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Abstract

We study the role of exchange rates in industrial policy. We construct an open-economy
macroeconomic framework with production externalities and show that the desirability
of these policies critically depends on the dynamic patterns of externalities. When they
are stronger in earlier stages of development, economies converging to the technological
frontier can improve welfare by intervening in foreign exchange markets, keeping the
exchange rate undervalued, and speeding up the transition; economies that are not
converging to the technological frontier are better off by not using the exchange rate
as an industrial policy tool. Capital-flow mobility and labor market dynamism play
a central role in the effectiveness of these policies. We also discuss the role of capital
controls as an industrial policy tool and use our framework to interpret historical
experiences.

Keywords: Exchange rates, industrial policy, imperfect financial markets, growth
take-off, capital controls

*Pablo Ottonello (ottonell@umd.edu): University of Maryland, Department of Economics and NBER.
Diego Perez (diego.perez@nyu.edu): New York University, Department of Economics and NBER. William
Witheridge (william.witheridge@nyu.edu): New York University, Department of Economics. This paper
previously circulated under the title “Capital Controls as an Industrial Policy.” We thank Oleg Itskhoki,
Matteo Maggiori, Steve Redding, Richard Rogerson, Jesse Schreger, and seminar participants at various
institutions for useful comments and suggestions. Shi Hu provided excellent research assistance.


mailto:ottonell@umd.edu
mailto:diego.perez@nyu.edu
mailto:william.witheridge@nyu.edu

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 the nominal and real exchange rates (see Figure 1).

In this paper, we ask 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 external-
ities are stronger in earlier stages of development, economies converging to the technological
frontier can benefit from foreign exchange interventions aimed at keeping the currency un-
dervalued at early stages of the transition, increasing labor supply, and directing resources
to the tradable sector. On the contrary, in economies that are not converging, either because
they are stagnating or because they are at the technological frontier, exchange rate industrial
policies reduce welfare. While 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 mo-
bility 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 depend 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 units of a basket of foreign currencies). Data sources:
BIS, OECD, World Bank.

economies that are further from the technological frontier (see, e.g., 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, e.g., Gabaix and
Maggiori, 2015; Itskhoki and Mukhin, 2021a).

The competitive equilibrium in the economy features an inefficiently slow speed of con-
vergence to output levels in the technological frontier. Individual agents do not internalize
that the social returns of labor are larger than private ones, and especially so in the early

stages of development. 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 between goods, with too little production of tradable goods. In this en-
vironment, 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, by purchasing foreign currency the return on saving
in local currency increases, which stimulates savings, decreases consumption, and increases
labor supply. Second, the depreciated exchange rate induces firms to redirect labor to the
tradable sector.

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, or
those that are stagnant and not converging to it.

We also use our framework to study what determines the effectiveness of the use of
the exchange rate as an industrial policy. A necessary ingredient for this policy to work
is to have 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 determining the effectiveness of exchange rate industrial
policies is the dynamism of labor markets and the sectoral composition of dynamic external-
ities. These policies are most effective in environments with highly elastic labor supply in
which changes in the exchange rate create large reallocation of labor and production. Ad-
ditionally, 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 meet
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 appear in contrast with those from Latin
American experiences, which are often referenced as failures of these types of policies. Most
Latin American economies did not experience convergence processes, featured larger costs

to 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 im-
perfect financial markets, surveyed by Maggiori (2022). These models have been used to
study exchange rate dynamics, their connection with the macroeconomy, and the effective-
ness of foreign exchange interventions (see, for example, Gabaix and Maggiori, 2015; Fanelli
and Straub, 2021; Itskhoki and Mukhin, 2021a,b, 2023). 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; Benigno, Fornaro and Wolf, 2022).! We complement
this literature by providing a theoretical framework that can be used to assess when these
policies are desirable and when they are not. Our conclusions, highlighting the role of
dynamic externalities as a necessary condition, echo those in Itskhoki and Moll (2019) in
which dynamic patterns of externalities endogenously emerge as a consequence of financial
frictions.

Our paper is also related to the literature that studies how capital flows to fast-growing
developing economies (see, e.g., 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
literature 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) and Gaubert, Itskhoki and
Vogler (2021). Harrison and Rodriguez-Clare (2010) provide a survey of this literature. Other
applications have been studied in the context of network economies (Liu, 2019); economies
with financial frictions (Itskhoki and Moll, 2019); and the financial sector (Farhi and Tirole,

2021). Most of this work advocates industrial policies that take the form of import tariffs,

!Michaud and Rothert (2014) study how policies that impose borrowing constraints on households can
correct learning-by-doing externalities. 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. 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).



taxes or subsidies to sectoral production, and direct financial interventions. Our work com-

plements 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

model extensions and the use of capital controls as an industrial policy. Section 5 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 policy when the economy experiences a growth

process and externalities dissipate as the economy transitions 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;:
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The consumption good is a composite aggregator of tradable C'r; and nontradable Chy;,

consumption,
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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. They can save or borrow using a domestic currency bond.

Their budget constraint expressed in domestic currency is given by
PriCri + PniCni + By = Wil + 1 + T, + Ry By, (3)

where Pry, Py; are the prices of tradables and nontradables; By, are the bonds purchased
in ¢t that mature in ¢ 4 1; R; is the domestic currency interest rate; W, is the nominal wage;
I1; 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, Cne, 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
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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
yit = ALl (7)

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

component. The exogenous component A; evolves according to

A= ppA+ (1= p)A;, (8)

for ¢ > 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

Vit
it

convergence. The endogenous component, L/)/*  captures the Marshallian production exter-
nalities by which aggregate sectoral labor, L;, increases the productivity of firms working
in that sector. In equilibrium, L; = 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 — a) > I'v(A/A;) > Tn(A/A,) = 0, and Ty 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, e.g., 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) and 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, which are given by I1;; = Py A, L) 1% —Wily,

which gives rise to the following aggregate labor demand
QA LG =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 + gtFt11 + ,.Tt - RtFt + gtR*Ft*, (].0)

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

as domestic currency per unit of foreign currency.

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 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



PTt :gt'

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,C’Tt,C’Nt,Lt,BtH,LTt,LNt}:iO, prices

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

3. Markets clear:

L; = Ly + Ly, (11)
CNt — AtL?Vt’ (12)
E+1 + Bt—‘,—l - 0 (].3)

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 need to 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

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

(1=e0m)’ Lyt (14)
- a—1
w CNt LNt
¢ — = aA LG (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

10



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 — A L™ = R F} — 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 (XR-IP). We begin by

characterizing 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, = {C’Tt, Cyt, Ly, Ly, At}
that maximizes 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).

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

=

_1 —w @ ’ — (Oé + fYTt) E?‘Z_’YTt_l (17)
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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

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

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

intervention.

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 of 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

time-varying labor subsidies to the tradable sector:

L Y1t
TTt — .
o+ Y1y

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.
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3.2. Optimal exchange rate industrial policy

We now study the optimal exchange rate policy as a second-best policy. The optimal ex-
change rate policy consists of a government policy that maximizes the lifetime utility of
households subject to the implementability conditions that characterize a competitive equi-

librium. We formally define this problem below.

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

the following problem:

o0 C s '
max i Z Ik {115——0 — gbLt} subject to (P1)

{Cat,Lit, Fy1 his0 =0

1 by —
<1—w%>n _ LT;H/T 1
w CNt L}lv;l ’
¢1 1, aAtL%jth_lv
(w/Cry)n CY
Cry — AtL%;rm = R*Ft* - Ft*+1a

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

goods (12).

This problem is characterized by the following modified Euler equation

EO ER
(&) o s (o) o &
where 0(x;, yr¢) is a function that depends on the allocations of the economy,
x; = {Cr¢, Cny, Ly, L, Ay}, 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 take
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into account the effect of its foreign exchange rate 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 UIP holds, i.e., Ry11 = R*gtg—tl.

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 SR* = 1.

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

inter-temporal considerations and given by

cumaftz] o

5 (22)

Lyt =

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

location as
3 DB i + w2+ wlaty)] o] (23)
t=0

where z; = log(Cry) — log(éTt) and x; = log(Lry) — 10g(iTt) are the log deviations from
the first-best tradable consumption and labor, respectively; and ~ is weighted function of

the path of ~7;, with the expression provided in Appendix A.4. Furthermore, we can also

2See Ttskhoki and Mukhin (2023) for a description of this approximation approach to a general class of
policy problems.
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approximate to a first order the implementability conditions:

2=+ (a7 =1z, (24)
D Bz = (a+ 7)) =0, (25)

where ¢, = loga — log(a + yr¢) < 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 maximize (23) subject to (24) and (25).

Henceforth, all the results refer to the solution to the apppoximate 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. How-
ever, 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.

Converging economies. We begin by characterizing the optimal policy in economies
experiencing transitional dynamics, converging to a steady-state productivity 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 ef-
fects of increasing aggregate savings in the initial period (see Figure 2). Higher savings reduce
current tradable consumption, which affects current allocations through two channels. First,
lower tradable consumption induces a stimulation of aggregate labor supply. Second, a lower
tradable consumption generates a reallocation of labor demand. The depressed aggregate

demand reduces the demand for tradable and nontradable goods, depreciates the exchange

15



Figure 2: The Macroeconomic Effects of Exchange Rate Industrial Policy in Initial Periods
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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.

rate, and lowers labor demand from the nontradable sector. For the parameterization 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 pro-
duction as in the laissez-faire equilibrium. In the tradable sector, both effects contribute to
higher labor.

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., vyry decreasing in t). The optimal exchange rate

industrial policy in these economies implies 3 t > 0 such that:

[P _ ¢CE [IP _ [CE [P _ ~CE : "
& >& 7, Ly >Ly, Cp <Cp ift <t
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with opposite inequalities if t > t. This is achieved with trade balance surpluses, T BI¥ >

TB{E ift <t, and FflT > FyGE for all t. Furthermore, Lpy > LA for all t.

Figure 3 shows the dynamic path of variables in the optimal policy. The economy
features lower tradable consumption, higher tradable labor and a depreciated exchange rate
relative to the laissez-faire competitive equilibrium exchange rate in the initial periods when
the externality is stronger. The depreciated exchange rate is attained with currency market
interventions and the accumulation of international reserves. By generating a trade surplus
and accumulating international reserves, the economy generates a net creditor position that
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 has associated
a large distortion on the inter-temporal 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,
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.e., 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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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.

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 exchange rate as an
industrial policy and relate the theoretical insights to different historical experiences. We

focus on the role of international capital mobility and labor market characteristics.
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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 engages in carry trade by
buying and selling bonds in different currencies. Their aggregate balance sheet is Q. ; =
—Q¢41/&:, where @y, and Q441 are bonds purchased in period ¢ in foreign and local currency,
respectively. Their demand for local currency assets is given by

R

1
=& - —— 2
QH—I F |:gt Rt+1 gt+1:| 3 ( 6)

where I' > 0 is a measure of intermediaries risk bearing capacity.® When I' = 0 there is
free capital mobility and the equilibrium features the interest rate parity 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 Fyi1 + Bii1 + Qi1 = 0, and the

balance of payments condition is

Cre — AtL%tﬂTt =Ry — F, + % - Rt%-
t t

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 < pA and

p =1). The optimal exchange rate industrial policy (“IP-B”) implies
EIP o gIP-B o gCB  [IP o [IP-B [CE (P _ CIP-B _ (CE (4IPS C4IP-B 5 CACE

In an economy with intermediaries the social planner faces an additional cost of dis-

torting inter-temporal consumption choices. Doing so opens a wedge between the returns

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 local and foreign currency, which intermediaries exploit with carry trades and extract
positive profits from the economy. The optimal response of the planner to this environment
is to reduce the strength of the exchange rate interventions.

In the extreme of a completely open capital account, foreign exchange interventions
become ineffective as 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 regulate the

capital account, which we explore next.

Capital Controls as an Industrial Policy. 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 XR-IP 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 policy can be attained by imposing the following time-

varying capital control:

O(Xer1, V7e41)

— 1.
Q(Xt77Tt)

Tt =

This equivalence result emerges because in both economies the government can control
the inter-temporal 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 those of Farhi, Gopinath and Itskhoki (2014), who show

that exchange rate devaluations can be replicated with a combination of fiscal tools.
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4.2. Labor market supply

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

preferences are given by

+v

oo C 1-0o L 1+v L 1

Zﬁt{lt — ¢r 1Tt e ;

— —0 +v 14+v
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 for the optimal policy

EIP LIP CCE CAIP F*IP
—2->1 D >1, >, 2> 1, > 1,
50 LTO CTO OAO Fl*

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

This proposition states two results. First, that the same type of policy carries through
to this more general setup. Second, the strength of the optimal intervention and its effects
on 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.

4.3. Multiple sectors

In practice the tradable sector is composed of multiple sectors that may have different exter-

nalities. In this section we consider a variant of the model with two tradable sectors, 7 = 1, 2.

4See Berger, Herkenhoff and Mongey (2022) for an example of similar preferences in the context of firm-
specific labor supply. 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 in the baseline model. In this
model, the optimal policy does not feature a supply stimulation channel, and only affects allocation through
a reallocation of sectoral labor demand.
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Sectors differ in the externality patterns, vz, and in their labor supply. Preferences are given

by

Zﬂt Ctl 7 L;Jﬂjl _¢ L%gl'fn _¢ LJIVJ;UN (27)
"1y T+, Myl

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

In this environment, we show the following sufficient statistic result. Define ¢, = log(&;) —
log(c‘:’t) as the log deviation from the first-best exchange rate, and 1;; = log a—log(a+vyr;;) <
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 ¢, = logaw — log(a + yr¢). In the multiple-tradable-sector model D = 1 [D1 + Do, and

(CX+ZO)[+7(1‘1FVZ/)(CV+’Y fOT] — 1 2.

_ D4 Do : o
Yy = D1 1D, 1 + Bi+5; Yo, where the sector weights are D; =

This proposition shows that the XR-IP 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 which have more elastic labor supply, as stronger

externalities in these sectors can be exploited more by the policy.
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4.4. A discussion of historical experiences

Our framework can be used to interpret historical experiences on the use of exchange rate
market intervention to foster economic growth. The emblematic cases of these policies are the
Asian growth miracles and, more recently, the Chinese growth process (see, e.g., 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 also 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 affecting exchange rates. Second, the economies featured
easiness in the reallocation of labor across sectors. In the salient case of China, there was
a significant labor migration from the local rural sector to the urban manufacturing sector
(see, Cai, 2016, for a discussion of the demographic dividend in China).

The salient characteristics of the Asian examples appear in contrast with those from
Latin American experiences, which are often referenced as failures of these types of policies.
Most Latin American economies did not experience convergence processes, featured larger
costs to sectoral reallocation of labor and a capital account that was relatively more open.
Through the lens of our model, this configuration makes exchange rate industrial policy less

effective and desirable.

5. Conclusion

In this paper, we studied how exchange rate policies can be used to speed development.
These types of policies arise in economies characterized by production externalities and that
are converging toward the technological frontier. In the early stages of the transition, gov-
ernments can optimally intervene in exchange rate markets and keep currencies undervalued,
thereby increasing labor supply and redirecting resources to the tradable sector. Our pa-

per also highlights the limits of exchange rate industrial policies. Since these policies imply
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persistently influenced real exchange rates, they cannot plausibly be implemented through
monetary policy. They are also less effective in economies that are highly integrated into
capital markets or feature large heterogeneity of production externalities among tradable
sectors.

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 take-off. Our framework could be used to study the extent to which these
global dynamics can arise as a result of multiple economies trying to exploit the dynamic
patterns of production externalities and their implications for geoeconomics, as highlighted
in Clayton, Maggiori and Schreger (2023). We leave the study of these global interactions

for future research.
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A. Theoretical Appendix

A.1. Proof of Proposition 1

LIt
1+v

], where v71 is

oy C l1-0o
We show the proposition for more general preferences >, 3 — =9
the Frisch elasticity of labor supply.
Given the initial foreign currency asset position Ff, the conditions that characterize the

competitive equilibrium allocation {Crs, Cny, Lrs, Lne, F{' }i2, are

(1-w)Cp\7  LEm
< w C_m> T (A1)
O (L J:LNfL — QA LET "
<w/CTt>%1 Cy | |
no 1, a—1 /7 at+yri— Lo
(c%) 0" = BRus L;ivitl ///f;%{fﬂ‘l ( c:H) e (A.3)
COne = AL, (A4)
Oy — ALy = R°Fy — Ff 4, (A5)

a—1
where in equation (A.3) we substitute Pr; = % into (4) after normalizing Py, = 1
without loss of generality, and combine firms’ labor demand from (9).

The conditions that characterize the first-best allocation {C’Tt,C'Nt,ETt, ENt,E’;l}fio
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are

(u(f_) _ (aﬂw) Ly (A.6)

a L

T, @ +yr) ALy (A7)
(W/CT{;) ! t”]
i i
W M ~x=—0 " W T ~=—0c
(&) 6 = (5) i -
+
Cni = ALY, (A.9)
éTt — AtE%jWTt — R*ﬁt* - ﬁt:—l' (AlO)

Observe that satisfying the first-best intertemporal optimality condition (A.8) in the

competitive equilibrium (A.3) requires government foreign exchange intervention {F},}22,
ro-1 /LOL+WTt+1*1

such that Ry = R for all ¢. Further, equations (A.6)—(A.7) for the first best

L?\z]—l/L;"r’YTt—l
t t

and (A.1)-(A.2) in the competitive equilibrium only concide if vz = 0 for all . Therefore,

in the presence of production externalities, vz, > 0 for some ¢; then the first-best allocation

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

A.2. Proof of Proposition 2

s 14+v .
We show the proposition for more general preferences >, 3 Cfia — gb%] , where v is
the Frisch elasticity of labor supply.
With tradable and nontradable sector-specific labor subsidies 7%, the firm problem for

it
each sector i € {T, N} is

max 7 = -F)’LtAtlszZtlt — (1 — T#)thit. (Al]_)

it
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The firm profit maximization conditions for labor demand in each sector I and [y give

W,
CYAtL%jWTt_l =(1 T%t)_t7 (A.12)

Pry

W,
aA LS = (1 Tﬁt)P—t. (A.13)

Nt

The government budget constraint is

Fopr + EF o + T+ 74 Wi Ly + Wil = RiFy + E R FY, (A.14)

which, combined with the household budget constraint and firms’ profits, gives the balance
of payments condition (16).

Given 7%, 7L, the conditions that characterize the competitive equilibrium are

(1 i ) C %, (1 L )LOH"‘/Tt_l
( w i) . 7-]\/t Tt (A 15)
- L a—1 :
w ONt (1 — TTt) LNt
¢ (Le + Lne)” 1 e —
= = TL)aAtLTﬁT g (A.16)
(w/Cre)n C Tt
1 1
w n 1o La_l LCH_A{Tt_l w n 1o
(_) C(tn = ﬁRtJrl ai\flt / 5_i7Tt+1_1 ( > C’tz-l ) <A17>
Cr Lveer/ Ly Cresa
CNt - AtLaNt, <A18)
Ory — ALy = R*Ff — Ff, . (A.19)
Setting
L YTt
= A.20
7-Tt o+ 'YTt’ ( )
Th =0, (A.21)

gives identical conditions to the first best (A.6)—(A.7) for the competitive equilibrium. Gov-

o Lyt /LT
Lty /L

for all ¢ so (A.17) in the competitive equilibrium is equivalent to first-best condition (A.8).

ernment policies {FtH,EgEH,E}zO can then be used to equate Ry = R
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A.3. Optimal Exchange Rate Industrial Policy

We show the result for more general preferences ) ;> 5* [

Frisch elasticity of labor supply.

Ctlfd
= —

L1+u 1 -
Pp=t— ], where v~ is the
o 1+v

In this section we solve the optimal exchange rate industrial policy problem (P1). After

substituting the nontradable goods market-clearing condition Cny = A;L%;,, the Lagrangian
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The first-order conditions for Cry, Cny, L1y, F,, are

w 5 1_g 1/ w " 1 1/ w " 1 1o 1 w " 2_5-1
— ) o T+ =) —/—+ (=) —on (g =) o =\,
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1—w\7 o i, 1 .
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Combining these expressions gives
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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 {Cn¢, Lnt}i2,. To see this for the more
general case that allows for externalities in both the tradable and nontradable goods sectors

we have the two constraints

) A.32
(CTt> (baA LO‘M“_1 ( )
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T
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Combining these two equations gives

atyne—1
¢ Cne\ e (1—w
R 02 A.34
OéAt ( At > ( ONt ) ’ ( 3 )
1— a+YNt
= Cnt = Ay [%] y (A.35)

and the nontradable goods market-clearing condition C; = A, L3’ determines Ly, which
shows the nontradables block {Cnz, Lyt }22, is exogenous for this analytical case.

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

by "wlog Cry — ¢Lyy| + constant
{CTuLTt,thl}?io ;6 [ g Lt ¢ Tt]
w 1
s.t. ~ )= .
(CTt) ¢aAtL%;I—WTt—1 ( )
Cro = AL ™ = R'F, = Fl, (A37)
F§ given. (A.38)

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

Cr=Yr=A4AL;", (A.39)

S = (a+y)ALTT (A.40)

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

Ir— W. (A.41)

To approximate the welfare function, we take a second-order approximation of the wel-
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fare function around the BT allocation

Wo =Y 8" [wlog Cry — ¢Lry] .
t=0

(A.42)

A second-order Taylor expansion for the tradable consumption term around the BT

wlog Cry = wery + wlog Cr,

(A.43)

where ¢, = log Cpy — log Cr, similarly for 7y, yre. A second-order Taylor expansion for the

tradable labor term around the BT

_ _ _ 1 —
~¢Lyy = —¢Lre'" = — gLy — ¢Lylp; — §¢LTZ%1§

(A.44)

Therefore, welfare in terms of deviations and ignoring terms independent of c¢r; and 7y

= - 1
WO = Z Bt |:WCTt — quT(th — §l%t):| .
t=0

Welfare for the first best (FB) approximated around the BT

- > ~ - 1.
WO = Z Bt |i(,UCTt — QbLT(th — §l%t):| .
t=0

We now approximate the resource constraint relative to the BT

Cre — AtL%ﬁTt = R'F} — th-l
Cre  AdLgp™™ R Fro F

Cr A f;ﬂ Yr Yy

cre _ it (otyre)lre+(yre—y)log Ly _ pox px _ rx
€ € =Rf — [l
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(A.46)

(A.47)

(A.48)

(A.49)



where a; = log A; — log Za Ji =

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

cre — ay — (a + Yy — (v — ) log Ly = R* f; — fia (A.50)
For welfare, a second-order approximation of the LHS around the BT
1y, 1, 1 272
ore + 3¢ — @~ 54 (a+ )l 2(a + )71
T 1 T * Lk *
—(re =) log Ly = 5 (v = 7)*(log Lr)* = R*f" = fii. (A.51)
Iterating this forward and using the transversality condition lim, . 8°f =0
Z BtCTt
t=0
t L 1 272 7 1 2 T N2
= - Zﬁ CTt a, — ga; = (@+ )l = g(a+7)7y = (vre = 7)log Ly — S (yre — 7)"(log L)

and similarly for the FB allocation relative to the BT

oo
Z Bter
t=

- 1 ~ 1 ~ — 1 —
= - Zﬁt { Cry — ap — 5@? —(a+ ) = Sla+ V)23 — (Yo — ) log Ly — 5O = 7)*(log Lr)?
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Taking the difference in welfare and substituting using the iterated resource constraint

- > 1 1
Wo —Wo = — Zﬁtw {502% — (a+ )l — S(a+ 7)2l%t]
=0

2
+ iﬁtw Bé%t — (a4l — %(04 + 7)2%1
t=0
-3 [oTata = 0] + 3o [oTtin 50
- — ioﬁt :%W(CTt — &py)? + wépy(epy — 6Tt)]
- i Bt _%w(a +7)* (I — ZTt)2 —w(a+ V)ZiTt(th - ZTt)}
t=0 -
- f; e :%CbZT(th - ZTt)Q - CszZNTt(th - ZTt)]

_ %th w2 + [wlo+79)? + wla+7)] 73],

(A.54)

(A.55)

(A.56)

denoting deviations from the FB z; = log Cr; — log C’Tt, r; = 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 % fk [
cry — Crt + _C%t - §C2Tt — (a+)(r — th) — (a+ 7)2(5% - l%t) =R'f; — ft—i—l

2

(A.57)

éri(ere — ere) — (o + ) Iy — ZTt) +hot. = ér (R f — -]Et*—i-l)a

where fi = fr — f.
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Substituting for ¢r; gives

ére(ert — ére) — ar(a + ) (e — lNTt) - ZTt(CY + V)Q(ZTt - lNTt) = 5Tt(R*JEt* - ft*_u)
+(7Tt — ’)/) IOgZT(Oé -+ ’7) (th — iTt) -+ (R*.ft* — .]‘;11)(06 —+ ’7) (th — iTt) + h.o.t. <A59)
Z B |:6Tt(CTt — &re) — ag(a+ ) (e — ) — lre(e+ )2 (Ipy — lpe) = ok [5Tt(R*ft* - ft*—&-l)
t=0 t=0

+(vre — v) log Ly(a + ) (Ipy — l~Tt) + (R*ft* — ﬂ*+1)(a + ) (e — ZTt)} + h.o.t. (A.60)

We set A such that > ;% Blagr, = > 50, Btiray, and v such that
Yoo Bl [(”yTt — ) log Ly + (R*f; — f7.1)| = 0. The interaction terms simplify to

>~ 8" [werilere — r) — wlo+ )iz — Ire) = wlo+ Dl — )| = S 8 er B = fr)]

=0
thodt. (A.61)

Z |:ft+1 CTi1 — 6Tt)]
(A.62)
—0, (A.63)

given from the FB optimality condition ¢z = é7¢41 and f{)" = 0.

Next solve the constraints in terms of z;, x; starting with the loglinear resource constraint

cre — ag — (4 Y)lry — (v — v) log Ly = R* f — f, (A.64)
CTy — Qp — (a + V)ZNTt - (7Tt - 7) 10ng = R*ft* - ft*+1 (A-65)
=z — (+7y)z, = R*ft* — ft*ﬂ. (A.66)
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Next the MRS = MRT constraint for the XR-IP

_¢ a A, Ly (A.67)

(w/Crv)
log ¢ — logw + log Cry = logav + log Ay + (o + v — 1) log Ly + (yre — v) log L. (A.68)

For the FB this condition is

2 (ot ALgm (A.69)
(UJ/CTt>
log ¢ — logw + log é’Tt = log(a + vyr¢) +log Ay + (o +v — 1) log iTt + (yre — ) log ETt.
(A.70)

Combining the XR-IP and FB gives

2= + (a+v— )z, + (yre — 7)(log Lry — log L) (A.71)
=+ (a+v— 1)y, (A.72)

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

around the BT as shown in the third line below

(vre — v)(log L1y — log ETt) = (v — 7)) (e — lNTt) (A.73)
= (Yot — V)lre — (e — V)Z~Tt (A.74)
=0. (A.75)
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Combining (A.56), (A.72) and (A.66), the approximate XR-IP problem is

o T ——Zﬁt wz; + [wla+7)* +wla+ 7)) 27]
ze52t, [ 11520
st. zp =+ (a+v— 1)y, (A.76)
- (a + ’V)xt = R*ft* - ft*+1a (A‘77>
fr=o. (A.78)

Substituting for SR* = 1 and iterating (A.77) using the transversality condition lim, . 5° f,, =

0 gives
> Bz = (a+)z) =0, (A.79)
t=0

which shows the Lemma.

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;

GIE, —-Zﬁt + (a7 = D) + [wla+9)? +wlo+7)] 27]
Zﬁt — ) =0. (A.80)

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

B [w@ + (a+ 7 — D) (a+7—1) + [wla+7)* +wla+7)] z] =B\ (A.81)
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We get a loglinear Euler equation to characterize the XR-IP solution

Yoty =1+ [(a+y=1"+(a+9)"+ (a+7)] "

=ta(a+y =1+ [(a+7=17+(a+7)>*+ (a+7)] 2] (A.82)
G+ [(a+y—1) +daff =1+ [(a+vy—1)+ (], (A.83)
where ¢ = %%;r” < 0. Therefore

Yo+ (a+y—1+e)xf =1+ (a+y—1+c)zi” (A.84)
— ot (a+y— 1+ )al? (A.85)

IP (@ZJO - wt) IP
— . A .86
o (a+7—1+c)+x0 ( )

To show that ¥ < 0, i.e. Ly, > L for all t, use the lifetime resource constraint

Z Bla, = Z B (A.87)

1— +X_:ﬁta+7—1+c Zﬁt (4.88)

B
(a+y-1+0)

+(1-5) latyto Zﬁt¢t<o (A.89)

P
= (L= Bt = (a+v—1+¢)

since (a + v +¢) < 0 and given ypy > yrepq > 0 for all ¢ then oy < iy <0, > 72, B < 0.

Therefore
(=) Bo (a+~v+c¢)
alP = (a+7—1+0)+<1_6)w0_ (a+7—1+c)+(1_6)(a+7 T Zﬁt
(A.90)
_ A =B)hlatr+0 Ui (a+7+0) .
= latr-1709 (ary-ito UGS 1+c§:ﬂ%<0
(A.91)
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The LF-CE is characterized by

2t = Zt41,
2=+ (a+7v— 1)y,
—(a+7)z, = R*ft* - JEt*Jrla

fo=0.
Combining the first two equations
e+ (a7 = Daf® =t + (o + 7 = Dagh,

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

LCF _ (1o — ¥

+ 25,
! (a4+~vy—1)

Therefore, from the lifetime resource constraint

_ Bibo (@+7+0) g
JEép_(l_ﬁ)wo_(oH—'y—l—l—c)—i_(l_5)(04—1—7—14—(:)ZB%
Bibo _(a+79) ¢
e TR [ Zﬁ%-
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(A.97)
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(A.99)



Therefore

c Bo
xéP_on_ (a+7—1+c)(a+7—1)c
(1—8) > 1 B

(a+y—1+c)a+y—1)

[(a+y+e)aty—1) —(a+)(at+y—1+0)

(A.100)
_ B .
S (a+y—1+c)(aty—1)
(1= 8) > 4% Bl
(a+’y—1+c)(;z+fy—1) elaty=1) = (a+9)d (A.101)
_ Bo (1—B)32, Bl -
“ et -1t -0 atr-1+atr-D 9 (4.102)
>0 %
B (1—8) 3y B B
L (O paps PV Ll P s v L (A.103)
B B
(a+fy— IL+c)(a+vy— 1)0 (a+v—1+c)(a+vy—1) [—¢] (A.104)
=0 (A.105)
From the lifetime resource constraint
Zﬁ =2 =0 (A.106)
. — x5t = Zﬂt P - (A.107)

>0

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

1 1
2P — 2CF = (4hy — 1) s Rl P T (A.108)
= (a+7—(f:—_c)1?2+7—1) [(a—|—7—1)—(a+7—1+c)]+xép—xocE
(A.109)
“(a+~y —_id—t c_)(@it)—kv — l)c+ rol — " (A.110)
Therefore
IP CFE IP CEN __ _(¢0 - ¢t+1) o _<¢0 - ¢t)
fr e = ) = T ety - D) ara—1+0(a+r—1)
(A.111)
_ Yiy1 — Uy
“larr_lidlars-1)° (4.112)
<0, (A.113)

since ¥y, 1 — 1y > 0 and ¢ < 0, so (zfF — 2¢F) is strictly decreasing in ¢t. Then, together with
(if — 2§F) > 0 and (2 — 28F) < 0 for some ¢ then it must be that 3 £ > 0 such that
(zlf —29F) > 0 (i.e. LY > LGF) for t <t and (z/f — 29F) < 0 (i.e. LY < LGF) for t > t.

For both the XR-IP and LF-CE

waAy 1

Cre = : A114
Tt ¢ L;—‘;a,;ﬂqt ( )
a—1
g = (%) Ly e (A.115)
Ay
where ¢y, coincides for the XR-IP and LF-CE.
Therefore, for ¢ < f since LY > LEF

Ccrl < CCF, (A.116)

gr > gCF. (A.117)
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By definition of the trade balance

TB, = ALy "™ — Cry, (A.118)
= TB!" > TBFE. (A.119)
From the balance of payments
Ffy=RF; + ALF™ — Cry, (A.120)
= > K (A.121)

for t < t.
It is straightforward that similarly for ¢ > ¢ when LI¥ < L$E that CF > C&F,
EP < ECE and TBIY < TBEE.

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

U — = R ff = fi, (A.122)
fs =0 (A.123)
Therefore, at any ¢
Zt;ﬁsws — x|+ B ff =0 (A.124)
B i = 2?[% — ). (A.125)
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Substituting in for the solution for z; gives

(A =Bola+y+o) (" B (a+7v+c)
R A e I DR (IS I
_ A=PB)yhlaty+e)  (a+y+) L1-p) (a+v+0
(a+~v—1+¢) (a+~v—-1+¢) (a+~v—1+¢)
(1—=PBola+~v+c) (a+v+c) (a+7v+c)
= (a+v—=1+¢) _(a+”y—1+c)+6(a+’y—1+c)¢0
_A=Platyte)  (aty+c)vn (a+v+¢) y
(a+~v—1+c¢) (a+v—1+¢) “(a+y—1+4¢) "
= 0.
Therefore
B'ff =) Blrs — v <0,
s=0

which shows that Fy, > F;I for all t.

Combining the expression above for ft*+1 for the XR-IP and CE

BUfr)™ = (fr)“F) ZBS P _

We know that

> Bl —alP =0
s=0

t

s=0 s=t+1

as well as that (21 — 2§F) > 0, (1P — 29F) is strictly decreasing in s and (]
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S Bl —aF 4 3 Bl -

zF =0,

Zﬁtwt Uy

Zﬁt

1P

(A.126)

(A.127)

(A.128)

(A.129)

(A.130)

(A.131)

(A.132)

(A.133)

(A.134)

—2¢8) <0



for all ¢ > ¢, therefore

ﬁt[(ﬁ;ﬂm - (ftil)CE] = - Z 5S[$£P - stE] >0

s=t+1

= F/IT > FrOF for all t.

A.6. Proof of Proposition 4

If the economy is not converging to the transition then vz, = v for all ¢ > 0.
If the economy is at the technological frontier then vz, = 0 for all ¢ > 0.

In either case the solution to the XR-~IP problem shown in Propostion A.5 is

v+ a+y=—1+dz" =v+[(a+y-1)+ ]z
'T{P:x?{fl»

and for the LF-CE is

v+ (a+y—DafP =+ (a+v—1)z5)

(A.135)

(A.136)

(A.137)
(A.138)

(A.139)
(A.140)

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 the financiers

operate only in 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 t = 1 then vp¢ > 0 and 7, = 0 for all
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t > 1. The balance of payments condition is

Cro — AgL3i™ = R*FF — Fy + 6(31 (A.141)
Cri— A LS, = RFFF — Ff — gl (A.142)

1
Cr — AL, = ROFY — F for t > 2. (A.143)

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

intertemporal resource constraint

o i 11
Z (L3 — Cry) + Q1 (5—0 - a) = —R'Fy (A.144)
=0

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

Q1 = % [50 — %51] gives

= (AL CTt) 1 R* & Ry &
—(1—-—=——=)(1-——==| = —R'F}] A.145
Z:; (R*) T < R 80> < R 51>1 0 ( )
NPV n;trexports <0
From the HH Euler equation
Crip &
=B8R A.146
e e (.14
Substituting the constraint for C'r; gives
At+1L§ij11Tt+1_1 gt
AL a+*yTt—1 5Rt+1gt+1 (A.147)
AHL;’??J{ T R & (A148

AtL%:_VT* -1 R* &4

Substituting the constraint for C7; the intertemporal resource constraint from (A.145)
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then is

=1 wa o _ a I
Z (R*)t {?AtLT;LWTt - AtLT;:HTt] = R'F,
t=0

atyro—1 a—1
_% (1 — AOL) <1 Al#) (A.149)

a—1 - a“l"YTO -1
AL AoL7,

The XR-IP problem is then to solve for the tradables block Cry, Ly, and Fy 4

max Z B [w(e + ¢ — 1) log Ly — ¢ L] 4 constant
t=0

{CTt 7LTt 7Ft*+1 }?io

= 1
s.t. Z [%Atlj%ﬂﬂ—l _ AtL%j’YTt:| — R*Fg,
t=0

(R*)!
1 AOLa-HTo—l AlLa—l
- (1 A ) (- (A.150)
1~T11 010

Fy given. (A.151)
The Lagrangian for the model with intermediaries is

L= Z B [w(a + 7 — 1) log Ly — ¢ Ly
t=0

* * S ]' wo [0 t— [e% t
+ARF =) Y [?AtLT:’”T L ALy ]
t=0
(0% -1 o—
+ 1 (2= Aol ™ ALy . (A.152)
r AL AgLgim!
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The FOCs are

oL 1 wo a - a+yro—
8LTO = (,L)(Oé + Yo — 1)L_TO — gb - A |:?(Oé -+ Yro — 1)A0LT—OFWT0 2 (Oé + ’YTO)AOLT?)_A/ !
1 AgLotro2 A LeTt
- A= — )= __ _ —)—=LL 11 =90 A.153
[F |:(Oé + 7T0 ) AlL%II (Oé + fYTO >AOL§%"7TO :|:| ( )
or 1 1 [wa - -
e = o= 07— o] -k [a - DA - adizgy]
1 AgLgtro~! A LS
L [_ [<1_Q>L_<1_a>+n —0 (A.154)
r AL A Lﬁm 1
oL 1 1 wa
@LTt — 6t |:W<Oé — 1>L_Tt — (b:| — )\W [?(Oé — 1)AtL%;2 — OéAtL%t1:| = 0 fOI' t Z 2

(A.155)

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

poral optimality condition for ¢t > 2
Lry = Lyt (A.156)

Combining the FOCs gives

1

———0¢(Lro, L1, T
AOL%”TO*I o(Lro, L11,T)

0, (Lro, L, T) (A.157)

ALY

= fort > 2 A.158
AlL%t_l ( )

where

L2 (o 4 yp0 — 1) 72— — «
HO(LT07LT17F) = ¢< o )LTO

wao 1 1 A L_l A La_l
5 (@t yr0 = Do — (@+ym0) + pla+yr0 - 1) {AIOL%Tfl - AOLzT{)afwlTo)l}
(A.159)
Wy — 1)+ —a
01(Lro, Lr1,T) = ¢ L : (A.160)
wa 1 1 AOL;§7T071 AlL;ll
Gla— g —at+ Rp(l = a) | T = e
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With no financial intermediaries I' — oo then back to baseline XR-IP model and 6y( L)

and 6, = 1.

The solution to the model for Lyg and Ly is characterized equation (A.157) above and

from the balance of payments after substituting the optimality conditions

1
G (Lto,00,01) — H(Lgo, L1) —=F5 =0
—_—

<0

where

0, 62 1\ wa +yro—1
_ 01 L _La Y10
G (Lo, b, 01) <1+B00+1—/390> ¢

6] 2 [1]a0 s
— Ly - (ﬁ [9—;] + 1ﬁ_ 3 [Q—O] ) (g ™),
<

1 AOLC“+7T°1) < A LTt
H(Lyo, L) == (12210 ) (11— =111 0.

Summarize the XR-IP solution with intermediaries

1
G (Lé‘][;iBa HO(LT07 LTla F)? 91 (LTOa LT17 F)) - H(L’g’l(j)iB: L’%I;iB) __F(;k = 07
~ - p

<0

where below we prove that 6,(Lro, L11,T) € (0,1) and 6y(Lzo, Lr1,T) € (0, 1).

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

1
G (L’{FI(DM 0o(Lro, L11,00), 1) —0-— BFJ =0,

where 6y(Lro, L11,00) € (0, 1).
The solution for the LF-CE is

G (LSS, 1,1) —0—%Fg =0.

(A.161)

(A.162)

(A.163)

(A.164)

(A.165)

(A.166)

We now compare the LF-CE vs. XR-IP with intermediaries (“IP-B”) allocations.
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The LF-CE allocation without intermediaries is
AgLgimo™t = A L9, (A.167)

where L7 satisfies the intertemporal resource constraint. In the economy with intermediaries
this leads to H(LSE, LSE) =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

dL1o = |w(a+ —1 — ol dL A.168
dL10 T0 { ( Yro ) AoL1o 4 T0 ( )
ow

dLr; = wlae —1 —o¢| dL A.169
o din ﬁ{ (=1 4 . (A.169)

Consider the welfare neutral change around the LF-CE allocation

W
dW = ;LT dLro + (98;2/ dLr1 =0 (A.170)
0 1
—1 — | dL —1 —¢|dLp; = A.171
{W(OJJFVTO )AOLTO ﬁb} 1o + 3 [W(Oé )AILTl 4 71=0 (A.171)
The resource constraint is:
RC = R*F* — i 1 waA La+’YTt—1 A LCH-’YTt + 1 2 AOL%—J)_’YTO_I . AlL%Il

- 0 g (R*)t ¢ Tt T T AIL%Il AOL%E)&-VTU—l :

(A.172)
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The change in the resource constraint from the change in Ly and Ly is:

wa _ a-brro—
ARC = — {?(a + 70 — D) AL — (o 4 7o) Ag L™ 1} dLg
wo

- ﬁ |:?(Oé — ].)AlL%IQ — OéAlL%II:| dLT1

11 T AOLOH"YTo—l AlLa—l
— w7 (a0 — 1) — " — (a+ 7m0 — D)5 | dL

T Lo _(Oz Yo ) AlL%Il (@ + 70 )AoL%S_’YTO_l TO

-0

11T Ag Lot AL }
— | (l-a)—————(1—a)—————— | dL A.173

F Lz, _< ) A LsT? ( )AOL%KAYTO*1 Tl ( )

=0

ARC = 7oALYy "™ d Lo > 0 (A.174)

So this utility neutral change leaves resources left over to be able to increase tradable
consumption and raise overall welfare. Therefore, we can raise welfare in the economy with
intermediaries relative to the LF-CE by increasing Ly and decreasing Lr;. We can do so
similarly for decreasing any Ly, for ¢t > 2. If we do the opposite change and decrease Lo and
increase 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

LE-B > 18F (A.175)
CH=B < CSF, (A.176)
EPB > g5, (A.177)

We now compare the baseline XR-IP vs. XR-IP with intermediaries allocations. The
XR-IP allocation in the economy with no intermediaries is

1

a+yro—1 __
AoL7, =
to

A Lo (A.178)
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where

a4y —1 1
Oo(Lro, L11, T = 00) = 5 ro— 1)z

wa 1 1 ALz A1Lg!
“a+yro — 1)z — (@+7r0) + Fl@+vr0 — 1) Angi—Ol - A0L2T(§‘+T”1TO>*1
(A.179)

and I' = oo implies 0y(Lzo) € (0,1), and Lyg satisfies the intertemporal resource constraint.
In the economy with intermediaries H(LIE L1Y) < 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, LT1) = 0 so there are additional resources left
over, and the allocation with intermediaries cannot be optimal in this case.
Again consider the welfare neutral change of increasing Lo, dLro > 0 and decreasing

LTI; dLTl < 0.

ow ow
dW = ——dL ——dLp; = Al
%74 DLro T0 + 9L 71 =0 ( 80)

AOLTO

N ¢:| dLTO " /8 |:W(a - 1)AAlLTl

{w(a +yp0 — 1) - 4 ALy =0 (A.181)

The change in the resource constraint in the economy without intermediaries is

ARC = — |:% (Oé + Yro — 1)A0L%§7T0_2 — (O( + ’YTo)AoL%—Oi_’YTO_1:| dLTD
wao a—2 a—1
— ﬁ ?<Oé - 1>A1LT1 — OéAlLTl dLTl (A182)
ARC = ~yrgAg L3 ™ ALy > 0 A.183
T0

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

Therefore, this utility-neutral reallocation further increases available resources for trad-
able consumption to raise utility. This must be preferred to the welfare neutral change of
decreasing Lrg and increasing Ly 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
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or the resource constraint. This must also be strictly preferred to simply increasing utility
from just changing one of Lp¢ and Ly as changing both also allows for additional resources.

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

LI > LiEP (A.184)
Cry < CH=F (A.185)
EP > glP-8, (A.186)

The results for C'Ay 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 7;. The household budget constraint expressed in

domestic currency is given by

1
PrCri + Py Oy + mSthﬂ = WiLy + 11, + T} + &R By, (A.187)
t

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 {Cy, Cry, Cny, Ly, Bf, }i2, that maxi-
mize utility (1), subject to the aggregation technology (2), the sequence of budget constraints

(A.187), given a sequence of prices, profits and transfers, and an initial level of bonds B;.
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The first-order conditions that characterize the solution to the household’s problem are

1—w 7 w "
_ hadll : A.188
( Ci ) ygs <CTt) ( )

w " —o Wt
— " = L A.189
(Cﬂ) = (A189)
w % 1o PTt gt+1 ( w )717 1o
— oK = BR*(1+ 1 cro.. A.190
(cﬂ) fom R g e G ) O (A.190)

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

(1+ )é‘thH T,. (A.191)

Rest of the world. The domestic economy consumes cr; and produces AtL%j% of the
tradable good, and saves Bj,, abroad at the real interest rate R*. The value in domestic

currency must be equal, giving the balance of payments
Cry — ALY = R* By — By, (A.192)

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.

Competitive Equilibrium. The competitive equilibrium allocation {Cry, Cn¢, Lye, Lne, Bf 1152

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

L—wOn\" _ Ly (A.193)
Ly

T = aA Ly (A.194)

W % 1 5 w % 14
— | C/ =pBR(1+m cl, A.195
(OTt) t /8 ( t) (CTt+1 ) t+1 ( )
ONt - AtL%m (A196)
Cry — ALy, = R* B} — By,,. (A.197)

By setting the sequence of capital control taxes

Q(Xt+17 7Tt+1)

—1, A.198
Q(Xh 7Tt) ( )

Tt =

where x; = {CIP, CIP CIL, LIY  LIF LIE A} is the optimal exchange rate industrial policy
allocation, the competitive equilibrium conditions (A.193)—(A.197) 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

1—w " w \"
== . A.199
( Cve ) D (CTt) ( )
1
w n l*Ci'VVTt
— Cc) = LY A.200
(&) o = orti (8200
1
1l —w n l—UVVNt
cr = LX A.201
(o) o = onte (200
(l);C;O—BR Pre (—“ );05” (A.202)
Cre) U Pr \Cren ) 01 ‘

Note we can also equate the marginal utility of C'y; with the marginal disutility of Ly,
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which gives

1—w % l—crI/VTt
C" —— =Lk A.203
() o = ot (209
WTt ¢TL5“t
N _ _ A.204
Wne  onLYy, ( )

Firms profits are given by Il; = Py A% L) — Wily, which gives rise to the following

aggregate labor demand
QAL = W,/ Py (A.205)

For the competitive equilibrium then

1—w CTt %

e A.206
(=2) =n (A.200

LI/

o T — AL (A.207)
(w/Cre) 7 C

Ll/
Ov Ly = A LS (A.208)

—0

(1 —w)/Crni)7 G

From combining the latter two equations using the nontradable market clearing condi-

tion CNt = AtL(]th

(le — = QALY (A.209)
(w/Cre)n CY

( QZJIV - ad Ly T (A.210)
1—w)n G

These will serve as implementability conditions for the XR-IP problem.
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For Cole and Obstfeld (1991) preferences (0 = n = 1) the second equation is given by

. fz); — aLy (A.211)
Ly = [M] N (A.212)
N

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

The tradables constraint is given by

or

m = aAtL%j,YTt_l_V. (A213)
The FB allocation is characterized by
(bT o Fat+yri—1—v
= (o + yre) ALy . (A.214)

<W/6Tt>
We now derive the approximate problem as in Lemma 1, where in the BT allocation

Cr=AT;", (A.215)

T —(a+y) AL (A.216)

Therefore in the BT allocation

1

_ =7

Ty = {M] (A.217)
or

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

=+ (a+vy—1—-v)z. (A.218)
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The welfare function is

1+v

Zﬁt [wlogOTt chLTt : (A.219)

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

labor term around the BT

1+V —1+v —1+1/
L ¢ L (1+u)th - _
14+v 1

] A Ly 12, (A.220)

Tt — %QST(]_ + V)L

Therefore, welfare in terms of deviations and ignoring terms independent of c¢r; and I7y
Z Bt \wery — drLy (Ipy — S| (A.221)

similarly for the FB W,,.

Taking a second-order approximation of the resource constraint gives

- 1
Wo — Wy = Z Blw {_CTt (a0 + )y — 5(04 + ’Y)QZ%J

—}jﬁ{@@”%bf—% +Vhw}+§:ﬁ{%LHﬁbr—; +m@ﬂ

(A.222)

oo 1 R R 3
= -> 5 w(ere = én)® + wér(or, — CTt):|
t=0

- Z lox %UJ(O& + 7)2(th - l~Tt)2 —w(a+ 7)2l~Tt(th - lNTt)}
t=0

—Zﬁ%wawWWmiw%@uwwmm% m}mwm

= — 3 Zﬂt wzt O‘ "'_7) + (1 + V>w<a _'_’V)} xﬂ ) (A'224>
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following the same steps as Lemma 1 and using that ¢Tfip+u =w(a+7).

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

vﬁgﬁm%-—%g}ﬁMﬁ+ﬂwa+w”+u+me+vﬂﬁ}
st m=+(a+y—1-v)z, (A.225)
2= (a+y)ze = Rff — [l (A.226)
fs =0 (A.227)

Combining the constraints and iterating gives
> B — (1 +v)x] =0, (A.228)
t=0

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

We can solve the XR-IP problem for z;

max =538 [l + (a7 — 1= V) o+ e+ )P + (14 e+ 7)]
st > B — (L+v)z] =0. (A.229)

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

—B [wWr+ (a+y—1=v)z)(a+y—1-v)+ [wla+7)*+ (1 +v)w(a+7)] 2] =B(1+v)A
(A.230)

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

Yla+~v—1—-v)+ [(a—l—’y—1—u)2—|—(a—|—’y)2—|—(1+1/)(a—|—7)} el
(a4 =1 )+ [ 47— 1)+ (a+ )P+ L)+ ol (A231)

it [la+y=1=v)+da = +[(a+y—=1-v) + iy, (A.232)
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where ¢ = (O‘Wf;(ii)y(;yﬂ) < 0. Therefore,

LIP (o — 1) oy plP
¢ (a+y—1—-v+e) O

The LF-CE is characterized by

Vet (a+y—1—v)28" = + (a+v—1—v)z]],
and
ztCE _ (wo - @bt) + ngE
(a+y—-1-v)
Substituting into the lifetime resource constraint
im =#f2@w
=1y t
— ) 1 o o
1 a+7—1—u+c) 1+y§ﬁwt
IP_(l_B) _ Bibo (1-5) (a+v+0 t
o _(1+V)¢0 (a+’y—1—y+c)+(1+1/)(a—|—7—1—1/+c Zﬁ%-

Similarly for the LF-CE gives

cp_ (1-05)

2CF — o — Bibo +(1—5) (a+7)
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(a+y—1-v) (1+v)(a+y—1-v)

Z By

(A.233)

(A.234)

(A.235)

(A.236)

(A.237)

(A.238)

(A.239)



Therefore

1P CE __ /3%

Ty

i c
© (aty-l-v4olaty—1-v)

(1= 8) 42 B

+(1+I/)(a+v—1—y—|—c)(a+fy—1—V)

B B (1-8) 5 a4
T {aty1-viglaty-1-v) [wo_ B ;ﬁwt]
20 pe s
B 1-5) B
-

>
aty—1-vrolaty—1-v)"
~0

IP

_.CE
To determine the sign of %%L) observe that

t=1

ov N %\ 15
>0 ~~
<0
<0
p

where () =

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

e _(atNat+y—1-v)+[(@+7)+ (1 +v)(a+7)]
v (a+v—1-v)
2(a +7)°
(a+~y—1—-v)%
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[cla+v—1—-v)— (a+7)]

(A.240)

(A.241)

(A.242)

(A.243)

(A.244)

(A.245)

(A.246)

(A.247)

(A.248)



Then

9Q _ b «
o [(a+y—1—-v+e)la+y—1—-v)]
0 0
a—;(a—i—fy—l—y—i—c)(oz—l—fy—l—l/)—c (oz—i—fy—l—y)(—l—i—a—i)—(a—l—’y—l—l/—i—c)]H
(A.249)
[+ —1-vroati—1-vF
=0
2(a+7)? +cla+y—1—v)+cla+y—1—v+0)] (A.250)
=0
>0 (A.251)
.. . P CE . . . LiP . . .
This implies (75" — 25) > 0, i.e. the approximation of -Z% > 1, is decreasing in v.
T0

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

LIP
then &% 1.
TO

For both the XR-IP and LF-CE

wa Ay 1
Cre = 5 L%F;a_m, (A.252)
w Cn
= A2
gt 1—w CTt ) ( 53)

where C'y; is coincides for the XR-IP and LF-CE. The results for Lo then imply that

ELr
ECT
Chy
Cto
CAIP
CACE
Fl*I P
Fl*C’E’

> 1, (A.254)

> 1, (A.255)

> 1, (A.256)

> 1, (A.257)

are decreasing in ¥ which shows the Proposition.

64



A.10. Proof of Proposition 8

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

oo C l1-0o L1+V1 L1+V2 L1+VN
§ : t | >t _ Tit T2t 4 PNt
t:(]ﬁ [1—0 T T, P T

where the budget constraint in domestic currency is given by

(A.258)

Pr1i.Crit + ProyCroy + PniCnie + Bivr = Wy Ly + Wooy Loy + Wy Ly + 11y + T3 + Ry By,

with aggregate consumption

n

o= [ibent -t 0wt

where the tradable good is a CES over varieties 1, 2

P

Cre = |(1/2)%(Cr) 77 + (1/2)5(Crar) 75
with elasticity of substitution p > 0 and for p =1
Cre = CphiCrly-
Define the aggregate price of tradables Pry

_1
Pre = ((1/2)Pryf + (1/2)Ppra!') 77

and for p =1, Ppy; = PTl{fP%éf, and similarly for the foreign currency price Pr,.

(A.259)

(A.260)

(A.261)

(A.262)

(A.263)

Assume the law of one price holds for each variety of tradable good Pry; = &Py, and

PTQt - gtP’_'[tQt'
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The first-order conditions that characterize the solution to the household’s problem are

() = (o) (h250)

1 1 1
| (o) - (&) () (4269
<CLTt> E Ct%_a (22?11%) ; I;Z;f; = onlri (4200
() & (o) s =omti o
(1(;:) " Ct%_a I;ID/]]VV; — on I, (A.268)

1 1 1 1
w \" 4-o( Cr )” Pri ( w )’7 g < Crir )”
— ] 7 = 0BR c . (A.269
(CTt> ' (QCTlt PR Prity1 \ Creq1 1\ 20714 ( )
Tradable sector 1,2 and nontradable firms choose labor to maximize their profits, which

gives rise to the following aggregate labor demand

QA Ly = Wi/ Pry (A.270)
ALy = Wrat/ Pray (A.271)
QALY = Wi/ Puy. (A.272)
Normalize Pj,, = 1, which gives Pry; = &. Let p; = ]127}21& — % and py; = gjlylt
T1t t t

Normalize Py; = 1 then py, = &'
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For the competitive equilibrium (CE) then

OTlt)i
= i, A.273
(&) = (A.27)
1 —wCry % 2CT1t %
'] — A.274
(=) () = (A27)
1 (fiLT“ - = ALy (A.275)
(w/Cre)n & (Cre/(2C11e))*
1 (fijT% - = A LG5 (A.276)
(w/Cre)n & (Cre/(2C72))
v L — oA LS (A.277)

—0

((1—w)/Cri) CF

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

(gi::) G (A.278)
(ng;ﬁ — (A.279)
% = ad L™, (A.280)
(w/(?;ém)) = Ly, (A.281)
(2(;;1) = B8R pfil; (QC;UI m) : (A.282)

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

ing and the government BC into the household BC

PriCry + ProyCrop = Pry ALy )™ + ProygA LSy ™ + ER'F) — EF] (A.283)

Cris + pfCror = ALLTT + pf Ay Ls )™ + RYF) — F (A.284)

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

(2(1 —w) CTlt) . P_l
- Tl

w Cnt

w Pry, w
(QCTlt) s Prie1 \2CT1e41

gives

B8Ry — Cniy1 A

Cne A
Therefore, from UIP and SR* =
Eit
Ri1=R"
t+1 3
P
PRy = R
Tt
Pry
R =1.
e By

(A.285)

(A.286)

(A.287)

(A.288)
(A.289)

(A.290)

For the LF CE then can solve for the 5 variables {Cris, Crat, Lr1e, Lros, Fiy 1 } with the

following 5 equations

<@%):ﬁ
Crar) ~

QSTI + I
— OéA La YT1t 1/17
(w/(2C71)) e
¢T2 + —1—v
= A, L& 2’
(w/(2C72)) e

Crit + p;Cro = AtL%Yt’YT” + p:AtL%JQ?T% + R°F] — F{ 4,

(20m) = (o)
2071 ) \ 207111 )

(A.291)
(A.292)
(A.293)

(A.204)

(A.295)

Equations (A.291), (A.292), (A.293) will serve as implementability conditions for the
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XR-IP problem, given by

o o @ w Lz Lrg/”
max —log Cryp + = log Crop — — subject to
{CTltuCT2t7LT1t7LT2t7Ft*+1}t>0tz;ﬁ [2 g LTt B g Lot ¢T11 ¥ ¢T21 ¥ v J
(A.296)
(OTlt) —
Crat v
o1 atyrii—1—v
— aA L YT1t 17
(w/(2C711)) e
¢T2 + —1—
— OéA LOl Y12t V2’
(w/(2Crat)) e
Crit + p;Cro = AtL?ﬂﬂT” +p; AtL%JQ?TQt + R°F] — F .
Note that the first best (FB) problem
o) 1411 1+4+vo
¢ | W W Ly, Lo, .
— log Crqy + = log Croy — - subject to
{CTltchQtyLTlt7LT2t7Ft*+1}t20;B {2 g Uit 5 g Lot ¢T11 ¥ ¢T21 ¥ v J
(A.297)

Crit + p;kaTQt = AtL%jl?Tlt + p:AtL%—Q:YT% + R*Ft* - Ft*+1a

gives the optimality condition in the FB

Cri) _ o8 (A.298)
C’T2t

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

Crn=ALn" (A.299)
¢T1 — Fatmi—1-u
— = (a+m)AL A.300
Cro=AL5" (A.301)
2 _ (0 +)A I, (A.302)

((A)/(26T2))
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Therefore in the BT allocation

—1+u W(O./ + ’71)

L = — A.303
T1 2¢T1 ( )

1ty w(a+72)

L = —" A.304
T2 2¢T2 ( )

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

log C71; — log Croy = log Corys — log Cros (A.305)

21t = Z2t, (A306)

where 2, = log Crj — log C’Tjt.

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

2z = Yu+ (@ +7 —1—v)zy, (A.307)

Zor = Yor + (a0 + 2 — 1 — 1) may, (A.308)

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

The welfare function is

— [ w L Lgh®
W, = E —log C —log Cryp — — A.309
0 - B {2 og Uy + 7 og Crat </5T11 i <Z5T21 | ( )

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

W W W W W, — W —
3 log Cpye + ) log Cpoy = 5 Cr + 5 Cr2t + 3 log C'ry + 5 log C'ra, (A.310)

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

Lkt Lkt e i 1 it
— — Py ——— = — oLy 1 = 1 Ly 13
¢T1 o ¢r2 T4 ¢T11 o ¢riLyy e — 2¢T1( + 1) T1t
E;EVQ 1+V2 1 1+V2 2
- ¢T21 . ¢roLyy lrar — §¢T2(1 + Vo) Ly gy (AL311)
Therefore, substituting ngjZ;;Vj = w(a + v5)/2, welfare in terms of deviations and

ignoring terms independent of cpj; and I,

1 w 1
Zﬁ { crie + —Cth 5 Z(at 1) (lrae — 51+ vi)lgy) — 5@+ 72)(lrze — 5 (1 + va)l7ar) |

2
(A.312)
and similarly for the FB W,
To derive the loglinear balance of payments constraint relative to the BT
Cri + p;Croy = ALLT™ + pf A L™ + RYF; — Ffyy (A.313)
CTlt _ At L%JQTM OTlt/CTl At L%?m _ Rt F Fiﬂ (A.314)
OTl A L;Jlm Crat/Cra A Laﬂ? Yri Y

2eCT1t _ eat+(a+’yT1t)lT1t+(’VT1t—’71)10gLT1 . eat+CT1t_CT2t+(Ol+’YT2t)lT2t+(’YT2t_’Y2)10gLT2 — R*ft* + ft*—|—1>

(A.315)

F,
where f; = &t

crie + erar — 2a; — (a0 + 1)l — (Yrie — 71) log Ly — (oo + ¥2)lras — (s — 72) log Ly = R* fF — fi

(A.316)

and similarly for the FB. Therefore
210+ 220 — (@ +71) 71 — (@ +y0) 7 = R ff — i (A.317)
For the welfare function, taking a second-order approximation of the resource constraint
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~ [w w w 1 w 1 |
Wo — Wy = ;/Bt _§CT1t + 50Tt — 5(04 + 1) Iy — 5(1 +v1)l3y) — 5(61 + 72) (Irae — 5(1 + Vz)l%gt)_
(A.318)
2 [w. W w - 1 - W - 1 o]
- Zﬁt S+ 5 Cra — 5(04 +71) (br1e — 5(1 +v1)lgy) — §(CY +72) (lrae — 5(1 + 1) l72,)
t=0 L |
(A.319)
__Ootf—l Y s N2 = = ~ _a
= Z B 5 (crie — €)™ + 2(CT2t Crat)” + eru(crie — Erie) + Crae(crar — Cror)
=0 L
_ S tW 1 2 P2 27 7
ZB 2(a +31) (e = lrwe)™ — (@ +51) lre(lre — lrae)
=0 L
_ . tw _1 2 7N 27 7
D85 | gla 1) (o — bran)® = (a+32) (e — L)
1=0 L
> w1 - - -
- Zﬁt— 5(04 + 1) (1 + 1) (e = r)® = (e + ) (1 + vl (I — lTlt)]
=0
© W 1 - - -
= YA [Glat w1+ )l — = o 20) (14 (i )
=0
1o t 1 2 2
= _525 _th+ ZZt 2 [(04+’Yl) +(1+V1)(04+’71)} L1t
=0
1
+ 3 [(a+72)* + (1+ ) (a+ )] x%t}, (A.320)
following the same steps as Lemma 1 and using that ¢z, L ; T =w(a+;)/2.
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Therefore, the approximate XR-IP problem relative to the FB is

max ——Zﬁt { —22+ ZQt—i-% [(a+m)*+ (1 +wv)(a+m)] i,

{th 3221, 1t,L2t ,f;+1 }?io

1
+ 3 [(a4+72)* + (1 + v2)(a+ 12)] x%t}

s.t. zy = 2o, (A.321)
210 =Y+ (@ +7 — 1 — vy, (A.322)
zor = Yo + (0 + 72 — 1 — 12) 79y, (A.323)
21t + 2or — (@ + 7)1 — (@ + 2) 79 = R*ft* - ft:—h (A.324)
fi=o0. (A.325)

Combining the constraints we get the condition for xy; and xo
b+ (a+v—1 =)y =ty + (a+7 — 1 — 1n)xy (A.326)

— — 1=
Toy = Uy +Vay, U = Y — Vo V= (& +m v) > 0. (A.327)

(+v—1—1s) (+v—1—1y)
Combining the constraints and iterating the resource constraint gives

Z wlt — 1 -+ Vl)«%'lt + 1/1215 - (1 + I/Q)Igt] = 0. (A328)

=0

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

- —Zﬁt { Ui+ (a+m =1 —w)ay)? +% [(a+m)* + (L +w)(a+m)] 2,

{1,226 52,

+ [(oz +72)% + (14 o) (o + 72)] x%t}

N | —

s.t. Lot — Ut -+ Vxlt

378 [ — (1 + v)ay + o — (1 + va)az] = 0. (A.329)
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Substitute for zo;, and let A be the multiplier on the lifetime resource constraint. The

FOC for xy; is

—Bt%‘” 2060+ (@3 = 1= v)m)(a+ 7 = 1= ) + [(@+3)? + (1 + m)(a+7)]

+[(a+72)% + (14 va) (@ +7)] (Vs + vxlt)v} = AL+ 11+ (1+ m)V]A.
(A.330)

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

Yi(la+v —1—1vy) + [(Oé + 72) (14 wo)(a+ ’Yz)] UV

1
2
_l’_

[(a+7)2 + L+ m)(a+m)] + =

5 04222+ (e 20)] V2

1
+ {(04+71—1—V1) 3

=ty (a+y —1—1) % [((a+7)*+ (1 +va)(a+72)] UsV
(ot 7)? + (L4 m)(a+ )] + =

_|_
1
2 2

+ {(CY +y—1—-m)+ [(o+72)% + (1 + v2) (@ + 72)] Vz} e

(A.331)

Substituting z1; = 1 + (e + 71 — 1 — )14 = 29, the Euler equation simplifies to
1 1 1 1
Z1t + §D1 + §D2 21t — §D1¢1t + §D2¢2t

1 1 1 1
= Z1g41 + {§D1 + §D21 141 — {§D1¢1t+1 + §D27/J2t+1] ) (A.332)

Oé 2 v (03
where D; = (ol b)oin) -

The single sector model Euler equation for z; = ¢y + (e + v — 1 — v)zy is

Zt + DZt — D@ZJt = Zt+1 + DZt+1 - DT/)t+1, (A333)

where D = (=Bl >
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We can map the multiple sectors model to the form
Zt + DMZt — DM¢iM = Zt+1 + DMZt+1 - DM¢Z£17 (A334)

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

1 1
DMy = §D1¢1t + §D2¢2t (A.335)
g 1 1
Yy = DM §D1¢1t + §D2¢2t (A.336)
D D
= DlTngd}” + DlT2D2¢2t. (A.337)

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

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

(M Cm) R (A.338)

w CNt

Taking logs and combining with the same expression for the FB exchange rate &, gives
21t = —6€, (A339)

and similarly for the single-tradable-sector model z; = —¢;. Substituting these into (A.332)
and (A.333) shows the proposition.
Finally, we can also show that D; is increasing in the sector j labor elasticity v; ! and

externality 7; observe

0D; _ (a4y)(at+v —1—-v)* = [(a+7)° + L+ v)(a+ )2+ — 1 —v)(=1)

o, (a+7; —1—wy)
(A.340)
_ (et —1—v)Bla+7) + 1+ v (A.341)
(@t —1—-v)
o (A.342)

1)



and

0D; _ [2(e+7) + A +y)l(e+95 =1 —v)* = [(or+75)* + (L + v) (o + 7)|2( + 75 — 1 — v5)
& (@t+7 —1—-v)!

(A.343)
(5 —1-v)[2a+y)+ A +y)lle+y —1—v) —2[(a+7)* + (1 +v;)(a+ )]

B (a7 —1—w)!
(A.344)

> 0. (A.345)
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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, yy; > 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 vyy.

Nontradable production and consumption are independent of the optimal policy, which
can be seen from equation (A.35) and nontradable goods market clearing.

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

takes the form

w " Q(LTtH, ”YTt+1) ( w )
<CTt) b O(L1e, 1) Crit1 (B1)

which does not depend on ;.

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 Lty + Lyy = 1.

7



Competitive equilibrium. From the households’ first-order conditions for C7; and Chy,

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

1 by —
(1 - W) Cre \ 7 . LT;WT ' B2
w C et (B2)
Nt Nt
1 T atyre—
(1 - W) CT K — Atn LT;‘—’VT ' (B?))
w ' (1— Lp)* 0

which characterizes the competitive equilibrium allocation and is the implementability con-
straint 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

C l—0c ]
max Zﬁtt— subject to (B4)
{CityLitth*+1}z§,(1)17N t=0 1 g

(1 —w CTt)fv g

w CNt L?Vzl ’
Lry+ Ly =1,
CTt o AtLg«;H/Tt _ R*E* . E*-i-lv

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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max Z B wlog Oy + (1 — w)alog(l — Lry)]

{Crt,Le, Ff 13520 —0
w (1 — LTt)_l
s.t. = 1 —w), bo
Cri ~ ALz ( ) (B5)
Crt — AtL%—tht =RF —F,, (B6)
(B7)

Fy given.

Substituting out Cr; gives

Z Bw(a+ 7 — 1) log Lt + [w + (1 — w)a]log(1 — Lyt)] + constant

max
{LTtaFt*«Q»l}?iO t=0
w a r— 1 « ¢ * Tk *
s.t. mAtLTjVT 1 (1 — w) AtLT;r'YT =R Ft — FtJrl, (B8)
Fy given. (B9)

The first-order conditions are

1 1
wlo + —1l)— —jw+ (1l —waol———
w by — 1 oty —
=M m(@ +yre = DAL — 1—w) (o +yre) ALy, 1] ) (B10)
)\t = BR*AH»L (Bll)

From the first first-order condition

wa+yre = 1) g — (a0 +wn)

= A\
w(e +re = g — (o +7re) t

(1= Lp)™!
W(l —w)
t

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

w *9<LTt+17 ’YTt+1) ( w )
— ) =B8R , B12
(CTt) & 0 (LTt7 7Tt) OTt+1 ( )

w(o+ e — 1)%Tt — (a+wyry)

O(Lre,yre) = € (0,1). B13
( Tt Tt) CL)(O[ + N — 1)% _ (Oé +7Tt> ( ] ( )
We now characterize the optimal XR-IP solution.
For ¢t > 1 with v, = 0, from (B13) 6, = 6,.; = 1, therefore
A1
Lt = {A . } Ly, (B14)
t+1
Cr1 = Criqa. (B15)
Fort =0
1 — Lpo)~ ! 1— L)t
Sk ) Y (B16)
AgLgy™ AL
= (]_ — LT())A()L?%_WTO_I = (1 — LT1>A1L%{100. (B]_?)

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

of payments

Cro — AgL5i™ = R*F} — FY, (B18)

CTt - AtL%t = R*E* - E:—l for ¢ Z 1. (B]_g)

Substituting (B14) and Cry, Cry from (B5), and iterating the second balance of pay-

ments equation forward

15} w
(1-58)1-w)

Ay(1 = L) LS — Ay A LG, = FF (B20)
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and substituting for F7 into the first balance of payments equation

W

1-w)

p

(0% — 6% w
Ag(1 = Lio) Lipg ™™ = AgL7g ™™ + (1-08)(1-w)

~ 1
Ay(1 = L) LT — AVALLY, — BFJ =0.
(B21)
Substituting the optimality condition (B17)

I-w)

1 _

~ 1

Ao(1 — Lypo) L3 ™07t — AgLGEm™ +

H(Lro,00(L1o)) = L1, (B23)

= 1 W _ atyro—1 _ a+770
H (Lo, 00(L10)) = (A1Z1)é { (1- w)Ao(l Lro) Ly AoLry
ﬁ w 1 a+yro—1 1 * .
O O TR AN SR

We solve for Lpg in the XR-IP by plugging Ly from (B23) into (B17)

(1 = Lyo) Ao LS~ — (1 — H(Lyo,00)) Ay (H(Lro,60))* " 6 =0 (B25)
AgLigrmo™ — Ag L5 — (1 — H (Lo, 60)) Ay (H(Lro,60))* " 65 = 0. (B26)

Following the same steps to solve for Lrg in the laissez-faire competitive equilibrium

AgLygrmo™t — Ag L5 — (1 — H(Lpo, 1)) Ay (H(Lzo,1))*™" = 0. (B27)
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We can sign the following

S ™ All,zg Qi 90)1_‘“{% (—(1 = @ = 770) Ao L5 ™™ — (& + o) Ao Lig ™)
— (@ +7m0) Ao Ly + 0 - le [—(1 = a = y70) Lg% = (e yr0) Ly ™' }
(1=5) (1 —w)bo
(B28)
<0 (B29)
g_g T Allﬁl éH(LTO’ b0)" " (1 fﬁ) (1 c_uw) eig(l — Lro) g™ <0. (B30)

Treating Lrq as a function of 6y and differentiating (B26) with respect to 6y gives

L
— [(1 = o = y70) Ag L3572 — (ar + ’yTo)AoL?BWTO_l]%
0
_ OH OLro OH
a—1 il
+A1<H(LT0790)) 60 @LTO ago + 890:|
OH OL OH
_ _ oa—1 T0 i
+ (1 Oé)(]_ H(LTO,QO))A190(H(LT0,00)) |:8LT0 800 + 8(90
— (1 = H(L70,60))A1(H (Lzg,00))** = 0. (B31)

: oOH
Since 30, < 0

oH
a—1
Ay (H(Lto,600))* 600 [_800}
OH
06y

— (1 — H(LT(), 90))A1(H(LTO, 90))a—1 < 0. (B32)

+ (1 — Oz)(l — H(LT(), 00))A190(H(LT07 00))a—1 |:
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Therefore, the remaining terms must satisfy

OL1o
00y

{ — [(1 = & = y70) Ag L35 ™ ™% — (v + y70) Ao L3 ™|

+ Ay (H (Lo, 600))* "o L‘)GLZJ
+ (1 — @) (1 = H(Lxo,60))A100(H (Lo, 60))* " [;LZJ } > 0. (B33)

The terms in braces are negative, since % < 0, which means that it must be that

OL1q
06y

< 0. (B34)

This shows that for the XR-IP solution when 6y < 1, compared with the CE solution
to (B27),

L > LSE. (B35)
For both the XR-IP and CE
Ciro = ﬁu — Lyo) Ao L™ (B36)
gg;z <0, (B37)
£ = % (B38)
= 8830 > 0. (B39)
Therefore, since L5 > LGE
CIH < CSF, (B40)
& > &F. (B41)
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By definition of the current account balance

CAy = L35™ — Cro + (R — 1) Fy,

= CA" > CASE.
As shown above, given [, for both the IP and CE

Ff = R*F; + AgLy{"™ — Cro,

= [P > [rOF,

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

fixed labor supply.
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(B42)
(B43)

(B44)
(B45)

model with
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