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Abstract

Around 2002, Uruguay faced a sudden stop of international capital flows, induc-

ing a large financial crisis and a important devaluation of the peso vis-à-vis the

dollar. Following one of the largest recession in modern history, Uruguayan ex-

ports expanded thanks to a real depreciation of the peso. Paradoxically, indeed,

this paper reports evidence showing that the large devaluation of the peso induced

a firm-level negative correlation between the export share and the real exchange

rate of Uruguayan exporters. In order to unravel this paradox, we develop a small

open economy model of heterogeneous firms assuming that domestic firms are price

takers in the international market, produce under monopolistic competition for the

domestic market, and face financial constraints when exporting. Under these con-

ditions, when facing a nominal devaluation, unconstrained exporters increase their

export share and pass the devaluation to the domestic price. Constrained exporters,

indeed, would like but cannot expand in the export market, passing the devaluation

partially to the domestic price in order to expand in the domestic market. Con-

sequently, their export shares shrink while facing a real devaluation. As a result,

changes in the export share and changes in the real exchange rate faced by exporters

are negatively correlated as in the data.

1



1 Introduction

This paper documents the paradoxical fact that in Uruguay around the 2002 balance

of payment and financial crisis, which gave raise to a 100% depreciation of the peso

against the dollar, there was a firm-level negative correlation between the export share

of manufacturing exporters and their real exchange rate–measured as the ratio of export

prices to domestic prices. Indeed, these two variables were positively associated at the

aggregate level.

In line with the recent literature on trade, we develop a heterogenous firm small open econ-

omy model aimed to better understand the behavior of exporters facing large changes in

the nominal exchange rate associated with worsening financial conditions. In the frame-

work of the Lucas span of control model, domestic firms jointly produce for both the

domestic and foreign markets. They are assumed to be price takers in the international

market, while they are monopolistically competitive in the domestic market. This ap-

proach is suitable for small open economies that export a set of relatively less differenti-

ated goods, based on agricultural comparative advantage, in which they represent a very

small fraction of world supply. However, given the small dimension of the local market,

they are able to domestically differentiate their products.

Inspired in the seminal work of Manova (2013) and Chaney (2016), we assume that firms

are required to finance in advance fixed and variable export costs, which introduces a firm

specific export constraint. Aggregate liquidity is assumed to be negatively affected by a

devaluation, which has the direct implication that devaluations will be associated to a

decline in liquidity. This assumption couples a large devaluation with a financial crisis,

like we have observed in Uruguay at the year 2002. At the firm level, available liquidity

is assumed to be increasing in firms productivity, reflecting the fact that larger, more

productive firms have better access to the financial system.

The main mechanism relies on a firm specific incomplete pass-through from the exchange

rate to domestic prices. In this framework, unconstrained exporters percibe a nominal

devaluation as an increase in the export price. They will then optimally expand in the

international market and fully pass the devaluation to the domestic market. Constrained

exporters, indeed, cannot export what they will optimally do in the absence of financial

constraints. As a reaction, they do not pass the nominal depreciation fully to the domestic

price, profiting from the devaluation to expand in the domestic market. Their export share

will then decrease while their real exchange rate will depreciate. Following a devaluation

of the domestic currency, changes in the export share of exporters are then negatively
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associated with a depreciation of the firm specific real exchange rate.

Section 2 shortly discusses the related literature. Section 3 describes the 2002 crisis and

empirically motivates our analysis by stating the above mention paradox. Section 4 de-

scribes and then studies the model economy by solving first the unconstrained equilibrium,

and then the constrained equilibrium. Section 5 calibrates de model in order to shed some

light on the Uruguayan paradox, while section 6 concludes.

2 Related literature

A large number of studies analyze the relationship between exchange rates and export

prices. They find that large movements in exchange rates do not have a large impact on

prices of traded goods, the so-called “exchange rate disconnect”.1 The literature explores

several explanations for incomplete pass-through of exchange rate changes into prices,

which relate to the currency denomination of firm prices. On the one hand, sticky prices

in the destination market (local currency pricing) are associated with small or zero short

run pass-through. On the other hand, several papers analyze models in which variable

firm mark-ups play a central role in producing this result.2

Berman et al (2012) analyze exporter pricing and output allocation, and in particular

the reaction of exporters to changes in real exchange rates. In their framework there is

market power of large firms in the export market. They note that the impact of exchange

rate movements on aggregate exports is weak as results from estimated elasticities in the

literature. Their view is that more productive and larger firms absorb exchange rate fluc-

tuations in their markups, hence exports remain less sensitive. Key to their argument is

the response of exports to specific destination markets to the respective bilateral exchange

rates. The models they review all include pricing to market by exporting firms.

Berman et al (2015) studies the relationship between French firms’ exports and domestic

sales. They find that exports and domestic sales are complementary at the firm level.

This paper does not provide however a model to explain such facts.

There is also a literature devoted to price dynamics in large devaluations (see Burstein et

al (2007)3 which also analyzes Uruguayan data). In this as in many studies the relevant

1See Engel (2003).

2See Rodriguez-Lopez (2011), Amiti et al (2014).

3Also its predecessor Burstein, Eichenbaum and Rebelo (2005) is dedeicated to large devaluations and

the real exchange rate.
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relative price measure is the aggregate Real Exchange Rate (RER) defined by RER =

Pt/StP
∗
t , where Pt denotes the level of the CPI in the home country, P ∗t the trade-weighted

CPI of foreign countries and St the trade-weighted nominal exchange rate of the home

country. The main stylized fact they seek to explain is the decline in the RER after

large devaluations. Their explanation highlights a significant role for slow adjustment of

nontradables prices.

Alessandria et al (2013) find that exports have a sluggish response and grow gradually

after a large devaluation, peaking only after three to four years. They analyze data from

11 large devaluation experiences, including the 2002 Uruguayan devaluation,4 and find

that the extensive margin is an important component in export response.

Our paper is highly related to the Manova (2013) and Chaney (2016) trade models of

heterogeneous firms with credit and liquidity constraints, respectively. Both ways of

modelling are of high relevance for the study of large devaluation, which generality ocurre

simultaneously with a financial crisis, generating an important reduction of liquidity and

a large increase in credit constraints. In Chaney (2016), firms face liquidity constraints

when operating in the export market, adding an extra dimension to firm heterogeneity. By

assuming that firm specific productivity and liquidity are positively correlated, Chaney

assumes that high productivity firms are less constrained by the financial market. Firms

with liquidity draws under a certain cutoff threshold will not enter the export market.

Manova (2013) assumes that not only fixed export costs but also variable trade costs need

to be financed in advance. This introduces the possibility that firms are constrained not

only in the extensive margin (being inhibited to enter the export market because their

optimal revenues cannot afford to pay the fixed entry costs), but also in the intensive

margin, i.e. exporting less than their optimal decisions in absence of constraint. Manova

(2013) introduces a creditor that would finance firms under a participation constraint that

internalizes a probability of default and requires the firms to allocate assets as collateral.

Constrained firms choose to export below their unconstrained optimal level because given

their productivity they would not earn sufficient revenues to repay the creditor, lowering

their exports to reduce the amount of capital required for variable costs.

Some papers stress the fact that exporters are frequently also importers of inputs. For

instance Amiti et al (2014) develop a model in which firms charge variable markups, and

4Argentina 2001; Brazil 1998; Colombia 1998; Indonesia 1997; Korea 1997; Malaysia 1997; Mexico

1994; Russia1998; Thailand 1997; Turkey 2001 and Uruguay 2002.
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dsplays the property that firms with large market shares that are also input importers

have low exchange rate pass-through5.

3 Main facts

This section first describes the main aggregate facts faced by the Uruguay manufacturing

sector during the 2002 financial and balance of payment crisis. Then, it states the main

empirical finding of this paper that after the large devaluation of the peso in 2002, even

if as expected the aggregate export share of the manufacturing sector was positively

correlated to the real exchange rate, at the micro level the correlation was negative.

Aggregate evidence. Let us first show some direct evidence on the positive correlation

between the export share and the real exchange rate at the aggregate level for the man-

ufacturing sector in Uruguay during the period of study. Figure 1 displays the export

share of the Uruguayan manufacturing sector (total FOB manufacturing exports divided

by total manufacturing production) emerging from national accounts data, both at cur-

rent and 1997-constant prices. We see that after the 2002 devaluation there is a significant

reallocation of manufacturing production towards the international market.

For the manufacturing sector, Figure 2 shows the implicit deflators of both domestic

production and exports, as well as the real exchange rate –measured as the ratio of the

export to the domestic deflators. Around 2002, export prices double following the 100%

devaluation of the Uruguayan peso against the american dollar, an indirect evidence of

Uruguayan exporters being price takers in the international market. Domestic prices, that

were slightly overvalued before 2002, follow but at a slower path. The pass-through of

the nominal devaluation to the domestic prices is initially partial. Consequently, the real

exchange rate increases by more than 20% between 2002 and 2004, to the then decline.

Figure 3 combines these two pieces of information to show that following the 2002 de-

valuation of the Uruguayan peso against the dollar, both the real exchange rate and the

export share largely increased, supporting the hypothesis that the real exchange rate and

the aggregate export share of the manufacturing sector are positively correlated.

If we interpret this evidence from the point of view of a model with a representative

firm, this would indicate that firms facing a depreciation of the real exchange rate would

respond by increasing their export share. However, as we show below, we do not find a

positive correlation between the real exchange rate and export share at the micro level.

5See also Blaum (2017) for an analysis of large devaluations.
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Figure 1: Export share of the manufacturing sector at current and constant prices
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Figure 2: Domestic prices, export prices and real exchange rate of the manufacturing sector

.2

.25

.3

.35

.4

.45

Ex
po

rt 
sh

ar
e

50

75

100

125

R
ER

1997 1998 1999 2000 2001 2002 2003 2004

RER Export share

Figure 3: Real exchange rate and export share in Manufacturing
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Figure 4: Changes in real exchange rates and export shares in manufacturing firms

Micro evidence. Aggregate manufacturing data adds domestic sales of exporters and

non exporters. However, exporters and non exporters are affected quite differently by

large devaluations, with action likely taking place at both the intensive and the extensive

margins. We provide evidence below of a significant negative correlation between firm

specific export shares and sector specific real exchange rates (intensive margin), with

negative but not significative correlation between sectorial real exchange rates and firm

specific probabilities of exiting the export market (extensive margin).

The Annual Economic Activity Survey (Encuesta Anual de Actividad Económica, EAAE)

of the National Statistics Institute (INE) of Uruguay reports revenue, employment, do-

mestic and imported purchases of intermediate inputs, imported and domestic capital

expenditures and domestic and export sales by product code.6

Evidence on the intensive margin. Let us first provide evidence of a significant

negative correlation between the firm specific export shares of exporters and sector specific

real exchange rates. Figure 4 shows changes in the real exchange rate and the export share

(measured as the ratio of firm’s exports to firm’s total sales), at the firm level, before and

after 2002 when the Uruguayan peso devaluated 100% against the dollar. In this figure,

individual firms’ exports and output at 1997 constant prices were averaged for three-year

periods pre and post devaluation, i.e. 1999-2001 and 2003-2005.7 Each dot represents a

6Two firm strata were defined within each 4-digit ISIC sector: firms larger that hundred employees

are all in the survey, while a representative random sample was taken from the set of smaller firms.

7The figure includes firms present in the sample in both periods, and exporting in at least one of them,
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Table 1

Dependent variable is export share

(Wooldridge-Papke estimation)

Ln TFP 0.518 ***

Ln employmen 0.390 ***

Ln wage per worker 0.735 ***

Imported input share 0.592 ***

Ln real exchange rate -0.867 ***

(2-year dummies and industry dummies)

Significant at *** 99%

firm. They are sometimes stacked in the vertical axis, since some firms share sectors and

hence are attributed the same real exchange rate changes. Despite this data problem, the

change in the firm level export share and the change in sectorial real exchange rates are

negatively correlated, the slope being estimated at -0.187 with p-value equal to 0.002.

Table 1 above reports the Wooldridge and Papke (2008) estimator of the impact of lagged

sectorial real exchange rates on firm level export shares controlling for some firm level

observables (TFP, employment, wages per worker and the share of imported inputs).8 As

it can be observed in Table 1, the sectorial real exchange rate is negatively correlated to

the firm level export share.9

Evidence on the extensive margin. Is there an impact of the observed changes in the

sectorial real exchange rate on the extensive margin too? Bernard and Jensen (2004) and

and firms that export in the first and then exit the sample. We do not include firms present in the sample

in the second period but not before, since they represent updates to the sample but not necessarily true

entry to the market.

8Notice that a regression model for a dependent variable which is a proportion -bound in the [0,1]

interval- places some constraints on the error term. The bounds imply that the effect of explanatory

variables tends to be non-linear (the effect of an x will not be constant across its range), and the variance

tends to decrease when the mean gets closer to zero or one. We follow the procedure suggested by

Wooldridge and Papke (2008).

9In 2002, separate exports figures are missing from the database due to data collection difficulties

during the crisis, that led to a simplified survey form delivered to firms. For this reason, we opted for

constructing a panel of biannual observations including 1997, 1999, 2001, 2003 and 2005. The observations

refer to each year, but firms are observed every two years, and changes are constructed with respect to

two years before.
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Table 2

Linear probability model

Dependent variable is export status

All firm characteristics in lags- annual observations

OLS Fixed effects Arellano-Bond

Lagged export status 0.777 *** 0.249 *** 0.280 ***

Ln TFP 0.022 * 0.036 * -0.005

Ln employment 0.035 *** 0.080 *** 0.032

Ln wage per worker 0.013 0.001 0.028

Imported input share 0.053 *** 0.063 ** 0.052

Ln real exchange rate -0.020 -0.058 -0.958

N 3903 3917 2449

Year dummies yes yes yes

Industry dummies yes

*** significant at 99 %; ** 95 % ;* 90 %

Roberts and Tybout (1997) estimate models in which the firm’s export status depends

on lagged plant characteristics and sectorial real exchange rates. In such models the

dependent variable is a binary function taking the value 1 if the firm exports in period t,

0 if it doesn’t, and its expectation is the probability of exporting.

We start by reproducing such exercise using the Uruguayan manufacturing firm data. As

in Bernard and Jensen (2004), firm characteristics are lagged one period. Among the

plant characteristics, we include the log of a firm-level TFP indicator obtained using the

Olley-Pakes estimator, as well as the log of employment, log of wages per worker and

imported input shares in materials. Results are reported in Table 2 including pooled

OLS, a panel fixed effects estimation and the Arellano-Bond consistent estimator.10

In general, our results are in line with Bernard and Jensen’s. Though control variables and

lagged export status have the same sign as in the Bernard & Jensen (2004) estimation,

10We have also estimated separately for the 1997-2001 and 2003-2005 subpanels and the results are

similar (though the Arellano-Bond estimator cannot be used for 2003-2005). Additionally, we have used

a panel of biannual observations including years 1997, 1999, 2001, 2003 and 2005. The model is different

in this case, and persistence evaluated by the impact of the dependent variable and firm characteristics

lagged 2 periods. We have undertaken a pooled OLS estimations with and without industry effects, a

panel fixed effects estimation and the Arellano-Bond consistent estimator. The results are qualitatively

similar.
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the real exchange effect on the export status of firms is, in the Uruguayan case, negative

but non significant.

4 Model Economy

4.1 General Description

This is a model of a small open economy, which we will refer to as the domestic economy,

trading with the rest of the world (RoW).

Domestic households. In the domestic economy, there is a continuum of identical

households of unit mass. Preferences of the representative domestic household are loga-

rithmic on a domestic composite consumption good cd and a homogeneous imported good

cm, represented by the utility function

u(cd, cm) = β log cd + (1− β) log cm, (1)

where β, β ∈ (0, 1), is the weight of the domestically produced composite good in con-

sumption utility. Let us denote by Pd and Pm the prices of the domestic composite good

and the imported good, respectively, both measured in the domestic currency. The im-

port price can be decomposed in two terms, the nominal exchange rate e and the foreign

currency import price p$m, i.e., Pm = ep$m (all along this paper, we use the subindex $ to

denote prices denominated in the foreign currency). Both e and p$m are exogenously given.

Under logarithmic preferences, total expenditure in the domestic good is proportional to

total expenditure in the imported good, i.e.,

Pdcd =
β

1− β
Pmcm.

Preferences for domestically produced goods are represented by

cd =

(
n

∫
z

qd(z)ρ dF(z)

) 1
ρ

,

where qd(z) is domestic consumption of variety z, F(z) is the equilibrium distribution

of firms along dimension z, and 1
1−ρ , ρ ∈ (0, 1), is the elasticity of substitution between

domestic varieties. Consumers maximize cd subject to a standard budget constraint. At

given domestic prices pd(z), the optimal inverse demand of domestic variety j is

pd(z) = Pdc
1−ρ
d qd(z)ρ−1, (2)
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where

Pd =

(∫
pd(z)

ρ
ρ−1 dF(z)

) ρ−1
ρ

is the price of the composite domestic good.

Domestic firms operate under monopolistic competition in the domestic market but

are price takers in the export market. A firm jointly produces qd and qx for the domestic

market and for the RoW, respectively. Firms’ production technology is

qd(z) + qx(z) = z1−α `p(z)α (3)

where `p is the total amount of flexible labor required to produce qd + qx; qd ≥ 0, qx ≥ 0

and α ∈ (0, 1).11 Firm specific productivity z is drawn from the entry distribution Φ(z),

z ∈ (z,∞), z > 0.

Domestic firms take the export price denominated in the domestic currency ep$x as given,

where p$x is the international price of exports, measured in the foreign currency, and e

is the nominal exchange rate. Moreover, they face an iceberg variable trade cost ep$xτ$,

where τ$ represents a fraction of the international price absorbed by variable trade costs.

τ$ is positive and exogenously given. In the following, we denote by p$ = p$x(1− τ$) the

export price net of variable trade costs denominated in the foreign currency, and we will

refer to it as the net export price. For simplicity, the net export price of all exporters is

normalized to a common price p$.

Domestic firms also face fixed production costs and fixed export costs. The fixed pro-

duction cost is equal to whp where w is the equilibrium domestic nominal wage and hp

an exogenous amount of labor. The fixed export cost is given by ef$, where f$ > 0 is

an exogenously fixed cost measured in the foreign currency. All domestic firms share the

same fixed production and export costs.

Financial Constraints. Let us assume that liquidity is needed for covering both vari-

able and fixed trade costs e(p$xτ$qx + f$).12 Contrary to Chaney (2016), we do not

assume that firms use (domestic or export) revenues to finance export costs. Also, we

do not assume that liquidity is randomly drawn. Liquidity, instead, is assumed to be

11Domestic firms can only export positive quantities. In particular, they cannot import, instead of

exporting, and sell the imported good in the domestic market.

12Similar arguments can be found in Chaney (2016) and Manova (2013).
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positively related to firm’s productivity; once the firm draws its z its liquidity constraint

is completely determined.

To be precise, let us assume that each firm is endowed with a firm specific liquidity A(z)

measured in units of the domestic currency, A(z) having a positive derivative with respect

to z. As in Chaney (2016), more productive and more profitable firms are less constrained.

Since A(z) is denominated in the domestic currency, we implicitly assume that domestic

firms have only access to the domestic financial market. In the following, we will assume

that A(z) = Azν , with A > 0 measures aggregate liquidity and ν > 1.

Consequently, a firm endowed with liquidity A(z) can export up to

qx(z) ≤ q̄x(z) ≡ Azν/e− f$

p$xτ$

. (4)

More productive, more profitable and larger firms face less stringent export constraints.

If firms have liquidity enough to pay for the export fixed costs, then q̄x > 0. Firms with

productivity z ≤
(
ef$/A

) 1
ν don’t export, since they cannot finance the fixed export cost.

4.2 Firm Behavior

In this section, we study the behavior of firms, which depending on firm specific produc-

tivity z may exit, produce for the domestic market only, or produce for both the domestic

and foreign markets. In the second and third cases, we will refer to firms as non-exporters

and exporters, respectively. Exporters, indeed, may be liquidity constrained or uncon-

strained. The functional form of qd, qx, pd and `p will critically depend on the firm being

non-exporter or exporter, constrained or unconstrained.

A firm characterized with productivity z maximizes net revenues (conditional on the

domestic demand function above)

π(z) = max
qd,qx

Pdc
1−ρ
d qd(z)ρ + ep$qx(z)− wz

α−1
α

(
qd(z) + qx(z)

) 1
α

subject to the export constraint

qx(z) ≤ q̄x(z),

and the non-negativity constraints qd ≥ 0, qx ≥ 0. The aggregate Pdc
1−ρ
d and the nominal

wage w, on top of the net export price ep$, are taken as given. The first order conditions

with respect to qd and qx, respectively, are

pd(z) =
1

ρ︸︷︷︸
markup

z
α−1
α w

α

(
qd(z) + qx(z)

) 1−α
α ,︸ ︷︷ ︸

marginal production cost

(5)
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ep$(z) =
z
α−1
α w

α

(
qd(z) + qx(z)

) 1−α
α + η, (6)

plus the Kuhn-Tucker condition

η
(
qx(z)− q̄x(z)

)
= 0,

where the Kuhn-Tucker multiplier associated to the export constraint η, η ≥ 0, is firm

specific. Profiting from its monopoly power, a domestic firm charges a markup over

marginal costs in the domestic market. In the foreign market, indeed, the firm equalizes

the marginal cost to the given export price, but when financially constrained, marginal

costs are increased by the shadow value of the financial constraint.

Of course, optimal net revenues have to be large enough to cover the fixed production costs

and the fixed export costs for firms to optimally produce and export, respectively. In what

follows, we analyze the behavior of domestic non-exporters and exporters (constrained and

unconstrained).

Non-exporters. Non-exporters optimally set qx = 0. Combining the demand function

(2) with the optimal condition (5), non-exporters produce for the domestic market the

quantity

qd(z) =

(
αρ

Pdc
1−ρ
d

w

) α
1−αρ

z
1−α
1−αρ .

Non-exporters simply equalize marginal income to marginal cost in the domestic market.

As expected, more productive firms produce more, and consequently charge a lower price

pd, where

pd(z)

Pdc
1−ρ
d

= qd(z)ρ−1 =

(
1

αρ

w

Pdc
1−ρ
d

)α(1−ρ)
1−αρ

z−
(1−α)(1−ρ)

1−αρ .

The domestic price of non-exporters pd(z) is not directly affected by a nominal depre-

ciation of the exchange rate, since it does not depend on e. Indeed, the relative price

pd(z)/Pd is homogeneous of degree zero on w and Pd; if wages and the aggregate domestic

price move at the same rate, the domestic price of non-exporters will raise at this rate

too. A devaluation has no direct effect on non-exporters prices. The pass-through has to

operate through wages and the effect of the domestic price of exporters in the domestic

price index Pd.

The labor demand of non-exporters is

`p(z) =

(
αρ

Pdc
1−ρ
d

w

) 1
1−αρ

z
(1−α)ρ
1−αρ .
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Substituting optimal quantities in the net revenue function, it reads

πn(z) = (αρ)
αρ

1−αρ (1− αρ)

(
Pdc

1−ρ
d

w

) αρ
1−αρ

Pdc
1−ρ
d z

ρ(1−α)
1−αρ , (7)

where subindex n is used to denote net revenues of non-exporter firms, which positively

depend on the firm specific productivity z. Changes in ep$ may affect the status of the

firm, but profits do not change if the firm remains a non-exporter.

Unconstrained exporters. Unconstrained exporters optimally set η = 0, which using

(5) and (6) implies

pd(z) =
ep$

ρ
.

When setting the domestic price, unconstrained exporters charge a markup 1/ρ on the

opportunity cost ep$ of exporting the marginal produced unit. Since domestic sales and

exports are jointly produced, their prices have to equalize after correcting for trade costs,

implicit in p$, and the domestic markup. Consequently, the domestic price set by an

unconstrained exporter does not depend on firm’s productivity z but on the net export

price p$. Unconstrained exporters pass a nominal devaluation directly to their domestic

prices. Notice that, given the structure of demand, exporting firms always find it optimal

to serve the domestic market.

Equilibrium domestic sales are then given by inverting the domestic demand function (2)

evaluated at the optimal domestic price derived above

qd(z) =

(
ρPd
ep$

) 1
1−ρ

cd,

which is independent of the firm specific productivity z and decreasing in the net export

price p$. From the optimal conditions (5) and (6), and the equilibrium domestic sales

above, exports are

qx(z) =
(αep$

w

) α
1−α

z −
(
ρPd
ep$

) 1
1−ρ

cd, (8)

increasing in both z and p$.13 Labor demand of unconstrained exporters reads

`p(z) =
(αep$

w

) 1
1−α

z.

13For a given p$, the productivity of the firm has to be large enough for qx(z) > 0, which arrives iff

z >

(
ρ
Pd
ep$

c1−ρd

) 1
1−ρ
(

w

αep$

) α
1−α

≡ zmin(p$).

Notice that the auxiliary function zmin(p$) is homogeneous of degree zero in nominal prices.
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Net revenues of unconstrained exporters are obtained after substituting qd and qx into the

net revenue function, which after some algebra becomes

πu(z) =
1− ρ
ρ

(ρPdc
1−ρ
d )

1
1−ρ (ep$)

ρ
ρ−1︸ ︷︷ ︸

(pd−ep$)qd

+ (1− α)
(α
w

) α
1−α

(ep$)
1

1−α z︸ ︷︷ ︸
ep$(qd+qx)−w·z

α−1
α (qd+qx)

1
α

, (9)

where subindex u indicates that the firm is an unconstrained exporter. As explained

above, profiting from their local market power, unconstrained exporters set a domestic

price larger than the net export price. The first term in the previous equation corresponds

to the gain of selling qd in the domestic market instead of exporting it. The second term

corresponds to the optimal net revenues of producing qd + qx. The first derivative of πu

with respect to p$ is positive.

Domestic prices of exporters increase with the net export price and do not respond to

productivity, while domestic prices of domestic producers do not change with the net

export price and go down when productivity increases.

Constrained exporters. An exporter is said to be liquidity constrained if uncon-

strained exports qx(z) are strictly larger than the constraint q̄x(z), in which case the

firm will export q̄x(z), making the shadow value of the constraint η(z) > 0. Combining

both optimal conditions (5) and (6)

pd(z) =
ep$ − η(z)

ρ
.

Firms facing a stringent export constraint will set a low domestic price relative to the net

export price (multiplied by the markup) to spill constrained exports over the domestic

market.

From the optimal condition for domestic sales (5), qd(z) is implicitly determined by

αρ z
1−α
α
Pdc

1−ρ
d

w
qd(z)ρ−1 =

(
qd(z) + q̄x(z)

) 1−α
α . (10)

The left-hand-side is positive and decreasing in qd, going to infinity when qd → 0 and

to zero when qd → ∞. The right-hand-side is increasing and positive. Then, for any

admissible z, an interior solution for qd(z) exists and is unique.14

14Constrained exports q̄x increase with productivity z at a rate νAzν−1/ep$xτ$ > 0. An increase in z

also reduces marginal cost of a given quantity of the jointly produced domestic and export production.

Differentiating (10) we get
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Inverting the demand function, the equilibrium domestic price reads

pd(z) = Pdc
1−ρ
d qd(z)ρ−1.

The labor demand of constrained exporters reads

`p(z) = z
α−1
α

(
qd(z) + q̄x(z)

) 1
α = z

(
αρ
) 1

1−α

(
Pdc

1−ρ
d

w

) 1
1−α

qd(z)
ρ−1
1−α .

Finally, net revenues of constrained exporters are

πc(z) = Pdc
1−ρ
d qd(z)ρ + ep$q̄x(z)− z

α−1
α

(
qd(z) + q̄x(z)

) 1
αw, (11)

where the subindex c indicates a constrained exporter.

4.3 Unconstrained Equilibrium

This section studies the behavior of an economy without financial constraints. The sorting

of firms into inactive, non-exporters and exporters depends on the comparison between

the profits that would be obtained from selling only domestically, πn(z)−whp, and those

from selling in both the domestic and export markets, πu(z) − whp − ef$. Only firms

with positive profits will remain active; firms don’t operate if the following conditions

simultaneously occur: πn < whp and πu < whp + ef$. A firm sells only domestically if

πn > max{whp, πu − ef$}, while a firm with πu − ef$ > max{whp, πn} is an exporter

(serving the domestic market too).

Marginal Producers. Equalizing the net revenue function of non-exporters in (7) to

the fixed production cost, i.e. πn(z∗) = whp, one gets the exit productivity cut-off z∗ for

the non-exporter marginal producer

z∗ =

(
w

Pdc
1−ρ
d

) 1
(1−α)ρ

(
hp

1− αρ

) 1−αρ
(1−α)ρ (

αρ
) α
α−1 . (EC)

As expected, the exit cutoff z∗ does not depend on the net export price px. Substituting

the (EC) condition into the net revenue function in (7), the non-exporters net revenue

function reads

πn(z) = whp

( z
z∗

) (1−α)ρ
1−αρ

.

∂qd(z)

∂z
=

(
αρPdc

1−ρ
d

w

) α
1−α

q
(ρ−1)α
1−α

d − dq̄x
dz(

1 + (qd+q̄x)α(1−ρ)
qd(1−α)

) ,

which can be negative if dq̄x/dz is large enough. An increase in z increases total production qd + q̄x.
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Notice that the exponent of z in the profit function πn(z) is strictly smaller than one,

implying that the profit function of non-exporters is concave on firm’s productivity z. It

is required that z is small enough for z∗ be strictly larger than z.

Notice also that in this framework, a firm with productivity smaller than z∗, as defined

by equation (EC), could be operative if p$ was large enough (or equivalently, if f$ was

small enough). In which case, profits in the export market would help covering the

fixed production costs. In the following, it is assumed that the fixed export cost f$ is

large enough (or p$ is small enough) for the marginal producer to be a non-exporter or

equivalent for πn(z∗) − whp = 0 > πu(z
∗) − ef$ − whp. In other words, the marginal

producer would make negative profits if it was an exporter.

Marginal Exporters. For firms with productivity z ≥ z∗, which make positive profits

when producing only for the domestic market, the marginal (unconstrained) exporter is

the one that gets πu(z) − ef$ = πn(z) > whp. The difference in net revenues between

being an exporter and a non-exporter has to be large enough to pay for the export fixed

costs. The corresponding cutoff z∗x is then implicitly defined by the condition

whp

(
z∗x
z∗

) (1−α)ρ
1−αρ

︸ ︷︷ ︸
πn(z∗x)

=
1− ρ
ρ

(
ρPdc

1−ρ
d

) 1
1−ρ

(ep$)
ρ
ρ−1 + (1− α)

(α
w

) α
1−α

(ep$)
1

1−α z∗x − ef$.︸ ︷︷ ︸
πu(z∗x)−ef$

(XC)

The marginal exporter in this region makes strictly positive profits.

Unconstrained exporter profits, at the right-hand-side of (XC), are an increasing linear

function of z with negative intercept (thanks to the previous assumption that f$ is large

enough). Non-exporter profits, at the left-hand side, are increasing and concave on z,

crossing the origin. It is easy to see that as z increases, πn(z) has to cross πu(z) from

above and it will cross it only once, implying that z∗x exists and is unique. Since f$ is

assumed to be large enough, z∗x > z∗. The fixed production cost hp has to be large enough

to z∗x be larger than z∗. The problem is represented in Figure 5, where non-exporters and

unconstrained exporters profits are plotted as a function of productivity z. The entry

density distribution φ(z) is represented in Figure 6 explicitly showing the cutoff points

z∗ and z∗x, with z at the origin. [CORRECT FIGURE 10, since πn(z) should cross the

origin.]

Equilibrium Definition. Let us define P̂d = Pd/e and ŵ = w/e as the price of the

composite domestic good and wages, respectively, both measured in the foreign currency.

An equilibrium is a vector {ŵ, P̂d, cd, z∗, z∗x} satisfying the cutoff conditions
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unconstrained exporters profits

non exporters profits

0 

πu, πx

z* zx* z

Figure 5: Unconstrained exporters and non-exporters profits

exit
domestic firms

unconstrained exporters

 φ(z)

z* zc* z

Figure 6: Unconstrained equilibrium
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z∗ =

(
hp

1− αρ

) 1−αρ
(1−α)ρ (

αρ
) α
α−1

(
ŵ

P̂d

) 1
(1−α)ρ

c
ρ−1

(1−α)ρ
d (EC)

ŵhp

(
z∗x
z∗

) (1−α)ρ
1−αρ

=
1− ρ
ρ

(
ρP̂dc

1−ρ
d

) 1
1−ρ

p
ρ
ρ−1

$ + (1− α)
(α
ŵ

) α
1−α

p
1

1−α
$ z∗x − f$ (XC)

and the labor market clearing (LM), the domestic price index (P) and the balanced trade

(TB) conditions

1− hp
(
1− Φ(z∗)

)
=

(
αρ

P̂d
ŵ

) 1
1−αρ

c
1−ρ
1−αρ
d

∫ z∗x

z∗
z

(1−α)ρ
1−αρ dΦ(z) +

(
α
p$

ŵ

) 1
1−α

∫ ∞
z∗x

z dΦ(z) (LM)

1 = (αρ)
αρ

1−αρ

(
P̂d
ŵ

) αρ
1−αρ

c
(α−1)ρ
1−αρ
d

∫ z∗x

z∗
z

(1−α)ρ
1−αρ dΦ(z) +

(
ρP̂d
p$

) ρ
1−ρ (

1− Φ(z∗x)
)

(DP)

1− β
β

Pd
e
cd︸ ︷︷ ︸

Pmcm/e

=
( α

ŵ

) α
1−α

p
1

1−α
$

∫ ∞
z∗x

zdΦ(z) −
((

ρ P̂d

) 1
1−ρ

p$
ρ

ρ− 1
cd + f$

)(
1−Φ(z∗x)

)
. (TB)

It is easy to see that any change in e is passed-through to the price of the composite

domestic good Pd and the nominal wage w without affecting real variables.

The equilibrium conditions are nonlinear functions of the cutoffs productivities z∗ and z∗x,

the price of the composite domestic good P̂d, the wage ŵ, and the aggregate domestic

consumption cd. Then, the Walras Law applies and a nominal devaluation (an increase

in e) has no real effect.

Exchange rate pass-through and export response. We are interested in under-

standing the effects of a devaluation (a change in e) on the exporter’s specific real exchange

rate, ep$/pd, and their export shares qx/(qx + qd).

Unconstrained exporters profit from their market power in the domestic market to com-

pletely pass a nominal devaluation to the domestic price, letting their real exchange rate

unchanged. In this sense, there is complete nominal exchange rate pass-through. They

also put pressure in the labor market, up to the point that wages adjust upward, propor-

tionally to the devaluation. Non-exporters are then obliged to follow by also passing the

devaluation to the domestic price because of the raise in the nominal wage rate.
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Notice that the exporter’s export share, qx/(qx + qd), depends directly on wages ŵ and

the price of the domestic composite good P̂d, both measured in foreign currency, i.e.,

qx
qx + qd

= 1−

(
ρP̂d c

1−ρ
d

p$

) 1
1−ρ (

ŵ

αp$

) α
1−α

z−1.

If the pass-through of a nominal devaluation was not complete for all goods, P̂d and ŵ will

decrease, implying that an unconstrained exporter will increase its export share while not

changing its real exchange rate. As a counterpart, some firms have to be increasing their

domestic shares at the time their specific real exchange rates depreciate. In the following

section, we show that it is the case in a constrained equilibrium.

4.4 Constrained Equilibrium

A constrained equilibrium is an equilibrium where some exporters are financially con-

strained. In the following, we impose conditions such that at the constrained equilibrium

there exists three cutoffs z∗, z∗c and z∗u, z < z∗ < z∗c < z∗u, such that firms exit if z < z∗,

produce but not export if z ∈ (z∗, z∗c ), export but are financially constrained if z ∈ (z∗c , z
∗
u)

and export without facing any financial constraint if z > z∗u.

Marginal Producers. The exit condition (EC), as in the unconstrained equilibrium,

determines the productivity cutoff z∗ such that firms with productivity z ∈ (z, z∗) exit,

otherwise, they optimally produce. Like in the unconstrained equilibrium, given the other

parameters, z has to be small enough for z∗ > z.

Marginal Constrained Exporters. Profits of the marginal non-exporter and the

marginal constrained exporter, πn(z) − whp and πc(z) − whp − ef$, respectively, have

to be equal, which implicitly defines the equilibrium (constrained) export cutoff z∗c

P̂d c
1−ρ
d qd(z

∗
c )
ρ + p$q̄x(z

∗
c )− z∗c

α−1
α
(
qd(z

∗
c ) + q̄x(z

∗
c )
) 1
α ŵ − f$ = ŵhp

(
z∗c
z∗

) ρ(1−α)
1−αρ

, (XCc)

where the constrained domestic output function qd(z) solves equation (10). Firms with

productivity z ∈ (z∗, z∗c ) are non-exporters, those with productivity z > z∗c are exporters.

It can be seen that z∗c > z∗x, since constrained exports reduce profits relative to uncon-

strained exports, requiring then a larger productivity to relax the export constraint and

allow the marginal exporter to cover the fixed export costs. Under the condition that f$

is large enough for z∗x > z∗, z∗x as defined in equation (XC), then it also holds z∗c > z∗.
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Proposition 1 At a constrained equilibrium

z∗c ≥ z∗x,

for z∗x being the export cutoff at the unconstrained equilibrium.

Proof. For any z,

πu(z) ≥ πc(z),

since unconstrained profits cannot be strictly smaller than constrained profits. Conse-

quently, since both πu(z) and πc(z) are increasing on z, both cut πn(z) from below,

π′n(z) > 0, then z∗c ≥ z∗x.

Marginal Unconstrained Exporters. Unconstrained exporters optimally export less

than q̄x(z), while constrained firms would like to export more than q̄x(z) but cannot

because they are financially constrained. The marginal unconstrained exporter chooses

to produce q̄x(z) if productivity z = z∗u, such that

(A/e)z∗νu − f$

p$xτ$︸ ︷︷ ︸
q̄x

=
(αp$

ŵ

) α
1−α

z∗u︸ ︷︷ ︸
qd+qx

−

(
ρP̂dc

1−ρ
d

p$

) 1
1−ρ

︸ ︷︷ ︸
qd

. (XCu)

Notice that constrained exports, at the left-hand-side, are increasing in z and convex,

with negate intercept f$/(p$xτ$). Unconstrained exports, indeed, are linearly increasing

in z with negative intercept too. Consequently, if

f$

p$xτ$

>

(
ρP̂dc

1−ρ
d

p$

) 1
1−ρ

a solution for z∗u exists and is unique.15 Under this assumption, exporters are uncon-

strained or constrained depending on z being larger or smaller than z∗u. Notice that by

reducing τ$, f$
p$xτ$

can become arbitrarily large, but domestic production qd is bounded

at equilibrium by the available mass of resources. In other words, if τ$ were zero, firms

would not be financially constrained in their exports since no financial resources would be

needed to cover variable trade costs, provided the firm can finance the fixed export cost.

The (XCu) condition establishes the productivity cutoff defining the border between the

constrained and unconstrained exporters, which depends on p$. We will refer to it as

15The assumption requires fixed export costs to be larger than the variable trade costs needed to export

total domestic sales.
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the unconstrained cutoff. An exporter is unconstrained if z > z∗u, constrained other-

wise, since available funds increase proportionally more than optimal exports when firm’s

productivity increases.

Finally, export cutoffs must also sort exporting firms so that the unconstrained exporters

have larger productivities than constrained exporters, i.e. z∗u > z∗c . That is the case when

the non-exporter firms profit schedule πn(z) schedule cuts the unconstrained exporters

profits schedule πu(z) at z < z∗u. This ensures πn(z) also intersects πc(z) at a z∗c < z∗u.

Figure 7 represents profits of exiting, non-exporting, constrained and unconstrained ex-

porting firms as a function of productivity z along with the constrained economy produc-

tivity cutoffs.

The z∗, z∗c and z∗u cutoffs depend on relative prices P̂d and ŵ. Since liquidity is nominated

in local currency, the constraint q̄x(z) negatively depends on the nominal exchange rate e.

A devaluation reduces q̄x(z) as well as unconstrained profits, moving both cutoffs to the

right, making the nominal devaluation to have real effects. It pushes some constrained

exporters to become non-exporters (or exit), renders constrained some exporters that were

previously unconstrained and reduces exports of previously constrained exporters. The

first and second effects operate thought the extensive margin, and the third one through

the intensive margin.16

Firm sorting is represented in Figure 8, which adds to Figure 6 a subset of export con-

strained firms between z∗c and z∗u, while the unconstrained exporters remain those to the

right of z∗u. Highly productive firms have large available financial resources; for that rea-

son such firms are not constrained, in the sense that their optimal export status decision

does not change with respect to the unconstrained situation (though export quantities

would change when equilibrium aggregates change).

As represented in Figure 8, firms will exit, produce for the local market only, or produce

for both the local and foreign market -being liquidity constrained or not.17 Firms exit iff

z ≤ z∗,; firms only produce for the domestic market iff z∗ < z ≤ z∗c ; firms produce for the

local market and export under an export constraint iff z∗c < z ≤ z∗u; finally, firms produce

for the local market and export without export constraint iff z > z∗u.

16See Chaney (2016) and Manova (2013).

17We restrict the analysis to equilibria where both z∗x and z∗c are smaller than z∗u, in which case z∗x plays

no role in defining equilibrium. If z∗c , indeed, is larger than z∗u, no exporter is constrained at equilibrium,

with max{z∗x, z∗u} being the cutoff between non-exporters and unconstrained exporters. Notice that in

this case all exporters are unconstrained.
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Figure 7: Constrained equilibrium profits and cutoffs
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φ(z)
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Figure 8: Constrained and Unconstrained subsets
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Constrained equilibrium conditions. Differently from the unconstrained economy,

in which equilibrium displayed the full pass-through property by which changes in the

exchange rate e are compensated by changes in domestic prices Pd and w, in the con-

strained economy we expect relative prices to change with devaluations. Hence equilib-

rium conditions will be written in terms of Pd and w rather than P̂d and ŵ, and the

exchange rate parameter e introduced explicitly. A constrained equilibrium is a vector

{w,Pd, cd, z∗, z∗c , z∗u} satisfying the cutoff conditions

z∗ =

(
hp

1− αρ

) 1−αρ
(1−α)ρ (

αρ
) α
α−1

(
ŵ

P̂d

) 1
(1−α)ρ

c
ρ−1

(1−α)ρ
d (EC)

(A/e)z∗νu − f$

p$xτ$

=
(αp$

ŵ

) α
1−α

z∗u −

(
ρP̂dc

1−ρ
d

p$

) 1
1−ρ

(XCu)

P̂dc
1−ρ
d qd(z

∗
c )
ρ + p$q̄x(z

∗
c )− z∗c

α−1
α
(
qd(z

∗
c ) + q̄x(z

∗
c )
) 1
α ŵ − f$ =

= (αρ)
αρ

1−αρ (1− αρ)

(
P̂dc

1−ρ
d

ŵ

) αρ
1−αρ

P̂dc
1−ρ
d z∗c

ρ(1−α)
1−αρ (XCc)

where function q̄x(z) is defined by

q̄x(z) = (Az∗νu /e− f$)/p$xτ$

and qd(z) (implicitly) by

αρ P̂dc
1−ρ
d qρ−1

d = z
α−1
α

(
qd + q̄x(z)

) 1−α
α ŵ,

and the labor market clearing condition (LMc), the domestic price index condition (DPc)

and the balanced trade condition (TBc), respectively, are

1−hp
(
1−Φ(z∗)

)
=

(
αρ

P̂d
ŵ

) 1
1−αρ

c
1−ρ
1−αρ
d Λ1+(αρ )

1
1−α

(
P̂dc

1−ρ
d

ŵ

) 1
1−α

Λ2+
(αp$

ŵ

) 1
1−α

Λ3 (LMc)

1 =

(
αρ

P̂d
ŵ

) αρ
1−αρ

c
ρ(α−1)
1−αρ
d Λ1 + c−ρd Λ4 +

(
ρ P̂d

) ρ
1−ρ

p
ρ
ρ−1

$

(
1− Φ(z∗u)

)
(DPc)

1− β
β

P̂d cd︸ ︷︷ ︸
Pmcm/e

= p$Λ5+
(α
ŵ

) α
1−α

p
1

1−α
$ Λ3−

(
ρ P̂d

) 1
1−ρ

p$

ρ
ρ−1 cd

(
1−Φ(z∗u)

)
− f$

(
1−Φ(z∗c )

)
(TBc)

where

Λ1 =

∫ z∗c

z∗
z

(1−α)ρ
1−αρ dΦ(z)
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Λ2 =

∫ z∗u

z∗c

zqd(z)
ρ−1
1−α dΦ(z)

Λ3 =

∫ ∞
z∗u

z dΦ(z)

Λ4 =

∫ z∗u

z∗c

qd(z)
ρ dΦ(z)

Λ5 =

∫ z∗u

z∗c

q̄x(z)dΦ(z) =
A/e

p$xτ$

∫ z∗u

z∗c

zνdΦ(z)− f$

p$xτ$

∫ z∗u

z∗c

dΦ(z).

Effect of a devaluation. A devaluation of the local currency, an increase in e, makes

liquidity more stringent and reduces q̄x(z), making it more difficult for a subset of firms

to export. Notice that the same effect is to be expected from a worsening of financial

conditions per se, i.e. a fall in A. This is a way of modeling the correlation between

the financial crisis and the large exchange rate devaluation that took place in 2002 in

Uruguay.

In fact, the constraint reacts more than proportionally to changes in the nominal exchange

rate since (z is omitted to simplify notation)∣∣∣∣ ˙̄qx
q̄x

∣∣∣∣ =
A(z)

A(z)− ef$

ė

e
>
ė

e
.

A devaluation will directly affect domestic sales of constrained exporters; by reducing the

export constraint q̄x, as argued above, it will increase qd, which requires a reduction of

the firm specific relative domestic price pd/Pd to make demand follow.

The constraint locus shifts down. For those firms already pushed out of the export market

feasible exports are reduced, hence their status does not change and they remain domestic

firms. Firms close to the z∗c locus, however, experiment a tightening of their constraint and

marginal firms are pushed out of the export market. Hence the z∗c cutoff shifts rightward

as a result of a devaluation.

Additionally, the set of the already constrained exporters that continue to export see

their export constraint tightened. As the constraint locus shifts down, some of the high

productivity firms before unconstrained start to be also constrained. Also the z∗u locus

shifts rightward as a result of a devaluation. Only the subset of highest-productivity firms

will still remain as unconstrained exporters after a devaluation. This is consistent with the
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observed fact that after a financial crisis with devaluation, the aggregate export recovery

is based heavily in the response of the largest firms. This reconciles the observation of

a larger aggregate export share with the fact that the export share is actually reducing

after the devaluation in the cross section of exporting firms.

To develop a more formal argument, the price equation gives

ρ pd = ep$ − η,

where η is the value of the export constraint. It is easy to show that dpd/pd < de/e iff

dη/η > de/e, i.e., constrained firms don’t fully pass the devaluation to the domestic price

if the value of the constraint increases more than the devaluation.

From the first order condition for exports,

η = ep$ −
w

αz
(qd + q̄x)

1−α
α .

Let us assume that q̄x decreases with a nominal devaluation. In this case, since

αρ z
1−α
α
Pdc

1−ρ
d

w
qρ−1
d = (qd + q̄x)

1−α
α

for given aggregates, a decrease in q̄x needs to be compensated by an increase in qd, which

reduces qd + q̄x.

Even in the extreme case that wages fully follow the devaluation, it can be seen that

dη/η > de/e iff qd + q̄x decrease after a devaluation, which we have just shown to be the

case.

When financial constraints become tougher, constrained exporters are forced to reduce

their exports and their production, freeing labor and pushing the wage rate down. At

the same time, they increase their supply in the domestic market pushing domestic prices

down. The reduction in the wage rate and in domestic prices leads non-exporters to reduce

their prices too, which reinforces the negative effect on the domestic price. Notice that

the domestic prices of unconstrained exporters remain unchanged, since it is determined

by foreign price.

The domestic price reduction of constrained exporters and non-exporters induce exporters

to reallocate production towards the foreign market, increasing their exports, which par-

tially compensates the reduction of constrained exports. As a consequence, constrained

exporters see their real exchange rate depreciate at the time their exports contract, while

unconstrained exporters increase their exports without changing their real exchange rate.
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The correlation between the real exchange rate and exports at the firm level is then

negative.

5 Model simulation

Though the model has no analytical closed form solution, its functioning can be analyzed

by numerically solving for equilibria and obtaining comparative statics results.

5.1 Parameter calibration

Parameter values in Table 3 were set taking into account some previous estimates in the

literature, in particular some research on the Uruguayan case, and by making the model

predict some observed moments of the Uruguayan manufacturing data. Following Lucas

(1978) “span of control” model, parameter α measures decreasing returns on firm’s flexible

labor input. In line with Hsieh and Klenow (2006), we set it to 0.55.18 Consistently with

previous research on manufacturing markups in Uruguay, we set the demand elasticity

parameter ρ to 0.67.19

Table 3

Calibration

α ρ hp f$ β τ$ A ν κ z

0.55 0.67 0.33 0.33 0.37 0.165 0.175 1.15 1.53 1

The fixed entry cost hp is set to 0.33 so that the exit rate predicted by the model matches

the 5.7% exit rate of the Uruguayan economy measured by Casacuberta and Gandelman

(2015) for the period 1999-2005. Similarly, parameter f$ is set to 0.33 in order to match

the 21% fraction of exporting firms observed in Uruguayan manufacturing (Manufacturing

Survey 1997-2005, Uruguayan National Statistic Institute). Parameter β is set to 0.37,

the average ratio of imports to domestic consumption measured by the Central Bank of

Uruguay for the manufacturing, 1997-2005. Following Lalanne et al (2008), parameter τ$ is

18In Atkeson and Kehoe (2008), α is equal to 0.8.

19Hoekman, Kee and Olarreaga (2004) provide an estimate of the average industry markup for a set

of countries. They estimate for Uruguay an average markup of 2.57 with the associated 95% confidence

interval [1,0, 4.1]. This sets ρ between .24 and .99.
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set to 0.165, measuring the variable trade costs (tariff and non-tariff) faced by Uruguayan

exporters. Parameters A and ν, which we’ve set to values A = 0.175 and ν = 1.15.

The entry productivity distribution is assumed to be Pareto, in the support z > z = 1,

with tail parameter κ set to 1.53, to match the standard deviation of the estimated TFP

distribution of Uruguayan manufacturing firms.2021 In addition to parameters α, β, ρ,

hp, f$ and τ$, which calibration is discussed in the previous section, without any lost of

generality, the nominal exchange rate e and the foreign net price p$ are normalized to

one.

We seek to solve the system of equations (EC), (XCc), (XCu), (LMc), (DPc), and (TBc)

for variables {ŵ, P̂d, cd, z∗, z∗c , z∗u}. Under the assumption that the entry distribution is

Pareto,

1− Φ(z) = z−κ

Λ1 =

(
κ(1− αρ)

κ(1− αρ) + αρ

)(
z∗

(1−α)ρ
1−αρ −κ − z∗c

(1−α)ρ
1−αρ −κ

)
Λ3 =

κ

κ− 1
z∗u
−κ+1

Λ5 =
A(1− τ$)

ep$τ$

κ

κ− ν

(
z∗c
−κ+ν − z∗u

−κ+ν
)
− f$(1− τ$)

p$τ$

(
z∗c
−κ − z∗u

−κ
)

However, there are no explicit expressions for

Λ2 =

∫ z∗u

z∗c

zqd(z)
ρ−1
1−α dΦ(z)

and

Λ4 =

∫ z∗u

z∗c

qd(z)ρ dΦ(z),

where the constrained domestic sales qd(z) solve equation (10).

Table 4 reports the solution for the benchmark calibration (row “bench”), and the equilib-

rium effects of changing some key parameters.22 As reported in Table 4, at the benchmark

20Firm specific TFP was estimated on the Manufacturing Survey following Levinsohn-Petrin. For our

assumed lower bound of 1 and tail parameter κ for the Pareto distribution of z, the coefficient of variation

of z is given by 1/
√
κ(κ− 2).

21We conceive it as an ad-valorem measure of the distance between the price paid by the foreign

customer and income of the domestic exporting firm. Lalanne et al (2008) calculate a measure (Market

access- overall trade restrictiveness index) intended to provide a single index that weighs the protection

structure of all Uruguay’s trade partners to obtain an equivalent of a single uniform tariff that if applied

would leave Uruguayan exports unchanged. They estimate (for year 2006) such measure in 23,6% and

that will be our value for τ$.

22The numerical algorithm is described in Appendix B.
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calibration with e = 1 almost all exporters are unconstrained. The behavior of the un-

constrained economy is analyzed in Appendix A. In general, parameter changes in the

constrained model move the cutoffs and the aggregates in the same direction and not far

in magnitude as in the unconstrained model.

Table 4

Parameter changes and equilibrium values - Constrained model

x ∆x export unconst z∗ z∗c z∗u cd P̂d ŵ

bench - 0.210 0.998 1.073 2.972 2.976 0.397 1.161 0.906

A 0.9 0.205 0.770 1.074 3.022 3.584 0.400 1.148 0.898

ν 0.99 0.210 0.967 1.073 2.972 3.039 0.397 1.160 0.905

It is interesting to see the effect of changes in those parameters that directly affect firms

liquidity, A and ν. In particular, ν determines how fast available liquidity increases with

firm productivity. Reductions in A and ν increase domestic production (reducing average

domestic price).

5.2 Large devaluations

In the constrained economy, a raise in the nominal exchange rate has real effects, since

by reducing liquidity it tightens financial constraints. Table 5 reports the effects on the

benchmark model of devaluating the nominal exchange rate between 20% and 100%.

Table 5

Equilibrium aggregates and cutoffs and exchange rate - Constrained model

e active export unconst z∗ z∗c z∗u cd Pd w RER

1 0.897 0.210 0.998 1.073 2.972 2.976 1.00 1.00 1.00 1.00

1.2 0.894 0.198 0.629 1.076 3.104 4.201 1.02 1.16 1.17 1.03

1.4 0.888 0.178 0.385 1.081 3.341 6.236 1.06 1.29 1.31 1.09

1.6 0.885 0.159 0.209 1.083 3.608 10.033 1.10 1.37 1.42 1.17

1.8 0.887 0.142 0.090 1.081 3.881 18.724 1.15 1.43 1.50 1.26

2 0.899 0.126 0.026 1.072 4.153 45.512 1.21 1.44 1.54 1.39

As it can be observed in Table 5, both wages and the domestic price follow the devaluation,

but they do at a lower rate, implying that the pass-through is only partial. At the last
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row of Table 5, a 100% devaluation of the nominal exchange rate increases the domestic

price in 44% and the domestic wage in 54%, both denominated in the local currency.

This reflects an increase in prices of the domestic sales of both constrained exporters (less

than full pass through) and unconstrained exporters (full pass through), and an increase

in wages due to the pressure of exporters in the labor market.

Concerning selection, the devaluation has almost no effect on the entry cutoff z∗, implying

that the fraction of active firms remains roughly constant. This result reflects the fact

that the situation of the marginal non-exporter is not directly affected by the devaluation,

with the indirect effects being minor. The export cutoff z∗c , indeed, increases, since the

devaluation tightens the financial restrictions of the marginal exporters, making them to

become non-exporters. This is so because a devaluation reduces the available liquidity

needed to pay for variable and fixed trade costs. As a consequence, the financial crisis

strongly reduces the fraction of exporters, as reported in column “export” in Table 5. The

effect of the devaluation is even stronger for the unconstrained cutoff z∗u, making 97.5% of

firms financially constrained after a 100% devaluation. All together these effects result in

an increase of domestic consumption of the domestically produced composite good, which

increase a 21% after a 100% devaluation, due to the decline of the price of the domestic

composite good relative to the price of the imported good.

The extend of the pass-through of a nominal devaluation is described by the change of

the aggregate real exchange rate. The price in the local currency of exports is ep$. The

average price faced by domestic firms in the domestic market is the price of the domestic

composite good Pd. Hence, we measure the aggregate real exchange rate faced by domestic

firms as ep$/Pd. Since the price of the domestic composite good Pd does not track e fully

in the constrained economy, the real exchange rate depreciates by 39% when the nominal

exchange rate depreciates 100%. The last column of Table 5 reports the real exchange rate

for different levels of the nominal exchange rate, clearly showing that the pass-through is

smaller the larger the devaluation.

Figure 9 represents, for different levels of the nominal exchange rate, both the constrained

q̄x(z) and unconstrained qx(z) export functions, the crossing point corresponding to z∗u.

The figure shows that when the nominal exchange rate increases, the unconstrained locus

qx(z) slighlty shifts up, while the slope constrained locus q̄x(z) strongly shifts down,

causing the cutoff productivity z∗u to move outward with e.
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Figure 9: Constrained and unconstrained exports, by exchange rate

5.3 Export response

Our main research question is about the export response of firms in a small open economy

facing simultaneously a large devaluation of the nominal exchange rate and a strong re-

duction in liquidity. In that respect, we summarize the behavior of firms by two statistics:

Firm level real exchange rate. Let us define the firm level real exchange rate as

ep$/pd. For all exporters, the export price denominated in local currency is equal to ep$.

When selling to the domestic market, unconstrained exporters charge a fixed markup to

the opportunity cost of exporting, i.e. their domestic price equals pd =ep$/ρ. Hence, their

firm-level exchange rate ep$/pd is constant and equal to ρ. Unconstrained exporters fully

pass the devaluation to the domestic price (full pass-through). Constrained exporters,

indeed, cut the domestic price in order to reallocate production towards the domestic

market. Then liquidity constrained, exporters set a domestic price smaller than ep$/ρ. A

devaluation will at the same time worsen the constraint and increase ep$. The exchange

rate pass-through of constrained exporters will be then incomplete. We do not have an

explicit expression for constrained exporters exchange rate pass-through.
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Firm level export share. As stated before, the export share of unconstrained exporter,

qx/(qx + qd),is given by:

qx
qx + qd

= 1−

(
ρP̂d c

1−ρ
d

p$

) 1
1−ρ (

ŵ

αp$

) α
1−α

z−1.

More productive firms will export a larger fraction of their output. In our constrained

economy, this expression holds for z > z∗u. After a devaluation, the export share of

unconstrained exporters would only change through changes in the aggregates cd, P̂d and

ŵ. It will go up if the pass-through for the domestic price P̂d and wages ŵ is partial, as

reported in Table 5.

For constrained exporters, z∗c < z < z∗u, we do not have an explicit expression for the

export share q̄x/(q̄x + qd). Indeed, their constrained exports and domestic sales are neg-

atively related. After a devaluation, the financial constraint worsens, i.e. A/e falls, and

constrained exports also fall. Then for constrained firms the export share will go down.

Firm level simulation results. From the numerical solution Figure 10 shows the

relation between export share and productivity for different levels of the nominal exchange

rate. A devaluation of the nominal exchange rate, increases the set of constrained firms.

For a given productivity, the export share of an unconstrained firm that was already

unconstrained does not increase much. However, for a given productivity, the export

share falls for firms that were already constrained, as well as for firms that shift from

being unconstrained to be constrained.23

In turn, Figure 11 shows the firm-level exchange rate for constrained and unconstrained

exporters. The real exchange rate of unconstrained exporters remains unchanged when

the nominal exchange rate depreciates, being equal to ρ = 0.67, but indeed the set of

unconstrained firm shrinks. Conversely, in the case of the constrained exporting firms, for

a given productivity z, if the nominal exchange rate increases the firm remains constrained,

but with a higher firm level real exchange rate. It is also the case for firms that cease to

be unconstrained and become constrained at a larger nominal exchange rate. As it can

be observed, the marginal constrained exporter also sets a real exchange rate equal to ρ.

Firm level export share and real exchange rate. In our model, there is a negative

relation between the firm level export share and the corresponding real exchange rate.

23Given our tail parameter κ=1.53, z = 50 represents the 0.9975 percentile of a Pareto distribution.
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Figure 10: Export share by firm type and exchange rate

Figure 12 shows, for different levels of the nominal exchange rate e, the relation between

the firm-level real exchange rate and the the firm-leve export share. The decreasing inter-

val in each locus (corresponding each to a different nominal exchange rate) corresponds

to constrained exporters. For them, the export share increases with productivity since

liquidity (and then constrained exports) increases faster than unconstrained exports when

firm’s productivity raises. For unconstrained exporters, indeed, the real exchange rates

become constant and equal to ρ. More productive unconstrained firms have larger export

shares, approaching one as productivity goes to infinity.

Table 6 shows the negative correlation between the firm specific real exchange rates and

export shares for a nominal devaluation between 20% and 100%. Correlations are mea-

sured for the balanced panel of firms that were exporters before and remain exporters

after the devaluation.

Like in the data, the model generates a negative correlation between the firm specific real

exchange rate and the firm specific export share; the negative correlation is increasing
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Figure 11: Real exchange rate by firm type and exchange rate level

Table 6

Firm-level correlation of

export share vs RER changes

e Corr

1.2 -0.013

1.4 -0.033

1.6 -0.046

1.8 -0.052

2 -0.056

With respect to benchmark e = 1

with the. size of the nominal devaluation.
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6 Conclusion

TO BE WRITTEN

Appendix

A Unconstrained model numerical solution

In an unconstrained equilibrium, firms are sorted into three status: exit, non-exporters

and (unconstrained) exporters (also selling domestically). Parameters α, ρ, β, hp, f$ and

τ$ take the values suggested in the previous section, and the nominal exchange rate e is

normalized to one. We set the fixed export price as p$ = ν/(ν − 1) = E(p$).

We solve numerically the nonlinear equation system (EC), (XC), (LM), (DP) and (TB)

for {ŵ, P̂d, cd, z∗, z∗x}. Given that the entry distribution is Pareto, the integrals involving

the productivity distribution are explicit solved using

1− Φ(z) = z−κ
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∫ z∗x

z∗
z

(1−α)ρ
1−αρ dΦ(z) = κ

[
(1− α)ρ

(1− αρ)
− κ
]−1 (

z∗x
(1−α)ρ
1−αρ −κ − z∗

(1−α)ρ
1−αρ −κ

)
∫ ∞
z∗x

z dΦ(z) =
κ

κ− 1
z∗x
−κ+1.

As to the effect of the exchange rate, there is full pass-through of devaluations. It can

be checked that the exchange rate e is present in equilibrium conditions only through

relative domestic prices and wages ŵ = w/e and P̂d = Pd/e. A change in e would induce

changes in nominal wages and domestic prices but will have no real effects. The cutoff

points would not change, as would not cd.

Table 7 shows the equilibrium effects of changes in model parameters. In the benchmark

economy, p$ = 1, β = .37, α = .55, ρ = 2
3
, hp = 1

3
and f$ = .33. As to the distribution of

z, we set z = 1 and κ = 1.53.

Table 7

Parameter changes and equilibrium values - Unconstrained model

x ∆x active export z∗ z∗x cd P̂d ŵ

benchmark - 0.898 0.210 1.073 2.972 0.397 1.161 0.905

p$ 1.1 0.904 0.222 1.068 2.856 0.395 1.293 1.006

hp 1.1 0.821 0.220 1.137 3.058 0.372 1.230 0.899

f$ 1.1 0.891 0.199 1.078 3.095 0.398 1.146 0.896

κ 1.1 0.924 0.235 1.048 2.475 0.376 1.091 0.830

α 1.1 0.805 0.201 1.153 3.292 0.348 1.259 0.902

ρ 1.1 0.834 0.206 1.126 3.162 0.414 1.106 0.892

β 1.1 0.949 0.184 1.035 3.128 0.446 1.149 0.922

Parameters were changed one by one. At equilibrium, 90% of firms produce, of which

21% are exporters. The first row of Table 7 shows the equilibrium values corresponding

to the benchmark economy.24

24Equilibrium existence requires some additional constraints to hold and we have checked them to hold

ex-post once the equilibrium was computed for a fixed p$. First, we impose that desired exports must be

non negative, which if z > zmin for all p$ also holds in this case. The ordering z∗x > z∗ must hold (the

z∗n cutoff is not binding in this case). Also, existence and unicity of the z∗x locus requires an additional

condition for ef$ as discussed in section 4.1.
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In the second row it can be seen that a 10 percent increase in the foreign price p$ fun-

damentally affects selection to the export market: z∗x decreases, inducing some firms to

become exporters. Notice that an increase in p$ is equivalent to a reduction in variable

trade costs τ$ (remind that p$ = p$x(1 − τ$)). Differently to Melitz, in a small open

economy since exporters pass any change in p$ to the domestic price, a change in variable

trade costs only affects equilibrium through the term f$/p$, meaning that a reduction in

variable trade costs is equivalent to a reduction in fixed trade costs. In facts, if f$ follows

p$ (if a reduction in variable trade costs is compensated by an increase in fixed export

costs), w and Pd follow it too and the real equilibrium remains unchanged. The pressure

of new exporters in the labor market makes wages, and then the domestic price Pd, to

increase by more than 10%.

An increase in fixed production cost hp raises selection by moving z∗ upward with also an

induced effect on selection to the export market: there is an increase in z∗x, i.e. only higher

productivity firms afford to pay production and export costs. The fraction of active firms

reduces and the exporting firms share increases.

An increase in fixed export cost f$ shifts the export productivity cutoff z∗x upward and

raises selection in the export market, causing the fraction of exporting firms to fall. The

change in the exit cutoff z∗ is very small.

A larger productivity distribution tail parameter κ implies that the mass of productivity

to the left of any value z increases. In equilibrium, also the exit and productivity cutoffs

z∗ and z∗x go down. Consequently, the fractions of active and exporting firms go up.

A larger output elasticity parameter α is associated to higher cutoffs z∗ and z∗x , and

smaller fractions of active and exporting firms. A larger domestic variety elasticity of

substitution ρ implies lower market power in the domestic market and less markup on

marginal cost. Domestic output is larger, and domestic price falls. A larger domestic good

preference parameter β induces less imports and through the trade balance condition,

exports go down, too. Aggregate domestic consumption cd goes up and its aggregate

price Pd goes down. For any firm, desired (unconstrained) exports schedule qx(z) shifts

downward. Only more productive firms get to export, and this means export cutoff z∗c

goes down. The overall impact brings more exit of firms, i.e. cutoff z∗ goes down with

respect to the benchmark economy.
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B Numerical algorithm

In the numerical solution, the support of the distribution of z is defined on a grid of n

points at intervals of fixed length between z = 1 and a large enough z. We denote zg the

z points in the grid.25

Our set of candidate initial values of aggregates P̃d, w̃ and c̃d are the solutions obtained for

the unconstrained model. We set our fixed export price as p$ = 1. We can immediately

calculate cutoffs z∗ and z∗u. Then we solve the nonlinear three equation system formed

by the quantity constraint equation, the constrained firm domestic production implicit

condition equation (qd), and the marginal constrained exporters cutoff function (CXC) in

z∗c , qd(z
∗
c ) and q̄x(z

∗
c ) to obtain cutoff z∗c . We also compute qd(z) and q̄x(z) for every point

in the z grid.

Given the cutoffs we compute 1 − Φ(z∗), 1 − Φ(z∗c ), 1 − Φ(z∗u) and integrals Λ2, Λ4 and

Λ7. For Λ3 and Λ5, we calculate approximations by adding areas obtained for the disjoint

intervals [zgzc , zgzc + l], ..., [zgzu − l, zgzu ], being zgzc the point in the z grid closer but

larger than z∗c and zgzu the point in the z grid closer but smaller than z∗u. The integrals

in each subinterval are approximated by the product of the interval length, l, times the

average of the function at the interval endpoints:

Λ̂3 =
∑

z∗c<zg<z
∗
u

l · κ ·
[(
qd(zg)

) ρ−1
1−α z−κg +

(
qd(zg + l)

) ρ−1
1−α (zg + l)−κ

]
/2

and

Λ̂5 =
∑

z∗c<zg<z
∗
u

l · κ ·
[(
qd(zg)

)ρ
z−1−κ
g +

(
qd(zg + l)

)ρ
(zg + l)−1−κ] /2

When the number of points increases, and l is reduced, the sums converge to the actual

integrals. Once the approximations to integrals are obtained, we solve the three-equation

nonlinear system of equilibrium conditions (LM), (Pd), and (TB), and obtain solutions

for the three unknowns Pd, w and cd. The process is repeated and the solutions fed as

candidate values of the procedure until convergence is achieved. Convergence is under-

stood as both Pd, w and cd solutions differing from iteration to iteration in an arbitrarily

small amount, and solving the equilibrium equation system.

25For the interval [1, z], at the (1− γ)th percentile z(1−γ) = 1/(γ(1/κ)).
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