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1. Introduction

A long-held 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
the growth of strategic sectors by enhancing their competitiveness, and this helps speed
growth processes. This narrative is based on salient examples of emerging-market economies’
prolonged growth, which include the case of South Korea from the 1960s until the 1990s and
the recent case of China from the 1980s until the 2010s. These economies experienced decades
of high growth rates in per capita output that were on average more than three times higher
than the global growth rate. These processes were accompanied by significant depreciations
of nominal and real exchange rates (see Figure 1).

In this paper, we examine how the exchange rate can be used as an industrial policy. To
do so, we develop an open-economy macroeconomic framework with Marshallian production
externalities and imperfect capital mobility. We show that the desirability of exchange rate
industrial policies critically depends on the dynamic patterns of externalities. When exter-
nalities are stronger in 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 early stages of the transition, increasing labor supply, and directing
resources to the tradable sector. In contrast, for economies that are not converging—either
because they are stagnating or because they are at the technological frontier—exchange
rate industrial policies reduce welfare. Although these economies may feature externalities,
foreign exchange interventions are not the right tool to address them to the extent that
externalities do not exhibit a dynamic pattern. Our framework also highlights the role of
imperfect capital mobility and labor market dynamism as important features that determine
the effectiveness of these policies.

The paper begins by constructing a theoretical framework to study the role of exchange
rates as an industrial policy. The model embeds production externalities in a canonical open-
economy framework with tradable and nontradable goods. Externalities exhibit a dynamic

pattern that depends on the development stage of the economy, with stronger spillovers in



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 growth rate of per capita GDP.
Panels (b) and (d) show the 5-year moving average of the nominal exchange rate per USD and multilateral
real exchange rate (expressed as domestic currency per unit of a basket of foreign currencies). Data sources:
BIS, OECD, World Bank.

economies that are further from the technological frontier (see, for example, Redding, 1999).
The model also features imperfect financial markets, which allow the government to influence
the path of the real exchange rate through foreign exchange interventions (see, for example,
Gabaix and Maggiori, 2015).

The competitive equilibrium in the economy exhibits inefficiently slow convergence to
output levels in the technological frontier. Individual agents do not internalize that the social
returns of labor are larger than the private ones, and especially so in the early stages of devel-

opment. Hence, the economy features inefficiently low levels of labor during the transition.



In addition, if production externalities are stronger in the tradable sector (as in Krugman,
1987), the competitive equilibrium features a distorted marginal rate of transformation be-
tween goods, with too little production of tradable goods. In this environment, a government
with time-varying, sector-specific labor subsidies can attain the first-best allocation.

In the absence of these fiscal tools, the government can still use exchange rate policies
to exploit the dynamic pattern of externalities and move the economy closer to its first-best
allocation. The optimal “exchange rate industrial policy” features a depreciated exchange
rate during early stages of the transition, which is attained with currency market interven-
tions and the accumulation of international reserves. This policy affects the dynamic path
of allocations through two channels. First, the depreciated exchange rate induces firms to
redirect labor to the tradable sector. Second, by purchasing foreign currency the return
on saving in local currency increases, which stimulates savings, decreases consumption, and
increases labor supply.

Our theoretical framework emphasizes the role of dynamic externalities in providing
a rationale for exchange rate industrial policies. When the government purchases foreign
currency, it depreciates the current exchange rate at the expense of appreciating it in the
future. Therefore, this type of policy is undesirable in economies that feature externalities
that are not dynamic. This includes economies that are at the technological frontier and
those that are stagnant and not converging to it.

We use our framework to study what determines the effectiveness of the use of the ex-
change rate as an industrial policy. A necessary ingredient for this policy to work is imperfect
capital mobility, so that foreign exchange interventions can affect the exchange rate and the
macroeconomy. The easier it is for foreign intermediaries to engage in carry trades and
exploit differential rates of return, the less effective and desirable is the use of the exchange
rate as an industrial policy. We also show that allocations under the optimal exchange
rate industrial policy can be implemented with time-varying taxes on debt. Therefore, our
framework provides a rationale for the use of capital controls as an industrial policy.

Another important ingredient that determines the effectiveness of exchange rate indus-

trial policies is the dynamism of labor markets and the sectoral composition of dynamic



externalities. These policies are most effective in environments with highly elastic labor sup-
ply in which changes in the exchange rate create large reallocation of labor and production.
Also, the policies are most desirable when dynamic externalities are present in sectors that
can more easily attract additional labor as they become more competitive.

Finally, we use our framework to interpret historical experiences. The Asian growth
miracles are often referred to as emblematic examples of export-led growth in the context
of undervalued currencies. Through the lens of our model, these economies appear to con-
tain 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 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 undergo convergence processes, and featured a tradable pro-
duction tilted towards commodity sectors that are less likely to display sizeable externalities,
larger costs for the sectoral reallocation of labor and a capital account that was relatively

more open.

Related Literature. Our paper is related to several strands of the literature. First,
the paper builds on the new generation of macroeconomic models of the exchange rate
and imperfect 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, Gabaix and Maggiori, 2015;
Fanelli and Straub, 2021; Itskhoki and Mukhin, 2021a,b). We contribute to this literature
by studying exchange rate market interventions in economies with production externalities.

Second, the paper contributes to the literature that studies the role of exchange rates for
economic development (see, for example, Hirschman, 1958; Rodrik, 1986; Krugman, 1987;
Baldwin and Krugman, 1989; Rodrik, 2008; Aghion, Bacchetta, Ranciere and Rogoff, 2009).
Our work builds on the literature showing that maintaining an undervalued exchange rate

and managing capital inflows can be desirable in the presence 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 complement this literature by providing
a theoretical framework that shows when these policies are desirable and when they are
not. Our conclusions highlight the role of convergence and international capital market
imperfections as necessary conditions for the desirability and effectiveness of exchange rate
industrial policies.

Our paper is also related to the literature that studies how capital flows to fast-growing
developing economies (see, for example, Lucas, 1990; Alfaro, Kalemli-Ozcan and Volosovych,
2008; Aguiar and Amador, 2011; Gourinchas and Jeanne, 2013, among others). Closest to
our paper, a rising literature studies China’s integration into international 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.

Finally, our paper is also related to the literature that studies industrial policy. No-
table contributions in the area of international trade include Redding (1999); Melitz (2005);
Bartelme, Costinot, Donaldson and Rodriguez-Clare (2019); Gaubert, Itskhoki and Vogler
(2021); Lashkaripour and Lugovskyy (2023). Other applications have been studied in the

context of network economies (Liu, 2019), technology diffusion (Buera and Trachter, 2024;

Michaud and Rothert (2014) study how policies that impose borrowing constraints on households can
correct learning-by-doing externalities. Itskhoki and Moll (2019) construct a growth model with financial
frictions, and show that optimal policies are “pro-business” policies (e.g, suppressed wages) in early stages
of the transition, because they result in faster wealth accumulation for entrepreneurs. In a multiple-sector
version of their model, they also show that when the planner does not have access to sectoral taxes, opti-
mal saving subsidies imply a depreciated real exchange rate. Benigno et al. (2022) develop a model with
knowledge spillovers and firms’ financing frictions to explain emerging economies with fast growth, current
account surpluses, and reserve accumulation. Bergin et al. (2024) study how policy-driven exchange rate
realignments affect growth through firm dynamics and considerations of changes in industrial structure. A
related literature studies the connection between international financial markets, technology spillovers, and
growth. Recent contributions in this area include Alberola and Benigno (2017); Gopinath, Kalemli-Ozcan,
Karabarbounis and Villegas-Sanchez (2017); Queralto (2020); Ates and Saffie (2021).



Bai, Jin, Lu and Wang, 2024), the financial sector (Farhi and Tirole, 2021), and geoeco-
nomics (Clayton, Maggiori and Schreger, 2023). Harrison and Rodriguez-Clare (2010) and
Juhdsz, Lane and Rodrik (2024) survey recent advances in this literature. Most of this work
advocates industrial policies that take the form of import tariffs, taxes or subsidies to sec-
toral production, and direct financial interventions. Our work complements this literature

by focusing on exchange rate policies as a tool for industrial policy.

The rest of the paper is organized as follows. Section 2 presents the model economy
and Section 3 characterizes the optimal exchange rate industrial policy. Section 4 analyzes
the determinants of the effectiveness and desirability of this policy. Section 5 discusses the

broader implications of our analysis, and Section 6 concludes.

2. Theoretical Framework

We consider a canonical small-open-economy (SOE) model with tradable and nontradable
goods. There are three type of agents in the domestic economy: households, firms, and
the government. We enrich this setting to include 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 experiences
a growth process and externalities dissipate as the economy converges to the technological

frontier.

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,

l—0o

tf; B {ijt_—a - bet} . (1)



The consumption good is a composite aggregator of tradable Cr; and nontradable Cly;

consumption

n

Cy = [wh(Cr)™h + (1 —w)i(Cre) 4] (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. Households 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
PriCr + PniCnt + By = Wil + 1 + T + Ry By, (3)

where Pry, Py, are the prices of tradables and nontradables; By, are the bonds purchased
in ¢ that mature in ¢ 4 1; R; is the domestic currency interest rate; IW; is the nominal wage;
IT; are the profits from firms in the tradable and nontradable sectors; and T} are transfers
from the government.

The household’s problem is to choose allocations {Cy, Cry, Cny, Ly, Bii1}52, that maxi-
mize utility (1), subject to the aggregation technology (2); the sequence of budget constraints
(3), given a sequence of prices, profits, and transfers; and an initial level of bonds By. The

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

1—w\" w \7
—o () 4
( — ) " (C) @

w\7 1o P w "1,
<C’_) Ct" = 5Rt+1 & ( ) szﬂ ) (6)
Tt

PTt+ 1 OTH—I

where p; = Pyy/Pry is the relative price of nontradable goods. The first equation relates the
marginal utility of consuming tradables and nontradables to its relative price. The second

equation equates the marginal disutility of supplying labor to the product of the real wage



in tradable goods and the marginal utility of consuming tradables. The last equation is the
Euler equation, in which the relevant interest rate is the real interest rate of the bond in

local currency.

Firms. There is a representative firm in each sector. The firm in sector ¢ =T, N employs
labor [;; and produces goods according to the following decreasing-returns-to-scale production

technology
yie = AL, (1)

The firm’s productivity Z;; = A;L}}* is the product of an exogenous and an endogenous

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

Ay = ppA+ (1—p)Ais, (8)

for t > 1, where A is the technological frontier; ¢ € (0,1) is the distance to the frontier
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 ex-
ternalities by which aggregate sectoral labor L;; increases the productivity of firms working
in that sector. In equilibrium, L; = [; given the representative firm assumption. These
production externalities can arise due to learning-by-doing, knowledge spillovers, or labor
pooling (Lucas, 1988; Krugman, 1992). Given our purposes, we remain agnostic about which
are the fundamental reasons that give rise to the externalities. We assume that the exter-
nalities 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 1. Suppose that (1 — o) > T'p(A/A;) > T'n(A/A,) = 0, and D'y is increasing

The first 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 logic 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 take-off are more
concentrated in local agricultural sectors. In Appendix B.1, we relax this assumption and
characterize 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.

The second 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, Redding, 1999; Melitz, 2005; Itskhoki and Moll, 2019, for examples of
papers that study industrial policies in economies with dynamic externalities that dissipate
as sectors grow). Finally, note that we are not imposing any assumption on the level of
externalities once the economy reaches its frontier; it could be that economies at the frontier
feature a permanently positive externality.

Firms choose labor to maximize their profits I1;; = Py A, L)% — Wily, which gives rise

to the following aggregate labor demand
QA LS =W, Py (9)

Government. The government manages a portfolio of bonds in local and foreign currency;,

and lump-sum transfers its proceedings to households. Its budget constraint is given by
Ft+1 + gtﬁzl—l + ﬂ - RtFt + gtR*Ft*, (10)

where Fy; and Fy,; 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.



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 can now define a competitive equilibrium for given gov-

ernment policies.

Definition 1 (Competitive equilibrium). Given initial asset positions Fy, F{f, a competitive
equilibrium is a sequence of private allocations {Ct,CTt,CNt,Lt,BtH,LTt,LNt}toio, prices

{Pr¢, Pni, Wi, &, Ri Y2, and government policies {E+1, Ft’ﬁH,Tt}:ZO such that:
1. Allocations solve the households’ and firms’ problem, given prices;

2. Government policies satisfy the government budget constraint;

3. Markets clear:

Ly = Ly + Ly, (11)
CNt — AtL?Vt’ (12)
Ft+1 + Bt+1 = 0 (13)

Equations (11), (12), and (13) are the market-clearing conditions for labor, nontradable
goods, and the local currency bond. Due to financial market segmentation, households and
the government take opposing asset positions in local currency.

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

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

10



(4), (5), (9), and (11), we obtain

(1 —w c) g (1)
- a—1
W ONt LNt
¢ — = aA L5 (15)

—0

(w/Cry)7 C

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

tradable goods market clearing),
Cry — ALy = RF} — Ff,y, (16)

which states that net imports should be financed with external debt. Note that the house-
hold’s Euler equation is not an implementability condition and is used to pin down the local

currency interest rate R;.

3. Exchange Rate Industrial Policy

This section characterizes the optimal exchange rate industrial policy. We begin by charac-

terizing the first-best allocation, which serves as a useful benchmark.

3.1. First-best allocation

Definition 2 (First best). A first-best allocation is the allocation X, = {éTt, C‘Nt, ZNLTt, Em, At}
that mazimizes utility (1), subject to the consumption aggregator definition (2), the balance

of payments condition (16), and market-clearing conditions for labor (11) and nontradable

goods (12).

11



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

—1 — W@ ’ — (OK +7Tt> ‘Z%j’yTt_l (17>
w C o If
(et AL, (18)
(CL)/CTt)n t”]
w 717 ~1 5 w % ~1 5
— ) ¢ T =BR(=——) C}, . 19
(@) g o g

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 to the social marginal product of
labor. The last equation is the Euler equation that 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 undone

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

Proposition 1 (Impossibility result). The first-best allocation is not attainable with FX

tervention.

We include all proofs in Appendix A. FX intervention affects the intertemporal margin
of consumption by affecting 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 affect 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 is attainable with FX intervention and the following

12



time-varying labor subsidies to the tradable sector:

L Y1t
TTt — .
o+ 7t

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 the FX
intervention is such 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 perspective. We further discuss this in Section 5.

3.2. Optimal exchange rate industrial policy

We now study the optimal exchange rate industrial policy (XR-IP) as a second-best policy.
This consists of a government policy that maximizes the lifetime utility of households subject
to the implementability conditions that characterize a competitive equilibrium. We formally

define this problem below.

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

the following problem:

— [
t | Lt ,
ax i=T,N Z p [ — ¢Lt:| subject to (Pl)

{CituLit’Ft*+1}zz() t=0 1 -
1
= a+yre—1
<1 —w CTt> v L
= 1 5
w  Cny Ly

¢ _ a+yre—1
T = O[At LTL‘

1 =—0
(w/Cr)n CF
Oy — ALy, = R°Fy — Ff

Y

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

goods (12).
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This problem is characterized by the following modified Euler equation

W z g O(Xet1, Yres1) < W ) z g
— C  =pBR* P 20
(CTt> ! & Q(Xt, ’YTt) CTt+1 i ( )

where 6(x;, yr¢) is a function that depends on the allocations of the economy,
x; = {Cr¢, Cny, Ly, Live, Ai}, 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.

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., Ry 11 =

* Eq1
R,

Quadratic-linear approximation to policy problem. To provide a tractable analytical

characterization of the optimal policy, we first make the following parametric assumptions.
ASSUMPTION 2. Suppose 0 =n =1 and R* = 1.

The first condition corresponds to the Cole and Obstfeld (1991) preference parameterization.
Under this parameterization, the equilibrium nontradable allocations are independent of

intertemporal considerations and given by

({%} o

; (22)

Lyt =

Furthermore, in Appendix A.4, we show that the optimal policy problem can be approxi-

14



mated by a quadratic-linear problem in terms of log deviations from the first-best allocation.?
In particular, we can approximate to a second order the welfare loss from the first-best allo-

cation as
_%Zﬁt (w2} + [w(a+7)* +wla+7)] z7], (23)
t=0

where z; = log(Cry) — log(éTt) and z; = log(Ly;) — log(Lzy) are the log deviations from
the first-best tradable consumption and labor, respectively; and ~ is a weighted function of
the path of ~7;, with the expression provided in Appendix A.4. Furthermore, we can also

approximate to a first order the implementability conditions

2 =P+ (a+v— 1)y, (24)
D Bz — (a4 7)) =0, (25)

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 corresponds to 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 approrimated with

those that mazimize (23) subject to (24) and (25).

Henceforth, all results refer to the solution to the appoximate 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 every period. However, private
choices determine a static relationship between them. Therefore, the planner can only choose
the path of net savings in the economy that determines a path for labor and consumption

given private choices.

2See Itskhoki and Mukhin (2023) for a description of this approximation approach to a general class of
policy problems.
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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 in ¢t = 0.

Converging economies. We begin by characterizing the optimal policy in economies that
are experiencing transitional dynamics, converging to steady-state productivity levels closer
to the technological frontier. These economies exhibit a path of production externalities in
the tradable sector that are stronger in the early phase of the growth process.

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 chan-
nels. First, a lower tradable consumption generates a reallocation of labor demand. The
depressed aggregate demand reduces the demand for tradable and nontradable goods, de-
preciates the exchange rate, and lowers labor demand from the nontradable sector. Second,
a lower tradable consumption induces a stimulation of aggregate labor supply. For the pa-
rameterization under Assumption 2, the positive supply stimulation and negative demand
reallocation effects for the nontradable labor market cancel out, which implies the same level
of nontradable production as in the laissez-faire equilibrium. In the tradable sector, both

effects contribute to higher labor.
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In the case of converging economies, the optimal policy features high saving rates in
the initial periods, when the tradable production externalities are stronger, to induce more

tradable labor. The following proposition characterizes the optimal policy.

Proposition 3 (XR-IP 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., vy decreasing in t). The optimal exchange rate

industrial policy in these economies implies 3t > 0 such that:
&r > &7, Ly > Ly, Cp <Cpf ift <1,

with opposite inequalities if t > t. This is achieved with trade balance surpluses, T BI¥ >

TBEY ift <t, and FyT > 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
laissez-faire competitive equilibrium. The economy features lower tradable consumption,
higher tradable labor, and a depreciated exchange rate relative to the laissez-faire compet-
itive equilibrium exchange rate in the initial periods when the externality is stronger. The
depreciated exchange rate is attained by currency market interventions and the accumula-
tion of international reserves. By generating a trade surplus and accumulating international
reserves, the economy generates a net creditor position, which implies a trade deficit, larger
tradable 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 in the optimal policy is always below its first-best
level. This is because attaining the same labor allocation as in the first best is associated
with a large distortion on the intertemporal consumption margin that makes this allocation

suboptimal.

Economies not in transition. We now characterize the optimal exchange rate industrial
policy in economies that are not converging to the technological frontier or that are at the

technological frontier. In this case, given that externalities do not exhibit a dynamic pattern,
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Figure 3: Exchange Rate Industrial Policy Dynamics
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Notes: This figure shows the dynamics of the allocations of the first best (blue line) and the optimal exchange
rate industrial policy (green line) in deviations from those of the laissez-faire competitive equilibrium.

there is no role for this type of policy because any exchange rate depreciation the government
induces in early periods is associated with an appreciation in later periods when the trade

balance is reversed. The following proposition formalizes this result.

Proposition 4 (XR-IP in economies not in transition). Consider an economy that is not
converging to the technological frontier or that is at the technological frontier (i.c., Ay = pA).
Allocations from the optimal exchange rate industrial policy coincide with the laissez-faire

competitive equilibrium.

Note that this result holds even if economies feature permanent production externalities.
When these externalities are constant, FX intervention is not the right tool to address them.

This result also indicates that, in our framework, a necessary ingredient for exchange rate
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industrial policies that depart from the laissez-faire competitive equilibrium to be welfare
enhancing is that the economy is converging to the technological frontier so that externalities

exhibit a dynamic pattern.

4. On the Efficiency of Exchange Rate Industrial Policy

In this section we study what determines the effectiveness of the use of the exchange rate
as an industrial policy. We focus on the role of international capital mobility, labor market

characteristics, and multiple tradable sectors.

4.1. International capital mobility

Consider an extension of the baseline model in which households can trade in international
capital markets that operate imperfectly, as in Gabaix and Maggiori (2015). Suppose that
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 Q;,, =
—Qi11/&:, where Qf, | and Q441 are bonds purchased in period ¢ in foreign and local currency,

respectively. Their demand for local currency assets is given by

1
Qi1 = e {& - 5t+1:| ; (26)
I

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. When I'; — oo,
no intermediation is possible and this model collapses to the baseline model. The market-
clearing condition for domestic currency bonds is F;.1 + Bii1 + Q¢+1 = 0, and the balance

of payments condition is

Cry — ALy, "™ = R'Ff — Ffyy + % B Rt%‘
t t

3This 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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In this setup we show the following result.

Proposition 5 (XR-IP with international capital mobility). Consider the economy with
international intermediaries in the initial period. Suppose that the 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 yro > vy = 0 for t > 1). The optimal exchange rate industrial policy (“IP-B”)

implies:
EIP 5 gIP=B o gCE [P [IP-B  [CE (AP _ OIP-B _ (CE (AP 5 CAIP=B 5 (ACE.

In an economy with intermediaries, the social planner faces an additional cost of dis-
torting intertemporal consumption choices. Doing so opens a wedge between the returns
in local and foreign currency, which intermediaries exploit using carry trades and extract
positive profits from the economy. The optimal response of the planner to this environment
is to reduce the strength of exchange rate interventions.

In the extreme 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 way. This
gives rise to a motive for why governments may want to implement capital flow management

policies, which we explore next. We highlight two approaches to these type of policies.

Closing the capital account. One approach is to regulate the capital account by restrict-
ing private capital flows in a time-invariant way and complement this policy with exchange
rate industrial policy via foreing exchange interventions. In the context of the model ex-
tension with financial intermediaries this can be attained by taxing the profits from carry
trade. As shown in Gabaix and Maggiori (2015), a government tax on intermediaries’ profits

7™ is equivalent to considering an alternative economy with lower risk-bearing capacity from

ry

intermediaries: T/ = gt

This result implies that the government can effectively eliminate the cost of foreign
exchange intervention, by taxing the profits of intermediaries that engage in carry trade. In

this sense, this time-invariant capital flow policy is complementary to the use of exchange
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rate industrial policy. This result can shed light in the joint use of capital account restrictions

and exchange rate interventions by China during its growth process (Clayton et al., 2022).

Capital controls as an industrial policy. Another approach is to actively use capital
controls in a time-varying way to reproduce the allocations of XR-IP. Consider a simplified
version of the model in which there are only foreign currency bonds that households trade
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/borrowing, 72. The
following result shows an equivalence between the allocations attained with the optimal
exchange rate industrial policy in the baseline model and those in this economy with optimal

capital controls.

Proposition 6 (XR-IP with capital controls). Consider a model variant in which households
can save or borrow in foreign currency and the government can impose a capital control.
The allocations of the optimal exchange rate industrial policy can be attained by imposing

the following time-varying capital control:

B _ Q(Xt+17 7Tt+1)

T, — 1.
¢ Q(Xta’VTt)

This equivalence result emerges because in both economies, the government can control
the intertemporal allocation of consumption by means of FX intervention in the baseline
model and capital controls in this model. Therefore, the allocations under both optimal
policies coincide. This result echoes that of Farhi, Gopinath and Itskhoki (2014), who show

that exchange rate devaluations can be replicated with a combination of fiscal tools.

4.2. Labor market supply

Consider now a variant of the baseline model with elastic sector-specific labor supply, where

preferences are given by

S [G g B LN
— 1—0 1+v 1+v
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where ¢; > 0 for i = T, N and v~ ! is the Frisch elasticity of sector-specific labor supply.* In

this setup we show the following result.

Proposition 7 (Labor supply elasticity). Consider a version of the model with elastic labor
supply in the tradable and nontradable sectors. The optimal exchange rate industrial policy

implies the following initial allocations:

(c/’IP LIP CCE CAIP F*IP
Sion Inoy Gho ShL Ao
50 LTO CTO CAO ‘Fl>|<

and all these ratios are increasing in the elasticity of labor supply, v=1.

This proposition states two results. First, the same policy prescriptions carry through
to this more general setup. Second, the strength of the optimal intervention and its effects on
the exchange rate depreciation in the initial periods are stronger the more elastic the labor
supply. When labor supply is very elastic, the government can more effectively induce larger
labor in the tradable sector, and exploit the production externality in the initial periods of
convergence when it is stronger.

In Appendix B.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 only affects the allocation through a reallocation of sectoral labor demand. This case
emphasizes that the main results of the paper do not rely on the presence of wealth effects

of the labor supply.

4.3. Multiple tradable sectors

In practice, the tradable sector is composed of multiple sectors that may have different
externalities and heterogeneous sensitivities to the exchange rate.” In this section we consider

a variant of the model with two tradable sectors, 7 = 1,2. Sectors differ in the externality

4See Berger, Herkenhoff and Mongey (2022) for an example of similar preferences in the context of firm-
specific labor supply.
5See Palazzo (2024) for evidence on heterogeneous responses of sectors to currency undervaluation.
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patterns, yr;:, and in their labor supply. Preferences are given by

> Cle L LLtve LAtvN

t T1t T2t Nt
§ : - - - , 27
o 8 [1 e o1 1+ 1, Or2 1+ 1 N 1+ o (27)

where tradable consumption is an aggregator of tradable-sector varieties j = 1,2
1/2 ~1/2
Cre = CT/ltCT/2t‘ (28)

In this environment, we show the following sufficient statistic result. Define ¢, = log(&;) —
log(c‘ft) as the log deviation from the first-best exchange rate, and v;; = log a—log(a+yr;:) <
0.

Proposition 8 (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:

(L4 D)e + Dipy = (1 + D)epyr + Dy,

(e+7)2+(1+v) (a+y)
(at+y—1-v)2

where D > 0 and 1y are model-specific. In the single-tradable-sector model D =

and ¢, = log v — log(a + yr¢). In the multiple-tradable-sector model D = % [Dy + Dy, and

S 10

_ _ Dy Do ; L
Py = B1+D; U1 + Bi45; o, where the sector weights are D =

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 a greater weight on sectors that have more elastic labor

supply, because stronger externalities in these sectors can be exploited more by the policy.

4.4. Externalities in the non-tradable sector

Consider the baseline model extended with externalities in the non-tradable sector, vy > 0,

in addition to those in the tradable sector. In this case, the optimal policy path depends
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on the assumptions about preferences and labor supply. In the baseline parameterization of
Assumption 2, the optimal policy coincides with that in the economy without non-tradable
externalities. In particular, the optimal policy in that case is independent of the path of
non-tradable externalities. This is because the negative effect of the policy on the demand for
non-tradables exactly offsets positive effect on the labor supply, implying an non-tradable
equilibrium allocation that is independent of inter-temporal 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

initial stages.

5. Broader Implications

5.1. A discussion of historical experiences

Our framework can be used to interpret historical experiences with the use of exchange rate
interventions to foster economic growth. Emblematic cases of these policies are 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 arguably met
the necessary condition for the desirability of these policies, which is to be experiencing a
convergence process. In addition, they featured two characteristics that in our model make
these policies more effective and desirable. First, the policies were conducted in environments
with capital account interventions and initially underdeveloped financial markets, which
made FX interventions more effective in influencing exchange rates. Second, the economies
featured ease in the reallocation of labor 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).

Characteristics of the Asian examples stand in contrast to those of Latin American expe-

riences, which are often referenced as failures of these types of policies. Most Latin American
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economies did not experience convergence processes, and are specialized in commodity sec-
tors that are less clear to feature production externalities. In addition, they featured greater
costs to sectoral labor reallocation and a more open capital account. Through the lens of our

model, this configuration renders exchange rate industrial policy less effective and desirable.

5.2. Why use the exchange rate as an industrial policy?

Our analysis stresses that countries can have other policy tools that achieve similar or better
allocations. In this section, we discuss why countries may still choose to adopt this policy

tool relative to others.

Sector-specific subsidies Section 5 shows that the first-best allocation can be imple-
mented through sector-specific subsidies. However, our analysis also shows that insofar as
externalities are dynamic, these optimal subsidies are time-varying, with stronger subsidies
in earlier stages of the transition. Therefore, the sequence of time-varying subsidies that
implement the first-best allocation may not be feasible from a political economy perspec-
tive. Additionally, sector-specific subsidies are likely to encounter practical restrictions from

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

Wage policies In the absence of sector-specific subsidies, countries may be able to imple-
ment general labor market tools that affect real wages, such as restrictions on unionization
and upper bounds on wage growth. Itskhoki 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, because they speed entrepreneurial wealth ac-
cumulation. In environments where these policies may face limits on how much they can
differentially affect sectors, the exchange rate as an industrial policy can be a complement

to this tool to redirect resources to tradable sectors.

Monetary policy Historical experiences also show that emerging markets often use mon-

etary policy to target an undervalued real exchange rate (see, for example, Calvo, Reinhart
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and Vegh, 1995). While these types of policies can address temporary deviations of the
exchange rate, they might be a source of higher inflation and instability if used to target
the exchange rate in the medium run (see, for example, Uribe, 2003). Different from these
policies, our framework highlights sterilized foreign exchange interventions as an appropri-
ate policy tool to target the real exchange rate in the medium run when international asset

markets are segmented.

6. Conclusion

In this paper, we studied how exchange rate policies can be used to speed economic develop-
ment. Our framework highlights two necessary conditions for the desirability and effective-
ness of these policies. First, production externalities need to be dynamic, which can arise
when economies are experiencing convergence processes. Second, international capital mo-
bility needs to be imperfect, either because of underdeveloped financial markets or because
of policies regulating the capital account. Our analysis also stresses that these policies are
inconvenient in economies that fail to meet either of these conditions. These context-based
policy prescriptions echo the discussion of historical experiences.

Although our analysis has concentrated 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 was introduced
during China’s growth take-off. Our framework could be used to study the extent to which
these global dynamics can 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. Theoretical Appendix

A.1. Proof of Proposition 1

o l1—0o ity 1 .
We show the proposition for more general preferences >, 3 6110 - o3 ] , where v 1 is

the Frisch elasticity of labor supply.
Given the initial foreign currency asset position Fj, the conditions that characterize the

competitive equilibrium allocation {Cry, Cny, Ly, Lng, F' 122, are
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where in equation (A.3) we substitute Pr; = % into (4) after normalizing Py; = 1

Tt
without loss of generality, and combine firms’ labor demand from (9).
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Observe that satisfying the first-best intertemporal optimality condition (A.6) in the

competitive equilibrium (A.3) requires government foreign exchange intervention {F}, }2,
atypip1—1

a—1
such that Ry, = R* CATESVAC 581 for all t. Further, equations (A.4)—(A.5) for the first best

a—1 7 atype—1
Ly /LTt

and (A.1)-(A.2) in the competitive equilibrium only coincide if 47, = 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;}°,.

A.2. Proof of Proposition 2

LIt
1+v

], where v71 is

We show the proposition for more general preferences >, 3 Clt:: — ¢

the Frisch elasticity of labor supply.

With tradable and nontradable sector-specific labor subsidies 7%, the firms’ problem for

each sector i € {T, N} is
max 7 = RtAtlgLZtn - (1 - Ti%)thit'

lit

The firms’ profit maximization conditions for labor demand in each sector [ and [y

give

The government budget constraint is
Fio + EF) + T+ 75 Wi Ly + 75,WiLny = RiFy + ERYFY,

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-
o L T

a—1  poatyre—1
Ly /LTt

for all ¢, so (A.7) in the competitive equilibrium is equivalent to first-best condition (A.6).

ernment policies {Ft+1, F;*Jrl,Tt}toiO can then be used to equate R;11 =

A.3. Optimal Exchange Rate Industrial Policy

00 t Ctlfa L;+” -1 -
We show the result for more general preferences )~ [ = QSH—V], where v~ is the
Frisch elasticity of labor supply.
In this section we solve the optimal exchange rate industrial policy problem (P1). After

substituting the nontradable goods market-clearing condition Cn; = A;L%;,, the Lagrangian
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) G 1 1 v
L= ;6 {1—0 _¢(1~|—u) <LTt+(CNt/At)a>

v, [ @A) (1—w)v _ <i>
' I Lyt Chni Cry
[ (LTt + (CNt/At)é> w \7 C;_U
+ _ m
S 19 aAtL%jVTt_l ( Cry ) !

+ N [RFS — Fl + ALT)™ — Cry }

The first-order conditions for Cry, Cny, Ly, FY, are

w\7 1o 1/ w\" 1 1/w\" 1 109 [1 w \7 2 o
SV (2) e[ () L () (&) e
(OTt) vt (%) e & n(cn) Cn" ; en) ¢ t
1-— " 1_gs 1,1 1 1
(C w) cy _¢(LTt+(CNt/At)E)V—Cﬁ/t1<1/At)°‘
Nt 0]
(CNt/At)T1(1—w)$ 1

—1
LDH"YTt CNt

PCESY C (1/A)°% (1 - w)n
Tt n CYNt a L%jvﬂ -1 CNt
oo L (Cxe/A)) 1 o

1_ 1 1 w " 2 51(1—w v
—Cg, (/A — | = — — ) C7 =0,
ozAtL%;r'Y’“*l o Nt (1/A¢) (77 ‘7) (CTt> t ( Cre ) ]

_gb(LTt—i_(CNt/At)é)y‘f‘Ct —(04+7Tt—1)(CNt/At)% (1_w)n 1 ]

—1
LgFome Cni Ly

+ G

+&

(Lt + (Ci/Ar) )"~ (L + (Cyi/A)®) 1
— (v + 7 — 1 —
v aAtL%:WTt_l (a+9m )9 ozAtL%;”’Tt_l Ly

+&

— Ao+ 7)) AL T,

Av = BR N1

Combining these expressions gives

<L>"CEF" _ 0t+1(xt+1a'7Tt+1)ﬁR*< w )" i
Cry

1
)
t+1 >
0, (Xt, 7Tt) Crit1

33



where

M, (11 1 w \7 1o a (CifA)®
=1+ —(-=0) (=) oy
9t<Xt”yTt) * Ny {T]CTt (77 U) (CTt> C * (OH‘T]_OHI) Cry
1 (1 W\
o) (@) e }
1—w\7 [ w\ " a1
M, = ~vpr A —_— Cni/Ap) @,
t YTt t< CNt> <0Tt) ( Nt/ t)
1
Ny= —(a+vyp —1)— v -
Ly + (Cne/Ar)=
11 1 w % 14 o (ONt/At)é
+ - =-=0 — ] O/ +
Qt{UCTt (77 ) (CTt> ! (a+n—an) Cre
o) (&) )
LTt + (CNt/At) n Cre

Qr = (04 + 7Tt)At ( ) ( > (CNt/At) ”‘ (04 + Ve — 1)_770Tt
CNt CTt LTt

1
v 1
[ Ly + (Cni /Ay

A.4. Proof of Lemma 1

We first show that under Assumption 2, the optimal exchange rate industrial policy (XR-IP)
problem is independent of the nontradables block {Cyy, 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

(CTt > (bozAtLaﬂTt_l ’

oatyyg—1

at+yN¢
w (% " 1—w
Cry L7 ! Cne )
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Combining these two equations gives
atynye—1
¢ [(Cne) e [1—w
ad, A Cnt )’
Oz(l _ w) at+INt
el (A8

:>CNt:At|:

and the nontradable goods market-clearing condition C'n; = 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,Ft’iH}zO ; 6 [ g Uy ¢ Tt]

t (&) =t
s.t. — | =,
CTt OéAt L%;F’YTt -1
Cry — ALy = R'F} — FL,
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=Vy=ATS",

— = (CY + ")/)Z _;+’Y_1,

(w/Cr)

where A, v are defined below. Therefore, in the BT allocation

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

fare function around the BT allocation

Wy = ' [wlogCri — ¢Lr].

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
T 1y T T 1 = 2
—¢Lpy = —pLre™ = — ¢Lp — ¢Lply, — §¢LTZT,:

Therefore, welfare in terms of deviations and ignoring terms independent of ¢y and I7y
is
= - 1

WO = tzz(;ﬁt |i(,UCTt — QbLT(th — §l%’t):| .
Welfare for the first best (FB) approximated around the BT is

5 . t], .~ - 7 L5

Wo = tz:; B |wers — GbLT(th - 5th) .
We now approximate the resource constraint relative to the BT

Cpy — ALy, = RFY — F 4
Ore ALy ™ _ o Ff Fiy
Cr AL Yr Yp

ere _ part(atyr)lre+(yre—y) log Ly _ p* px
e € =R ft ft+17

Fy

v A first-order approximation of the LHS around the BT

where a; = log A; —log A, ff =

18

cre — ap — (@ +Y)lpe — (yre — 7) log Ly = R*ff — friq.
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For welfare, a second-order approximation of the LHS around the BT is

1 1 1
cre + 502Tt -y — 5@? — (a+ )l — é(oz + 7)2l%t

T ]- T * Lk *
—(yre = 7)log Ly — 5 (e — 7)*(log Lr)* = R* f — f711.

Iterating this forward and using the transversality condition lim, . 8°f =0
oo
Z BtCTt
t=

1 1 — 1 —

= - Zﬁt { Cy — ar — 5@3 —(a+ ) = Sla+ V213 — (yre — ) log Ly — 5 = 7)*(log Lr)*

+ =17
5fo

and similarly for the FB allocation relative to the BT

e.)
> B
t=0

_ 1 - . 1 _
= - Zﬁt { Cr = a = 5a; = (@ +Nln = 5@ +)"1 — (v = 7)log Lr = 5 (vre — ) (log Ly )’
Lh

5 0
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Taking the difference in welfare and substituting using the iterated resource constraint
~ 1
W%—Ww=—§:ﬁ 36— (ki = e+
. 1 .
© 3 e G ol o+

= > B |¢Lr(lre — 552 } + Z B [¢>LT I7e — —F )}
t 1 ~ \2 ~ ~
= -> 5 qwlere = en)” + weri(ere — CTt)]

- Zﬁt %W(Oé + 7)2(th - iTt)2 —w(a+ V)QZTt(th - ZTt)}

-2 %d»ZT(th = Ire)* = O Lrlri(lre - Zm}

LS st a2 st ) ), (19)

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 7 * fx [
o= e+ 5k~ 3 — (04 )l — Ir) — (a4 )Gy~ B) = R'F; — F

ri(ere — ere) — (@ + ) (I — bpe) + heoot. = er(R* ff — fi0),

where [} = f; — f;.
Substituting for ¢ér; gives

eri(ers — ere) — ar(a+ ) (e — lre) — lre(e + )2 (e — bre) = er(R*f — fin)
—(’}/Tt — ’)/) lOgZT<Oé + ’7)(th — ZTt) — (R*.ﬂ* — _]2?;1)(0[ + ’}/)(th — ZTt) + h.o.t.
Z Bt [5Tt(CTt - 5Tt) - at(Ot + ’7) (th - lNTt) - lNTt(Oé + V)Q(ZTt - l~Tt) = Z Bt [éTt(R*.ft* - ft*+1>
t=0 t=0

—(yre — ) log Lr(a + 7)(lre — Ire) — (R*ff — ft*-f—l)(a + ) — ZTt)} + h.o.t.
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Therefore, set v such that
Zﬁt [[iTt(O‘ + ) + st — o+ + Ylpe| (I — ZTt) =0

where s; = a; — (v — ) log Ly — (R*ft* - ft*-l-l)

The interaction terms simplify to

[e.9]

> s |:W0Tt ere — &) — w(a + 7 lre(lre — bry) — w(a + 7)lre(lry — l}t)} =5 [WETt(R*-ft* - ft*+1)]
t=0

t=0

+h.o.t.

= io: [Wft“ CTi41 — CTt)]
=0

=0,

given by the FB optimality condition ¢y = ¢ér4y1 and fé" = 0.
Next, solve the constraints in terms of z;, x; starting with the loglinear resource con-

straint

cre — ap — (@ + Y)lry — (yre — ) log Ly = R*f; — fiy
ery —ap — (o0 + ’Y)ZTt — (vre — ) log Ly = R*ft* - ﬁk—i—l
= 2 — (CY + V)% = R*ft* - ft*+1- (A.lO)

Next, the MRS = MRT constraint for the XR-IP

9
(w/Cri)

log ¢ —logw + log Cry = loga + log Ay + (o + v — 1) log Ly + (yrt — ) log L.

-1
— O[AtL%j’YTt
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For the FB, this condition is

_®
(w/é’Tt>

log ¢ — logw + log Oy = log(av + yr4) +log A; + (o + v — 1) log Lyt + (yrt — ) log L.

= (a+ VTt)AtE%;WTt_l

Combining the XR-~IP and FB gives

2=+ (a+v— 1)z + (yre — ) (log Ly — log ETt)
=+ (a+v—1)xy, (A.11)

where ¢, = loga — log(a 4+ y7¢) < 0 and the second line uses a first-order approximation

around the BT, as shown on the third line below

(yre —7)(log Ly — log Lyy) = (v — 7)(lre — Ire)

= (’YTt - 'Y)th - (’YTt - ’Y)th
=0.

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

max - %Zﬁt [w2f + [w(e+7)? +w(a+7)] 7]
=0

ORI
st. zp =+ (a+v— 1)y,
% —(a+7)z =Rf - ft*ﬂa (A.12)
fo=0.

Substituting for SR* = 1 and iterating (A.12) using the transversality condition lim, . 5° f/, , =

0 gives
Z B (2 — (a+7)a) =0,
t=0

which shows the Lemma.
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A.5. Proof of Proposition 3

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  — 23 6wt + (a7 — D) + [wla+7)? +wla+ )] 2]

{xt}fio

s.t. Zﬁt [y — ] = 0.
t=0
Let A be the multiplier on the lifetime resource constraint. The FOC for z; is
=B Wt + (a+ 7= D)o +7—1) + [wla+7) +wla+7y)] z] =B\
We get a loglinear Euler equation to characterize the XR-IP solution

Pla+y =1+ [(a+7 =1+ (a+7)?+ (a+7)] 2"
=vYla+y =1+ [(a+7 =1+ (a+7) + @+ )]z
Ui [(a+y =1 +da” =g+ [(a+v—1)+afy,

(e+7)2+(a+7)

o <0 Therefore

where ¢ =
¢0+(a—|—7—1+c)xélj:w1+(a+7—1+c)xfp

=Y+ (a+v—1+c)z"

IP (1o — Yr) IP

: — .
RO Ppray s B
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To show that z!f <0, i.e., Ly > LI¥ for all ¢, use the lifetime resource constraint

Zﬁtxt Zﬁwt
T t
O +Zﬂ a—l—’y 1—|—c Zﬂw

P Bibo (a+7+¢
= (=B~ g T Ao HcZwt«)

since (a+7+¢) < 0, and given Y74 > yrep1 > 0 for all ¢ then ¢, < g <0, >, by < 0.

Therefore
N i) B (a+v+c) .
x{P_(a+7_1+c)+(1—5)¢0_(a_'_/y_l_l_c)-i-(l—ﬁ)(a_i_v o 25
_ (0 =Bola+v+0) Vi (a+7+c) .
 (at+y—1+¢) _(a+’y—1+c)+(1—5>(a+fy 1+c¢) Zﬁwt<0

The LF-CE is characterized by

&t = Zt+1,
2= + (a+ v — 1)y,
—(a+)z = R f; — fi1,
fe=0.

Combining the first two equations
Uit (a+y = Daf" =t + (@ + 7 = Da],

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

ce (o —1y) CE
e
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Therefore, from the lifetime resource constraint

[p B?ﬁo (Oé—i—’)/—l—c t
= ﬁ)wo_(a+’y—1+0)+(1_ﬁ)(a+’y 1+c) Z/B
C 5% O‘—i_fy
5" = (1 —5)%—m+(1— (aty-1) Zﬁi/}t,-
Therefore
C ﬁi/fo
I Rl e e
(Mg:fgﬁ(éi%_l) (a+7+)aty—1)—(@+1)a+y—1+0)]
_ Bibo .
S (a+y—1+c)(at+y—1)
(1—5) >, B
(a+7_1+6)<;+7_1>[C(CHLW—U—(OHFV)C]
_ B c (1 — 5) Zi‘il ﬁtwt [—c
la+y—1+c)(a+y—1)  (a+7-1+c)la+y—-1)" ~
=0 <0
Bibo (1—8)> 2, B
S B R P e BSOS VN
B¢O c+ 5¢0 [—C]
T (aty—1+9laty—1) (aty—l+c)laty—1)

=0.

From the lifetime resource constraint

Zﬁt IP -0

P _ (IP
vy —agt = E B aft — 2",
—_———

>0

so for at least one t > 1, (z/¥ — 28F) < 0.
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Note, for any t > 1

Ir CE _ _ 1 _ 1 IP_  CE
z, =y = (Yo — ) @+7-1+0 (aty-1) +Iy — I
= (o — 1) 1) — _ IP _ CE
—(a+7_1+6)(a+7_1)[(a+7 D=laty=1talto -
—(to — )

_ ¢+ P _ 4CE
(a+v—1+¢c)la+v—1) 0 0

Therefore
P . CE _ (. IP __CE\ _ — (Yo — Yiy41) _ — (Yo — )
T~ T~ (B ) = e S =) et =1t dlaty—1)
Vi1 — Py

B (a+7—1+c)(a+7—1)c

< 0,

olP — 2¢F) is strictly decreasing in t. Then, together

since Y11 — Yy > 0 and ¢ < 0, so (

with (zff — 2§F) > 0 and (2! — 28F) < 0 for some ¢ it must be that 3 £ > 0 such that

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

waA, 1
Cre = ,
Tt ¢ L%;O‘_’YTt

CN¢ aT_l —a—yT¢
= (E) Ly,
where cy; coincides for the XR-IP and LF-CE.

Therefore, for ¢ < f since LY > LEF

IP CE
Cry <Cry,

EIP  £CF
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By definition of the trade balance

TB; = ALy"™ — Cry,
= TB!" > TBFE.

From the balance of payments

*IP *CFE
=y >,

for t <.
It is straightforward that similarly for ¢ > ¢t when LY < L$F that CIF > CGF,
EP < £CF and TBIY < TBEE.

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

Yy — 1 = R*]Et* - ft*+1a
fs =0

Therefore, at any t

t

> Bls — ]+ B =0

s=0

Btftil - Zﬁs[xs - ws]

s=0
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Substituting in for the solution for z; gives

~ (1=P)ola+y+e) Y PN CE R ERONE =V
== (a+v—-14¢) (a+”y—1+c)+<1 5)(a+7_1+0);5¢t Ve

(L =Bholatr+e)  (a+v+o)h o larte Ky
 (a+y—-1+40) (a+7—1+c)+(1 B>(a+7 1+c);ﬁwt
<(1—ﬁ)1/10(04+7—|—c)_ (a+v+ )y N (a+v+c¢) y

(aty=1+c  (aty-1+0 “(atr-1+0) "
cd=Bolatyt+eo (atr+to 5 (at+y+0) y

(a+~v—1+¢) (a+~v—1+¢) (a+y—1+4¢) "
=0.

Therefore

Btfttrl = Zﬂs[xs — ] <0,
s=0

which shows that Fy, > FyIF for all t.

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

B = (fi) ") Zﬂs P — 207,
We know that
f; Bla!” — 2] = 0
ZB[IP CE+ZBS P ]_07
s s

and that (zff — 2§F) > 0, (zIF — 29F) is strictly decreasing in s and (z/f — 2¢F) < 0 for
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all t > t. Therefore

Bt[(ﬁlﬂm - (ft11)CE] = - Z Bs[ng - xSE] >0

s=t+1

= FIT > FrEF for all t.

A.6. Proof of Proposition 4

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 Propostion A.5 is

v+ (a+y=—1D+daff =v+[(aty—1)+dzl

P _ _IP
Ty = Tyqqs

and for the LF-CE is

Y+ (a+y— 1Dzl =+ (a+v— Dzl

CE _ . CE
Ty = Tyyq-

The other conditions are identical, so the allocations for the optimal XR-IP and LF-CE
must coincide.
A.7. Proof of Proposition 5

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

and the economy starts below and converges to the frontier at ¢ = 1, then v > 0 and
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v+ = 0 for all £ > 1. The balance of payments condition is

Cro — AgL3d™ = R*F; — Fy + %)1
Q1

51
CTt — AtL’(]X“t = R*F* Ft:—l fOI' t Z 2.

Cri— ALY, = RFF — Ff —

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

intertemporal resource constraint

> &

t=0

LTj'YTt — CTt) —|—Q1 (— — —> = —R FO'

& &

Working on this expression, substituting the optimality condition for the intermediaries

Q= % [80 — %51] gives

= (4 La”ﬂ Cre) 1 R* & R &
E: —(1-==)(1-—%) = - RE. A13
T ( R, 50) ( R 51> 0 (A.13)

~~
~\~ <0

NPV net exports

From the HH Euler equation,

Crip &
=06R
Cre = BRi17—

Er1

Substituting the constraint for Cp; gives
+ -1
At—s-ngit-:thH BR &
- 1o
A LGt e

at+yri41—1
At+1LTt+1 . Ry &
AtL%:"YTt R* 5t+1

Substituting the constraint for Cry, the intertemporal resource constraint from (A.13)
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is then

=1 [wa . n
Z —— | — A L3 — ALY “’Tt}
— (B ¢
_l 1 — AOL%E]PYTO_I 1— AIL%;I — R*F*
T ALy ALy v

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

max tlw(a + — 1)log Ly — ¢ L] + constant
{Cre,Le, Ff 13520 ;B [ ( Tt ) glre—¢ Tt]
1 Jwa g .
D [?At%ﬂ“ —AtLTrm}
t—0

_l (1_%%) (1_%) = R*F*
r ALy ALy .

Fy given.

The Lagrangian for the model with intermediaries is

L= Z B [w(a+ yr¢ — 1) log Ly — ¢ L7y
=0

* Tk S 1 wa « t—1 a t
+ AR FO — Z W |:?AtLT?—’YT _ AtLT;F’YT :|
t=0
(e ]
r ALSTY AgLgd!
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The FOCs are

oL 1 wor o A
9L =w(a+ yro — 1)L_T() —p—A [?(a + Yo — 1)A0LT—OPYT0 2 _ (a+ ’YTO)AOLTé—A/ 1
1 AOLCH'“{To—? AlLa_l
—Al= + _ )220 (g + _1 T1 H:O
lr {(Oz Yro — 1) AL (a + Y70 )—AO Lo
oL 1 1 [wa
= —1)— —¢| = A5 | —(a = 1A LF* — aA LG}
0Lt ’ {w(a )LTl 4 AR* { o (@ =1)AL7y" — e LTy }
1 Ag Lot A Lg? H
A= |l-—a) /% — —(1-—a)—LL || =0
[F [< 7 W R TR
oL 1 1 wo
OLr, d {Ma B 1>L_Tt B (b} B )\(R*)t [?(O‘ — 1ALy, — aAtL%t1:| =0fort > 2.

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

LTQ = LTt—|—1-

Combining the FOCs gives

1 1
WHO(LTm Ly, T) = WQI(LT07 Lr,T) (A.14)
= for ¢t > 2
AL

where

QU g — 1) —
0o(Lro, L11,T) = A = Do

1 1 AoL7! Aypet
ot am — )k — (2 amo) + ot~ 1) [0 -
Yy — 1)+ —
L
01(Lro, Lr1,T) = 2 - o - .
wa 1 1 R* 1 1 AoLTE)MTO AlLTll
7(05 - )F — Q-+ f( - ) AlL%Ofl - AoL;gvTO*l

With no financial intermediaries, I' — oo, then back to the baseline XR-IP model and
eo(LTo) and 91 = 1.

The solution to the model for Lyg and Ly is characterized by equation (A.14) above
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and from the balance of payments after substituting the optimality conditions

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

<0

where

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

a+y70 91 T ﬁ2 1 T a+yro—1\ a=1
— L™ — (5 [9—0] + -3 {9_0} ) (Lyo ™),
<

H(Lzo, L11) = 1 1- —AOL%WTO_I 1- —AIL%II 0
o ALy ALyt '

Summarize the XR-IP solution with intermediaries

1
G (Lclp];_Ba 0o(Lro, Lr1,T),01(Lro, L1, F)) — {{(L%—B, Lé’f‘Bz—BFJ =0,

'

<0

where below we prove that 61(Lzg, L71,T') € (0,1) and 0o(Lro, LT1,T) € (0,1).

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

1
G (L'%](Dﬁ HO(LT(L LTl) OO), ]-) —-0— BFJ = 0,

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 LF-CE with the XR-~IP with intermediaries’ (“IP-B”) allocations.

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

where Lpg satisfies the intertemporal resource constraint. In the economy with intermedi-
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aries, this leads to H(L$¥, L$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 HH utility and is feasible. The change in welfare from each is

ow 1

dLro = -1 — | dL
9Lro T0 [W(Oé + Y1o ) AoLTo Cb} T0
ow

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

Consider the welfare neutral change around the LF-CE allocation

AW = ;L—M;OdLTO + aaL—MT/ldLTl =0
{w(a + Yo — 1)AOLTO — 4 dLro + B [w(a — 1>A1LT1 — 4 dLr; = 0.
The resource constraint is
RC = R'F! — i 1 {%AtL%;r’YTtl _ AtL%zrm} N 1 (2 B AOL%?TI B AlL%l_l) .
—~ (R)' | ¢ r ALY, AgLgimo

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

wa 3 S
ARC = — {?(a + Y10 — 1)AOL§%—7T0 2 _ (a “"VTO)AOLTE)MTO 1} dL7o
wa 3 o
- B [?(O& — 1)A1L%12 — OéAlLTl 1:| dLTl
11 AOL%rvTo—l AlL%Il }
e ety — DI (g — 1)L gL
T Lo ( 1o ) AL ( 1o ) A, L%wrl T0
-0
1 1 r A LO&+’YT0*1 A La,]_
—rro |- e a)%} Lz
71 | AL AgLSS

ARC = v Ao Lt "™ Y dLyg > 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
for decreasing any Lp; for t > 2. If we do the opposite change and decrease Ly 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

1

at+yro—1 __
AoL7y =
to

a—1
AL,

where

“a+yro — 1+ —a

0o(Lro, L, ' = 00) = = AL~ A LTt
1 1 0 1
% (@m0 — 1) g5 — (@+9m0) + pla+9m0 — 1) | 7oa8 — AOLzT(gcfwlToH

and I' = oo implies 0y(Lzo) € (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 =
14 9Lro 70 + 9L 71 =20
W(Oé +"}/T0 — 1)AOLT0 — ¢:| dLTO + ﬂ {w(a — 1>A1LT1 — (b dLTl = 0
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The change in the resource constraint in the economy without intermediaries is

ARC = — {%(O‘ + 10 — 1)A0L%37T0_2 — (a+ ’YTO)AOL%E)P/TO_I dLro
wa
- 5 [?(C\{ - 1)A1L%IQ - OéAlL%Il dLTl

ARC = ’YTQAoL%g’YTO_IdLTO > 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 Ly 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.

A.8. Proof of Proposition 6

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 72. The household budget constraint expressed

in domestic currency is given by

1
PTtCTt + PNtCNt + mgtB:Jrl — WtLt + Ht + 7—;‘/ + gtR*B:, <A15>
t

o4



where B}, are the foreign currency bonds purchased in ¢ that mature in ¢ +1 and R* is the
foreign currency interest rate. The other elements of the household problem are as in the
baseline model.

The household’s problem is to choose allocations {C}, Cry, Cny, Ly, By 1 fioo that maxi-
mize utility (1), subject to the aggregation technology (2), the sequence of budget constraints
(A.15), given a sequence of prices, profits, and transfers, and an initial level of bonds Bg.

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

(52) =n(2)
Cvi P\cy, ) -

1
W\ e W,
CT] — Ll/,
(Gﬂ> N

w % 1l o PTt gt+1 ( w )’17 1 o
— ) ¢ =B8R (1+7P oo
(%) foE Ry e G ) O

3

Firms. As in Section 2.

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

control tax 7 distributed lump-sum to the household

7—tB *
Ty =T

Rest of the world. The domestic economy consumes c¢r; and produces AtL%j% 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
Cry — AL = R*B; — By,

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; = &;.

We now show the proposition for the model.
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Competitive Equilibrium. The competitive equilibrium allocation {Cry, Cn¢, Lye, Lne, Bi 1152

is characterized by combining households’ and firms’ optimality conditions and market clear-

ing to give
i % a+yre—1
L-wCr )" _ L (A.16)
w CNt L?Vt
¢ (LTt +1 LN;ZU _ aAtL%:r'ythl’ (Al?)
(w/Cre)n O
1 1, 1 i,
<i> "opTT = BRA(1 + F) <L> ton’, (A.18)
Cry Crig1
CNt == AtL?Vt? <A19>
Cry — A L7 = R*Bf — By,,. (A.20)

By setting the sequence of capital control taxes

B Q(Xtﬂa ’VTtH)

T, = —1,
¢ Q(Xta’YTt)

where x; = {CIP, CHP C1P LIP LIP LI A} is the optimal exchange rate industrial policy
allocation, the competitive equilibrium conditions (A.16)—(A.20) with the capital control

policy {72 }°, are equivalent to the XR-IP and, therefore, attain the some allocation.

A.9. Proof of Proposition 7

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

(52) -n(2)
Cve ) P\orn)

1
w n l—UVV
Q—)a" L= LY,

SIES

C’Tt PTt

1 —w % 1l s WNt
X = o L%,
( ONt ) t PNt QSN Nt

1 1
w n 1 & PTt ( w ) n Lo
— | ¢ =08R —— | Cly.
(CTt> ! ﬁ s PTt+1 C(Tt—&-l i
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Note that we can also equate the marginal utility of Cy; with the marginal disutility of

L, which gives

1
1l—w n l—JVV v
( ) Cy == o1 Ly,

CNt PNt
= WTt _ ¢TL5“75 '
Wne  onLy,

Firms’ profits are given by II;; = Py AJS L)Y — Wily, which gives rise to the following

aggregate labor demand

OéAth+’yit71 = Wzt/Plt

For the competitive equilibrium, then

<1—WCTt);
- A = Pt,

w Oy

¢TL1%t 1, aAtL("EMTt_Ia
(w/Cre)" Cf

LI/
AL TRy 7o)

—0

l =
(1 =w)/Cni)n CF
From combining the latter two equations using the nontradable market-clearing condi-

tion CNt = AtL?Vﬂ

¢T Sy —1—
1, = O[AtL?“t YTt l/7
(w/Cre)n O
ng 1-1 a-1-2—yp
=aA, "Ly, " .

~—0c

(1-w)r ¢y

These will serve as implementability conditions for the XR-IP problem.
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For Cole and Obstfeld (1991) preferences (o = n = 1), the second equation is given by

il 1 :aLJ_\é_V
(1—w)
I oc(l—w)% T
Nt (bN )

so the nontradable block {Cny, Ly} is exogenous.

The tradables constraint is given by

or

_ a+yre—1-v
O ALY .

(w/Cry)

The FB allocation is characterized by

¢r
(w / éTt)

— (O{ + ’}/Tt)AtIZ%;’_’YTt_l_V.

We now derive the approximate problem as in Lemma 1, where the BT allocation is

Cr= AT,

Therefore, in the BT allocation

7 o_ W(Oz+v)]“l“
fo- o]

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

The welfare function is

L1+V

Wy = Zﬁt [WlogOTt _d)Tl—I:y )
t=0
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where the other terms are exogenous. A second-order Taylor expansion for the tradable

labor term around the BT is

LHV EHV EHV 14w 1 —14v
—¢T —or J_—V@(HV Nre _ ¢T — ¢rL T+ Tt — §¢T(1 +v) Ly y Z%t

Therefore, welfare in terms of deviations and ignoring terms independent of c¢r; and I7y

is

Z o3 |:WCTt ¢TL1+V(th — %(1 + V)l%t):| :

t=0

and similarly for the FB W,

Taking a second-order approximation of the resource constraint gives

- 1 1
Wy — Wy = — Z Btw [563% - (0‘ + ’Y)th - 5(04 + 7)2@%}

t=0

- 1 1
#3518~ (@t = e+ 78]

=

_ 2 5 _¢TL;+”(th Sl mz%)] i 2 8 [@L?”(lﬂ S+ v)i%»]
- 2 gt :%w(cﬁ — &re)” + wéri(or — 6Tt)}

- io Bt :%w(a +7)? (e = I7e)? — w(a +7)*lre(Ire — im}

- f; B! _%ng(l + )Ly (e = Ir0)? = ¢r(1+ )Ly Ty — iTt)}
:__th w2} + [wla+7)?+ 1+ v)w(a+7)] 27],

following the same steps as Lemma 1 and using that qﬁTz;H =w(a+7).
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Therefore, the approximate XR-IP problem relative to the FB is

max ——Zﬁt wzi + [wla+7)? +(1+V)W(O‘+7)] xﬂ

(et fi1 1520
st m=v+ (a+y—1-v)z,
— (4w = R ff = fiy,
fi=o

Combining the constraints and iterating gives
Y B = (1 +v)a] =0,
=0

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

We can solve the XR-IP problem for z;

[nax ——Zﬁt +(a+y—1=v)z)* + [wla+7)* + 1+ v)wla+7)]

Z/Bt (1+v)xy =0.

Let A be the multiplier on the lifetime resource constraint. The FOC for x; is

;|

—B wWr+ (a+y—1=v)z)(a+y—1—v)+ [wla+7)*+ (1 +v)w(a+7)] 2] =B(1+v)A

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

hla+y—1—-v)+ [(a+7—1—V)2+(04+7)2+(1+1/)(a+7)] e
=Yi(a+y—1—-v)+ [(a—l—fy—1—V)2+(a+’y)2+(1+y)(a+’y)} 35t+1
¢t+[(a+7—1—’/)+c]$t —¢t+1+[(0‘+7_1_’/)+c]xt+17
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where ¢ = (O‘Wf;(ii)y(;yﬂ) < 0. Therefore,

{L'IP _ (wo - ¢t) 1P

b (a+'y—1—u+c)+x0 '

The LF-CE is characterized by

Yot (a+y =1 =v)af® =P + (@ + 7 — 1 —v)aif,

and

ce (Yo — ) CE
T (a+”y—1—y)+x0 '

Substituting into the lifetime resource constraint

;;H%:1+y;;ﬁ%
zg" < t (Yo — 1¢) 1 > .
1E5+;B(a+7—1—u+c)_1+u;ﬁ¢t
_(1-5) Bo (1-0) (a4~ +c¢) .
xép_(1+V)%_(a+’y—1—1/—|—c)+(1+y)(a+fy—1 v+ c) Zﬁ¢t

Similarly for the LF-CE gives

op_ (1-5)

Ty = 1 o —

Bibo (1-p) (a+7)
(oz+’y—1—l/)jL 1+v)(a+y—-1-v) Zﬁt¢t
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Therefore

P _  CE _ Bibo
o _(Of+7—1—l/—|—c)(oz+7—1—y)c
(1= B8) 3 B¢
+(1+1/)(04+7—1—1/—|—lc)(a+7_1_,/) [cla+y=1-v)—(a+7)d
= 6 _(1_5) = t
_\(04+’7—1—V—i— )(a—l—’y—l—y)f [¢0 3 ;5%]
<0 h > 4
b (1-5) 8
>(a+7—1—l/~l—c)(a+7—1—y)c[wo_Tm%}
= 0.
To determine the sign of W, observe that
O(xlf — 2§F) . 0Q (1-5) < _,
ov v [7/10— 3 25%]
~— t=1 B
>0 ~
<0
where ) = B

c.
(a+y—1—-v+e)la+y—1—-v)
To see that g—g > 0, note that

de_(a+Na+y—1-v)+[(a+7)’+1+v)(a+)
v (a+v—1-v)?
o 2Aaty)?
(a+y—1-v)*
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Then

Q _ 8 §
v [la+y—1-v+c)(a+y—1-v)?
@( +y—1l—-v+e)la+y—1—-v)—c|(a+ _1_y)(_1+@)_( ty—1—v+e)
aya v c)la—+y cl(a—+7y 5 a+y c
_ s
T Jatr-1-vidlaty-1-0)E "
[2(a+7)2+c(a+7—1—V)+c(oz+7—1—y+c)]

/

>0
>0
)

. . . ke . . .
> (, i.e., the approximation of er > 1,18 decreasing in v.
TO0

This implies (xlF — z
The Frisch elasticity of labor supply is v~ !, so if the labor supply becomes more elastic | v,
1P
then ch% T
T0

For both the XR-IP and LF-CE

wa Ay 1
Cry = ,
Tt o L;;a_'YTt
g = L%J
1—w OTt

where Cy; coincides for the XR-IP and LF-CE. The results for Lpy then imply that

glr
£CT
Chy
Cto
CAIP
CAGF
Fl*I P
Fl*CE

> 1,

> 1,
> 1,

> 1,

are decreasing in v, which shows the Proposition.
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A.10. Proof of Proposition 8

In the economy with 2 tradable goods sectors, the household utility function is

oo C l1—0o L1+l/1 L1+Z/2 L1+VN
2 : t t _ Tit T2t Nt
t:oﬂ [1—0 ¢T11—|—1/1 ¢T21+V2 (le—i-l/N

where the budget constraint in domestic currency is given by
Pr1Crie + ProyCrat + PniCne + Biyr = WLy + Wrag Loy + Wi Lne + 1y + Th + Ry By,

with aggregate consumption

n

(Cne) 3]

3=

Co= [w(Cr)' 7 + (1 - w)

where tradable consumption is a CES over varieties 1,2

P

Cre = |(1/2)%(Cr) 7 + (1/2)(Crar) 75
with elasticity of substitution p > 0 and for p =1
Cre = CrhiCrly-
Define the aggregate price of tradables Pry
Pro= (/2P + (1/2PR)

and for p =1, Pp, = PTl{fP;éf, and similarly for the foreign currency price Pr,.
Assume the law of one price holds for each variety of tradable good Pry; = &Py, and

PTQt - gtPf;f‘Qt'
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The first-order conditions that characterize the solution to the household’s problem are

7 N
S
RIS
=
~_
h~)
|
¥ =
N
S
IR
®
"
he)

(o) = pe () (i)
Cne Pri; \ Cry 2Cr1 )
1 1
w \" 2t Cp )” Wit
— cn — L ,
(Cﬂ) : <2Cm Py O ETe
w % 1o Cry )’1’ Wi
R cn — LY ,
(CTt) ! <2CT2t Proy dr2liry

1
L—w\7 1 oW
< W) oy T2 = gy LR,

1 1
w \" it Cp )” Pryy ( w >" P4 ( Cri1 )p
“ ) ey — 6R ok |

(CTt) ¢ (2CT1t BB Prity1 \ Cris1 1\ 20714

Tradable sector 1,2 and nontradable firms choose labor to maximize their profits, which

gives rise to the following aggregate labor demand

ot+yrie—1 _
OéAtLTlt = WTlt/PTlt
A La+'YT2t*1 — W P
QA Lipo, = th/ T2t

OéAtL?V;I = WNt/PNt'

. . . Px P P
* — — *  — T2t — T2t — Nt
Normalize Py, 1, which gives Pry; &. Let p; = P = P and py; = Pros

Normalize Py; = 1, then py; = &
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For the competitive equilibrium (CE) then
(G -y
Crat v

1—&)% % QCTM % .
w CNt CTt = D1,

oI~

(fiLTlt D= aA L
(w/Cre)" G (Cre/(2C714)) #
; (fiLm - = aA L
(w/Cre)" G (Cre/(2C721)) ¢
¢NLVNA£ — oA La—l
1 = QAL .

—0

(1 —w)/Crni)7 CF

For Cole and Obstfeld (1991) preferences (0 = 1 = 1), the nontradable block is exoge-
nous, and p = 1. The CE conditions simplify to

(C) o
Crar) ~ 10

2(1 — w) CTlt _
w ONt P1t,

qul + —1—
— OzA La TT1t 1/17
(w/(2Cr1)) e
¢T2 + _1—
— OéA LOé Y12t 1/27
(w/(2Cr21)) e

w Pry ( w )
(20T1t> Bhe Prir1 \2Cr1e41

The balance of payments is given by substituting firm profits, nontradable market clear-

ing, and the government BC into the household BC

Pr1:Crit + ProyCror = PTltAtL%Tngt + PTQtAtL%;?TQt +ERF — 5tF;<+1

Cric + p:OT2t = AtL%thﬁmt + PIAtL%?T% + R*Ft* - Ft*—&-la

using that Pry = &;.
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For the laissez-faire (LF) CE, combining

(2(1 — w) CTlt) . P,El
- 1t

w CNt

w Pryy ( w )
= AR ,
<20T1t> PRin Prizr1 \2Cr1e41

gives

Cniv1 A

Ry = = .
BRi11 Cvy A,
Therefore, from UIP and SR* =1
Eit1
Riy1n=R"
t+1 3
P
BRi1 = R =
Tt
Priy
R = 1.
BRi1 Prie:

For the LF CE then we can solve for the 5 variables {Cr1y, Cros, Lr1e, Loy, Ffy 1} with

the following 5 equations

(C) - (A.21)

CTQt
¢T1 + —1—v
T A L A.22
(W/(QCTM)) tHT1t ( )
¢T2 a+ —1-v
O _ A Lerale A.23
(W/(QOT%)) tHTot ( )

Crit + p; Cror = AtL%thWT” + p; AtL%Jg?TQt +RF] — F |,

(20m) = ()
2CT1 2Cr141 )

Equations (A.21), (A.22), and (A.23) will serve as implementability conditions for the
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XR-IP problem, given by

S w Lzt Lzg/”
max —log Cryp + = log Crop — — —==t subject to
(Cr16.Crae L1t Lo Fiy 1 hiso tz; B [2 g LTt B g Crar — ¢71 1+ 1, O12 1+ 17 J
<cm) L
Cra b
L _ aAtLOH"YTlt*]-*Vl
(w/(2CT1)) e ’
OT2 atyrai—1—
— OCA L Y12t 1’27
(w/(2Cr2:)) T
Crie+ p;Crar = AL ™ + p; ALy ™ + R'F} — F},,.
Note that the first-best (FB) problem
[e'e) 1411 1+vo
t | W W Ly, Ly, .
—log Cryy + = log Crop — — subject to
(Cr16.Crae L1t Lo iy hso tz; B [2 g Uit B g Cror — ¢71 1+ 1, O12 1+ 17 J

Crit + p;Cro = AtL%Jf;T” + p; AtL%—QTT% + R°F] — F 4,

gives the optimality condition in the FB

C~1T1t _ p*
C1T2t '

We now derive the approximate problem as in Lemma 1, where the BT allocation is

Cri= AT
o1
<W/(2CT1))

Cro= AT™

=(a+m)ALH "

_or
((,U/<20T2))

— T« —1—v
= (O{ + ")/2>A LT;’_’YQ 2.
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Therefore, in the BT allocation

w1+ W(O./ + ’71)

L —
o 2071
Tive _ w(a+72)
th 2010

For the constraint on consumption across tradable sectors for the XR-IP and FB

log Cry¢ — log Cray = log éTlt —log éTQt

21t = 22t

where 2, = log Crj — log C’Tjt.

The first-order loglinear approximation of the MRS = MRT constraint in each sector is

210 =Y+ (o +71 — 1 — )z,

2 =Y+ (0 + 72 — 1 — 1)y,

where 1;; = log a — log(a + yrj:) < 0.

The welfare function is

— 0 [w w Lty Ly
Wy = —log C — log Cpyp — —
0 tgzﬂﬂ {2 og Cri + 5 108 U ¢T11+V1 ¢T21_'_V2 ;

where other terms are exogenous. The tradable consumption terms relative to the BT are

w w w w 7 W —
5 log Cr1p + 5 log Crar = §CT1t + §CT2t + 5 log Cry + 5 log C'r2,

where cpj; = log Cpjy —log éTj. A second-order Taylor expansion for the tradable labor term

around the BT

L’?ﬂ/l L;E:SJQ Z;{VI 1+ 1 —14v1 59
- - = — — ¢r1Lgpy lry — = 1 Ly 1
¢r1 T+, o2 T+, ér1 1o, ¢r1Lyy lru 2¢T1( + 1)Ly 3y,
zl+l/2 - 1 .
e v
— 12 1 i2V2 — ¢raLpy “lrar — §¢T2(1 + vg) Loy U
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Therefore, substituting ¢ij;r-yj = w(a + 7v;)/2, welfare in terms of deviations and
ignoring terms independent of crj; and lpj; is
= w w w 1 w 1
Wy = ;Bt |:§CT1t + o T2 5(04 +71) (1 — 5(1 + 1)y, — 5(04 +72) (lrae — 5(1 +vo)l7a,) |

and similarly for the FB W,

To derive the loglinear balance of payments constraint relative to the BT

Cru + p;Cray = ALgy™ + pf A LT3 ™ + R F) —

GO ALyy™  Cr/Cn ALy™ o B F
Or AT CrufOmA T° ' Vn Vo

2eCT1t _ eat+(a+’yT1t)lT1t+(’VT1t—’71)10ng1 . eat+CT1t_CT2t+(Ol+’YT2t)lT2t+(’YT2t_’YQ)10gZT2 — R*ft* + ft*—|—1>

F*
where f = =t
T1

A first-order approximation of the LHS around the BT gives

crie + eror — 20, — (o + 71) e — (yre — 1) log L7y — (a4 y2)lrar — (Yrae — 72) log L = R*f{ — fi,
and similarly for the FB. Therefore

210+ 2 — (@ + y)aw — (@ + )z = RYfF = fiyy

For the welfare function, taking a second-order approximation of the resource constraint
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gives
Wo— W 25 Y orvet Sorn — St ) ire — 51+ 1)Bay) — 2o+ 1) ir — 51+ 1))
0 0= CTlt 20T2t 5 a1+ 71 )br1e 5 Vi)l 9 a1 Y2 )12t 5 V2 )lpoy

w w w ~ 1 ~ w 7 1 7
- Zﬁt |:§CT1t + 5 Cr2e — 5(04 + 7)) (lr1e — 5(1 +u)ly,) — 5(04 + 72) (lrae — 5(1 + V2>l%2t):|
=0
R
_ Z@ 5
=0
N g
> 85
=0
N
>3
=0
_igf
=0
_ iﬁtw
=0

1
12
1 ty 1 1 2 2
S D EE NN S TN

N | —

(erie — 5T1t)2 + §(CT2t — 5T2t)2 + rie(erie — érit) + Erat(crar — éTQt):|

m+%fww4mﬁ—m+mﬁmm%—mﬂ

N | —

(a+ 72)2(ZT2t - l~T2t)2 —(a+ 72)2Z~T2t(lT2t — ZT2t):|

N | —

[\Dlr—t

(a+7) 1+ )y — o) — (@ +31) (A + )l (e — ZTlt):|

a+wﬂkww@m—%M”%a+wMLH@%Mbm—GM}

+ [(OK+’72 (1+V2)(oz—|—72)] m%t},

N[ —

following the same steps as Lemma 1 and using that ¢r; Ly g =w(a+7;)/2.
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Therefore, the approximate XR-IP problem relative to the FB is

max
{z1t,22t,%1¢,%2¢ ,ft*_‘_l }?io

——Zﬁf { Sk ZS#%[(04+71)2+(1+V1)(0<+%)] i

+

Loy
s.t.

% [(a4+72)” + (1 +v2)(a+ 7)) 23 }

21t = 22t

210 =Y+ (0 +71 — 1 — )z,

Zop = Yoy + (0 + 72 — 1 — 1)y,
210+ 2ot — (@ + 7171 — (@ +Y2)7y = R fF — fia,
fi=o.

Combining the constraints we get the condition for zy; and o

Y+ (a+m—1—wv)ey =Yy + (a+7 —1—1v)ry
Y1y — Yoy
=U,+V U, = =
Tot ¢t + VX, U (@t 7 —1—1)

(a+m—1—1) S0
(a+7—1—1y)

Combining the constraints and iterating the resource constraint gives

Zﬁt [h1e — (1 +v1)21 + Yo — (1 + v2)a2] =0
t=0
We can solve the XR-IP problem for x4, o

max
{z1e,22: 152,

——Zﬁt { Yre + ( a+%—1—V1)$1t)2+% [(o 4 71)? + (14 v1) (e + )] 7,

+

N | —

(o +72)? + (14 v2) (o + 72)] xét}

s.t. Tor = Ut + Vl‘lt

Zﬁt [¢1t - (1 + Vl)l'lt + wzt — (1 + V2)$2t] =0

t=0

Substitute for x9;, and let A be the multiplier on the lifetime resource constraint. The
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FOC for xy; is

—Btéw [2% +la+mn—1—v)ry)a+m —1—v)+ [(a+m)+ (1 +v)(a+n)] zn

+ [(a+ %)+ (L4 w)(a+1)] (U + Vxlt)V} =B+ v+ (1 +vp)V]A

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

+ {(‘”% —1l-n) % [(@+7)* + (L +m)(a+m)] +% [( +92)% + (1 + v2) (o + 72)] V2}Z‘1t

= w1t+1(& + Y1 — 1— Vl) % [(Oé —+ 72)2 + (1 + VQ)(O( + ’)/2)} Ut+1v

[(a+m)?+ A +v)(a+mn)] + % [(a+ )+ (1+ o) (a+ )] V2} T1p41-

Substituting z1; = ¥1; + (v + 1 — 1 — v1)x1; = 29, the Euler equation simplifies to

1 1 1 1
21t + |:§D1 + §D2:| 21t — |:§D1w1t + §D2w2t:|

1 1 1 1
= Zit41 + |:§D1 + EDQ} 21441 — {§D1¢1t+1 + §D2¢2t+1] ; (A.24)

(a47;)2+(14v5) (at7j)
(ot —1—v;)?

where D; = > (.

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

2 + DZt — D@/Jt = Zt+1 -+ DZtJrl — Dwt+17 <A25)

where D = (a+£14;(_13)y()3+7) > 0.

We can map the multiple-tradable-sector model to the form

2+ DMz — DMyM = 20 + DMz — DMT#%M
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by setting D™ = 1 [D; + D,]. Then to map

1 1
DMQPiV[ = §D1¢1t + §D2¢2t

1 |1 1
M _
Yy = il §D1¢1t + §D2¢2t

D, D,

= ——u+ ———u
Dt D21/11t DT DQ%t

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
21t = —€,

and similarly for the single-tradable-sector model z; = —¢;. Substituting these into (A.24)
and (A.25) shows the proposition.
Finally, we can also show that D; is increasing in sector j labor elasticity v; 1 and

externality ;

0D; _ (a+vy)(at+vy —1-1)* = [(a+7)° + (L +v)(a+ )2+ — 1 —v)(=1)
I (@t —1—-v)*
_ (ot y)laty =1 —v)Blat ) + 14 )]
(@t —1—-v)

<0,

0D;  [(a+y)+@+y)lla+y —1—v)* —[(a+7)* + 1+ v)(a+y)2a+y —1-v)
0v; (a4 —1—v;)?
(@ +y —1-v)[2(a+y) + (T +v)lla+y —1—v) —2[(a+7)* + (1 +v)(@+7)]]

(a4 —1—v;)t

> 0.

74



B. Model Extensions

B.1. 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 2 for an arbitrary path of
externalities in the nontradable sector, vy > 0.

Appendix A.5 showed that under Assumption 2 the optimal exchange rate industrial
policy depends only on the tradable block of the model for any arbitrary path of yx;.

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

(L) _ 5R*9(LTt+177Tt+1) ( w )
Cry O(Lre, 1) Crip1)’
which does not depend on ~yy;.

Therefore, the optimal policy directly follows Proposition 3.

B.2. Fixed 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.

5



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

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

((1 —w) CTt)’17 _ L%jm_l

w  Cw L3
(0, ) s
w (1— Lp)™ =5

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.

Exchange rate industrial policy. The optimal exchange rate industrial policy problem

with fixed labor supply is

o0

Ctlfo'

max E ﬁtl— subject to
* =T, -

{Cit,.Lit, Ff 1 150 =0 g

(1 —w cTt)% gt

a—1
w CNt LNt

Lyt + Lyt =1,
Cri — AtL;ﬁﬂ - R*Ft* - F;HJ

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
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o0

mhax Hwlog Cry + (1 — w)alog(l — L
{Cre,Lre, Ff 132, tz; flwlog O + ( ) log( Tt))
(JJ (1 - LTt)_l
Cry AtL?;WTt*l ( ) (B.1)

a+YTe __ ok ok *
Cri — ALy, = RFy — I,

F given.
Substituting out Cr; gives

max Z Bw(e 47 — 1) 1og Ly + [w + (1 — w)a]log(1 — L)) + constant
{Lre,F 11820 =0

W [} t— 1 o t * Tk *
s.t. mAt T?JYT - (1 — w) AtLT:_’YT =R Ft — Ft-i—l’
Fy given.
The first-order conditions are
(@ + e — 1) — [+ (1 - w)a] —

w(a —1)— — |w —w)a|———

e Ly (1 — L)

w e} t_2 1 o t—l
= At m(a + ’}/Tt — 1)AtLT:_’YT — (1 — w) ((l/ + ’YTt)AtLT;r’YT :| s
At = BR A1

From the first first-order condition

wla+yre = 1) g — (a +wn)
w(a +re = g — (o +7re)

(1 — LTt)_l
AtL%;r'YTﬁl

(1—-w) = A\

Substituting \; from the second first-order condition gives the modified XR-IP Euler
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equation in this case

W B LO(Lre1, Vre41) w
— | =B8R ;
Cry 0<LTt7 7Tt) Crs

w(o + e — 1)%Tt — (@ +wyre)

O(Lre,yre) = € (0,1). B.2
( m Tt) w(a + YTt — 1)% — (Ck _'_’VTt) ( ] ( )
We now characterize the optimal XR-IP solution.
For ¢t > 1 with vy, = 0, from (B.2) 6; = 0,1 = 1, therefore
A1
Lt = {A . } Ly, (B.3)
t+1
Cr1 = Criq1.
Fort =20
(1 — LTD)_I _ (1 — LT1>_1
AgLgy o ALgt
= (1 — L)ALy = (1 — Ly1) AL LS 0. (B.4)

The sequence of foreign currency bonds { Fy };2, given Fj is determined by the balance

of payments

Cro — AgL3i™ = R*F} — FY,
Cr — ALy, = ROFY — FY | for t > 1.

Substituting (B.3) and Cro, Cr; from (B.1), and iterating the second balance of pay-

ments equation forward

16 w
(1=p)(1-w)

Ai(1— Ly ) LG — AlglL% = FY,

and substituting for F7 into the first balance of payments equation

W

(1-w)

16 w
(1-p)(1-w)
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Substituting the optimality condition (B.4)

(1-w)

Ap(1 — LTo)LT§7T0 - AoLTBWTO + § ?5) =) 9_0A0(1 - LTO)LT?)WTO !

~ 1
- AlAlL%l - BFJ - 0

H(Lo,00(L7o)) = L1, (B.5)

1 w « - e
H(Lro,00(L1o)) = (A A% { = w)Ao(l — Lpo) Ly 770! — Ag Ly

1 1 .

We solve for Lpq in the XR-IP by plugging Ly from (B.5) into (B.4)

(1 = Lpo) Ao LG ™™ — (1 — H(Lqo,00)) Ay (H(Lro,60))* " 6 = 0
AgLgimo™r — AgLSE™ — (1 — H(Lypo, 00)) A1 (H(Lro,60))*" 6y = 0. (B.6)

Following the same steps to solve for Lrg in the laissez-faire competitive equilibrium
AgLgi o™t — AgLyd™ — (1 — H(Lzo,1)) Ay (H (Lo, 1)) = 0. (B.7)

We can sign the following

o0H 1 1 w
— _ —H L 9 l-a) ™ ( o . a+yro—2 . a+yro—1
oo AL a (Lo, 6) {1 _y (—(1 = a — vr0) Ao L7 (o + y70) Ao L7 )
— (@ + yro)Ag Ly ™t + b ~ le —1-a- o) LG — (o + 'yTO)LaﬂTO_l]
TO0 (1 o B) (1 o OJ) 90 T0 T0
< 0,
OH 1 1 15} w 1 _
_ = __ _H(L 2] l-« —(1=1 LOH-WTO 1 ]
08~ g ot g gy o b ™ <0
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Treating Ly as a function of 6y and differentiating (B.6) with respect to 6 gives

oL
—[(1—a- VTO)AOL%37T0_2 — (a+ VTO)AOL%WTO_I] 89?
OH 0Ly  OH
OL7¢ 00, 00,
[ 8H 8Ly, 0H
B B a—1 R
+ (1 = a)(1 = H(Lro, 00)) A160(H (Lo, b)) |:(9LTO o | 00,

+ Ay (H (Lo, 90))%190

— (1 = H(Lgo, 00)) A1 (H (L7, 0))*" = 0.
Smce < 0

OH
A (H(L 1Py | =
(Lo 60)" 0 | 500

+ (1= a)(1 = H(Lro, o)) Arfo(H (Lo, 00))* " B_éﬂ

— (1 — H(Lgo,00)) AL (H(Lgg, 00))* " < 0.

Therefore, the remaining terms must satisfy

oL e N
9 = [(1 = @ = 770) A LTS — (a4 y70) Ao L ]
00y
OH
A (L 60) 0 | 7

(1= a)(1 = H(Lzo, 00)) Asfo(H (Lo, 00))"" [ on } } -0

dLro
The terms in braces are negative, since =+—— - <0, which means that it must be that
oL
0 <o.
00y

This shows that for the XR-IP solution when 6y < 1, compared with the CE solution
o (B.7),

P CE
Ly > Lyg
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For both the XR-IP and CE

w a —
CT() — —(]_ - LT())A()LT—O’_WTO !

1 —w
aC
To _ 0.
OLro
(1 — LT())ail
fo= T
&
= > 0.
dLro

: Ip CE
Therefore, since Ly, > Ly

P CE
Cro < Cry s

ElP > 5%,
By definition of the current account balance

CAy= L3 — Cro+ (R — 1)Fy,
= CA" > CASE.

As shown above, given F{J, for both the IP and CE

FY = R*F; + AgLy{ "™ — Cro,

= [P > O

This shows the same result as Proposition 3 in the initial period for the model with

fixed labor supply.
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