers to domestic value added, while reserves are measured in tradables.

In Panel (c), high (low) Frisch labor supply elasticity corresponds to < = 2 (1 = 32).

control. The allocations under the optimal exchange rate industrial policy can be attained by

imposing the following time-varying capital control:

B _ Q(Xt—l-la '7Tt+1)

T, = — 1.
! 6<Xt77Tt>

This equivalence result arises because, in both economies, the government can control
the intertemporal allocation of consumption through FX intervention in the baseline model
and capital controls in this model. Therefore, the allocations under both optimal policies

coincide. This result echoes Farhi, Gopinath and Itskhoki (2014), who show that exchange
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rate devaluations can be replicated with a combination of fiscal tools.

We also analyze quantitatively the optimal path of capital controls in our baseline
model calibration. Appendix C1 presents the sequence of taxes on savings that replicate the
allocation of the optimal exchange rate industrial policy during the transitional dynamics.

Finally, an alternative policy approach is to regulate the capital account by restricting
private capital flows in a time-invariant manner and complementing this policy with exchange
rate industrial policy through foreign exchange interventions. In the context of the model
extension with financial intermediaries, this can be achieved by taxing the profits from carry

trade. As shown in Gabaix and Maggiori (2015), a government tax on intermediaries’ profits,

77, is equivalent to considering an alternative economy with lower risk-bearing capacity
from intermediaries: Fif F = (13 ot This result implies that the government can effectively

eliminate the cost of foreign exchange intervention by taxing the profits of intermediaries
engaged in carry trade. In this sense, this time-invariant capital flow policy complements
the use of exchange rate industrial policy. This result helps explain the joint use of capital
account restrictions and exchange rate interventions by China during its growth process

(Clayton et al., 2022).

4.2. Labor market characteristics

This section examines the relevance of labor mobility for the desirability and effectiveness of
exchange rate industrial policy. Consider now a generalization of the parametric assumptions

of Section 2, where preferences are given by

Yoo [0 ki I 29
por l—0o 1+v 1+v]’

where 1 is the Frisch elasticity of sector-specific labor supply.'? In this setup, we establish

the following result.

Proposition 7 (Labor supply elasticity). Consider a version of the model with preferences

12This corresponds to the case where ¢ = v~!. See Berger, Herkenhoff and Mongey (2022) for an example
of similar preferences in the context of firm-specific labor supply.
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given by (28). The optimal exchange rate industrial policy implies the following initial allo-

cations:
IP IP CFE IP IP
et I T o T oagm T ROP T

and all these ratios increase with the elasticity of labor supply, v=".

This proposition states two key results. First, the same policy prescriptions hold in
this more general setup. Second, the strength of the optimal intervention and its effects
on exchange rate depreciation in the initial periods are larger when labor supply is more
elastic. When labor supply is highly elastic, the government can more effectively induce
higher employment in the tradable sector and exploit the production externality during the
early stages of convergence, when it is strongest.

Table 5 shows the quantitative relevance of labor supply elasticity. The effect of the
observed reserve accumulation on output growth is 1.8 percentage points in a model parame-
terization with a Frisch elasticity of 1.25, compared to 1.5 percentage points when the Frisch

elasticity is 0.75.

The case of fixed labor supply. In Appendix C.3.2, we also study the case of fixed
aggregate labor supply and show that the optimal exchange rate industrial policy shares
the same characteristics as the baseline model. In this model, the optimal policy does not
feature a supply stimulation channel and affects allocations only through the reallocation of
sectoral labor demand. This case emphasizes that the main results of the paper do not rely

on the presence of wealth effects in labor supply.

4.3. Production technology

Economies with capital. Consider an economy where capital is an input for production.

In this variant of the model, firms produce according to the following technology:
yie = Ay (L “ K™ (17", (29)
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where k;; is the capital employed by a firm in sector i at time ¢, K;; is the aggregate level
of capital, and 6; is the capital share, which we allow to be sector-specific. We show below
that whether the main features of the optimal policy are preserved in this economy depends
on whether capital is accumulated by foreign or domestic investors.

We first focus on the model where foreign investors accumulate capital. In this version
of the model, firms can rent capital at the rental rate rp;, = R*+ 9 — 1, expressed in tradable
goods. Households and the government face the same problems as in the baseline model.
Appendix C.4 outlines the implementability conditions of this model. We can analytically
characterize the optimal policy for the case in which 8y = 0, which allows for separability
between the tradable and nontradable blocks of the model; we relax this assumption in
the quantitative analysis. The following proposition characterizes the optimal policy for

converging economies in this case.

Proposition 8 (Economy with foreign capital). In the economy where foreign investors
accumulate capital, if Oy = 0, the optimal exchange rate industrial policy exhibits the same
dynamic properties as in the baseline model. Initially, it features a depreciated exchange rate

that gradually appreciates over time relative to its laissez-faire value.

The optimal policy is qualitatively similar to that in the baseline model. An initially depre-
ciated exchange rate makes labor cheaper for tradable firms, which increases their demand
for labor and capital, bringing allocations closer to those in the first-best.

We also analyze the quantitative relevance of this model extension with foreign capital
beyond the analytical case in Proposition 8. Appendix C.4 describes the calibration of this
model. Our estimates indicate that observed reserve accumulation stimulated output growth
by 1.2 percentage points, a magnitude similar to that in our baseline model without capital
(see Table 5).

Next, we consider the model in which capital is accumulated domestically. All other
features of the model remain the same as in the previous version. In this model variant,
domestic agents can accumulate capital, and the supply of capital is determined by an equal
return condition between the return on capital and the return on local currency bonds,

ree = Ry + 6 — 1. This introduces an additional cost to exchange rate industrial policy.
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When the government initially accumulates reserves and issues local currency bonds, the
exchange rate depreciates, and the rate of return on local currency bonds increases. Because
agents now face a higher interest rate, the capital supply decreases so that it yields a higher
return in equilibrium. This additional cost is traded off against the benefits of exchange rate
industrial policy.

We also analyze the quantitative relevance of the model extension with domestic capital
formation. Appendix C.4 describes the calibration of this model. In this case, we estimate
that the observed policy decreases output growth by 1.6 percentage points (see Table 5),
indicating that the output costs of postponing domestic investment by increasing domestic
rates of return are quantitatively large. This analysis highlights that an essential ingredient

of exchange rate industrial policy is allowing capital to be accumulated by foreign investors.

Economies with imported inputs. Consider now an economy where production relies

on imported inputs. In this variant, firms produce according to the following technology:
_ g\ (-, 6\
yie = Ay ( Ly, > My, Ly ~mag ) (30)

where m;; (M;;) represents the individual (aggregate) imported inputs used in sector i at
time t, and & denotes the imported input share. The price of imported inputs in foreign
currency is given by Pj;,. The following proposition shows that this model is equivalent to

the model with foreign capital.

Proposition 9. The model with imported inputs has an isomorphic setup to the one with

foreign capital, where k;; is replaced by my,, i is replaced by Py, and 0; is replaced by &;.

A corollary of this proposition is that the same qualitative features of the optimal exchange
rate industrial policy are preserved in the empirically relevant case of a model with imported
inputs in the tradable sector, where &7 > &y = 0.

We then quantitatively analyze the case of imported inputs using a calibration that in-
cludes imported inputs in both the tradable and nontradable sectors. Appendix C.5 provides

details on the calibration of this model extension. Table 5 shows that the observed policy
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stimulated output growth by 1.5 percentage points in the model with imported inputs, a
slightly lower effect than that observed in the baseline model.

4.4. Sectoral structure

Multiple tradable sectors. As discussed in Section 3.1, tradable sectors can differ sub-
stantially in terms of their Marshallian externalities. In this section, we characterize the
optimal exchange rate industrial policy in the presence of sectoral heterogeneity. For sim-
plicity, we consider a variant of the model with two tradable sectors, 7 = 1,2. To allow for

heterogeneity in labor supply elasticities across sectors, we assume that preferences are given

by

00 l—0o 14+v 1+ 14+v
Zﬁt C _¢LTJ£t1 _¢LTJ£t2 _ LNJ;N
— 1—0 14+ 1414 1+vy

: (31)

where the consumption good is given by the composite of tradable and nontradable aggre-

gators (2), and tradable consumption is an aggregator of tradable-sector varieties,
o A1/2,41)2
Cry = OTltCTQt‘

In this environment, we establish the following sufficient statistic result. Define ¢, =
log(&;) — log(&,) as the log deviation from the first-best exchange rate, and v;, = loga —
log(a + ’YTjt) <0.

Proposition 10 (Multiple sectors). In both the single-tradable-sector model and the multiple-
tradable-sector model, the optimal exchange rate industrial policy follows the same law of

motion:

(1+ D)er + Dy = (1 + D)ery1 + Dy,
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where D > 0 and 1y are model-specific. In the single-tradable-sector model,

(a+79)?*+ (1 +v)(a+7)

D —
(a4+~v—1-v)?

, Wy =loga — log(a + yry).

In the multiple-tradable-sector model,

D+ D,

1
D:_[D1+D2]a 77th

2 ¢2t7

D,
+
Yt 5

where the sector weights are given by

2
1 .
Dj:(aJr’V) + +V])(a2+7)’ forj=1.2,
(a+v—-1-v)

This proposition shows that the optimal exchange rate industrial policy in the model with
multiple tradable sectors behaves similarly to the baseline model. It approximately follows
the path of a weighted average of the production externalities of both tradable sectors. In
addition, the optimal policy places greater weight on sectors with more elastic labor supply,
as stronger externalities in these sectors can be exploited more effectively by the policy.'?
We also analyze the case of multiple sectors quantitatively. For this, we use our sectoral
externalities estimates from Section 3 and data on sectoral sizes of China to calibrate the
model. Appendix C.6 provides further details on the model calibration. Table 5 summarizes
the quantitative results of this model extension, which show that the estimated output effects
of the observed reserve accumulation policy are similar to those in the baseline model with

a single tradable sector.

Externalities in the non-tradable sector. Consider the baseline model extended to
include externalities in the non-tradable sector, yy7¢ > 0, in addition to those in the tradable
sector. In this case, the optimal policy path depends on assumptions about preferences and
labor supply. Under the baseline parameterization of Assumption 1, the optimal policy

coincides with that in the economy without non-tradable externalities. In particular, the

13See Palazzo (2024) for evidence on heterogeneous responses of sectors to currency undervaluation.
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optimal policy in that case is independent of the path of non-tradable externalities. This
occurs because the negative effect of the policy on the demand for non-tradables exactly
offsets its positive effect on labor supply, implying a non-tradable equilibrium allocation
that is independent of intertemporal considerations. Outside the baseline parameterization,
the optimal policy will depend on the path of externalities in the tradable and non-tradable
sectors. If the latter have stronger dynamic effects than the former, the equilibrium policy
may imply opposite dynamics, i.e., currency appreciation in the initial stages.

To assess the quantitative relevance of non-tradable externalities, we consider a case
in which the non-tradable sector follows the same path of externalities estimated for the
tradable sector. Table 5 shows that the policy’s effects on output are similar to those in our
baseline model, indicating that the theoretical parametric assumptions used in the theoretical

characterization are close to a quantitatively realistic calibration.

Home-foreign goods. We also consider an extension with home and foreign goods, where
the rest of the world features a downward-sloping demand for the home good. This extension
incorporates the assumption of differentiated tradable goods used in Bartelme et al. (2019)
to estimate sector externalities. Appendix C.6 provides details on the model calibration.
Table 5 shows that the estimated quantitative effects of the observed policy are similar to

those in the baseline model with an undifferentiated tradable good.

4.5. A discussion of historical experiences

Our framework can be used to interpret historical experiences with exchange rate inter-
ventions aimed at accelerating economic development. Emblematic cases of these policies
include the Asian growth miracles and, more recently, the Chinese growth process (see, for
example, Page, 1994; Song et al., 2014). Through the lens of our model, these economies ar-
guably met the necessary condition for the desirability of such policies—namely, undergoing
a convergence process. In addition, they exhibited two characteristics that, in our model,
make these policies more effective and desirable. First, the policies were conducted in envi-

ronments with capital account interventions and initially underdeveloped financial markets,
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which made FX interventions more effective in influencing exchange rates. Second, these
economies had a high degree of labor mobility across sectors. In the salient case of China,
there was significant labor migration from the local rural sector to the urban manufacturing
sector (see Cai, 2016, for a discussion of the demographic dividend in China).

The characteristics of the Asian examples stand in contrast to those of Latin American
experiences, which are often referenced as failures of these types of policies. Most Latin
American economies did not experience convergence processes and were specialized in com-
modity sectors that, as discussed in Section 3.1, are less clearly associated with production
externalities. They also faced greater costs in sectoral labor reallocation and had a more
open capital account. Through the lens of our model, this configuration renders exchange
rate industrial policy less effective and desirable. Moreover, in Latin America, these policies
were often implemented through monetary policy aimed at targeting an undervalued real
exchange rate (see, for example, Calvo, Reinhart and Vegh, 1995). While such policies can
address temporary exchange rate misalignments, they may also generate higher inflation and
instability if used to target the exchange rate in the medium run (see, for example, Uribe,
2003). In contrast, our framework highlights sterilized foreign exchange interventions as a

more appropriate policy tool for targeting the real exchange rate in the medium run.

5. Conclusions

In this paper, we studied how exchange rate policies can be used to accelerate economic
development. Our quantitative framework indicates that the effects of these policies can be
substantial and highlights two key conditions for their desirability. First, production exter-
nalities must be dynamic, which can occur when economies undergo convergence processes.
Second, international capital mobility must be imperfect, either due to underdeveloped fi-
nancial markets or policies regulating the capital account. Our analysis also emphasizes that
these policies may be ineffective or undesirable in economies that fail to meet either of these
conditions. These context-based policy prescriptions align with the discussion of historical

experiences.
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Although our analysis has focused on policies from the perspective of individual economies,
our framework can be extended to study interactions in the global economy. An interesting
application in this regard is the idea of “currency wars,” which gained prominence during
China’s growth takeoff. Our framework could be used to examine the extent to which these
global dynamics arise as a result of multiple economies attempting to exploit the dynamic
patterns of production externalities. We leave the study of these global interactions for

future research.
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A. Baseline theoretical model appendix

A.1. Proof of Proposition 1: Impossibility result

Litv
1+v
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, where ¢ = -.
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We show the proposition for more general preferences » .-, 3 [Ctlig — 0
Given the initial foreign currency asset position F{, the conditions that characterize the

competitive equilibrium allocation {Cry, Cny, Ly, L, Fi' 122, are
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where in equation (A.3) we substitute Pr; = N into (5) after normalizing Py; = 1

without loss of generality, and combine firms’ labor demand from (10).
The conditions that characterize the first-best allocation {Cry, Cny, Lo, f)Nt,Ftﬁrl};’iO
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Observe that satisfying the first-best intertemporal optimality condition (A.6) in the
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competitive equilibrium (A.3) requires government foreign exchange intervention {F} +1}t:0
La—l—U/La+“/Tt+1*1*V

such that R, ; = R T4l for all ¢. Further, equations (A.4)—(A.5) for the

a—1l—v at+ypi—1—v
LNt /LTt

first best and (A.1)—(A.2) in the competitive equilibrium only coincide if v = 0 for all ¢.

Therefore, in the presence of production externalities, v, > 0 for some ¢, then the first-best

allocation cannot be achieved in the competitive equilibrium for any {F;}5°,.

A.2. Proof of Proposition 2: Time-sector specific subsidies
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We show the proposition for more general preferences ) .~ [ 1 i |, where ¢ = 7.

With tradable and nontradable sector-specific labor subsidies 7%, the firms’ problem for
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each sector i € {T, N} is
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The government budget constraint is
FtJrl + EtFtil + Tt + T:,Iﬂ/tWTtLTt + T]{/[tWNtLNt = RtFt + EtR*Ft*,

which, combined with the household budget constraint and firms’ profits, gives the balance

of payments condition (16).
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Given 74, 7%,, the conditions that characterize the competitive equilibrium are
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gives identical conditions to the first best (A.4)—(A.5) for the competitive equilibrium. Gov-
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for all ¢, so (A.7) in the competitive equilibrium is equivalent to first-best condition (A.6).

A.3. Optimal exchange rate industrial policy: General problem
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In this section we solve the optimal exchange rate industrial policy problem (P1). Af-

ter substituting the labor aggregator and nontradable goods market-clearing condition, the

Lagrangian is
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( ) t o Nt ¢ + G o Nt (1/A) = = V"‘n Tt T

Cre
1 6 1 1 [(1-w\"
T/t (_ - U) <O == ( ) =0,
n wn C CNt
v a+ —1- LOH_’YTt_V_Q e —v— fe% —
oLy — Ct( ’yT(tC JA )‘2 T —p(a+yre — 1 — ’/>O‘AtLT;WTt 2= A+ VTt)AtLTjWTt 17
Nt/At) @

Combining these expressions gives

w " i, O(Xpt1, Vre+1) ( w ) "1,
— ) ) =T IRR Y — | O,
(CTt> ' Q(Xn ’YTt) p r
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A.4. Proof of Lemma 1: Log-quadratic approximation

We first show that under Assumption 1, the optimal exchange rate industrial policy (XR-IP)
problem is independent of the nontradables block {Cn¢, Lnt}52,. To see this for the more
general case that allows for externalities in both the tradable and nontradable goods sectors,

we have the two constraints

(@) %A L%jm_l’

OH’WNt 1
at YN

(&) - ()
Cry L ! Cne )
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Combining these two equations gives
atynye—1

¢ Cne\ ot (1—w
ad; (I) ( Cni ) ’
a(l o w) at+YNt
5

= CNt = At |: s (AS)

and the nontradable goods market-clearing condition C'ny = AtL?VJtWN * determines Ly, which
shows that the nontradables block {Cyy, Lyt }52, is exogenous for this analytical case.

The XR-IP problem is then to solve for the tradables block Cry, Ly, and F

t
max wlog Cry — ¢ Lpy| + constant
{CTuLTt,FZiH}?iO ; 6 [ g Uy ¢ Tt]

v (&) =oimz

s.t. - = 0———,
CTt OéAt L%;F’YTt -1

Cry — A L3 = R'F) — F,

Fy given.

To derive the approximation of this XR-IP problem, we first define the reference bal-
anced trade (BT) allocation {Cr, L7} by

Cr =Yy =ATS",

— = (CY + ")/)Z _;"F’Y_l’

(w/Cr)

where v is defined below. Therefore, in the BT allocation

Ly = W(O‘;' ) .

To approximate the welfare function, we take a second-order approximation of the wel-

fare function around the BT allocation

Wo =Y [wlog Cry — ¢Lry] .
t=0
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A second-order Taylor expansion for the tradable consumption term around the BT is
wlog Cry = wery +wlog Cr,

where ¢y = log Cry —log Cp, and similarly for 7y, yry. A second-order Taylor expansion for

the tradable labor term around the BT is

_ _ _ 1 —
—¢Lyy = —¢Lre™ = — $Lp — Lyl — §¢LTZ%,:

Therefore, welfare in terms of deviations, ignoring terms independent of c¢p; and l7y, is
- t - 1
Wy = ; B" \wery — ¢Lr(lpy — 5th) )

and similarly for the first best (FB) approximated around the BT. We now approximate the

resource constraint relative to the BT. A first-order approximation of the LHS is

cry — ap — (@ 4+ Y)lry — (yre — ¥) log Ly = R* 7 — fi4,

where a; = log A; — log A, f; = % For welfare, a second-order approximation of the LHS
around the BT is

1 1 L
cre + §C2Tt —a; — iaf — (a4 )lre — 5(04 +79)"ln,

—_ 1 ¥ EaE *
—(th — 7) log Ly — 5('7Tt - 7)2(10g LT)2 =R ft - ft+1-

Iterating this forward and using the transversality condition lim,_,. 3°f;,, = 0,
o0
Z BtCTt
t=0

= 1 1 1 — 1 _
=2/ {56% —a =56 — (@ + )l — 5(a+ )l = (yr = 7) log Lr = 5 (vre = 7)*(log Lr)”
t=0
1

T35

o
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and similarly for the FB allocation relative to the BT. Taking the difference in welfare and

substituting using the iterated resource constraint

- 1
Wy — Wy = Z 5t |:_CTt (. + )l — 5(04 + 7)2@”}

# 3 e [ ookl o+
- Z o {@T(zﬁ - 58|+ f; o [orirc - 540
= — —Zﬁt wz; + [wla+7)? +w(a+7)] 7], (A.9)

denoting deviations from the FB z; = log Cr; — log C’Tt, x; = log Ly — log ETt, and using
that ¢Lr = w(a + ), and as we now show the interaction terms are zero to second order.

Combining the second-order approximations of the resource constraint

~ 1 1 ~ 7 T * [k [k
e~ e 5k~ 3~ (04 )l — Ir) — (a4 2By~ B) = Ry — Fi

erilere — ei) — e+ ) (e — Ipy) + hoot. = e (R f = f7y),
where f; = f; — ft* Substituting for ¢y gives

eri(ery — ere) — ag(ae+ ) Iy — iTt) - ZTt(Oé + 7)2(th — [Tt)
—(yre = ) log Ly (e +7) Iy — Ire) — (R f = fro) (o + ) (b — Ipe) + hoot. = En( R ff — fy)

Zﬁt [ETt(CTt — &re) — ag(a+ ) (e — lre) — bpe(oc+ )2 (Ire — It

t=0

(e = M og (e + ) (I — I) = (R 7 = Fo)(@+2)(re = )| + hooit. = 37 B [er(R*Fy = )]

t=0
Therefore, let v such that

Z [th CY—F’Y + 8¢ — [a+7+1]th](th—l~Tt)} =0
=0

where s; = a; + (v — ) 10ng + R*.ft* - J;t*+1~
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The interaction terms simplify to

3 g [waﬂ(cﬂ — &) — wla + )2l (lre — Tre) — w(e+ ) lre(lry — ZTt)} + hodt.
t=0

NE

gt [WéTt(R*.ft* - ﬁﬂ)]

t=0

WE

B [wfia(ren — o)

-
Il
o

I
o

given by the FB optimality condition ¢7; = ¢y and f 0 = 0.

Next, solve the constraints in terms of z;, x;. The loglinear resource constraint gives
f— (ak)m = B = fa. (A.10)
The loglinear MRS = MPL constraint for the XR-IP is
logp —logw + log Cy = loga + log Ay + (o + v — 1) log Ly + (v — 7y) log L,
and for the FB is
log ¢ — logw + log C'ry = log(or + yr¢) +log Ay + (o + v — 1) log Ly + (y7¢ — ) log L.

Combining the XR-IP and FB gives

2=+ (o +v— 1)y + (yre — v)(log Ly — log th)
=+ (a+v— 1Dy, (A.11)

where ¢y = loga — log(a + v74) < 0 and the second line uses a first-order approximation

around the BT, which gives (yr; — 7)(log Ly — log L) = 0.

o4



Combining (A.9), (A.11), and (A.10), the approximate XR-IP problem is

max ——Zﬁt w2l + [w(a+7)? +w(a+7)] ftQ]

(2o, 1320
st. z=1U+ (a+v— 1)y,
(ot a = B~ f, (A12)
fo=0.

BR* =1 and iterating (A.12) using the transversality condition lim,_.. 5°f;,, = 0 gives

o

Z (a+7)z) =0,

t=0

which shows the Lemma.

A.5. Proof of Proposition 3: Optimal XR-IP in converging economies

We first solve the optimal XR-IP problem in this case, then characterize the solution relative
to the laissez-faire competitive equilibrium (LF-CE).

Combining the constraints, we can solve the XR-IP problem for z;
max — —Z/Bt +(a+v—1Dz)’ + [wla+7)* +wla+7)] 7]

{xt}?io
Zﬁt [ — 2] =0
t=0

Let A be the multiplier on the lifetime resource constraint. The first-order condition for

Ty 18
-3 [w(z/zt +(a+y—Da)(a+vy—1)+ [w(a +9)? + w(a+ 7)] a:t} = BN
We get a loglinear Euler equation to characterize the XR-IP solution

¢t+[<a+7_1)+C]$£P:¢t+1+[(O“"’Y_l)‘i‘c]xtﬂa

%)



where ¢ = m&)j%;r” < 0. Therefore, for all ¢t > 1

@Z)O—I—(oz—i—v—1+c)xépz¢t+(a+7—1+c)xfp
P (@Do—%) 1P

= = .
S P s

To show that z/F < 0, i.e., Lp > LIP for all t, from the lifetime resource constraint

+25t04~|—’y 1—|—c Zﬁt

t=1
- S <

IP
= ﬁ)wo_(a—i—v—l—i—c) (a+vy—1+c¢)

since (o + 7 +¢) < 0, given ypy > yreyq > 0 for all ¢ then ¢, < ¥y < 0, Y oo, Sl < 0.

Therefore

P (1= B)ola+v+c) U

(a+~v+c¢) .
t (a+1-179 (atr—1+g 077 ZWKO

(a+~v—1+¢)

The LF-CE is characterized by

Rt = Zt+1,

2=+ (a+y— 1)y,
—(a+)z =R f; — fr.1,

fi=0.

Combining the first two equations
e+ (a7 = Daf® =t + (o + 7 = Dl

so the CE allocation is given by the XR-IP with setting ¢ = 0. Note that

ce (o — ) CE
K 7(04—1—7—1)—‘_960 '
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Therefore, from the lifetime resource constraint

:ﬁE—(—ﬁwm———@@——+u—ﬁ ety }:ﬁm,

(a+v-1) (a+v-1)
and
x]P . :)ZCE 577/10 c (1 - ﬁ) Z?i1 5t¢t [—C
© T (aty—1+laty -1 (a+y—1+c)(at+y—1)
>0 <0
1- 82, 8
(a+y—1+c)la+y-1) (a+y—1+¢c)(a+v—1)
Bibo Bibo
¢+ [—]
(a+7—1+ o)a+vy—1) (a+y—1+c)(a+y—1)
=0.
From the lifetime resource constraint
Zﬁt 1P ) 0
xép—xo = Zﬁt IP_xt ),
>0
so for at least one t > 1, (x!¥ — 2¢F) < 0. Note, for any t > 1
2P 2CF = — (o — ) ¢+l — 2O,
(a+y—1+¢c)la+y-1)
Therefore
P CE P _CE Vi1 — Uy
— = <0
Tipg = Ty — (a:t Ly ) (oz—i—’y—l—i—c)(oz—i—’y—l)c )
since ;41 — ¥y > 0 and ¢ < 0, so (2/F — 2F) is strictly decreasing in t. Then, together
with (zlF — 2§F) > 0 and (2 — 26F) < 0 for some ¢ it must be that 3 7 > 0 such that

(2lf — 26F) > 0 (i.e. LIE > LGE) for t <t and (2lF — 28F) < 0 (i.e. LY < LGE) for t > .
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For both the XR-IP and LF-CE

c wa Ay 1
Tt — ¢ Llfa*'YTt )
Tt
a—1

C z
E = (TN:) L%F;a—’YTt7
where Cy; coincides for the XR-IP and LF-CE. Therefore, for ¢ <  since L > LGF

P CE
Cri <Cfps

glr > °F.
By definition of the trade balance

TB; = ALy — Cry,
= TB" > TB",

for t < t.

It is straight forward that similarly for ¢ > # when LY < LZF that CH > CGF,
EP < ECF and TBIY < TBFE.

To examine the path of assets F} |, for both the XR-IP and CE

¢t — I = R*ft* - ft*+1a
fi=o0.

Therefore, at any ¢
t
Z Bls — ] + Btft*-s-l =0

s=0

ﬁt.ft*+1 = Zﬁs[xs - ws]
s=0
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Substituting in for the solution for z; gives

A =Bbolat+y+e)  (a+v+) B (a+v+c) ”
mYe= (a+y—1+¢) (oz~|—’y—1+c)+(1 ﬁ)(a+’y 1+¢) Zﬁ
(I=Bola+v+c) (a+v+)i (a+v+¢)
= (a+~v—=1+¢) (a+7—1+c)+6(a+7—1+c)¢0
cA=Blatyte)  (aty+c)do ny (a+7v+¢ "
(a+v—1+¢) (a+v—1+¢) (a+v—1+¢) 0
=0.
Therefore

5tft:1 = ZBS[ZL’S - ¢s] < 07
s=0

which shows that F;, > FyI for all .

Combining the expression above for f;;l for the XR-IP and CE

B )™ = ()" Z B[zl —
We know that
> B — 2P =0
s=0
t

S FE =T S el - =0,

5=0 s=t+41
and that (z{f — 2§%) > 0, (21 — 29F) is strictly decreasing in s and (z/f — 26F) < 0 for

all t > t. Therefore

B = (f) "] Z Blal =" >0

s=t+1

= F/IV > FyEF for all t.
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A.6. Proof of Proposition 4: Optimal XR-IP in non-converging economies

If the economy is not converging or is at the technological frontier, then vy, = v for all

t > 0. In either case, the solution to the XR-~IP problem shown in Appendix A.5 is

¢+[(a+7—1)+c]fo:1/)—|—[(oz—l—v—l)—l—c]xffl
‘T{P:x{fb

and for the LF-CE is

Yt (aty = Do = ¢+ (a+v - Dy
The other conditions are identical, so the allocations for the optimal XR-IP and LF-CE
must coincide.
To see that this no-intervention result holds more generally observe that the XR-IP and

LF-CE conditions coincide apart from the XR-IP modified Euler equation

w z T4 (9<Xt+177Tt+1) ( W )’17 g
— C  =pBR* cl,,
(CTt > ! & Q(Xt, ’VTt) Crisa i

where Q(XtﬁTt) and x; = {OTmONt,LTt,LNt>E11aAt}- If BR* =1, Ay = A, and vpy = yr
for all ¢ > 0 then we can conjecture and confirm that the solution coincides with the LF-CE

Euler equation
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B. Quantitative model appendix

B.1. Additional details in the estimation of production externalities

Methodology. This section extends the methodology proposed by Bartelme et al. (2019)
(BCDR) to a setting with multiple periods and a time-varying externality. As in BCDR we
allow for arbitrary sectoral employment subsidies and bilateral trade tariffs.
Firms in country c tradable sector ¢ with destination j produce using a constant-returns-
to-scale production function at the firm level (o = 1)
Yeiit = Acjitlejieless’
with a sector i production externality [, where Lo, = > i lejit- The optimality condition

for labor [.;;+, given producer price F,;;, wage W, and employment subsidy s.; is

A . LFict o (1 - Scit)Wct
¢t Heit T P .
cj,i,t
Taking logs and combining with the same expression for reference sector iy in country

c and taking the average across destination countries j

1 1

j Z log ch,i,t - j Z log ch,io,t = — I log Leyy + Liper 10g L + log(l - Scit) - 108;(1 - Sciot)
J J

1 1
— j Z log ch,i,t + j Z log chﬂ'o,t' (Bl)
J J

Households in country j have CES preferences over consumption of goods from sectors
i across source countries ¢

3
t—1

1 1—-1
uj(Cejit) = (Z BjLithit L) )
i

9

1 0, —1
Ciin = Coi i
Jit — cj it )

C

where (j;; is a preference shifter for country j and sector ¢ normalized so that ), By =1, ¢
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is the elasticity of substitution between goods from different sectors, and 6; is the elasticity
of substitution between goods from different origins. If the household faces consumer prices

Dej,its the first-order condition w.r.t. ¢, is

L

~

_1
-ty 1 1—L %=1 _ 1
67 Cr c 9 c 0;
it jit g, cjit

c

1 1-1
Dejit = ( E BiuCli *
i

Taking the ratio of this with the same expression for reference source country ¢ = 0

_1

0;

Dejit  Cejint

- T_1

Pojit %
07,2,t

1—L

0;

Xejit _ Cejit
= 2t
Xoj)l’t 1 . Aei
07,2,t

where X = PejiiCejis 1S expenditure by households in j on sector ¢ in source country c,

then

1-6;

Xejie |:pcj,i7t:| '

- 9
DPojit

and taking the average across countries j gives

1 1 1 1 1 1
1_ QZ j ; IOg ch,z',t — Telj ; log Xcoj,i,t = — j ; logpcjﬂ;,t + 7 ; logpcoj,i,t-

(B.2)

T

Bartelme et al. (2019) allow for import tariffs ¢}, , and export taxes t7;,;, so that con-

sumer p.;;+ and producer P, ;, prices are related by

pory = ) b
cJ,0,t (1 4z ) cgu,te

cj,i,t

Taking logs and the average across countries j gives
1 1 1 m 1 -
N Z log pejie = Z log Pejie + Z log(1 +tej:e) — 5 Z log(1—15;;,).  (B.3)
J j j J
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Combining (B.3) with the household equation (B.2) and firms equation (B.1)
Teit = Qe + a; + ap + 7? 1Og Leis + /yzldfct 10g Leis + Ecity (B4)
where
1 1
Leit = T@j z]: log Xejits

1
jZIOgOéCj’@t | c| — E —E
J

1
Coit = 5 ; log ajiv — E

1
j Z IOg acj,i,t
J

Qe = Acjia(1 = 15550 /(1 = sear) (14551,

Fict = ’710 + ’yildfcta

1 )
j Z lOg acj,i,t | 1
J

1
j Z lOg acj,i,t | t]
J

+E

Y

ae, a;, a; are country, sector and time fixed effects, and the shocks €.;; are constructed so that

Elecit|c] = 0 for all ¢,
Eleci]i] = 0 for all ¢,
Elecit|t] = 0 for all ¢.

The second and first stages for the IV estimator in dummy variable notation are

Teit = Zan X 1p—c + Zan X 1 + Zan X Ty

neC nel neT

+ 272 X (Jln:z X 10g Lcnt) + Zf}% X dfct(]ln:i X IOg Lcnt) + Ecits
nel nel

(B.5)
(I]-n:i X log Lcnt) = Zamn X :ﬂ-m:c + Zamn X :ﬂ-m:i + Z amn X I]-m:t

meC meZL meT

+ Z Fmn X (L= X log Ecmt) + Eent, forallneZ, (B.6)
meL

where C, Z and T denote the set of countries, sectors and years, respectively. L.; is sector
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size at time t, equal to the sales share of country ¢ population th, constructed as L. =

-~

(Scit/Set) Let, where Sgp = Zj Xejits Set = ZJZ Xejit, and X, are bilateral trade flows
from country ¢ to j in current USD.

The logic of the instrument Ecit is that large countries, or countries with stronger tastes
for particular sectoral consumption, are expected to be relatively productive (and, therefore,

have relatively lower prices) in sectors with relatively larger production externalities.

Data and sample. Our data and sample of countries and sectors follows Bartelme et al.
(2019) (BCDR). We use data from the OECD’s Inter-Country Input-Output tables, which
provide bilateral trade among the 61 major economies in Table B.1, including both advanced
and developing economies. These data report all bilateral flows, including domestic sales, in
each sector we use to construct aggregate measures of expenditure and sales by country and
sector as described in Section 3.2. For population data, we use Penn World Tables version
9.0. The 15 2-digit manufacturing sectors used in BCDR are listed in Table B.2.

The measure of population th is “POP” in the Penn World Tables. Zcit is the demand-
predicted sector size IV, constructed as zcit = Bcit X Ect. From the nested CES preferences

the demand shifter Bcit is given by

B . Scit/(Pcit)lib
cit — )
Zl Sclt/(Pclt>1_L

1/(1-6;)
) is sector i’s price index in country c. Bartelme et al. (2019)

where P.; = (Z ; p]lgf ;
estimate log P.; = %Z] log(Xjc,it/Xeir)/(0i — 1), v = 1.28, and use estimates for ; from
the literature. For relative labor productivity, we use GDP per capita relative to the U.S.
measured in PPP from the World Bank. We estimate (B.5) and (B.6) pooling across all
available cross-section years as Bartelme et al. (2019), T = {1995, 2000, 2005, 2010}.

Results. Table B.2 shows results from the estimation of 7Y and ~;}. The final column shows
the value of the externality by sector I'; china,2022 = %Q + ’Yildfcmna,zozz, where dfcping2022 =

2.43.
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Table B.1: Countries in empirical analysis to estimate production externalities

Advanced Emerging Markets
Australia Argentina
Austria Brazil
Belgium Brunei Darussalam
Canada Bulgaria
Denmark Cambodia
Finland Chile
France China
Germany Hong Kong
Greece Colombia
Iceland Costa Rica
Ireland Croatia
Israel Cyprus
Ttaly Czech Republic
Japan Estonia
Korea Hungary
Luxembourg India
Netherlands Indonesia
New Zealand Latvia
Norway Lithuania
Portugal Malaysia
Singapore Malta
Spain Mexico
Sweden Philippines
Switzerland Poland
United Kingdom Romania
United States Russian Federation
Saudi Arabia
Slovakia
Slovenia
South Africa
Taiwan
Thailand
Tunisia
Turkey
Vietnam

Notes: Sample of countries used in the empirical analysis to estimate production externalities, as in
Bartelme et al. (2019).

B.2. Additional results
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Table B.2: Sector-level Results from the Estimation of Production Externalities

Sector (ISIC code) o o I'; China 2022

Rubber and Plastics (22) 0.361 0.046 0.473
(0.082)  (0.025)

Chemicals (20) 0.254 0.003 0.261
(0.027) (0.005)

Computers and Electronics (26) 0.236 0.006 0.252
(0.025)  (0.007)

Other Transport Equipment (30) 0.181 0.008 0.199
(0.023)  (0.004)

Motor Vehicles (29) 0.192 0.000 0.191
(0.016) (0.007)

Food, Beverages and Tobacco (10-12) 0.180 0.004 0.187
(0.022)  (0.004)

Mineral Products (23) 0.133 0.005 0.146
(0.015) (0.003)

Wood Products (16) 0.109 0.012 0.138
(0.016)  (0.007)

Paper Products (17-18) 0.118 0.006 0.133
(0.015) (0.004)

Textiles (13-15) 0.078 0.011 0.104
(0.013)  (0.003)

Fabricated Metals (25) 0.067 0.014 0.100
(0.014)  (0.005)

Basic Metals (24) 0.061 0.009 0.084
(0.014)  (0.004)

Machinery and Equipment (28) 0.033 0.015 0.070
(0.015)  (0.007)

Electrical Machinery (27) 0.023 0.014 0.056
(0.015) (0.006)

Petroleum Products (19) 0.031 0.009 0.054
(0.082)  (0.005)

Average (N = 3,648) 0.137 0.011 0.163

Notes: This table shows the results from estimating (26) using the instrumental variable approach in
Bartelme et al. (2019). The final column shows the value of the externality by sector using dfcpina,2022-
The average is weighted using sector sales shares.
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Figure B.1: China: Reserves % of GDP
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Notes: Reserves of foreign exchange and gold. Data source: World Bank.

Figure B.2: Foreign Exchange Interventions Under the First Best
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Notes: The variables in Panels (a)-(c) are for the first best, expressed in deviations relative to the
laissez-faire competitive equilibrium. The horizontal axis measures years since the initial period 1980.
Panels (a) and (c) are the difference as a share of GDP, and Panel (b) is the ratio.

C. Model extensions appendix

C.1. Model with global financial intermediaries
C.1.1. Proof of Proposition 5: Economy with financial intermediaries

We first derive the XR-~IP problem with international capital mobility. Given that interme-
diaries operate only in the initial period by 917008ng @1, Qo =0, and Q; =0 for all t > 2,



Table B.3: Effectiveness of Observed Reserves Policy 2000-2008: Robustness

Output Labor Consumption Ext. sector
Average annual growth, p.p. Agg. Trad Agg. Trad Agg. Trad NX RXR

a. Baseline 1.6 6.1 1.2 3.3 -0.8 -0.5 60.8 1.8
b. Alternative parameters
Cole-Obstfeld 1.6 5.4 1.2 3.0 -0.9  -09 604 1.6
Coeff. RRA 0 =2 2.3 7.2 1.7 4.0 -0.6  -0.2 61.9 2.1
Dec. returns a = 0.75 1.5 6.3 1.3 3.5 -1.2 -0.6 61.9 2.6
Full convergence ¢ =1 1.5 5.6 1.1 3.0 -0.8 -0.5 60.6 1.7
Fast convergence p = 0.1 1.9 7.0 1.4 3.8 -1.0 -0.6 61.1 2.2

Notes: This table shows the difference in average annual growth rate for China’s observed reserves
accumulation policy relative to constant reserves (no accumulation) in percentage points for 2000-2008 for
each model variant. Output, consumption and net exports measured in units of domestic consumption.
Output is domestic value added. Reserves measured in tradables.

Table B.4: Welfare of “Step Function” Labor Subsidies

Temporary policy A Welfare
Labor subsidy 0.11
Tradable labor subsidy 0.36
Labor subsidy + XR-IP 0.15
Tradable labor subsidy + XR-IP 0.39

Notes: Welfare expressed in consumption equivalent terms as the percentage increase in per-period
consumption from the laissez-faire competitive equilibrium to equate welfare in each case. These “step
function” labor subsidies revert to their steady state optimal level. The temporary labor subsidy is the
optimal initial 10-year labor subsidy for both sectors of 12.1%, and 4.3% thereafter. The temporary
tradable labor subsidy is the optimal initial 10-year tradable-sector only labor subsidy of 30.1%, and 12.5%
thereafter.

and yro > vy = 0 for all ¢ > 1, the balance of payments condition is

Cro — AgL3{"™ = R*F; — Ff + %
0

Cri — A L% = R*F* — F* RQI
T1 — A1 — 1_2_t5_1

Cro— ALgy = Rg — Fyy  fort>2.



Combining and iterating these forward and using the transversality condition gives the

intertemporal resource constraint

§ —Cry) + — —— | = —R'F}.
t=0 Tt) @ (50 51) ‘

Substituting the optimality condition for the intermediaries ()7 = Fil [50 — %51] gives

oo a+’YTt _ CTt) 1 R* gl Rl 50
— (1= == l—-—— | = —RF]. C1
z rr (-5 (1-22) s
NPV net exports ;6
From the HH Euler equation,
Criq1 &
=06R
Cre = BRiy157— Sy
Substituting the constraint for C'r; gives
AtﬂL;ﬁlﬂﬂ_l & . Rt+1 &

pr— R —_— .
BRe i R* &4

at+yre—1
ALy,

Substituting the constraint for Cry, the intertemporal resource constraint from (C1) is

« -1 a—
|:_AtLOt+"/Tt1 _ AtLa+'YTt:| _ i (1 o AOLTE:’YTO > <1 - AILTI ! ) — R*F*
Tt Tt 1’\[ AIL(%II AOL%E)&-WTO—I 0

”ME%

The XR-IP problem is then to solve for the tradables block Cry, Ly, and F

max lw(a + — 1)log Ly — ¢Lpy| + constant
{Crs,Lre,Ff 1322, ; 5 [ ( T ) g Lt ¢ Tt]
N 1 1 A La+7TO 1 A La—l
S.t. r——l A OHJYTt_l A La+’YTt:| —_ (1 —_ L) (1 — i) — R*F*,
; (R l oM e ALgT ALy ’

F§ given.

Let A\ be the multiplier on the constraint. The first-order conditions w.r.t Ly, L7, and
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L, for t > 2 are

W

1 _ b
w(a+yr0 —1)7— =@ — A {—(0‘ + 910 — 1)A0L%rwo 2 (o + YTO)AOLTJOWTO '

Lo ¢

A La-l-’YTo—Q A La—l
A —(Q+7T0—1> L :|:|:0

1
“ M| = [(a 4y — 1)L S s S
{ {< Yo —1) A L5 Ao

L'y

1 1
b {“’(O‘ - I)L_Tl - 4 —An {%(a — 1AL — aAng;;l}

1 AgLgirmo! A LgT?
Al =1 =—a)Z=E10 . (1) | =
{FI {( ) AIL%1 ( )AOL%WTO_l
wa

1 1
B {w(a — 1)L_Tt - gzﬁ} - A(R*)t [?(a — DAL ? - ozAtL%tl} =0 fort > 2.

Given that A; is constant for ¢t > 2, the final equation gives the usual XR-IP intertem-

poral optimality condition for ¢t > 2

LTQ = LTt+1-

Combining the first-order conditions gives

1 1
WGO(LTO; Lri,Ty) = mel(LToa Lr1,Ty)
= for ¢t > 2
ALt

where

Loty — - —a

Lo

0o(Lro, L11,T)) =

1 1 AoLz)

“a+yro— 1) — (@+7yr0) + - (@ + 770 — 1) [Angl EPWEGaOE
0
waly — 1)+ —a
L
QI(LT07LT17FI) = 2 = Aol P
1 1 0 1

%(Oé — 1)L_T1 -+ R*F_I(l — CY) |: Afg]%oiil AOL;nglol‘|

With no financial intermediaries, I'y — oo, then back to the baseline XR-IP model and

eo(LTo) and 91 = 1.

The solution to the model for Ly and L; is characterized by equation (C2) above and
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from the balance of payments after substituting the optimality conditions

1
G (Lro,00,01) — H(Lro, L11) —=Fy =0,
S——— 5

<0

where

04 B2 1\ wa gyt
Lr1g,00,0,) = |1 — — | — L3

« 91 ﬁ ﬁ2 1 ﬁ « - ﬁ
_ LTE)WTO _ (ﬁ {0_0} + =3 9_0 (LTE)&-VTO 1) :
1 AgLgEmot A Lo}
H(Lro, L) = T <1 - %) (1 - %) < 0.
I 1oy AoLpg

Summarize the XR-IP solution for the economy with intermediaries as

1
G (L4 ~",00(Lro, L71,T), 01 (Lro, L71,T1)) — {{(L%—B, L?f‘BZ—BFJ =0,

v~

<0

where below we prove that 6;(Lzo, L1,T;) € (0,1) and 6¢(Lro, L71,T;) € (0,1).

The solution for the baseline XR-IP model with no intermediaries is

1
G (L,%]S’ HO(LT(L LTl) OO), ]-) —-0— BFJ = 07

where eo(LTo, LT17 OO) S (O, ].)
The solution for the LF-CE is

G (LSS, 1,1) —o—%Fg = 0.

We now compare the LE-CE with the XR-IP with intermediaries’ (“IP-B”) allocations.

The LF-CE allocation without intermediaries is
AoLg ™™ = AL,

where Lpg satisfies the intertemporal resource constraint. In the economy with intermedi-
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aries, this leads to H(LS¥, L$E) =0, so it is feasible.
Now consider a small increase in Lrg, dLrg > 0, from the LF-CE allocation in the
economy with intermediaries. We show that this, combined with a decrease in Ly, dLy; < 0

increases household utility and is feasible. The change in welfare from each is

ow 1

dLro = -1 — | dL
9L7o T0 [W(Oé + Y10 ) AoLTo Cb} T0
ow

dLr = -1 — | dLry.
L7 =B {W(OZ )AlLTl Cb} T1

Consider the welfare neutral change around the LF-CE allocation

ow ow
dW = ——dL ——dLp =
w 9Lro 70 + 9L 71 =0

- 4 dL7o + 3 [w(a — 1>A11LT1 — d)} dLy = 0.

{w(a + Yro — 1)AOLTO

The resource constraint is

= 1 wa 1 A LCVJFWTo*l A Lot
RC = R*F* _ - _A La‘i"YTt*l _ A La+’YTt:| + = (2 . 0 T0 . 1 T1 ) '
0 ; (R*)t |: (b tHTt =Tt FI AIL%II A()L%E)FYTO_I

The change in the resource constraint from the change in Ly and Ly is

wao B N B
ARC = — {?(a + Yo — 1)AOL%3-WT0 2 _ (a “"VTO)AOLTE)MTO 1} dLzo
wao B o
- ﬁ |:?<Oé - 1)A1L%12 - OéAlLTl 1:| dLTl
117 Ag Lo ALy
- T —)— - —1)—2L _|dL
T, Lro _(Oz + Yo ) A, L%Il (a + Yo ) A, L%gwo*l T0

110 AgLgErro=! }
o a—a)fme o) ST g
1’\] LT]_ -( ) AlL%Il ( )AOngfyTofl T1

J/

-~

=0
= yroAoLye ™ d Ly > 0

So this welfare-neutral change enables leftover resources to increase tradable consump-

tion and raise overall welfare. Therefore, we can raise welfare in the economy with interme-
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diaries relative to the LF-CE by increasing L7 and decreasing Lr;. We can do so similarly
by decreasing any Lp; for t > 2. If we do the opposite change and decrease Lo and in-
crease Ly, the signs are reversed and this will leave utility constant but reduce resources.
A perturbation of Ly, and Ly, for any t > 2 leads to no change in welfare or resources.

Therefore, this shows that locally around the LF-CE allocation

IP—B CE
L7y > Lyg,

IP—B CE
CTO < C’TO )

PP > 57,

We now compare the baseline XR-IP with the XR-IP with intermediaries’ allocations.

The XR-IP allocation in the economy with no intermediaries is

atrro-1 _ L 4 ra-
AOLT?)WTO = Q_OAILT117

where

“a+ymo— - —a

0o(Lro, L, ') = 00) =

wa )l 1 oy | Aokrg o AiLgy?
5 (@t yro = Do —(a+970) + 5@ +7m0 —1) AL T A L2otroT

and I'; — oo implies 0y(L1o) € (0,1) and Ly satisfies the intertemporal resource constraint.
In the economy with intermediaries, H (LI, LH) < 0 enters the resource constraint, so
the baseline XR-IP allocation without intermediaries is not feasible here. We therefore con-
sider a small change from the XR-IP allocation with intermediaries in the baseline economy
without intermediaries. The term H (Lzg, L71) = 0, so there are additional resources leftover
and the allocation with intermediaries cannot be optimal in this case.
Again consider the welfare-neutral change of increasing Lzg, dLro > 0 and decreasing

LTla dLT1 < 0.

ow ow
dW = ——dL — dL =
w 9Lro 70 + 9L 71 =20
W(Oé +'7T0 — 1)AOLT0 — ¢:| dLTO + ﬂ {w(a — 1>A1LT1 — ¢ dLTl = 0
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The change in the resource constraint in the economy without intermediaries is

ARC = — {%(O‘ + 1o — 1)A0L%37T0_2 — (a+ ’YTO)AOL?%M/TO_I dLro
wa
— B {?(a — DALY ? — aA LT dLpy

= ’}/T()A()L%E)‘FWTO_ICZLTO > 0,

after following the same steps as above, and ARC' > 0 since dLpy > 0.

Therefore, this welfare-neutral reallocation further increases available resources for trad-
able consumption to raise utility. This must be preferred to the welfare-neutral change of
decreasing L1y and increasing Lri, which strictly reduces the resources available for con-
sumption. A similar change in both Ly and Ly, for any t > 2 yields no change in utility or
the resource constraint. This must also be strictly preferred to increasing utility from only
changing either Ly g or Ly, since changing both allows for additional resources.

Therefore, this shows that locally around the IP-B allocation

P IP—-B
Ly > Ly

P IP—B
Cro < Cro

EIP = g1P-B,
The results for C'Aq directly follow, which shows the Proposition.

C.1.2. Quantitative analysis

We solve the quantitative model in Section 3 with international capital mobility. We set
['; = 0.1, which implies average private net foreign assets in the model that align with those
in the data during the growth takeoff period (see Table C1). This value of I'; is also used in
Gabaix and Maggiori (2015). All other externally set parameters are as the same as in the

baseline model, and the calibrated ones follow the same calibration strategy.
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Table C1: Data and Model predictions under the Observed Reserves Policy: International
Capital Mobility

Average, % of GDP Data Model

Private NFA -10.9 -13.2

Notes: This table shows the average for private net foreign assets for China from 1981-2008 in the data
(which are excluding gold), defined as net foreign assets less reserves, and the model counterpart with
international capital mobility is —Q;. The earliest data available are for 1981 and in the model we assume
intermediaries hold zero assets in the initial period 1980. Data source: Milesi-Ferretti (2024).

C.2. Model with capital controls

We first describe the model variant in which households can save or borrow in foreign currency

and the government can impose a capital control tax.

Households. Households can save or borrow in foreign currency at R* and the government
imposes a time-varying capital control tax 2. The household budget constraint expressed

in domestic currency is given by

PrCpry + PniCny + EBl = WrLpy + Wiy Ly + 1 + T} + E R By, (C3)

1
(1 + TtB)

where By, | are the foreign currency bonds purchased in ¢ that mature in £+1 and R* is the for-

eign currency interest rate. The other elements of the household problem are as in the base-

Ctlfo Lt1+l’
1—¢ 1+v |7

line model. We show the proposition for more general preferences » 2, ("
where ( = %

The household’s problem is to choose allocations {Cy, Cps, Cny, Li, Lre, Live, B }i20
that maximize utility, subject to the aggregation technologies (2)-(3); the sequence of budget

constraints (C3), given a sequence of prices, profits, and transfers; and an initial level of bonds
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Bj. The first-order conditions that characterize the solution to the household’s problem are

(2) -0 (&)
Cve P\er )

1
n L oW
(i)"ct" = oL,

ISE

C’Tt PTt
1—w % l—UVVNt
cy = L%,
( CNt ) t PNt qb Nt
1 1
w n _Ll_g PTt (9,54.1( W >77 1 s
— ) ¢ =BR(1+7] Cliy -
(CTt) ! B ( t>PTt+1 & CTt+1 i

Firms. As in Section 2.

Government. The government budget balances each period with revenue from the capital

control tax 77 distributed lump-sum to the household

TtB *
P

Rest of the world. The domestic economy consumes Cr; and produces AtL?‘p;LWTt of the
tradable good, and saves B;,, abroad at the real interest rate R*. The value in domestic

currency must be equal, giving the balance of payments
Cpry — ALy, = R*Bf — By,4.

As in the baseline model, we assume the law of one price holds for tradable goods and

normalize the foreign currency price of tradables, so that Pr; = &;.

C.2.1. Proof of Proposition 6: Capital controls as industrial policy

We now show the proposition for the model.

The competitive equilibrium allocation {Cry, Cny, L1i, e, B H}fio is characterized by
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combining households’ and firms’ optimality conditions and market clearing to give

(1 e )37 Lyl

w Cny L%l_” ’
LY
0 j;t 1 5 :aAtL%;:MTt_1>
(w/Cre)n CF
W % 1o W n 14
N O Z BRA(1 4 1P <_) iy
(CTt) t 6 ( t ) CTtJrl t+1
CNt:AtL?Vtv

Cpy — ALy, = R*Bf — By,;.

By setting the sequence of capital control taxes

B _ Q(Xt+1a 7Tt+1)

T -1,
¢ Q(XtaVTt)

where x, = {CIP, CE CLF, LIT LIP LA A} is the optimal exchange rate industrial policy

allocation, the competitive equilibrium conditions (C4)—(C8) with the capital control policy

{rP}%e, are equivalent to the XR-IP and, therefore, attain the some allocation.
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C.2.2. Quantitative analysis

Figure C1: Transitional Dynamics: Capital Controls as Industrial Policy

%
N

0 10 20 30 40
t

Notes: This figure shows the sequence of capital controls (savings subsidies) that can be used instead of
foreign exchange interventions to replicate the allocation of the optimal exchange rate industrial policy
during the transitional dynamics in the quantitative model. For additional details of the economy in which
the government can use subsidies on savings instead of foreign exchange interventions, see Section 4.1. For
additional details on the model parameterization, see Section 3.2.

C.3. Labor market characteristics
C.3.1. Proof of Proposition 7: Labor supply

The first-order conditions that characterize the solution to the household’s problem are

(2) -n(2)
v ) P\on)

oW
(&) e pe = ot

CTt th
1—w % i o WNt
cy = ¢L%,
( CNt ) t PNt ¢ Nt

1 1
w n 1o PTt ( w )" 1o
— C) =B8R, — | —— c ..
(%) d =Ry G ) O
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Substituting aggregate labor demand from the firms’ problem for ¢« =7, N
CYAtL??L%_l = it/Pita

for the competitive equilibrium then

¢L%t 1_, :aAtLEEWTt_lv
(w/Cre)m O
Ll/
LT = a ALY

—0

1 ES
(1 =w)/Cne)n CF
Substituting nontradable market clearing Cny = A; L%, gives

¢

_ oty —1—v
T 1, ALy, ;
(w/Cre)7 O
(b 1-1 a-1-92—y
— n n
T 1, aA; "Ly,
(1 - U.) n Ctn

These will serve as implementability conditions for the XR-IP problem.

For Cole and Obstfeld (1991) preferences (o = n = 1), the second equation is given by

1 ¢ ); :O‘inv%iy
—w)n

so the nontradable block {Cny, Ly} is also exogenous in the economy with elastic labor

supply. The tradables constraint is given by

6
= QAL

(w/Cr)

and similarly for the FB allocation.
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We now derive the approximate problem as in Lemma 1, where the BT allocation is

Cr=ATM,

Therefore, in the BT allocation

The first-order loglinear approximation of the MRS = MRT constraint is
=Y+ (a+vy—1—v)z.

The welfare function is

1+v
LTt

1+v

Y

Wy = Zﬁt [WlogCTt — ¢
t=0

where the other terms are exogenous. A second-order Taylor expansion for the tradable

labor term around the BT is

—+14+v —1+v
LITJ{V Ly asvir, Ly —1+v 1 —14v 9
—o—— = ¢ ——e T = — — ¢Ly lpy — —d(1 +v)Ly 12,
gbl%—y ¢1+Ve ¢1+y ¢Ly I 2¢( +v)Ly Uy

Therefore, welfare in terms of deviations and ignoring terms independent of cry, 7y is
> —14+v 1
WO — ; /Bt |:WCTt — ¢LT (th — 5(1 + V)l%t) 5

and similarly for the FB W,
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Taking a second-order approximation of the resource constraint gives
- 1
Wo— = — Zﬁt 36— (ki = gty
. 1 .
T Z Blw |:_CTt (o + )l — 5(04 + 7)25%1
v v 1
- Z 5! {aﬁL” (Ie — —(1 +v)13,) } + Z B [¢>L” (Ire = 5 (1 + v)ii,)

:__th waf + [wla+7)? + (1 +v)w(a +7)] 23] ,

following the same steps as Lemma 1 and using that qﬁflTJrV =w(a+7).

Therefore, the approximate XR-IP problem relative to the FB is

max ——Zﬁt wzp + [wla+7)? +(1+1/)w(a+7)] $ﬂ

(et [ 11520
st m=v+ (a+y—1-v)z,
— (4w = R f = fi,
fi-o

Combining the constraints and iterating gives
[e.e]
Y B = (14 v)a] =0,
t=0

imposing the transversality condition for net foreign assets lim,_, 3°f;,, = 0.

We can solve the XR-IP problem for z;
{m}gx — = Z B [w (a+v—1=v)z)* + [wla+7)* + 1+ v)wla+7)] 7]
Te}20

Zﬁt (I1+v)x] =0.

Let A be the multiplier on the lifetime resource constraint. The first-order condition for
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Ty 1S
=B [wW + (a+y =1 =v)z)(a+y—1-v)+ [wla+7)?* + (1 +v)w(a+)] 2] =B (1 +v)A
We get a loglinear Euler equation to characterize the XR-IP solution

Vet [la+y—1—v)+dz’ =t +[(a+y—1—v)+dzf

(a+7)2+(14+v) (a47)

where ¢ = (o —1=v)

< 0. Therefore,

P — (o — ¥4) 4 P
¢ (a+~y—1—v4e) 7

The LF-CE is characterized by
it (a+7—=1=)2f" = P + (a+y — 1 —v)af],

and

CE __ (¢0_¢t> CE
T T ey 1=y T

Substituting into the lifetime resource constraint

wp (1—=0)
= gy

o (1-5) (a+v+c) >
(O‘+’Y_1—IJ+C)+(1+V) (a+7_1_y+c>;5wt-

Similarly for the LF-CE gives

op o =B, Bl (-0 (a+n) g

(1+v) (a+fy—1—u)+(1+u)(oz+’y—1—y)

t=1
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Therefore

_ Bibo
n gt = (a+’y—1—1/+c)(a+'y—1—y)c

(1= 8) 342 B
1+v)a+y—1—-v+e)la+y—1—-v)

_ 8 . =B
 (a+y-1-v+ )(Oé—i—’}/—l—I/)J [¢0 3 ;5%]

+ cla+v—1—-v)— (a+7)]

(.

~ /
v -

<0 <0
5 -5 s

>(a+7—1—V+@w+7—1—Vf{ B Ttﬁ%}
~0

IP CE
—xg

To determine the sign of %, observe that

O(x —afF)  0Q (1-75) ZOO .
) ov ) N v [djo a 5 t=1 ﬁ ¢t] - O’
>0 ~~
<0

g
(a—i—’y—l—u%—c)(a—i—fy—l—y)c'

J/

where Q) =

a 2
To see that g—? > 0, note that % = (ai(w_;f_)yy > (. Then

0Q 8
ov

latr-1—vtdlaty—1=0)p x\[2(a+7)2—|—c(a+’y—1—1/)+c(oz—|—7—1—y+c)]/,

~~
v >0
>0

. . . LIP
This implies (zlf — z§F) 3ef3

> 0, i.e., the approximation of > 1, is decreasing in v.

1

The Frisch elasticity of labor supply is v, so if the labor supply becomes more elastic v

LéTI?D.; increases. For both the XR-IP and LF-CE
T0

decreases, then

L
wa Ay 1
Cre = ) L;;a—'YTt ’
C
gt = Lﬂ)
1—w OTt
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where Cy; coincides for the XR-IP and LF-CE. The results for Ly then imply that

&Lr
EGE
Chy
Cto
CAIP
CAGE
Fl*I P
Fl*CE

> 1,

> 1,

> 1,

> 1,
are decreasing in v, which shows the Proposition.

C.3.2. Fized labor supply

We first characterize the competitive equilibrium and solve the optimal exchange rate indus-
trial policy problem with fixed labor supply, then characterize the solution relative to the
laissez-faire competitive equilibrium.

With fixed labor supply of 1 unit by the households, the labor market-clearing condition
is Ly + Ly = 1.

Competitive equilibrium. From the households’ first-order conditions for Cp; and Cyy,

combined with the firms” optimal labor demand, and nontradable goods market-clearing

1

((1 —w) CTt)ﬂ _ Ly

w CNt L%;l
1 1
(1=, Al
(1-— LTt)O‘*l*W

which characterizes the competitive equilibrium allocation and is the implementability con-
dition for the optimal exchange rate industrial policy problem. The remaining conditions

for the laissez-faire competitive equilibrium are as in the baseline model.
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Exchange rate industrial policy. The optimal exchange rate industrial policy problem

with fixed labor supply is

[e.e] C -0

t -t i

max E o] T = subject to
* =T, -

{Cit,Lit7Ft+1}zzo t=0 g

(1—w@)1 Lyt

a—1
w CNt LNt

=

Lyy+ Ly =1,
Cpy — AL = R'Fy — Ff 4,

the consumption aggregator definition (2), and the market-clearing conditions for nontrad-

able goods (12).

Analytical case. Suppose that the economy starts below the steady-state level of produc-
tivity and converges to it in the next period. After substituting for nontradable consumption

and labor, the XR-IP problem is given by

max Hwlog Oy + (1 — w)alog(l — L
or B2z, 2108 Cre (1= g1 = L)
1= L)~
st e (1), (C9)

-1
OTt AtL%j,YTt
at+yTt __ % ok *
CTt_AtLTt "=R Ft _Ft+1>

Fy given.

Substituting out Cr; gives

{LTtth*H}?io

max Z Bw(a +yp; — 1) log Ly + [w + (1 — w)a]log(1 — Lyy)] + constant
=0

w a+yri—1 1 a+yre * Tk *
s.t. mAtLTt o — mAtLTt e — R Ft - FtJrl,

Fy given.
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The first-order conditions are

(090 — 1) — o+ (1 — w)a]
w(a —1)— —[w —wa|——
R Lty (1— L)
=\ d (o + ype — D ALGT 2 — L (o + g ) A L1
t (1 . w) t t4 (1 . (,g_)) t t4e )
At = BR A1

From the first first-order condition

(1 — Lyy)™t

at+yre—1
ALy,

(1-w)

w(a 4+ — 1) g — (a +wyrt) )
w(e +re = g — (o +7re) ;

Substituting A; from the second first-order condition gives the modified XR-IP Euler

equation in this case

(i) :BR*9<LTt+177Tt+1) ( w )
CTt G(LTIH fYTt) CTtJrl ’

wla+ 7y — 1) — (o +wyr)

O(Lry, = € (0,1]. C10
( Tt ’YTt) (A}(OZ + Nre — 1)% _ (Oé +7Tt) ( ] ( )
We now characterize the optimal XR-IP solution.
For t > 1 with y74 = 0, from (C10) 0; = 6,1 = 1, therefore
A, 7=
Ly = { ™ } Lris1, (C11)
t+1
Cr1 = Criqa.
Fort=20
(1 — Lpg)™* _ (1 —Lpp)™t
AoLgym Y ALy
= (]_ — LT())A()L%—OFWTO_I = (1 — LTl)AlL%Ileo. (012)

The sequence of foreign currency bonds {Fy;}52, given Fj is determined by the balance
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of payments

Cro — AgL3i™ = R*F} — FY,

Cri — ALg, = R°F; — Fy, for t > 1.

Substituting (C11) and Cry, Cr; from (C9), and iterating the second balance of pay-
ments equation forward

6 w o— e [e% *
I w)A1(1 — L)Lyt — A ALS, = FY,

and substituting for F7 into the first balance of payments equation

Y A1 = Lpg) L — Agpoimo 4P A1 = L) L8 — AL LS, — SFp —o.
(1-w) (1-5)1-w)

Substituting the optimality condition (C12)

H(Lro,00(Lro)) = L,

(C13)
H(LTQ, HO(LTO)) = 1 { d

. An(1l — L La-l—WTo—l —_A La+'YTO
(AlAl)E (1 —UJ) 0( TO) T0 070

1

B w1 PSRN | :

—Aog(1 — Lpo) L5707 — —F¥ 5.
T I e L

We solve for Lzg in the XR-IP by plugging Ly from (C13) into (C12)

AgLgimo™t — AgLSE™ — (1 — H(Lpo, 00)) A1 (H(Lro,60))* " 6y = 0. (C14)

Following the same steps to solve for Lrg in the laissez-faire competitive equilibrium
AOL%E)ﬁ-WTo—l _ AOL%E;"YTO _

(1= H(Lgo,1)) Ay (H(Lzo,1))*"" =0. (C15)
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We can sign the following

w

OH 11 )
— =~ _H L 9 l—a) = (_ ]_ — _ A La+7T0*2 _ A La+’7T0 1
9L AA, Q (Lo, 00) {1 W ( ( o — vyr0) Ao TO (v + y10) Ao To )

o - w 1 o — a _
—(a+ 7T0)A0LT?JF’YTO T+ (1 f B)(1—w) 0_0A0 [_(1 - — WTO)LTBWTO 2 (a+ VTo)LTBWTO 1] }

<0,

on 11 s w o1 B
0. — —H (L0, 60)' —(1—-1T1L LCH-'VTO 1 .
o~ ada L g e <0

Treating Lrg as a function of 6y and differentiating (C14) with respect to 6y gives

8LT0

— (1 — o — y70) Ao L33 ™% — (a + VTO)AOL%WTOA]@—@O

OH 0L . 8_H
8LT0 890 690

—|— (1 — Oé)(l — H(LT07 90))A190<H(LT0, 90))a—1 |:

+ A1 (H(Lro,00))* 0o

OH OLqg n oH
OLpy 00y 00,

- (1 - H<LT0a 90)>A1(H(LT0’ 90))04—1 =0.
Since g—g <0

OH
a—1
Ay (H(L1o,00))" 6o [_890}

+ (1 — a)(1 — H(Lro, 00))A100(H (Lo, 00))* " [g_gﬂ

— (1 — H(LT[), 90))A1(H(LTO, 90))a—1 < 0.
Therefore, the remaining terms must satisfy

8L e — [0} —
aeﬁo{ ~ (1= a = w0 AL = (a4 o) Ao

+ Au(H (Lro, 60))* 6o { i }

8LT0

(1= a)(1 = H(Lro, 60)) Asbo(H (Lo, 05))™" { aﬁ)] } -0,
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The terms in braces are negative, since aaL—IiO < 0, which means that it must be that

9L

B0, < 0.

This shows for the XR-IP where 6, < 1, then compared with the CE solution to (C15),
Lys > LS.

For both the XR-IP and CE

9Cro

— <0
OL1¢ ’

w v —
CT() = m(l — LT())A()LT—[‘)_’YTO ! =
1— Lpo)*t &

( TO) 0 >0

1 )
LG 9L

(90:

therefore, since LI > L$E CIP < CSF &P > £5F.

By definition of the current account balance
CAy= L3 — Cro+ (R* — 1) F} = CAYY > CASE.
Given Ff, for both the XR-IP and CE,
Ff = R'E; + AgLy ™ — Cpg = FYIP > FrOF,

This shows the same result as Proposition 3 in the initial period for the model with
fixed labor supply.
C.4. Models with capital formation
C.4.1. Proof of Proposition 8: Economy with foreign capital

In this economy, firms in sector ¢ = T, N choose labor and capital to maximize their profits

I;;, = P.A (L;t_ei Kﬁi)%t (lz.lt_ai kfg‘)a — Wil — Egrpekss, which gives rise to the following
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aggregate labor and capital demand

a(l . ‘9i)AtLgtl_ei)(a+%t)_1KZi(a+%t) — Wit/Pita
aeiAth(tl—ei)(a—i-%t)KZi(CY-F%t)—l — gtrkt/Pit'

The rest of the world exchanges tradable goods, capital with the firms, and foreign
currency bonds with the government of the small open economy, and provides a perfectly
elastic supply of funds at the interest rate R*. This implies that the local rental rate of
capital satisfies rp, = (R* 4+ 6 — 1).

Combining factor demands with the household optimality conditions gives the imple-

mentability conditions for the optimal exchange rate industrial policy problem

(1 —Ww C'Tt> (1 — GT)L (1=07)(otyre)— 1K§T(a+7Tt)

’ al1 - 9T>Atf; (o)t K%(“*m)
i, ’
(w/Cry)7 O
OzQTAt 1 Or) (a+7Tt)K§€(a+7Tt = R'+6— 1,
R 4+0-1
a@NAt (1 On)ox Kfv]\éa 1_ + -

(F_WQ)
w Chn¢
1-07 101 ataTe * * Tk *
Cro = Ay (LK) 4 (R 46 = 1)Ko + K) = R} = Fy,
Cve = Ay (LN K8
For O = 0, combining these equations and nontradable market clearing, the nontradable

allocations are independent of intertemporal considerations and given by (21)-(22).

Normalizing Py, = 1, and substituting the condition for 7y, gives the XR-IP problem to
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solve for the tradables block Cry, Ly, K7y, and Fy,,

max Z B [wlog Cry — ¢Lps] + constant

{Crt,Lre, K11, Ff 1122, —0

O
S.t. — = ’
Cre (1 — 07) A, L0t pebr(ator)

a@TAt 1 ) (a+’YTt)K912‘(a+'YTt =R"+6—1,

+
O — A, (LlT;GTK%;) "V (R 46— )Kpy = R'F; — F},,

Fy given.

We show this can be approximated by a quadratic-linear problem similar to Lemma 1.

The first best (FB) problem is

max tlwlog Cry + (1 — w)log Cny — O Ly — OL
(Cro.CnuLrn v Kro.Fr 1 12 ;5[ gLt ( ) gCne — QL — ¢ Nt]

1-07 701 ataTe * * Tk *
st. Cpr— A, <LTt KTt> + (R 46— 1)Kp = R'Fy — Fy,,
Cnt = AtLyy,

F§ given.

The FB tradable MRS = social MRT condition is

W 1
— ) =¢ _ |
(CTt) (a4 yre)(1 — QT)At 1 —Or)(atyre) 1K:9F€(°‘+7Tt)

and condition for capital is

(Oé + 'YTt)eTAtLg}t_eT)(a+7Tt)Kgﬂi(a+’YTt — R 4+6—1.
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The reference balanced trade (BT) allocation {C'r, Ly, K1} is given by

Cr = (T7RY ) 5= IRy =T
_ ¢
(w/Cr)

(o + )07 A T DI _(pey 5 1)

= (a+7)(1 = 0p)A Ly~ R

Y

where 7 is defined below. Therefore, in the BT allocation

7 _wla+y(-0r)
(1= (a+9)0r)

We take a second-order approximation of the welfare function around the BT allocation

as for the baseline model.

A first-order approximation of the resource constraint relative to the BT gives

(1- (a1+ 7)0r) [+ (1 = 02) (o + )l + (1= 02) (v — 1) log T + O (3 — 7) log Ko |

Cry —
= R*ft* - ftil-

For welfare, a second-order approximation of the LHS, iterating the resource constraint,

and using the transversality condition gives

1
— (@ +7)0r)

Z Cre = Z ﬁt

_ 1 _
+ 5[9%(0 +9)° = (a+ V)HT]k‘% + (1= 0r)(yre = 7) log Ly + (1 = 0r)*(vr: — 7)*(log L)

1
S(1=0r)* (e + )"z,

at+ (L= 0r)(a+ )l +

5 CTt

1
ot 3

1 *
_l__f()a

_ 1 _
+ O (yre — ) log Kp + 59%(%: —7)?(log KT)2] 3

and similarly for the FB allocation relative to the BT. Taking the difference in welfare and

substituting the iterated resource constraint gives

Wo—Wo= — =3 4 {wz,?w(l—9T>2<a+v>2+<1—9T><a+v>

2 0 2
0= (a5 )00 x; + wlhp(a + )y
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denoting deviations from the FB z; = log C7; —log C’Tt, x; = log L1y —log [~/Tt; uy = log Ky —
log f(Tt. This uses Ly, and the interaction terms are zero to second order similar to the

baseline model. v is given by

Lre) (e — L)

e[ (=00 (a+9)® (1= 0r)*(a+7)*+ (1 —Or)(a+7)
tz—[;ﬂ [[lﬂ (I—(a+7)0r)? (1= (a+7)br)

—wGT(a + PY)l%Tt(k'Tt — %Tt)] =0

where s, = % [at + (1= 07)(yre — ) log L + Or(yre — ) log K7 + R*ft* — ft*ﬂ} )

Solving the constraints in terms of z;, x;, u; gives the approximate XR-IP problem

(1 =0r)*(a+7)*+ (1 = 0r)(a+7)
(1—(a+7)0r)

st. zp=U+[(1—0r)(a+7v) — 1z, + Op(a+ v)uy,

7} + whr(o +7)u;

1 [e.@]
max _E;ﬂt wzf + w

{zt,xe,ut ft*+1 2o

v+ (1 —07)(a+7y)x, + [Or(a+ ) — 1]u, = 0,

(]‘_QT)(a—i_/y) D% [ ok
(1 — (oz—i—v)@T)xt =R f; — ft+1>

fi =0.

Zt —

Combining the first and second constraints gives

1 a+y—1
= +
]_—HT(O[‘f"}/)w

Zt Tt.

"l —br(a+7)

Substituting for z;, SR* = 1 into the third constraint, iterating and using the transver-

sality condition gives

> B[ — =] =0.
t=0
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The XR-IP problem simplifies to

AW+ (a+y -1z ) 2 2 2
[lnax - — Zﬂ a1 ) +[(1=br)*(a+7)" + (1 —br)(a+ )]
Or(a+7)

T—Or(at) (W + (1 — 0r) (o + 7))

> B =] =0
t=0

This gives a loglinear Fuler equation to characterize the XR-IP solution
Y+ HP P =y + HIPItH,

where

e = @+ 7= 12+ (1= 0r)*(a+7)° + (1 = Or)(a +7) = 0r(1 = Or)(a +7)*
N a+y—14+607(1—0r)(a+7)? '

We show H!P — (o +v — 1) < 0, which will be used below.

(1 =0r)*(a+7)*+ (1 = 0r)(a+7) = Or(1 = Or)(a +7)°
a+vy—1+4+0r(1—0r)(a+7)?

HP —(a+vy-1)=

)

where the numerator is positive since

(1=0r)*(+7)*+ (1 —0r)(a+7v) —0r(1 — 0p)(a+7)°
> (1 — HT)2(OJ -+ ’}/)2 -+ (9(1 — HT)(OC -+ ’)/)3 — GT(l — 9T)<Oé —+ ’}/)3 > 0,

and the denominator is negative since
a+y—1+0p(1-0p)(a+y)? <at+y—1+(a+y)’<a+y—1+a+vy<0.

Therefore, H'Y < 0.
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To solve for zl” use the loglinear Euler equation and lifetime resource constraint

HP 41
2l = (1= B)hy — —f;[b]g +(1- Hfj Zﬁtwt

The LF-CE is characterized by

2t = Zt41,
= ¢t + [(1 — QT)(CY + ’}/) — 1]$t + QT(CY + 'Y)Ut,

v+ (1= 60p)(a+y)z + [Or(a+7v) — 1u, =0,
(1—60r)(a+1)

o — T = R* f  fx 7
t (1 N (Oé+'7)9T) t ft ft+1
fo=0.
Combining these conditions gives
@Z)t + HCE = ¢t+ + HCEI‘H_U

where HYF = (o + v — 1) < 0. Therefore, from the lifetime resource constraint and using

H'P" < H°F < ( then

1 > H'P +1 HCE 11
xép_iv(?E—_BwO{HIP_W]""(l_B)Zﬂtwt[ HgiP  [CE ]

1 . 1
> — By {HIP - HCE] (1- Zﬁ Yo [HIP - HC’E:|

= 0.

As in the proof of Proposition 3, from the lifetime resource constraint

1P E 1P
IO - /Bt 7
W—/

>0
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so for at least one t > 1, (2 — 2¢F) < 0. Note, for any t > 1

1 1
c c
w" = 2P = (o — ) {ﬁ - W] +ap” —ag”,
therefore
P CE P _CE 1 1
Ty — i — (v =2 7) = = (Ve — ) P~ [CoE <0,
since 1 — > 0 and 7 — zew > 0, so (z/7 — ') is strictly decreasing in ¢. Then,

together with (x{f — 2§F) > 0 and (z/F — 2F'F) < 0 for some ¢ it must be that 3 > 0 such
that (z/” — zFF) > 0 (i.e. LI > LGF) for t <t and (2" — 2{F) < 0 (ie. LI < LEF) for
t>t.

To show the results for the remaining variables

ZtIP_ZtCE: 1?2;2;_’_17)(:51{13_1‘?1?)7
<0
P — O — (1 —0r)(a+ ’Y)( 1P _ 4O
1—Or(a+7) " b
R—

therefore CIF < CSE and KIP > KGF for t < t since LEY > LEE. For the XR-IP and

LF-CE
g (v Cwm
! 1—w CTt ’
where Cy; coincides for the XR-IP and LF-CE. Therefore, for t <t /7 > EFF.
By definition of the trade balance
1-07 700 ) 2T .
TB; = A, (LTt TKTf) (R +6 —1)Kp — Cpy

a+yrt
= (1—a)a, (25, xgp)"

Tt

= TB!" > TB",

for t < t.

96



It is straight forward that similarly for ¢ > ¢ when LI¥ < LS¢E that KI' < KSE,
CIP > CCE. gIP < £CF and TBIP < TBCF.

The result Fff > FyGF for all ¢ follows directly the steps as for Proposition 3.

C.4.2. Economy with domestic capital

In this economy, the household budget constraint expressed in domestic currency is given by
PrCry + PviCny + Biyy + QK1 = Wil + iy + Ty + Ry By + i I + Qu(1 — ) K,

where @); is the price of capital. Households purchase K;,; at period ¢, and in period t 4 1
rent capital to firms and re-sell undepreciated capital at price Q..

The household Euler equations are

1 1
(2 b=t () b
C’Tt PTt+1 OTt+1

w\7 jio Pry (T’kt+1 + Qi (1 — 5)) ( w )’17 5o
_ C”I — Cn )
(CTt) ! ﬁPTt+1 Q: Cris b

Firms in sector i = T, N choose labor and capital to maximize their profits

I, = P, A, (L;t_a" K fg’)%t (lilt_e" kf;)a—ﬂ/}tlit—rktkit, which gives rise to the following aggregate

labor and capital demand

a(l - Qi)Ath('tl_ei)(a+%t)_lKZi(a+%t) = Wi/ Pu,
ab, ALy~ TGO =y Py

Capital accumulation is subject to adjustment costs

I

K=o <—t> K+ (1—0)K,,
Ky

where [; is aggregate investment in which units of tradable goods are used to produce new

tal and @ (42) — 0% (1Y s conial rod hoose I, t imi
Capl al all E = 1*1/¢)k E — m apl a pI'O ucers cnoose 1y 10 maximize
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0,® (é-) K, — Pp,1,, which implies

&: 1 _(]t/Kt)1/¢k
PTt (I)/(L) 0 ’

Ky

In the laissez-faire competitive equilibrium, the return on saving in bonds and capital

for the household must be equal which gives

kit Q41 (1 B 5)

* Pry Pry
R = Fres T s | (C16)
Pry

The balance of payments is
1—0p 1-07 atyTe * Tk *
Cre — A (LTt KTt> + 1= RF — F},,.

C.4.83. Quantitative analysis

We solve the quantitative model for the economies with capital for the parameterization in
Section 3.2, setting the capital share 67 = 0 = 1/3 and annual depreciation rate § = 0.08.
For the economy with domestic capital we set the capital adjustment costs parameter ¢, = 4
following Ottonello and Winberry (2020). When solving for the observed reserves policy, we
calibrate the initial capital stock Ky to target the average capital stock to GDP ratio for
2000-2008 for China of 2.6 (source: IMF). In the model, this moment is 3.0. All other
externally set parameters are as the same as in the baseline model, and the calibrated ones

follow the same calibration strategy.

C.5. Model with imported inputs
C.5.1. Proof of Proposition 9: Economy with imported inputs

In this economy, firms in sector ¢ = T, N choose labor and imported inputs to maximize

) N\ Vit e A\ . . .
their profits Il;; = P A, (Lilt_fle;) <li1t g’m%) — Wily — EPyymi, which gives rise to
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the following aggregate labor and capital demand

(1 o S’L)At (1-&) (X+’Yit)—1M§i(Oé+’Yit) — Wt/f)ita
Oé&At 1 —&i)(a+7it) Mﬁz atyit)— — gtPMt/-Pzt

The rest of the world exchanges tradable goods, inputs with the firms at foreign currency
price Py, and foreign currency bonds with the government of the small open economy, and
provides a perfectly elastic supply of funds at the interest rate R*.

Combining factor demands with the household optimality conditions gives the imple-

mentability conditions for the optimal exchange rate industrial policy problem

(1 _ w%):} _ (1 _ érT)Lg}tffT)(O#'YTt)*lM%;(OHr’YTt)

w  Cny (1 — &n) Lo pge
(C17)
¢1 — = O./(l _ fT)AtLg}t—ﬁT)(a'i‘WTt)—lMéqt“(a-&-WTt)7
(w/Cpy)n C,
(C18)
OéfTAt 1 —&r)(at+Tt) MET(CH"YTt) L _ PZT/[t: (619)
P*

by ArLiy, UM = M (C20)

(P_w%) n

w Cnt

1=&r a4 r€r atore * * I *
Cry — Ay (LTt MTt) + PMt<MTt + MNt) = R'F — Ft+1: (021)
One = A, (L}VfNvafg ) . (C22)

For M;; = Ky, Pi;, = Tk, & = 0;, equations (C17)-(C22) are equivalent to the econ-
omy with foreign capital in Appendix C.4.1. Therefore, for m;; = k;; these economies are
isomorphic.

A corollary is for £ = 0 we have the same result as Proposition 8 for the economy with

imported inputs.
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C.5.2. Quantitative analysis

We solve the quantitative model for the economy with imported inputs for the parameteri-
zation in Section 3.2. We normalize Py, = 1. When solving for the observed reserves policy,
we calibrate {7 = &y = 0.06 to match China’s imports of intermediate goods as a share of
GDP from 2000-2008 of 6.4% (source: World Bank). In the model, this moment is 6.4%. All
other externally set parameters are as the same as in the baseline model, and the calibrated

ones follow the same calibration strategy.

C.6. Multiple tradable sectors
C.6.1. Proof of Proposition 10: Economy with multiple tradable sectors

In this economy, the household budget constraint expressed in domestic currency is given by
Pr1;Crit + ProyCras + PniCni + Biyr = Wiy + Wrag Loy + Wi Ly + Iy + Ty + Ry By

Define the aggregate price of tradables Pr, = P%{fP%é?, and similarly for the foreign
currency price Pj,. Assume the law of one price holds for each variety of tradable good
PTlt = gtpjtlt and PTZt == gtp,;%.

The first-order conditions that characterize the solution to the household’s problem are
(20) -7 (o)
20714 Prog \ 2Cry
(&) =m (&) G
Cht Priy \ Cry 2071 )
w % %fa CT WT1 v
() o (22 -
Crs 2Cr1t ) Pru
1
w \" t-o( Cpy ) Wray
_ C”I R L LVz ,
(CTt) ! <2CT2t Proy oLy

1—w % 1 o WNt
n — LVN
< > t PNt ¢ Nt»

1 1
w n %—0 CT PTl w n %—U CT 1
<C_) t < C ' > = BRH-IP : (C > C’tJrl ( C = ) :
Tt 2 T1t T1t+1 Tt+1 2 T1t+1

Firms in tradable sectors 1, 2 and the nontradable sector choose labor to maximize their
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profits, which gives rise to the following aggregate labor demand

at+yrig—1

OéAtLTlt = WTlt/PTlt
ot+yrae—1 __

OéAtLTgt = Wth/ Pro,

OéAtL?Vzl = WNt/PNt'

Normalize Pj,, = 1, which gives Pry; = &. Let p; = 2t

= Lrz gpd py, =

Py
Prig’

Priy

Normalize Py; = 1, then p;; = & '. For the competitive equilibrium (CE) for Cole and

Obstfeld (1991) preferences (¢ = n = 1), the nontradable block is exogenous, and with
BR* =1, the laissez-faire CE for {Cris, Crar, Lris, Lo, Ff'L i Ji>0 is given by

C
(cr2) o 9
b N
= aA Lot C24
/@0y ~ Ak (©24)
¢ o+ —1—v
— A L YT 2t 2 2
/@Oy~ Ak (C25)
Crit + p;Cray = A L3 ™ + pr A Lo ™ + R*F) — F, (C26)

(20m) = (o)
2C71 2Cr141 )

Equations (C23)-(C26) serve as implementability conditions for the XR-IP problem

o0
L1+l/1

14+
LTQt

max Z ﬁt |:£ (log CTM + log CTgt) — ¢ T1t
t=0

{Cr14:Cr2t, L1t Lroe, Fiy >0

(CTlt > _
Cra v

¢ + —1-v

— A La YT1t 1

(w/(2Cy)) e ’
é I

— = aA La VT2t V2

(w/(2Cry)) T ’

2 ]."‘Vl_

subject to

1—|—V2

Crit + p;Cro = AtL?ﬂJST” +p; AtL%;?TQt + R°F] — F 4,

F§ given.

We now derive the approximate quadratic-linear problem as in Lemma 1.
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The solution to the FB problem

max — (log Cr1t + log Crat) + (1 — w) log C'
{CTlt:CTQtvLTlt»LT2t7Ft*+1}t>0;ﬁ 2< &t & th) ( ) &Lt
Ly Lk L™

— — — subject to
14+, 141, 1+vn

Crit + p;Cro = AtL?ﬂJ{tﬂmt + p:AtL%?TQt + R'FY — Ff
COne = ALYy,

Fy given,

gives the optimality condition in the FB

CN’Tlt _ p*
Crat '

The reference BT allocation is given by

Cr = AT
¢
(w/(2Cr))

—(a+7)A Ly,

and similarly for 72. Therefore, in the BT allocation

L =22t

2¢

and similarly for 7'2.

The loglinear constraint on consumption across tradable sectors for the XR-IP is

21t = 22,

where zj; = log Cpj; — log C’Tjt. The first-order loglinear approximation of the MRS = MRT

constraint in each sector is
it =Y+ (@ +n — 1= vy,
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and similarly for 72, where z;; = log Lr;; — log ETjt, Y = loga — log(a + ypje) < 0.

The loglinear balance of payments constraint is given by
2+ 2 — (4 )Ty — (@ +y)ey = RfF = fi
A second-order approximation of the welfare function around the BT allocation gives
Wo — -———2)?{=%+ @+%Ka+mf+ﬂ+vMa+mﬂ%t

+ Ka+wf+ﬂ+wﬂa+%ﬂ%%

N | —

following the same steps as Lemma 1 and using Lz;. Therefore, the approximate XR-IP

problem relative to the FB is

max — = Zﬁt {—zlt + th + % [(+m)° + (L4 v1)(a+m)] 23,

{21,220,z 10,220, 11 1520

1
2

(o +72)% + (14 v2) (o + 72)] ﬂfzt}
§.t. 21t = 2o,
210 =V + (a+v — 1 —v)xy,
2ot = Yo + (0 + 2 — 1 — 1) 2o,
21+ 2o — (a4 71z — (@ + Yo)ay = R ff — fii1,

fo=0.
Combining the constraints we get the condition for zy; and o

Y+ (a+ym —1—v)ry =0y + (a+7 —1— o)z

Y1e — Yo (a+v—1-1w)
=U;+V U, = V= > 0.
T ¢t Vi, Uy @thm—1—m) T —
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Combining the constraints and iterating the resource constraint gives

Zﬂt [y — (L + vi)xy + o — (1 4 ve)xey] = 0.
=0

We can solve the XR-IP problem for x4, o,

1 — 1
P PO Zﬁtw{(wu +(a+y —1—wv)ry) + 3 [(a+7)* + (1 +w)(a+mn)] o3,
T1t,%2t fi=g Py

1
+ 3 [(oz +792)% + (14 o) (o + 72)] azgt}
s.t. Lot = Ut -+ Vﬁl’lt

Zﬁt [¢1t - (1 + Vl)l’lt + ¢2t — (1 + VQ)ZL‘Qt] =0.
t=0

We get a loglinear Euler equation for zy; to characterize the XR-IP solution

+ {(a +y—1—1)? % [(a+m)+ (1 +un)la+mn)] + % [(a+72)? + (14 1) (e +72)] v2} 1y

= w1t+1(a + Y1 — 1-— Vl) % [(Oé —+ 72)2 + (1 + V2)<Oé + ’}/2)} Ut+1v

[(a4+m)?+ A +v)(a+mn)] + % [(a+72)* + (1+ ) (a+7)] V2} T1p41-

Substituting 214 = ¥1; + (v + 71 — 1 — v1)x1; = 29, the Euler equation simplifies to

1 1 1 1
21 + {5171 + §D2] 21t — [§D1¢1t + §D2"¢2t]

1 1 1 1
= Z1p41 + |:§D1 + EDz} 21441 — {§D1¢1t+1 + §D2¢2t+1] ) (C27)

() (1) )
(a7 —1—v;)?

The single-tradable-sector model Euler equation for z; = ¢y + (o +v — 1 — v)x; is

where D; = > (.

2 + DZt — D¢t = Zt+1 -+ DZtJr]_ — D¢t+1, (028)
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where D = (=il > 0

We can map the multiple-tradable-sector model to the form
Zt + DMZt — DM/wiM = Zt+1 + DMZt+1 — DM@Z)%I,

by setting D = 1 [D; + D,]. Then to map

1 1
DMQP?/[ = §D1¢1t + §D2¢2t
1 |1 1
P = D §D1¢1t + §D2¢2t
Dy D,
= +
D, +D21/11t D, +D2¢2t

Next, to show the connection between z1; and the log deviation of the first-best exchange

rate ¢, = log(&;) — log(&;), observe the optimality condition

(2(1 —w) OTlt) - gtil'

w CNt

Taking logs and combining with the same expression for the FB exchange rate &, gives
Rt = —€,

and similarly for the single-tradable-sector model z; = —¢;. Substituting these into (C27)
and (C28) shows the proposition.
Finally, we can also show that D; is increasing in sector j labor elasticity v I and

externality ;

D; _ (a+y)laty —1—v)Bla+7)+1+v
I, (@t —1—-v)

< 0,

OD;  (a+vy—1—v)[[2(a+y)+ A +v)lla+y—1=v;) = 2[(a+7)*+ (1 +v)(a+ )]

9 (a+7; —1—v;)
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C.6.2. Quantitative analysis

Model. We consider a general version with ¢ = 1,..., I tradable sectors and assume the

same labor supply elasticity across sectors. Preferences are given by

I
L1+V L1+1/

o Ctl—a i
t _ Tit Nt
;B l—0o ;¢1—|—V ¢1—|—1/ ’

where the budget constraint in domestic currency is given by

I I
Z PryCrit + PNiCnie + Biyr = Z WriLrie + Wi Ly + 1L + T3 + Ry By,

i=1 =1

where tradable consumption is a CES aggregator over tradable sectors

Cry =

1 —1
> SJ(OTz't)l_i] 7

=1

with weights Zle s; = 1 and elasticity of substitution across sectors ¢.
1
1—¢

Define the aggregate price of tradables Pr, = (Zle siP%;) , and similarly for the

foreign currency price Pj,. Assume the law of one price holds for each variety 7 of tradable
good Ppr; = & Pr,,.
Tradable sector ¢« = 1,..., I firms choose labor to maximize their profits, and produce

with the following constant-returns-to-scale at the firm level (a« = 1) production technology
yrit = Ara; LL i,

where A; is the exogenous aggregate productivity component, a; is a constant tradable sector

i productivity component, L " is the endogenous tradable sector ¢ productivity component.

Nontradable firms production yy; = Ailn; is as in the baseline model. This gives rise to the

following aggregate labor demand

AtCL,L'L:F;Zt = WTit/PT’L't for all 1 = 1, ceey [,
At = WNt/PNt-
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. * . _ —_— P*i J— P 3
Normalize Py, = Pyy = 1. Let pj, = P = P for v =2,...,1 and py; = P , then
P = Stil' Therefore, p, = p1Pri
For the laissez-faire competitive equilibrium the 2743 variables {Crit, Lyt }1—1, Cne, Lne, Ffy

are characterized by the following 21 4 3 equations

Crir\ # |
(ﬂ) =p;, foralli =2 .. 1,

51074t
1%” - = A, L for all i = 1,1,
(W/Cre)n G (5:Cr1/Crin)
oL, = A,
((1 - w)/CNt); Ct
CNt = AtLNta

I I
* _ 1+y71 * 14+y7; * Tk *
Crit + E pitCTit = AtLTlt f E pitAtaiLTit "+ RE — Ft+h
i=2 =2
1

( W )’7 %fo (310Tt)P . % ( W )’7 %fcr (leTtH)P
~ t =0R" | =— t+1 \ ~
Cry Cru Crit Crits1
The nominal exchange rate is then given by
(1—wCTt) (CTIt)p _ g1
w Cny 5101y b

Identification. The section details the identification of a;, pj;, s;, and yp; for i =1,..., I

We assume constant relative foreign currency prices across sectors pf, =1 fori =1,...,1
with variation in relative tradable-sector productivity a;, which is isomorphic to both a;
and p! varying across sectors. We calibrate a; to match average production shares ¥, for

tradable sectors for China from the OECD’s Inter-Country Input-Output tables, i.e.

PriYra

gTit = I .
Zizl PritYri

Substituting the production function and using the law of one price

% 14+7y1it 14+y74t
Trer = EPry Avai Ly, _ a; Ly,
Tit — I * 14+t o 1 14+vyrie
Zi:l ErPriAvai Ly, Zz‘:1 a; Ly,
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We calibrate tradable sector preference weights s; to match average expenditure shares

T7; for tradable sectors for China from the OECD’s Inter-Country Input-Output tables, i.e.

P Tz'tCTit
- - =
22‘21 PTz'tCTz't

Tri =
From the household first-order condition for tradable sector i we have

s; = s1(pj)""! (

w\1—p Si o
Pr1,Cryy (pit) S— = PryCri.
1

PriyCry )
PriCry

Substituting Pr;;Cry into Ty gives

) 1—
_ j_i (i) g
Trie = T

51 [ x\1P
Zi:1§(?it> g

Given p}, = 1 we set s; = Tp;, the average expenditure share for all : =1, ..., I.

For 7, we use the same approximation of the China productivity growth process to
compute the sector-specific yr;; for tradable sector i using the sectoral 7§, v} estimates from
Section 3.1 given in Appendix Table B.2. We drop the sectors with highest and lowest
externality estimates: Plastic, Rubber (yr4 = 3.00, Y7; share 0.02); and Motor Vehicles
(vrio = 0.18, Y7y share 0.12). Figure C2 shows the estimated v for the 13 sectors.

We solve the quantitative model for the parameterization in Section 3.2, and set the elas-
ticity of substitution between tradables ¢ = 1.28 consistent with Bartelme et al. (2019). All
other externally set parameters are as the same as in the baseline model, and the calibrated
ones follow the same calibration strategy.

Table C2 shows the calibrated model matches well the sector shares for China during

the takeoff period.
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Figure C2: Mutiple Sectors: Externality by Sector

1
( = Multiple sectors - Avg
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year

Notes: This figure shows the estimated ~yr;; for the tradable sectors in the model with multiple sectors.

Table C2: Multiple sectors calibration

Sector 4 Externality in 2000 Yr; share C'r; share
YTi2000 Data Model Data Model
Food 0.21 0.21  0.21 0.31  0.31
Textiles 0.17 0.13  0.13 0.09  0.09
Wood 0.22 0.00  0.00 0.00  0.00
Paper 0.17 0.01  0.01 0.01  0.01
Petrol Prod. 0.11 0.01  0.01 0.02  0.02
Chemicals 0.28 0.03  0.03 0.01  0.01
Minerals Prod. 0.18 0.02  0.02 0.01  0.01
Basic Metals 0.14 0.03  0.03 0.01  0.01
Fabr. Metals 0.19 0.03  0.03 0.01  0.01
Computers 0.17 0.19 0.19 0.12 0.12
Electric Mach. 0.29 0.13 0.13 0.13 0.13
Machinery 0.15 0.18 0.18 0.24 0.24
Other Transp. 0.25 0.04  0.04 0.04  0.04

Notes: Yrp; are average production shares and Cp; are average expenditure shares for tradable sector 7.
Data are the average for China in 1995, 2000, 2005 and 2010. Model shares are the average for 1980-2008
for the observed reserve accumulation. Data source: OECD.
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C.7. Model with nontradable externalities

Consider a generalization of the baseline model in which vy, > 0 for ¢ > 0. In principle,
the presence of time- and sector-specific production externalities can imply different paths
of exchange rate policies depending on the relative strength of externalities. However, the
following characterizes the optimal policy under Assumption 1 for an arbitrary path of
externalities in the nontradable sector, vy, > 0.

Appendix A.5 showed that under Assumption 1 the optimal exchange rate industrial
policy depends only on the tradable block of the model for any arbitrary path of vyuy.

Nontradable production and consumption are independent of the optimal policy, which
can be seen from equation (A.8) and nontradable goods market clearing.

In this case, the modified Euler equation for the optimal exchange rate industrial policy

takes the form

(&) _ 5R*9(LTt+1,’YTt+1) ( w )
Cry O(Lre, yre) Criv1)’
which does not depend on ~yy;.

Therefore, the optimal policy directly follows Proposition 3.

C.8. Model with home and foreign goods

Households. We extend the model with elastic labor supply so that the tradable good is
a CES aggregate of home and foreign tradable goods

nr
1 np—1

Cro = | (1= wp)™ (Coy)' 77 + wpT (Cpy)' o1 ,

where wp € (0,1) is the weight on foreign tradable goods and nr > 0 is the elasticity of
substitution between home and foreign tradable goods. The household budget constraint

expressed in domestic currency is given by

PyiCxy + PeyCry + PnviCOng + Bioy = WLy + Wi Ly + 11, + Ty + Ry By,
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where Py, Pry are the prices of home and foreign tradable goods. The optimal consumption

allocation between these gives

o = PHt —nr
Ht — (1 — (UF) E CTt; (029)
t
P —nr
Cre = wr (P—Z) Cry,

where Py = [(1 — wp) Py, ™ + wFPI}{"T]ﬁ. The household optimality conditions are
e 2
<1—wF)"T_PHt(wF>"T
Chy Pre \ Cre 7
() =m () ()
Cnt Py \ Cry Cht ’
(ﬁJ";oCLwW%?wWh:MV
Cry ! Chy Py T
1
1—w\n _1_
n — oLV
( CNt ) t PNt qb Nt
1 1 1 1
w n 1o (1 — WF)CTt)”T PHt < w )” 1o ((1 — wF)C'Tt+1> nr
— | —_— =B8Ry ——— | =—] C/ .
(Oﬂ) 'f ( Ci e P \ ot ) 0 U G

Firms. The representative tradable sector firm produces home goods using labor with a

production technology yp; = A L15t1g,.
We assume a perfectly elastic supply of foreign tradable goods at the price Py, in foreign
currency, and a downward-sloping foreign demand for the home tradable good given by
P* —nr
02=C%) Yy,
t PFt t
where Y7, is aggregate foreign demand.'

As in the baseline model, we assume the law of one price for home and foreign tradable

goods, Py = EPj;, and Ppy = £ Pr,.

14The conditions follow Guo, Ottonello and Perez (2023) and are consistent with a representative foreign
household with CES preferences over home and foreign tradable goods and that is infinitely large relative to
the small open economy, and with an infinitely small share of home tradable consumption in its consumption

1
basket. In this case Y7, = lim,: 0,05, —00 (#) o C%; > 0 and finite.
H
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Tradable firms choose labor to maximize their profits IIyy = PrrA:L71S, — Wil

which gives rise to aggregate tradable labor demand:
O{AtL%?—’yTt_l = WTt/PHt'
Equilibrium. The home tradable good market clearing condition is

Cry + Chyy = A L™
Py,
Py

—nr
Cri + ( ) Y7, = ALy,

and the nontradable good market clearing condition is Cy; = A, L%,
We normalize the domestic price of the home tradable good Py; = 1 and foreign price

of the foreign tradable good Py, = 1, so 1/& = P}y, & = Pre. The home tradable good

market clearing condition then is
Cur + EMYp, = A L™,
The balance of payments is given by

PpiCri — &Py Cyy = ERTFY — & FY
Cri— &7 Y, = RE; — F)y

The household optimality condition between home and foreign tradable goods gives

Wr % 1—U.)F 7%
E = [ = ) C30
' (CFt> ( Cmi ) (C30)

C.8.1. Link with Bartelme et al. (2019)

Following Bartelme et al. (2019) (BCDR) we consider the case of many small open economies
c as in the previous section, where firms produce using a constant-returns-to-scale production
function a = 1 and there are many tradable sectors i.

The optimality condition for country c¢ tradable sector ¢ firms with destination j and
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domestic currency price pe;;; is

A LFiCt _ WCTt
et T :
Pciist

Taking logs and combining with the same expression for reference sector ig in country

c and taking the average across destination countries j
1 1
7 ; log pejic — 7 ; 10g pejint = — Lict10g Leir + Liger 10g Leigr - (C31)

Households in country j have CES preferences over consumption of tradable goods from
sectors 7 across source countries ¢

L

t—1
CC]ylyt = § :6]% jlt )

L
1_,
]lt - Z ch,z,t )

where f3;; is a preference shifter for country j and sector i normalized so that ), 5;; = 1,

¢ is the elasticity of substitution between goods from different sectors, and 6 is the elastic-
ity of substitution between goods from different origins. If the household faces consumer
prices pej,i¢, the first-order condition w.r.t. c.;;+ and taking the ratio of this with the same

expression for reference source country ¢ = 0 gives

Dejit  Cejigt
Pojit g

07,2,t

1—1

6

ch,z',t o ch,i,t
- 1
Xojit 7o
07,2,t

where X¢ji: = DejitCejipe 18 expenditure by households in j on tradable goods in source

country ¢, then

1—-6
ch,i,t o |:pcj,i,t }
- I
XOj,i,t DPojit
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and taking the average across countries j gives
1 1 1 1 1 1
T-47 z]: log Xejit =797 z]: log Xegjia = — 5 Xj: log pejie + zj: 10g pegjiz- (C32)
Combining the household equation (C32) and firms equation (C31)
Leit = Qe + a; + Qy + 7? log Lcit + P)/zldfct lOg Lcit + Ecits (033)

where

Leit

1 1
107 Z log Xejit,
j
Lt = %Q + %‘1 dfe,

ac, a;, a; are country, sector and time fixed effects, and shocks €.; similar to Section B.1.

C.8.2. Quantitative analysis

We solve the quantitative model for the parameterization in Section 3.2, and set the elasticity
of substitution between home and foreign tradable goods ny = 1.5 (Feenstra, Luck, Obstfeld
and Russ, 2018).

We feed in a path of world demand for tradable goods C%, to match the growth in
world (excluding China) real imports relative to China’s population since 1980 (measured in
constant USD, source: World Bank).

We set the share of foreign goods in the tradable consumption basket wrp — 1 to
eliminate home bias. All other externally set parameters are as the same as in the baseline

model, and the calibrated ones follow the same calibration strategy.
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