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Abstract

This paper explores whether the desire of “currency manipulation” is determined
by the dispersion of firm productivity and the selection of firms into exporting mar-
kets. For that purpose, we build a two-country model with firm heterogeneity and
nominal wage rigidity. Since monetary intervention influences entry and exit deci-
sion of firms in exporting markets, it features inevitable characteristics of currency
manipulation. We show that the fixed exchange rate regime not only realizes a
better congruence between preference and the variety consumed but also reduces
uncertainty in labor demand that arises from entry and exit of exporters. In our
setting, the fixed exchange rate regime dominates the flexible exchange rate regime
when firm productivity is less dispersed. We also show that regulation policy in
trade sector that aims at stabilizing the firm turnover in exporting markets does

not remove the temptation of currency manipulation.
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1 Introduction

Monetary policy as a substitute of trade policy which is often blamed as “currency manip-
ulation” has been widely recognized in today’s globalized world. It’s intervention influ-
ences the nominal exchange rate fluctuations and thus limits those in the terms of trade.
As a result, it reduces variations in profits from trade, hence regulating the turnover of
exporters. Contrary, flexible exchange rate regime makes the entry and exit of exporters
and importers adjusted freely creating a high turnover rate among them. A casual look at
data suggests a potential causal relationship between trade and the choice of exchange rate
regime. Figure 1 plots the volatility of exports and the average “exchange rate regime”
overtime for a subset of developed countries. The volatility of exports is adjusted by the
volatility of the nominal exchange rate so that the variable takes into account potential
endogeneity among them. The average exchange regime is computed from Ilzetzki et al.
(2018). This is an index that varies from the least flexible to the most flexible regime. In
the figure we observe a surge in flexible regime after the collapse of the Bretton woods
system at the beginning of 1970’s, which is followed by a huge drop of the index in the
mid 90’s and continuous it’s stagnation. What is striking to see is a negative co-movement
between the exchange rate regime and the volatility of exports. Given the recent episodes
of the trade war and the debate around the currency manipulation, one might think that
a highly volatile trade can be a driver of less flexible exchange rate regime.

In this paper, we explore the pros and cons of the exchange rate regime design that
inevitability features an aspect of trade policy, i.e., the characteristics of “currency ma-

1" While we provide a two-country full-fledged DSGE model with selection

nipulation”.
into exporting markets based on heterogeneous firms and wage nominal rigidity, our the-
oretical model can be considered as a caricature of the real world. In our model, following

a demand shift, flexible exchange rate regime induces entry and exit of exporters and

!The adjustment of trade imbalance occurs in both prices and extensive margins of trade. In line of our
setting, several papers emphasize the trade adjustment through the changes in the number of exported and
imported varieties across countries (Corsetti et al. (2007)Corsetti et al. (2013)Pappada (2011),Hamano

(2014)). By introducing a nominal rigidity, we discuss the choice of exchange rate regime.



importers because of fluctuations in nominal profits while it realizes relatively small ad-
justment both in domestic investments as well as domestic production. In contrast, under
fixed exchange rate regime, the turnover of exporters and importers is sterilized and a
better congruence with preference shift is achieved. However, as a drawback, the fixed
regime induces a highly volatile adjustment in both domestic investments as well as do-
mestic production. As a result, uncertainty about future labor demand substantially rises.
Monetary authority faces thus the above trade-off in designing the exchange rate regime.
In our model, nominal exchange rate no longer plays the role of “shock absorber” with
which the real side of the economy is stabilized (Friedman (1953) and Mundell (1961)).
The view is found to be naif by ignoring the inevitable adjustments in trade sector which
is small in size but may large in terms of their political influence. In our setting, the
temptation of “currency manipulation” is present depending on the parameters’ value in
the economy.

Specifically, we emphasize the role played by firm heterogeneity and the selection into
exporting market. When firms are less dispersed in terms of their productivities and
thus become less efficient, labor demand increases among exporters. In such a situation,
monetary intervention that limits the turnover of firms and thus simultaneously mitigates
uncertainty about future labor demand in trade sector is welcomed (although it creates a
higher economy wide uncertainty per se). With less firm dispersion and thus less efficient
exporters, fixed exchange rate regime is more likely to be supported. We also derive
optimal monetary policy under demand uncertainty. Accordingly to the above discussion,
it is shown that optimal variability in nominal exchange rate is smaller in an economy
where the firm productivities are less dispersed. Other than the firm dispersion, it is shown
that the fix the exchange is more supported with higher value of the elasticity of labor
supply as in the preceding literature, together with a higher elasticity of substitution
among goods. In the following section, we compare the outcome under the regulation
policy in trade sector and that obtained under the currency manipulation and show that
the temptation to fix the exchange rate cannot be removed.

The practice of pricing to market and dollar pricing by exporters has been emphasized



in the literature (Betts and Devereux (1996), Devereux and Engel (2003), Corsetti et
al. (2010) and Gopinath et al. (2010) among others). Importantly this price rigidity in
exporting market breaks down the “expenditure switching effect” of the nominal exchange
rate, and allows deviations from the “divine coincidence” where flexible exchange rate
regime dominates. We do not introduce this type of distortion related to the pricing
behavior of exporters. Instead, they adjust prices in exporting market accordingly with
the exchange rate fluctuations (producer currency pricing). However, the fixed exchange
rate regime may dominate because of financial market incompleteness. Put differently,
in our model, the flexible price allocation is not Pareto efficient as Devereux (2004) and
Hamano and Picard (2017). While Devereux (2004) highlights the role of the elasticity of
labor supply, and Hamano and Picard (2017) the elasticity of substitution among goods,
we therefore study how the heterogeneity in firm productivity shapes the choice of the
exchange rate regime.

The paper is structured as follows. In the next section, we introduce a two country
DSGE model where countries are subject to external demand shocks and provide an
analytical solution of our model. In section 3, we show how the monetary policy responds
to external demand shocks when the exchange rate regime is fixed or flexible. Section 4
reports the welfare analysis and shows the optimal exchange rate regime as a function
of the fundamentals of the economy. Section 5 provides discussion and extension. We

document some supportive evidence in Section 6. Section 7 concludes.

2 The Model

There are two countries, Home and Foreign. Foreign variables are denoted with an asterisk
(*). Both countries are inhabited by a unit mass of households which provide imperfectly-
substituted labor. Expecting future labor demand, households set wages in advance.
There are tradable sectors in which only a fraction of monopolistically competitive firms
do export. The number of exporters is determined endogenously. There are demand shock

to each countries’ goods. How these shocks transmit depends on the conduct of monetary



policy, thus resulting exchange rate regime.

2.1 Households

The representative household maximizes her life time utility, E; > oo, 85 'U.(j), where
B (0 < fp < 1) is exogenous discount factor. Utility of individual household j at time ¢
depends on consumption C; (j) and labor supply L; () as follows

Mi(7) _ [Le())I™

Ui (j) = InC; (j) + xIn ) -1 T1o

where y and 7 represent the degree of satisfaction (unsatisfaction) from real money hold-

ings and labor supply, respectively while the parameter ¢ measures the inverse of the
Frisch elasticity of labor supply.
The basket of goods C;(j) is defined as

- ()" ()"

oy oy

where a; and af are the preference attached to the bundle of goods produced in Home
Cr4+(j) and imported goods (Cry(7)), respectively. The process of these demand sifter is

discussed below. Furthermore, these baskets are defined over a continuum of goods 2 as

1 1
_1 -3 . A S T
CH,t(j) - </ CD,t (ja g)l 7 d§) ) CF,t(]) = (/ CX,t (],§ )1 7 d§ ) )
seEN s*eQ

In each time period, only a subset of variety of goods is available from the total universe

of variety of goods €. We denote Np,; and N, as the number of domestic and imported
product varieties, respectively. ¢p; (j,<) and cx; (j,¢*) represent the demand addressed
for individual product variety indexed by ¢ and ¢*. o (> 1) denotes the elasticity of
substitution among differentiated goods.

The optimal consumption for each domestic basket, imported basket and individual
product variety are found to be

Curalj) = (P%j)_lat%), Crilj) = (?) 6 C),
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pp.s (s) stands for the price of product variety ¢ which is domestically produced. In
particular, p,(¢*) denotes the price of imported product variety ¢*, denominated in
currency unit in Home. Pp; and Pg; are the price of basket of goods produced in Home
and that of imported, respectively. P, is the price of aggregated basket.Price indices that

minimize expenditures on each consumption basket are given by

_ poar po
Pt - PH,tPF,w

1 1
T-0o -0
Py, = (/ PDt (§)1_U d§) , Ppi= </ p},t (§*)1_U d§*> .
seQ c*eq
Similar expressions hold for Foreign. Crucially, the subset of goods available to Foreign

during period ¢, 2y € €, can be different from the subset of goods available to Home

Q€ Q.

2.2 Production, Pricing and the Export Decision

There is a mass of Np, number of firms in Home. Upon entry, firms draw their produc-
tivity level z from a distribution G (z) on [z, 00). Since there are no fixed production
costs and hence no selection into domestic market, G (z) also represents the productiv-
ity distribution of all producing firms. Prior to entry, however, these firms are identical
and face sunk entry cost of fr; = lg; amounts of labor. The sunk cost is composed of

imperfectly differentiated labor services provided by households (indexed by ) such that

. .
zE,t=< / lE,tU)ledj) ", (1)
0

where 6 represents the elasticity of substitution among different labor services. We con-
sider fr+ to be exogenous. By defining the nominal wage for type j labor as W, (j) ,total
cost for a firm to setup is thus fol lp: (7)) Wi(5)dj. The cost minimization yields the

following labor demand for type j labor service:
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where W, denotes the corresponding wage index, which is found to be

Wi = </01 W () dJ)l

Exporting requires an operational fixed cost of fx; = I, ; amount of labor defined in
a similar way as (1). The cost minimization provides a similar demand for each specific

2 Only a subset of firms whose productivity level z is above the

labor service as (2).
cutoff level zx, exports by charging sufficiently lower prices and earning positive profits
despite the existence of fixed export cost fx;. Thus, non-tradeness in the economy arises
endogenously with changes in the productivity cutoff zx ;.

For production of each product variety, only composite labor basket is required as

input. Thus the production function of firm with productivity z is given byy, (z) = zl; (2)

where

I () = (/01 I (2, ) dj)llé |

The cost minimization yields the demand for type j labor for production as

L (2,]) = (WtT(j)) ” L (2).

The firm faces a residual demand curve with constant elasticity ¢. The production
scale is thus determined by the demand addressed to the firm under monopolistic com-
petition. Profit maximization yields the following optimal price pp,(z) by firm with

productivity z:

o W

oc—1 2z~

ppi(2) =

2These are specifically,

1
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If the firm exports, its price of export is px; (2) = Tpp, (2) &; ' where &; is the nominal
exchange rate defined as the price of one unit of foreign currency in terms of home currency
units. 7 > 1 is iceberg trade cost. In our definition, px (#) is thus denominated in terms
of foreign currency units.

Total firm profits D, (2) can be decomposed into those from domestic sales Dp; (z) and
those from exporting sales Dx; (z) (if the firm exports) as D; (z) = Dp¢(2) + Dx 4 (2)

. Using the demand functions found previously and aggregate consumption defined as

1
1
Cy = (fol C’tl 7 (5) dj) 7 , we can write the profits from each market as

1 p l1—0o
Dpy(2) = p (pDPt—Ii)) PG, (3)
l1-0o
Dx(2) = % <pXPt—*<Z>> o PrCY — Wifx, if the firm z exports (4)
Hyt

2.3 Firm Averages

Given a distribution G (z), the productivity level of a mass of Np; domestically producing
firms is distributed over [z, 00). Among these firms, there are Nx; = [1 — G (2x+)] Np+
exporters in Home. Following Melitz (2003) and Ghironi and Melitz (2005), we define two
average productivity levels, Zp for domestically producing firms and Zx,; for exporters as

follows

1

1 o—1
oo o—1 o0

gD = /ZU_IdG(Z) s EX,t = #(2)() /Zg_ldG(Z)
- it

min ZXt

These average productivity levels summarize all the information about the distribution of
productivities. Given these averages, we define the average real domestic and exporting
price as pp: = pp (Zp) and px; = px¢ (Zx.t), respectively. We also define average profits
from domestic sales and exporting sales as 5D7t = Dp.(zp) and ZjX,t = Dx:(Zx1)-

Finally, average profits among all firms is given by D, =D pt++ (Nx+/Npy) D Xt



2.4 Firm Entry and Exit

New entrants need one time period to built. Firm entry takes place until the expected

value of entry is equalized with entry cost, leading to the following free entry condition:

‘Z = fE,tWtJ (5)

where 17} is the expected value of entry which is discussed below. For the tractability of

the solution of the model, firms are assumed to be depreciated by 100 % after production.

2.5 Parametrization of Productivity Draws

We assume the following Pareto distribution for G(z):

G(z)=1- (zmin)ﬁ,

z

where 2y, is the minimum productivity level, and k (> o — 1) is a shape parameter. With

this parametrization, we have
1 1
~ K o-1 - K o1
ZD = Zmin | T, % EXt = RXpt | 7=~ .
r =

k—(oc—1) o—1)

The share of exporters in the total number of domestic firms is then given by

K

NX,t — (;; )—n R o=t
Np, ~mmn ot k—(0c—1) ’

Finally, there exists a firm with a specific productivity cutoff zx, that earns zero profits

from exporting, as Dx; (2x,) = 0. With the above Pareto distribution, this implies that

~ oc—1
Dy, =W, _—
Xt th,tH_ o—1)

2.6 Household Budget Constraints and Intertemporal Choices

A household j in Home faces the following budget constraint at time period ¢:



P.Cy () + B (§) + My(j) + () Npea Vi

= (L+ &)W, (5) L (j) + (1 +ir—1) Bio1 (j) + My1(§) + 21 (j)Npy Dy + T/, (6)

where B; (j) and x:(j) denote bond holdings and share holdings of mutual funds, respec-
tively. 1+¢ is the appropriately designed labor subsidy which aims to eliminate distortions
due to monopolistic power in labor markets (see later). i, represents nominal interest rate
between ¢t and ¢t + 1 and th represents a transfer from domestic government, which can
be positive or negative.

We assume that wages are sticky for one time period. Specifically, the household j sets
wages in advance at ¢ — 1 by maximizing her expected utility at ¢ knowing the following

demand for her labor:

The first order condition with respect to W; (j) yields

L no Ee1 [Le (5)]
Wt(j)_(g—l)(l—i—g) Etfl[é’é—%} . (7)

Households set the wage so that the expected marginal cost by supplying additional labor

services nOW; ()" Ee_y [L: (j)lﬂo} equals to the expected marginal revenue (0 — 1) (1 + &) E¢_ [

Other choices occur within the same time period. The first order condition with

respect to share holdings yields

V= B |Quet (7) Dina ®)

where ()41 is stochastic discount factor defied as Q11 (j) = Ex [%}

The first order condition with respect to bond holdings is given by

1= (14) B [Quer (5)] -

Finally, the household maximizes its consumption and real money holdings. As a

result, we have

10
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Nominal spending P,C; (j) is tight down to the money supply M,.

re) =2 (1) )

2.7 Balanced Trade and Labor Market Clearings

In equilibrium, there is a symmetry across households so that C; (j) = C, Li (j) = Ly,
M; (j) = M; and W; (j) = W;. Furthermore, we follow Corsetti et al. (2010) and Bergin

and Corsetti (2008) and define monetary stance as

pe = BCy.

Monetary stance is proportional to nominal expenditure.® Trade is assumed to be bal-
anced according to which the value of Home export becomes the same to the value of
Home import once they are converted to the same unit of currency: 5tPI§,tC}k{,t = Pp,Cpy.

Combined with the demand system found previously, this implies

*
e

<
O [hy

It is assumed that the government has no power to directly control private lending

(10)

&t =

and borrowing. The balanced budget rule is assumed as

M, — M,y =T/ + W, L,.

Under nominal wage rigidity, the aggregate labor supply L; adjusts to its demand and

the labor market clears as:

3Note that combining with the Euler equation with respect to the bond holdings, it is shown that

1 s—1

— = Et hm 58 H(l +’it+7).

5— 00
Mt s Hits =0

Monetary stance p; is expressed as a function of future expected path of interest rates. Or it can be

expressed as a rule concerning money supply M; as (9).

11



Ly = ND,t& +  Nx (& + fX,t) +  Npupifes (11)
ZD ZX

In the above expression, yp,; and yx, stand for production scale of each average domestic

firms and average exporters. The labor demand comes from production for domestic

markets, production for exports (including fixed costs for exporting) and creation of new

firms. The similar expressions hold for Foreign.

Finally we assume the following process for the preference shift as

1
_t * _ *
Qp = S0 1V, Qp = S0 1V,

2 2
with g = o =1, Ei1|v = E1[vf] =1 and v +vf =2, 0<p <1 Indeed,
vy and v; are defined as the i.i.d. shocks with a specific support. Also we assume that
Jet = fipy= feand fx; = [, = fx for all time periods. The closed form solution of the
model is summarized in Table 1. We relegate all the derivation of endogenous variables

into Appendix.

3 Exchange Rate Regimes and Adjustment Mecha-
nism

Assume that under the flexible exchange rate regimes, p; = p; = o for all time periods.
On the other hand, under fixed exchange rate regime, p; = 2uooy and uy = 2ppa;. Here
we detail the underlining mechanism of the theoretical model under two different exchange

rate regimes.

3.1 Flexible Exchange Rate Regime

Under the flexible regime, following a relative demand shift for Home produced goods (a
decrease in «f /ay), the nominal exchange rate €; appreciates for Home so that it closes

the trade surplus for Home (trade deficit in Foreign). The adjustment, however, takes

4we have yp ¢ = (0 — 1) D%V"ff’ and yx, = (0 — 1) (Dx’t+f;(v’zwt>zx’t. See Appendix also.
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place not only through the terms of trade fluctuations but also through the extensive
margins of trade. Under the producer currency pricing as our setting, that appreciation
improves the profitability of Foreign exporters in their currency units relative to those of
Home (a decrease in Dx,/ 5§(¢ on impact) and hence induces higher number of Foreign
exporters relative to Home exporters (a decrease in Nx¢/N%,).” Note that the change in
the relative number of exporters is not welcomed because of a lower preference attached
to goods produced in Foreign than those produced in Home. At the same time, Foreign
exporters become less efficient compared to Home exporters due to changes in cutoff
productivity level for exporting (a rise in Zx/Z%,). Accordingly, the price of goods
produced by Foreign exporters increases (a decrease in px;/pY,) and the quantity of
average variety produced by them decreases (a rise in yx; /zj;”) To sum up, using the
equilibrium expressions in Table 1, and denoting implied variable X; under flexible regime

with X2 we have indeed,

1
FL FL ~FL FL AT+FL\ ~ =
NX,t - eW o fx Xt NX,t ND,t (12)
“FL FL ) =FL +FL NFL
NX,t Wi fx Xt NX,t ND,t

Since wages are rigid and the numbers of domestic firms are state, we have the changes
in the number of exporters and cutoff level of productivities under flexible exchange rate
regime.

Also the equilibrium wage under flexible exchange rate regime is found to be

B[4
Wil =1 _— 13
t Ho { Et—l [At] ( )
where A; embeds preferences and parameters as®
oc—1 o—1 oc—1
Ay = o+ (1 - ) o+ é [@t+1 + ——a
o oK o K

®Note that it is always the case that | Ae; |[> | Aay | in our setting requiring the adjustment in the
extensive margins of trade.

®Note that with oy = 20/ vy, of = 2a;” v} and assuming a symmetric steady state across countries

as a;_1 = aj_;, we can express A; as a function of fundamental shocks as
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The equilibrium wage under flexible exchange rate regime inherits the uncertainty about
the future demand shock because of the above mentioned inevitable adjustment in trade
sector. The expression (13) highlights the fact that the nominal exchange rate is not a
“shock absorber” in our setting with selection into export market.

What would happen then in domestic market? Plugging the equilibrium expressions

in Table 1, we have also

~FL ~ *FL *FL FL *F'L £* o—1 %

Ypi  awzp Npy Wi Npivi Wi 5B [oth + T@tﬂ] (14)
~xFL 3% FLYx/FL > L FL * o—1 :

Ype  zp NpiW, NEn W feEB [ap, + Tt a]

In domestic market, following a relative demand shift for Home produced goods, the
production scale of average domestic firms expands compared to that of Foreign (a rise in
Yp.t/Yp ;) following such a favorable demand shift. With a certain persistence of preference
as 0 < p < 1, it induces a modest increase in domestic investment (a rise in Np ;41/Np ;1)

On the one hand, the trade imbalance triggered by a relative positive demand shift
for Home goods induces not only fluctuations in the nominal exchange rate ; but also
undesirable fluctuations in extensive as well as intensive margins of trade. On the other
hand, the flexible exchange rate system triggers an adjustment in domestic market in fa-
vor of desirable demand shift. Therefore, households in Home enjoy only marginally their
desired consumption allocation in domestic market while suffering from welfare detri-
mental penetration of less desired imported goods which are expensive. Contrary to the
models without firm heterogeneity in the literature (Friedman (1953)Devereux (2004) and
Hamano and Picard (2017)), the nominal exchange rate only partially absorbs the shock

in our setting creating a substantial burden of adjustment specifically in trade sector.

1, BT1 /1 p o—11/1 p
5012551’0: + E |:2 <205?1Ut> Vt+1 + P 5 <2aflvt> V41

oc—1 oc—1 « 1 pﬂ 0_1* *
[ () () 222
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3.2 Fixed Exchange Rate Regime

When the nominal exchange rate is fixed, the allocation in the economy dramatically
changes. A counter acting shift in monetary stance as p; = 2upay and g = 2pg (1 — o)
in both countries mitigates the profits fluctuations in trade sector. As a result, the
number of exporters as well as the production scales hence their prices remain constant in
equilibrium following a demand shift. Using the equilibrium expressions in Table 1, and

denoting implied variable X; under flexible regime with X/, we have

1
FX «FX rx SFX FX Ar+FX\ =
Ny W Ix Xt NX,t ND,t (15)
FX FX £ HFX «FX NFX
NX,t Wi fx X ¢ NX,t ND,t

As is clear from the above expressions, the fixed regime results in a sterilization in
extensive and intensive margins of trade. However, it induces abrupt change in domestic
market for production scale of domestic firms and investment for future product varieties

rise substantially in Home compared to those in Foreign (a strong rise both in yp;/ Yps

and ND,t+1/Nl*),t+1) :

~IF'X 2~ * X * X FX *FX rx* o—1 x

Ypr  Q4Zp ND,t W ND,t+1 oy Wi fEE [at+1 + = at+1] (16)
~EX T #23x% FX1/FX «FX — % i/FX * o—1 :

YD, ai*zh Npy Wi Npin  of Wi fpE, [at+1 + = Oét+1]

Comparing the above expressions with (14), it is noticed that volatility in domestic
average production and the number of domestic entry (investment) are higher than those
under the flexible regime. To sum up, the exchange rate policy that attempts to fix the
exchange rate shifts the burden of adjustment away from exporting markets to domestic
markets. Thereby, the fixed regime realizes a desirable allocation increasing substantially
the production of goods and varieties preferred in domestic market while shutting down
completely undesirable allocation in trade sector.

Finally, as one can expect, the above mentioned equilibrium allocation under fixed
regime influences wage setting behavior. The wage under fixed exchange rate regime is

found to be

15



Et—l [(Atat)l-i-sa] 1+¢
FX __
Wt = QF/LO { Et_l [At] .

Because of monetary policy intervention in the realization of a shock as u; = 2ugay, the
equilibrium wage under the fixed regime depends on the expected interaction between la-
bor demand fluctuations and monetary shock which is captured by the term (A;0,)' ™ in
the expectation operator. W/} is thus ultimately depends on the level of each component
(A; and o) and the covariance (Cov(Ay, ay)) augmented by the elasticity of labor supply,
. On the one hand, monetary intervention increases wage in level because of a higher
aggregate demand, captured by «; in expectation operator. On the other hand, since
labor demand and monetary policy shock can be negatively correlated (Cov(As, ay) < 0),
monetary policy that attempts to fix the exchange rate simultaneously end up to dampen
fluctuations in labor demand and hence uncertainty. Intuitively, under the fixed exchange
rate regime, profitability for exporters remain constant realizing sterilized exporting mar-
ket although domestic production and investment rise more abruptly under fixed regime
than flexible regime. The first mitigation impact in sterilized trade sector dominates the
second amplification effect of labor demand volatility. As we will see later on, that neg-
ative correlation between labor demand and demand shift is a function of underlining

parameters’ value in the economy and crucial in deriving the welfare ranking between

fixed and flexible exchange rate regime.

4 Welfare Analysis

In this section, we explore the welfare implication of policy intervention in the presence
of demand shock. Monetary authority can have various policy objectives. They put
different priority on these objectives based on the political economic environment. The
policymakers target the extent of desired variability of the exchange rate which can be
achieved through monetary interventions. In particular we compare the choice between

fixed and flexible exchange rate regime.

16



4.1 Expected Utility

First, we characterize the expected utility of the households as a function of exogenous
disturbances and monetary stances. Although the expected discounted sum of utility is
defined over infinite horizon of time, policy intervention at time ¢ has impact just for two
consecutive time periods due to the assumption of one time to build, one time period of
production and one time period of wage stickiness. In deriving welfare metric, we thus
express the expected utility only for two consecutive periods without loss of generality.
The expected utility of the Home representative household at time ¢ and ¢ + 1 being at

t — 1 is presented therefore as

Ei 1 [U] = Eiq [U] + BEi—1 [Up41]

=F 1 |aeInCry + of InCry| + BE 1 [y In Cprgqq + of In Crygq]

g ~ * g * ~x
=E, 1|y InNp:+Inyp, | +of | ——=InNx, + Inyy,
o—1 o—1 ' ’

o —

g ~ * 9 * ~x
+ BB |:04t+1 ( 70 ND 1 + lnyD,tH) T <mlan,t+1 + 1nyX,t+1):| (17)

The expected utility is a function of the current number of domestic and imported varieties
(Np, and N% ;) and their production scales (yp, and yx,) at time ¢ and the expected
number of them at time ¢ + 1. Note that the sum of utility in any two consecutive time
periods can be expressed as the above expression without loss of generality.
Furthermore, plugging the equilibrium expression in Table 1 and and shock process

discussed previously, the equation (17) becomes (see Appendix for derivation.)

+ 5 <0 —3 +1- E) {Etl [vfInuy] — 1+ nFE, [<Atﬂt)1+ﬂ}

1\ Ei 1 [V}
() st - B )

1 1+p B . . E, . [U*p] -
i (_> K {E“ [or"Ing] — tlJr—gptln Eiy [(Atut)”‘p}} +oest (18)
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The expected utility can be expressed as a function of shocks and monetary stances in

Home and Foreign.

4.2 Fixed vs. Flexible Exchange Rate Regimes

Given the above expected utility, the welfare difference between the fixed and flexible

exchange rate regime is found as (see Appendix)

Et—l [Z/{FX:| o Et—l [uFL:|

1 1 1
=3 ( +2— E) {Ei1[viInv] — Aln Wi

1\ 11
+ (5) 54 (a — + E) {Ei_1 [V Invy] — Eyq [U)] AIn W} (19)

where AlnW, = InWF¥ — In W[ represents the wage difference between fixed and

flexible regimes:”

AW, =In W —In W/}t
1

= 1 [ B [(Aw)™] = By [47]) (20

In the expression of welfare ranking (19), E;_; [v;Inv] > 0 and E;_q [vf Inv] > 0

present a congruence between preference and intensive as well as extensive margins in both

"To get the expression (20),

1 1
. . Ei 1 [(AtQMOOét)H_W} " B {(AtMO)Hﬂ o
AW, =InWf* —InWwfL =InT —InT ]

E,_1[A] E, 1 [A
1 Ei [(AtQMOOét)I—W} 1 Ei— [(Atuo)lﬂa}
= In — In
14+¢ Ey 1 [A] 14+¢ Ey 1 [A]
1 4] 1 1+o
= 1 T " In Et—l |:(At2,u()0(t) :| 1 T 0 In Et—l |:(At,UO) :|
1

= m {hlEt_l {(Atvt)lﬂo} —InFE;_ [A%'WH .
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domestic and imported variety of goods for current and future time period under fixed
exchange rate regime. These terms stand for benefit under fixed regime and similar terms
can be found in Devereux (2004) and Hamano and Picard (2017). While the preceding
literature find volatile intensive or/and extensive margins induced by stochastic monetary
policy intervention under fixed regime costly and detrimental to welfare, in our model
monetary policy intervention reduces uncertainty for future in trade sector and can serve
to improve welfare. The result is a direct consequence of firm heterogeneity and selection
into exporting market combined with a sluggish wage setting behavior of workers. As
in the standard New Keynesian model, the role of monetary policy under fixed regime
here is, in part, to reduce the uncertainty about marginal cost specifically in trade sector.
Not only from a desired demand congruence but also from this stand,monetary authority
has incentive to sterilize selection into exporting markets by fixing the nominal exchange
rate.. The sign of Aln W, and hence the difference in expected utility ultimately depend

on the parameters’ value in the economy as we will discuss in the next subsection.

4.3 The role of selection into exporting market

4.3.1 Variety effect with selection into exporting market

Let us now discuss the role played by parameters, specifically the term ﬁ — % and
(%)Hp B (=5 + 1) in the welfare comparison (19) which are strictly positive.
First, the term ﬁ — % indeed captures the balance between preference for the cur-

rent number of imported varieties and the prices of those varieties. Given the size of
Ei 1 [viInv] — By [U)] Aln W, the gain under fixed regime that realizes a better con-
gruence between preference and imported number of varieties is higher the higher the
preference for variety (lower value of o ) and the lower the firm dispersion (higher value of
k). This is because when the number of imported varieties increases, these varieties, how-
ever, are produced by less efficient firms that charge expensive prices on average. Given
the love for variety, the welfare gain in consuming a higher number imported varieties is
fully acknowledged when exporters are homogeneous (k = oo) and hence no increase in

price of import.
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Second, the term (%)Hp 16 (ﬁ + %) scales the welfare impact on the number of fu-
ture domestic varieties and the future cutoff level of imported goods. Given the size of
By [v) Inv] — By [uf] Aln T, a rise in the number of domestic products in future pe-
riod provides a higher utility gain when the love for variety is high (lower value of o).
Note that the impact is amplified by lower discount factor (a higher value of ) with which
future varieties are more appreciated and through a high shock persistence (a higher value
of p) with which a current positive shock will result in a higher number of future varieties.
Furthermore, a rise in the number of varieties in the next period increases competition
and it makes tougher to survive as exporters. As a result, the future cutoff level increases
due to selection and the price of imported varieties become cheaper. That gain from
future competition is captured by (%)Hp g From this channel, the higher the value of
Kk, the lower the welfare gain is because of a lower selection and hence the survival of less
efficient producers that charge higher prices in future period.

The above welfare improving effect under fixed regime thorough the demand congru-
ence is similar to Devereux (2004) without extensive margins and Hamano and Picard

(2017) with extensive margins. Here the mechanism is more elaborated due to the selec-

tion into exporting market among heterogeneous firms.

4.3.2 Mitigation impact under fixed regime

The sign of AlnW,, specifically, the covariance terms in the expression of wage under
fixed regime WS is crucial to determine the welfare ranking. As is explained, under the
fixed regime, monetary intervention increases the expected labor demand through the first
order effect and the second order effect. The intuition can be best described in setting
¢ = 0 (the case of infinitely elastic labor supply). In such a case, the wage difference

equation (20) is expressed as

Aln W, |¢:0: [ln E, 4 [(At’Ut)] —InFE_, [AtH

Et—l [Ut] + Cov (At, Ut>

=In |1+
Ey 1 [A]

(21)

20



The term F;_1 [vy] is the first order level effect of the monetary intervention under the fixed
regime while Cov (A, v;) captures the second order effect that stems from the covariance
between the labor demand and monetary shock under fixed regime.

Assuming a symmetric steady state across countries as oy—1 = a;_;, by deriving the

expression A; with respect to the monetary shock, we have

0A; 1 o—1 N .
7o~ w (1250 [1- () et <o -

The expression is strictly negative indicating a negative covariance between labor demand

and monetary intervention. The extent of the negative covariance is dependent on the
parameters’ value. When « is high, firms are less dispersed and less productive. Labor
demand is higher from these less productive exporters. In such a situation, monetary
intervention under the fixed regime that stabilizes trade sector and hence potentially
volatile labor demand is well acknowledged and welfare improving. Monetary intervention
mitigates the first order level effect by the second order covariance effect of it’s own. Figure
2 highlights the point with a numerical simulation. In the figure, E; [L{ X } —F; [U F L]
and A In W, are shown for different value of x. In computation we set the value of o = 3.8,
p=0.9 8=0095and ¢! = 0.8 (solid line) and ¢! = 1 (dotted line). As discussed,
when & is high, wage difference is decreasing and fixed exchange rate regime is more likely
supported.

Not only x, but also the elasticity of substitution among goods, o, determines the
size of negative covariance. With a higher value of o, the covariance is increasing and the
welfare improving mitigation effect of monetary intervention is thus weaker. In short, with
a higher value of ¢ labor demand is low in exporting sector due to a tougher competition
and the mitigation effect of monetary intervention is less acknowledged. ®In Figure 3,

E:_1 [Ll X } —E;_4 [Z/{ FL } and A In W, are shown for different value of o. In computation we

8To be precise, by deriving (22) with respect to o, we get indeed

aAt/a’Ut_ 1 1 1 c—1 1 P p—1
90 m;(ﬁa(l p ))(1 (2) oot ) <0,
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set the value of k = 10.64, p = 0.9, 8 = 0.95 and ¢! = 0.8 (solid line) and ¢! = 1 (dotted
line). As discussed, when o is high, wage difference is increasing and fixed exchange rate
regime is less likely supported.

Similarly, when the shock persistence p or the value of discount factor § is high, the
covariance increases giving a more support to flexible exchange rate regime. With such
a high shock persistence or high discount factor, workers acknowledge less the current
monetary intervention which does not persist into the future period.’

Finally note that a higher value of the elasticity of labor supply makes the fixed regime

more supported. The result is consistent with the preceding literature.

4.4 Optimal Monetary Policy

Neither fixed exchange rate regime nor flexible exchange rate regime analyzed above is
optimal. We discuss here the optimal monetary policy and implied fluctuations in the
nominal exchange rate. Given the welfare metrics derived above (17), the first order

condition with respect to yu, is found as,

L)wv 1 (Agpi) 7
2 He Et—l [(At,ut)lﬂ’} Mt

+<;)Hp 8 {_ B[] <Atut>”@}:0.

2 o—1 1w E_, [(At,ut)l—“p] i

Under the above optimal policy, the exchange rate is expressed as

* * *
_ o v AT

Et =

v+ () Lot ] e

vi + (3)" Lvpf

o—1

oy g oo Ay
From the expression, it is obvious that following the shock, monetary stance covariates
positively hence limiting the fluctuations in the nominal exchange rate. Figure 4 and
Figure 5 documents the variability of the nominal exchange rate under the optimal policy

with respect to different value of kK and o together with two values of the elasticity of

9The result of the numerical simulations with respect to p and 3 is available upon on request.
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labor supply, ¢! (0.8 for the solid line and 1 for the dotted line). As is discussed in
the previous section, as k increases, it reduces the wage difference and the cost related
to fixed regime decreases. Accordingly, the optimal fluctuations in the nominal exchange
rate decreases as the firm dispersion increases. Also, as o increases, it increases the wage
difference and the cost related to the fixed exchange rate regime. Accordingly, the optimal
volatility of the nominal exchange rate increases as o increases. As a lower value of ¢!
amplifies the wage difference and hence increases the cost under fixed regime, for a given

value of k or ¢ the optimal variability of the nominal exchange rate is high with a lower

value of p~! = 0.8 (solid line).

5 Discussion

5.1 Regulation Policy

In this section, we explore the case where policymakers target the extent of firm turnover
in trade sector and control it either by regulation policy or through the exchange rate
policy as previously discussed. Specifically, by relaxing the assumption of stable regulation
in trade sector, a counteracting regulation policy following demand shift is now introduced
as

=i =L

o af
The aim of the above policy reaction is to sterilize volatile trade sector which is detrimental
to welfare in our setting. By looking the expression of the relative number of exporters,

with the implementation of the above policy, we have

Neo _pe Wi
N;(,t py Wi

Thanks to the regulation policy, monetary policy is now free from the pressure of stabi-

lizing trade sector and can let the exchange rate fluctuated freely.

We then compare the choice between fixed exchange rate regime as previously argued
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and the above regulation policy regime. Denoting the expected utility under regulation

as B,y [URFY], the welfare difference is expressed as (see Appendix):

Et—l [uFXj| . Et—l [uREG}
1
o—1

1 1
:Et—l[vtlnvt]_é( +2—E>AIDW1§

1\ 1 1
+ (5) p (g -1 + E) {Et—l [Utp ant] —F [Utp] Aln Wt}

Note that under regulation policy since the exchange rate float freely we have the same
expression for AlnW;. As a result, fixed exchange rate regime still may dominate as
E,1 [UFX} > E; [L{REG}. Obviously, we have E; [Z/IREG] > K, [L{FL] because of
sterilized trade sector in case of regulation. The regulation regime is slightly better than
flexible exchange rate regime since it realizes a better congruence between preference and
intensive as well as extensive margins at least for traded goods. However it is helpless
to nail down the economy wide uncertainty stemming from stochastic demand. Figure 6
and Figure 7 show the above welfare ranking with different value of x, o and ¢~!. The
take away of the above exercise is that the temptation of manipulating currency is always

present for monetary authority.

6 Empirical evidence

In this section we report some empirical facts concerning the impact of the exchange rate
volatility on export volatility, and its relationship with the exchange rate regime.

As is presented in introduction, overall, data suggest a negative relationship between
1 and the degree of flexibility of the exchange rate regime: a higher ratio of the volatility
of exports over the volatility of the exchange rate tends to be associated with more fixed
exchange rate regime, suggesting a need for currency manipulation.

This finding is confirmed by the following regression:

vol(EXP),
VOI(TCEN),, et e (23)

regime,, = «
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where ¢ indexes the period (quarter) and ¢ stands for the country.

regime,,. is de facto exchange rate regime a la Ilzetzki et al. (2018),

0; captures time fixed-effects,

7Y captures country fixed-effects,

€tc 1s the error term with standard errors clustered at the country level.

The results are reported in table 2.

A higher level of regime refers to higher flexibility of the exchange rate regime. The
results confirm that the ratio of volatility of consumption over nominal exchange rate
decreases when the regime becomes more flexible.

Then focus on the last column of table 2. When splitting the sample in high hetero-
geneous and low-heterogeneous countries, we find that high heterogeneous countries are
those where the ratio of volatility of consumption over nominal exchange rate decreases
further.!® When the firm distribution is more heterogeneous, a flexible exchange rate
reduces the volatility of consumption despite the higher volatility of the nominal effective

exchange rate.

7 Conclusion

The paper explores the choice of exchange rate regime with firm heterogeneity and re-
sulting selection into export markets. Fixed regime not only realizes a better congruence
between preference and the variety consumed but also substantially reduces uncertainty in
labor demand that arises from entry and exit of exporters. In our setting, fixed exchange
rate regime can be superior to flexible exchange rate regime depending on the parame-

ters’ value. We also show that regulation policy in trade sector that aims to stabilize firm

10High heterogeneous countries: Belgium, France, Greece, Ireland, Italy, Japan, Norway, Portugal,
Spain, Sweden. Low heterogeneous countries: Australia, Austria, Canada, Finland, Germany, Nether-

lands, New Zealand, South Korea, Switzerland, United Kingdom, United States.
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turnover cannot remove the temptation of currency manipulation. For future research, it
would be interesting to think how the view of Friedman, the almighty flexible exchange
rate, is reestablished in the model with firm heterogeneity and the selection into export

markets as ours.
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Figures and tables

Figure 1: Exchange rate regime and volatility of trade
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Figure 2: Volatility of exports and exchange rate - fixed exchange rate regime
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Figure 4: Welfare Ranking: Fixed vs.Flexible Regime
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Figure 5: Welfare Ranking: Fixed vs.Flexible Regime
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Figure 6: The Optimal Policy and Variance of the Nominal Exchange Rate
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Figure 7: The Optimal Policy and Variance of the Nominal Exchange Rate
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Figure 8: Welfare Ranking: Fixed vs. Regulation Regime
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Figure 9: Welfare Ranking: Fixed vs. Regulation Regime
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Figure 10: Volatility of exports and exchange rate - heterogeneous firms countries
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Figure 11: Volatility of exports and exchange rate - homogeneous firms countries
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Table 2: Exchange rate regime and volatility of exports to nominal exchange rate.

degree of flexibility exchange rate (1) (2) (3)
Vol(EX P)ye/vol(TCEN )y 117 115 ~.018
(.008) (.009) (.004)
Observations 2379 2379 2379
Year FE No Yes Yes
Country FE No No Yes
degree of flexibility exchange rate (1) (2) (3)
VOl(EX P)tc/vol(TCEN ). -.119 -.115 -.012
(.007) (.009) (.004)
Vvol(EXP)ic/vol(TCEN);. x homogeneous 011 -.003 -.055
(.016) (.019) (.009)
Observations 2379 2379 2379
Year FE No Yes Yes
Country FE No No Yes
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Online Appendix

A Solution of the Model

We derive here the closed form solution of the theoretical model presented in Table 1. The

similar expressions hold for Foreign. First, note using average prices and the expressions
__1 oL
L B Lo B o .
of price indices, we have Py, = Npi 'ppy and Pry = Ny ,” 'p,. Plugging these

expressions in the expression of domestic profits, profits from exporting and total profits

o o etpy o I Nx: 1
on average, we have Dp; = %]\#Dtt, Dy, = <t NXtt — fxWiand Dy = Dpy + NDtDXﬂt.

With zero cutoff profits (ZCP) condition, we have DX7t = Wifxi— Note that by

—1
(o—1)°
5”‘ t . Also with ZCP and

o—1«a
K

combining these two expressions of Dx; we have Dy, =

o
g
the expression of ﬁX,t previously found, we have Ny, = %( - )% With the

1
. . . . e, . . ~ o—1 N Tk
Pareto distribution as in the paper, it implies that zx; = [n—(g—l)] ( N’;’;) .
We are now ready to derive the number of new entrant, Np ;. Free entry implies
that XZ = fg+W, . Combined with the expression of 5t+1, the Euler equation about the
share holdings, ‘7,5 =F, [Qmﬂﬁtﬂ], is expressed as

BRC, ~ Nx 41 =
E,|—— (D D = W,.
t {Pt+10t+1 Di+1 T No o X t+1 fe Wy

Plugging the expression of D D41, D x,t+1 and using the definition of monetary stance, it

1s rewritten as

E, [5#:5 <Oét+1 Heer Nxeir 0 = 1 Et“’u;l)l = fe:Wi

Ht+1 0 Npiyi Npeyr K o Nxi41
Further, by plugging the expression of the equilibrium exchange rate ¢, = %% and
t H

rearranging the terms, we have

B o—1

— E || g1 + —ap = W,

o Nport t t+1 PR JeWh
which giVGS ND,t—H = gﬁE [OfH_l + 2 at+1]

Next we derive the labor demand in general equilibrium. Note that Dx; = iatp%fgv Xt

fx W and D Dt = éﬁp,tgp,t. Also plugging the expression of prices into these profits, we
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~ z ~ D Wi )z, . .
have yp; = (0 — 1) DI;{/% and yx; = (0 — 1) ( Xﬁf;(v’: ) > Putting these expression

of intensive margins of average domestic and exporting firms in the labor market clearings

(11), we have

D
Lt:ND,t(g_l) V[?i +NX,t ((0'—1)

t

5X,t + fx: Wy
Wi

+ fX,t) + Np i1/t
Plugging the expression of D p,+ and D x, found previously, the above expression becomes
o— 1oy N (0 — 1)2 e}

o W oK W,

Further, plugging Np 41, Nx: and the exchange rate found previously, we have

Lt:

+0Nxifxt+ Npii1fer

c—1la«a o—1)>%ar oc—1 aof o—1
tut+( ) tplt_l_(l_ ) tut+5ﬂEt |:Ov/t+1+ a;k+1:|

L= 2
¢ o Wt oK Wt K Wt o Wt K

which can be further rewritten as

Lt_&[a—l o—1

* 5 o—1 *
_Wt pu O{t+(1— - )O[t+gEt ()ét+1+ - Qi

Finally, plugging the expression found in wage setting equation (7), we have

_— {E ()] } |

By 1 [Ay]

A.1 Comparison of the Solution with Hamano and Picard (2017)

Stochastic labor demand followed by demand shock and its mitigation by monetary inter-
vention is the key in deriving the main result of the paper. To see this, it would be useful
make a comparison with a model without selection into exporting market as described in
Hamano and Picard (2017).

Note that by setting fx, = 0, all firms export despite firm heterogeneity, hence Nx; =

~ o~ . n oo it _ oy Bt ;
Npand zZx+ = zp. In such a specific case, we have Dp ; = ;tm, Dx,; = ;tﬁtt Putting
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these expressions in t

PC, [~ _
E, {h <DD,t+1 + DX,t+1>:| = fe:W;
Pt+1ct+1

Npi+1 = fwthtEt [Oét+1 + oth] = thI?E,t with symmetric process of the shocks

across countries.

the labor market clearings becomes

0] y
L= Np, (ﬂ + ﬁ) + Npyi1 e

ZD ZD
where yp,; = (0 — 1) ?/VtZD and yx,; = (0 — 1) % Plugging these expressions and
Np 41, we have
pe |[o—1 B
L= 2
W, [ o * a]

This is the labor demand found in Hamano and Picard (2017) for their model called

“lagged entry”. The equilibrium wage is found to be

Wy =T {Eoy [ ]}

B Expected Utility

The expected utility of Home representative household for any consecutive time period is

given by

Ei 1 [U] = By [Ui] + BEi1 [Upy4]

=B [ InChy 4 af InCry| + BE 1 [0y In Cpyyr + af In Cryp
o . =Y
E;_1 [at (111N5;519D,t> + oy (l NXt 7 it)}
21~ « 1 Y
+ BE; 4 |:Oét+l (IHND,tirlyD,t-&-l) + oy (thX i1 XTHI)]
t
Plugging the equilibrium expression of yp ¢, Y% 4 Ype+1 and ¥y .,
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Lo —1ouzp N 1o —1 O‘tﬂrz}},t
Ei 1 [U] =Ei [ozt (lnND’t1 . W, +ai | InNy, ! — —Wt*T
L o — 1oy fut12D . w10 —1 Oét+1/i;:k+1z§(,t+1
+ BE; |:at+1 <lnND,t}|—1 o Wyt + o 11“1]\7X¢+11 pu Wi T

Developing the expression, we have

1
Et—l [Z/{] = 1Et_1 [OétlnND,t] + Et—l [Oétthét] + Et—l [oztln,ut] — Et—l [Oéttht]

1
+ 1Et,1 [0y InN% | + Ei—q [0 Inoy]

+ By [ogIng] 4+ By [afInZ ] — Eioy [ InWW;]

Ei_1 [u1InNp ] + BE;1 [ouInoy 4]

+a—1

+ BEi_1 [ovpaInpuq] — BE—1 [our1InWii4]

+ b 1Et_1 [ InN% 1] + BE1 (o Inaui ] + BB [og Ing |

+ BEi1 [a:+llng;(,t+1} = BEi-1 [o W/, | + est

Plugging the equilibrium solution of 2% ; and 2% , ,; and relegating some terms as constant,

Et—l [Z/{] == Et—l [oztlnut] - Et—l [atant]

1
1Et_1 [0y InN% | + Ei_q [0 Ing;]

+

1
*

* NX t - * *
+E; 1 [a)ln N*7 — Ei [a;InV)]
Dt

b 1Et—1 [at1InNp 1] + FEi1 [g1Ing 1] — BEi1 [ InWig]

_|_

+ 1Et_1 [a;k+1lnN}k(7t+1] + BE;_1 [a;‘HlnaHl}

1

N} o
ND,t+1

+ BE_ [04;1111#2%1} + BB | aggqln <
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Relegating the terms for future policies (41 and p,, and thus variables that depend on

these policies, Wiy and Wy, Nk, as constant and further rearranging,

Et—l [U] = Et—l [Oétll’lﬂt] — Et—l [atant]

1 1 * * * *
+ (0 — ;) E; [atlanﬁJ + E;1 [oyIngg]

— B [ofIn W] + af 1Et—1 [ 1 InNp 414]
+ gEtl [y InNG, ] + cst.

Plugging the equilibrium solution of N% ,, Npiiand Np, ., we have

Ei [U] =E; [Oétlnﬂt] — B [OCtIHWt]

=B loa]+ 2B ol
+—-E; {@:ﬂln /:Lk: *} + ost
WefE

Further rearranging,

E, 1 [U] = By [oynpy] — By [oInW]

c—1 K

1 1
_ ( - E) Bt [afInfi]

1 1
; ( f1- —) {Ev_s [ofIng] — Ee_y [0tV ]}

o—1
B

+O’—1

{Ei—1 [apalngy] — By [ InWi ]}

+ g {Ec [af o] — By [af InWy ]} + est

Rearranging and plugging shock process, the expression becomes
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Ei 1 [U] =Ei Baf_lvtlnut] —E; Baf_lvtantl
T (a i 1 +1- %) {Etl BO&Z"JWZ‘IH/LZ} —Ei Barplvflnwt*} }
_ (G ! - %) o Ba:f’luﬁn f},t}
+ . f 7 {Et_1 [% (%Off—lvt>pvt+llnﬂt:| —Ei B (%Ozf_lvt)pvtﬂlnwt] }

]' ]' * * ’ * ]' 1 * * g *
+ g {Etl {5 (§atf1vt) Utﬂlnut} —E 1 {5 (5%51%) InW; } } + cst

Note that monetary authority attempt to maximize the expected utility by optimally

setting u; which has impact on for any two consecutive periods. With a symmetric steady
state across countries we assume that oy = o;_; = 1, with which the expression becomes

finally

1 1
Et—l [Z/{] = iEt_l [Utln,ut] — §Et—1 [Uth’th}

+ 3 <a —3 +1-— E) {Ei1 [v;Ingg] — Eioq [vfInW/]}

1 1 1 w1 o
_ 5 < — E) Et,1 [/Ut lan,t]

oc—1

' 3
+ (§> o1 {Ei_1 [VYvInpy] — B g [0f0i 1 InW;] }

1 1+p ﬁ
+ (5) K {Ei_y [0 0] Inpf | — By [07%0f InW ]} + cst.

With symmetry of shocks as E;_; [vfvilny] = E;y [’U:p Ut*ﬂlnvﬂ and with no serial

correlation across them such that E;_; [vflnv] By [v41] = Ey_1 [0)Invy], we have
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1 1
E. U] = §Et71 [V, ] — §Et71 [ In W]

b3 (527 1= 1) B o] = B [ )

1 1 1
_ 5 < — E) Et,1 [U:lnf;}’t]

o—1

1 1+p /B
#(5) 5 (B Doftans] — B vy}

1 1+p * * * *
—+ <§) ; {Et,1 [Ut plnpt] — Et,1 [Ut Pant ]} + cst

Shutting down the fluctuations of fixed cost for exporting and plugging the expression of

wages in equilibrium, the expression becomes (18).

C Fixed vs. Flexible Regime

Again with symmetry at the steady state and with AlnW; = InWf¥* — InW/[E| the

difference of the expected utility across different regime is

B U] =By [UTF] = %EH [ugnvy] — %Aln W,

1 1
<— +1-— E) {Ei-1 [vjInv]] — Aln W, }

oc—1

+
N\ B
+ (5) o—1 {Et—l [Uf?)t+1lnvt] — Et—l [vat—l—l] Aln Wt}
1\ 3
+ (5) - {th [U:pvfﬂlnvﬂ . [U:pval] Al Wt}
With symmetry of shock E,_; [vfv,ilnu] = By [v/”vf,,Invf] and with no serial

correlation of the shock such that E;_; [vfInv] By [vg41] = E¢_1 [0 Invy], we have
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Et—l [Z/{J:X:I - Et—l |:Z/{]:£:| = %Et—l [Utln'l)t] - %Ah’l Wt

1 1 1
—|— — ( —l— 1 — ;) {Et—l [Utln'l)t] — Aln Wt}

2\c—1

NP1 1

D The Optimal Policy

E, 1 [U] = % {Et—l [V — InE; [(At:“t)lw} }

14+

T3 (a e E) {EH [ortngg] = g7 0 By [(Atﬂt)w]}

+ (%)Hp b {Et_l [vfIng] — Bia [ui] InEy [(Atﬂt)lw}}

o—1 L+
"B cor o B [V .
+ <§> K {Et—l v/ Inpg] — tl :ﬂ; In By (4407 } et

1] v _ 1 (Atﬂt)lﬂa
2 ot Et—l [(At,ut)l—HD} Hi

+(;)”P 5 {__ By [vf] <Atut>”¢}:0

2 o—1 Mt Et—l [(At,ltt)1+(’p} He

1 1+
Uy — Tre Appir) 7
{ By [(At#t) } (i) }

1\ B o Eyy [vf] e | _
i (2) o—1 { "B, [(Atﬂt>1+@] i) } ’

! 1\ 8 By [vf] e
{Etl [(Atﬂt)hrga} + (2) o—1 E, 4 [(Atlut)1+4p} } ( t,ut)

N s ,
Ut+<§> U—lvt
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(At/it)lw

ot

Note that when g = 0 and A; = A} = cst, we have

1
Uz‘ Uy 1+
€ =—|—
Ve |V

The above is the expression found in Devereux (2004). When ¢ =0, &, = 1.

E

Etfl [M}—X] _Et—l [uRg]

1 1+p B
+(§) o—1

()

Regulation Policy

|
o E> B [oilnpgoi] = Bey [oflnWy ] — [ [ofIngg] = By [0y ] ]}

{
1 1 * % * * o x—1
<U — - E) {Ei1 [fInfx] — B [vfInfrv; 7'}

{Et_l [V Inpgvy] — By 4 [UfantFX] - [[Et_l [vPInpe] — By [UfantFLH”
14+p 6

E {Et—l [U:plnuévﬂ — Et—l [U:pIHWt*FX} — [Et—l [U:plnué] _ Et—l [U:PIHWt*FLH }
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Further rearranging,

Ehﬂumﬂ—Ehﬂuw]zlﬂﬁqhwa—AmWﬂ}

2
—1-5 m—Fl—E {Etfl[vtlnvt]_Aant}
1 1 1 .
~3 (U 1 E) {E:—1 [v/Invy]}

N\ B
+ (5) o—1 {Et—l [Uflnl}t] - Et—l [’Uf] Aln Wt}

1\ 3
+ (5) - {Ei_1 [v/Inv}] — B4y [0f] Aln Wy}

With symmetry as argued, we have

B, [MJ:X] — B, [URQ] —

2\c—1

_%( 1 _l)gglmmwn

1 1 1
— ( +2— E) {Et—l [’Utln’Ut] — Aln Wt}

c—1 &k

(575 e L (B oo - B o] Al
5 o—1 o t—1 | Uy 1NV t—1 |Vt nwegyp.
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