
ANNALS OF ECONOMICS AND FINANCE 22-1, 231–253 (2021)

Unemployment, Trade Openness and Optimal Monetary Policy

Jianhua Feng, Chan Wang, Liyuan Wu, and Dingsheng Zhang*

This paper studies how the monetary policymaker should conduct the mon-
etary policy in a small open economy with labor market frictions.The welfare
loss function shows that the monetary policymaker faces a stabilization trade-
off between the PPI inflation and the unemployment rate gap.We find that the
welfare gains from implementing the optimal monetary policy are small rela-
tive to the optimized simple rule.In addition, when conducting the optimized
simple rule, the monetary policymaker should attach a greater weight to the
unemployment rate gap when the economy is more open.
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1. INTRODUCTION

The widespread unemployment in the wake of the Covid-19 pandemic
has caught the global attention, thus taking the topic on how to stabi-
lize the global economy and alleviate the unemployment to the forefront
of policy debates. However, it is not until recently that the standard New
Keynesian model incorporates unemployment into the design of the opti-
mal monetary policy (Thomas,2008; Faia,2009; Blanchard and Gali,2010;
Ravenna and Walsh,2011;Campolmi and Faia,2015; Cacciatore and Ghi-
roni, 2020; Kekre,2021), which is in sharp contrast to its adoption by many
central banks as the backbone for monetary policy analysis.
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In open economies, a central bank should take the fluctuation in the ex-
change rate into account, thus the monetary policy prescription is different
from its counterpart in a closed economy (Clarida et al., 2002; Gali and
Monacelli, 2005,2016; Corsetti et al., 2011; Engel, 2011; Gong et al., 2016).
In spite of the important role played by the exchange rate in shaping mon-
etary policy prescription, the literature on monetary policy in the presence
of unemployment and the fluctuation in the exchange rate is scarce.

To fill the gap in the literature, we extend Blanchard and Gali (2010)
to analyze how trade openness affects the optimal monetary policy in a
small open economy with labor market frictions, which are characterized
as hiring cost. Following Blanchard and Gali (2010) , the hiring cost in-
creases with labor market tightness, defined as the ratio of new hires to the
size of unemployment pool. Our model’s structure is similar to Gali and
Monacelli (2005, 2016) except the labor market. To examine how the mon-
etary policy is shaped by trade openness in the presence of labor market
frictions, we take a second-order approximation to the household’s utility
function and solve for the optimal monetary policy numerically. Since the
optimal monetary policy is not feasible in practice, we also consider the
macroeconomic implications of an optimized simple Taylor-type monetary
policy rule, under which the monetary policymaker adjusts the nominal in-
terest rate in response to the volatility of the PPI inflation and that of the
unemployment rate gap. The optimized simple rule is different from the
standard Taylor rule in the sense that the monetary policymaker can opti-
mally choose the response coefficients over a grid spanning the reasonable
intervals.

We find that the welfare gains from implementing the optimal monetary
policy are small relative to the optimized simple rule. In addition, under
the optimized simple rule, the monetary policymaker attaches a greater
weight to the unemployment rate gap when the degree of trade openness
becomes larger. When the degree of trade openness goes up, the home
household’s expenditure share on domestic goods becomes lower, implying
that the welfare loss from the fluctuation in PPI inflation becomes smaller.
Accordingly, the monetary policymaker should pay more attention to the
unemployment rate gap, when conducting the optimized simple rule.

Under the optimized simple rule, we also find that the degree of decrease
in the nominal interest rate is smaller when the home country is more
open following a positive productivity shock. In general, the monetary
policy produces expenditure level and expenditure switching effects in open
economies, with the former affecting domestic aggregate demand and the
latter the relative demand for one country’s goods. When one country is
more open, the expenditure switching effect is more powerful such that the
degree of adjustment of the nominal interest rate is smaller.
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Our research is closely related to the literature on the monetary pol-
icy in the presence of labor market frictions. Thomas (2008) introduces
the search and matching frictions into the standard New Keynesian mon-
etary model to analyze the effect of labor market frictions on the optimal
monetary policy. When the steady state is efficient and all wages are Nash-
bargained in each period, Thomas (2008) finds that the optimal monetary
policy requires zero inflation. By contrast, when nominal wage bargaining
is staggered, the monetary policymaker has the incentive to deviate from
price stability. The reason is that, in response to real shocks, the monetary
policymaker can avoid inefficient unemployment volatility and dispersion
in hiring rates by adjusting price inflation so that the real wages are close
to their flexible-wage values. Faia (2009) examines the optimal monetary
policy in a model with price adjustment costs and matching frictions. The
author concludes that the optimal monetary policy deviates from price
stability when the economy is hit by productivity and government expen-
diture shocks. In this case, search externalities produce a trade-off between
unemployment and inflation, which requires the monetary policymaker to
deviate from price stability to strike a balance between reducing price ad-
justment costs and boosting inefficiently low employment. Blanchard and
Gali (2010) construct a highly tractable model by introducing labor mar-
ket frictions in the form of hiring costs into a standard New Keynesian
monetary model. The model allows for an analysis of the trade-off between
inflation and unemployment facing a monetary policymaker. Ravenna and
Walsh (2011) examine the optimal monetary policy in a model with un-
employment and sticky prices and find that, in contrast to the conclusion
found in the standard New Keynesian monetary model that the divine co-
incidence breaks down following cost-push shocks, price stability is nearly
optimal if the shocks mirror random fluctuations in the relative bargaining
power of workers and firms.

Campolmi and Faia (2015) explore the optimal exchange rate policy in
a two-country model with labor market frictions. Since the monetary pol-
icymaker faces a trade-off between the insulating property of the float ex-
change rate and the destabilizing effects of the fluctuation in the exchange
rate on job flows, the optimal monetary policy needs to respond to the
fluctuation in the exchange rate. Cacciatore and Ghironi (2020) introduce
labor market frictions into a two-country model with heterogeneous firms
and endogenous producer entry to study how trade linkages shape the op-
timal monetary policy. They find that the monetary policymaker has less
incentive to correct long-run distortions by keeping a positive inflation rate
as a result of productivity gains through firm selection, implying that the
optimal average inflation rate is lower when trade costs go down. In addi-
tion, the authors find that the optimal stabilization policy is inward look-
ing as country-specific shocks produce more global effects through stronger
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trade linkages. Kekre (2021) examines the optimal monetary policy in a
two-country currency union with labor market frictions. Due to the fact
that the welfare loss caused by output volatility is greater when hiring
costs are greater or labor market flows are lower, the optimal monetary
policy should respond to smaller price and output distortions in the mem-
ber country with more sclerotic labor market following asymmetric shocks.
As a result, the welfare gains arise from adjusting the inflation target by
putting greater weight on the member country with more sclerotic labor
market in a currency union.

The rest of the paper is organized as follows. Section 2 lays out the
model. Section 3 derives model’s constrained-efficient allocation. Section
4 analyzes the flexible-price equilibrium. Section 5 explores the sticky-
price equilibrium. Section 6 discusses monetary policy design. Section 7
concludes.

2. THE MODEL

The model’s structure is similar to Gali and Monacelli (2005, 2016) except
the labor market. The world economy consists of a continuum of small open
economies represented by the unit interval. All economies are symmetric
in the sense that they have the same preferences, technology, and market
structure. Since the measure of each economy is zero, one country’s policy
has no impact on the rest of the world. Thus it is reasonable to take
world aggregates as exogenous. In addition, we follow Gali and Monacelli
(2005, 2016) and assume that both domestic and international financial
markets are complete, and the law of one price holds.

In view of the fact that the standard New Keynesian model has nothing
to say on unemployment, in particular, the literature on the effect of unem-
ployment on the design of the optimal monetary policy in open economies
is scarce, we extend Gali and Monacelli (2005) by introducing the labor
market frictions in the spirit of Blanchard and Gali (2010).

In what follows, world variables are marked with an asterisk, subscript
H denotes the home country, F the rest of the world.

2.1. Households

In each country, the representative household has a continuum of mem-
bers represented by the unit interval. The representative household in the
home country maximizes

E0

∞∑
t=0

βtU (Ct, Nt) = E0

∞∑
t=0

βt
{

logCt − χ
Nt

1+φ

1 + φ

}
, (1)
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in which β ∈ (0, 1) is the discount factor, φ is the inverse of the Frisch
elasticity of labor supply, Ct is the consumption aggregate, Nt denotes the
fraction of household members who are employed. To be specific, Ct is a
Cobb-Douglas composite of home and imported goods, CHt and CFt,

Ct = C1−υ
Ht C

υ
Ft (2)

where υ is the home representative household’s expenditure share on im-
ported goods, thus it is appropriate to use υ to measure the degree of trade
openness. CHt and CFt are CES functions over a continuum of goods with
elasticity of substitution ε, which is assumed to be strictly greater than
unity. Nt satisfies the constraint

0 ≤ Nt ≤ 1. (3)

Following Blanchard and Gali (2010) , the model assumes full risk sharing
within a large family and indivisible labor. The formulation is standard
since at least Merz (1995). The representative household’s intertemporal
consumption choice is given by

βEt

(
Ct
Ct+1

Pt
Pt+1

)
= R−1t , (4)

in which Pt = k−1P 1−υ
Ht P υFt is the home CPI price level, Rt is the gross

rate of return on the riskless one-period bond. 1

Since the international financial markets are complete, we can obtain
the risk-sharing condition from equation (4) and its foreign counterpart by
assuming that the home and foreign countries are symmetric in the initial
steady state,

Ct = C∗tQt (5)

where Qt =
EtP

∗
t

Pt
is the real exchange rate.2 Equation (5) implies that the

ratio of the prices of consumption goods is equal to the marginal rate of
substitution between home and foreign consumption.

Define the terms of trade as St = PFt
PHt

, thus the real exchange rate can
be written as

Qt = S1−υ
t , (6)

when deriving equation (6), we have used the equation EtP
∗
t = PFt.

1k = (1 − υ)1−υ υυ .
2Et is the nominal exchange rate which represents the home currency price of one

unit of foreign currency.
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2.2. Production
2.2.1. Technology

When we introduce labor market frictions into Gali and Monacelli (2005) ,

the firms need to set optimal prices and take part in wage bargaining at

the same time. To avoid the interaction between these two decisions, we

follow Blanchard and Gali (2010) and assume that there are two types of

firms: final-goods firms and intermediate-goods firms. Final-goods firms

set optimal prices, while intermediate-goods firms take part in wage bar-

gaining.

In the home country, there are a continuum of monopolistically compet-

itive firms indexed by i ∈ [0, 1] , each of which produces a differentiated

final good. All firms can use a common production function given by

Y Tt (i) = XT
t (i) (7)

in which XT
t (i) is the intermediate good, the superscript T denotes the

total amount.

There are a large number of identical, perfectly competitive intermediate-

goods firms indexed by j ∈ [0, 1]. The representative firm j ∈ [0, 1] produces

intermediate good j ∈ [0, 1] by using the following production function

XT
t (j) = AtNt (j) (8)

where At is a productivity shock which is common to all home intermediate-

goods firms.

The employment in firm j evolves according to

Nt (j) = (1− δ)Nt−1 (j) +Ht (j) (9)

in which δ ∈ (0, 1) is an exogenous job separation rate, and Ht (j) is newly

hired workers who start working once they are hired.

2.2.2. Labor market

We assume full job participation in the sense that all family members

are either employed or unemployed but willing to work given the prevailing

labor market conditions. At the beginning of period t, there is a pool

of unemployed family members finding jobs. The size of the unemployed

family members is Ut, which evolves according to

Ut = 1−Nt−1 + δNt−1 = 1− (1− δ)Nt−1 (10)
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Among the unemployed family members, some of them can obtain job

chances and start working once they are hired. Aggregate hiring Ht =∫ 1

0
Ht (j) dj evolves according to

Ht = Nt − (1− δ)Nt−1 (11)

where Nt ≡
∫ 1

0
Nt (j) dj is aggregate employment.

For expositional convenience, we define the labor market tightness xt as

xt ≡
Ht

Ut
. (12)

Since only the unemployed family members can be hired at the beginning

of each period, the value of the labor market tightness xt is within the

interval [0, 1] . In what follows, we assume that the productivity shocks are

small such that new hires are positive at all times given they are positive

in the steady state. The labor market tightness can be viewed as the

probability of being hired in period t, thus it is also called job finding rate

in the literature.

Home intermediate-goods firms need to pay hiring costs to have the job

vacancies filled. The hiring costs can be expressed in terms of the CES

bundle of the domestic final goods. Specifically, the intermediate-goods

firm j ∈ [0, 1] pays the hiring cost GtHt (j) ,in which Gt, the cost per hire,

is independent of Ht (j) and taken as given by each individual intermediate-

goods firm.

Following Blanchard and Gali (2010) , we assume that

Gt = AtBx
α
t (13)

in which the parameter α ≥ 0 and B is a positive constant. Without loss of

generality, we can define gt = Bxαt , thus Gt = Atgt. Equation (13) implies

that Gt increases with labor market tightness in spite of the fact that it is

taken as given by each individual intermediate-goods firm.

The unemployment rate is just the fraction of the family members who

remain jobless after the intermediate-goods firms pay the hiring cost and

provide job chances to all unemployed family members. Since we assume

full job participation, we can define the unemployment rate ut as

ut ≡ Ut −Ht = 1−Nt (14)

2.3. Equilibrium
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Since the rest of the world has a symmetric consumption structure, the

export demand for the final goods produced in the home country EXt can

be expressed as

EXt = ν

(
PHt
EtP ∗t

)−1
Y ∗t = νStY

∗
t (15)

in which Et is the nominal exchange rate representing the home country’s

price of one unit of foreign currency, Y ∗t denotes the world net final-goods

output which is what is left after the hiring costs are deducted.

Aggregating the consumption over all countries, we can obtain a world

market clearing condition

C∗t = Y ∗t (16)

The final-goods market clearing condition in the home country is

Yt (i) = CHt (i) + EXt (i)

=

(
PHt (i)

PHt

)−ε
(CHt + EXt)

=

(
PHt (i)

PHt

)−ε [
(1− ν)

Pt
PHt

Ct + νStY
∗
t

]
. (17)

Substituting equation (17) into the expression of the net final-goods out-

put in the home country Yt =
(∫ 1

0
Yt (i)

ε−1
ε di

) ε
ε−1

, we have

Yt = (1− ν)Sνt Ct + νStY
∗
t . (18)

From the risk sharing condition (5) , the expression of the real exchange

rate (6) , and the world market clearing condition (16) , we have

St =

(
Ct
Y ∗t

) 1
1−ν

. (19)

Substituting equation (19) into equation (18) and then rearranging the

resulting equation, we have

Ct = Y 1−ν
t (Y ∗t )

ν
(20)

3. THE CONSTRAINED-EFFICIENT ALLOCATION

We can get the constrained-efficient allocation by maximizing the rep-

resentative household’s utility subject to the technological constraints and
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labor market frictions. Due to the fact that preferences and technology are

symmetric, the same amount of goods is produced and consumed in the

constrained-efficient allocation. In addition, when solving the optimiza-

tion problem, the social planner internalizes the effect of changes in labor

market tightness on hiring costs and keeps full job participation.

Since Ct = Y 1−ν
t (Y ∗t )

ν
and Yt = At (Nt −Bxαt Ht) = At

[
Nt −B (Nt−(1−δ)Nt−1)

1+α

(1−(1−δ)Nt−1)
α

]
,

the social planner chooses Yt and Nt to maximize

E0

∞∑
t=0

βt
[
log
(
Y 1−ν
t (Y ∗t )

ν)− χNt1+φ
1 + φ

]
(21)

subject to equation (3) and the resource constraint

Yt ≤ At

[
Nt −B

(Nt − (1− δ)Nt−1)
1+α

(1− (1− δ)Nt−1)
α

]
(22)

The optimality condition for the social planner’s problem is

χ

1− ν
YtN

φ
t = At−(1 + α)AtBx

α
t +β (1− δ) Et

{
At+1B

[
(1 + α)xαt+1 − αxα+1

t+1

] Yt
Yt+1

}
(23)

which holds with equality if Nt < 1.

The left-hand side of equation (23) is the marginal rate of substitution

between labor and consumption, while the right-hand side is the marginal

rate of transformation. When the labor market frictions are present, the

marginal rate of transformation has two components. The first is the net

output produced by hiring one additional worker, namely the output left

after the hiring costs are deducted. The second is the benefit brought by

incurring less hiring costs in the next period.

When there are no labor market frictions, namely, the hiring cost is zero,

we have Yt = AtNt. Thus equation (23) becomes

χ

1− ν
Nφ+1
t = 1. (24)

It implies that the constrained-efficient employment is independent of

the productivity shock. This result follows from the fact that the income

effect of the productivity shock on labor supply cancels out the substitution

effect on labor supply.

By contrast, when labor market frictions are present such that the hiring

cost is not zero, as in Blanchard and Gali (2010) , the constrained-efficient
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allocation involves a constant job finding rate xe,which is given by the

solution to

χ

1− ν
(1− δBxα)N (x)

1+φ
= 1−(1 + α)Bxα+β (1− δ) (1 + α)Bxα−αβ (1− δ)Bx1+α

(25)

where N (x) = x
δ+(1−δ)x is the level of employment when x is taken as

given. Thus the constrained-efficient unemployment rate is

u =
δ (1− xe)

δ (1− xe) + xe
. (26)

It implies that Y et = AtN
e
[
1−B (1−(1−δ))(Ne)α

(1−(1−δ)Ne)α
]

and Ct = (Y et )
1−υ

(Y ∗t )
ν
.

In our model, the marginal rate of substitution and the marginal rate

of transformation increase in the same proportion when the productivity

changes such that the constrained-efficient employment is independent of

the productivity shock.

4. THE FLEXIBLE-PRICE EQUILIBRIUM

4.1. Real wage rigidity

In much of the literature on labor market frictions, the wage is deter-

mined by the Nash bargaining between workers and employers. However,

Blanchard and Gali (2010) find that the equilibrium unemployment rate

under Nash-bargained wage is independent of the productivity shock, which

follows from the offsetting income and substitution effects. When a produc-

tivity shock occurs, the Nash-bargained wage makes a one-for-one response

to the change in productivity with the result that the employment and un-

employment rates are constant.

As emphasized by Blanchard and Gali (2010) , this neutrality result is

different from the Shimer puzzle, which means that the movement in the

unemployment rate is small in response to productivity shock when the

labor market features the DMP frictions. Shimer (2005) assumes that the

marginal rate of substitution is constant, whereas the marginal rate of

substitution moves one-for-one with productivity in Blanchard and Gali

(2010) .

The large fluctuation in the Nash-bargained wage is in conflict with em-

pirical evidence. In what follows, we follow Blanchard and Gali (2010) and

introduce real wage rigidity to generate the small fluctuation in the wage

and the large fluctuation in the unemployment rate. 3To be specific, the

3Also see Shimer (2005), Hall (2005), and Gertler and Trigari (2009).
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real wage Wt has the following form

Wt = ΘA1−γ
t (27)

in which Θ is a positive constant, and the parameter γ ∈ [0, 1] governs the

degree of real wage rigidity.4 When γ = 0, the real wage is completely

flexible. By contrast, when γ = 1, the real wage is completely rigid.

4.2. Optimization problem of the intermediate-goods firms

The home intermediate-goods firms choose Nt+k to solve the following

profit maximization problem

max Et

∞∑
k=0

βk
Ct
Ct+k

[
P IHt+k
Pt+k

At+kNt+k −Wt+kNt+k −Gt+k (Nt+k − (1− δ)Nt+k−1)

]
(28)

in which P IHt+k is the price of intermediate goods.

The optimality condition is

P IHt
Pt

At = Wt +Gt − β (1− δ) Et

[
Ct
Ct+1

Gt+1

]
. (29)

The left-hand side of equation (29) denotes the real value of marginal

product of labor, while the right-hand side represents the real marginal

cost when the hiring cost is present.

From equation (29) , we can obtain the real marginal cost for home final-

goods firms

MCt =
P IHt
PHt

= Sνt

{
ΘA−γt +Bxαt − β (1− δ) Et

[
Ct
Ct+1

At+1

At
Bxαt+1

]}
.

(30)

Equation (30) implies that both labor market frictions and real wage

rigidity affect the real marginal cost for final-goods firms.

5. THE STICKY-PRICE EQUILIBRIUM

5.1. Introducing Nominal Rigidity

We introduce final-goods price rigidity in a staggered fashion, as in Calvo

(1983) . In each period, a home representative final-goods firm i sets price

with probability 1− θ whereas it keeps the prices fixed with probability θ.

4In line with Blanchard and Gali (2010) , Θ =
(

1
M − (1 − β (1 − δ))Bxα

)
Aγ .
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Thus when the home final-goods firm i has the opportunity to reset price

in period t, it chooses P oHt to maximize

Et

∞∑
k=0

θkΛt,t+k [(1 + τ)P oHt − PHt+kMCt+k]YHt+k|t (i) (31)

in which Λt,t+k = βk Ct
Ct+k

Pt
Pt+k

is the stochastic discount factor, τ is a sub-

sidy to home final-goods firms from home government, and YHt+k|t (i) =(
P oHt
PHt+k

)−ε
YHt+k|t is the demand schedule for the home representative

final-goods firm i that last reset its price in period t.

The solution to the optimal price setting problem facing the home rep-

resentative final-goods firm i is

P 0
Ht =

ε

(ε− 1) (1 + τ)

Et

∞∑
k=0

θkΛt,t+k
Pt
Pt+k

YHt+k (i)PHt+kMCt+k

Et

∞∑
k=0

θkΛt,t+k
Pt
Pt+k

YHt+k (i)

(32)

in which ε
(ε−1)(1+τ) is an effective markup over the weighted average of

the final-goods firm i’s current and expected future marginal costs in the

periods during which its reset price P oHt keeps effective.

Therefore, the aggregate price level satisfies

PHt =
(

(1− θ)
(
P 0
Ht

)1−ε
+ θP 1−ε

Ht−1

) 1
1−ε

(33)

5.2. Log-linearized equilibrium dynamics

In this section, we use lower case variables with hats to denote log de-

viations of the corresponding upper case variables from their steady state

values. By log-linearizing the optimal price setting equation (32) and the

aggregate price level equation (33) around the zero inflation steady state,

we can get the following New Keynesian Phillips curve to describe the

motion of home final-goods inflation rate

πHt = βEtπHt+1 + λm̂ct (34)

in which λ = (1−θ)(1−βθ)
θ .
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Log-linearization of equation (30) around the zero inflation steady state

gives us the following equation

m̂ct = αgMx̂t−β (1− δ) gM [ĉt − ât − (ĉt+1 − ât+1) + αx̂t+1]−γMΘât+νŝt
(35)

where M = ε
ε−1 is the gross markup.

From equations (10) , (11) , (12) ,and (14) ,we can express labor market

tightness as a function of current and lagged employment

δx̂t = n̂t − (1− δ) (1− x) n̂t−1. (36)

Log-linearizing equation (20) around the zero inflation steady state, we

have

ĉt = (1− ν) ŷt + νŷ∗t . (37)

From the resource constraint Yt = At (Nt −Bxαt Ht) and aggregate hiring

equation (11) , we have

ŷt = ât +
1− g
1− δg

n̂t −
gαδ

1− δg
x̂t +

(1− δ) g
1− δg

n̂t−1 (38)

Substituting equation (38) into equation (37) , we can get

ĉt = (1− ν) ât+
(1− ν) (1− g)

1− δg
n̂t−

(1− ν) gαδ

1− δg
x̂t+

(1− ν) (1− δ) g
1− δg

n̂t−1+νŷ∗t .

(39)

Log-linearizing the home representative household’s stochastic Euler equa-

tion around the steady state, we can obtain the dynamic IS equation for

the home country

ĉt = Etĉt+1 − (it −Etπt+1) (40)

in which it ≡ lnRt is the home nominal interest rate.

From the expression for home CPI price level Pt = k−1P 1−υ
Ht P υFt and

that for the terms of trade St = PFt
PHt

, we have

πt = πHt + ν∆ŝt (41)

From the risk-sharing condition, we can get

ŝt =
ĉt

1− ν
− ŷ∗t

1− ν
. (42)

Equations (34) − (36) and (39) − (42), together with an equation to

describe how the home nominal interest rate is determined and a process



244 JIANHUA FENG ET. AL.

to describe how the productivity shock evolves, characterize the equilibrium

dynamics system.

5.3. Unemployment and Inflation

Before we turn our attention to analyze how trade openness affects the

optimal monetary policy in a small open economy model with labor mar-

ket frictions, we derive a new version of New Keynesian Phillips curve to

describe the relationship between the unemployment rate and the inflation

rate.

From equation (14) , we have

n̂t = − ût
1− u

. (43)

Substituting equations (20) , (36) , (38) , (42), and (43) into equation (35) ,we

can obtain a new expression for m̂ct. Thus equation (34) can be rewritten

as

πHt = βEtπHt+1−κ0ût+κlût−1+κf ût+1+λΓa0ât+λΓaf ât+1+λΓy0ŷ
∗
t+λΓyf ŷ

∗
t+1

(44)

in which κ0 ≡ λh0

1−u , κl ≡ −
λhl
1−u , κf ≡ −

λhf
1−u ,and

h0 =
αgM
δ

+ z (ξ2 − ξ0 + ξ1) +
ν

1− ν
Mξ3ξ0,

hl = −gMξ2 −zξ1 +
ν

1− ν
Mξ3ξ1, hf = z

(
ξ0 −

α

δ

)
,

z = β (1− δ) gM, ξ0 =
(1− ν) (1− g − gα)

1− δg
, ξ1 =

(1− ν) g (1− δ) [α (1− x) + 1]

1− δg
,

ξ2 = α
(1− δ) (1− x)

δ
, ξ3 = Θ + αg − β (1− δ) g,

Γa0 = zν − γMΘ + νMξ3,Γaf = −zν,Γy0 = −zν −Mνξ3,Γyf = zν.

6. MONETARY POLICY DESIGN

6.1. Optimal monetary policy

In line with Blanchard and Gali (2010) , we assume that the unemploy-

ment rate fluctuates around a steady state value which corresponds to that
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of the constrained efficient allocation. After taking a second-order approx-

imation to the utility function of the home representative household, we

obtain

W = E0

∞∑
t=0

βtXt + t.i.p+ o
(
||a||3

)
(45)

where t.i.p. stands for the terms independent of policy, O
(
‖ a ‖3

)
collects

all terms of third or higher order, and

Xt=
(1− ν) ε

2λ
π2
Ht +

1 + φ

2
χ (1− u)

φ−1
û2t

When the small open economy degenerates into a closed economy (ν = 0) ,

equation (45) is identical to its counterpart in Blanchard and Gali (2010) .

Thus, the expected period welfare loss function is

L =
(1− ν) ε

2λ
var (πHt) +

1 + φ

2
χ (1− u)

φ−1
var (ût)

It is evident that both home final-goods inflation and the fluctuation in

unemployment lead to welfare loss. In addition, the increase in the degree

of trade openness lowers the effect of home PPI inflation on the welfare

loss.

When the monetary policymaker is able to commit, with full credibility,

to the policy rule at time zero, she chooses πHt and ût to minimize equation

(45) subject to the sequence of equilibrium constraints given by equation

(44) ,for t = 0, 1, 2...The first order conditions are

(1− ν) ε

λ
πHt − λt + λt−1 = 0 (46)

χ (1 + φ)Nφ−1ût − κ0λt + βκlλt+1 +
1

β
κfλt−1 = 0 (47)

for t = 0, 1, 2...,where λt is the Lagrange multiplier satisfying λ−1 = 0.

6.2. Calibration

We list the baseline parameter values used in the simulation in Table 1.

The calibration of the model is presented such that each period corresponds

to a quarter. The parameter value of the discount factor is set 0.99 with

the result that the annual interest rate is about 4% in the steady state.

There is disagreement among micro and macro economists as to the value

of the Frisch elasticity of labor supply (Chetty, et al., 2011), we follow
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much of the literature (Blanchard and Gali, 2010;Nakamura and Steinsson,

2014; Christiano et al., 2014; and Gong et al., 2016) to set φ to 1. We set

the elasticity of substitution between final goods ε to 6, implying that a

gross steady state markup is 1.2. In line with much of the micro and macro

evidence on price setting, we choose the probability of the final-goods firms

not being able to adjust the prices at each period θ to be 0.75 such that

the average duration of the nominal contracts lasts four quarters.

In accordance with Blanchard and Gali (2010), we set γ and α to 0.5 and

1 respectively. As for the degree of trade openness, we follow Wei and Xie

(2020) and set ν to 0.4 which implies 60% domestic share of GDP. The pro-

ductivity shock follows the AR(1) process with the persistence parameter

and the standard deviation being 0.95 and 0.02, respectively.

Then we choose the parameter values describing the labor market. Con-

sistent with Blanchard and Gali (2010) ,we set the unemployment rate u to

5 percent and the job finding rate x to 0.7, implying that the job separa-

tion rate δ = ux
(1−u)(1−x) is 0.12. Following Blanchard and Gali (2010) ,the

fraction of the hiring cost in GDP δBxα is 1 percent in the steady state,

which means that B = 0.01
δxα . Finally, from equation (25) ,we can solve for

the parameter χ.

TABLE 1.

Parameter values in the benchmark case

Description Parameter Value

Discount factor β 0.99

Frisch elasticity of labor supply φ−1 1

Degree of real wage rigidity 1 − γ 0.5

Degree of trade openness ν 0.4

Coefficient of hiring cost α 1

Elasticity of substitution between final goods ε 6

Duration of the nominal contracts θ 0.75

Persistence of productivity shock ρa 0.95

Standard deviation of productivity shock σa 0.02

6.3. Quantitative analysis

Since the optimal monetary policy is not feasible in practice, we consider

the macroeconomic implications of a simple Taylor-type monetary policy

rule, which is given by

it = ρ+ ρππHt − ρuût (48)
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where the coefficients ρπ and ρu are chosen, for each calibration, to min-

imize the welfare losses. The choices of ρπ and ρu are completed nu-

merically by searching over a grid spanning the intervals ρπ ∈ [0, 3] and

ρu ∈ [0, 5].The optimal choices of ρπ and ρu are 3 and 0.3536, respectively.

FIG. 1. Welfare losses under optimal monetary policy and optimized simple rule.
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Figure 1 depicts the welfare losses under the optimal monetary policy

and the optimized simple rule. Clearly, the welfare loss under the opti-

mized simple rule is larger than that under the optimal monetary policy.

However, the welfare gains from implementing the optimal monetary policy

are small relative to the optimized simple rule. In particular, the welfare

loss under the optimized simple rule is nearly identical to that under the

optimal monetary policy in the benchmark case in which the degree of

trade openness ν equals 0.4.

How does the coefficient ρu change when the degree of trade openness

ν varies within a reasonable range? To answer this question, we keep the

coefficient ρπ at the optimal level 3 and search over the interval [0, 5] to

find the optimal ρu. As shown in Figure 2, we find that the coefficient ρu
increases with the degree of trade openness ν.

The reason that the coefficient ρu increases with the degree of trade

openness ν can be found from the observation of the welfare loss function.
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FIG. 2. The coefficient ρu increases with the degree of trade openness ν.
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From equation (45) , we know that the welfare loss comes from the volatility

in the PPI inflation and the unemployment rate gap. When the degree

of trade openness ν goes up, the welfare loss from the volatility in the

PPI inflation becomes smaller, which means that the welfare loss from the

volatility in the unemployment rate gap increases relative to that from

the volatility in the PPI inflation, accordingly, the monetary policymaker

should raise the coefficient ρu to reflect the changed trade-off between the

two components when implementing the optimized simple rule.

Why does the welfare loss from the volatility in the PPI inflation become

smaller when the degree of trade openness ν goes up? Due to the existence

of price rigidity, the price dispersion causes inefficiency with the result

that the PPI inflation is a source of the welfare loss. When the degree

of trade openness ν goes up, the effect of domestic price dispersion on

the consumption of the home representative household decreases, thus, the

welfare loss from the volatility in the PPI inflation becomes smaller.

6.4. Impulse responses

To understand how the degree of trade openness affects the transmis-

sion mechanism of monetary policy when the monetary policymaker im-

plements the optimized simple rule. We compare the impulse responses of
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the relevant variables of the model to a positive productivity shock hit-

ting the home intermediate-goods production sector. Figure 3 depicts the

impulse responses of the relevant variables of the model for three cases:

ν = 0.2; ν = 0.3; ν = 0.4.

FIG. 3. Impulse responses to a positive productivity shock hitting the home
intermediate-goods production sector.
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In open economies, the monetary policy in one country generally pro-

duces expenditure level and expenditure switching effects, with the former

affecting aggregate demand and the latter affecting the relative demand

for one country’s goods. When one country is more open in the sense that

the expenditure share on imported goods becomes larger, the expenditure

switching effect is more powerful. Facing a positive productivity shock hit-

ting the home intermediate-goods production sector, the home monetary

policymaker needs to lower the nominal interest rate to boost the demands

for domestic goods. When the home country is more open, the degree of

decrease in the nominal interest rate is smaller with the aim of producing
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a desirable expenditure switching effect. Thus the degree of depreciation

of the nominal exchange rate decreases with the degree of trade openness.

Since the degree of decrease in the nominal interest rate is smaller when

the home country is more open, the demands for domestic goods are lower

than the cases in which the home country is less open, thus the firms will

produce less goods. It means that the unemployment rate increases with

the degree of trade openness. Due to the fact that the unemployment rate

in the flexible-price equilibrium is a constant, the unemployment rates shift

downwards with the result that the unemployment rate gap in the case in

which the home country is more open is smaller than those in which the

home country is less open. A positive productivity shock tends to drive

down the price of domestic goods, however, fewer supply in the case in

which the home country is more open implies that the degree of decrease

in the price of domestic goods is smaller than those in which the home

country is less open.

6.5. Sensitivity analysis

In this section, we perform the sensitivity analysis to show that our

conclusion is robust to two key parameters, namely the Frisch elasticity of

labor supply and the hiring cost. In the benchmark model, we set the Frisch

elasticity of labor supply to 1. To check whether our conclusion depends on

the calibrated value, we plot the relationship between the degree of trade

openness and the coefficient ρu for three cases in the left panel of Figure 4:

φ = 1, φ = 2,and φ = 3. Moreover, we also perform the sensitivity analysis

for the ratio of the hiring cost to GDP, which is reported in the right panel

of Figure 4

As shown in the left panel of Figure 4, our conclusion that the coefficient

ρu increases with the degree of trade openness ν is robust to the change in

the Frisch elasticity of labor supply. In addition, we also find that, given

the degree of trade openness, the coefficient ρu decreases with the Frisch

elasticity of labor supply. After a casual observation of the expression

of the welfare loss function, we can find that the welfare loss from the

volatility in the unemployment rate gap increases when the Frisch elasticity

of labor supply goes down. Thus, the monetary policymaker should pay

more attention to the unemployment rate gap when the Frisch elasticity of

labor supply goes down.

From the right panel of Figure 4, we know that the coefficient ρu in-

creases with the degree of trade openness ν regardless of the ratio of the

hiring cost to GDP. In addition, we know that, given the degree of trade

openness, the coefficient ρu increases with the ratio of the hiring cost to
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FIG. 4. Sensitivity analysis.
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GDP. Since a higher ratio of the hiring cost to GDP implies that the wel-

fare loss caused by labor market frictions is greater, it is evident that the

monetary policymaker should respond more to the volatility of the unem-

ployment.

7. CONCLUSION

This paper examines how the optimal monetary policy is conducted in a

small open economy with labor market frictions in the spirit of Blanchard

and Gali (2010) .As in Blanchard and Gali (2010) , when conducting the

optimal monetary policy, the monetary policymaker should target the PPI

inflation and the unemployment rate gap, but the degree of trade openness

affects the trade-off between the two targets.

Due to the unfeasibility of the optimal monetary policy in practice, we

consider the implications of the optimized simple Taylor-type monetary

policy rule for the macroeconomic stabilization. We find that the opti-

mized simple rule performs better in the sense that the welfare gains from

implementing the optimal monetary policy are small relative to the opti-
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mized simple rule. Moreover, we find that, under the optimized simple rule,

the monetary policymaker attaches a greater weight to the unemployment

rate gap when the degree of trade openness becomes larger.

Since the prices are sticky, the fluctuation in PPI inflation causes the

welfare loss. When the degree of trade openness goes up, the welfare loss

from the fluctuation in PPI inflation becomes smaller, thus the monetary

policymaker should pay more attention to the unemployment rate gap,

when conducting the optimized simple rule. The sensitivity analysis shows

that our conclusion is robust to the changes in the Frisch elasticity of labor

supply and the hiring cost.
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