
ABSTRACT

CHOI, YOUNG-JIN. International Transmissions of Dynamic Portfolios and Monetary Policy.
(Under the direction of Doug Pearce and Nora Traum.)

This dissertation focuses on the analysis of portfolio decisions and exchange rate regimes.

Firstly, I show how the degree of flexibility of the nominal exchange rate has an influence on

households’ asset holdings. As the nominal exchange rate gets less volatile, households move

toward holding more riskless bond assets and foreign equities because they are less to cur-

rency risk. Secondly, I compare the effect of productivity shocks, monetary policy shocks and

investment shocks on optimal portfolios in a two-country, sticky-price DSGE open economy

macro model with two different price setting systems - producer-currency pricing (PCP) and

local-currency pricing (LCP) - under managed and flexible exchange rate regimes. The results

confirm some expected findings that both the PCP and LCP models have similar responses to

a foreign monetary policy shock under the managed exchange rate regime. Alternatively, under

the flexible exchange rate regime, perfect exchange rate pass-through leads the PCP model to

have different real effects from the LCP case. In the symmetric case, where both counties have

the same price setting and country size, capital inflows and outflows move together in the same

direction under the flexible exchange rate regime in which the equilibrium equity is home biased

for each country and real returns on bonds and equities are adjusted by nominal exchange rate

fluctuations. Under the managed exchange rate regime, capital inflows and outflows move in the

opposite direction caused by the diversification of the equilibrium home and foreign equities for

each country and the same rate of increase of real returns on home and foreign equities by low

fluctuations of the nominal exchange rate. In the asymmetric case in which the large country

exports goods under PCP and the small country exports goods under LCP, responses of real

variables to shocks under the flexible exchange rate regime are similar to that in the symmetric

case but the effect on dynamic asset and liability holdings is different due to the dollarization in

the world market, which affects home equity holdings by the foreign country. Finally, I compare

welfare under the flexible and managed exchange rate regimes. When the country experiences

a positive productivity shock, the flexible exchange rate regime generates higher welfare than

the managed exchange rate regime. On the other hand, the monetary policy shock and the

investment shock provide different welfare effects. The welfare effects depend on the benefit of

the diversification of financial assets and the cost of the lower fluctuation of the exchange rate.
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Chapter 1

Steady state portfolio choices

1.1 Introduction

Despite the outstanding growth of the international financial market and the diversification in

financial assets in the last decades, investors still prefer a large share of home equities, which

is called the ”equity home bias puzzle”. Table 1.1 shows that countries tend to have large

portions of their financial assets in domestic equities. Figure 1.1 shows that emerging markets

have higher home bias than developed economies.

Figure 1.1: Home Bias in Equities Measures across Emerging Countries

Source: Coeurdacier and Rey(2012)
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Table 1.1: Home bias in Equities in 2008

Domestic market in % Share of portfolio in Degree of equity
Country of world market capitalization domestic equity in % home bias

France 4.3 79.8 0.75
China 7.8 99.2 0.99
Brazil 1.6 98.6 0.99
Canada 2.7 80.2 0.80
Euro Area 13.5 56.7 0.50
South Korea 1.4 88.5 0.88
Japan 8.9 73.5 0.71
Switzerland 2.3 50.9 0.50
UK 8.1 77.0 0.69
US 32.6 77.2 0.66

Source: Coeurdacier and Rey (2012)

In the early papers, attempts to explain the home bias puzzle had not been successful. Bax-

ter and Jermann (1997) find that the positive correlation between labor incomes and profits

reduces the home bias in equity and nominal bond holdings in the flexible price case. On the

other hand, Engel and Matsumoto(2005) investigate the equity home bias with the international

traded equities and forward contracts in a complete market model with nominal price rigidity

and money supply shocks. They find that the human capital return and the equity returns are

negatively correlated and in turn, the home bias in equity can be explained by hedging the

non-tradable labor income risks. Rahbari(2009) extends Engel and Matsumoto(2005) adding

endogenous capital accumulation, sticky wage setting, country specific investment shocks and

endogenous monetary policy. He finds that the correlation between the returns on human cap-

ital and on equity is conditionally negative on bond returns and unconditionally positive. The

differences from Engel and Matsumoto (2005) result from the endogenous capital accumula-

tion. Bui(2009) compares home bias in the complete market and the incomplete market but

provides no analytical explanations. He shows that the sensitivity to the relative risk aversion,

the elasticity of substitution, and the share of imports is similar between the complete market

and the incomplete market cases while the sensitivity to the nominal rigidity and the labor

share is different between the cases.

During the past decade, a number of papers have developed different methods to solve the

technical difficulty for the indeterminacy problem of the equilibrium portfolio. All financial as-

sets are perfect substitutes with the same rate of return. In the deterministic steady state, the

optimal portfolio is not uniquely pinned down with no risk introduced. In the stochastic case,

2



different sources of risk differentiate between financial assets and the steady state portfolio is

determined by the functions of the variance-covariances of the shocks. However, all financial

assets have the same expected rate of return up to the first order approximation and the as-

sets are still perfect substitutes. The higher order approximation solves this problem. Devereux

and Sutherland(2010) develop the general method with this logic. Heathcote and Perri(2013)

develop the numerical iteration method with the logic that households pay less portfolio ad-

justment cost as they are closer to the steady state portfolio. There are several contributions

that analyze the equity home bias using these methods. None of the papers, however, analysis

of the relation between home bias in equity and the exchange rate regime. The home bias in

equity is very sensitive to the degree of the fluctuations of the nominal exchange rate. The

degree of equity home bias gradually changes with changes in the other key parameters, the

degree of nominal rigidity, the persistence of the productivity shock or the degree of the capital

share, etc. Households pay the cost to reduce the fluctuation of the nominal exchange rate and

obtain the benefit generated by the diversification of the portfolio. The question of whether the

managed exchange rate regime is the optimal monetary policy is left for future work.

This chapter is organized as follows. Section 2 describes the model in detail. The benchmark

calibration is described in section 3. Section 4 states the solution methods. The sensitivity of

the equilibrium portfolios are shown in section 5. Section 6 concludes the chapter.

1.2 Model

The world economy consists of two countries of different sizes with a continuum of infinitely-

lived households. Households are denoted by the unit interval j ∈ [0, 1] and reside in one of two

countries, Home (H) and Foreign (F). The interval j ∈ [0, n] denotes home country households

and the interval j ∈ [n, 1] denotes foreign country households. When the home country is defined

as the small country, the parameter n that measures the relative size of the country is close

to zero and the small country’s policy decisions have negligible impacts on the large country.

Both countries have monopolistically competitive firms producing differentiated intermediate

goods and perfectly competitive firms producing final goods. The firms are represented by the

interval i ∈ [0, 1]. The home and foreign firms are indexed by the interval i ∈ [0, n] and i ∈ [n, 1],

respectively. The intermediate goods firms set nominal prices in a staggered fashion, as in

Rotemberg (1982). The price setting problems for the export market have different assumptions

for each country. For the asymmetric case, small country exporters set prices using the importing

market’s currency under Local-Currency Pricing (LCP). The large foreign country exporters

set their prices in their own currency under Producer-Currency Pricing (PCP).

3



1.2.1 Consumers

The representative household j maximizes the lifetime utility function

U (C,H) =
Ct

1−γ

1− γ
− H1+ω

t

1 + ω
(1.1)

where Cjt is a composite consumption index and Hj
t denotes hours of labor. The index Cjt is

defined by the CES function

Cjt =

[
(1− η)

1
µ

(
CjH,t

)µ−1
µ

+ η
1
µ

(
CjF,t

)µ−1
µ

] µ
µ−1

(1.2)

where parameter η ∈ [0, 1] inversely represents a degree of home bias in consumption and the

parameter µ > 0 measures the elasticity of substitution between domestic and foreign goods.

CjH,t is defined by the CES composite consumption index of domestic goods

CjH,t =

[(
1

n

) 1
ε
(
n
∫
0
CjH,t(i)

ε−1
ε di

)] ε
ε−1

(1.3)

where i ∈ [0, n] denotes the variety of the domestic goods. CjF,t is defined by the CES composite

consumption index of goods imported and consumed by domestic households.

CjF,t =

[(
1

1− n

) 1
ε
(

1
∫
n
CjF,t(i)

ε−1
ε di

)] ε
ε−1

(1.4)

where ε > 1 measures the elasticity of substitution between varieties produced in the same

country. The optimal CjH,t(i) and CjF,t(i) of any given levels of CjH,t and CjF,t are respectively

CjH,t(i) =

(
1

n

)(
PH,t(i)

PH,t

)−ε
CjH,t (1.5)

CjF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CjF,t (1.6)

where PH,t is the domestic currency price index of domestically produced goods and PF,t is the

import price index from the foreign country. The corresponding price index is
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Pt =
[
(1− η)P 1−µ

H,t + ηP 1−µ
F,t

] 1
1−µ

(1.7)

With

PH,t =

[
1

n

(
n
∫
0
P jH,t(i)

1−εdi

)] 1
1−ε

(1.8)

PF,t =

[
1

1− n

(
1
∫
n
P jF,t(i)

1−εdi

)] 1
1−ε

(1.9)

where Pt is the Consumer Price Index (CPI) in the model. It follows that
n
∫
0
PH,t (i)CjH,t (i) di =

PH,tC
j
H,t and

1
∫
n
PF,t (i)CjF,t (i) di = PF,tC

j
F,t. The household j’s optimal allocation between home

and foreign goods is represented by

CjH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Cjt (1.10)

CjF,t = η

(
PF,t(i)

Pt

)−µ
Cjt (1.11)

The aggregate demand functions for the home and foreign good i are represented by

CH,t(i) =
1

n

(
PH,t(i)

PH,t

)−ε
CH,t (1.12)

CF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CF,t (1.13)

Finally, the optimal allocation of expenditures between domestic and foreign goods is given by

CH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Ct (1.14)

CF,t = η

(
PF,t(i)

Pt

)−µ
Ct (1.15)
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Therefore, the home country’s total consumption expenditure is PtCt = PH,tCH,t + PF,tCF,t,

where PH,tCH,t =
n
∫
0
PH,t (i)CH,t (i) di and PF,tCF,t =

1
∫
n
PF,t (i)CF,t (i) di. Accordingly, the

household maximization of the utility function

U (C,H) = Et

∞∑
t=0

βt

(
Ct

1−γ

1− γ
− H1+ω

t

1 + ω

)
(1.16)

is subject to a real budget constraint given by

bH,t + etbF,t + jtxH,t + etj
∗
t xF,t = wtht + rkt kt − ct −

pi,t
pt
It

+rH,tbH,t−1 + etrF,tbF,t−1 + (jt + dt)xH,t−1 + et(j
∗
t + d∗t )xF,t−1

The discount factor βt is endogenously determined by the function of the aggregate home

consumption as follows

βt+1 = βtβ (Ct) , β0 = 1 (1.17)

where 0 < β(Ct) < 1 , β′(Ct) < 0, and Ct is the aggregate home consumption. Schmitt-Grohe

and Uribe (2003) consider the five different specifications for the stationarity in incomplete

asset market models. In this paper, I employ the endogenous discount factor to eliminate the

unit root and solve the non-stationarity problem with the functional form of β(Ct)

β (Ct) = β̃C−νt (1.18)

where 0 ≤ ν < γ and 0 < βC−νt < 1. Home agents hold two bonds, bH and bF , respectively

denominated in home and foreign currency with real returns of rbH,t and rbF,t and two equities,

xH and xF , respectively denominated in home and foreign currency with real returns of reH,t
and reF,t The real exchange rate et is defined as the price of the foreign good in terms of

the home good as following et = St
P ∗t
Pt

. St is the nominal exchange rate. Real exchange rate

appreciation corresponds to a decrease in et, while depreciation corresponds to an increase in

et. By defining net wealth Wt as the differences between gross assets and gross liabilities, i.e.

NFAt = etj
∗
t xF,t + etbF,t − jtx∗H,t − b∗H,t, the budget constraints can be rewritten as

NFAt = rbH,tNFAt−1 + wtht + rkt kt − ct + dt −
pi,t
pt
It

+αbF,t−1(r
b
F,t − rbH,t)− αeH,t−1(reH,t − rbH,t) + αeF,t−1(r

e
F,t − rbH,t)
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where rx,t is a real excess return on bonds which is defined by

rx,t =
[
(rbF,t − rbH,t) (reH,t − rbH,t) (reF,t − rbH,t)

]
(1.19)

The real returns on bonds and equities are defined by

rbH,t = RH,t−1
Pt−1
Pt

reH,t =
Jt +Dt

Jt−1

Pt
Pt−1

rbF,t = RF,t−1
P ∗t−1
P ∗t

et
et−1

reF,t =
J∗t +D∗t
J∗t−1

P ∗t
P ∗t−1

et
et−1

The real holdings of bonds and equities are defined by

αbH,t =
BH,t

RH,t−1Pt
αeH,t =

JtxH,t
Pt

αbF,t = et
BF,t

RF,t−1P ∗t
αeF,t = et

J∗t xF,t
P ∗t

The first order conditions for bond assets imply

Cν−γt = βEtC
−γ
t+1rH,t+1 (1.20)

βEt
C−γt+1

C−γt

(
rH,t+1 − rF,t+1

)
= 0 (1.21)

1.2.2 Firms

In each country, a continuum of monopolistically competitive firms produces the differentiated

intermediate goods using capital and labor. A standard Cobb-Douglas production function is

yt = Atk
α
t h

1−α
t (1.22)

where At is a technology shock that follows the AR(1) process

lnAt = ρa lnAt−1 + εt (1.23)

The law of capital evolution is

kt+1 = (1− δ) kt + It − φ (It, It−1)t (1.24)
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where δ is the depreciation rate of capital, It is investment and φ(It, It−1) is a measure of

investment adjustment costs. I assume a specific functional form for the investment adjustment

costs.

φ (It, It−1) =
κ

2
It

(
It
It−1

− 1

)2

(1.25)

where κ is the investment adjustment cost parameter. I assume Rotemberg style sluggish price

adjustment so that a firm sets the price with a quadratic adjustment cost in the inflation

rate of the goods. Each firm faces two separate pricing problems, one for the domestic market

and one for the export market and the export market has two different pricing scenarios. The

optimal price-setting strategy for the domestic market can be approximated by the typical New

Keynesian Phillips curve for domestic inflation. The home firm maximizes the present value

of expected profits by resetting price pH,t for the domestic market. When the exporting goods

price is determined by the PCP, the home firms set their domestic goods prices for the domestic

market. The home firm’s nominal profit is

Dt (i) = PH,t (i)Yt (i)− wtht (i)−Rkt kt (i)

− ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2
PH,tYt (1.26)

The firms real profit maximization can be written as

max
Ht,Kt,PH,t,P

∗
H,t

Et

∞∑
t=0

βtλt{
PH,t (i)

Pt

(
PH,t (i)

PH,t

)−ε
Yt −

wtht (i)−Rkt kt (i)

Pt

−ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2PH,tYt
Pt

Subject to Yt (i) =
(
PH,t(i)
PH,t

)−ε
Yt, firm is output equals its total demands. The foreign firms

also set their foreign goods prices for the foreign market. The expected profits of the foreign

firm in the foreign market can be written as

max
H∗t ,K

∗
t ,P
∗
F,t

Et

∞∑
t=0

βtλt{
P ∗F,t (i)

P ∗t

(
P ∗F,t (i)

P ∗F,t

)−ε
Y ∗t −

w∗t h
∗
t (i)−Rk∗t k∗t (i)

P ∗t

−
ϕ∗F
2

[
P ∗F,t (i)

π̄∗FP
∗
F,t−1 (i)

− 1

]2
P ∗F,tY

∗
t

P ∗t
}

subject to the production function,y∗t (i) =
(
P ∗F,t(i)

P ∗F,t

)
)−εY ∗t .
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Under PCP, the export price is determined by the domestic goods price and the exchange rate

under the law of one price (LOP).

The first order conditions for this problem are given by

λtwt = (1− α) ζtAtk
α
t h
−α
t (1.27)

λtr
k
t = αζtAtk

α−1
t h1−αt (1.28)

ζt =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
λt (1.29)

where ε/(ε−1) is the constant gross mark-up over marginal cost. With the assumed technology,

the firms real marginal cost is

mct =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
(1.30)

The optimal rule for setting prices of home firm can be written as

ϕH

[
πH,t
π̄H
− 1

]
πH,t
π̄H

= (1− ε) + ε
[
(1− η) + ητ1−µt

] 1
1−µ

mct

+β̃c−νt ϕHEt

[
c−γt+1

c−γt

[
πH,t
π̄H
− 1

]
π2H,t+1

π̄H

yt+1

yt

1

πt+1

]2

The optimal rule for setting prices of foreign firm can be written as

ϕF

[
π∗F,t
π̄∗F
− 1

]
π∗F,t
π̄∗F

= (1− ε) + ε
[
(1− η) + ητ1−µt ∗

] 1
1−µ

mc∗t

+β̃c∗t−νϕFEt

[
c∗t+1−γ
c∗t−γ

[
π∗F,t
π̄H
− 1

]
π2F,t+1∗
π̄∗F

y∗t+1

y∗t

1

π∗t+1

]2

Home firm’s exporting goods prices are determined by

P ∗H,t =
PH,t
St

(1.31)

Foreign firm’s exporting goods prices are determined by

PF,t = P ∗F,tSt (1.32)
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The nominal export prices in a producer currency moves one-to-one with the fluctuation of

nominal exchange rate, St.

1.2.3 Monetary Policy and the exchange rate regime

Monetary policy is assumed to follow an extended form of a Taylor-type interest rate rule

in which deviations of inflation, output and the nominal exchange rate from the long run

targets have a feed back on short run movements of the nominal interest rate. The log linear

approximated form is

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (1.33)

where ζm,t is monetary policy shock. The rule describes an economy in which monetary policy is

constrained by a managed or fixed exchange rate regime. The parameter ρH allows the monetary

authority to smooth changes in the interest rate. The parameter (1− ρH)φπ and (1− ρH)φy

reflect the responses to the changes in the CPI inflation rate and real GDP, respectively. The

parameter (1− ρH)φs reflects the degree of the managed exchange rate between fixed and

floating regimes. A floating exchange rate regime implies φs = 0 while a fixed exchange rate

implies φs =∞.

1.2.4 Market clearing conditions

Goods market clearing conditions for the home country is

Y ∗t = CH,t + C∗H,t + IH,t + I∗H,t −
ϕH
2

[
πH,t
π̄H
− 1

]2
Yt (1.34)

Goods market clearing conditions for the foreign country is

Y ∗t = C∗F,t + CF,t + I∗F,t + IF,t −
ϕ∗F
2

[
π∗F,t
π̄∗F
− 1

]2
Y ∗t (1.35)

Bond market clearing conditions are

bH,t + b∗H,t = 0 (1.36)

b∗F,t + bF,t = 0 (1.37)
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The bond assets bH,t and bF,t are issued in the home and foreign currencies, respectively. The

bond holdings by foreign agents are denoted by an asterisk (*).

Equity market clearing conditions are

xH,t + x∗H,t = 1 (1.38)

x∗F,t + xF,t = 1 (1.39)

The equity assets xH,t and xF,t are issued in the home and foreign currencies, respectively. The

equity holdings by foreign agents are denoted by an asterisk (*).

1.3 Calibrations

In this paper, for the symmetric case, I calibrate the benchmark model using empirical estimates

based on US quarterly data. The endogenous discount factor, β is calibrated as 0.99 in the

steady state so that the annual nominal interest rate is 4 percent. The time-varying discount

factor depends on the aggregate consumption such as β̃C−νt . In the steady state, β̃ is calibrated

assuming ν = 0.01 and β̃C−ν = β. The Frisch labor supply elasticity 1/ω is set equal to 0.33.

The consumption home bias η = 0.85, implying a 15 percent import to GDP ratio and the

elasticity of substitution µ = 0.9 following Heathcote and Perri (2002). The capital share in the

production function α is set at 0.28. The depreciation rate of capital is 0.025 which is commonly

used for US quarterly data, implying a 10 percent annual rate of depreciation. The Rotemberg

price adjustment parameter φ and the markup ε are 58 and 6, equivalent to setting the Calvo

price parameter equal to 0.75 which is about 4 quarters for the average duration of the price

adjustment. The capital adjustment parameter is set equal to 4.5. For the monetary policy rule,

I adopt the benchmark Taylor rule with partially adjustment calibrated by Canzoneri et. al.

(2007) as follows

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (1.40)

For the foreign country’s monetary policy rule, the degree of the response to the nominal

exchange rate is negative due to the definition of the exchange rate.

R̂F,t = ρF R̂F,t−1 + (1− ρF )φ∗ππ̂
∗
t + (1− ρF )φ∗yŷ

∗
t − (1− ρH)φ∗s ŝt + ζ∗m,t (1.41)

For the asymmetric case, the size of home country changes between interval [0.2, 0.83]. In the
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Table 1.2: Calibration

Parameter Interpretation Value

β Discount factor 0.99
γ Risk aversion 2
ω 1/ Elasticity of Labor supply 0.33
η Consumption home bias 0.85
ηi Investment home bias 0.75
µ Subst. Elasticity for Consumption Home and Foreign 0.9
µi Subst. Elasticity for Investment Home and Foreign 1.2
α capital share in production 0.28
δ Depreciation Rate 0.025
ϕ Price Adjustment cost 58
κ Investment Adjustment cost 4.5
ε Subst. Elasticity for Domestic Varieties 6
ρr Persistence of Interest rate 0.824
ρa Persistence of Productivity shock 0.923
ρm Persistence of Monetary shock 0
ρi Persistence of Investment shock 0.85
φy Response to Output gap 0.184
φπ Response to Inflation 2.02
φs Response to Exchange rate 0
σA Std of Productivity shock 0.000861
σM Std of Monetary shock 0.000245
σI Std of Investment shock 0.00036
n Country Size 0.5
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Table 1.3: Country Size

Country size (n) GDP Ratio Foreign Cons. Home bias (ν)

0.2 0.25 0.99
0.27 0.37 0.97
0.34 0.515 0.94
0.41 0.694 0.91
0.48 0.923 0.86

0.5 1 0.85

0.55 1.22 0.80
0.62 1.63 0.72
0.69 2.22 0.60
0.76 3.166 0.42
0.83 4.88 0.074

case n < 0.5, the home country is smaller than the foreign country. When the country size is 0.2,

the GDP of the home country is 25 percent of the foreign country’s while the home country’s

GDP is almost 5 times as much as the foreign country’s when the country size is 0.83.

1.4 Solution Method

In the open macroeconomic model, the standard linear approximation is applied around the

non-stochastic steady state. However, the linear approximation has unsolvable difficulties for

the portfolio choices for two reasons. First, the portfolio choices have the indeterminacy prob-

lem which is not uniquely pinned down in a non-stochastic steady state. This problem can be

overcome by treating the steady state value of the portfolios as endogenous. Second, the portfo-

lio choices are indeterminate in the first order approximation because all the assets are perfect

substitutes. This problem can be also solved by considering the second order approximation.

I follow the methods described in Devereux and Sutherland (2008) that develop technical so-

lutions for the steady state and dynamic portfolios in a general DSGE model with multiple

assets. Their work can be applied for both complete and incomplete markets.

1.4.1 Solving the Model

I follow Devereux and Sutherland (2008) that developed numerical approximation methods

suitable for solving for portfolio allocations in this type of model. The solution procedures

stated in the paper emphasize several important properties to calculate the steady state and
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first order portfolios. First, the first-order behavior of the non-portfolio parts of the model is not

influenced by the deviation of portfolio holdings around the solution of the steady state portfolio.

It is important that the first order macroeconomic solution is sufficient to solve the value of the

steady state portfolios. Second, the second-order approximation of the portfolio problem that

appears in the Euler equation has the terms of the solution of the first-order approximation

for the non-portfolio parts. This means that the steady state value of portfolio holdings is

solved by the first-order approximation of the macroeconomic parts. The portfolio holdings

only directly enter the non-portfolio part through the budget constraint taking bHrx,t as a

mean-zero i.i.d. random variable, ξt. This is derived from the third property that the expected

excess return, Et[rx,t+1], is zero in the first-order approximation of the model. The solution

for the first-order portfolio problem requires the higher-order approximation. As in the case

of the steady state portfolio solution, the first-order portfolio holdings only directly enter the

non-portfolio part through the second-order approximation of the budget constraint defining

bH,t−1rx,t as the random variable, ξt. The fourth important property is that the covariance

matrix of the innovations, Σ is constant. Therefore, the solutions for the second moments are

non-time varying. The system of the second-order approximations of the model can be written

in the state-space representation. This paper uses the solution model developed by Lombard

and Sutherland (2007).

1.4.2 Steady state portfolios

In order to calculate the steady state portfolios, the first order approximation of non-portfolio

parts and the second-order approximation of Euler equations of asset holdings are required.

The steady state portfolios only appear in the non-portfolio parts of the model through the

random variable of the budget constraint.

The net foreign asset is defined in real terms.

NFAt−1 = α̃EF,t−1 + α̃BF,t−1 − α̃∗EH,t−1 − α̃∗BH,t−1 (1.42)

The budget constraint can be written by the net foreign asset NFAt assuming a net zero steady

state value and by the excess return on portfolios ξt.

NFAt = NFAt−1r
B
H,t + wtht − ct + dt −

pIt
pt
it + ξt (1.43)

where the random variable ξt is defined by

ξt = −α̃∗EH,t−1
(
rEH,t − rBH,t

)
+ α̃EF,t−1

(
rEF,t − rBH,t

)
+ α̃BF,t−1

(
rBF,t − rBH,t

)
(1.44)
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Up to the first order approximation, the excess returns rx,t are mean-zero random variables.

rx,t =
[(
rEH,t − rBH,t

) (
rEF,t − rBH,t

) (
rBF,t − rBH,t

)]
(1.45)

Therefore, ξt is also an i.i.d. exogenous variable which I refer to as ”the excess return shock”.

Dynare produces the following solution form in the first order approximation.

yt = ys +Ayht−1 +But (1.46)

where yt is a vector of all endogenous variables which array the order of static variables, purely

backward, mixed and finally purely forward variables. ys is the vector of the steady state values,

yht−1 is the vector of state variables and ut is the vector of exogenous variables.

In order to calculate the steady state value of the portfolios, the necessary variables ct, c
∗
t and

rx,t can be extracted from the rows of yt of the above Dynare solution. ut includes the excess

return shock, ξt, and other exogenous shocks, εt. Therefore, the variables ct, c
∗
t and rx,t depend

on the shocks ξt and other exogenous shocks, εt. ctc∗t
rx,t

 =
[
B1 B2

] [ξt
εt

]

By combining the optimality condition E[(ct+1 − c∗t+1)rx,t+1] = 0 and the excess return shock

ξt = α̃rx,t, the steady state value of the portfolios can be obtained.

1.5 Results

I study the sensitivity of the equilibrium home bond and home equity holdings to the choices of

parameters; the degree of relative risk aversion, the elasticity of substitution, the degree of price

stickiness, the persistence of the technology shock, the share of capital, the degree of pegged

exchange rate and country size.

The relative risk aversion

Figure 1.1 shows the relationship between the relative risk aversion and the equilibrium bond

and equity. The degree of risk aversion affects households’ consumption through changes in

the inter-temporal elasticity of substitution. The more risk averse, the lower the inter-temporal

elasticity of substitution. Suppose that home relative price is high. Households can choose either

the purchase of goods at a cheaper price or the generation of more income. The dominant effect
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depends on the desired consumption smoothing of households. If households are sufficiently risk

averse, they want to smooth consumption by increasing their income with more equity holdings.

If households are less risk averse, they substitute into purchasing of the cheaper price goods

while hedging the real exchange rate risk with nominal bonds. As households are more risk

averse, they tend to have less bond holdings and more domestic equity. Both bond and equity

dramatically change for the risk aversion smaller than 2.

Price Adjustment Cost

I compare not only different effects of flexible price setting and sticky price setting on the equi-

librium portfolios but also consider the sensitivity of the degree of price stickiness. I find that

equity is more home biased and nominal bond holdings get higher as the average duration of

price adjustment gets longer. Under the sticky price model, the fluctuation of the real exchange

rate is closely related to the fluctuation of the nominal exchange rate which is associated with

the nominal bond rate. Nominal bonds can be a good hedge for the real exchange rate risk. Un-

der a flexible price system, the nominal exchange rate is less correlated with the real exchange

rate and the nominal bond is no longer effective to hedge the real exchange rate risk. Higher

degrees of price stickiness imply higher equilibrium nominal bond holdings. On the other hand,

the higher nominal rigidity generates higher home bias in equity. Under sticky prices, a positive

technology shock increases output and decreases labor and the wage rate. The equity return

rises due to the positive productivity shock and the lower wage rate. The equity holdings is

a good hedge for the labor income risk. Under flexible prices, the increase in output by the

technology shock reduces the price and raises labor and the wage rate which implies a lower

dividend. The equity holdings with the lower real returns is no longer efficient to hedge the

income risk.

Substitution Elasticity of Home and Foreign goods

Figure 1.3 shows that easier substitution between home and foreign goods makes households

have more diversified asset holdings, lower equity holdings and higher bond holdings. Output

declines by the negative productivity shock and the real exchange rate appreciates with the fall

in home equity returns. Foreign equities are more valuable and home bias in equity declines.

The easier changes in the consumption of the home and foreign goods by changes in the relative

prices raise the bond holdings which is effective as a hedge for the real exchange rate risk. For

the relatively low elasticity, η < 1, both bond and equity holdings have large changes.

Persistence of Productivity shock

When there are sufficient nominal price rigidities and endogenous capital accumulation, pro-

ductivity shocks have real effects on output, the wage rate and investment causing change in
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equity positions. In this model, the increase in investment is larger than the increase in output

and decrease in the wage rate. Because of the smaller impacts on equity returns by the out-

put and wage rate than that on investment, equity return decreases by lower payouts. If the

productivity shock is more persistent, households prefer lower equity holdings and higher bond

holdings.

Response to Exchange rate

Figure 1.5 shows how the degree of flexibility of the nominal exchange rate has an influence

on households’ asset holdings. Both home bond and home equity holdings dramatically change

from the free floating exchange rate regime to the managed exchange rate regime of the pa-

rameter φs, 0.1. As the nominal exchange rate gets less volatile, households are exposed less

currency risk. Households move toward holding more foreign equities. The consumption and

real exchange rate correlation is pretty high (close to 0.9) like the complete market model with

perfect risk sharing. The consumption-real exchange rate anomaly (Backus-Smith puzzle) is

generated in my model. Riskless bond assets are preferred to the equity holdings.

Capital Share

As the capital share increases, the increase in output from the productivity shock is significant.

Due to the higher productivity and lower wage rate, higher equity returns cause the home bias

in equity. In the opposite way, if both countries have large labor shares, households are strongly

exposed to the home labor risk. If the capital share declines in this state, households sell home

equities. The larger the labor share, the smaller home bias in equity.

Country Size

Figure 1.7 compares the small open economy and large open economy portfolio positions, as

the country size ranges from 0.2 to 0.83. When the home country size paramter is 0.2, the GDP

of the home country is 1/4 as much as that of large country. The foreign country’s openness

of domestic consumption goods is 0.01 which means domestic exports consist almost entirely

of investment goods. When the home country size parameter is 0.76, the GDP of the home

country is three times that of foreign country. The domestic bond holding is 2.9 percent and

the domestic equity holding is 92 percent. According to US data, the domestic bond holding is

3 percent of total financial assets and the domestic equity holding is 89 percent of total financial

assets.
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1.6 Conclusions

This paper investigates the equilibrium international portfolio choices and the home bias puzzle

in a New Open Macroeconomic model with incomplete markets, nominal rigidity and capital

accumulation. For the benchmark calibration, I find that domestic households hold around 93

percent of the financial wealth in the home equities and 7 percent in the foreign equities and

also hold around 14 percent of the total financial wealth for the home bond. The key parameters

have effects on equilibrium asset choices changing the degree of the home bias in equity. The

degree of nominal rigidity, the elasticity of substitution and capital shares have crucial impacts

on the home bias in equity. Equity and bond holdings are changed by changes in parameter

values. Especially, the exchange rate regime shows a high degree of sensitivity of home bias

in equity by affecting the volatility of the nominal exchange rate. Households pay the cost to

reduce the fluctuation of the nominal exchange rate and obtain the benefit generated by the

diversification of the portfolio.

Although results have no perfect match to that of the numerical iteration method, the interpre-

tation of the equilibrium of the endogenous portfolio choices is still meaningful and can provide

the component for the future work on dynamic portfolio choices.

1.7 Figures

Figures show the sensitivity of the equilibrium home bond and equity by the changes in the

seven parameters. The percent of the bond and equity is plotted along the Y axis and the

degree of the parameter value is plotted along the X axis. The negative value of the Y axis

of the bond/GDP means borrowing. 1 of Y axis of the equity means 100 percent of the home

equity holding.

Figure 1.2: Relative Risk Aversion
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Figure 1.3: Price Adjustment cost

Figure 1.4: Substitution Elasticity of Home and Foreign goods

Figure 1.5: Persistence of Productivity shock
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Figure 1.6: Response to Exchange rate

Figure 1.7: Capital Share

Figure 1.8: Country Size
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Chapter 2

Dynamic portfolio choices

2.1 Introduction

The improvements in international financial markets have stimulated interest in the structure

of capital outflows and inflows and resulted in changes in country portfolio positions.

Lane and Milesi-Ferretti (2006) document the development of the external positions of emerging

markets and provide data on the net and gross external positions and the composition of

international portfolios. The remarkable feature of emerging countries is not only the large

growth of the net international capital flows and net external position but also that of the gross

external positions in the financial global markets in the recent decades. The graph below shows

the gross assets and liabilities of the small Asian countries from 1970. Since the mid 1990s, they

have seen huge development of their external positions.

(a) (b)

Figure 2.1: Assets and Liabiilities for Asian Coutries
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These aspects of international financial markets lead to an interest in the structure of capi-

tal outflows and inflows, paying attention to country portfolio positions. Emerging markets are

experiencing a surge in capital inflows that expose them to higher risks of financial instability

and higher interdependence on the financial states of other countries. There is no doubt that

emerging markets respond very sensitively to changes in the financial circumstances from large

economies. The recent, global financial crisis brought more attention to the role of international

capital flows and the monetary policies affecting them. In particular, large growth of the gross

capital inflows from developed economies to emerging economies has caused financial instability

in the developed economies to be spread to many emerging economies. The strongly intercon-

nected global financial system means that monetary policies in the developed economies affect

emerging economies directly through their effects on capital flows.

Kim and Yang(2009) empirically analyze the transmission of US monetary policy shocks to

the East Asian countries. These countries use different exchange rate regimes, fixed, managed

and free-floating. They show that Indonesia, the Philippines, Thailand, Korea, and Japan all

follow the inflation-targeting rules based on the classification of Stone and Bhundia (2004) but

they have a variety of exchange rate regimes. The impacts of US monetary policy shocks on

the interest rates of the Asian countries depend on the exchange rate regime.

This paper follows the formulation of Monacelli(2004) to model a managed/fixed exchange

rate regime as an extension of a Taylor-style interest rate rule. It is consistent with the empirical

insensitivity of output volatility to the type of exchange rate regime. The relationship between

exchange rate regime and real exchange rate volatility holds independently of the source of

shocks. Introduction of incomplete exchange rate pass through generates no correlation be-

tween the nominal exchange rate and inflation differentials. Therefore, the representation of a

managed/fixed exchange rate regime by means of an interest rate rule under sticky prices and

incomplete exchange rate pass-through is suitable for an open economy policy rule. The paper

shows the effect of monetary policy rules on optimal portfolios in an asymmetric two-country,

sticky-price open economy macro model with two different price setting systems - producer-

currency pricing (PCP) for the advanced economy and local-currency pricing (LCP) for the

emerging economy - under fixed and flexible exchange rate regimes.

The standard DSGE model with only one risk-free bond has no portfolio diversification and

no valuation effect. These classes of models therefore have no implications for capital outflows

and inflows caused by movements in expected excess returns to external assets or liabilities.

Despite the model having various financial assets, a technical deficiency left an indeterminacy

problem unsolvable for a steady state portfolio. A number of authors have developed different

methods for equilibrium portfolios, such as Kollmann (2006) and Coeurdacier, Kollmann and

Martin (2010). Furthermore, Devereux and Sutherland (2010) and Wincoop and Tille (2010)

calculate the time-varying dynamics of international portfolios. Utilizing the DSGE model, I
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(a) Fixed Peg (1990 = 100)

(b) Managed Regime

(c) Free Floating Regime

Figure 2.2: Exchange Rate Regime. Source: Kim and Yang(2009) ”International Monetary Trans-
mission and Exchange Rate Regimes”
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solve for the steady state value of the portfolio, which is indeterminate in the basic DSGE model,

and show the impulse responses of the home country household’s dynamic portfolio choices to

the foreign country’s monetary policy shocks. I employ a two-country, open economy model with

incomplete asset markets that features sticky prices with Rottemberg price adjustment costs,

capital accumulation, monetary policy shocks under fixed or flexible exchange rate regimes and

different types of exporting price setting systems for each country. I calibrate the benchmark

model using empirical estimates based on Korean and US quarterly data. The model is solved

using the numerical methods based on Taylor series higher order approximations developed in

Devereux and Sutherland (2010). First, a solution of the first order linear approximation of

the non-portfolio part of the model is derived and used to solve for the steady state portfolio

holdings. Like the steady state portfolio decisions, the dynamic portfolio choice problem can

also be solved from the solution of a second- order linear approximation of the non-portfolio side

of the model at the approximation point obtained from the first step. This chapter is organized

as follows. Section 2 describes the model in detail. The benchmark calibration is described in

section 3. Section 4 states the solution methods. The impulse responses are shown in section

5. Section 6 discusses the dynamic portfolio holdings generated by the asymmetric benchmark

parameterization. Section 7 concludes the paper.

2.2 Literature review

As the international financial market has grown, the importance of research on the exter-

nal asset positions, international capital flows and valuation effects has increased. However,

macroeconomic models generally only deal with net capital flows with one non-contingent bond

or complete markets with Arrow-Debreu securities in which capital flows are all zero after an

initial period. Devereux - Sutherland (2010) and Tille - Wincoop (2010) independently achieved

methodological advances for the optimal portfolio decision with both gross and net asset posi-

tions and for changes in expected returns or risks. Tille and Wincoop (2010) develop a numerical

iterative solution method to solve portfolio choices in any higher order approximation. As in the

analytical method of Devereux and Sutherland (2011), the steady state portfolio decision can

be solved by the first order approximation of the non-portfolio equations and the second-order

approximation of the portfolio equations. The computation of the dynamic portfolio decisions

requires the higher order approximations. Tille and Wincoop (2010) not only focus on the com-

putational method for the portfolios but also valuation effects and capital flows as a component

of the external position changes. And the capital flows are decomposed into two sources of

portfolio growth and portfolio reallocation. But numerical iteration requires more sophisticated

efforts. I follow the more general and simple method by Devereux and Sutherland (2010). They

provide an analytical solution method for the portfolio choice problem. In standard lineariza-
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tion up to the first order approximation, the portfolio choice problem is unsolvable since assets

are perfect substitutes with the same expected excess returns. They solve the indeterministic

steady state problem that portfolio choice is not pinned down by adapting second-order ap-

proximations of the portfolio equations while the macroeconomic equations are evaluated to

a first order approximation. For the dynamic portfolio choices, one order higher approxima-

tions for the portfolio and non-portfolio equations need to be considered. The Devereux and

Sutherland method is the most popular in recent international macroeconomic papers which

focus on the dynamic portfolio problems. Civelli (2008) investigates the valuation effects from

productivity shocks and demand shocks. Under flexible prices, the change in the supply of home

goods resulting from the productivity shock causes terms of trade adjustments which can offset

the consumption risks of shocks by changes in the relative price of exports without the trade

of assets. Coeurdacier and Rey (2013) review recent papers about the home bias puzzle in an

open economy financial macroeconomic model and explain the phenomenon with three cate-

gories of effects. Firstly, the source of risks causing optimal portfolio decisions is broken down

by the effects of the real exchange rate risks and the non-tradable income risks in a frictionless

financial market in which homogeneous investors can access identical portfolios. Secondly, the

main source of friction is asset trade costs in foreign portfolio investments such as transaction

costs or different tax treatments in international financial markets. Finally, informational het-

erogeneity is an important source that causes different portfolio decisions of foreign investors

from domestic investors. While there are other papers that investigate the dynamic portfolios in

the new Keynesian model, under sticky prices, terms-of-trade movements cannot offset the ef-

fects of productivity shocks because goods prices are preset. Therefore, portfolio diversification

can have a different influence under price stickiness. Rahbari (2009) reproduces the features

of the unconditionally positive correlation between equity returns and human capital returns

and the negative correlation conditional on bond returns addressed by Engel and Matsumoto

(2005), who show that monetary policy shocks can be hedged by a forward contract assuming

nominal price rigidity. He also provides empirical evidence that international portfolio patterns

match the data on G7 countries under nominal rigidities and endogenous capital accumulation.

These papers concentrate on complete asset market models or international real business cycle

models that show the effect of productivity shocks. Bui (2009) examines impulse responses of

dynamic portfolio choices from productivity shocks, investment shocks and monetary policy

shocks with an incomplete asset market in a new open macroeconomic model. He breaks down

the responses by shocks as valuation effects and volume effects and finds that the net changes in

foreign asset positions are small due to the offset of the two effects. He mainly emphasizes the

effects of the dynamic portfolio choices on the monetary policy shocks under a simple Taylor-

type rule. Despite these developments, to the author’s knowledge this is the first paper to

examine the impacts on the dynamic asset holdings of an emerging economy transmitted from
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an advanced economy’s monetary policy shocks in a Dynamic Stochastic General Equilibrium

(DSGE) model. This paper suggests an alternative monetary policy rule similar to Monacelli

(2004) which formulates monetary policy in a managed/fixed exchange rate regime as an ex-

tension of the Taylor-type interest rate rule. The paper compares alternative monetary policy

rules in a model of a small open economy which experiences monetary policy shocks from a

large economy when international portfolio choice is endogenous.

2.3 Model

The world economy consists of two countries of different sizes with a continuum of infinitely-

lived households. The representative households denoted by the unit interval j ∈ [0, 1] reside

in one of two countries, Home (H) and Foreign (F). The interval j ∈ [0, n] denotes home

country households and the interval j ∈ [n, 1] denotes foreign country households. When the

home country is defined as the small country, the parameter n that measures the relative

size of the country is close to zero and the small country’s policy decisions have negligible

impacts on the large country. Both countries have monopolistically competitive firms producing

differentiated intermediate goods and perfectly competitive firms producing final goods. The

firms are represented by the interval i ∈ [0, 1]. The home and foreign firms are indexed by

the interval i ∈ [0, n] and i ∈ [n, 1], respectively. The intermediate goods firms set nominal

prices in a staggered fashion, as in Rotemberg (1982). The price setting problems for the export

market have different assumptions for each country. For the asymmetric case, the small country

exporters set prices using the importing market’s currency under Local-Currency Pricing (LCP).

The large foreign country exporters set their prices in their own currency under Producer-

Currency Pricing (PCP).

2.3.1 Consumers

The representative household j maximizes the lifetime utility function

U (C,H) =
Ct

1−γ

1− γ
− H1+ω

t

1 + ω
(2.1)

where Cjt is a composite consumption index and Hj
t denotes hours of labor. The index Cjt is

defined by the CES function

Cjt =

[
(1− η)

1
µ

(
CjH,t

)µ−1
µ

+ η
1
µ

(
CjF,t

)µ−1
µ

] µ
µ−1

(2.2)

where parameter η ∈ [0, 1] inversely represents a degree of home bias in consumption and the

parameter µ > 0 measures the elasticity of substitution between domestic and foreign goods.
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CjH,t is defined by the CES composite consumption index of domestic goods

CjH,t =

[(
1

n

) 1
ε
(
n
∫
0
CjH,t(i)

ε−1
ε di

)] ε
ε−1

(2.3)

where i ∈ [0, n] denotes the variety of the domestic goods. CjF,t is defined by the CES composite

consumption index of goods imported and consumed by domestic households.

CjF,t =

[(
1

1− n

) 1
ε
(

1
∫
n
CjF,t(i)

ε−1
ε di

)] ε
ε−1

(2.4)

where ε > 1 measures the elasticity of substitution between varieties produced in the same

country. The optimal CjH,t(i) and CjF,t(i) of any given levels of CjH,t and CjF,t are respectively

CjH,t(i) =

(
1

n

)(
PH,t(i)

PH,t

)−ε
CjH,t (2.5)

CjF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CjF,t (2.6)

where PH,t is the domestic currency price index of domestically produced goods and PF,t is the

import price index from the foreign country. The corresponding price index is

Pt =
[
(1− η)P 1−µ

H,t + ηP 1−µ
F,t

] 1
1−µ

(2.7)

With

PH,t =

[
1

n

(
n
∫
0
P jH,t(i)

1−εdi

)] 1
1−ε

(2.8)

PF,t =

[
1

1− n

(
1
∫
n
P jF,t(i)

1−εdi

)] 1
1−ε

(2.9)
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where Pt is the Consumer Price Index (CPI) in the model. It follows that
n
∫
0
PH,t (i)CjH,t (i) di =

PH,tC
j
H,t and

1
∫
n
PF,t (i)CjF,t (i) di = PF,tC

j
F,t. The household j’s optimal allocation between home

and foreign goods is represented by

CjH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Cjt (2.10)

CjF,t = η

(
PF,t(i)

Pt

)−µ
Cjt (2.11)

The aggregate demand functions for the home and foreign good i are represented by

CH,t(i) =
1

n

(
PH,t(i)

PH,t

)−ε
CH,t (2.12)

CF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CF,t (2.13)

Finally, the optimal allocation of expenditures between domestic and foreign goods is given by

CH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Ct (2.14)

CF,t = η

(
PF,t(i)

Pt

)−µ
Ct (2.15)

Therefore, the home country’s total consumption expenditure is PtCt = PH,tCH,t + PF,tCF,t,

where PH,tCH,t =
n
∫
0
PH,t (i)CH,t (i) di and PF,tCF,t =

1
∫
n
PF,t (i)CF,t (i) di. Accordingly, the

household maximization of the utility function

U (C,H) = Et

∞∑
t=0

βt

(
Ct

1−γ

1− γ
− H1+ω

t

1 + ω

)
(2.16)
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is subject to a real budget constraint given by

bH,t + etbF,t + jtxH,t + etj
∗
t xF,t = wtht + rkt kt − ct −

pi,t
pt
It

+rH,tbH,t−1 + etrF,tbF,t−1 + (jt + dt)xH,t−1 + et(j
∗
t + d∗t )xF,t−1

The discount factor βt is endogenously determined by the function of the aggregate home

consumption as follows

βt+1 = βtβ (Ct) , β0 = 1 (2.17)

where 0 < β(Ct) < 1 , β′(Ct) < 0, and Ct is the aggregate home consumption. Schmitt-Grohe

and Uribe (2003) consider five different specifications for stationarity in incomplete asset market

models. In this paper, I employ the endogenous discount factor to eliminate the unit root and

solve the non-stationarity problem with the functional form of β(Ct)

β (Ct) = β̃C−νt (2.18)

where 0 ≤ ν < γ and 0 < βC−νt < 1. Home agents hold two bonds, bH and bF , respectively

denominated in the home and foreign currency, where the real returns on bonds are rbH,t and

rbF,t and two equities, xH and xF , respectively denominated in the home and foreign currency,

where the real returns on equities are reH,t and reF,t The real exchange rate et is defined by

the price of the foreign good in terms of the home good as following et = St
P ∗t
Pt

. St is the

nominal exchange rate. Real exchange rate appreciation corresponds to a decrease in et, while

depreciation corresponds to an increase in et. By defining net wealth Wt as the differences

between gross assets and gross liabilities, i.e. NFAt = etj
∗
t xF,t + etbF,t − jtx

∗
H,t − b∗H,t, the

budget constraints can be rewritten as

NFAt = rbH,tNFAt−1 + wtht + rkt kt − ct + dt −
pi,t
pt
It

+αbF,t−1(r
b
F,t − rbH,t)− αeH,t−1(reH,t − rbH,t) + αeF,t−1(r

e
F,t − rbH,t)

where rx,t is a real excess return on bonds which is defined by

rx,t =
[
(rbF,t − rbH,t) (reH,t − rbH,t) (reF,t − rbH,t)

]
(2.19)
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The real returns on bonds and equities are defined by

rbH,t = RH,t−1
Pt−1
Pt

reH,t =
Jt +Dt

Jt−1

Pt
Pt−1

rbF,t = RF,t−1
P ∗t−1
P ∗t

et
et−1

reF,t =
J∗t +D∗t
J∗t−1

P ∗t
P ∗t−1

et
et−1

The real holdings of bonds and equities are defined by

αbH,t =
BH,t

RH,t−1Pt
αeH,t =

JtxH,t
Pt

αbF,t = et
BF,t

RF,t−1P ∗t
αeF,t = et

J∗t xF,t
P ∗t

From the first order conditions for bond assets are

Cν−γt = βEtC
−γ
t+1rH,t+1 (2.20)

βEt
C−γt+1

C−γt

(
rH,t+1 − rF,t+1

)
= 0 (2.21)

2.3.2 Firms

In each country, a continuum of monopolistically competitive firms produces the differentiated

intermediate goods using capital and labor. A standard Cobb-Douglas production function is

yt = Atk
α
t h

1−α
t (2.22)

where At is a technology shock that follows the AR(1) process

lnAt = ρa lnAt−1 + εt (2.23)

The law of capital evolution is

kt+1 = (1− δ) kt + It − φ (It, It−1)t (2.24)

where δ is the depreciation rate of capital, It is investment and φ(It, It−1) is a measure of

investment adjustment costs. I assume a specific functional form for the investment adjustment
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costs.

φ (It, It−1) =
κ

2
It

(
It
It−1

− 1

)2

(2.25)

where κ is the investment adjustment cost parameter. I assume Rotemberg-style sluggish price

adjustment so that a firm sets the price with a quadratic adjustment cost in the inflation

rate of the goods. Each firm faces two separate pricing problems, one for the domestic market

and one for the export market and the export market has two different pricing scenarios. The

optimal price-setting strategy for the domestic market can be approximated by the typical New

Keynesian Phillips curve for domestic inflation. The home firm maximizes the present value

of expected profits by resetting price pH,t for the domestic market. I consider both the PCP

and the LCP strategy for the export market. When the exporting goods price is determined by

PCP, the home firms set their domestic goods prices for the domestic market. The home firm’s

nominal profit is

Dt (i) = PH,t (i)Yt (i)− wtht (i)−Rkt kt (i)

− ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2
PH,tYt (2.26)

The firms real profit maximization can be written as

max
Ht,Kt,PH,t,P

∗
H,t

Et

∞∑
t=0

βtλt{
PH,t (i)

Pt

(
PH,t (i)

PH,t

)−ε
Yt −

wtht (i)−Rkt kt (i)

Pt

−ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2PH,tYt
Pt

Subject to Yt (i) =
(
PH,t(i)
PH,t

)−ε
Yt, firm is output equals its total demands. The foreign firms

also set their foreign goods prices for the foreign market. The expected profits of the foreign

firm in the foreign market can be written as

max
H∗t ,K

∗
t ,P
∗
F,t

Et

∞∑
t=0

βtλt{
P ∗F,t (i)

P ∗t

(
P ∗F,t (i)

P ∗F,t

)−ε
Y ∗t −

w∗t h
∗
t (i)−Rk∗t k∗t (i)

P ∗t

−
ϕ∗F
2

[
P ∗F,t (i)

π̄∗FP
∗
F,t−1 (i)

− 1

]2
P ∗F,tY

∗
t

P ∗t
}

subject to the production function,y∗t (i) =
(
P ∗F,t(i)

P ∗F,t

)−ε
Y ∗t .

Under PCP, the export price is determined by the domestic goods price and the exchange rate
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under the law of one price (LOP).

The first order conditions for this problem are given by

λtwt = (1− α) ζtAtk
α
t h
−α
t (2.27)

λtr
k
t = αζtAtk

α−1
t h1−αt (2.28)

ζt =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
λt (2.29)

where ε/(ε−1) is the constant gross mark-up over marginal cost. With the assumed technology,

the firms real marginal cost is

mct =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
(2.30)

The optimal rule for setting prices by home firms can be written as

ϕH

[
πH,t
π̄H
− 1

]
πH,t
π̄H

= (1− ε) + ε
[
(1− η) + ητ1−µt

] 1
1−µ

mct

+β̃c−νt ϕHEt

[
c−γt+1

c−γt

[
πH,t
π̄H
− 1

]
π2H,t+1

π̄H

yt+1

yt

1

πt+1

]2

The optimal rule for setting prices by foreign firms can be written as

ϕF

[
π∗F,t
π̄∗F
− 1

]
π∗F,t
π̄∗F

= (1− ε) + ε
[
(1− η) + ητ1−µt ∗

] 1
1−µ

mc∗t

+β̃c∗t−νϕFEt

[
c∗t+1−γ
c∗t−γ

[
π∗F,t
π̄H
− 1

]
π2F,t+1∗
π̄∗F

y∗t+1

y∗t

1

π∗t+1

]2

Home firms’ exporting goods prices are determined by

π∗H,t
St
St−1

= πH,t (2.31)

Foreign firms’ exporting goods prices are determined by

πF,t = π∗F,t
St
St−1

(2.32)
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The nominal export prices in a producer currency move one-to-one with the fluctuations of the

nominal exchange rate, St.

When the home firms use the LCP strategy for the export market, they have to set different

prices for the domestic market and for the export market. The home firms nominal profit is

Dt (i) = PH,t (i)YH,t (i) + StP
∗
H,t (i)Y ∗H,t (i)− wtHt (i)−RKt Kt (i)

− ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2
PH,tYH,t −

ϕ∗H
2

[
P ∗H,t (i)

π̄∗HP
∗
H,t (i)

− 1

]2
StP

∗
H,tY

∗
H,t (2.33)

The firms real profit maximization can be written as

max
Ht,Kt,PH,t,P

∗
H,t

Et

∞∑
t=0

βtλt{
PH,t (i)

Pt

(
PH,t (i)

PH,t

)−ε
YH,t +

StP
∗
H,t (i)

Pt

(
P ∗H,t (i)

P ∗H,t

)−ε
Y ∗H,t

−wtHt (i)−RKt Kt (i)

Pt
− ϕH

2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2PH,tYH,t
Pt

−
ϕ∗H
2

[
P ∗H,t (i)

π̄∗HP
∗
H,t−1 (i)

− 1

]2
StP

∗
H,tY

∗
H,t

Pt
}

Subject to yt (i) = yH,t(i) + y∗H,t(i), firm is output equals its total demands. The optimal rule

for setting export prices of home firm can be written as

ϕ∗H

[
π∗H,t
π̄∗H
− 1

]
π∗H,t
π̄∗H

= (1− ε) + ε[(1− η) τ∗t µ− 1 + η ]
1

1−µ
mct
et

+β̃c−νt ϕHEt

[
c∗t+1−γ
c∗t−γ

[
π∗H,t
π̄∗H
− 1

]
π∗H,t+12

π̄∗H

y∗H,t+1

yH , t∗
et+1

et

1

π∗t+1

]2
The optimal rule for setting export prices of foreign firm can be written as

ϕF

[
πF,t
π̄F
− 1

]
πF,t
π̄F

= (1− ε) + ε
[
(1− η) τµ−1t + η

] 1
1−µ

mc∗t

+β̃c∗t−νϕFEt

[
c∗t+1−γ
c∗t−γ

[
π∗F,t
π̄H
− 1

]
π2F,t+1

π̄F

yF,t+1

yF , t

et
et+1

1

π∗t+1

]2

2.3.3 Law of one Price

In this paper, the deviation from the law of one price (LOP) is a big difference between LCP

and PCP. zt is the deviation from LOP which is defined by

ẑt ≡ p̂∗F,t + ŝt − p̂F,t (2.34)
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ẑ∗t ≡ p̂H,t − p̂∗H,t − ŝt (2.35)

where st is the nominal exchange rate. Under PCP, the law of one price holds when zt = 0 and

z∗t = 0. Under LCP, however, the law of one price doesnt hold and both zt and z∗t are not zero.

2.3.4 Monetary Policy and the exchange rate regime

Monetary policy is assumed to follow an extended form of a Taylor-type interest rate rule

in which deviations of inflation, output and the nominal exchange rate from the long run

targets have a feed back on short run movements of the nominal interest rate. The log linear

approximated form is

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (2.36)

where ζm,t is monetary policy shock. The rule describes an economy in which monetary policy

is constrained by a managed or fixed exchange rate regime. The parameter allows the monetary

authority to smooth changes in the interest rate. The parameter (1− ρH)φπ and (1− ρH)φy

reflect the responses to the changes in the CPI inflation rate and real GDP, respectively. The

parameter (1− ρH)φs reflects the degree of the managed exchange rate between fixed and

floating regimes. A floating exchange rate regime implies φs = 0 while a fixed exchange rate

implies φs =∞.

2.3.5 Market clearing conditions

Goods market clearing conditions for the producer currency pricing for the producer currency

pricing for the home country is

Y ∗t = CH,t + C∗H,t + IH,t + I∗H,t −
ϕH
2

[
πH,t
π̄H
− 1

]2
Yt (2.37)

Goods market clearing conditions for the producer currency pricing for the foreign country is

Y ∗t = C∗F,t + CF,t + I∗F,t + IF,t −
ϕ∗F
2

[
π∗F,t
π̄∗F
− 1

]2
Y ∗t (2.38)

Goods market clearing conditions for the local currency pricing for the domestic country are

YH,t = CH,t + IH,t −
ϕH
2

[
πH,t
π̄H
− 1

]2
YH,t (2.39)
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Y ∗H,t = C∗H,t + I∗H,t −
ϕ∗H
2

[
π∗H,t
π̄∗H
− 1

]2
Y ∗H,t (2.40)

Yt = YH,t + Y ∗H,t (2.41)

Domestic output Yt equals the sum of aggregate domestic demand, YH,t and aggregate export

demand, Y ∗H,t. Goods market clearing conditions for the local currency pricing for the foreign

country are

YF,t = CF,t + IF,t −
ϕF
2

[
πF,t
π̄F
− 1

]2
YF,t (2.42)

Y ∗F,t = C∗F,t + I∗F,t −
ϕ∗F
2

[
π∗F,t
π̄∗F
− 1

]2
Y ∗F,t (2.43)

Yt = YF,t + Y ∗F,t (2.44)

Foreign output Yt equals the sum of aggregate domestic demand, Y ∗F,t and aggregate export

demand, YF,t.

Bond market clearing conditions are

bH,t + b∗H,t = 0 (2.45)

b∗F,t + bF,t = 0 (2.46)

The bond assets bH,t and bF,t are issued in the home and foreign currencies, respectively. The

bond holdings by foreign agents are denoted by an asterisk (*).

Equity market clearing conditions are

xH,t + x∗H,t = 1 (2.47)

x∗F,t + xF,t = 1 (2.48)

The equity assets xH,t and xF,t are issued in the home and foreign currencies, respectively. The

equity holdings by foreign agents are denoted by an asterisk (*).
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2.4 Calibration

In this paper, for the symmetric case, I calibrate the benchmark model using empirical estimates

based on US quarterly data. The endogenous discount factor, β is calibrated as 0.99 in the

steady sate so that the annual nominal interest rate is 4 percent. The time-varying discount

factor depends on the aggregate consumption such as β̃C−νt . In the steady state, β̃ is calibrated

assuming ν = 0.01 and β̃C−ν = β. The Frisch labor supply elasticity 1/ω is set equal to 0.33.

The consumption home bias η = 0.85, implying a 15 percent import to GDP ratio and the

elasticity of substitution µ = 0.9 following Heathcote and Perri (2002). The capital share in the

production function α is set at 0.28. The depreciation rate of capital is 0.025 which is commonly

used for US quarterly data, implying a 10 percent annual rate of depreciation. The Rotemberg

price adjustment parameter φ and the markup ε are 58 and 6, equivalent to setting the Calvo

price parameter equal to 0.75 which is about 4 quarters for the average duration of the price

adjustment. The capital adjustment parameter is set equal to 4.5. For the monetary policy rule,

I adopt the benchmark Taylor rule with partially adjustment calibrated by Canzoneri et. al.

(2007) as follows

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (2.49)

For the foreign country’s monetary policy rule, the degree of the response to the nominal

exchange rate is negative due to the definition of the exchange rate.

R̂F,t = ρF R̂F,t−1 + (1− ρF )φ∗ππ̂
∗
t + (1− ρF )φ∗yŷ

∗
t − (1− ρH)φ∗s ŝt + ζ∗m,t (2.50)

For the asymmetric case, the size of home country changes between interval [0.2, 0.83]. In the

case n < 0.5, the home country is smaller than the foreign country. When the country size is 0.2,

the GDP of the home country is 25 percent of the foreign country’s while the home country’s

GDP is almost 5 times as much as the foreign country’s when the country size is 0.83.

2.5 Solving the Model

I follow Devereux and Sutherland (2008) that developed numerical approximation methods

suitable for this complicated model. The solution procedures stated in the paper emphasize

several important properties to calculate the steady state and first order portfolios. First, the

first-order behavior of the non-portfolio parts of the model is not influenced by the deviation
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Table 2.1: Calibration

Parameter Interpretation Value

β Discount factor 0.99
γ Risk aversion 2
ω 1/ Elasticity of Labor supply 0.33
η Consumption home bias 0.85
ηi Investment home bias 0.75
µ Subst. Elasticity for Consumption Home and Foreign 0.9
µi Subst. Elasticity for Investment Home and Foreign 1.2
α capital share in production 0.28
δ Depreciation Rate 0.025
ϕ Price Adjustment cost 58
κ Investment Adjustment cost 4.5
ε Subst. Elasticity for Domestic Varieties 6
ρr Persistence of Interest rate 0.824
ρa Persistence of Productivity shock 0.923
ρm Persistence of Monetary shock 0
ρi Persistence of Investment shock 0.85
φy Response to Output gap 0.184
φπ Response to Inflation 2.02
φs Response to Exchange rate 0
σA Std of Productivity shock 0.000861
σM Std of Monetary shock 0.000245
σI Std of Investment shock 0.00036
n Country Size 0.5
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Table 2.2: Country Size

Country size (n) GDP Ratio Foreign Cons. Home bias (ν)

0.2 0.25 0.99
0.27 0.37 0.97
0.34 0.515 0.94
0.41 0.694 0.91
0.48 0.923 0.86

0.5 1 0.85

0.55 1.22 0.80
0.62 1.63 0.72
0.69 2.22 0.60
0.76 3.166 0.42
0.83 4.88 0.074

of portfolio holdings around the solution of the steady state portfolio. It is important that the

first order macroeconomic solution is sufficient to solve the value of the steady state portfolios.

Second, the second-order approximation of the portfolio problem that appears in the Euler

equation has the terms of the solution of the first-order approximation for the non-portfolio

parts. It means that the steady state value of portfolio holdings is solved by the first-order

approximation of the macroeconomic parts. The portfolio holdings only directly enter the non-

portfolio part through the budget constraint taking bHrx,t as a mean-zero i.i.d. random variable,

ξt. This is derived from the third property that the expected excess return, Et[rx,t+1] is zero in

the first-order approximation of the model. The solution for the first-order portfolio problem

requires the higher-order approximation. As in the case of the steady state portfolio solution, the

first-order portfolio holdings only directly enter the non-portfolio part through the second-order

approximation of the budget constraint defining bH,t−1rx,t as the random variable, ξt. The fourth

important property is that the covariance matrix of the innovations, Σ is constant. Therefore,

the solutions for the second moments are non-time varying. The system of the second-order

approximations of the model can be written in the state-space representation. This paper uses

the solution model developed by Lombard and Sutherland (2007).

2.6 Solution Method

In the open macroeconomic model, the standard linear approximation is applied around the

non-stochastic steady state. However, the linear approximation has unsolvable difficulties for the
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portfolio choices for two reasons. First, the portfolio choices have the indeterminacy problem

which is not uniquely pinned down in a non-stochastic steady state. This problem can be

overcome by treating the steady state value of the portfolios as endogenous. Second, the portfolio

choices are indeterminate in the first order approximation because all the assets are perfect

substitutes. This problem can be also solved by considering second order approximation. I follow

the methods described in Devereux and Sutherland (2008) that develop technical solutions for

the steady state and dynamic portfolios in a general DSGE model with multiple assets. Their

work can be applied for both complete and incomplete markets.

2.6.1 Steady state portfolios

In order to calculate the steady state portfolios, the first order approximation of non-portfolio

parts and the second-order approximation of Euler equations of asset holdings are required.

The steady state portfolios only appear in the non-portfolio parts of the model through the

random variable of the budget constraint.

The net foreign asset is defined in real terms.

NFAt−1 = α̃EF,t−1 + α̃BF,t−1 − α̃∗EH,t−1 − α̃∗BH,t−1 (2.51)

The budget constraint can be written by the net foreign asset NFAt assuming a net zero steady

state value and by the excess return on portfolios ξt.

NFAt = NFAt−1r
B
H,t + wtht − ct + dt −

pIt
pt
it + ξt (2.52)

where the random variable xit is defined by

ξt = −α̃∗EH,t−1
(
rEH,t − rBH,t

)
+ α̃EF,t−1

(
rEF,t − rBH,t

)
+ α̃BF,t−1

(
rBF,t − rBH,t

)
(2.53)

Up to the first order approximation, the excess returns rx,t are mean-zero random variables.

rx,t =
[(
rEH,t − rBH,t

) (
rEF,t − rBH,t

) (
rBF,t − rBH,t

)]
(2.54)

Therefore, ξt is also an i.i.d. exogenous variable which calls ”excess return shock”.

Dynare produces the following solution form in the first order approximation.

yt = ys +Ayht−1 +But (2.55)
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where yt is a vector of all endogenous variables which array the order of static variables, purely

backward, mixed and finally purely forward variables. ys is the vector of the steady state values,

yht−1 is the vector of state variables and ut is the vector of exogenous variables.

In order to calculate the steady state value of the portfolios, the necessary variables ct, c
∗
t and

rx,t can be extracted from the rows of yt of the above Dynare solution. ut includes the excess

return shock, ξt and other exogenous shocks, εt. Therefore, the variables ct, c
∗
t and rx,t depend

on the shocks ξt and other exogenous shocks, εt. ctc∗t
rx,t

 =
[
B1 B2

] [ξt
εt

]

By combining the optimality condition E[(ct+1 − c∗t+1)rx,t+1] = 0 and the excess return shock

ξt = α̃rx,t, the steady state value of the portfolios can be obtained.

2.6.2 Dynamic portfolios

In order to compute the dynamic portfolios, the higher order approximation is necessary. Only

the second order approximation of the budget constraint includes the time-varying portfolios.

The second order approximation of non-portfolio parts and the third order approximation of

Euler equations of asset holdings are required.

Dynare produces the following solution form in the second order approximation.

yt = ys + 0.5∆2 +Ayht−1 +But + 0.5C
(
yht−1 ⊗ yht−1

)
+ 0.5D (ut ⊗ ut) + E

(
yht−1 ⊗ ut

)
(2.56)

where
(
yht−1 ⊗ yht−1

)
is the Kronecker product of the state variables, (ut ⊗ ut) is the Kronecker

product of the vector of the exogenous variables, and
(
yht−1 ⊗ ut

)
is the Kronecker product of

the vector of state variables by the vector of exogenous variables.

The third order approximation of the optimality condition can be evaluated using the first

and second order solutions for the behavior of the consumption and excess returns. The excess

return shock, ξt is defined by ˆαt−1 ˆrx,t in the second order approximation where the hat denotes

the first order deviation.

Unlike the case for the steady state value of the portfolios, time-varying optimal portfolios are

affected by the changes in the covariance between (ct − c∗t ) and rx,t. The second order term,(
yht−1 ⊗ ut

)
captures how the consumption difference responds to the movement of the state

variables to the stochastic shocks.
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2.7 Results

2.7.1 Productivity shock

Flexible exchange rate regime

PCP Figure 1(a) shows dynamic asset changes for the home country from the home coun-

try’s positive productivity shock assuming PCP. The productivity shock implies that less labor

is needed to produce the same amount as before the shock. Home output, consumption and

investment increase and the wage rate decreases. Foreign output and consumption increases

because of higher demand for home export goods. The real exchange rate depreciates and net

exports increase. Due to higher productivity and a lower wage rate, the real return on home

equity relative to the real return on the home bond increases the most compared to the real

returns on the foreign bond and equity as soon as the shock is recognized. Foreign country asset

investors try to hedge the real exchange rate risk which motivates the holding of the foreign

bond with higher real returns relative to real returns on home bond. Home country households

that experience higher wealth by positive productivity shocks to home firms invest their extra

wealth in home and foreign equities. Home households hold the foreign equity because they sell

their home equity by a fixed supply of equity claims for the foreign households’ risk hedging.

The foreign country’s holdings of home equity is higher than the home country’s holdings of

foreign equity at the beginning. Increases in home investment implies increases in the demand

for labor wage rate and decreases in payouts to shareholders. The home country’s holdings of

foreign equity increase and the foreign country’s holdings of home equity decrease. Net foreign

assets for the home country are positive.

LCP Figure 1(b) shows dynamic asset changes for the home country from the home country’s

positive productivity shock under LCP. Unlike PCP, local currency pricing system leads to

the appreciation of the real exchange rate and a trade balance deficit. There’s no expenditure

switching effects because preset import prices in the local currency don’t cause changes in home

good prices by the home currency’s strongness. Instead, home exporters’ revenues in the home

currency falls and foreign exporters’ revenues in foreign currency rises by changes in markups

at given marginal costs. Foreign output rises and consumption falls in the LCP while they are

opposite in the PCP. Home households raise the holdings of home bonds with relatively higher

real returns than foreign bonds and the holdings of foreign equity with higher real equity re-

turns. Increases in foreign country exporters’ income induce foreign households to hold more

home and foreign equity but to take short positions in foreign equity by long position of home

households. Equity holdings by both countries gradually diminish from increases in investment

of both countries. Home country’s net foreign assets decline.
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Managed exchange rate regime

Figure 2(a) and 2(b) show responses of dynamic portfolios from the home productivity shock

under PCP and LCP, respectively, under a managed exchange rate regime. Unlike the flexible

exchange rate regime, real effects under both PCP and LCP are mitigated by the managed

nominal exchange rate. In both cases, home output and investment increase and home con-

sumption decreases by the home productivity shock. Foreign country output initially increases

and decreases gradually. Foreign consumption and investment increase. The effect also leads

to a depreciation in the real exchange rate and trade balance surplus. Home imports decrease

and home exports increase under a managed exchange rate regime while home imports are very

small and exports increase a lot under a flexible exchange rate regime. Decreases in home con-

sumption result from decreases in consumption goods produced by home country and import

consumption goods produced by foreign country.

PCP Both real returns on home equity and foreign equity increase similarly. The real return

on home bonds increases and the real return on foreign bond decreases. The foreign country has

the motivation to hedge real exchange rate risks with higher relative foreign prices. The foreign

country holds more home bonds, home equity and foreign equity. The net foreign asset position

is negative as home equity holdings by the foreign country rise and foreign equity holdings by

the home country fall.

LCP Both real returns on home and foreign bonds and equities increase. The home real return

on bonds is higher than the foreign one while real returns on home and foreign equities increase

similarly. Foreign country exporters’ incomes decline from the depreciation in real exchange

rate. Foreign households hold more foreign bonds with higher returns. Home country exporters’

incomes increase due to the real exchange rate depreciation. Home households hold more home

and foreign equities, which reflects the wealth effect. The net foreign position is positive as for-

eign equity holdings by the home country rise and home equity holdings by the foreign country

fall.

2.7.2 Monetary shock

Flexible exchange rate regime

Figures 3(a) and 3(b) show the response of home country net foreign asset positions to the home

contractionary monetary policy shock under the flexible exchange rate regime. Monetary policy

affects dynamic portfolios through two channels. Monetary policy has direct impacts on asset

returns from nominal interest rate shocks. Monetary policy also has real effects under nominal

price rigidity. A domestic contractionary monetary policy that causes 1 percent increase in the

home interest rate reduces home output, consumption and investment.
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PCP Home contractionary monetary shocks lead to falls in home output, consumption and

investment. Foreign output, consumption and investment decrease. The real exchange rate ap-

preciates and home net exports decrease. Real returns on home bonds and equity increase and

real returns on foreign bonds and equity decrease. There’s no real exchange rate risk since the

higher relative price decreases both home exports and imports. Trade deficits depend on the

rate of decrease in exports and imports due to both decreases in exports and imports. Home

households try to hedge their income risks by holding more home equity. Foreign equity hold-

ings by the home country immediately fall much more than home equity holdings by the foreign

country.

LCP Home country’s responses to the real macro variables in the LCP are similar to the PCP

while foreign country’s responses are different since foreign output decreases and consumption

and investment increase. The real exchange rate initially appreciates but immediately depre-

ciates and home net exports increase. Home real returns on bonds and equity increase more

than foreign real return on bond and equity, respectively. Due to the LCP properties, foreign

country exporters experience lower income rather than higher relative export prices. Foreign

households hold more home bond with higher real returns to hedge the risk. Home households

hold more home equity to hedge their lower labor income risks.

Managed exchange rate regime

Figures 4(a) and 4(b) show the impacts of net asset positions from home contractionary mone-

tary shocks under a managed exchange rate regime. Especially, in the framework of the extension

of Taylor type rule, the degree of managed nominal exchange rate is strongly related to asset

returns. Nominal bond returns depend on the fluctuations of the nominal exchange rate in the

sticky price model. Home contractionary monetary shocks increase not only home real returns

on bond and equity but also foreign real returns on bonds and equity under a managed ex-

change rate regime. As mitigated differences between PCP and LCP under managed exchange

rate regime, real effects in both cases are similar, decreases in home and foreign output and

investment, increase in home consumption, decrease in foreign consumption, appreciation in

the real exchange rate and home trade deficits.

PCP Home country imports increase by lower importing prices. Home households hedge real

exchange rate risks initially by holding more home bonds with the higher real returns than

foreign bonds and also hedge income risks of lower labor income by holding more home and

foreign equities with the same rate of increase. Foreign households sell their home and foreign

equities which implies negative net foreign asset positions.

LCP Both home exports and imports decrease. Home households have no motivation to hedge

the real exchange rate risk by the relative price differences. Home households try to hedge their

income risks by holding more home and foreign equities. Foreign households sell their home and
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foreign equities for the fixed supply of equities.

2.7.3 Investment shock

Flexible exchange rate regime

Figures 5(a) and 5(b) show the responses to the positive investment shock under the flexible

exchange rate regime. The response of the net foreign asset position to the positive investment

shock is similar under PCP and LCP. In both cases, improvement in the home investment leads

to initial drops in home and foreign real returns on equities.

PCP Home output increases and home consumption initially drops and rebounds gradually.

Foreign output, consumption and investment decline. Home net exports initially decrease and

increase after as the real exchange rate initially appreciates and depreciates. Initial drops in

home net exports result from the increase in importing foreign investments and the decrease in

exporting home investments by the improvement of home investments not from the consump-

tion swtiching effect. Therefore, home households have no motivation to hedge real exchange

rate risks. As the real exchange rate depreciates, home net exports increase with higher exports

of home consumption goods and lower imports of foreign consumption goods. Foreign house-

holds hold more home bonds with higher real returns for real exchange rate risk hedging and

hold more foreign equity for income risk hedging.

LCP Foreign output increases and foreign consumption and investment decrease while the real

effect on the home country is similar that under PCP. Appreciation in the real exchange rate

leads to a fall in home exporters’ income and a rise in foreign exporters’ income under LCP.

Home households hold more home equity and foreign households hold more foreign equity.

Managed exchange rate regime

Figures 6(a) and 6(b) show the impacts to shocks in home investment under a managed ex-

change rate regime. Real effects are similar under PCP and LCP. A positive investment shock

leads to increases in home output, consumption and investment, decreases in foreign output,

consumption and investment, appreciation in the real exchange rate and trade balance deficits.

PCP The real return on home bonds initially drops more than the real return on foreign bonds

and the real return on foreign bonds then rebounds higher than the real return on home bonds.

The real return on home equity initially drops and rebounds immediately while the real return

on foreign equity increases. Home households hold more foreign bonds with higher real returns

to hedge the real exchange rate risk. Households also have more home and foreign equities to

invest their extra wealth.

LCP Real returns on home and foreign bonds move as under PCP and real returns on home
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and foreign equities initially drop and rebound immediately. Decreases in home exporters’ in-

comes induce to have more foreign bond and the wealth effect lead to have more home and

foreign equities.

2.7.4 Policy transmission

To investigate the impact on net foreign asset positions for the small country from foreign

shocks, country size n is calibrated as 0.76 for the large country and 0.24 for the small country.

The large country’s export price is determined by producer currency pricing while the small

country’s export price is determined by local currency pricing. Therefore, consumption and

investment goods are traded in the large country’s currency in the world market except for

domestic goods of the small country. The small country is the foreign country and the large

country is the home country. Figures from 7(a) to 9(b) show how the home country’s policy

changes affect net foreign asset positions for the foreign country under different exchange rate

regimes.

Flexible exchange rate regime

Productivity shock

Figure 7(a) shows effects on foreign net foreign asset positions from the home country’s positive

productivity shock under a flexible exchange rate regime. The home country’s positive produc-

tivity shock leads to increases in output, consumption and investment. The foreign country’s

output and investment increase but consumption decreases. Due to the local currency pricing

system for the foreign country’s exports, the real exchange rate appreciates while the real ex-

change rate depreciates in the case of producer currency pricing for both countries. The home

country’s export price increases and the foreign country exporter’s revenues increase from ap-

preciation in the real exchange rate because both the home country and foreign country export

in the home currency. Foreign households also have the motivation for the lower labor income

risk hedge. Foreign households have more home and foreign equities. Therefore, foreign coun-

try’s net exports increase. The foreign country’s net foreign asset position is improved. In the

symmetric case, home equity holdings by the foreign country and foreign equity holdings by

the home country increase. Net foreign asset positions depend on the rate of increase. In the

asymmetric case, home large country takes a short position in the foreign equity and the foreign

small country takes a long position in the home equity.

Monetary shock

Figure 8(a) shows the effects on foreign net foreign asset positions of the home country’s con-
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tractionary monetary policy shock under a flexible exchange rate regime. The home country’s

contractionary monetary policy shock raises home country real returns on bonds and equity

while foreign country real returns on bonds initially drop and rebound and real returns on

equity fall. The real exchange rate initially appreciates and then depreciates and home net

exports increase. Home consumption and investment exporting goods prices fall from the de-

preciation in the real exchange rate. Therefore, foreign consumption and investment rise while

foreign output falls. Home imports decrease and home exports increase. The home country’s

trade surplus goes down as the rate of decrease in home imports goes down. Initial drops of the

home bond holdings by the foreign country depend on the initial jump in the foreign exporters’

income. As the foreign exporters’ income decreases, home bond holdings by foreign households

rebound to hedge real exchange rate risk. This is comparable to the initial appreciation in the

real exchange rate raising home relative prices and inducing home households to hold more

home bonds. Changes in home and foreign equities result from both home and foreign house-

holds’ hedging income risks.

Investment shock

Figure 9(a) shows the effects on foreign net foreign asset positions from the home country’s pos-

itive investmen shock under a flexible exchange rate regime. Improvements in home investment

lead to increases in home output, consumption and investment, trade deficits and appreciation

in the real exchange rate. Decreases in home consumption and investment exporting goods and

increases in foreign consumption and investment exporting goods from the appreciation in the

real exchange rate lead to decreases in foreign consumption and investment. Foreign output

increases due to a increase in foreign exporter’s revenues under local currency pricing. Home

households hold more foreign bonds and foreign households hold more home bonds to hedge the

real exchange rate risk. Foreign households hold more home and foreign equities for the hedge

of the lower labor income and the foreign equity holding is higher than home equity holding.

Home equity holdings by foreign country change a little but foreign equity holdings by home

country decrease a lot.

Managed exchange rate regime

Productivity shock

Figure 7(b) shows the effects on foreign net foreign asset positions from the home country’s pos-

itive productivity shock under the managed exchange rate regime. Home positive productivity

shock leads to increases in home output, consumption and investment. Depreciation in the real

exchange rate induces home consumption and investment exporting goods to increase. Despite

the increase in foreign investment exports, foreign exporters’ revenues decrease due to local

currency pricing. Therefore, foreign output and investment decrease and foreign consumption
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increases. This is different from the symmetric case of PCP and LCP in which home output and

investment increase and home consumption decrease but foreign output, consumption and in-

vestment increase. Foreign households hedge the real exchange rate risk by holding more foreign

bonds with higher returns. Home households hold more home and foreign equities through the

wealth effect. the home country takes a long position in foreign equity and the foreign country

takes a short position in home equity which implies negative net foreign asset position for the

foreign country.

Monetary shock

Figure 8(b) shows the effects on foreign net foreign asset positions from a home country’s

contractionary monetary shock under the managed exchange rate regime. The home contrac-

tionary monetary policy shock induces both countries’ output, consumption and investment to

decrease. Under the managed exchange rate regime, both countries’ economies goes into reces-

sion. The home country’s trade balance worsens because the decrease in exports is greater than

the decrease in imports. The home country’s real returns on bonds and equity increase and the

foreign country’s real returns on bonds and equity also increase but by less than home country

real returns. Both home and foreign households change their equity positions to hedge the risk

of lower labor incomes. Increases in foreign exporters’ income lead to change in the holdings of

both home and foreign bonds.

Investment shock

Figure 9(b) shows the effects on foreign net foreign asset positions from a home country’s pos-

itive investment shock under the managed exchange rate regime. Responses to the investment

shock are similar to responses under the flexible exchange rate regime. Improvements in home

investment efficiency increase home consumption and investment goods produced by the home

country and imported from the foreign country. Foreign consumption and investment decreases

by falls in both foreign consumption and investment goods produced by the foreign country

and imported from the home country. Foreign output increases because increases in exporting

goods to the home country are greater than decreases in goods produced by foreign country. As

the real exchange rate turns from appreciation to depreciation, foreign exporters’ income rises

then falls. Foreign households hedge the real exchange rate risk by switching home and foreign

bond holdings. The home country also hedges the real exchange rate risk by switching home

and foreign bond holdings. Foreign households hold more home and foreign equities to hedge

the lower labor income risks. The home positive investment shock improves the foreign trade

balance and net foreign asset positions.
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2.8 Conclusions

In this chapter, I compare the effects on dynamic portfolio choices from productivity shocks,

monetary policy shocks and investment shocks with three types of export price setting systems

under the flexible and the managed exchange rate regimes. Each country’s households choose

financial assets to hedge the source of risks affecting their income stream. Their exposures to

risks depend on the different types of shocks, the different price setting systems and the differ-

ent exchange rate regimes. It is important to understand how bonds and equities are related

to the hedging motivation. I find that bonds are a good hedge for real exchange rate risks

affecting their purchasing power for higher relative prices and equities are a good hedge for

labor income risks and a good asset investing extra wealth. For the symmetric case, I exam-

ine a two-country open macroeconomic model with nominal rigidity, producer currency pricing

and local currency pricing system for exporting goods, capital accumulation, an extension of

Taylor-type monetary rules and incomplete asset markets. For the asymmetric case, I add dol-

lar dominant pricing system for exporting goods and country size for distinction between large

and small open economies in the symmetric version. In the symmetric case, capital inflows

and outflows move together under the flexible exchange rate regime in which the equilibrium

equity is home biased for each country and real returns on bonds and equities are adjusted by

nominal exchange rate fluctuations. Under the managed exchange rate regime, capital inflows

and outflows move in the opposite direction caused by the diversification of the equilibrium

home and foreign equities for each country and the same rate of increases of real returns on

home and foreign equities by low fluctuations in the nominal exchange rate. In the asymmetric

case, the large country exports goods under PCP and small country exports goods under LCP.

Responses of real variables to shocks under the flexible exchange rate regime are similar to that

in the symmetric case but the effect on dynamic asset and liability holdings is different due to

the dollarization in the world market that affects home equity holdings by the foreign country.

Further study can be extended to welfare issues with endogenous portfolio choices and optimal

monetary policy. Besides the three types of shocks are used in this paper; technology shock,

monetary policy shock and investment shock, additional shocks such as those due to changes

in fiscal policy, also could be interesting to invest. Empirical studies of dynamic portfolios can

apply the structural VAR framework. Bayesian framework can be applied for future work.

2.9 Figures

Figures show responses of dynamic portfolios to the productivity shock, monetary policy shock

and investment shock under flexible and managed exchange rate regimes. Net foreign asset
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position, NFAt is marked by yellow solid line. Home bond holdings by foreign country, α∗BH,t
is marked by black solid line. Home equity holdings by foreign country, α∗EH,t is indicated by

blue dashed line. Foreign bond by home country, αBF,t is indicated by green dashed line. Foreign

equity by home country, αEF,t is marked by red dashed line.

(a) Producer currency pricing (b) Local currency pricing

Figure 2.3: Home Productivity shock under flexible exchange rate regime α∗B
H,t -black solid, α∗E

H,t

-blue dashed, αB
F,t -green dashed,αE

F,t -red dashed, NFAt -yellow solid

(a) Producer currency pricing (b) Local currency pricing

Figure 2.4: Home Productivity shock under managed exchange rate regime (φs = 0.9) α∗B
H,t -black

solid, α∗E
H,t -blue dashed, αB

F,t -green dashed, αE
F,t -red dashed, NFAt -yellow solid
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(a) Producer currency pricing (b) Local currency pricing

Figure 2.5: Home Monetary policy shock under flexible exchange rate regime α∗B
H,t -black solid,

α∗E
H,t -blue dashed, αB

F,t -green dashed, αE
F,t -red dashed, NFAt -yellow solid

(a) Producer currency pricing (b) Local currency pricing

Figure 2.6: Home Monetary policy shock under managed exchange rate regime (φs = 0.9) α∗B
H,t

-black solid, α∗E
H,t -blue dashed, αB

F,t -green dashed, αE
F,t -red dashed, NFAt -yellow solid
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(a) Producer currency pricing (b) Local currency pricing

Figure 2.7: Home Investment shock under flexible exchange rate regime α∗B
H,t -black solid, α∗E

H,t

-blue dashed, αB
F,t -green dashed, αE

F,t -red dashed, NFAt -yellow solid

(a) Producer currency pricing (b) Local currency pricing

Figure 2.8: Home Investment shock under managed exchange rate regime (φs = 0.9) α∗B
H,t -black

solid, α∗E
H,t -blue dashed, αB

F,t -green dashed, αE
F,t -red dashed, NFAt -yellow solid

51



(a) Flexible exchange rate regime (b) Managed exchange rate regime

Figure 2.9: Productivity shock α∗B
H,t -black solid, α∗E

H,t -blue dashed, αB
F,t -green dashed, αE

F,t -red
dashed, NFAt -yellow solid

(a) Flexible exchange rate regime (b) Managed exchange rate regime

Figure 2.10: Monetary shock α∗B
H,t -black solid, α∗E

H,t -blue dashed, αB
F,t -green dashed, αE

F,t -red
dashed, NFAt -yellow solid

(a) Flexible exchange rate regime (b) Managed exchange rate regime

Figure 2.11: Investment shock α∗B
H,t -black solid, α∗E

H,t -blue dashed, αB
F,t -green dashed, αE

F,t -red
dashed, NFAt -yellow solid
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2.10 Figures

Figures from 2.12 to 2.20 show the impulse responses of real macro variables to the productivity

shock, monetary policy shock and investment shock under flexible and managed exchange rate

regimes.

(a) Producer currency pricing

(b) Local currency pricing

Figure 2.12: Home Productivity shock under flexible exchange rate regime
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(a) Producer currency pricing

(b) Local currency pricing

Figure 2.13: Home Productivity shock under managed exchange rate regime

54



(a) Producer currency pricing

(b) Local currency pricing

Figure 2.14: Home Monetary policy shock under flexible exchange rate regime
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(a) Producer currency pricing

(b) Local currency pricing

Figure 2.15: Home Monetary policy shock under managed exchange rate regime
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(a) Producer currency pricing

(b) Local currency pricing

Figure 2.16: Home Investment shock under flexible exchange rate regime
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(a) Producer currency pricing

(b) Local currency pricing

Figure 2.17: Home Investment shock under managed exchange rate regime
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(a) Flexible exchange rate regime

(b) Managed exchange rate regime

Figure 2.18: Productivity shock home country size = 0.24, foreign country size = 0.76
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(a) Flexible exchange rate regime

(b) Managed exchange rate regime

Figure 2.19: Monetary shock home country size = 0.24, foreign country size = 0.76
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(a) Flexible exchange rate regime

(b) Managed exchange rate regime

Figure 2.20: Investment shock home country size = 0.24, foreign country size = 0.76
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Chapter 3

Optimal Monetary Policy

3.1 Introduction

This chapter provides a welfare based evaluation of the nominal exchange rate stabilization

in an open economy with an endogenous portfolio decision. Friedman (1953) argued that a

freely floating exchange rate regime is required for optimal monetary policy. If differences in

relative prices between two countries are immediately adjusted under flexible price setting,

the exchange rate regime is irrelevant for optimality. On the other hand, the freely floating

exchange rate regime is required to adjust relative prices under sluggish price setting. The

instantaneous movement of the exchange rate has real impacts called the expenditure switching

effect. Devereux and Engel (2003) throw doubt on this conventional wisdom that the flexible

exchange rate is necessary for optimal monetary policy. They incorporate local currency pricing

that characterize the imperfect exchange rate pass-through based on the work of Obstfeld and

Rogoff (1995, 1998). They find that a fixed exchange rate regime is the optimal monetary

policy in the local currency pricing model. Unlike the producer currency pricing, the flexible

exchange rate regime plays no role in the optimal monetary policy under LCP, which produces

no expenditure switching effect. However, they assume a money supply rule and rule out the

redistribution of the dynamic wealth effects without an endogenous portfolio problem. Similarly,

Monacelli (2005) allows for local currency pricing that alters the optimal monetary policy in

a small open economy. The incomplete exchange rate pass-through generates a trade-off in

the stabilization of inflation and the output gap. Justiniano and Preston (2009) analyze the

optimal policy in the small open economy with generalized Taylor rules which respond to

nominal exchange rate fluctuations. The result is somewhat different from the papers above

in that the stabilization of the nominal exchange rate amplifies the variability in inflation,

output and nominal interest rates. Chun et al.(2007) also compare the welfare from alternative

monetary policy rules such as a simple Taylor-type interest rule which uses inflation and output
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gap variables, a general inflation targeting rule which uses inflation, output and exchange rate

gap variables, a consumer price index inflation targeting rule, a domestic price index inflation

targeting rule and a pegged exchange rate regime. They show that an inflation targeting rule

is still desirable in a new Keynesian model with imperfect exchange rate pass through effects.

However, the financial constraints such as financial frictions or liability dollarization may yield

different results. When liabilities are denominated in dollars but assets are in the domestic

currency, sudden nominal depreciations might reduce net worth. Therefore, while in the original

framework the effect of monetary policy is amplified indirectly, under liability dollarization

there is also a direct channel which further emphasizes the importance of financial frictions for

policy design. Palacios-Salguero (2009) develops the choice problem between fixed and flexible

exchange rate regimes in a small open economy where the degree of dollarization is endogenous.

He calibrates the parameters of the model for Argentina, Canada and Mexico. The specific

monetary policy rule is not implemented. Instead, the monetary authority is assumed to supply

the amount of money that maintains the pegged value of the nominal exchange rate under the

fixed exchange rate regime and constantly maintains the domestic export price under the flexible

exchange rate regime. The flexible exchange rate policy is optimal based on the conditional

expected value of welfare. He follows the recommendation of Kim et al.(2003) that consider

the welfare effects of a transition from a particular initial state to the stochastic steady state

induced by the policy.

This chapter explores the optimal exchange rate regime between managed and flexible exchange

rate policies by changes in the parameter value of the exchange rate gap variable in the modified

Taylor type interest rate rule for the asymmetric two country model. The asymmetric model

with the LCP and the PCP for each country’s price setting system produces the effect of

the dollarization. Furthermore, the parameter value that provides the greatest value of the

conditional expected value of welfare can be compared to the calibrated value from the other

papers studying a similar framework. Kim and Kim (2008) argue that the second-order terms

are necessary for analyzing welfare effects of changes in the environment of the financial market

and the conditional welfare measure is required for an accurate measure. The unconditional

welfare has no reflection of the welfare effects from one steady state to a new steady state.

In this chapter, I compare the flexible exchange rate regime and the managed exchange rate

regime by the conditional welfare measure.

3.2 Model

The world economy consists of two countries of different sizes with a continuum of infinitely-

lived households. The representative households denoted by the unit interval j ∈ [0, 1] reside

in one of two countries, Home (H) and Foreign (F). The interval j ∈ [0, n] denotes home
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country households and the interval j ∈ [n, 1] denotes foreign country households. When the

home country is defined as the small country, the parameter n that measures the relative

size of the country is close to zero and the small country’s policy decisions have negligible

impacts on the large country. Both countries have monopolistically competitive firms producing

differentiated intermediate goods and perfectly competitive firms producing final goods. The

firms are represented by the interval i ∈ [0, 1]. The home and foreign firms are indexed by

the interval i ∈ [0, n] and i ∈ [n, 1], respectively. The intermediate goods firms set nominal

prices in a staggered fashion, as in Rotemberg (1982). The price setting problems for the export

market have different assumptions for each country. For the asymmetric case, the small country

exporters set prices using the importing market’s currency under Local-Currency Pricing (LCP).

The large foreign country exporters set their prices in their own currency under Producer-

Currency Pricing (PCP).

3.2.1 Consumers

The representative household j maximizes the lifetime utility function

U (C,H) =
Ct

1−γ

1− γ
− H1+ω

t

1 + ω
(3.1)

where Cjt is a composite consumption index and Hj
t denotes hours of labor. The index Cjt is

defined by the CES function

Cjt =

[
(1− η)

1
µ

(
CjH,t

)µ−1
µ

+ η
1
µ

(
CjF,t

)µ−1
µ

] µ
µ−1

(3.2)

where parameter η ∈ [0, 1] inversely represents a degree of home bias in consumption and the

parameter µ > 0 measures the elasticity of substitution between domestic and foreign goods.

CjH,t is defined by the CES composite consumption index of domestic goods

CjH,t =

[(
1

n

) 1
ε
(
n
∫
0
CjH,t(i)

ε−1
ε di

)] ε
ε−1

(3.3)

where i ∈ [0, n] denotes the variety of the domestic goods. CjF,t is defined by the CES composite

consumption index of goods imported and consumed by domestic households.

CjF,t =

[(
1

1− n

) 1
ε
(

1
∫
n
CjF,t(i)

ε−1
ε di

)] ε
ε−1

(3.4)
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where ε > 1 measures the elasticity of substitution between varieties produced in the same

country. The optimal CjH,t(i) and CjF,t(i) of any given levels of CjH,t and CjF,t are respectively

CjH,t(i) =

(
1

n

)(
PH,t(i)

PH,t

)−ε
CjH,t (3.5)

CjF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CjF,t (3.6)

where PH,t is the domestic currency price index of domestically produced goods and PF,t is the

import price index from the foreign country. The corresponding price index is

Pt =
[
(1− η)P 1−µ

H,t + ηP 1−µ
F,t

] 1
1−µ

(3.7)

With

PH,t =

[
1

n

(
n
∫
0
P jH,t(i)

1−εdi

)] 1
1−ε

(3.8)

PF,t =

[
1

1− n

(
1
∫
n
P jF,t(i)

1−εdi

)] 1
1−ε

(3.9)

where Pt is the Consumer Price Index (CPI) in the model. It follows that
n
∫
0
PH,t (i)CjH,t (i) di =

PH,tC
j
H,t and

1
∫
n
PF,t (i)CjF,t (i) di = PF,tC

j
F,t. The household j’s optimal allocation between home

and foreign goods is represented by

CjH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Cjt (3.10)

CjF,t = η

(
PF,t(i)

Pt

)−µ
Cjt (3.11)
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The aggregate demand functions for the home and foreign good i are represented by

CH,t(i) =
1

n

(
PH,t(i)

PH,t

)−ε
CH,t (3.12)

CF,t(i) =

(
1

1− n

)(
PF,t(i)

PF,t

)−ε
CF,t (3.13)

Finally, the optimal allocation of expenditures between domestic and foreign goods is given by

CH,t = (1− η)

(
PH,t(i)

Pt

)−µ
Ct (3.14)

CF,t = η

(
PF,t(i)

Pt

)−µ
Ct (3.15)

Therefore, the home country’s total consumption expenditure is PtCt = PH,tCH,t + PF,tCF,t,

where PH,tCH,t =
n
∫
0
PH,t (i)CH,t (i) di and PF,tCF,t =

1
∫
n
PF,t (i)CF,t (i) di. Accordingly, the

household maximization of the utility function

U (C,H) = Et

∞∑
t=0

βt

(
Ct

1−γ

1− γ
− H1+ω

t

1 + ω

)
(3.16)

is subject to a real budget constraint given by

bH,t + etbF,t + jtxH,t + etj
∗
t xF,t = wtht + rkt kt − ct −

pi,t
pt
It

+rH,tbH,t−1 + etrF,tbF,t−1 + (jt + dt)xH,t−1 + et(j
∗
t + d∗t )xF,t−1

The discount factor βt is endogenously determined by the function of the aggregate home

consumption as follows

βt+1 = βtβ (Ct) , β0 = 1 (3.17)

where 0 < β(Ct) < 1 , β′(Ct) < 0, and Ct is the aggregate home consumption. Schmitt-Grohe

and Uribe (2003) consider five different specifications for stationarity in incomplete asset market

models. In this paper, I employ the endogenous discount factor to eliminate the unit root and

solve the non-stationarity problem with the functional form of β(Ct)
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β (Ct) = β̃C−νt (3.18)

where 0 ≤ ν < γ and 0 < βC−νt < 1. Home agents hold two bonds, bH and bF , respectively

denominated in the home and foreign currency, where the real returns on bonds are rbH,t and

rbF,t and two equities, xH and xF , respectively denominated in the home and foreign currency,

where the real returns on equities are reH,t and reF,t The real exchange rate et is defined by

the price of the foreign good in terms of the home good as following et = St
P ∗t
Pt

. St is the

nominal exchange rate. Real exchange rate appreciation corresponds to a decrease in et, while

depreciation corresponds to an increase in et. By defining net wealth Wt as the differences

between gross assets and gross liabilities, i.e. NFAt = etj
∗
t xF,t + etbF,t − jtx

∗
H,t − b∗H,t, the

budget constraints can be rewritten as

NFAt = rbH,tNFAt−1 + wtht + rkt kt − ct + dt −
pi,t
pt
It

+αbF,t−1(r
b
F,t − rbH,t)− αeH,t−1(reH,t − rbH,t) + αeF,t−1(r

e
F,t − rbH,t)

where rx,t is a real excess return on bonds which is defined by

rx,t =
[
(rbF,t − rbH,t) (reH,t − rbH,t) (reF,t − rbH,t)

]
(3.19)

The real returns on bonds and equities are defined by

rbH,t = RH,t−1
Pt−1
Pt

reH,t =
Jt +Dt

Jt−1

Pt
Pt−1

rbF,t = RF,t−1
P ∗t−1
P ∗t

et
et−1

reF,t =
J∗t +D∗t
J∗t−1

P ∗t
P ∗t−1

et
et−1

The real holdings of bonds and equities are defined by

αbH,t =
BH,t

RH,t−1Pt
αeH,t =

JtxH,t
Pt

αbF,t = et
BF,t

RF,t−1P ∗t
αeF,t = et

J∗t xF,t
P ∗t

From the first order conditions for bond assets are

Cν−γt = βEtC
−γ
t+1rH,t+1 (3.20)
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βEt
C−γt+1

C−γt

(
rH,t+1 − rF,t+1

)
= 0 (3.21)

3.2.2 Firms

In each country, a continuum of monopolistically competitive firms produces the differentiated

intermediate goods using capital and labor. A standard Cobb-Douglas production function is

yt = Atk
α
t h

1−α
t (3.22)

where At is a technology shock that follows the AR(1) process

lnAt = ρa lnAt−1 + εt (3.23)

The law of capital evolution is

kt+1 = (1− δ) kt + It − φ (It, It−1)t (3.24)

where δ is the depreciation rate of capital, It is investment and φ(It, It−1) is a measure of

investment adjustment costs. I assume a specific functional form for the investment adjustment

costs.

φ (It, It−1) =
κ

2
It

(
It
It−1

− 1

)2

(3.25)

where κ is the investment adjustment cost parameter. I assume Rotemberg-style sluggish price

adjustment so that a firm sets the price with a quadratic adjustment cost in the inflation

rate of the goods. Each firm faces two separate pricing problems, one for the domestic market

and one for the export market and the export market has two different pricing scenarios. The

optimal price-setting strategy for the domestic market can be approximated by the typical New

Keynesian Phillips curve for domestic inflation. The home firm maximizes the present value

of expected profits by resetting price pH,t for the domestic market. I consider both the PCP

and the LCP strategy for the export market. When the exporting goods price is determined by

PCP, the home firms set their domestic goods prices for the domestic market. The home firm’s

nominal profit is

Dt (i) = PH,t (i)Yt (i)− wtht (i)−Rkt kt (i)

− ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2
PH,tYt (3.26)
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The firms real profit maximization can be written as

max
Ht,Kt,PH,t,P

∗
H,t

Et

∞∑
t=0

βtλt{
PH,t (i)

Pt

(
PH,t (i)

PH,t

)−ε
Yt −

wtht (i)−Rkt kt (i)

Pt

−ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2PH,tYt
Pt

Subject to Yt (i) =
(
PH,t(i)
PH,t

)−ε
Yt, firm is output equals its total demands. The foreign firms

also set their foreign goods prices for the foreign market. The expected profits of the foreign

firm in the foreign market can be written as

max
H∗t ,K

∗
t ,P
∗
F,t

Et

∞∑
t=0

βtλt{
P ∗F,t (i)

P ∗t

(
P ∗F,t (i)

P ∗F,t

)−ε
Y ∗t −

w∗t h
∗
t (i)−Rk∗t k∗t (i)

P ∗t

−
ϕ∗F
2

[
P ∗F,t (i)

π̄∗FP
∗
F,t−1 (i)

− 1

]2
P ∗F,tY

∗
t

P ∗t
}

subject to the production function,y∗t (i) =
(
P ∗F,t(i)

P ∗F,t

)−ε
Y ∗t .

Under PCP, the export price is determined by the domestic goods price and the exchange rate

under the law of one price (LOP).

The first order conditions for this problem are given by

λtwt = (1− α) ζtAtk
α
t h
−α
t (3.27)

λtr
k
t = αζtAtk

α−1
t h1−αt (3.28)

ζt =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
λt (3.29)

where ε/(ε−1) is the constant gross mark-up over marginal cost. With the assumed technology,

the firms real marginal cost is

mct =
1

At
w1−α
t

(
rkt

)α [
α−1(1− α)−(1−α)

]
(3.30)

69



The optimal rule for setting prices by home firms can be written as

ϕH

[
πH,t
π̄H
− 1

]
πH,t
π̄H

= (1− ε) + ε
[
(1− η) + ητ1−µt

] 1
1−µ

mct

+β̃c−νt ϕHEt

[
c−γt+1

c−γt

[
πH,t
π̄H
− 1

]
π2H,t+1

π̄H

yt+1

yt

1

πt+1

]2

The optimal rule for setting prices by foreign firms can be written as

ϕF

[
π∗F,t
π̄∗F
− 1

]
π∗F,t
π̄∗F

= (1− ε) + ε
[
(1− η) + ητ1−µt ∗

] 1
1−µ

mc∗t

+β̃c∗t−νϕFEt

[
c∗t+1−γ
c∗t−γ

[
π∗F,t
π̄H
− 1

]
π2F,t+1∗
π̄∗F

y∗t+1

y∗t

1

π∗t+1

]2

Home firms’ exporting goods prices are determined by

π∗H,t
St
St−1

= πH,t (3.31)

Foreign firms’ exporting goods prices are determined by

πF,t = π∗F,t
St
St−1

(3.32)

The nominal export prices in a producer currency move one-to-one with the fluctuations of the

nominal exchange rate, St.

When the home firms use the LCP strategy for the export market, they have to set differ-

ent prices for the domestic market and for the export market. The home firms nominal profit

is

Dt (i) = PH,t (i)YH,t (i) + StP
∗
H,t (i)Y ∗H,t (i)− wtHt (i)−RKt Kt (i)

− ϕH
2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2
PH,tYH,t −

ϕ∗H
2

[
P ∗H,t (i)

π̄∗HP
∗
H,t (i)

− 1

]2
StP

∗
H,tY

∗
H,t (3.33)
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The firms real profit maximization can be written as

max
Ht,Kt,PH,t,P

∗
H,t

Et

∞∑
t=0

βtλt{
PH,t (i)

Pt

(
PH,t (i)

PH,t

)−ε
YH,t +

StP
∗
H,t (i)

Pt

(
P ∗H,t (i)

P ∗H,t

)−ε
Y ∗H,t

−wtHt (i)−RKt Kt (i)

Pt
− ϕH

2

[
PH,t (i)

π̄HPH,t−1 (i)
− 1

]2PH,tYH,t
Pt

−
ϕ∗H
2

[
P ∗H,t (i)

π̄∗HP
∗
H,t−1 (i)

− 1

]2
StP

∗
H,tY

∗
H,t

Pt
}

Subject to yt (i) = yH,t(i) + y∗H,t(i), firm is output equals its total demands. The optimal rule

for setting export prices of home firm can be written as

ϕ∗H

[
π∗H,t
π̄∗H
− 1

]
π∗H,t
π̄∗H

= (1− ε) + ε[(1− η) τ∗t µ− 1 + η ]
1

1−µ
mct
et

+β̃c−νt ϕHEt

[
c∗t+1−γ
c∗t−γ

[
π∗H,t
π̄∗H
− 1

]
π∗H,t+12

π̄∗H

y∗H,t+1

yH , t∗
et+1

et

1

π∗t+1

]2
The optimal rule for setting export prices of foreign firm can be written as

ϕF

[
πF,t
π̄F
− 1

]
πF,t
π̄F

= (1− ε) + ε
[
(1− η) τµ−1t + η

] 1
1−µ

mc∗t

+β̃c∗t−νϕFEt

[
c∗t+1−γ
c∗t−γ

[
π∗F,t
π̄H
− 1

]
π2F,t+1

π̄F

yF,t+1

yF , t

et
et+1

1

π∗t+1

]2

3.2.3 Law of one Price

In this paper, the deviation from the law of one price (LOP) is a big difference between LCP

and PCP. zt is the deviation from LOP which is defined by

ẑt ≡ p̂∗F,t + ŝt − p̂F,t (3.34)

ẑ∗t ≡ p̂H,t − p̂∗H,t − ŝt (3.35)

where st is the nominal exchange rate. Under PCP, the law of one price holds when zt = 0 and

z∗t = 0. Under LCP, however, the law of one price doesnt hold and both zt and z∗t are not zero.
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3.2.4 Monetary Policy and the exchange rate regime

Monetary policy is assumed to follow an extended form of a Taylor-type interest rate rule

in which deviations of inflation, output and the nominal exchange rate from the long run

targets have a feed back on short run movements of the nominal interest rate. The log linear

approximated form is

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (3.36)

where ζm,t is monetary policy shock. The rule describes an economy in which monetary policy

is constrained by a managed or fixed exchange rate regime. The parameter allows the monetary

authority to smooth changes in the interest rate. The parameter (1− ρH)φπ and (1− ρH)φy

reflect the responses to the changes in the CPI inflation rate and real GDP, respectively. The

parameter (1− ρH)φs reflects the degree of the managed exchange rate between fixed and

floating regimes. A floating exchange rate regime implies φs = 0 while a fixed exchange rate

implies φs =∞.

3.2.5 Market clearing conditions

Goods market clearing conditions for the producer currency pricing for the producer currency

pricing for the home country is

Y ∗t = CH,t + C∗H,t + IH,t + I∗H,t −
ϕH
2

[
πH,t
π̄H
− 1

]2
Yt (3.37)

Goods market clearing conditions for the producer currency pricing for the foreign country is

Y ∗t = C∗F,t + CF,t + I∗F,t + IF,t −
ϕ∗F
2

[
π∗F,t
π̄∗F
− 1

]2
Y ∗t (3.38)

Goods market clearing conditions for the local currency pricing for the domestic country are

YH,t = CH,t + IH,t −
ϕH
2

[
πH,t
π̄H
− 1

]2
YH,t (3.39)

Y ∗H,t = C∗H,t + I∗H,t −
ϕ∗H
2

[
π∗H,t
π̄∗H
− 1

]2
Y ∗H,t (3.40)

Yt = YH,t + Y ∗H,t (3.41)
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Domestic output Yt equals the sum of aggregate domestic demand, YH,t and aggregate export

demand, Y ∗H,t. Goods market clearing conditions for the local currency pricing for the foreign

country are

YF,t = CF,t + IF,t −
ϕF
2

[
πF,t
π̄F
− 1

]2
YF,t (3.42)

Y ∗F,t = C∗F,t + I∗F,t −
ϕ∗F
2

[
π∗F,t
π̄∗F
− 1

]2
Y ∗F,t (3.43)

Yt = YF,t + Y ∗F,t (3.44)

Foreign output Yt equals the sum of aggregate domestic demand, Y ∗F,t and aggregate export

demand, YF,t.

Bond market clearing conditions are

bH,t + b∗H,t = 0 (3.45)

b∗F,t + bF,t = 0 (3.46)

The bond assets bH,t and bF,t are issued in the home and foreign currencies, respectively. The

bond holdings by foreign agents are denoted by an asterisk (*).

Equity market clearing conditions are

xH,t + x∗H,t = 1 (3.47)

x∗F,t + xF,t = 1 (3.48)

The equity assets xH,t and xF,t are issued in the home and foreign currencies, respectively. The

equity holdings by foreign agents are denoted by an asterisk (*).

3.3 Welfare

The exchange rate policy is evaluated as the measure of conditional welfare which maximizes

the conditional expected utility of the representative household given a particular initial state of

the economy. The solution method produces a second order approximation of the value function

73



Vt.

Vt = Et

{ ∞∑
s−t

βs−tU (Cs, Hs)

}
(3.49)

The law of motion for the conditional expected utility is following

Vt − βEt {Vt+1} = U (Cs, Hs) (3.50)

The fixed versus floating exchange rate regimes can be characterized by different values of the

parameter ϕs. The optimal policy is obtained by maximizing conditional welfare with respect

to the choice of ϕs.

3.4 Calibration

In this paper, for the symmetric case, I calibrate the benchmark model using empirical estimates

based on US quarterly data. The endogenous discount factor, β is calibrated as 0.99 in the

steady sate so that the annual nominal interest rate is 4 percent. The time-varying discount

factor depends on the aggregate consumption such as β̃C−νt . In the steady state, β̃ is calibrated

assuming ν = 0.01 and β̃C−ν = β. The Frisch labor supply elasticity 1/ω is set equal to 0.33.

The consumption home bias η = 0.85, implying a 15 percent import to GDP ratio and the

elasticity of substitution µ = 0.9 following Heathcote and Perri (2002). The capital share in the

production function α is set at 0.28. The depreciation rate of capital is 0.025 which is commonly

used for US quarterly data, implying a 10 percent annual rate of depreciation. The Rotemberg

price adjustment parameter φ and the markup ε are 58 and 6, equivalent to setting the Calvo

price parameter equal to 0.75 which is about 4 quarters for the average duration of the price

adjustment. The capital adjustment parameter is set equal to 4.5. For the monetary policy rule,

I adopt the benchmark Taylor rule with partially adjustment calibrated by Canzoneri et. al.

(2007) as follows

R̂H,t = ρHR̂H,t−1 + (1− ρH)φππ̂t + (1− ρH)φyŷt + (1− ρH)φsŝt + ζm,t (3.51)

For the foreign country’s monetary policy rule, the degree of the response to the nominal

exchange rate is negative due to the definition of the exchange rate.

R̂F,t = ρF R̂F,t−1 + (1− ρF )φ∗ππ̂
∗
t + (1− ρF )φ∗yŷ

∗
t − (1− ρH)φ∗s ŝt + ζ∗m,t (3.52)

74



Table 3.1: Calibration

Parameter Interpretation Value

β Discount factor 0.99
γ Risk aversion 2
ω 1/ Elasticity of Labor supply 0.33
η Consumption home bias 0.85
ηi Investment home bias 0.75
µ Subst. Elasticity for Consumption Home and Foreign 0.9
µi Subst. Elasticity for Investment Home and Foreign 1.2
α capital share in production 0.28
δ Depreciation Rate 0.025
ϕ Price Adjustment cost 58
κ Investment Adjustment cost 4.5
ε Subst. Elasticity for Domestic Varieties 6
ρr Persistence of Interest rate 0.824
ρa Persistence of Productivity shock 0.923
ρm Persistence of Monetary shock 0
ρi Persistence of Investment shock 0.85
φy Response to Output gap 0.184
φπ Response to Inflation 2.02
φs Response to Exchange rate 0
σA Std of Productivity shock 0.000861
σM Std of Monetary shock 0.000245
σI Std of Investment shock 0.00036
n Country Size 0.5

For the asymmetric case, the size of home country changes between interval [0.2, 0.83]. In the

case n < 0.5, the home country is smaller than the foreign country. When the country size is 0.2,

the GDP of the home country is 25 percent of the foreign country’s while the home country’s

GDP is almost 5 times as much as the foreign country’s when the country size is 0.83.

3.5 Results

In order to study the optimal monetary policy, I compare the welfare between the free floating

exchange rate regime and the managed exchange rate regime through the sensitivity of the

degree of the pegged exchange rate. Figure 3.1 shows changes in welfare, ranging from 0 to 0.9.
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Table 3.2: Country Size

Country size (n) GDP Ratio Foreign Cons. Home bias (ν)

0.2 0.25 0.99
0.27 0.37 0.97
0.34 0.515 0.94
0.41 0.694 0.91
0.48 0.923 0.86

0.5 1 0.85

0.55 1.22 0.80
0.62 1.63 0.72
0.69 2.22 0.60
0.76 3.166 0.42
0.83 4.88 0.074

Productivity shock

Under the flexible exchange regime, a positive home productivity shock increases the home

and foreign interest rates. The real exchange rate depreciates leading to the trade balance sur-

plus. Under the managed exchange rate regime, a positive home productivity shock increases

home real interest rate and decreases the foreign real interest rate. The foreign country has

the motives to hedge the real exchange rate risk and the labor income risk. The cost of the

diversification of financial assets dominates the benefit so there is no incentive for hedging risks.

Monetary Policy shock

Under the flexible exchange regime, a home contractionary monetary policy shock increases the

home interest rate and decreases the foreign interest rate. The value of the domestic currency

deposit is higher relative to the value of the foreign currency deposit and so the real exchange

rate appreciates leading to the trade balance deficit. The wealth from the foreign equity de-

creases due to the lower real return on equity. Under the managed exchange rate regime, a

home contractionary monetary policy shock increases both home and foreign interest rates.

The hedge for the real exchange rate risk is paid as the cost for the lower fluctuation of the

exchange rate. Home households hold more home and foreign equities. The diversification of

financial assets increases home wealth.
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Investment shock

Under the flexible exchange regime, a positive home investment shock increases the home and

foreign real interest rates after initial drops. The real exchange rate initially appreciates and

then depreciates leading to an initial trade balance deficit and then a trade balance surplus.

Under the managed exchange rate regime, a positive home investment shock increases both

home and foreign interest rates. In both cases, the wealth effect is dominant in the home coun-

try. The diversification of financial assets increases home wealth. The managed exchange rate

regime is better than the flexible exchange rate regime under the investment shock. As the de-

gree of managed exchange rate increases, the welfare decreases by the higher cost of the lower

exchange rate fluctuation.

3.6 Conclusion

The welfare effects depend on the type of shocks. When the country experiences the positive

productivity shock, the flexible exchange rate regime generates higher welfare than the managed

exchange rate regime. Due to the small exposure of risks to home households, it is unnecessary

to pay the cost of the diversification of financial assets caused by managing fluctuations of the

nominal exchange rate. On the other hand, the monetary policy shock and the investment shock

provide different welfare effects. The home contractionary monetary policy shock raises not only

the home real interest rate but also the foreign real interest rate under the managed exchange

rate regime while the foreign interest rate falls under the flexible exchange rate regime. The

increased wealth from foreign assets hedges the real exchange rate risk and dominates the cost

of the diversification of financial assets. The home country has the wealth effect by the positive

investment shock rather than motives to hedge risks under both the flexible and the managed

exchange rate regimes. Diversified financial assets create more wealth and offer the incentive to

pay the cost of the lower fluctuation of the exchange rate.
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3.7 Figure

Figure 3.1: Sensitivity of Welfare by degree of pegged exchange rate
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Appendix A

Equations

Steady state relations

r̄H = r̄F =
1

β

mc =
ε− 1

ε

w̄

P̄
=

[
ε− 1

ε

(
R̄k

P̄

)−α (
αα(1− α)1−α

)] 1
1−α

R̄k

P̄
=

1

β
− (1− δ)

h̄

ȳ
= (1− α)

(
ε− 1

ε

)( w̄
P̄

)−1
k̄

ȳ
= (α)

(
ε− 1

ε

)(
R̄k

P̄

)−1
d̄ = ȳ − wh− rkk

ȳ = k̄αh̄1−α

ȳ∗ = k̄α∗h̄1−α∗

W̄ = b̄H + b̄F = 0

φ = log
R(1−ρ)

y(1−ρ)ϕy

A.1 System

Budget constraint

Ft = Ft−1 + etP
∗
H,tNXt − PF,tIMt + ξt (A.1)
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Consumption F.O.Cs

λt = c−σt (A.2)

λ∗t = c∗−σt (A.3)

Euler equations

λt = βtEt

[
λt+1

πt+1

]
RH,t (A.4)

λ∗t = β∗tEt

[
λ∗t+1

π∗t+1

]
RF,t (A.5)

λt = βtEt

[
λt+1

πt+1

(jt+1 + dt+1)

jt

]
(A.6)

λ∗t = β∗tEt

[
λ∗t+1

π∗t+1

(j∗t+1 + d∗t+1)

j∗t

]
(A.7)

Investment F.O.Cs

pIt = qt · uIt (A.8)

pI∗t = q∗t · uI∗t (A.9)

Capital Accumulation

kt = (1− δ)kt−1 + it · uIt (A.10)

k∗t = (1− δ)k∗t−1 + i∗t · uI∗t (A.11)
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Tobin’s Q

qt = βtEt

[
λt+1

λt
α
mct+1yt+1

kt+1

+ (1− δ)qt+1

]
(A.12)

q∗t = β∗tEt

[
λ∗t+1

λ∗t
α
mc∗t+1y

∗
t+1

k∗t+1

+ (1− δ)q∗t+1

]
(A.13)

Phillips curves (PCP)

pH,t =

(
ω

ω − 1

)
mct −

(
χp
ω − 1

)
(πH,t+1 − 1)πH,tpH,t

+

(
χp

ω − 1

)
βtEt

[
λt+1

λt
πH,t+1

mct+1yt+1

yt
pH,t+1

]
(A.14)

p∗F,t =

(
ω

ω − 1

)
mc∗t −

(
χp

ω − 1

)
(π∗F,t+1 − 1)π∗F,tp

∗
F,t

+

(
χp

ω − 1

)
β∗tEt

[
λ∗t+1

λ∗t
π∗F,t+1

mc∗t+1y
∗
t+1

y∗t
p∗F,t+1

]
(A.15)

πF,t = π∗F,t
et
et−1

(A.16)

π∗H,t
et
et−1

= πH,t (A.17)

Union F.O.Cs for wage

λtwt = hψt (A.18)

λ∗tw
∗
t = hψ∗t (A.19)
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Marginal cost

wt = (1− α)mct
yt
ht

(A.20)

w∗t = (1− α)mc∗t
y∗t
h∗t

(A.21)

Production Function

yt = atk
α
t h

(1−α)
t (A.22)

y∗t = a∗tk
∗α
t h
∗(1−α)
t (A.23)

Taylor Rules

RH,t = φRρH,t−1π
(1−ρ)ϕπ
t y

(1−ρ)ϕy
t εm,t (A.24)

RF,t = φRρF,t−1π
∗(1−ρ)ϕπ
t y

∗(1−ρ)ϕy
t ε∗

m,t
(A.25)

Aggregate Resource constraint

yt = cH,t + iH,t + c∗H,t + i∗H,t + 0.5χpyt(πH,t − 1)2 (A.26)

y∗t = cF,t + iF,t + c∗F,t + i∗F,t + 0.5χpy
∗
t (π
∗
F,t − 1)2 (A.27)

Consumption final goods

ct =
[
µc(1/η

c)c
(ηc−1)/ηc
H,t + (1− µc)1/η

c

c
(ηc−1)/ηc
F,t

]ηc/(ηc−1)
(A.28)

c∗t =
[
µc(1/η

c

)c
∗(ηc−1)/ηc
F,t + (1− µc)1/η

c

c
∗(ηc−1)/ηc
H,t

]ηc/(ηc−1)
(A.29)
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Consumption price index

1 = µcp
(1−ηc)
H,t + (1− µc)p(1−η

c)
F,t (A.30)

1 = µcp
∗(1−ηc)
F,t + (1− µc)p∗(1−η

c)
H,t (A.31)

Foreign consumption demand

cF,t = (1− µc)p−η
c

F,t · ct (A.32)

c∗H,t = (1− µc)p∗−η
c

H,t · c
∗
t (A.33)

Investment final goods

it =
[
µi

(1/ηi)
i
(ηi−1)/ηi
H,t + (1− µi)1/η

i

i
(ηi−1)/ηi
F,t

]ηi/(ηi−1)
(A.34)

i∗t =
[
µi

(1/ηi)
i
∗(ηi−1)/ηi
F,t + (1− µi)1/η

i

i
∗(ηi−1)/ηi
H,t

]ηi/(ηi−1)
(A.35)

Investment price index

p
I(1−ηi)
t = µip

(1−ηi)
H,t + (1− µi)p(1−η

i)
F,t (A.36)

p
I∗(1−ηi)
t = µip

∗(1−ηi)
F,t + (1− µi)p∗(1−η

i)
H,t (A.37)

Foreign investment demand

iF,t = (1− µi)
(
pF,t

pIt

)−ηi
· it (A.38)

88



i∗H,t = (1− µi)
(
p∗H,t

pI∗t

)−ηi
· i∗t (A.39)

Imports

IMt = cF,t + iF,t (A.40)

IM∗t = c∗H,t + i∗H,t (A.41)

Domestic Terms of Trade

Tt =
pF,t
etp∗H,t

(A.42)

T ∗t =
p∗H,tet

pF,t
(A.43)

Home inflation relative price link

πH,t = πt
pH,t
pH,t−1

(A.44)

π∗F,t = π∗t
p∗F,t
p∗F,t−1

(A.45)

Export Inflation Relative price link

π∗H,t = πt
∗ p∗H,t
p∗H,t−1

(A.46)

πF,t = πt
pF,t
pF,t−1

(A.47)
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Real Nominal Exchange rate

et
et−1

=
st
st−1

π∗t
πt

(A.48)

Fisher equation

rBH,t =
RH,t
πt

(A.49)

rBF,t =
RF,tet
π∗t et−1

(A.50)

UIP condition

RH,t
RF,t

=
et+1πt+1

etπ∗t+1

(A.51)

Endogenous discount factor

βt = β̃c−ϑt (A.52)

β∗t = β̃c∗−ϑt (A.53)

Excess return

r1x,t = rBF,t − rBH,t (A.54)

r2x,t = rEH,t − rBH,t (A.55)

r3x,t = rEF,t − rBH,t (A.56)
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Equity price

rEH,t =
(jt + dt)

jt−1
πt (A.57)

rEF,t =
(j∗t + d∗t )

j∗t−1
π∗t (A.58)

Profits

etp
∗
H,tIM

∗
t − pF,tIMt = wtht − ct + dt (A.59)

pF,tIMt/et − p∗H,tIM∗t = w∗t h
∗
t − c∗t + d∗t (A.60)

Trade balance

Tt = etp
∗
H,tIM

∗
t − pF,tIMt (A.61)

T ∗t = pF,tIMt/et − p∗H,tIM∗t (A.62)

Shocks

ξt = ρξξt−1 + εξ,t (A.63)

at = ρaat−1 + εa,t (A.64)

a∗t = ρaa
∗
t−1 + ε∗a,t (A.65)

mt = ρmmt−1 + εm,t (A.66)

m∗t = ρmm
∗
t−1 + ε∗m,t (A.67)
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uIt = ρiu
I
t−1 + εi,t (A.68)

uI∗t = ρiu
I∗
t−1 + ε∗i,t (A.69)

A.2 Solution method

Net Foreign Asset The net foreign asset is defined by the total assets minus the total

liabilities (foreign assets owned by domestic households minus the domestic assets owned by

foreign households).

NFAt = et
J∗t
P ∗t

XF,t + et
BF,t
RF,tP ∗t

− Jt
Pt
X∗H,t −

B∗H,t
RH,tPt

(A.70)

Substituting B∗H,t into BH,t by a bond market clearing condition, BH,t + B∗H,t = 0 , the net

foreign asset position is following.

NFAt = et
J∗t
P ∗t

XF,t + et
BF,t
RF,tP ∗t

− Jt
Pt
X∗H,t +

BH,t
RH,tPt

(A.71)

The left-hand side of the budget constraint can be re-written by the net foreign asset position

and market clearing condition for equities, XH,t +X∗H,t = 1.

Jt
Pt
XH,t + et

J∗t
P ∗t

XF,t +
BH,t
RH,tPt

+ et
BF,t
RF,tP ∗t

=
Jt
Pt

(1−X∗H,t) + et
J∗t
P ∗t

XF,t +
BH,t
RH,tPt

+ et
BF,t
RF,tP ∗t

= NFAt +
Jt
Pt

(A.72)

The financial part of the right-hand side of the budget constraint can also be re-written by

(Jt +Dt)

Pt
XH,t−1 + et

(J∗t +D∗t )

P ∗t
X∗F,t−1 +

BH,t−1
Pt

+ et
BF,t−1
P ∗t

=
(Jt +Dt)

Jt−1

Pt−1
Pt

Jt−1
Pt−1

(1−X∗H,t−1) + et−1
(J∗t +D∗t )

J∗t−1

P ∗t−1
P ∗t

J∗t−1
P ∗t−1

X∗F,t−1
et
et−1

+
BH,t−1

RH,t−1Pt−1

Pt−1
Pt

RH,t−1 + et−1
BF,t−1

RF,t−1P ∗t−1

P ∗t−1
P ∗t

et
et−1

RF,t−1 (A.73)
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Multiplying the real return on home bond to the net foreign asset position, RH,t−1Pt−1/Pt = rBH,t

NFAt−1
Pt−1
Pt

RH,t−1 = −
Jt−1
Pt−1

X∗H,t−1r
B
H,t + et−1

J∗t−1
P ∗t−1

XF,t−1r
B
H,t

+
BH,t−1

RH,t−1Pt−1
rBH,t + et−1

BF,t−1
RF,t−1P ∗t−1

rBH,t (A.74)

Subtracting this equation from the financial part of the budget constraint,

NFAt−1r
B
H,t −

Jt−1
Pt−1

X∗H,t−1
(
rEH,t − rBH,t

)
+ et−1

J∗t−1
P ∗t−1

XF,t−1
(
rEF,t − rBH,t

)
+et−1

BF,t−1
RF,t−1P ∗t−1

(
rBF,t − rBH,t

)
+

(Jt +Dt)

Pt
(A.75)

The real return on bond and equities are defined by following,

rBH,t =
RH,t
πt

rBF,t =
RF,tet
π∗t et−1

rEH,t =
(jt + dt)

jt−1
πt

rEF,t =
(j∗t + d∗t )

j∗t−1
π∗t

The real bond holdings and equities are defined by

α̃EH,t =
Jt
Pt
XH,t

α̃E∗H,t =
Jt
Pt
X∗H,t

α̃EF,t = et
J∗t
P ∗t

XF,t

α̃BH,t =
BH,t
RH,tPt

α̃BF,t = et
BF,t
RF,tP ∗t
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Using the real asset holdings, the financial part of the right-hand side of the budget constraint

is

NFAt−1r
B
H,t − α̃∗EH,t−1

(
rEH,t − rBH,t

)
+ α̃EF,t−1

(
rEF,t − rBH,t

)
+ α̃BF,t−1

(
rBF,t − rBH,t

)
+

(Jt +Dt)

Pt
(A.76)

Therefore, the budget constraint is

NFAt−1 +
Jt
Pt

= NFAt−1r
B
H,t − α̃∗EH,t−1

(
rEH,t − rBH,t

)
+ α̃EF,t−1

(
rEF,t − rBH,t

)
+ α̃BF,t−1

(
rBF,t − rBH,t

)
+

(Jt +Dt)

Pt
+ wtht − ct −

pIt
pt
it

Using an excess return shock ξt,

ξt = −α̃∗EH,t−1
(
rEH,t − rBH,t

)
+ α̃EF,t−1

(
rEF,t − rBH,t

)
+ α̃BF,t−1

(
rBF,t − rBH,t

)
(A.77)

The budget constraint can be re-written by

NFAt−1 = NFAt−1r
B
H,t + wtht − ct + dt −

pIt
pt
it + ξt (A.78)

Solving the steady state portfolios The optimality conditions for the assets can be written

by the excess returns and the difference between the home and foreign consumptions.

Et
[(
Ct+1 − C∗t+1

)
rx,t+1

]
= 0 (A.79)

rx,t =
(
rEH,t − rBH,t

)
+
(
rEF,t − rBH,t

)
+
(
rBF,t − rBH,t

)
(A.80)

The second order approximation of the optimality condition yields

Et

[(
Ĉt+1 − Ĉ∗t+1

)
r̂x,t+1

]
= 0 (A.81)

Extract the rows from the state space solution.

r̂x,t+1 = R1ξt+1 +R2εt+1 (A.82)
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From the excess return shock,

ξt+1 = α̃r̂x,t+1 (A.83)

Combine the above two equations

r̂x,t+1 = R1α̃r̂x,t+1 +R2εt+1

(I −R1α̃r̂x,t+1) = R2εt+1 ⇒ r̂x,t+1 = [I −R1α̃]−1R2εt+1

The difference between home and foreign consumptions is(
Ĉt+1 − Ĉ∗t+1

)
= D1ξt+1 +D2εt+1 (A.84)

Using the excess return shock(
Ĉt+1 − Ĉ∗t+1

)
= D1α̃r̂x,t+1 +D2εt+1(

Ĉt+1 − Ĉ∗t+1

)
= D1α̃[I −R1α̃]−1R2εt+1

=
(
D1α̃[I −R1α̃]−1R2 +D2

)
εt+1

Substitute
(
Ĉt+1 − Ĉ∗t+1

)
and r̂x,t+1 into the optimality condition

(
D1α̃ [I −R1α̃]−1R2 +D2

)
ΣR

′
2

(
[I −R1α̃]−1

)′
= 0

D1α̃ [I −R1α̃]−1R2ΣR2
′
(

[I −R1α̃]−1
)′

= −D2ΣR2
′
([
I −R1

α̃
]−1)′

D1α̃ [I −R1α̃]−1R2ΣR
′
2 = −D2ΣR

′
2D1α̃ [I −R1α̃]−1 = −D2ΣR

′
2

(
R2ΣR

′
2

)−1
D1α̃ = −D2ΣR

′
2

(
R2ΣR

′
2

)−1
[I −R1α̃]

= −D2ΣR
′
2

(
R2ΣR

′
2

)−1
I +D2ΣR

′
2

(
R2ΣR

′
2

)−1
R1α̃

D1α̃−D2ΣR
′
2

(
R2ΣR

′
2

)−1
R1α̃ = −D2ΣR

′
2

(
R2ΣR

′
2

)−1
I(

D1 −D2ΣR
′
2

(
R2ΣR

′
2

)−1
R1

)
α̃ = −D2ΣR

′
2

(
R2ΣR

′
2

)−1
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Steady state portfolios are

α̃ = −
D2ΣR

′
2

(
R2ΣR

′
2

)−1(
D1 −D2ΣR

′
2

(
R2ΣR

′
2

)−1
R1

) (A.85)

α̃ is 1x3 vector which means each −α̃E∗H,t , α̃EF,t and α̃BF,t.
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Appendix B

Log-linearized System

B.1 First order approximation

The consumer’s budget constraint

Ŵt = wh · ŵt + wh · ĥt + rkk · r̂kt + rkk · k̂t − c̄ · ĉt − ī · ît − ī · p̂it + ī · p̂t + d̄ · d̂t + r̄F Ŵt−1

+ ξ̂t (B.1)

The Euler equations

(ν − γ) ĉt − R̂H,t = −γEtĉt+1 − Etπ̂t+1 (B.2)

(ν − γ) ĉt − R̂F,t + êt = −γEtĉt+1 − Etπ̂∗t+1 + Etêt+1 (B.3)

International Risk Sharing conditon

−γEtĉt+1 + γ∗Etĉ
∗
t+1 + Etêt+1 = (ν − γ) ĉ− (ν − γ∗) ĉ∗t + êt (B.4)

The excess return on bonds

r̂x,t = rH · r̂H,t − rF · r̂F,t (B.5)
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Optimal capital decision

(ν − γ) ĉt + q̂t = −γEtĉt+1 + βrkEtr̂
k
t+1 + β (1− δ)Etq̂t+1 (B.6)

(ν − γ) ĉ∗t + q̂∗t = −γEtĉ∗t+1 + βrkEtr̂
k∗
t+1 + β (1− δ)Etq̂∗t+1 (B.7)

Optimal Investment

βϕEt̂it+1 = ϕ (1 + β) ît − ϕ̂it−1 − q̂t + p̂it − p̂t (B.8)

βϕEt̂i
∗
t+1 = ϕ (1 + β) î∗t − ϕ̂i∗t−1 − q̂∗t + p̂i∗t − p̂∗t (B.9)

CPI inflation

π̂t = (1− η) π̂H,t + ηπ̂F,t (B.10)

π̂∗t = (1− η) π̂∗F,t + ηπ̂∗H,t (B.11)

Nominal profit

d̄ · d̂t = ȳ · ŷt − wh · ŵt − wh · ĥt − rkk · r̂kt − rkk · k̂t (B.12)

Real exchange rate

êt = p̂∗t − p̂t + ŝt (B.13)

Production function

ŷt = ât + αk̂t + (1− α) ĥt (B.14)
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ŷ∗t = â∗t + αk̂∗t + (1− α) ĥ∗t (B.15)

Fisher equation

rH · r̂H,t + rH · π̂t = rH · R̂H,t−1 (B.16)

rF · r̂F,t + rF · π̂∗t = rF · R̂F,t−1 (B.17)

Capital evolution

k · k̂t+1 = i · ît + (1− δ) k · k̂t (B.18)

k
∗ · k̂∗t+1 = i

∗ · î∗t + (1− δ) k∗ · k̂∗t (B.19)

Labor supply

−γĉt + ŵt = ωĥt (B.20)

−γĉ∗t + ŵ∗t = ωĥ∗t (B.21)

Real Marginal cost

m̂ct = (1− α) ŵt + αr̂kt − ât (B.22)

m̂c∗t = (1− α) ŵ∗t + αr̂k∗t − â∗t (B.23)

capital labor ratio

ŵt + ĥt = r̂kt + k̂t (B.24)
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ŵ∗t + ĥ∗t = r̂k∗t + k̂∗t (B.25)

Monetary Policy rules

R̂H,t = ρHR̂H,t−1 + (1− ρH)ϕππ̂t + (1− ρH)ϕyŷt + (1− ρH)ϕsŝt + ζm,t (B.26)

R̂F,t = ρF R̂F,t−1 + (1− ρF )ϕ∗ππ̂
∗
t + (1− ρF )ϕ∗yŷ

∗
t + (1− ρH)ϕ∗s ŝt + ζ∗m,t (B.27)

Terms of trade

τ̂t = p̂F,t − p̂H,t (B.28)

τ̂∗t = p̂∗H,t − p̂∗F,t (B.29)

Utility function

ū · ût = c̄1−γ · ĉt − h̄1+ω · ĥt (B.30)

Value function

V̂t + νβĉt − βEtV̂t+1 = (1− β) ût (B.31)

In PCP,

Market Clearing Conditions

yŷt = µη (1− η) cτ̂t − µη (1− η) c∗τ̂∗t + (1− η) cĉt + ηc∗ĉ∗t + i ît (B.32)

y∗ŷ∗t = −µη (1− η) cτ̂t + µη (1− η) c∗τ̂∗t + ηcĉt + (1− η) c∗ĉ∗t + i
∗̂
i∗t (B.33)
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Phillips curves

φH π̂H,t = βφHEtπ̂H,t+1 + η (θ − 1) τ̂t + (θ − 1) m̂ct (B.34)

φ∗F π̂
∗
F,t = βφ∗FEtπ̂

∗
F,t+1 + (θ − 1) ητ̂∗t + (θ − 1) m̂c∗t (B.35)

π̂∗H,t = π̂H,t + ŝt−1 − ŝt (B.36)

π̂F,t = π̂∗F,t + ŝt − ŝt−1 (B.37)

In LCP,

Market Clearing Conditions

yH ŷH,t = µη (1− η) cτ̂t + (1− η) cĉt + i ît (B.38)

y∗H ŷ
∗
H,t = −µη (1− η) c∗τ̂∗t + ηc∗ĉ∗t (B.39)

y∗F ŷ
∗
F,t = µη (1− η) c∗τ̂∗t + (1− η) c∗ĉ∗t + i

∗
î∗t (B.40)

yF ŷF,t = −µη (1− η) cτ̂t + ηc ĉt (B.41)

yŷt = yH ŷH,t + y∗H ŷ
∗
H,t (B.42)

y∗ŷ∗t = yF ŷF,t + y∗F ŷ
∗
F,t (B.43)

Phillips curves

φH π̂H,t = βφHEtπ̂H,t+1 + η (θ − 1) τ̂t + (θ − 1) m̂ct (B.44)
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φ∗F π̂
∗
F,t = βφ∗FEtπ̂

∗
F,t+1 + (θ − 1) ητ̂∗t + (θ − 1) m̂c∗t (B.45)

φ∗H π̂
∗
H,t = βφ∗HEtπ̂

∗
H,t+1 + (η − 1) (θ − 1) τ̂∗t + (θ − 1) m̂ct − (θ − 1) êt (B.46)

φF π̂F,t = βφFEtπ̂F,t+1 + (η − 1) (θ − 1) τ̂t + (θ − 1) m̂c∗t + (θ − 1) êt (B.47)

Deviations of law of price

ẑt = p̂∗F,t − p̂F,t + ŝt (B.48)

ẑ∗t = p̂H,t − p̂∗H,t − ŝt (B.49)

B.2 Second order approximation

The consumer’s budget constraint

Ŵt = wh · ŵt + wh · ĥt + rkk · r̂kt + rkk · k̂t − c̄ · ĉt − ī · ît − ī · p̂it + ī · p̂t + d̄ · d̂t

+ r̄F Ŵt−1 + bHrH · r̂H,t +
1

2
wh · ŵ2

t +
1

2
wh · ĥ2t +

1

2
rkk · r̂k2t +

1

2
rkk · k̂2t −

1

2
c̄ · ĉ2t

− 1

2
ī · î2t −

1

2
ī · p̂i2t −

1

2
ī · p̂2t +

1

2
d̄ · d̂2t +

1

2
bHrH · r̂2H,t −

1

2
bHrH · r̂2F,t + wh · ŵtĥt

+ rkk · r̂kt k̂t − ī · p̂itît + ī · p̂tît + ī · p̂itp̂t + r̄F Ŵt−1r̂F,t + ξ̂t (B.50)

The Euler equations

(ν − γ) ĉt − R̂H,t = −γEtĉt+1 − Etπ̂t+1

− 1

2
(ν − γ)2ĉ2t −

1

2
R̂2
H,t + (ν − γ) ĉtR̂H,t

+
1

2
γ2Etĉ

2
t+1 +

1

2
Etπ̂

2
t+1 + γEtĉt+1π̂t+1 (B.51)
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(ν − γ) ĉt − R̂F,t + êt = −γEtĉt+1 − Etπ̂∗t+1 + Etêt+1

− 1

2
(ν − γ)2ĉ2t −

1

2
R̂2
F,t −

1

2
ê2t +

1

2
γ2Etĉ

2
t+1 +

1

2
Etπ̂

∗2
t+1 +

1

2
Etê

2
t+1

+ (ν − γ) ĉtR̂F,t − (ν − γ) ĉtêt + R̂F,têt + γEtĉt+1π̂
∗
t+1

− γEtĉt+1êt+1 − Etπ̂∗t+1êt+1 (B.52)

International Risk Sharing conditon

(ν − γ) ĉ− (ν − γ∗) ĉ∗t + êt = −γEtĉt+1 + γ∗Etĉ
∗
t+1 + Etêt+1

− 1

2
(ν − γ)2ĉ2t +

1

2
(ν − γ)2ĉ∗2t +

1

2
ê2t +

1

2
γ2Etĉ

2
t+1

− 1

2
γ2Etĉ

∗2
t+1 −

1

2
Etê

2
t+1 − (ν − γ) ĉ∗t êt − γEtĉt+1r̂H,t+1

+ γEtĉ
∗
t+1r̂H,t+1 − γEtĉ∗t+1êt+1 + Etr̂H,t+1êt+1 (B.53)

The excess return on bonds

r̂x,t = rH · r̂H,t − rF · r̂F,t (B.54)

Optimal capital decision

(ν − γ) ĉt + q̂t = −γEtĉt+1 + βr̄kEtr̂
k
t+1 + β (1− δ)Etq̂t+1

− 1

2
(ν − γ)2ĉ2t −

1

2
q̂2t +

1

2
γ2Etĉ

2
t+1 +

1

2
βr̄kEtr̂

k2

t+1 +
1

2
β (1− δ)Etq̂2t+1

− (ν − γ) ĉtq̂t − γβr̄kEtĉt+1r̂
k
t+1 − γβ (1− δ)Etĉt+1q̂t+1 (B.55)

(ν − γ) ĉ∗t + q̂∗t = −γEtĉ∗t+1 + βr̄kEtr̂
∗k
t+1 + β (1− δ)Etq̂∗t+1

− 1

2
(ν − γ)2ĉ∗2t −

1

2
q̂∗2t +

1

2
γ2Etĉ

∗2
t+1 +

1

2
βr̄kEtr̂

∗k2
t+1 +

1

2
β (1− δ)Etq̂∗2t+1

− (ν − γ) ĉ∗t q̂
∗
t − γβr̄kEtĉ∗t+1r̂

∗k
t+1 − γβ (1− δ)Etĉ∗t+1q̂

∗
t+1 (B.56)
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Optimal Investment

βϕEtît+1 = ϕ (1 + β) ît − ϕît−1 − q̂t + p̂it − p̂t

+
1

2
p̂i

2

t +
1

2
p̂2t +

1

2
(4− 5β)ϕî2t + 2ϕî2t−1 −

5

2
βϕEtî

2
t+1 −

1

2
q̂2t

+ (ν − γ) p̂itĉt − (ν − γ) p̂tĉ
−γ
t − p̂itp̂t − (ν − γ) ĉtq̂t + (ν − γ)ϕĉtît + ϕîtq̂t

− 4ϕtîtît−1 + βϕ (ν − γ)Etĉt+1ît + βϕEtq̂t+1ît + 5βϕEtît+1ît − ϕît−1q̂t
− βϕ (ν − γ)Etĉt+1ît+1 + βϕEtq̂t+1ît + βϕEtît+1q̂t+1 (B.57)

βϕEtî
∗
t+1 = ϕ (1 + β) î∗t − ϕî∗t−1 − q̂∗t + p̂∗it − p̂∗t

+
1

2
p̂∗i

2

t +
1

2
p̂∗2t +

1

2
(4− 5β)ϕî∗2t + 2ϕî∗2t−1 −

5

2
βϕEtî

∗2
t+1 −

1

2
q̂∗2t

+ (ν − γ∗) p̂∗it ĉ∗t − (ν − γ∗) p̂∗t ĉ
∗−γ
t − p̂∗it p̂∗t − (ν − γ∗) ĉ∗t q̂∗t + (ν − γ∗)ϕĉ∗t î∗t + ϕî∗t q̂

∗
t

− 4ϕtî
∗
t î
∗
t−1 + βϕ (ν − γ∗)Etĉ∗t+1î

∗
t + βϕEtq̂

∗
t+1î

∗
t + 5βϕEtî

∗
t+1î

∗
t − ϕî∗t−1q̂∗t

− βϕ (ν − γ∗)Etĉ∗t+1î
∗
t+1 + βϕEtq̂

∗
t+1î

∗
t + βϕEtî

∗
t+1q̂

∗
t+1 (B.58)

CPI inflation

π̂t = (1− η) π̂H,t + ηπ̂F,t

− 1

2
(1− µ) π̂2t +

1

2
(1− µ) (1− η) π̂2H,t +

1

2
(1− µ) ηπ̂2F,t

− η (1− µ) (1− η) π̂H,tτ̂t−1 + η (1− µ) (1− η) π̂F,tτ̂t−1 (B.59)

π̂∗t = (1− η) π̂∗F,t + ηπ̂∗H,t

− 1

2
(1− µ) π̂∗2t +

1

2
(1− µ) (1− η) π̂∗2F,t +

1

2
(1− µ) ηπ̂∗2H,t

− η (1− µ) (1− η) π̂∗F,tτ̂
∗
t−1 + η (1− µ) (1− η) π̂∗H,tτ̂

∗
t−1 (B.60)

Nominal profit

d̄ · d̂t = ȳ · ŷt − wh · ŵt − wh · ĥt − rkk · r̂kt − rkk · k̂t

− 1

2
d̄ · d̂2t −

1

2
ȳ · ŷ2t −

1

2
wh · ŵ2

t −
1

2
wh · ĥ2t −

1

2
rkk · r̂k2t −

1

2
rkk · k̂2t

− wh · ŵtĥt − rkk · r̂kt k̂t (B.61)
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Real exchange rate

êt = p̂∗t − p̂t + ŝt

− 1

2
ê2t +

1

2
p̂∗2t +

1

2
p̂2t +

1

2
ŝ2t

− p̂∗t p̂t + p̂∗t ŝt − p̂tŝt (B.62)

Production function

ŷt = ât + αk̂t + (1− α) ĥt

− 1

2
ŷ2t +

1

2
â2t +

1

2
α2k̂2t +

1

2
(1− α)2ĥ2t

+ αâtk̂t + (1− α) âtĥt + α (1− α) k̂tĥt (B.63)

ŷ∗t = â∗t + αk̂∗t + (1− α∗) ĥ∗t
− 1

2
ŷ∗2t +

1

2
â∗2t +

1

2
α∗2k̂∗2t +

1

2
(1− α∗)2ĥ∗2t

+ α∗â∗t k̂
∗
t + (1− α∗) â∗t ĥ∗t + α∗ (1− α∗) k̂∗t ĥ∗t (B.64)

Fisher equation

r̂H,t + π̂t = R̂H,t−1

− 1

2
r̂2H,t −

1

2
π̂2t +

1

2
R̂2
H,t−1 − r̂H,tπ̂t (B.65)

r̂F,t + π̂∗t = R̂F,t−1

− 1

2
r̂2F,t −

1

2
π̂∗2t +

1

2
R̂2
F,t−1 − r̂F,tπ̂∗t (B.66)

Capital evolution

k̄ · k̂t+1 = ī · ît + (1− δ) k̄ · k̂t

− 1

2
k̄ · k̂2t+1 +

1

2
(1− ϕ) ī · î2t −

1

2
ϕī · î2t−1 +

1

2
(1− δ) k̄ · k̂2t + ϕī · îtît−1 (B.67)
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k̄∗ · k̂∗t+1 = ī∗ · î∗t + (1− δ) k̄∗ · k̂∗t

− 1

2
k̄∗ · k̂∗2t+1 +

1

2
(1− ϕ∗) ī∗ · î∗2t −

1

2
ϕ∗ī∗ · î∗2t−1 +

1

2
(1− δ) k̄∗ · k̂∗2t

+ ϕ∗ī∗ · î∗t î∗t−1 (B.68)

Labor supply

−γĉt + ŵt = ωĥt −
1

2
γ2ĉ2t −

1

2
ŵ2
t +

1

2
ω2ĥ2t + γĉtŵt (B.69)

−γĉ∗t + ŵ∗t = ω∗ĥ∗t −
1

2
γ∗2ĉ∗2t −

1

2
ŵ∗2t +

1

2
ω∗2ĥ∗2t + γĉ∗t ŵ

∗
t (B.70)

Real Marginal cost

m̂ct = (1− α) ŵt + αr̂kt − ât
− 1

2
m̂ct +

1

2
(1− α)2ŵ2

t +
1

2
α2r̂k

2

t +
1

2
â2t

+ α (1− α) ŵtr̂
k
t − (1− α) ŵtât − αr̂kt ât (B.71)

m̂c∗t = (1− α∗) ŵ∗t + α∗r̂∗kt − â∗t
− 1

2
m̂c∗t +

1

2
(1− α∗)2ŵ∗2t +

1

2
α∗2r̂∗k

2

t +
1

2
â∗2t

+ α∗ (1− α∗) ŵ∗t r̂∗kt − (1− α∗) ŵ∗t â∗t − α∗r̂∗kt â∗t (B.72)

capital labor ratio

ŵt + ĥt = r̂kt + k̂t

− 1

2
ŵ2
t −

1

2
ĥ2t +

1

2
r̂k

2

t +
1

2
k̂2t − ŵtĥt + r̂kt k̂t (B.73)

ŵ∗t + ĥ∗t = r̂∗kt + k̂∗t

− 1

2
ŵ∗2t −

1

2
ĥ∗2t +

1

2
r̂∗k

2

t +
1

2
k̂∗2t − ŵ∗t ĥ∗t + r̂∗kt k̂

∗
t (B.74)
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Terms of trade

τ̂t = p̂F,t − p̂H,t

− 1

2
τ̂2t +

1

2
p̂2F,t +

1

2
p̂2H,t − p̂F,tp̂H,t (B.75)

τ̂∗t = p̂∗H,t − p̂∗F,t

− 1

2
τ̂∗2t +

1

2
p̂∗2H,t +

1

2
p̂∗2F,t − p̂∗H,tp̂∗F,t (B.76)

Utility function

ū · ût = c̄1−γ · ĉt − h̄1+ω · ĥt
− 1

2
ū · û2t +

1

2
(1− γ) c̄1−γ · ĉ2t +

1

2
(1 + ω) h̄1+ω · ĥ2t (B.77)

Value function

V̂t + νβĉt − βEtV̂t+1 = (1− β) ût

− 1

2
V̂ 2
t +

1

2
ν2βĉ2t +

1

2
βEtV

2
t+1 +

1

2
(1− β) û2t − νβĉtEtV̂t+1(B.78)

In PCP,

Market Clearing Conditions

ȳ ŷt = µη (1− η) c̄τ̂t − µη (1− η) c̄∗τ̂∗t + (1− η) c̄ĉt + ηc̄∗ĉ∗t + ī · ît
− 1

2
ȳŷ2t +

1

2

[
µη2 (1− η) (2µ− 1) + µη (1− η) (1− µ)

]
c̄τ̂2t +

1

2
(1− η) c̄ · ĉ2t

+
1

2

[
µη(1− η)2 (2µ− 1) + µη (1− η) (1− µ)

]
c̄∗τ̂∗2t +

1

2
ηc∗ · ĉ∗2t +

1

2
ī · î2t

+
1

2
φH ȳ π̂

2
H,t + µη (1− η) c̄τ̂tĉt − µη (1− η) c̄∗τ̂∗t ĉ

∗
t (B.79)

107



ȳ∗ŷ∗t = −µη (1− η) c̄τ̂t + µη (1− η) c̄∗τ̂∗t + ηc̄ĉt + (1− η) c̄∗ĉ∗t + ī∗î∗t

− 1

2
ȳ∗ŷ∗2t +

1

2

[
µη(1− η)2 (2µ− 1) + µη (1− η) (1− µ)

]
c̄τ̂∗2t +

1

2
ηc̄ · ĉ2t

+
1

2

[
µη2 (1− η) (2µ− 1) + µη (1− η) (1− µ)

]
c̄∗τ̂∗2t +

1

2
(1− η) c∗ · ĉ∗2t +

1

2
ī∗ · î∗2t

+
1

2
φ∗F ȳ

∗π̂∗2H,t − µη (1− η) c̄τ̂tĉt + µη (1− η) c̄∗τ̂∗t ĉ
∗
t (B.80)

Phillips curves

φH π̂H,t = βφHEtπ̂H,t+1 + η (θ − 1) τ̂t + (θ − 1) m̂ct

− 3

2
φH π̂

2
H,t +

5

2
βφHEtπ̂

2
H,t+1 +

1

2
(θ − 1) m̂c2t +

1

2
(θ − 1)

[
µη2 + η (1− µ)

]
τ̂2t

+ η (θ − 1) τ̂tm̂ct + βφHEtπ̂H,t+1ŷt+1 − βφHEtπ̂H,t+1ŷt − βγφHEtπ̂H,t+1ĉt+1

+ βγφHEtπ̂H,t+1ĉt − βφHEtπ̂H,t+1π̂t+1 (B.81)

φ∗F π̂
∗
F,t = βφ∗FEtπ̂

∗
F,t+1 + (θ − 1) ητ̂∗t + (θ − 1) m̂c∗t

− 3

2
φ∗F π̂

∗2
F,t +

5

2
βφ∗FEtπ̂

∗2
F,t+1 +

1

2
(θ − 1) m̂c∗2t +

1

2
(θ − 1)

[
µη2 + η (1− µ)

]
τ̂∗2t

+ η (θ − 1) τ̂∗t m̂c
∗
t + βφ∗FEtπ̂

∗
F,t+1ŷ

∗
t+1 − βφ∗FEtπ̂∗F,t+1ŷ

∗
t − βγ∗φ∗FEtπ̂∗F,t+1ĉ

∗
t+1

+ βγ∗φ∗FEtπ̂
∗
F,t+1ĉ

∗
t − βφ∗FEtπ̂∗F,t+1π̂

∗
t+1 (B.82)

π̂∗H,t = π̂H,t + ŝt−1 − ŝt

− 1

2
π̂∗2H,t +

1

2
π̂2H,t +

1

2
ŝ2t−1 −

1

2
ŝ2t

+ π̂H,tŝt−1 − π̂H,tŝt − ŝt−1ŝt (B.83)

π̂F,t = π̂∗F,t + ŝt − ŝt−1

− 1

2
π̂2F,t +

1

2
π̂∗2F,t +

1

2
ŝ2t +

1

2
ŝ2t−1

+ π̂∗F,tŝt − π̂∗F,tŝt−1 − ŝtŝt−1 (B.84)
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In LCP,

Market Clearing Conditions

ȳH ŷH,t = µη (1− η) c̄τ̂t + (1− η) c̄ĉt + ī · ît

− 1

2
ȳH ŷ

2
H,t +

1

2

[
µη2 (1− η) (2µ− 1) + µη (1− η) (1− µ)

]
c̄τ̂2t

+
1

2
(1− η) c̄ · ĉ2t +

1

2
ī · î2t +

1

2
φH ȳH π̂

2
H,t + µη (1− η) c̄τ̂tĉt (B.85)

ȳ∗H ŷ
∗
H,t = −µη (1− η) c̄∗τ̂∗t + ηc̄∗ĉ∗t

− 1

2
ȳ∗H ŷ

∗2
H,t +

1

2

[
µη(1− η)2 (2µ− 1) + µη (1− η) (1− µ)

]
c̄∗τ̂∗2t

+
1

2
ηc̄∗ĉ∗2t +

1

2
φ∗H ȳ

∗
H π̂
∗2
H,t − µη (1− η) c̄∗τ̂∗t ĉ

∗
t (B.86)

ȳ∗F ŷ
∗
F,t = µη (1− η) c̄∗τ̂∗t + (1− η) c̄∗ĉ∗t + ī∗î∗t

− 1

2
ȳ∗F ŷ

∗2
F,t +

1

2

[
µη2 (1− η) (2µ− 1) + µη (1− η) (1− µ)

]
c̄∗τ̂∗2t

+
1

2
(1− η) c̄∗ĉ∗2t +

1

2
ī∗ · î∗2t +

1

2
φ∗F ȳ

∗
F π̂
∗2
F,t + µη (1− η) c̄∗τ̂∗t ĉ

∗
t (B.87)

ȳF ŷF,t = −µη (1− η) c̄τ̂t + ηc̄ĉt

− 1

2
ȳF ŷ

2
F,t +

1

2

[
µη(1− η)2 (2µ− 1) + µη (1− η) (1− µ)

]
c̄τ̂2t

+
1

2
ηc̄ · ĉ2t +

1

2
φF ȳF π̂

2
F,t − µη (1− η) c̄τ̂tĉt (B.88)

ȳ ŷt = ȳH ŷH,t + ȳ∗H ŷ
∗
H,t

− 1

2
ȳ ŷ2t +

1

2
ȳH ŷ

2
H,t +

1

2
ȳ∗H ŷ

∗2
H,t (B.89)

ȳ∗ŷ∗t = ȳF ŷF,t + ȳ∗F ŷ
∗
F,t

− 1

2
ȳ∗ŷ∗2t +

1

2
ȳF ŷ

2
F,t +

1

2
ȳ∗F ŷ

∗2
F,t (B.90)
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Phillips curves

φH π̂H,t = βφHEtπ̂H,t+1 + η (θ − 1) τ̂t + (θ − 1) m̂ct

− 3

2
φH π̂

2
H,t +

5

2
βφHEtπ̂

2
H,t+1 +

1

2
(θ − 1) m̂c2t +

1

2
(θ − 1)

[
µη2 + η (1− µ)

]
τ̂2t

+ η (θ − 1) τ̂tm̂ct + βφHEtπ̂H,t+1ŷH,t+1 − βφHEtπ̂H,t+1ŷH,t − βγφHEtπ̂H,t+1ĉt+1

+ βγφHEtπ̂H,t+1ĉt − βφHEtπ̂H,t+1π̂t+1 (B.91)

φ∗F π̂
∗
F,t = βφ∗FEtπ̂

∗
F,t+1 + (θ − 1) ητ̂∗t + (θ − 1) m̂c∗t

− 3

2
φ∗F π̂

∗2
F,t +

5

2
βφ∗FEtπ̂

∗2
F,t+1 +

1

2
(θ − 1) m̂c∗2t +

1

2
(θ − 1)

[
µη2 + η (1− µ)

]
τ̂∗2t

+ η (θ − 1) τ̂∗t m̂c
∗
t + βφ∗FEtπ̂

∗
F,t+1ŷ

∗
F,t+1 − βφ∗FEtπ̂∗F,t+1ŷ

∗
F,t − βγ∗φ∗FEtπ̂∗F,t+1ĉ

∗
t+1

+ βγ∗φ∗FEtπ̂
∗
F,t+1ĉ

∗
t − βφ∗FEtπ̂∗F,t+1π̂

∗
t+1 (B.92)

φ∗H π̂
∗
H,t = βφ∗HEtπ̂

∗
H,t+1 + (η − 1) (θ − 1) τ̂∗t + (θ − 1) m̂ct − (θ − 1) êt

− 3

2
φ∗H π̂

∗2
H,t +

5

2
βφ∗HEtπ̂

∗2
H,t+1 +

1

2
(θ − 1)

[
µ(1− η)2 + (1− µ) (1− η)

]
τ̂∗2t

+
1

2
(θ − 1) m̂c2t +

1

2
(θ − 1) ê2t + βφHEtπ̂

∗
H,t+1ŷ

∗
H,t+1 − βφ∗HEtπ̂∗H,t+1ŷ

∗
H,t (B.93)

− βγφ∗HEtπ̂
∗
H,t+1ĉt+1 + βγφ∗HEtπ̂

∗
H,t+1ĉt − βφ∗HEtπ̂∗H,t+1π̂

∗
t+1 − βφ∗HEtπ̂∗H,t+1êt

+ βφ∗HEtπ̂
∗
H,t+1êt+1 − (1− η) (θ − 1) τ̂∗t m̂ct + (1− η) (θ − 1) τ̂∗t êt − (θ − 1) m̂ctêt

φF π̂F,t = βφFEtπ̂F,t+1 + (η − 1) (θ − 1) τ̂t + (θ − 1) m̂c∗t + (θ − 1) êt

− 3

2
φF π̂

2
F,t +

5

2
βφFEtπ̂

2
F,t+1 +

1

2
(θ − 1)

[
µ(1− η)2 + (1− µ) (1− η)

]
τ̂2t

+
1

2
(θ − 1) m̂c∗2t +

1

2
(θ − 1) ê2t + βφFEtπ̂F,t+1ŷF,t+1 − βφFEtπ̂F,t+1ŷF,t

− βγ∗φFEtπ̂F,t+1ĉ
∗
t+1 + βγ∗φFEtπ̂F,t+1ĉ

∗
t − βφFEtπ̂F,t+1êt+1 + βφFEtπ̂F,t+1êt

− βφFEtπ̂F,t+1π̂t+1 − βφFEtπ̂F,t+1π̂t+1 − (1− η) (θ − 1) τ̂tm̂c
∗
t − (1− η) (θ − 1) τ̂têt

+ (θ − 1) m̂c∗t êt (B.94)

Deviations of law of price

ẑt = p̂∗F,t − p̂F,t + ŝt

− 1

2
ẑ2t +

1

2
p̂∗2F,t +

1

2
p̂2F,t +

1

2
ŝ2t − p̂∗F,tp̂F,t + p̂∗F,tŝt − p̂F,tŝt (B.95)
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ẑ∗t = p̂H,t − p̂∗H,t − ŝt

− 1

2
ẑ∗2t +

1

2
p̂2H,t +

1

2
p̂∗2H,t +

1

2
ŝ2t − p̂H,tp̂∗H,t + p̂∗H,tŝt − p̂H,tŝt (B.96)
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