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ABSTRACT

Tariff is one of the major protection policies in international trade and has been a long-lasting issue in
international economics. This paper uses a two-country dynamic general equilibrium model to examine the effects
of the tariff on the world economy under alternative nominal rigidities: producer-currency pricing (PCP) and
local-currency pricing (LCP) where the exchange rate pass-through and expenditure-switching effects are absent.
This study finds that the effects of the tariff on the output and welfare do vary with the price setting strategies. A
tariff is expansionary for the imposer’s economy under both PCP and LCP. The tariff’s impact on its trade partner
is contractionary under LCP, but absent under PCP. The difference primarily comes from the exchange rate
pass-through effect that differs under PCP and LCP. The alternative nominal rigidities also result in different
effects on welfare. While a tariff improves the welfare of the domestic households under PCP, it worsens the
welfare of the foreign country under LCP.
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1. Introduction

One of the primary protection policies is the imposition of tariffs. In recent years, many cases are
going on among major countries®. While this is a widely used policy tool, the welfare evaluation of the
trade policy is important to the authorities. This is a long-lasting issue in the literature, but whether the
tariff is beneficial to the country which levies the policy still remains controversial. Early studies reach
certain consensus though. (Mundell (1961), Boyer (1977), Chan (1978) and Eichengreen (1981)) As
surveyed by Krugman (1982), the tariff is contractionary under a flexible exchange rate regime, but
expansionary when the exchange rate is fixed. However, these studies are based on ad hoc assumptions
of behavior and the policy is examined in a small open economy. Not too many endeavors have been
devoted to evaluate this issue with intertemporal optimization in the past decades. The absence of
micro-foundations implies the failure of the welfare assessment of the protection. Sen and Turnovsky
(1989) are the first who use an intertemporal optimization framework to study the effects of
unanticipated permanent, anticipated temporary, and anticipated permanent tariffs on a small open
economy. They find that both output and employment are suppressed by the tariff in the short and long
run. The role of capital accumulation is emphasized, which is the main factor that drives current account
movements.

Nevertheless, a small open economy framework neglects the transmission mechanism of shocks
across countries. As for now, the only study using a two-country dynamic general equilibrium model to
study tariffs’ effects is Fender and Yip (2000). The two-country framework permits the evaluation of
tariff’s impacts on the foreign country. Their model consists of imperfect competition and nominal
rigidity. The role of monopolistic competitions which lead to inefficient outcomes is stressed. It shows
that the tariff decreases both output and employment. As in traditional models, the impacts of a
permanent tariff on welfare face tradeoffs, mainly from its impacts on output and consumption through

terms of trade movements. In a monopolistically competitive environment, however, the elasticity of

2 For example, in 2004, the European Union (EU) imposed a retaliate tariff on U.S. exports for the export tax subsidy applied by the U.S.
government to U.S. producers. In 2006, the EU placed anti-dumping tariffs on goods exported from China. The producers of the EU seem
to be the only winner, while retailers and consumer groups opposed to the move.



substitution among goods is crucial to the tariff’s net effect on the welfare.

Thus, the objective of this study is to examine the effects of tariffs on the global economy with a
two-country dynamic general equilibrium model with monopolistic competition and nominal rigidity.
Equipped with the micro-foundation, the model provides a great platform for welfare analyses of
policies. Different Fender and Yip (2000), this research centers on the tariff’s effect under alternative
nominal rigidities. In contrast to the producer-currency pricing (PCP) setting under Fender and Yip
(2000), as traditional models specify, this study emphasizes the exchange rate pass-through and
expenditure-switching effects that are absent under the alternative price stickiness, local-currency
pricing (LCP). The importance of the pricing strategies is revealed by Devereux and Engel (2003). They
show that the currency for the pricing setting has important implication for optimal exchange rate regime.
The optimal exchange rate regime under PCP is flexible, while a fixed exchange rate regime is optimal
under LCP.** Following Devereux and Engel (2003), empirical findings also support LCP for firms that
actively conduct international trades.

In addition to its implication for exchange rate flexibilities, the degree of exchange rate pass-through,
which determines how much the tariff is passed upon the import prices, certainly has important
implications for the macroeconomic fundamentals and welfare. In particular, while the LCP behavior
prevails in the world, how tariffs may impact on the global economy is critical for policy makers.

To examine tariffs’ effects qualitatively for the policy analysis, we use the model in Obstfeld (2006)
where analytical solutions are available and introduce permanent tariffs for the imports in the home and
foreign countries respectively. In this model, nontradable goods are present and all the prices are
predetermined one period ahead. While relative tariff rates cause exchange rate movements, the absence

of exchange rate pass-through under LCP leads to different impacts on the home and foreign outputs and

® Nevertheless, their result is challenged by Obstfeld (2006), who argues that the result in Devereux and Engel (2003) comes
from the symmetric reactions of consumption to idiosyncratic shocks when nontradable goods are absent. In an economy with
nontradable goods, the monetary authorities in these two countries set divergent interest rate rules and thus nominal exchange
rate flexibilities are needed for the asset market to achieve the equilibrium where the uncovered interest parity holds.

* Moreover, Devereux, Engle and Stoggard (2003) consider endogenous pricing strategies instead. They find that PCP is the
optimal pricing strategy when exchange rate fluctuations are small while LCP is the optimal under greater exchange rate
fluctuations.



welfare from the PCP case.

This paper is structured as follows. Section 2 outlines the specifications of the model. In Section 3, we
conduct the analysis of the tariff’s implications for a flexible-price economy. Section 4 then discusses
the different prices and consumptions under PCP and LCP. Section 5 and 6 analyze the impacts of a
tariff on the production and welfare. Finally, we present our conclusion in Section 7 and discuss areas for

future research.

2. The model

2.1 Production

There are two countries, home and foreign. Each country produces both tradable and nontradable goods.
Y, and Y, denote traded and nontraded goods produced in the home country, while Y. and Y,
denote traded and nontraded goods in the foreign country. For each type of goods, the good market
structure is monopolistic competition, with a lot of firms producing similar but slightly different goods

and competing with each other in the market. Labor is the only input in the production process.

Production functions follow the form:

Yur=Abkao Yoo =Aby (1a)
where A is an autocorrelated country-specific productivity shock. H and N indicate home tradable

and nontradable goods respectively. The foreign production functions follow the analogous form and are

indexed by asterisks.
Y;,t:A*L*F,t’ Yr:,t:'A;L?\Lt (1b)
The real shock in the economy is characterized by technological innovation. The logarithm of

productivity shocks, indicated by lower-case a and a;, evolve with the following AR(1) process:

a=(1-p)a+pa,+&, & ~N(O0?) (2a)



*

8 =(1-p)a +pa+5,, &, ~N(O.%) (2b)
The productivity shock is the only exogenous shock in the economy. Because the productivity shock
follows a lognormal distribution, all the endogenous variables in the economy are lognormally

distributed as well.
2.2  Consumption

There is a continuum of varieties for each type of good. Home goods are indexed from j < (0,1) while
foreign goods are indexed from je(1,2). Consumers in each country consume a variety of goods,

composed of home and foreign tradable goods and domestic nontradable goods. For any individual i in

the home country, the composite consumption index is in the Cobb-Douglas form:

c. GO -
yA-n

C;and C, are indices of traded and nontraded consumption and y is the share of spending on tradable
goods in total expenditure PC . Tradable consumption is composed of equal share of home and foreign
tradable goods, C, and C.:

G =2GC” @)

where

01(6-1)

1 0/(6-1) 2 1 0/(6-1)
%{JQ(J’)“‘”’GUJ} , cp{jc;(j)‘”’ﬁdj} , %{M(j)@b’ﬁdﬂ

and @ is the price elasticity of substitution among goods and &>1. The home aggregate price index for

the composite consumption is

P=RRL, B ={Le) IR ©



where

g :[.LPT“)MO"F’ F =[ilF’T(i)1“’diF, R :{lPN(i)MdiF

and 7 is the home tariff on the goods imported from abroad. Therefore, home demand for each
commodity can be derived as

P (h)

H

C.(h)= { } Gy Ci(F)= {P”)} C.. Gu(h)= [P“ﬂ . (6)

F N

Home demand functions for home and foreign goods are

e T _[@o)R T
RS ek

and home demand functions for traded and nontraded goods are

P 1 L &—1
qzyH c. ¢,= 7>M c

The parameter 7 is the constant tariff associated with the protectionism policy of the home government.

Variables in the foreign country are in analogous forms and indicated by asterisks.
2.3 The Utility Function

Consumers face the following intertemporal maximization problem as follows:

max ZZﬂE ( Cl’ - KL'[j (7)

=0 s,

st RG+D B(8.8)D (8) SPWL +D +R, Y. +6 R Yo +R Y + T, (7b)
St

The utility of individual i depends on consumption of the composite good, C/, and the disutility from

labor supply. g is the subjective discount factor and « is the factor determining the disutility caused



by the labor supplied. 1/p is the elasticity of substitution and we assume p >1°. Real money holding
does not enter the utility function because we use the interest rate rule as the monetary policy, rather than

the control over the money supply in the economy. ¢, is the nominal exchange rate measured by the

home currency price of the foreign currency.

We assume that asset markets are complete. That is, there is a complete set of state-contingent

securities D(s;) in the budget constraint. °® B(s.|s,) is the home-currency price of the

state-contingent security toward each future state s _,. The individual household receives wages from

4 -
labor and collects revenues from the sale of good produced. Because output in the commodity market is
determined by demand, Y indicates the amount of the good sold and the market demand for the good.
The government transfers all the tariff revenue T, to consumers.” W, is the nominal wage for each

unit of labor supplied, L. Y, Yy, and Y/ denote the demand functions of the goods produced by

home producer. Since all the consumers are assumed symmetric, we will drop the superscript i
throughout the paper.

According to the maximization problem as specified above, the Euler equation is obtained as follows:

> _ﬂ(lﬂt)Et[PmJ (8)

where the definition of the nominal interest rate i, is defined as follows: 1/(1+i,)= Z B(st+l| st) . Note

St

that the nominal interest rate in this model is the policy determined by the government and thus is
exogenous to consumers’ optimization.

Because consumers in the home and foreign countries face the same asset prices, the risk-sharing

® The range of the elasticity of intertemporal substitution varies in a wide range. Most of the empirical studies support that the
elasticity is smaller than unity, which implies p >1. While most of the papers assume o >0 (for example, Obstfeld

(2006), Devereux and Engel (2003)), the assumption of p >1 in this paper is primarily for analytical simplicity.

® Because all the exogenous shocks are lognormal, there will be a continuum of states. The specification of discrete states
here can be extended to continuous states directly.

" As explained in Obstfeld and Rogoff (1998), the Cobb-Douglas preference implies the current account balance is zero if the
initial debt is zero. However, if the tariff is imposed, the current account is not necessarily balanced unless the tariff revenue
is returned to consumers to subsidize higher consumption expenditure caused by the tariff.



condition in the complete asset markets holds for all states®:

= )
R R

¢, 1s the nominal exchange rate, defined as the home-currency price of one foreign currency. Since the

purchasing power parity does not hold in our model due to the existence of nontradable goods and tariffs,
this condition implies that consumptions do not generally equal across countries.
. Following the monetary policies adopted in Obstfeld (2006), the interest rate rules in these two

countries are as follows:®

In(1+i,) =T +op, (10a)
In(1+i)=T+op (10b)

The monetary authority in each country adjusts the nominal interest rate in reaction to the domestic price

levels and shocks from both countries. The foreign monetary policy follows an analogous form.'%. 1!

3. Flexible prices

To understand how sticky prices would affect the economy, we have to know how the economy works
under flexible nominal prices. Assume that the central bank does not respond to productivity shocks so

that the nominal interest rate rule is simplified as 1+i, =i +wp, in the flexible-price case.

The tradeoff between labor supply and consumption is:

® The derivation of this equation is in the appendix.

° Amato and Laubach (2004) find that a simple interest rate rule can nearly lead to the optimal allocation for any degree of
habit formation. They adopt an inertial interest rate rule where the interest rate reacts to the past interest rate, the inflation rate
and the output. The optimal monetary policy suggests a super-inertia interest rate rule that, in which the current interest rate
reacts more than one hundred percent to its past value. The coefficient incorporating the nominal interest rate’s reaction to the
inflation rate is 2.37 when there is no habit formation. Both of these two responses of the interest rate decrease with the
degree of habit formation.

19 Following Obstfeld (2006), we assume there is no nominal shock to the interest rate rule. This case can be extended easily.
11 Kollmann (2002) calibrates a dynamic general equilibrium model with a small open economy framework to find the
optimal monetary policy rule. His finding supports the inflation targeting policy rule and the response of the central bank to a
one-percent of the price level increase is 3. Bergin, et al. (2007) finds the similar inflation targeting rule and the parameter in
reaction to the inflation rate is 5.0.



ViC;P = Wt* C. "=k (11)
P P

t

Substituting this equation back into Eq. (9), we can see that W, = £W, . In a monopolistic competition

market, firms will set the price as a fixed markup over the marginal cost for the home and foreign

*

. . W . . .
countries; that is, P,, __O0 W and P, :i_t*gt respectively. Therefore, combined with the
T0-1A T0-1A

relative wage, relative price is simply the relative productivity across countries:

P P A

*

F)F )t PF t A

The combination of Eq. (11) and the composite price index yields the consumptions in these two

countries respectively:

N R
NI

1
7 |p

C, = Hk—;lAl‘gA*g (1+ T)_Z} , C/ :[Hk__el A%A*l x (1+77) (12)

Eq. (12) shows that shocks are shared across countries. The home consumption increases with positive
home and foreign shocks because higher productivity lowers both the domestic and foreign prices. On
the contrary, higher tariff increases the domestic import price level and thus reduces the consumption.
However, the imposition of the tariff affects the consumption in the domestic economy only. The share
of the tradable goods in the overall consumption determines the magnitude of these effects.

Because all the variables follow lognormal distribution, take logarithms for the Euler equation Eqg. (8)
under flexible prices. Substitute the interest rate rule, consumptions in Eq. (12) and solve the price level

recursively, then we can write the price level in terms of expected future consumption growth and

variances of endogenous variables, which are assumed constant over time:

2

p—1 4 Yo+l 1 = P 1
P :1+a)—pa Kl_ajaﬁza[}r;(logﬁﬂ +7G§+EG;+pGCpJ &

All lower cases denote the logarithm of the variables. Because both the exchange rate and prices can

adjust freely, none of the tariff influences the home aggregate price level. However, relative tariff drives



exchange rate movements. The combination of consumption and price level, Eq. (12), (13) and the

risk-sharing condition, Eq. (9) yields the nominal exchange rate:

_o(-y)
1+o-p,

3 (a-a)+TE (14)

where

er)

™ —_
St 2

Here we make use of the fact that log (1+r) ~ 7 when 7 is small. This equation holds under the

assumption that E,_,A;; =E_ A . It is shown that higher home productivity reduces home prices

relative to foreign and thus the nominal exchange rate depreciates in reaction to the relative productivity
movement. On the other hand, greater home tariff leads to the nominal exchange rate depreciation to
diminish the magnitude of the domestic demand shift from import to the home goods due to the tariff.
Following past studies, we are interested in whether the tariff policy is contractionary or expansionary.
In the monopolistic competition market, because the productions of each country consist of the goods
sold to the domestic and foreign markets, the home production can be obtained from the world demand

for home goods, Eq. (6), combined with relative prices:
Y=Y Vg +Y|:,t (15)

Substituting prices from Eq. (11), the home tradable prices and consumptions in Eq. (12) with Eq. (15)

yields:
. :( —%)(%f) exp{(z—yz(llj—p)Ja[ .\ 7(12;/0) - 7(20—1) r} w5
Al e e ()
where

or 2p
FP _1 _2
aYt* — }/(p ) ID YFF:’ <0
ot 2p



The home tariff is expansionary for its domestic output when p>1, but the foreign tariff is
contractionary for the home production. While the current home tariff has a direct negative effect on the
aggregate consumption by raising up the aggregate price level, it also causes the home demand to shift
toward the home produced goods due to the deterioration of the home terms of trade. The substitution
effect in the latter dominates and thus the overall home production benefits from the protection policy.
On the other hand, the foreign tariff reduces the foreign aggregate consumption as well as the import
from home firms to the foreign market, and thus leads to lower home export. Note that, the future tariff
plan does not influence the production.

The welfare under flexible prices can be evaluated by the expected utility:

e 2,0
-p

Where L =Y, /A.

4. Optimal Pricings and Equilibriums under Alternative Nominal Rigidities

The optimal pricings under PCP and LCP are listed in Table 1. The results are essentially same as
those in Devereux and Engel (2003), except that the aggregate price level in the equation contains the
tariff. Prices are predetermined one period ahead before the profit is realized. Producers choose optimal
prices by maximizing expected profits. The first-order derivation of a home firm with respect to the

price of the goods sold in the domestic economy is as follows:

E[ Q;p|:a:)|'l|,tY|'l|,t:|_K 6“[ aYl'iLt _O
-1 i i i -
R 6F)H t aYH t 6PH t

Other firms follow the same pricing process. However, the price setting for export firms varies with PCP

and LCP. Under PCP, producers choose optimal prices in their own currency to maximize expected
profits as the traditional pricing adopted by Fender and Yip (2000). Prices for goods sold in the foreign

country are converted into the foreign-currency prices by using exchange rates, thus the law of one price

10



holds for tradable goods. Under LCP, producers preset prices in consumers’ currency so there is no

exchange rate pass-through onto export prices. Therefore, the law of one price may not hold.

Table 1: Optimal Pricings under PCP and LCP

PCP LCP
x0 \E1(RC, /A)
P:,(t:P = PNP,(t:P = [9_1] Et_l(ctl—p) PHL,CtP = PNL,Ct:P = PHPy(t:P
prPCP _ PPCP/g prLce :( K0 j Etfl(R C /A )

H,t H.t t H.t H—l Etil(ct*l_p)
PCP __ *PCP T L Et—l(Pt C /A\*)

PF,t =Gt PF,t Pes _(‘9_1) EH(Ctl—p)

p*PCP _ p*PCP _ ko Etfl(Pl*Ct*/A\*) P*LCP _ P*LCP _ P*PCP

F.t —INt - 9_1 Etil(ct*l,p) F.t —INt —'Ft

In monopolistic competition markets, the production is determined by consumption demands. To
examine the effects of the tariff on the output in the equilibrium, we need to know the price and
consumption first. The explicit solutions of prices and consumption can be obtained by taking similar

steps in the flexible-price case. Because all variables are lognormally distributed, we can easily derive

E.,C, and E_,C, from pricesin Table 1 by using the price indices in Eq. (5).
Under LCP, the logarithm of the combination of P,S" and P:” yields E, ¢t in terms of

exogenous productivity shocks:

=_—1Iogﬁ—Llog(1+r)+
o, -1 2p

LCP
EI —1Ct

2—y v .
2p (Et—lal T 0 ) + 5( Et—la( + O )+ AEc (17)
where A, includes all the moments associated with the expectation under the lognormal distribution.

Negative productivity shocks and higher tariff raise the aggregate price level and thus lead to lower

P

consumption level. The share of tradable goods, y, dictates these impacts. Use the fact that E,PR,

4l =

then the log-linearized Euler equation for home households, Eg. (8), can be written as:

11



1 ] 2
c = Etcm—;{logﬁﬂog (1+i) = (P — pt)+%af} (18)

By taking the expectation one period ahead and substituting E.c,,, from Eq. (17), we can derive the
explicit solution of p, which essentially contains the information available at the period t-1. Eq. (8)
with the substitution of p, and p,,, generates c, .

Under PCP, however, the exchange rate pass-through complicates the computation. The exchange rate
can be driven by the tariff as well as macroeconomic discrepancies and thus affects the terms of trade

and the international demands for tradable goods. The price and consumption in these two countries can

not be solved separately, but we need to find the global equilibrium. Define x/ =x +x and
x_ =x —X represent the sum and difference of the variable x, and x . We can obtain E, _,c/ from

the logarithm of the combination of P;{" and P.7":

E,.c/ :iEt_latT —Lln(1+ ) —Eln(’(—ej (19)
p 2p p \0-1

Let p" =(1-7/2)piS +(r/2) pc" so that the home aggregate price level p, can be written as

(7/2)& + 1, +(7/2)log(1+7). By doing so, we can separate the predetermined part in the aggregate

price level from the nominal exchange rate which fluctuates with innovations. Substitute the aggregate
price level into the Euler equation, then we can obtain the dynamics of the aggregate price index similar
to Eq. (18):

2
G = Et(CtT+1)_% 2|Ogﬁ+log(1+it)T _(ptT+1_ ptT)"'%O'cZT

Following the similar steps in the LCP case, we can solve p; and c¢/. p° and c” can be derived

by substituting the nominal exchange rate from the risk-sharing condition into P;<" and P:7°". The

impacts of the tariff on the price and consumption are listed below where T, indicates the effect of -

12



onthe variable x and T, represents the impacts from 7.

Table 2: Macroeconomic impacts of tariffs in the home country

Prices Ty =Tp7 =0, I =% -0
Consumptions res =r Z%T » T =T =0
Nominal exchange rate e =i = —%r, ree —rer =gf"

Interestingly, the impacts of tariff are identical under LCP and PCP, however, the adjustment mechanism
behind differs. Since prices are predetermined, the permanent tariffs reduce expected consumptions as
well as the prices. Under PCP, the exchange rate movements caused by the tariff discrepancy offsets the
ex ante terms of trade and thus the law of one price holds ex post. While the exchange rate pass-through
is absent under LCP, the expected consumption drops directly with the permanent tariff and thus LCP

firms’ ex ante pricing react more to the tariff than PCP firms.

5. Welfare Implication of the Tariff under PCP

Because the law of one price holds under PCP and the government refunds the tariff revenue to
consumers, the current account balance remains zero under the assumption of Cobb-Douglas preferences

and zero initial debt."* The balanced current account states that the condition PC =P,Y, +P,Y, =P,Y

holds for all periods. Therefore, the home output under PCP can be written as:

12 The refund of tariff revenues assures the purchasing power of domestic households, even with the presence of tariff, and
thus the zero current account balance which holds in Obstfeld and Rogoff also holds here.

13



Py 7(2-7) 7

I = (G e ™ (G ) (1 ) (1)

ol s ) )]

Here we let log (1+ z') ~ 7. Thus, the impact of tariffs on the home output is:

PCP 1
()

aYtPCP
—=0
or

The sign of oY, /or is positive as p >1, while the output is independent of the foreign tariff. The

home production benefits from the deterioration of the terms of trade caused by the home tariff.
Apparently, the effect of the foreign tariff on the home export is diminished by the exchange rate

adjustment.

Proposition 1: Under PCP, the home tariff is expansionary for the home country while the foreign tariff

stays independent of the home production.

The expected utility can be obtained from the consumption and the expected labor supply which is
essentially determined by the production level for monopoly firms. Substituting the optimal pricing into

the expected labor supply, the expected utility under PCP is mainly a function of home consumption:

WtPCP = EtflutpcP = 1 L - 9(;1 Et—l(CtPCP )l_p
|i=p

2 (21)
= L _E exp {(1_ p) Et_lCtPCP +@O—fpcp }

Therefore, the tariffs influence the welfare solely through the consumption:

14



pCP i)
8Vgtr :[7(/;,0 )thPCP<Ol3’

6Wt P*CP _ 0
or

Different from its effect on the output, the home tariff places a negative impact on the home welfare.
There is a tradeoff between consumption and labor supply in the utility evaluation. While higher
consumption raises the utility level, greater labor supply which generates higher income reduces the
utility level. Because the home tariff increases the home production, the negative effect of higher labor
supply on the utility dominates the welfare gain from higher consumption. The foreign tariff does not

influence the home welfare as it does to the home production and consumption for the same reason.

Proposition 2: the home tariff lowers the home welfare, while the home welfare is independent of the

foreign tariff’s impact.
6. Welfare Implication of the Tariff under LCP

Under nominal rigidity, the production is determined by demand. Therefore, the home output under

LCP can be written as follows with the substitution the LCP optimal pricing into the output in Eq. (16):

7 -7 . 1*%
2( P 2 P )
YtLCP:(l_%jZ[%j C+l|—FL | ¢
( +Tt)PF,t 2 (1+Tt)PH,t

Substituting the optimal pricing into the output, then the home production can be written as:

y\6-1
YtLCP _ (1_Ej (K_Q] exp {[CtLCP _ pEt—lctLCP ] + Et_la[ + A';HCP}

7 9 _1 * * * *
+ E(K‘_HJ EXp {_Tt + [Ct i pEt—lct - :| + Et—la( + AI\FISP }

where A,, and A, represent the related moments. The impacts of tariffs on the home production are

3 Here, we let r,,=(1-p)T,, instead of 1-p)T., because the impacts of the tariff on the welfare is not solely
determined by the sign of (1-p)-

15



LcP 1
o, {7 ( )jvggf -0, 22)

where Y.F denotes the home goods sold in the domestic economy, Y,$” +Y,.\<t . The home tariff

raises the production in the home country. Instead of being a portion of the total home output, the home
tariff affects the home production through the domestic consumption of the home goods, while the
foreign tariff ‘s impact is solely from the foreign consumption. Since the exchange rate movements do
not affect tradable prices, the ex ante terms of trade movement due to the imposition of the tariff remains
ex post. The foreign tariff improves the home terms of trade, reduces the demand for the home export

and finally results in lower home production.

Proposition 3: The home tariff is expansionary for the home production while the foreign tariff has a

negative effect on the home output.

Following the same steps, the welfare under LCP is:

LCP _ LCP
Wt - Et—lUt

2 (YO ool e pE o ) e
[kt

2
_Z(Ej exp {—T* + (l— p) EtflC:LCP + (1_ ,0) O_CZ*LCP }

2\ 0 2

The tariffs impacts on the welfare can be stated as follows:

athCP _ j/(p_l)

WL <0,
or 2p '
LCP 1
Gl —=— 7(p )+1 W >0
ot 20

While the home tariff hurts the home welfare, the home country benefits from the foreign tariff. Similar
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to the PCP case, the positive effect of the home tariff on the labor supply places a negative effect on the
home welfare which dominates the positive effect of higher consumption on the utility. As we can see,
the home tariff’s impact on the home production is relatively limited under LCP than PCP as it
influences only part of the consumption and labor supply. Moreover, the foreign tariff now acts to

improve the home welfare by reducing the home export and labor supply.

Proposition 4: The home tariff diminishes the home welfare, while the foreign tariff is beneficial. The

effect of the home tariff is small under LCP than PCP.

7. Conclusion

The objective of this paper is to investigate the effects of tariffs on an economy under alternative pricing
behaviors, PCP and LCP, which incur different exchange rate pass-through and expenditure-switching
effects. While most of past studies use static models to examine the tariff’s effect, this study conducts
the issue of the trade protection policy in a two-country dynamic general equilibrium model.

The analytical solutions shed light on the importance of the exchange rate pass-through in the
macroeconomic and welfare implications of the tariff. While the tariff has identical effects on prices and
consumption under PCP and LCP, different mechanisms arise. Under PCP, the exchange rate adjustment
offsets the ex ante price discrepancy and thus the law of one price holds. As a consequence, the home
tariff decreases the home production while the foreign tariff does not and its effects are removed by the
exchange rate movements. The lower labor supply associated with the lower production improves the
home welfare. The effects of the foreign tariff on the home output and welfare are absent. On the other
hand, the exchange rate fluctuations do not affect the ex post terms of trade under LCP. Therefore, firms
decrease the prices directly with the imposition of the home tariff which results in lower consumption
demand. It thus causes the home production contraction and welfare improvement.

Many interesting issues can be analyzed under this framework. As discussed in Mundell (1961), the

exchange rate regimes, flexible or fixed, may lead to different effects of the tariff on the economy. This

17



result may differ under the dynamic general equilibrium setting. Lastly, while the analytical solution in
the model can elucidate the effects of protection policy on the economy, this model is subject to certain
assumptions and thus fails to capture some important aspects of this issue. For example, we may
calibrate a more general specification of the model to observe the dynamic adjustment that

macroeconomic variables respond to a temporary protection.
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Abstract

The imposition of a tariff is the most widely used protection policy in international trades and has been a
long-lasting issue in international economics. This paper uses a two-country dynamic general equilibrium
model to examine the effects of the tariff on the world economy under local-currency pricing (LCP).
Because prices are predetermined ahead of the time the consumption takes place, we emphasize the
importance of the timing of the policy announcement and the information set for the expectation. The
analytical solutions available in this model show that the information discrepancy between the producer
and consumer is critical to the tariff’s impact on the aggregate consumption and production. Three
alternative policy plans are considered. While the anticipated home policy shock causes contractionary
impacts of the trade policy on the domestic output, whether the unanticipated permanent and temporary
policy shocks are expansionary or contractionary depends upon how risk averse the agents in the
economy are. In all cases, the foreign tariff reduces the home productions.
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1. Introduction

One of the primary tools of trade protection policies is the imposition of import tariffs. In recent years, many
cases are going on among the major countries. For example, in 2004, the European Union (EU) imposed a
retaliate tariff on U.S. exports for the export tax subsidy applied by the U.S. government to U.S. producers. In
2006, the EU placed anti-dumping tariffs on goods exported from China. The producers of the EU seem to be
the only winner, while retailers and consumer groups opposed to the move. Early trade literature shows that
tariffs are contractionary (Krugman (1982)), such that prices go up and lower quantities are caused. The
imposition of tariffs thus may turn to hurt domestic consumers’ welfare. Evaluating the influences of the trade
policy on the economy, in particular, on the welfare, is an important job for the authorities.

This has long been an important issue in international macroeconomics, though not too many endeavors
devoted to it with intertemporal optimization. There are consensus in the early studies, as surveyed by Krugman
(1982), that monetary polices are contractionary in an economy with a flexible exchange rate regime while
expansionary under a fixed exchange rate regime. However, these studies are based on ad hoc assumptions of
behavior and a small open economy. The absence of micro-foundations implies the failure of welfare
assessments of policies. The small open economy model also neglects the transmission mechanism of shocks
across countries. Rare studies in the past two decades discuss the macroeconomic effects of tariffs based on
intertemporal utility optimization and a two-country framework (Sen and Turnovsky (1989), Fender and Yip
(2000)).

The effects of a tariff under alternative exchange rate regimes have long been discussed in literature. This
issue was initiated by Mundell (1961). He uses a static model with nominal rigidity and argues that the output
declines with the imposition of the tariff under flexible exchange rates, while increases under fixed exchange
rates. The depressing effect under flexible exchange rates comes from the Laursen-Metzler effect, which
suggests that the tariff induces higher saving while suppressing consumption. Because predetermined consumer
prices were kept constant under fixed exchange rate, the tariff increases the import prices, improves the home

terms of trade, and thus increases the world demand for home tradable goods as well as the domestic nominal



income.

After the collapse of the Bretton Woods System, researchers have paid much attention to trade policies
under flexible exchange rates and more endeavors were devoted to this issue, such as Boyer (1977), Chan
(1978) and Eichengreen (1981) among others. While Mundell uses a static model, Eichengreen (1981) uses a
dynamic model to analyze the short-run and long-run effects of a tariff under flexible exchange rates. He finds
that a tariff can be expansionary in the short run, contrary to Mundell’s argument, but contractionary in the long
run. In general, the imposition of a tariff faces trade-offs: the direct effect on the welfare from the improvement
of the terms of trade, which induce greater world demand for home goods, and the indirect effect from the
appreciation of home currency. The studies based on Mundell’s framework were surveyed by Krugman (1982)
who concludes the consensus that mostly coincide with the combination of Eichengreen and Mundell’s
propositions.

However, these studies lack micro-foundations and thus fail to measure social welfare appropriately. Sen and
Turnovsky (1989) use an intertemporal optimization framework to study the effects of unanticipated permanent,
anticipated temporary, and anticipated permanent tariffs on the economy and, in particular, on the current
account balances. They find that a tariff is contractionary both in the short run and long run. Both output and
employments are suppressed. Their study emphasizes the role of capital accumulation, the main factor that
drives the current account movements. While their study is based on a small open economy, the shock
transmission mechanism is neglected.

Thus, the objective of this study is to examine the effects of the tariff on the economy in a two-country
dynamic general equilibrium model with monopolistic competition and nominal rigidity. The monopoly power
embodied in each monopoly firm justifies its ability to keep the prices unchanged for some periods in face of
shocks. Equipped with micro-foundations, this class of model has been used for many international
macroeconomic issues and policy evaluations in the past decade, after it was initiated by Obstfeld and Rogoff
(1995). While most of the studies based on the model examine exchange rate regimes and international business
cycles, relatively scarce studies focus on trade related issues. Bacchetta and Wincoop (2000) examine the

relationship between exchange rate flexibility and trade, and find that exchange rate fluctuations do not affect



trades when the utility is separable. The influences of exchange rate regimes on trade and welfare depend upon
preferences and how the exchange rate regime (the international monetary policy independence) is formulated.

The only study using a two-country dynamic general equilibrium model to study tariffs’ effects is Fender and
Yip (2000). They stress the role that monopolistic competition plays in international macroeconomy, which has
resulted in inefficient outcomes. Their model shows that the tariff decreases both output and employment. As in
standard models, the impacts of a permanent tariff on welfare face tradeoffs, mainly from its impacts on output
and consumption through terms of trade changes. Due to the monopolistically competitive environment, the
elasticity of substitution among goods is crucial in the tariff’s net effect on the welfare. The steady-state welfare
is increased when the elasticity of substation is high such that the demand for the home good increases more
when import prices are raised due to the tariff. Moreover, the two-country model permits the evaluation of
tariff’s impacts on the foreign country, which are ambiguous in their model. Thus far, this is the only study
conducting tariff issues based on NOEM models. As pointed out by Fender and Yip (2000), it is very difficult to
find the related studies using similar approach in literature.

Unlike Fender and Yip (2000), this research centers on the tariff’s effect under an alternative nominal rigidity,
named local-currency pricing (LCP). There are two pricing strategies in the literature. One is producer-currency
pricing (PCP), and the other is local-currency pricing (LCP). In PCP, firms predetermine nominal prices for the
goods they sell in their own currency. Thus nominal exchange rate fluctuations will have complete pass-through
effects on the consumer prices.. In LCP, however, export firms preset prices in the currency of consumers. As a
result, nominal exchange rate fluctuations do not affect the final prices at all and the purchasing power parity
does not necessarily hold in general, which is different from all existing studies on tariffs. Devereux and Engel
(2003) have shown that the pricing strategy has important implications for the optimal exchange rate regime.
They find that a flexible exchange rate regime is optimal under PCP, while a fixed exchange rate is optimal
under LCP.? Nevertheless, their result is challenged by Obstfeld (2006), who argues that the result in Devereux

and Engel (2003) is based upon the symmetric reactions of consumption to idiosyncratic shocks when

2 Moreover, Devereux, Engle and Stoggard (2003) consider endogenous pricing strategies instead. They find that PCP is
the optimal pricing strategy when exchange rate fluctuations are small while LCP is the optimal under greater exchange
rate fluctuations.



nontradable goods are absent. In an economy with nontradable goods, the monetary authorities in these two
countries set divergent interest rate rule and thus the nominal exchange rate flexibility is needed for the asset
market to achieve the equilibrium where the identity holds. While the exchange rate flexibility matters in the
trade policy as past studies suggest, the degree of exchange rate pass-through, which determines how much the
tariff is passed upon the import prices, would have important implications for consumption, output and welfare.
Thus, in contrast to the PCP case in Fender and Yip (2000) and past studies, this paper examines the tariff’s
implications under the alternative price setting, LCP.

To achieve the goal of this study specifically, we include the tariff in the highly tractable model in Obstfeld
(2006) where analytical solutions are available. In this model, nontradable goods are present and all the prices
are predetermined one period ahead from firms’ profit-maximization decision. We use the stochastic tariff to
characterize the policy shock, emphasizing the importance of the expectation under nominal rigidity. Since
prices are preset by firms, prices may not be able to react to any unanticipated policy shock. Moreover, with the
absence of exchange rate flexibility under LCP, the only adjustment mechanism falls on the goods market. We
focus our discussion on tariff’s implications for the aggregate price level, consumption and productions.

The result shows that the timing of the expectation formation is critical to the implications of policy shocks
for the economy. Because firms determine the prices one period ahead of the time the goods are sold, the
analytical solutions show that the information discrepancy between firms and consumers is a crucial
determinant of consumption and output. Three cases with different policy shocks are discussed: anticipated
permanent tariff, unanticipated permanent tariff and unanticipated temporary tariff. The comparison of the first
two cases, in particular, discloses the point we address above: if the policy is not known when the prices are
determined, but announced later when the goods are sold, prices fail to adjust in time and thus the tariff is
added up directly to the import prices, leading to higher aggregate price level and lower consumption. In this
case, however, whether the trade protection policy is expansionary or contractionary to the output is determined
by the relative size of the subjective risk aversion and the monetary authority’s response to the aggregate price
level.

This paper is structured as follows. Section 2 outlines the specifications of the model. In Section 3, we



discuss the tariff’s implications for the benchmark economy under flexible prices. Section 4 then conducts the
model under LCP. Analytical solutions that are available under this framework disclose the critical role that the
information plays. Three policy shocks are discussed in Section 5. Finally, we present our conclusion in Section

6 and discuss areas for future research.
2. The model

2.1 Production

There are two countries, home and foreign. Each country produces both tradable and nontradable goods. Y,

and Y, denote traded and nontraded goods produced in the home country, while Y. and Y,: denote traded

and nontraded goods in the foreign country. For each type of goods, the good market structure is monopolistic
competition, with a lot of firms producing similar but slightly different goods and competing with each other in

the market. Labor is the only input in the production process. Production functions follow the form:
YH,t =ALH,t’ YN,t =ALN,t (1a)
where A is an autocorrelated country-specific productivity shock. H and N indicate home tradable and

nontradable goods respectively. The foreign production functions follow the analogous form and are indexed by

asterisks.
YI:,’[ :A*L;,t’ Yl\’:,t :A*L:\l,t (1b)
The real shock in the economy is characterized by technological innovation. The logarithm of productivity

shocks, indicated by lower-case a and at*, evolve with the following AR(1) process:
& :(1_pa)a+paat—l+ga,t’ Gat ™ N(O’Ug) (29)
8 =(l-p)a +pa+5,, &, ~NO,0%) (2b)

The productivity shock is the only exogenous shock in the economy. Because the productivity shock follows a

lognormal distribution, all the endogenous variables in the economy are lognormally distributed as well.

2.2 Consumption



There is a continuum of varieties for each type of good. Home goods are indexed from je (0,1) while
foreign goods are indexed from j € (1,2). Consumers in each country consume a variety of goods, composed

of home and foreign tradable goods and domestic nontradable goods. For any individual i in the home

country, the composite consumption index is in the Cobb-Douglas form:

_qa
C_ﬂ(l—y)” ®

C,;and C, are indices of traded and nontraded consumption and y is the share of spending on tradable
goods in total expenditure PC. Tradable consumption is composed of equal share of home and foreign
tradable goods, C, and C::

G =2G/C (4

where

01(6-1)

1 0l(6-1) 2 1 0l(6-1)
G { J qu)(“)’f)dj} G {J c;(j)w-”’ﬂdj} G {j cN(j)de}

and @ is the price elasticity of substitution among goods. The home aggregate price index for the composite

consumption is
P= F_)l_}’ N—J’, Pr :(1+T)]j2 P|—]|12P']:12 (5)

where

and ¢ is the rate of tariff on the imported goods from abroad. Therefore, home demand for each commaodity

can be derived as

L)
Ry

} G, qm{@} G.. cN(h){PNFf“)} c,

cr(h){

Home demand functions for home and foreign goods are



and home demand functions for traded and nontraded goods are
Pl- —1 P 1
=y|—| C, =1-y)| 2| C
e %] e a-a-n|]

Consumptions and prices in the foreign country are in analogous forms and indicated by asterisks.
2.3 The Utility Function

Consumers face the following intertemporal maximization problem as follows:

max i > B'E, (ﬁ C’ -kl j (6a)

t=0 sy

st RG+D B(s4/8 )0 (5.0) SRNL+D[+R, Y, +6R Yo +R Y+, (6b)

Sa
The utility of individual i depends on consumption of the composite good, Cti , and the disutility from labor
supply. [ is the subjective discount factor and x is the factor determining the disutility caused by the labor
supplied. p is the coefficient of relative risk aversion. Real money holding does not enter the utility function
because we use the interest rate rule as the monetary policy, rather than the control over the money supply in

the economy. ¢, is the nominal exchange rate measured by the home currency price of the foreign currency.
We assume that asset markets are complete. That is, there is a complete set of state-contingent securities

D(St) in the budget constraint.® B(st+1|st) is the home-currency price of the state-contingent security

toward each future state S,,,. The individual household receives wages from labor and collects revenues from

the sale of good produced. Because output in the commodity market is determined by demand, Y indicates

the amount of the good sold and the market demand for the good. T, is the transfer from the government. The

government uses the tariff revenue to finance the lump-sum transfer to the consumers

¥ Because all the exogenous shocks are lognormal, there will be a continuum of states. The specification of discrete states
here can be extended to continuous states directly.



W. is the nominal wage for each unit of labor supplied, L,. Y,,, denotes the demand function faced by the

monopolistic-competitive producer i of home tradable goods, which can be described by:

N} -1 1
| PY(R,) (P
Y'_ILt =7_/[ HIJ [ HYt] [ij q’ (7a)
2(Ry) (Ry) (R

The demand function for each type of goods follows the analogous form:

i Pl\llt X PNt N
Yue =(1-7) s S (7b)

_yra)R, ]T(lwt)PH jl[i jl c. -

\/
& 2{(1+q) P, P P

Tt t

The tariff z, involves the trade policy of the home government. It can be anticipated if the policy has been
announced befor it is in effect, but unanticipated if the tariff is not known until it is impoced. Here, we treat 7,

as a random variable and (1+ z't) follows the lognormal distribution. In Section 5, we will discuss how

alternative tariff policies may have different effects on the economy.

Since all the consumers are symmetric, we will drop the superscript i throughout the paper. According to

the maximization problem as specified above, the Euler equation is as follows:

C.”
R

= B(1+i)E, [i—j )

t+1

where the definition of the nominal interest rate i, is defined as follows: l/(1+ I, ) = z B (st+1| st) . Note that

St+1
the nominal interest rate in this model is the policy determined by the government and thus is exogenous to
consumers’ optimization.
Because consumers in the home and foreign countries face the same asset prices, the risk-sharing condition

in the complete asset markets holds for all time and states*:

* The derivation of this equation is in the appendix.



=—— (9)
R &

~0

Since the purchasing power parity does not necessarily hold in our model, this condition implies that
consumptions may not generally equal across countries.
. Following the monetary policies adopted in Obstfeld (2006), the interest rate rules in these two countries

are as follows:®
In(1+i)=1 +@p, + &, + e, (10a)
IN(1+i7) =T+ op, + 4z, + e, (10b)
The monetary authority in each country adjusts the nominal interest rate in reaction to the domestic price levels

and shocks from both countries. ¢, and ¢@- are the home monetary policy parameters determining how the

home monetary authority reacts to shocks. The foreign monetary policy follows an analogous form.®

3. Flexible prices

To understand how sticky prices would affect the economy, we have to know how the economy works under

flexible nominal prices. Assume that the central bank does not respond to productivity shocks so that the

nominal interest rate rule is simplified as 1+i, =i +@p, in the flexible-price case.

The tradeoff between the labor supply and consumption is:

%C;P =L =k (1)

t t
Substituting this equation back into Eq. (9), we can see that W, = ftWt*. In a monopolistic competition

market, firms will set the price as a fixed markup over the marginal cost for the home and foreign countries;

® Amato and Laubach (2004) find that a simple interest rate rule can nearly lead to the optimal allocation for any degree of
habit formation. They adopt an inertial interest rate rule where the interest rate reacts to the past interest rate, the inflation
rate and the output. The optimal monetary policy suggests a super-inertia interest rate rule that, in which the current
interest rate reacts more than one hundred percent to its past value. The coefficient incorporating the nominal interest rate’s
reaction to the inflation rate is 2.37 when there is no habit formation. Both of these two responses of the interest rate
decrease with the degree of habit formation.

® Following Obstfeld (2006), we assume there is no nominal shock to the interest rate rule. This case can be extended
easily.
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. W W
that is, P, :i— and B = 9 W —¢&, respectively. Therefore, combined with the relative wage,
TO0-1A 0-1 A
relative price is simply the relative productivity across countries:
P _Pu A
PF,t PF,t A

The combination of Eq. (11) and the composite price index yields the consumptions in these two countries

respectively:

1
0-1 ol [ 0-1, 0
t W A (1+Tt) 2:| e :|:k_9A2A 2(1+Tt)

Eqg. (12) shows that shocks are shared across countries. The home consumption increases with positive home

N R
NS

C = (12)

and foreign shocks because higher productivity lowers both the domestic and foreign good prices. On the
contrary, higher tariff increases the domestic import price level and thus reduces the consumption. However, the
imposition of the tariff affects the consumption in the domestic economy only. The share of the tradable goods
in the overall consumption determines the magnitude of these effects.

Because all the variables follow lognormal distribution, take logarithms for the Euler equation Eq. (8) under
flexible prices. Substitute the interest rate rule and solve the price level recursively, then we can write the price
level in terms of expected future consumption growth and variances of endogenous variables, which are
assumed constant over time:

2

- s+1-t
o e I XGRS V38 S ol R

1+w

All lower cases denote the logarithm of the variables. Substitute consumption functions Eq. (12) into Eq. (13),
we will see that the price level can be written as:

1 1 - p° 1
p, = “/Ja)—p{(l——]aﬁ a&ﬂ“ﬁ%;[logﬂﬂ+%a§+ia§+pacpj (14)

where

[ij E, (log(1+7,,)—log(1+7,)).

Same as consumption, the home aggregate price level is influenced by the domestic tariff only. However, the

10



impact of the tariff on the price level, AEF;

involves not only current tariff rate but also the expected future
tariff policy changes. While current tariff shock causes higher price level, expected tariff increase lowers the
aggregate price level. It is because lower consumption is caused by higher price level in the future, forcing the
monopolistic firms to reduce prices.

The moment terms in the parenthesis are primarily associated with variances of consumption and the
covariance between consumption and price and are assumed to be identical across countries. Because the tariff
affects consumption, its variation would also impact the level of price and other macroeconomic variables.
However, throughout the paper we neglect the effects caused by the policy fluctuations because the trade
protection policy is not subject to frequent adjustments.

The trade policy also drives exchange rate movements. Substitute the consumption and price level, Eq. (12)

and (14), into the risk-sharing condition Eqg. (10), we can derive the nominal exchange rate:

_o(l-y)

* FP
;—1+w_%(@—@)+Aﬁ (15)

where

s+1-t *
Y . (1 1+7,, 1+,
AE, __E{(IOQ (1+7,)-log(1+7, ))+§(—1+wj E, (Iog [—1+T lj—log (—1+T:1D}

S
This equation holds because E,_,A(; =E_A;; . Both relative productivity shock current and future

relative tariff rates cause the nominal exchange rate movements. Higher home productivity reduces home prices
relative to foreign and thus the nominal exchange rate depreciates in reaction to the relative productivity
movements. On the other hand, greater home tariff leads to the nominal exchange rate depreciation to diminish
the magnitude of the domestic demand shift from import to the home goods due to the tariff.

Following past studies, we are interested in whether the tariff policy is contractionary or expansionary. In the
monopolistic competition market, because the productions of each country consist of the goods sold to the
domestic and foreign markets, the home production can be obtained from the world demand for home goods,

Eq. (7), combined with relative prices:
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Yt :YH,t +YN,t +Y:I,t

=(1_Zj[ﬁ]‘lq+ y @ ] .

2\ R ) T2l P

t

e L (16)
Ab o3 e gr (3]

12y A1p) O Ve R Cs
_ 7\ 0-1y e Tl V[0 o T FP.F
{51 A v el T A 4 enlir]
where
7(p-1)
2p

AT :(—7 % ‘21)‘2” )Iog(l+rt*).
Yo,

FPH _
AY,t =

log(1+7,),

Because p >1, we can see that current home tariff is expansionary, but the foreign tariff is contractionary for
the home production. While the current home tariff has a direct negative effect on the aggregate consumption
by raising up the aggregate price level, it also causes the home demand to shift toward the home produced
goods due to the improvement of the home terms of trade. The substitution effect in the latter dominates and
thus the overall home production benefits from the protection policy. On the other hand, the foreign tariff
reduces the foreign aggregate consumption as well as the import from home firms to the foreign market, and
thus leads to lower home export. Note that, the future tariff plan does not influence the production. In Section 5,

we will propose three trade policies and examine the impacts of different tariff structures on the economy.

4. Local-currency pricing (LCP)

4.1 Aggregate price level and consumption

Now we assume firms preset prices in the currency of the country where the goods are sold. Use the price index

and the optimal monopolistic prices for the home and foreign tradable goods sold in the home country are:
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. x0\Es(RG/A)
(5% E.(q7) e
(0)\Eal07) RG]

P“_(e—lj . ((1+a)"G) o

The derivation of the optimal pricing is provided in the appendix. Because all agents in this economy are

symmetric, the subscript i can be dropped and P,j + =Py Substitute the aggregate price index into the
optimal pricing, these two equations can be rewritten as

[hf :( Kejﬁl[(lﬂt)gq /Aj’ -

R 6-1 EL(G7)

Ft

(pm Jﬁl ) ( 0 J Etl((l-i_rt);_lq /A*) o

R) WU g ((re) e
The combination of the logarithms of these two equations yields the expected consumption:
-1 Ok vy 2—y y .
EcC..= —|099—_—Z E, log(1+ Tt+1)+Z(Etal+l + O-ca)+5(Etat+l +aca*)+FEc (19)

where I'c. includes all the moments associated with the expectation under the lognormal distribution.

Throughout this paper, we use I" to indicate those moment terms without further explanations.

_r
2

)t PF,t !

_ A
To solve the aggregate price level, let P, denote the preset prices before the imposition of tariff, B, 2P?

v _
and rewrite the aggregate price level as P, = (1+ rt)Z P, . Take the logarithm of the Euler equation and write it

in terms of the dynamics of P, and 7,:

1 . — '
c, = Etcm—;[Iogﬂ+log(l+|t)—( Pt — pt)—g(Et log(1+7,,,)—log(1+7,))+T, } (20)
Because P, =E,;P,, we can write P, from Eq. (20) and take the expectation back from date t—1.

Combining with the home interest rate rule, P, can be written as:

P = +—a){Et—lﬁt+l +g B [Iog (1+ Tt+1)_ (1+ a’) log (1+ T )] + p( Ei1C — B ) + Fp'}
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Using Eq. (19) and substituting P, recursively, we can solve p, as:

p

ﬁ:7/,0:,1(2_7/)(,%—1) 8, 3, _@E(L)SME log(1+7,)+T
t l+o-p, 2y 2(2-7)] 2 F\1+o - s

Thus, the aggregate price index p, is:

t

:7/pa(2—7)(/7a _1) EJF a, FALP LT (21)
1+o-p, 2

where

o0

1\
Al;_:ip :%(mg (1+ Tt)—% E, , log (1+ Tt))— 2(]7./40-)60) S;1(1+wj E,, log (1+ Ts)

This equation is identical to the aggregate price level in Obstfeld (2006), except the impact from the tariff.
Unanticipated current tariff shock raises the overall price level. However, similar to the flexible-price case, an
announced policy that remains the same over time does not affect the price level. It is because unanticipated
policy shocks do not appear in the predetermined part of the aggregate price level, p,. However, if the policy
is known, firms will respond by setting lower prices to retain the sale that they may lose. Therefore, the prices
under unanticipated policy shocks may be too high and thus reduce the consumption further.

We can derive C, by substituting p, into Eq. (20):

7P 2—y 7 )01 ¥\ A LoP
C = a + +=(gu +d.u ) +A; +T 22
t 1+w—pa[( 2p ja‘ (2/9]&‘} p(¢”‘ Al )+ AT @)

y(1+w - 1Y
gy =2 ()2 ntien) |22 5 (0] [ athe)-e oo

Similar to Obstfeld (2006), positive productivity shock lowers the price and thus leads to greater consumption.
For the impacts of the tariff on consumption, AP the term in the first parenthesis is the unanticipated current

ct

tariff shock which has the negative effect on consumption because of the higher price that it results in. The term

in the latter parenthesis, however, reveals the renewed information about the tariff policy at time t. This is the

14



essential difference between the flexible-price and LCP cases: under LCP, prices are predetermined and thus the
information used for the expectation does matter. The difference between the expected tariff from t—1 to t
characterizes the information discrepancy between the decisions made by the firm and the consumer. While
firms preset prices at the period t—1, consumers make the consumption decisions at time t, considering his
consumption path over time. A policy announced at the period t, but unknown at the period t—1 will be
taken into account by consumers, leading to lower consumption. Note that, exchange rate movements do not
affect consumption under LCP as all prices are predetermined, contrary to past studies and the flexible-price

economy in this study.
4.2 Output

Same as the flexible-price economy, the output in the monopolistic competition market is derived from the

consumption demands:

7 L Ja

(R 2 WLal PV,

Y, = 1—Zj(1+ft)z AES ct+1(1+rt)21 He |
2 P, 2 P

-1

e ) Et_l((1+rt)ZCt/ Aj e . Et_l((lﬂf )gflcf / /\*j
:(1_%]( 0] (1+7,)2C, +%( H} (1+7)2 C

— | (1+7 — T
0- t E..(C) 0-1 Y B, ((1+ ) cflp)
-1

- (1—%j(mj exp {%[Iog (1+7,)-E_log(1+7)]+[c - pE_G ]+ Etla[}

-1
+ %(K—elj exp {(% —1j {Iog (1+7)- 7 _E_ log (147 )} +[¢ - pE i |+ Et_la[*} +T,

_ y—2
(23)

Because the home tariff does not affect foreign consumption and home export, the impacts of home tariff on
home production is from its sale in the domestic market while the foreign tariff has the impact on the home
output through the home export. Therefore, the logarithm of the impacts of the tariffs from the home and

foreign countries on the home production are as follows:
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AL — %[Iog (1+7,)-E_ log(1+7, ):|+ALCP

c,t

ALPF — (g_%og (157}~ B og (1+T:)}+A;;CP
The unexpected tariff shock places an immediate effect on the relative price and consumption. The combination
of these two effects shows that if the tariff protection policy under LCP is contractionary or expansionary
depends upon the response of the central bank to the price level relative to the subjective coefficient of relative
risk aversion. If the former is greater, the tariff is contractionary, following most of past studies. However, if the
latter is greater, the imposition of the protection policy is expansionary, same as the flexible-price case. It is
because, the increase in the interest rate following the high price level lowers the consumption further and thus

reduces the production.
5. Alternative tariff policies

In this section, we will discuss the impacts of alternative trade protection policies on the economy. Three cases

will be examined.
5.1 Anticipated permanent tariff

Consider first, the imposition of the tariff on the imported goods is announced before it is executed at the period

t. Thus the trade protection policy, that is known for all market participants in the economy, follows:
T,=7, t,=7, VS=t.
Since the policy is known to the public, the expectation of the tariff is:

E =7, E,r. =7, Vs>t
Proposition 1.
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The imposition of an anticipated permanent tariff has the same effect on the aggregate price level and

consumption under flexible prices and LCP. However, under flexible prices, the tariff is expansionary for

the domestic output of the tariff imposer and contractionary for the foreign output, but contractionary for

both the home and foreign outputs under LCP.

Macroeconomic variables under the imposition of anticipated permanent tariffs are listed in Table 1.

Table 1: Macroeconomic variables under anticipated permanent tariffs

Flexible prices LCP
FP LCP
A, =0 Ay =0
Price
*FP *LCP
A, =0 Ay =0

Consumption

Aﬂzr~%éh9@+r)

ct

AP = _ZL log (1+ r*)

A£P=—£;mg@+r)

AR = —ﬁ log(1+7")

Output

0
rip—-1
A¢?H2_1§;_2m90+r)
y=2)p-vy -
ASRF :%Iog(Hr )

ALCPH =_L| 1
v 2 og(1+7)
(2p+7)
2p

LCPF _
Ayy " =

log(1+7")

As shown in Table 1, anticipated permanent tariff does not influence the aggregate price level, but lowers the

consumption in both the flexible-price and LCP cases with same magnitude. However, its impacts on the output

vary with different price flexibilities. Under flexible prices, the protection policy successfully increases the

home output, while suppresses foreign output. Nevertheless, both the home and foreign productions are

lowered by the tariff under LCP.

The difference in these two cases results from the expenditure-switching effect caused by exchange rates. A
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higher tariff improves the home terms of trade and thus leads to lower home demand for foreign goods. Under
flexible prices, the nominal exchange rate is shown as below:

AP = —%[Iog (1+7)—log(1+ r)}
A higher home tariff, relative to that of the foreign, causes the nominal exchange rate to appreciate, followed by
lower home demand. Therefore, the home nominal wage decreases while the foreign wage goes up. However,
the exchange rate fluctuation absorbs part of the direct impact of the tariff on the home and foreign wages, and
thus the aggregate price level stays unchanged. The lower real wage makes the worker substitute leisure for
consumption. Overall, the lower home price raises the home demand for the home products and thus the tariff is
expansionary to the home production, even if the consumption is lowered by the tariff. As discussed in the
previous section, the foreign tariff places a negative effect on the home production because lower foreign
consumption caused by the tariff reduces the home export.

On the other hand, for a LCP economy, the timing of the expectation formation does not matter for an
announced permanent policy. Because the policy is known to the public when the expectation is made, the
imposition of the tariff has been included in the predetermined prices. The absence of unanticipated policy
shock leaves the aggregate price level unchanged. Moreover, when consumers consider the consumption path
over the life time, permanent identical tariff rate does not drive the intertemporal price changes, no matter when
the expectation is formed. It turns out that the consumption reacts to the current tariff only.

Since the expenditure-switching effect is absent under LCP and the exchange rate movement is not passed
through onto the import prices, the predetermination of the prices does not have to consider the exchange rate

movement. Preset prices simply adjust with the full information about the imposition of the policy. As a result,

relative price, p,, to pg,, completely offsets the direct impact of the tariff on the aggregate price level.

Therefore, the sale of the home goods sold in the domestic economy is completely affected by the decline of the
aggregate consumption, but not the relative price movement. The protection policy is contractionary to the

home output consequently.
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5.2 Unanticipated permanent tariff

Suppose that, a permanent tariff is imposed at time t without prior announcement. Thus, the tariff structure is

as follows:

*

r.=7, t.=17 , VS=>t.

v %

Before the policy is known to the public, the expectation for the tariff policy is:

Proposition 2.

EI—1Tt+k = O ’ Et—lft*+k = 0 y Vk Z O ,

EITHk =7, EtTt+k =7, vk >0.

The impacts of the unanticipated permanent tariff on the flexible-price macroeconomic equilibrium are

identical to those of anticipated permanent tariff. The unanticipated permanent tariff has greater impacts

on the aggregate price level and consumption than the anticipated permanent tariff does, while its impact

on the output is determined by the size of the subjective risk aversion relative to the response of the

monetary authority to the price index.

Macroeconomic variables under the imposition of unanticipated permanent tariffs are listed in Table 2.

Table 2: Macroeconomic variables under unanticipated permanent tariffs

Flexible prices LCP
AP =0 ALCP :%Iog (1+7)
Price
* * 7/ *
ATT =0 AT :Elog(1+r )
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AP =—ﬁlog(1+1) AP =_@|og(1+r)
Consumption (Zf )
\ y . ) y(2+w .
Acip :—5Iog(l+r ) AC;CP =_Tlog (1+r )
AFRH :—7/(’;_1) log(1+7) AYSPH =—7(p;2_w) log(1+7)
oot (-1 r-2p-r(2+0)
y(p- . y-2)p-7(2+e .
Ave” =Tlog(l+r ) AVPF = 2 log(1+7")

Because the flexible-price equilibrium reacts to the current policy that is in effect, it does not matter when the
policy is announced. So the macroeconomy is completely identical under the anticipated and unanticipated
permanent tariff system.

However, the timing of the policy announcement is critical for a LCP economy because prices are
determined in advance. At time t—1, the firm does not know the policy is going to be imposed. Therefore,
firms do not take into account the decline of consumption caused by the tariff and preset prices higher than
those in the case with anticipated tariff shock. Consequently the predetermined prices for the period t do not
reflect the tariff and thus the rate of the tariff on the import goods is completely reflected onto the aggregate
price level.

Nevertheless, consumers have different information when they make the consumption decision in the period
t. Attime t, they observe that import prices are too high after the imposition of the tariff and thus decide to
consume less. In addition, the high interest rate that the monetary authority responds to current high price adds
fuel to the decline of consumption. On the other hand, the new information about the policy increase
consumers’ expected inflation from the period t and t+1. The intertemporal substitution results in higher
current consumption relative to the future. Overall, the policy’s impact on consumption reflects the different
information set that the firms and consumers use for their decisions. Since the first two effects dominates,
consumption decreases after the imposition of the tariff. The magnitude of the downturn of consumption is
enlarged by the information discrepancy between the firms and consumers, compared to that under the

anticipated policy.
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However, the tariff has different implications for the home outputs. While the foreign tariff has the negative
effect on the home production, the home tariff’s impact on the home output is ambiguous and depends upon
relative magnitude of the risk aversion to the response of the central bank to the aggregate price level. If

consumers are very risk averse (p>2+®), the tariff is expansionary while contractionary otherwise.
Consumers who are more risk averse save more for the uncertainty in the future by reducing her current
consumption further. The precautionary saving lessens the policy’s impact on output via consumption. As a

result, the home production is boosted by the domestic trade protection policy if people are more risk averse.

5.3 Unanticipated temporary tariff

If a temporary unanticipated tariff is imposed at time t, then the policy follows:

t,=7, r,=7, t<s<T;

S

And the expectation of the trade policy is:

Et—th+k :01 Etflz-t:k =0, kZO,
Ef =7, Erp =1, 05k<(T —t);

Ez. =0, Ery =0, k>(T-t).
Proposition 3.

Most of the responses of the macroeconomic equilibrium to the unanticipated temporary policy are smaller

than those to the permanent policy, in both the flexible-price and LCP economies.

Macroeconomic variables under the imposition of unanticipated temporary tariffs are listed in Table 3.

Table 3: Macroeconomic variables under unanticipated temporary tariffs
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Flexible prices

LCP

AP =— 7 _ Jog(l+r
ot 2(1+a))T_t (t+7) A;inglog(lJrr)
Price
*cp _ Y *
N R Y T Ay =—Iog(l+r)
P! 2(1+oz))T_t g( ) 2
y B 1 T-t-1
AP =L 2| = log (1
AT =~ Liog(1+r) Y (mj }09( +)
Consumption
AR =L log(1+77) I 1\
w2 AP =T oy | = log(1+7"
P . 20| +o (1+0J og(1+7")
y 1 T-t-1
A =—{p—2—a)+(—j ]I09(1+T)
— ’ 2 1
A L TR P e
i 2p
Output T-t-1
~1)= y=2)p-r(2+w 1
i PO g | i T
’ 2p P p\l+a

xlog(1+7")

Similarly, the flexible-price consumption and production stay the same in face of anticipated or unanticipated

policies because the economy is affected by the current policy only. Following past studies, the temporary tariff

lowers its effect on the aggregate price level, reflecting the tariff rate difference between the time T —1 and

T when the policy expires. As we can expect, the magnitudes of the wage and exchange rate adjustment will

also be smaller. For the same reason that the policy change occurs at the time T, the reaction of the

macroeconomic equilibrium in an LCP economy under the temporary policy is also smaller than that under the

permanent policy.

6 Conclusion

The objective of this paper is to investigate the effects of the tariff on an economy under which firms take the

local-currency pricing as the pricing strategy. While most of past studies use static models to examine the
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tariff’s effect, this study conducts the issue of the trade protection policy in a two-country dynamic general
equilibrium model. Different from the pricing strategies that past studies use, we adopt LCP under which firms
preset prices in the consumer’s currency and thus there is no exchange rate pass-through. The absence of the
flexible exchange rate adjustment mechanism causes higher impact of an unanticipated policy on the economy.

The analytical solutions that are available in this model shed light on the importance of the information in the
predetermination of prices. Thus, the timing of the policy announcement is important. In particular, the
information discrepancy between consumers and firms is critical to the consumption decision. It is because
prices are determined one period ahead of the time the consumption is made. If an unanticipated policy shock
occurs and prices can not adjust in time, consumption will respond more to the policy as consumers would
expect the upward price change in the future.

Moreover, we consider the effects of the tariff under three policy plans. In particular, we focus on the
long-lasting issue: whether the trade protection policy is expansionary or contractionary. We find that, the tariff
is contractionary for the home output under the anticipated permanent policy shock. However, the effect of the
unanticipated policy shock on the output is primarily determined by the degree of risk aversion. If people are
more risk averse, they will decrease consumption and save more for the uncertainty in the future. The
risk-aversion behavior thus diminishes the negative effect of the tariff on consumption as well as that on output.
Therefore, the home production will benefit from the improvement of the terms of trade due to the tariff. Not
surprisingly, the imposition of the foreign tariff hurts the home economy. Because the foreign protection policy
causes lower foreign consumption by raising the price level (if the policy is unanticipated), the home export is
reduced.

Many interesting issues can be analyzed under this framework. As discussed in Mundell (1961), the
exchange rate regimes, flexible or fixed, may lead to different effects of the tariff on the economy. This result
may differ under the dynamic general equilibrium setting. Moreover, past studies examine this issue in a
producer-currency pricing economy. It would be interesting if we can make the comparison between our result
and that under PCP. Lastly, while the analytical solution in the model is able to elucidate the effects of different

trade policies on the economy, this model is subject to certain assumptions and thus fails to capture some
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important aspects of this issue. For example, we may calibrate a more general specification of the model to

observe the dynamic adjustment that macroeconomic variables respond to the policy.
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APPENDIX

Appendix 1: Derivation of prices and consumption under LCP

The demand function for each type of good is:

_Y (1+Tt)Pli,t N (1+Tt)PF,t N = -’
YF"‘E[am)PFJ ( 3 J (FJ o

Here, prices for each type of goods are determined one period ahead, but the tariff is not known until the policy
is announced.

Substituting the budget constraint into the expected utility function with the demand function for each type of

goods, and then taking the first-order derivative with respect to PHt P,Lt P,_*Mi, we can derive the optimal

pricing strategies preset one period ahead. For instance, the first-order condition with respect to Ffiﬂ is:

E zl:ap':’tyg’t:l—xaf‘ aYFI“ =0
IR R Ny OB,

Substitute the demand function and production function into this equation, then Pﬂu can be written as:

(A1)

Ht —

i _( x0 \E(RG /A)
6-1) £,(q7)

Since all the firms are symmetric, the superscript i can be dropped throughout the paper. Moreover, the home

nontradable producer will set price in the same way as the home tradable firm does. Therefore, P:“ =R, =R
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Likewise, the first-order condition with respect to Fli,t is:

E C‘*_pFPFi*YFi‘}KaL.: O, =0
Y|Ral R o R

Thus, the foreign tradable goods sold in the home country is priced at:

. 22) B (L+5) 'RG /A

-1 *_ o
0-UE,((1+7) " RGG7/RG)
c*? Cr”r
Substitute the risk-sharing condition, tT = # .As aresult, R, can be written as:
t gt t

. :( 0 j51(<1+a)‘1e G /)

(A.2)
-1 1
0- €. (1) G|
The tradable goods sold in the foreign country can be priced in the similar way:
T R
g Et_l((l+rt) P'C; /A)
Pr = (A3)
H,t 9 1 -1 "
- Etl((1+rt) C, —P)
Since
v 7
R:PH,tZPFZ,t
Eq. (A.1) and (A.2) can be written as
, 7
P. Y (0 \E(—l((l_i_z-t)zcl /Atj
H.t
— | = ~ , (18a)
(PJ (9—1) E4(G7)
: E [(1 e /A*]
21 L (1+7)2
(ET :(’“9) AN (18b)
Rt 0-1 Etfl((1+q)_lql_p)

From Eqg. (18a) and (18b), we can obtain:
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1:( b jy(zl‘” E[_l((lﬂt)g G /Ajzy E(—l((l‘i‘ft)}zl G /AJZ(Z”

T (A.5)
0-1 1 = 1 ~p\2A2)
£ (G (L) G
Since shocks are lognormally distributed and so do all the variables, Eq. (A.5) yields Eq. (19):
-1 Ok vy 2—y y .
Etct+l —?Iogm—g Et Iog(1+Tt+l)+$(EtaHl+Gca)+5(Etat+l+O'ca*)+A
where X, =log(X,).
Appendix 2 : Derivation of prices and consumption under flexible prices
From the Euler equation, Eq.(8), and substitute P, recursively, we can write B, in terms of expected
consumption growth:
o 1 Ss+1-t 1 _ pz 1
=) | — E (c.,—c)|-=|logf+i+F—0c’+=0c’+ po, 13
P ;(1+a)J p[E (Cr—C.)] w{ 98 RN, (13)
Substitute consumption, Eq.(12), into equation above, we can obtain p, :
p.—1 Y Vo o, 1 =P a1,
=——2 — |l1-= |la+=a |+ +—|logf+i+=—o0.+=0, + 14
pt 1+C()—pa |:( Z)a[ 2a[j| p.t CO( gﬂ 2 Gc zdp pdcp ( )
where
¥ o 1 s+1-t
AT =L — E (log(l+z.,)-log(l+z,)).
p.t 2;(14‘0)} t( g( s+1) g( s))

The foreign aggregate price level follows the analogous form:

« p-l |y AR - P 1,
=—"2 — |~a+|1-= +—|logf+1 +—0c>+=0" +po .
. 1+a)—piza‘ ( 2)4 a)L A R e

The combination of the logs of Eq.(9), (12), (14) and its foreign analogy, yields the nominal exchange rate:

=00 (o gyiarn (15)

_l+a)—pa

where

s+1-t *
Y x (1 1+7, 1+7,
AF = —E{(Iog(u 7,)-log(1+7, ))+ > (—1+a)) E, (Iog( 1+Tslj—log [—1+T:l n}
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