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Abstract

This paper studies the effects of monetary policy shocks on firms’ participation in exporting. We
develop a two-country dynamic stochastic general equilibrium model in which heterogeneous firms
make forward-looking decisions on whether to participate in the export market and prices are
staggered across firms and time. We show that while lower interest rates and a currency
depreciation associated with an expansionary monetary policy help to increase the value of
exporting, the inflationary effects of the policy stimulus weaken the competitiveness of some firms,
resulting in a contraction in firms’ export participation. In contrast, positive productivity shocks
lead to a currency depreciation and an expansion in export participation at the same time. We show
that, overall, the extensive margin is more sensitive to firms’ price competitiveness with other firms
in the export market than to exchange rate movements or interest rates.

Bank topics: Business fluctuations and cycles; Economic models; Firm dynamics; International
topics; Monetary policy

JEL codes: F44, E52, F12

Résumé

Dans cette étude, nous examinons les effets des chocs de politique monétaire sur la participation
des entreprises au marché de I’exportation. Nous élaborons a cette fin un modele d’équilibre général
dynamique et stochastique a deux pays dans lequel 1) des entreprises hétérogénes prennent des
décisions prospectives quant a leur participation au marché de 1’exportation et 2) les ajustements
des prix sont échelonnés entre les entreprises et dans le temps. Nous montrons que, si un repli des
taux d’intérét et une dépréciation de la monnaie induits par une politique monétaire expansionniste
aident a accroitre la valeur de la participation au marché de 1’exportation, les effets inflationnistes
de la détente monétaire pesent quant a eux sur la compétitivité de certaines entreprises, ce qui se
traduit par une diminution de la participation de ces entreprises au marché de I’exportation. En
revanche, les chocs de productivité positifs entrainent a la fois une dépréciation de la monnaie et
une augmentation de la participation & ce marché. Il ressort de notre étude que, dans I’ensemble, la
marge extensive est plus sensible a la compétitivité des prix des exportateurs qu’aux variations du
taux de change et des taux d’intérét.

Sujets : Cycles et fluctuations économiques; Modéles économiques; Dynamique des entreprises;
Questions internationales; Politique monétaire
Codes JEL : F44, E52, F12



Non-technical summary

With the exceptionally sluggish recovery from the Great Recession around the world, the
prolonged period of expansionary monetary policy stances and the introduction of quantitative
easing programs in a number of advanced economies reignited a debate over the role of a domestic-
currency depreciation in stimulating the domestic economy through shifts in aggregate demand.
While the standard beggar-thy-neighbour argument focuses on shifts in aggregate demand owing
to changes in trade flows, little has been studied on its effects on the participation of individual
firms in international trade.

In this paper, we examine the effects of monetary policy shocks on firms’ participation in
exporting. We extend the two-country dynamic-stochastic general equilibrium model of Imura
(2016) in which firms make forward-looking decisions on whether and how much to export, and
prices are staggered across firms and time. In addition to price rigidities, firms in our model face
persistent shocks to their productivity each period, giving rise to firm-level heterogeneity in prices,
productivity and export status.

We find that lower interest rates and a depreciation of the domestic currency due to an
expansionary monetary policy shock raise the value of exporting. However, the inflationary effects
of the monetary stimulus increase production costs and weaken the competitiveness of some
exporters, resulting in a contraction of export participation among domestic firms. In contrast, the
shock increases aggregate export revenues for that country. The increase in aggregate exports and
the contraction along the extensive margin thus imply a reallocation of production resources
toward more competitive firms and larger market shares for those surviving exporters. This is
unlike positive productivity shocks, which lead to a depreciation of the domestic currency and an
expansion of export participation at the same time.

Our results offer an important implication for the cyclicality of exporter dynamics. Naknoi (2015)
reports that, for a median country in her sample, the extensive margin of exports is almost

uncorrelated with the output of the exporters’ origin country. Our findings suggest that monetary
policy shocks may partly contribute to the lack of positive comovement between the extensive
margin and output. We provide suggestive empirical evidence that the extensive margin of exports
declines persistently in response to an expansionary monetary policy shock for the United States.



1 Introduction

With the exceptionally sluggish recovery from the Great Recession around the world, the prolonged
period of expansionary monetary policy stance and the introduction of quantitative easing programs
in a number of advanced economies reignited a debate over the role of a domestic-currency depre-
ciation in stimulating the domestic economy through shifts in aggregate demand. In particular,
some policy-makers raised a concern that such stimulative monetary policy measures would lead
to competitive devaluation of the currencies of these countries that would give an advantage to the
export sector in support of their domestic industry.

While the standard beggar-thy-neighbour argument focuses on shifts in aggregate demand
toward domestic goods and the resulting changes in trade flows, little has been studied on its
effects on individual firms’ participation in international trade. This, in part, may be due to
the perception that the adjustment along the extensive margin of trade is sluggish and hence its
relevance to monetary policy transmission is limited. At first glance, previous empirical studies
using low frequency trade data suggest that the evolution of the extensive margin of trade is
gradual. For example, Bernard and Jensen (2004) report that firms’ export status exhibits high
persistence in the U.S. manufacturing sector. However, more recent studies have revealed that the
extensive margin of trade is in fact highly volatile over business cycles and more so than output.
Alessandria and Choi (2008) report that the extensive margin of exports is 1.5 times as volatile as
GDP for the United States, and Naknoi (2015) reports that the extensive margin of exports to the
United States is three times more volatile than the GDP of exporting countries. These findings
shed new light on the dynamics of firms’ export participation over business cycles and offers a new
dimension of monetary policy transmission.

In this paper, we examine the effects of monetary policy shocks on firms’ participation in
exporting using a two-country DSGE model and analyze different channels through which monetary
policy affects firms’ export participation decisions. We show that, while lower interest rates and a
depreciation of the domestic currency due to an expansionary monetary policy shock raise the value
of export participation, inflationary effects of the monetary stimulus raise domestic production costs
and weaken the competitiveness of some exporters, resulting in their exit and discouraging entry
of less productive firms.

For our analysis, we extend the two-country dynamic stochastic general equilibrium model
of Imura (2016) wherein firms make forward-looking decisions on whether and how much to export,
and prices are staggered across firms and time. Following the exporter dynamics of Alessandria
and Choi (2007), the presence of a sunk cost of entering the export market implies that firms’
export participation decisions are dynamic, as they evaluate the expected future profitability of
exporting against the alternative value of not exporting in the current period. As firms in our
model face price rigidities in addition to persistent shocks to their productivity each period, firm-

level heterogeneity in prices, productivity and export status provides a more realistic framework to



study the implications of monetary policy for individual firms’ decisions to export.

In our model economy, a firm’s value of export participation is directly influenced by rela-
tive export prices, the exchange rate, interest rates and foreign demand. The monetary authority
in each country follows a Taylor-rule interest rate policy function that reacts to domestic inflation
and the real exchange rate. Since we assume that new entrants and incumbent exporters borrow
to finance their respective export costs prior to production, a change in the policy rate directly
influences the profitability of export participation through changes in the financing costs. In addi-
tion, the monetary authority indirectly influences the profitability of exporting and hence export
participation through general-equilibrium effects on the exchange rate, production costs and export
prices.

Our quantitative analysis reveals that, while an expansionary monetary policy shock in-
creases aggregate export revenues for that country, it entails a contraction of export participation
among domestic firms. When exported goods are priced in the currency of the destination market
(local currency pricing), for a given level of exported goods, a real depreciation of the producers’
currency (or, equivalently, a real appreciation of the destination currency) increases export rev-
enues in their currency. At the same time, the lower interest rate reduces the cost of financing
export costs. The depreciation and the lower interest rate both raise the profitability of export
participation, and hence have the potential to expand the extensive margin of trade. However, in-
flationary effects of the monetary stimulus raise production costs and hence optimal export prices,
thereby weakening the competitiveness of some firms in the export market. We find that, overall,
firms’ decisions to participate in exporting are more sensitive to their price competitiveness against
other exporters and firms in the destination market. Therefore, for some potential entrants and
incumbent exporters, the loss of competitiveness due to the rising production costs and higher
prices dominates the positive effects of currency depreciation and lower interest rates, and we see
a contraction in export participation. The increase in aggregate exports and the contraction along
the extensive margin thus imply a reallocation of production resources toward more competitive
firms and larger market shares for those surviving exporters.

In contrast, we show that a positive productivity shock leads to a depreciation of the
domestic currency and an expansion of export participation at the same time. In this case, higher
productivity leads to a lower marginal cost of production and hence lower optimal prices, supporting
the competitiveness of home firms in the export market. In addition, the increasing consumption
in the home country relative to that of the foreign country leads to a real depreciation of the home
currency, which further contributes to an increase in export profitability. In this case, we see both
a depreciation of the currency and an expansion of export participation.

Our finding that a positive productivity shock encourages export participation but a mon-
etary stimulus leads to a contraction in export participation has an important implication for

exporter dynamics when an economy faces a downturn due to a negative productivity shock and



the monetary authority responds with an expansionary monetary policy shock. A negative pro-
ductivity shock would reduce the country’s total exports and the number of firms participating in
exporting. If the monetary authority responds to the recessionary effects of the negative produc-
tivity shock with an expansionary policy shock, then our model predicts that it would reduce the
extensive margin even further, while supporting the recovery of the domestic economy.

We also consider various Taylor-rule specifications and examine their effects on the dynamic
paths of the extensive margin of trade. We show that an interest rate rule that is more aggressive
on stabilizing domestic inflation moderates fluctuations in the extensive margin of the country’s
exports. When inflation is more tightly controlled, it reduces fluctuations in the real exchange rate,
which attenuates the changes in real export revenues. At the same time, the reduced inflationary
pressures support the competitiveness of domestic firms in the export market, and the fluctuations
along the extensive margin of trade are also dampened. Exploring a scope for an international
policy cooperation, we show that when the monetary authority in both countries take exchange
rate fluctuations into their policy considerations, neither margin of exports is affected relative to
the baseline case, but the GDP expansion is shared more evenly across the two countries, with a
smaller expansion for the home country and a larger positive spillover to the foreign country.

The procyclical responses of the extensive margin to productivity shocks and its coun-
tercyclical responses to monetary policy shocks that we show in this paper have an important
implication for the cyclicality of exporter dynamics. Naknoi (2015) reports that, for a median
country in her sample of 99 countries, the extensive margin of exports to the United States is al-
most uncorrelated with output of the exporters’ origin country. Our findings suggest that monetary
policy shocks may play an important role in explaining the lack of positive comovement between
the extensive margin and output.

Finally, we provide suggestive empirical evidence from vector autoregression (VAR) analysis
that the extensive margin of U.S. exports declines persistently in response to an expansionary U.S.
monetary policy shock. Qualitatively, this is consistent with the results of our model that the
extensive margin of exports experiences a contraction in response to an expansionary monetary
policy shock.

The remainder of the paper is organized as follows. Section 2 reviews the related literature.
In section 3, we describe our model economy in detail. Section 4 summarizes calibration and

steady-state characteristics of the model. Results are presented in section 5. Section 6 concludes.

2 Related literature

Over the past decade, the extensive margin of trade has become an important dimension in the
literature of international business cycles, starting with the seminal work by Melitz (2003) and its
application to the general equilibrium analysis in Ghironi and Melitz (2005) and Alessandria and
Choi (2007).



Alessandria and Choi (2007) developed a model of forward-looking export participation
choices by introducing large sunk costs of entry into the export market and per-period continuation
costs of exporting for incumbent exporters. They calibrated the model to match the entry and exit
dynamics of U.S. exporters and showed that export decisions have negligible effects on the dynamics
of net exports and the real exchange rate. Imura (2016) extended their model by introducing
price rigidities and showed that when an aggregate shock has significant effects on optimal export
prices, the delay in intensive margin adjustments due to price rigidities leads to sizable shifts in
the profitability of export participation. This in turn generates larger responses in the number of
exporters and amplifies the responses of trade flows relative to a model without exporter entry and
exit. In our present paper, we build upon her model and introduce working capital in the production
of tradable intermediate goods and an explicit monetary policy rule to study the transmission of
monetary policy shocks to firms’ export decisions.

Some existing studies have examined the implications of domestic firm entry (or product
creation) for monetary policy in closed-economy settings. Bilbiie, Ghironi and Melitz (2007) study
optimal monetary policy in a DSGE model with product creation, and Bilbiie, Fujiwara and Ghironi
(2014) analyze the effects of variety creation on optimal inflation. Bergin and Corsetti (2008) report
empirical evidence that the extensive margin within the domestic market increases in response to
expansionary monetary policy shocks. They explain this finding using a general equilibrium model
with price rigidities and firm entry into the domestic market and show that a fall in the real
interest rate raises the expected discounted profits from creating a new firm, thereby encouraging
the entry of new firms. In their environment, firms’ entry decisions are static, and all firms set
the same price one period ahead under their assumption of symmetry. Therefore, there is no price
dispersion between incumbent firms and potential entrants, and hence firms’ entry decisions do
not depend on the pricing behavior of incumbent firms. In contrast, our model assumes firm-level
heterogeneity in productivity and the timing of price adjustment, and export participation decisions
are forward-looking due to sunk entry costs. Therefore, the evolution of price differentials among
incumbent exporters as well as between incumbents and potential entrants alters their market share
in the destination market, and hence monetary policy affects export entry/exit decisions through
its impact on the price dynamics. Using a two-country monetary model with firm entry into the
domestic market, Cavallari (2013) shows that firm entry in the domestic market amplifies the
international transmission of monetary policy shocks because changes in the terms of trade affect
the relative price of investment to create a new firm.

Despite the growing number of studies on international business cycles with the extensive
margin of international trade, there is much less existing work analyzing the role of monetary
policy in the presence of exporter entry and exit. Cooke (2014) examines the effects of monetary
shocks on entry of intermediate-good exporters using a framework of two-stage production and

trade where exchange rate pass-through to consumption-good products can be complete (under



producer currency pricing) or incomplete (under local currency pricing), while pass-through to
intermediate-good prices, which are flexible, is complete. In his model, a depreciation of the
domestic currency due to a monetary expansion increases (decreases) entry of intermediate-good
exporters when pass-through to consumption-good prices is incomplete (complete). This is due to
his two-stage production structure wherein changes in home households’ demand for final goods
directly affect foreign producers’ demand for home exports of intermediate goods, and the degree
of the shift in household demand is determined by exchange rate pass-through to consumer-good
prices. In contrast, in our framework, the extensive margin of exports declines in response to
an expansionary monetary policy regardless of the currency of pricing. In our model, the foreign
demand for the home country’s exports is not directly affected by the level of aggregate consumption
in the home country, as is the case in Cooke (2014), and only indirectly through its effects on the
real exchange rate. Therefore, changes in production costs and hence relative prices of exports
have more dominant effects on the foreign demand for home exports in our quantitative analysis.
Further, exporters in our model make entry/exit decisions in the export market and also face price
rigidities at the same time, whereas Cooke’s framework assumes that prices are flexible for firms
making export entry/exit decisions. Therefore, our model generates important interactions between
entry/exit decisions and the current and expected future rise in inflation, which gives rise to a more
prominent effect of the rising production costs on firms’ export decisions.

Cooke (2016) studies optimal monetary policy in a two-country model with exporter en-
try/exit decisions, similar to the setup of Ghironi and Melitz (2005). He shows that as a home
monetary contraction improves the terms of trade, consumption increases, and policy-makers have
an incentive to set higher interest rates, which lead to higher long-run inflation. Higher interest
rates force less productive firms to exit the market, thereby raising the economy-wide productivity.
In his model, prices are flexible, and monetary policy generates real effects because households face
restrictions in their choice of portfolio composition. In contrast, we explicitly model price rigidities

and study the stabilizing effects of monetary policy on trade flows and firms’ export participation.

3 Model

The model economy consists of two symmetric countries: Home and Foreign. In each country,
there is a continuum of identical households, a unit mass of monopolistically competitive firms
each producing a differentiated tradable intermediate good, and final-good producers who combine
domestically produced intermediate goods and imported intermediate goods. Final goods are non-
tradable.

Intermediate-good firms are heterogeneous in productivity, export costs and the timing of
price adjustment. Each period, they face persistent firm-level productivity shocks. All intermediate-
good firms produce and sell in the domestic market; however, exporting is costly and involves export

costs that depend on firms’ export status in the previous period. If a firm did not export in the



previous period, it must pay a sunk entry cost in order to start exporting.'

Once in the export
market, incumbent exporters pay a continuation cost every period in order to remain in the export
market. These export costs are i.i.d. across firms, time and countries. In any given period, firms
reset their domestic and export prices separately with some probability. This price-adjustment
probability varies across firms depending on the number of periods since their most recent price
adjustment.

The following subsections describe the model economy from the perspective of the home
country. Analogous conditions hold for the foreign country. Foreign counterparts to home-country

variables are indicated by an asterisk.

3.1 Intermediate good producers
3.1.1 Static problem

Each intermediate good firm 4 has the following CES production technology:
ye(i) = 2(0) A (i) Lo(i) ', (1)

where z(i) is firm-specific productivity in the current period, A; is aggregate productivity, K (i) is
capital rented from domestic households, and L(7) is a labor input. The firm-specific productivity
z(4) is discrete and follows a Markov switching process with transition probabilities prob(z’ = zz|z =

z¢) = Tez. The firm’s static problem minimizes the production cost:

R
Kl gy " T

subject to equation (1), where w; is real wage and r; is the rental rate of capital.

3.1.2 Profits

Since the production function has constant returns to scale, we can decompose a firm’s total profit
into profits from domestic sales and those from exports. Consider a firm in the domestic market
with current productivity z. and an effective price Pﬁ (zs), which was set j periods ago when this
firm had productivity z;. Let yft(zs) denote domestic demand for this firm’s output. The real

profit of this firm from domestic sales is

Pl(z) H

a7 (20, Pfa(s)) = =520 () = wel? (20, P(zs) ) = rid (e Pii(29)) (2)

"We assume that a firm that has exported at some point in the past and is resuming to export in the current
period also has to pay the same sunk entry cost as first-time exporters.



where P, is the aggregate price index of the home country.?

In addition to selling in the domestic market, intermediate-good firms can choose to export
to the foreign country if they pay export costs that are paid as labor costs for hiring additional
workers. Consider an exporter with current productivity z.. Let Pfg(zs) denote an export price
this firm set j periods ago when it had productivity z;. We assume local currency pricing, and
hence Pj)g(zs) is denominated in the currency of the foreign country. The firm’s real export profit,

excluding export costs, is

PX(2) e

t
dg( (an Pj),(t—(zs)> = Qt JP* yj,t
t

(20) = 0Ly (20, PY(20)) = k" (2, Pi(2)) . (3)

where yJHt*(zS) is the foreign demand for this firm’s exports, @; is real exchange rate (home con-
sumption good per unit of foreign consumption good), and P/ is the aggregate price index of the

foreign country.

3.1.3 Domestic prices

Let a; be the probability of price adjustment in the current period given that the firm last adjusted
its price j periods ago. We assume that all firms adjust their price with probability 1 within J
periods: ay = 1.

Let Vog(zc) denote the value of a firm in the domestic market that has current productivity

level z. and is currently adjusting its domestic-market price:

)\ Ny Nz

Vol’z(zc) = Prgz(xx) d? (zc, P(ﬁ(zc))Jr,BEt;\il [al chg%j?t+1(25)+(1—oz1) Z 7r05V£+1 (25, P(ﬁ(zc)) 1
0,¢(%c t é=1 =1

(4)

for ¢ =1,---,n,, where 8 is the household subjective discount factor, A; is the date-t household

marginal utility of consumption, and VLDt 41(+) is the value of the firm next period if it cannot adjust
its price next period. This firm chooses P(f?t(zc) in order to maximize (4).
The domestic-market value of a firm that is not currently adjusting its price and has current

productivity z. and an effective price P]g(zs), is

Atr1 & &
Vi3 (s PRzs)) = P (2e, Pfa(2s) ) 6B [O‘m > meeVia (e H(1—az41) Y eV e (26 PR(2))
=1 c=1

forc=1,---,n,,s=1,--- ny,and j=1,---,J — 2, and

M1
VP (70 PR a(26)) = AP (e PRy l39) + BB S mesVia (22)
c=1

21f the firm adjusts its price in the current period, then j = 0 and zs = z.



forc=1,--- ,n,,and s=1,--- ,n,.

3.1.4 Export prices

Exporters must pay export costs that depend on their export status in the previous period. If a
firm did not export in the previous period and chooses to enter the export market in the current
period, it must pay an i.i.d. sunk entry cost 7 drawn from a time-invariant distribution n ~ G¥(n).
If a firm was an exporter in the previous period and chooses to continue exporting in the current
period, it must pay a continuation cost £ drawn from a time-invariant distribution & ~ G(§). We
assume that these export costs must be paid before production and exporting take place. In order
to finance the export costs, firms borrow intraperiod loans at a nominal interest rate ;.

Let V;¥(zc,n) denote the value of exporting for a potential entrant (a firm that was not an
exporter last period) that has current productivity z. and an entry cost draw 7. If this firm decides
to enter the export market in the current period, it sets an optimal price for its exports upon entry.
We assume that the export price may differ from the current price the firm uses in the domestic

market. The value of exporting for this potential entrant can be expressed as

: M1
Vi (z¢,m) = max { PI)Y}?J(LX) [dtx (Zc, PoX,t(Zc)) — ignwe + SEy ;\H > weeHi 41 (Za Poy(ze), §t+1) ] ;
0,¢\% toe=1

SE, At:l

3 ZT('C@Vt_EH(Z&nH-l)} (5)

e=1

for ¢ = 1,--- ,n, where Hj;11(-) is the expected value of exporting next period defined below.
The first term inside the binary max operator is the value of entering the export market in the
current period with the optimal price PO)’(t(zc), and the second term is the value of not entering this
period (and hence zero export profit this period) and being a potential entrant again next period.
Prior to learning whether it will reset its export price in the current period, the export value of

this incumbent exporter is

Hj,t (an P]"),(tt(zs)ag) = ajvv())ftv (267§> + (1 - O[])Vj?g (267 R]{i(zs)vg)

forc=1,--- ,n,,s=1,--- ,ny,and j=1,---,J —1, and

Hy(ze,8) = Vo)ﬁ(zc,{) (6)

forc=1,---,n,.
Next, we describe the Bellman equations of incumbent exporters. Let VOX; (2¢,€) be the
value of an incumbent exporter that is resetting its price this period and has current productivity

z. and an i.i.d. export cost £. Let Vfg (zc, Pj)g(zs), §) be the exporting value of an incumbent that



is not able to adjust its price this period and has current productivity z., an effective price P]{i(zs)

and an i.i.d. export cost £. The export value for incumbent exporters conditional on price reset is

I/()fi(zc,g) = max{ max) [df (zC,P(fﬁ(zc)> — y§wy + fE; —— t+1 chcHl 141 (zc,POt(zc) &H)]
—1

F, t(ZC

A
FEy Zl Zﬁcc‘/}+1(2c,77t+1)} (7)
=1

forc=1,---,n,, and the values conditional on no price reset are

A
Vfg (anpﬁi(zs))g> = max {dt (207 X( )) 7ftgwt + BE; t+1 Zﬂ'cc j+1,t+1 (207P]X7;<Zs) €t+1>

c=1

A
BEt ;\Jtrl Zﬂ'ccvprl(zant-i-l)} (8)

c=1

forc=1,--- n,,s=1,---,n,, j=1,---,J—2, and

Vi (Zm Pj(—u(zs)aﬁ) = max {df( (an Pf(—u(zs)) —it§wy + PE; ;H ZWC@HJ,t-‘t-l (22, &t+1) 5
t

c=1

A
BE; Zl ZﬂcthH(Zcﬂ?tH)} 9)

forc=1,--- ,n,,and s=1,--- ,n,.

Incumbent exporters with current productivity z. that are resetting prices in the current
period choose Po)ft(zc) so as to maximize equation (7). Entrants with current productivity z. choose
Po)ft(zc) that solves equation (5). Since the optimal price does not depend on the export costs, for a
given level of current firm-specific productivity z., entrants and price-resetting incumbent exporters

choose the same optimal price P(i(t(zc).

3.1.5 Exporter entry and exit decisions

We now turn to how firms make decisions on whether or not to participate in the export market. Let
nF(z.) denote the maximum entry cost that last period’s non-exporters with current productivity
z. are willing to pay in order to start exporting this period. This threshold entry cost equates the
value of entering the export market (the first element of the binary max operator in equation (5))

to the value of not entering this period (the second element of the binary max operator):

)\ )\ Tz
IBEt ;\+1 Z ch‘/;—i-l (ZC7 77t+1) - dt (ZC) PO t(Zc)) /Ltnt (Zc)wt+/8Et tA+1 Z TrCEH].,t-Q—]_ (ZE, PO),(;(ZC)’ é-t-i-].)
b=t t =1



fore=1,---,n,.

Similarly, let £?(z.) denote the maximum continuation cost that incumbent exporters with
current productivity z. that are adjusting price this period are willing to pay in order to con-
tinue exporting in the current period. From equation (7), this threshold cost equates the value of

continuation and the value of exiting the export market this period:

>\t+1 Ati1 &
PE—— ZﬂcthH(zc,mH) =d¥ (Zc, Fs t(Zc)) —i&p (ze) wi+BE = 3 > TeaHi 41 (ZE7 Po),(t(zc)aﬁtﬂ)
=1 toe=1
forc=1,---,n,.
Finally, using equations (8) and (9), we can define the maximum export cost &/ (z, z) that
non-price-adjusting incumbent exporters with current productivity z. and an effective export price

PX

N(zs) are willing to pay in order to continue exporting this period:

A A Lz
BE;—— t+1 ZWCCVt—l—l(zmnt—&-l) = d (Zc,Pﬁ(Zs)) iv€] (2, 25 )wi+ BBy Zl Y TeeHjt141 (Zé,Pﬁg(Zs),ﬁtH)
—1 =1

forc=1,---,n,,s=1,--- ,ny,and j=1,--- ,J — 2, and

BB S At“ S eV o) = 4 (2o Py o)) =i (2 ) BB 2L t“ waﬂm (7 &)
e=1 e=1
forc=1,--- ,n,,and s=1,--- ,n,.

Using the threshold export participation costs derived above, along with the continuous
time-invariant distributions of export costs 1 and &, we can determine firms’ probabilities of entry
and continuation in the export market prior to the realizations of these costs. For potential entrants,
the probability of entering the export market is (7 (z.) = G¥ (nf (zc)) forc=1,---,n,. For price-
adjusting incumbent exporters, the probability of remaining in the export market is ¢ (z.) =
G (§? (2¢)) for ¢ = 1,--+ ,n,. For non-price-adjusting incumbents, the probability of remaining in

the export market is Cg(zc,zs) =G (fg(zc,zs)) forc=1,---,n,,s=1,--- ,ny,andj=1,---,J—1.

3.1.6 Evolution of firm distributions

Let 0;¢(2c, zs) denote the mass of firms in the domestic market starting date ¢ with productivity z.

and a domestic price Pjg(zs). The evolution of the distribution of firms is

Oj1,041(26,25) = (1 — ) D Teabja(ze, 25)

c=1
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fory=1---,J—-1,§=1,--- ,n,,and ¢ =1,--- ,n,. The mass of firms in the domestic market

starting ¢ + 1 with productivity zz and a domestic price Pf’t 41(z5) 1s

J n.
01 1 chzs WSCZZOZ] 75t 28728
j=1s=1
fors=1,---,n,,and ¢ =1,--- ,n,. Since there is a unit mass of firms in the domestic market,

6(-) sums up to 1: Z 1>z yonz 1 054(ze, 25) = 1.

The evolution of the mass of exporters can be described in a similar way but taking into
account the probability of entry/exit in the export market. Let 1); (2., zs) be the mass of incumbents
starting date ¢ with productivity z. and an export price Pj)f;(zs), and let NF(z.) be the mass
of entrants with productivity z. at time ¢t. The evolution of the distribution of price-adjusting

incumbents is

J n:
P11 (ze, 25) = m5al (25) D > abje(2s, 2s) + mse N (25)
j=1s=1
foré¢=1,---,n,,and § =1, ---,n,, where the first term on the right hand side of the equation

is the mass of price-adjusting incumbents continuing to export at time ¢, and the second term
represents the mass of entrants at time ¢. The evolution of the distribution of non-price-adjusting

incumbents is

ny
wj—i-l,t—O—l(ZEv 25) = (1 - aj) Z th (ZC’ Z§)7r65wj7t('zc: z§)’

c=1
fory=1,---,J—-1,5§=1,--- 'n,,and ¢ =1,--- ,n,. The mass of entrants with productivity z.
at time ¢ is
J ny J nz
NtE(ZC Ct Zc Zzejt 20725 Zz¢j,t(zc;zs)
j=1s=1 j=1s=1
forc=1,---,n,.

3.2 Final good producers

Final good producers combine domestically produced intermediate goods and imported foreign

intermediate goods to produce final goods D;:

o _p=l vy _p=1) p-1

1 _ 1 — 1 5
D, = wU ytH(i)vvldiT " r1-w) / yf(i)yvldir Y : (10)
0 1€O;

where w is the home bias, v is an elasticity of substitution between intermediate goods produced in
the same country, p is the elasticity of substitution between home and foreign intermediate goods
(Armington elasticity), and O is a set of foreign intermediate goods available in the home country

in period t. Because firms enter and exit the export market over time, the variety of imported
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products available in the country is time-varying. Final goods are sold at the price P, to the
domestic household for consumption C; and investment in physical capital I;: Dy = C; + I;.

Final good producers choose y/ (i) and y} (i) to solve

1
max PD; — /0 PP i)yl (i)di — / ePtX*(i)yf (i)di
1€

yi (0)w (1)

subject to the production technology (10). This yields demand for each intermediate good i:

. -y —pP
yffu):wP(P;Zé”) (f) D.

X (; - Xx\ —P
o =a-ar (F0) () o

1
where PP = { fol PP (i)l_Vdi} "7 is the price index of domestically produced intermediate goods

and

o
and P = { fico, B *(i)k”} "7 is the price index of intermediate goods imported from the foreign
country, which reflects the changes in the variety of imported goods available in the home country
(©) due to endogenous entry and exit of foreign exporters over time.

Foreign final good producers solve an analogous problem. Their demand for imports from

o PO\ (P
ui! (Z)—(l—w)p<PtX> (Pt*> Dy.

Therefore, the real exports for the home country are

the home country is

PX(3) gy,
EX, = QL £ >yfl (i)di.
1€0) Pt

3.2.1 Price index

The aggregate price index across all goods available in the home country is
L -
-p N 1-p] 1=
P = [wp (PP) "+ (1—w)y (PX) } .

where the price index for domestically-produced goods PtD is

1

J n: ng J—1n. n. T—
Z Z Z ajejﬂf(zw ZS)P(ﬁ(ZC)k’Y + Z Z Z(l - O‘j)ej,t(zm ZS)le,)t(ZS)l'Y] )

j=lc=1s=1 j=1c=1s=1
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and the price index for imported goods PX* is

Ny J n. n:
PX* = |3 NP () Poy(2) 7 4+ 0> ¢ (2e) W (2e, 26) Py (2e) 7
c=1 j=lc=1s=1
J—1 n, n, ) ﬁ
+ Z Z Z(l - aj)cg*(zm Zs)w;,t(za Zs)Pj),ff*(ZS)l_’y
j=1c=1s=1

Since v > 1, P/* is decreasing in the number of available variety of exports, consistent with the

results in the literature on product variety (Feenstra, 1994; Ghironi and Melitz, 2005).

3.3 Household

There is a continuum of identical households in each country. They consume final goods, C;; make
investment, Iy, in physical capital; and provide labor, L;, to domestic intermediate-good producers.
Households earn labor income, w;L;, and capital rental income, r;K;. They also purchase two types
of one-period bonds. One is a state-contingent international bond B(s*!), sold at price q(s'*!|s?)
in units of the home currency, which yields payoffs contingent on the realization of a particular
state ;41 at time ¢ + 1. The other is domestically issued bonds B with nominal return i;.

A representative household chooses C;, Ly, K11, Biy1(st™!) and BtD to solve

oo
1
max E; ) B {C’tlgc +X7
o

1
(1— L)t
t=0 - U L

subject to a period budget constraint:

Z q(8t+1|8t)B(St+1) + PtCt + PtIt + BtD = B(St) + Ptdt + thtLt + Pﬂ‘th + it_lBtlzl,

stt1

and the law of motion for capital:

K= (1—0)K,+ 1, — = (It 5)2K
t+1 = tth =5\ g, t
Because we assume that the international bond markets are complete, the first-order condi-
tion with respect to optimal purchases of international state-contingent bonds in the two countries
implies that the real exchange rate is proportional to the relative marginal utility of consumption:
Ao Py A}

_ Mg 11
Qt 60)\6 PO )\tv ( )
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Py . .
where Q; = etﬁ’; and e; is the nominal exchange rate.?

3.4 Monetary policy rule

The monetary authority in each country sets a nominal interest rate i; according to a policy rule

with some persistence that reacts to fluctuations in domestic inflation and the real exchange rate:
it = piie—1 + (1 = pi) (%ﬁt + ¢QQt) + [it, (12)

where variables with a hat denote percentage deviations from steady-state values, 7, = P;/P,—1 is

domestic inflation and p; is a monetary policy shock.

3.5 GDP and related variables

We define GDP as

Y, — wP (%f>1_p D+ Q(1 — w)? (J;t;)l—ﬂ Dr,

pY
Py
where P} is the GDP deflator defined as
PtY -PtD PtX
St (1)t It
P, (1—gt) P, + 9t Q1 P
and g; is the export-to-GDP ratio defined as
pX\1I=P .
QL -wr (%) D
gt = Py .
Y

4 Calibration

The model is calibrated to the quarterly frequency. The household subjective discount factor is
0.99 to imply the annual real interest rate of 4 percent. We assume that the household period
utility is log in consumption (0. = 1) and linear in leisure (o7, = 0). The weight on leisure in the
utility function x is set equal to 1.8 so that the households work 1/3 of their time in steady state.

The elasticity of substitution, p, between domestically produced intermediate goods and
imported intermediate goods is 1.5 following the literature (see, for example, Backus, Kehoe and
Kydland (1994) and Chari, Kehoe and McGrattan (2002)). The intratemporal elasticity of substi-
tution v is 3.8 as in Ghironi and Melitz (2005).

. . . Ao P
3Tn our calibration, we normalize 607972 =1.
0
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Table 1: Parameter values

Subjective discount factor
Exponent on consumption
Exponent on leisure

Weight on leisure in utility
Armington elasticity

Share of capital in production
Capital depreciation rate
Steady-state inflation
Elasticity of substitution
Capital adjustment cost

Price adjustment probabilities
Home bias in final goods
Upper support on entry cost dist.

Upper support on continuation cost dist.

Firm-level productivity
persistence
standard deviation
number of levels

Monetary policy rule
persistence
exponent on inflation
exponent on exchange rate

B
Oc
oL

<
[N

T =2 Y >N D

Pz
Oz
Ny

Pi
O

0.99

1

0

1.8

1.5

0.4
0.025
1.021/4
3.8
5.85
(0.05 0.09 0.25 0.49 0.7 1]
0.762
2.78
0.179

0.81
0.085
2

0.8
2
0.1

15



Table 2: Target statistics and model moments

Data Model
Mass of exporters 0.21 0.23 Bernard et al. (2003)
Continuation rate 0.97 0.87 Bernard & Jensen (2004)
Entry rate 0.04 0.04 Bernard & Jensen (2004)
Imports/GDP 0.12 0.12 Drozd & Nosal (2012)
Productivity relative to  1.12-1.18 1.13 Bernard & Jensen (1999)
nonexporters
Mean price adjustment  1.07-3.27 2.66 Bils & Klenow (2004)
frequency (qtr) Nakamura & Steinsson (2008)

The share of capital in the production function v is set equal to 0.4. The depreciation rate
of capital § is 0.025 so that capital depreciates by 10 percent annually. The investment adjustment
cost k is set equal to 5.85 so that the standard deviation of investment relative to that of GDP is
2.91 as in the data.* We assume that there are two levels of firm-level productivity: n, = 2.

The price adjustment hazard is assumed to rise convexly in the time since last price reset
and implies full adjustment by J = 6. The average age of domestic prices over the steady-state
distribution of firms is 2.7 quarters, to be within the estimated range of 1.4-4.3 quarters from
micro-level price adjustments in the recent literature (see, for example, Bils and Klenow (2004) and
Nakamura and Steinsson (2008)). The steady-state annual inflation rate is set to 2 percent.

We assume that entry and continuation costs (n and &, respectively) are both drawn from
uniform distributions with lower support 0. We jointly calibrate the home bias parameter w, the
upper support of entry costs ny, that of continuation costs £y, and the persistence and volatility
of the firm-level productivity (p, and o,) to match (i) the mass of exporters, (ii) the average rate
of entry, (iii) the average rate of exit, (iv) the average productivity of exporters relative to that of
non-exporters, and (v) the imports-to-GDP ratio in the U.S. data. In our model, the steady-state
mass of exporters is 23 percent of all the firms in the economy, to be in line with the findings
of Bernard et al. (2003) from data on U.S. manufacturers in 1992. For the entry and exit rates,
Bernard and Jensen (2004) report that, on average each year, 87 percent of the exporters continued
exporting in the following year and 14 percent of non-exporters began exporting in the following

year. These numbers translate to a 97 percent quarterly continuation rate and a 4 percent quarterly

4The simulation is driven by shocks to productivity and monetary policy in both countries. The process for
productivity shocks has persistence of 0.95, the standard deviation of 0.007, and the cross-country correlation of
0.25, as in Kehoe and Perri (2002). The process for monetary policy shocks has persistence of 0.12, the standard
deviation of 0.0024, and no exogenous cross-country spillovers, as in Smets and Wouters (2007). The model statistics
are computed as the average of 100 simulations, each simulation with 1000 periods, where the relevant series have
been logged and HP filtered.
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entry rate. In our model, the probability that incumbent exporters continue exporting next period
is 87 percent quarterly while the probability of non-incumbent firms entering the export market
is 4 percent quarterly. Exporters are 13 percent more productive relative to non-exporters in our
steady state, to be in line with the observed range of 12 to 18 percent (Bernard and Jensen, 1999).
The steady-state ratio of imports to GDP is 0.12, as in the data (Drozd and Nosal, 2012). Table
1 summarizes the parameter values used in the baseline calibration, and the calibration target

moments and the corresponding steady-state moments from our model are reported in Table 2.

5 Results

In this section, we examine a series of impulse responses of our model economy to country-specific
aggregate shocks with a focus on the dynamics of the extensive margin of trade. As discussed in
section 3.1.5, firms’ export decisions depend on the value of exporting (entry of new exporters, or
continuation of incumbent exporters) relative to the value of not exporting (no entry for potential
entrants, or exit for incumbent exporters). Equations (5) and (7) suggest that the value of exporting
is directly influenced by movements in certain aggregate variables, such as the exchange rate, export
prices, the interest rate, and the aggregate demand in the destination market. Of course, these
variables are in turn affected by the evolution of the aggregate state of the economy through general

equilibrium effects.

5.1 Monetary policy shocks

We begin our analysis with an expansionary monetary policy shock. Figure 1 shows the impulse
responses of our model economy to a 1 percent expansionary monetary policy shock in the home
country. The persistence of the shock is set to 0.12 as estimated by Smets and Wouters (2007),
and there is no exogenous shock spillover to the foreign country.

With the policy stimulus, we see an immediate increase in the output of the home country.
The rise in home consumption relative to that in the foreign country leads to a real depreciation of
the home currency by 2.3 percent at the impact of the shock. At the same time, the inflationary
effects of the expansionary shock exert an upward pressure on the current and expected future
costs of production, and this leads firms to start raising their prices. In our local-currency-pricing
setting, the increase in the price of home exports (relative to the foreign CPI) reduces the foreign
demand for home exports; however, this decline is more than offset by the strong real appreciation
of the foreign currency, and we see an increase in the home country’s real export revenues.

For individual firms making decisions on export participation, the lower interest rate reduces
the cost of financing export costs, and the real appreciation of the foreign currency raises the
profitability of exporting. However, we see that export participation (the extensive margin of trade)

declines 2.7 percent at the impact of the shock. For incumbent exporters, the rising production
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Figure 1: Impulse responses to an expansionary monetary policy shock in the home country
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Notes: Impulse responses to a 1 percent expansionary monetary policy shock in the home country. The
persistence is set equal to 0.12, with no exogenous shock spillover to the foreign country.

costs imply lower profitability of exporting. The potential export-market share of potential entrants
is diminishing because their optimal prices chosen upon entry reflect rising costs of production and
thus are higher than the average price of incumbent exporters whose prices adjust gradually as the
result of nominal rigidities. Therefore, despite the real depreciation of their currency and the lower
interest rate, the loss of competitiveness due to the inflationary pressure dominates in some firms’
export decisions. These results highlight the contrasting relative importance of a policy-induced
depreciation for a country’s aggregate exports and individual firms’ participation in international
trade. While the real depreciation contributes to increasing the value of a given unit of export
sales, the inflationary effects of the shock in the domestic economy reduce some firms’ market share
in the export market, thereby diminishing the value of their participation in international trade.
As a result, the increased real exports are shared by fewer, more competitive exporters, with each
of them having a larger market share.

The importance of firms’ competitiveness over exchange rate movements in influencing
the dynamics of the extensive margin of trade becomes clearer when we consider simultaneous
expansionary monetary policy shocks in both home and foreign countries. In this case, because
the dynamic path of consumption is symmetric in the two countries, the shocks cancel out their
effects on their respective currency, and the real exchange rate remains at the steady-state level

throughout. In addition, relative to the impulse responses in figure 1, the foreign expansionary
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Figure 2: Impulse responses to simultaneous expansionary monetary policy shocks in the home and
foreign countries
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monetary policy shock generates a sizable increase in foreign consumption, which increases foreign
demand for home exports.

In figure 2, we see that the higher aggregate demand in the foreign country due to the
expansionary monetary policy shock there leads to an immediate, sizable increase in home real
exports relative to the level we saw in figure 1. In contrast, we continue to see a fall in exporter
participation of home exporters despite the stronger foreign demand and the lower home interest
rate. Since the real exchange rate remains at the steady-state level in this case, the changes in
home export prices are attributed to the rising current and expected future cost of production in
the home country, and the loss of competitiveness leads to fewer firms participating in international
trade.

When incumbent exporters face rising production costs, some of them find the real appre-
ciation of their foreign sales insufficient to cover their production costs (because of productivity
heterogeneity) and export costs (because of their i.i.d. continuation cost draw), and they exit the
export market. On the other hand, for average potential entrants, because they face sunk entry
costs that are on average substantially larger than the average continuation cost paid by incumbent
exporters, their potential profit share from the rise in foreign demand is smaller than that of aver-
age incumbent exporters. In addition, because of the rising production cost in the home country,
the optimal export price chosen by potential exporters is higher than the average export price of
incumbent exporters, which further reduces the potential market share of potential exporters. As

a result, we see a contraction along the extensive margin of trade.

5.2 Productivity shock

We next examine the dynamic responses of our model economy to a positive productivity shock
in the home country. We will see that, in contrast to the contraction of the extensive margin in
response to an expansionary monetary policy shock as seen in figure 1, positive productivity shocks
lead to an expansion of the extensive margin of trade along with a depreciation of the currency.

Figure 3 shows the impulse responses of the same set of variables as in figures 1 and 2, to
a 1 percent positive productivity shock in the home country, with persistence of 0.906 following
Backus, Kehoe and Kydland (1992) and without exogenous cross-country spillover to the foreign
country. As the shock expands the home country’s production capacity, GDP increases. The higher
consumption in the home country relative to the foreign country implies that the real exchange rate
depreciates for the home currency. At the same time, the higher productivity lowers the marginal
cost of production for home intermediate-good producers, and they start lowering their prices. The
lower price of home exports relative to the aggregate price index in the foreign country increases
the demand for home exports, and, with the appreciation of the foreign currency, we see an increase
in the home country’s exports.

Because potential entrants optimally set their prices upon entry, their prices are lower than
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Figure 3: Impulse responses to a positive productivity shock in the home country
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the average export price of incumbent exporters facing price rigidities. As a result, the potential
market share of new entrants increases relative to that of an average incumbent exporter. At
the same time, the lower domestic inflation leads the monetary authority to lower the interest
rate, which contributes to lowering the borrowing costs for exporters to finance export costs. The
increased price competitiveness of home exports, the real depreciation of the home currency, and
the lower home interest rate together increase the value of exporting, thereby encouraging export
participation.®

The procyclical responses of the extensive margin to productivity shocks and its counter-
cyclical responses to monetary policy shocks that we saw in section 5.1 offer an important impli-
cation for the cyclicality of exporter dynamics. Existing studies have reported that firm dynamics
within the domestic market are procyclical (see, for example, Bergin and Corsetti, 2008); however,
studies on international trade reveal that exporter dynamics in the export market do not necessarily
comove with aggregate output. For example, Naknoi (2015) reports that for a median country in
her sample of 99 countries, the extensive margin of exports to the United States is almost uncor-
related with output of the exporters’ origin country.® Our findings suggest that monetary policy
shocks may be a contributing factor for the lack of procyclicality in the extensive margin of exports
over business cycles.

Our results also have an interesting implication for the effects of monetary stimulus on
the extensive margin of trade in the face of an economic downturn. As we saw in figure 1, an
expansionary monetary policy can lead to increased real exports, but it also results in a contraction
of export participation because of the rising costs of production. This implies that an expansionary
monetary policy shock designed to counteract an economic downturn (due to a negative productivity
shock) may not lead to an increased participation of domestic firms in exporting. Such scenario is
presented in figure 4, which shows the dynamic responses of our model economy to a negative home
productivity shock and a simultaneous expansionary monetary policy shock in the home country.
The productivity shock is -1 percent with persistence of 0.5, and the monetary policy shock is
-0.2 percent with the persistence of 0.12. We see that, while the expansionary monetary policy
helps to dampen the fall in export revenues, it amplifies the fall in the number of exporters as the

inflationary effects of the shock raise production costs and erodes the value of exporting.

5In figure 3, we see that the mass of exporters changes immediately following the shock. This is in contrast to
the hump-shaped response of the extensive margin to a productivity shock in a flexible-price model of Alessandria
and Choi (2007). One may wonder that such a sharp fall in the mass of exporters is driven by incumbent exporters
circumventing price rigidities by exiting the export market and then re-entering next period with an optimal price
(since entrant exporters are able to optimize their prices). We tested this possibility with a version of our model in
which prices are adjusted with probability one within two periods, thus eliminating the benefits of strategic re-entry.
We find that this model still exhibits an immediate peak response of the extensive margin to productivity shocks,
ruling out the possibility of strategic re-entry as the reason for the absence of hump-shaped responses of the mass of
exporters in our model. We thank George Alessandria for the suggestion.

6 Alessandria and Choi (2008) also report that the correlation between the number of exporters and output is
-0.35 while that for the number of domestic establishments and output is 0.28 for the United States over the period
between 1975 and 2006.
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Figure 4: Impulse responses to a negative home productivity shock and a simultaneous expansionary
monetary policy in the home country
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23



Figure 5: Impulse responses to an expansionary monetary policy shock under various elasticity
levels for v and p
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policy shock in the home country, from our baseline model and an otherwise identical model with a lower Armington

elasticity (p = 0.8).

5.3 The role of the elasticity of substitution

In figures 1 and 2, we saw that firms’ export participation in our model is highly sensitive to their
prices relative to other exporters and the price level in the destination economy. The responsiveness
of trade to changes in prices, at least quantitatively, depends on the elasticity of substitution
between different good varieties. There are two types of elasticity of substitution in our model:
the elasticity of substitution between goods produced within the same country ; and the elasticity
of substitution between goods produced in different countries p (Armington elasticity). In this

subsection, we examine how various degrees of each elasticity affect export decisions.”

"When n. > 1 as in our baseline calibration, export probabilities of some firm types reach 0 (1) as we increase
(decrease) v or p, in which case the model cannot be solved using the linear method we employ. Therefore, in order to
ensure that an interior fraction of each firm type exports in any given period, we consider a special case with n, = 1
for the analysis in this subsection.
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We first vary the elasticity of substitution between goods produced in the same country -,
which is set to 3.8 in our baseline calibration. In figure 5a, we see that the responsiveness of the
extensive margin of trade is increasing in this elasticity of substitution. Other things being equal,
a higher elasticity implies that demand falls more for a given increase in the price of an exported
good. Therefore, in the presence of price rigidities, potential and incumbent exporters with prices
that are higher than the average export price face a reduced potential export market share and
hence export profitability, and we see stronger selection effects among exporters as the elasticity
of substitution increases. Qualitatively, however, lowering the elasticity of substitution does not
increase export participation in response to the monetary policy shock. The initial response of
the extensive margin of trade is still negative (-0.7 percent at the impact of the shock) when the
elasticity is lowered to 2, which implies a markup of 100 percent.

We next examine how the Armington elasticity p affects the dynamic responses of the
extensive margin of trade. There is much debate regarding the estimates of this elasticity, and
various values have been used in the literature on international business cycles.® In our baseline
calibration, it is set to 1.5, implying that domestic and foreign goods are substitutes. We compared
our baseline results with those from an otherwise identical model with p = 0.8, where domestic and
foreign goods are now complements. In figure 5b, we see that, similar to the case for « above, the
magnitude of the fall in the extensive margin of trade is increasing in the value of the Armington
elasticity, but qualitatively, the negative response remains. With a lower Armington elasticity, total
foreign demand for home exports becomes less elastic to the deviation of the home export price
relative to the foreign CPI, and firms’ export profitability is less affected by price increases. As a

result, we see a smaller fall along the extensive margin of trade.

5.4 Alternative Taylor-rule specifications and exporter dynamics
5.4.1 Inflation stabilization

Our results above suggest that inflationary effects of an expansionary monetary policy shock un-
dermine the competitiveness of some exporters, discouraging their participation in international
trade, despite the currency depreciation and the lower interest rate. It has been shown in the mon-
etary policy literature that the monetary authority that is systematically more aggressive toward
stabilizing inflation is able to better anchor inflation expectations. In this subsection, we examine
the effects of monetary policy stance toward inflation stabilization on the dynamics of the extensive
margin of trade.

Figure 6 compares the impulse responses of our model economy with an expansionary
monetary policy shock in the benchmark calibration (¢,=2 in equation (12)) and in an otherwise
identical model wherein the monetary authority in the home country is more aggressive toward

inflation fluctuations (¢r=4). As expected, with a higher weight on inflation in the policy reaction

8See, for example, Backus, Kehoe and Kydland (1994), Heathcote and Perri (2002) and Ruhl (2008).
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Figure 6: Impulse responses to a home

tary policy responsiveness to inflation
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26



Figure 7: Impulse responses to an expansionary monetary policy shock in the home country under
varying policy responsiveness to exchange rate movements
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model and an otherwise identical model wherein the monetary authority in both countries is systematically
more responsive to real exchange rate movements. The benchmark responses are the same as those in figure 1.
The alternative model assumes that the Taylor rule coefficient on the real exchange rate is 1 in both countries

(p@ =dg =1).

function, the expansion in the home country is moderated, and the real exchange rate depreciates
by less. This weaker inflationary pressure in the home country alleviates the loss of competitiveness

for home firms in the export market, and the fall in the extensive margin of trade is dampened.”

5.4.2 Policy responsiveness to exchange rate movements

In an open-economy environment, a country’s external position may be a concern for monetary
policy-makers, and the monetary authority may respond to fluctuations in the exchange rate of
its currency, in addition to its inflation stabilization objective. In this subsection, we consider an
alternative Taylor-rule specification in which the monetary authority in both countries places a

sizable weight on exchange rate movements in their respective policy reaction function.

9We find that making the policy function in the foreign country also sensitive to inflation (¢r = ¢% = 4) does
not alter the dynamic responses of the export-related variables shown in figure 6 in any significant way. The figure

is available upon request
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Figure 8: Impulse responses to an expansionary monetary policy shock in the home country under
producer currency pricing
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Notes: Impulse responses to an expansionary monetary policy shock in the home country from an otherwise
identical model with producer currency pricing. The size and persistence of the shock are identical to those in
figure 1.

In figure 7, we see that making the policy reaction function in both countries more responsive
to fluctuations in the real exchange rate has negligible effects on the extensive margin of trade
in response to an expansionary monetary policy shock in the home country. In this case, in
response to pressure for appreciation of the foreign currency due to the relative increase in home
consumption, the foreign monetary authority responds by lowering its interest rate. This brings
expansionary effects on foreign GDP and consumption, and foreign demand for home exports
expands. This increase in foreign demand, however, is offset by the attenuated appreciation of the
foreign currency. Further, we also see that the dynamic path of the export price index for the
home country is little affected by the alternative Taylor-rule specifications. This implies negligible
changes in the competitiveness of home exporters relative to the baseline case, and the response
of exporter participation is little affected by the monetary authority’s stance to exchange rate

fluctuations.

5.5 Comparison to the producer-currency-pricing setting

In our baseline model, we assumed that firms set the prices of their exports in the currency of
the destination economy (local-currency pricing). In a recent study, Cooke (2014) shows that in
response to a monetary expansion, the extensive margin of trade expands under local currency
setting, while it declines under producer currency pricing. We examined whether the extensive
margin responses are affected by the assumption of the currency in which exports are priced in our
model framework.

In figure 8, we find that, also under producer currency pricing, the extensive margin of trade
falls in response to an expansionary monetary policy shock. As in the case of local currency pricing,
a rise in the marginal cost of production dominates the effects of the foreign currency appreciation,
and the resulting rise in export prices reduces the demand for exports of some exporters. This is in
contrast to the implications of Cooke’s model (2014), where expenditure switching due to exchange

rate movements leads to changes in demand at upstream production, which in turn drives demand
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for intermediate goods at the downstream production level where exporter entry and exit occur.

5.6 Suggestive evidence from U.S. export data

We provide suggestive empirical evidence supporting our theoretical results that the extensive
margin of exports declines in response to an expansionary monetary policy shock. Figure 9 shows
the VAR responses of the extensive margin of U.S. exports and the U.S. dollar exchange rate
index to a one standard deviation expansionary monetary policy shock. Following Armenter and
Koren (2014), we measure the extensive margin of exports using monthly data on the number of
shipments collected through customs forms for each export shipment from the U.S. Census Bureau.
The sample period covers from January 2002 to November 2017.1° The ordering of the variables
in our VAR specification is [U.S. monetary policy rate, foreign industrial production index, the
extensive margin of U.S. exports, the U.S. exchange rate]. The foreign industrial production index
is a trade weighted average of industrial production indexes for 10 major trade partners for the
United States, and is included to account for changes in foreign demand for U.S. exports. Based
on residual tests, we include four lags in the VAR.

We see that an expansionary monetary policy shock leads to a depreciation of the U.S.
dollar in the short run, and the response is statistically significant during the peak responses (right
panel). With the depreciation of the currency, we see a delayed but persistent negative response
in the extensive margin of U.S. exports (left panel), consistent with our theoretical results. Since
our data are at the monthly frequency, the delayed response in the extensive margin is likely to be
due to the contractual nature of international trade. In the short- to medium-run, the extensive

margin contracts statistically significantly for about 10 months following the shock.!!

6 Conclusions

In this paper, we examined the response of the extensive margin of trade to monetary policy
shocks and the role of various aggregate factors affecting individual firms’ decision to participate
in international trade. We developed a two-country dynamic stochastic general equilibrium model
wherein heterogeneous firms make state-contingent, dynamic decisions on whether and how much
to export and prices are staggered across firms and time.

We showed that while a lower interest rate and a currency depreciation associated with an
expansionary monetary policy both contribute to increasing the profitability of export participa-

tion, inflationary effects of the policy stimulus weaken the competitiveness of exporters and lead to

Detailed descriptions of the data are in Appendix A.

1We also estimated a two-stage VAR specification, in which we first regressed the U.S. policy rate on domestic
inflation and output, and then estimated the response of the extensive margin of trade to the policy rates residuals
obtained from the first-stage regression. We chose to estimate such a two-stage regression instead of including inflation
and output directly in order to keep the number of variables in the final VAR specification at a minimum. The results
are similar to our baseline specification. The figures are available upon request.
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Figure 9: VAR responses of the extensive margin to an expansionary monetary policy shock

Extensive margin of exports US real exchange rate
‘ ‘ 10 ‘ ‘

Notes: VAR responses of the extensive margin of exports and the U.S. real exchange rate to a 1 standard
deviation, expansionary monetary policy shock in the United States. The dotted lines indicate the 68 percent
confidence intervals.

a contraction in firms’ export participation. This is in contrast to an implication of a productivity
shock that generates an expansion along the extensive margin of trade while depreciating the cur-
rency. Qualitatively, our findings are robust to the assumed degrees of the elasticity of substitution
between goods and whether exported goods are priced in the destination currency or the producers’
currency. Further, our results lend support to empirical findings that the extensive margin of trade
is not necessarily procyclical, unlike the firm dynamics (or product creation) within the domestic
market, and we provided suggestive empirical evidence using VAR that the extensive margin of
trade responds negatively to an expansionary monetary policy shock.

The current model framework can be extended in a number of ways to address some of the
recent developments in the trade literature. One important direction may be an analysis of the
implication of global value chains for firms’ export participation. For example, recent empirical
studies have reported that international input-output linkages contribute substantially to cross-
country comovement of producer price inflation (Auer, Levchenko and Saure, 2017; Auer, Borio
and Filardo, 2017). This finding implies that, in our framework, domestic monetary policy shocks
may have less impact on export participation by firms in its own country, but may have stronger
effects on exporter dynamics in trade partners’ economies. Such an extension would allow for a

new direction for the analysis of monetary policy transmission in open economies.
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Appendix

A Data descriptions

The extensive margin of U.S. exports is measured by the count of U.S. export shipments from the
U.S. Census Bureau, which is publicly available from January 2002 onward. Our sample period
covers the period from January 2002 to November 2017. Since this sample period includes the
period when the Federal Reserve used quantitative easing programs, we use Leo Krippner’s monthly
average Shadow Short Rate (SSR) estimates for the period between January 2002 and November
2017. Leo Krippner’s series, available at www.rbnz.govt.nz/research-and-publications/research-
programme/additional-research /measures-of-the-stance-of-united-states-monetary-policy, contains
three different summary measures of the the United States monetary policy stance (Krippner,
2013). We focus our attention on SSR, which approximates an effective federal funds rate adjusted
by the monetary policy stimulus implied by the Federal Reserve Bank’s balance sheet position. The
foreign industrial production index is an export-weighted industrial production index of 10 major
trade partners for the United States that include Canada, Japan, South Korea, Mexico, Turkey,
UK, Brazil, India, Russia and EU19, reported by OECD. The exchange rate is a geometric U.S.
export-weighted index of the following 16 bilateral exchange rates against the U.S. dollar: Argentine
peso, Australian dollar, Brazilian real, Canadian dollar, Chinese renminbi, Indian rupee, Indonesian
rupiah, Japanese yen, Mexican peso, Russian ruble, Saudi riyal, South African rand, South Korean
won, Turkish lira, British pound and the Euro. These 16 currencies are representative of the G20
economies other than the United States. All series are seasonally adjusted and detrended using a

linear trend.
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