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My dissertation studies financial asset allocation and pricing in open economy framework.

In the first chapter, I investigate why countries with more flexible exchange rate policies

tend to hold more domestic bonds in their portfolios. First, I show that fewer domestic bond

holdings under a pegged regime than under a floating regime is mainly because international

bond position cannot hedge against real shocks when the exchange rate is pegged. Therefore,

exchange rate regimes are non-neutral for asset holdings through changing the hedging char-

acteristics of nominal assets. Second, I show that, under a floating regime, more domestic

bond holdings by countries with more volatile nominal exchange rates can be explained by

more volatile real shocks. I develop a two country DSGE model with endogeneous portfolio

choice in which nominal bonds are traded internationally and exchange rate regimes are

characterized by interest rate rules. In the second chapter, I investigate how international

equity mutual funds allocate their portfolios across countries and what factors determine

their asset allocation decisions using micro-level data on mutual funds. I find that equity

fund managers are actively engaged in a rebalancing strategy to manage their global portfo-

lios and the motive behind this action is more related to equity market risk rather than to

currency risk. I also show that the fund managers’ degree of rebalancing is larger in times

of higher global uncertainty and in equity markets that exhibit a stronger correlation with

the global market, implying that global risk has asymmetric effect on international asset



allocation. In the third chapter, I expand a closed economy macro-finance model with a

recursive preference into an open economy model, to better understand the determinants

and co-movement of term premia across countries. I find that term premia are lower in an

open economy setup than in a closed economy setup due to increased risk sharing across

countries. In addition, I show that both underlying shocks and stochastic volatility shocks

have to be highly correlated across countries to explain the cross-country co-movement of

term premia, whereas the co-movement of yield spreads is more driven by correlated policy

expectations rather than by correlated term premia. I build a two-country DSGE model

with the Epstein-Zin preference and stochastic volatility shocks. The third chapter, as well

as the second chapter, emphasizes the role of global common risk in an open economy.
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Chapter 1

EXCHANGE RATE REGIMES AND HOME BIAS IN BONDS

1.1 Introduction

It has been a long-standing question in open economy literature whether nominal exchange

regimes affect real variables. Theoretically, the answer depends on whether nominal rigidity

exists in the economy. When prices are fully flexible and a country’s exchange rate is fixed

to a foreign currency, nominal prices can be adjusted instead of exchange rates in response

to external shocks. Therefore, real variables should not be affected by the choice of exchange

rate regimes. However, when prices are sticky, a country under the fixed exchange rate

regime will be more restricted than a country with flexible exchange rate with regard to

responding to external shocks. This is because price adjustment cannot completely absorb

the adverse effect of external shocks immediately. Therefore, previous theoretical studies

have focused on the role of price stickiness and firm’s price setting behavior to explain the

non-neutrality of exchange rate regimes. For example, Devereux and Engel (1998) examine

the impact of price setting on the optimal choice of exchange rate regime. Monacelli (2004)

investigates how the variability of real exchange rates differs across exchange rate regimes

in the presence of nominal rigidities. However, empirical results on the non-neutrality of

exchange rate regimes seem to be mixed. Baxter and Stockman (1989) find little evidence of

systematic differences in macroeconomic aggregates across exchange rate regimes. Bastourre

and Carrera (2004) demonstrate that the real volatility is greater for more rigid exchange

rate regime.

This chapter takes a fresh look at the question by exploring financial markets; Are ex-

change rate regimes non-neutral for asset holdings? International investment and payoff from

foreign assets are subject to exchange rate movement, which depends on the exchange rate
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regime. Therefore, exchange rate regimes may matter for asset holdings. Furthermore, port-

folio holdings may also affect other non-financial variables such as consumption; therefore, it

may be interesting to explore how the previous results are affected if exchange rate regimes

affect financial markets.

This question is also closely related to the literature on home bias in assets. Portfolio

theory1 implies that country-specific risks can be diversified away by holding foreign assets

when returns are not perfectly correlated across countries. In reality, countries tend to

hold more domestic assets in their portfolio relative to what pure diversification implies2,

exhibiting the well-known home bias (Tesar and Werner, 1995). In the existing literature,

little attention has been paid to bond home bias whereas equity home bias has been a main

interest (French and Poterba (1991), Ahearne, Griever and Warnock (2004)). However, home

bias is more prominent in bonds than in equities (Fidora, Thimann, and Fratzscher, 2007),

and the global debt outstanding is much larger than the equity capitalization.

The most notable difference between nominal bonds3 and equities is that future bond

returns in the local currency are already known at the time of the investment decision,

whereas future equity returns are uncertain because they are subject to factors such as

firm-specific performances and country-specific macroeconomic conditions. Therefore, the

fixed income characteristic of bonds implies that exchange rates may play a very important

role for international bond investors. For example, simple Markowitz type portfolio models4

can easily generate bond home bias by introducing exchange rate risk as an additional risk.

Suppose that asset returns are uncorrelated and the variance of returns is the same across

countries; therefore, the sole difference between a home and a foreign asset is the exchange

1Lucas (1982) shows that it is optimal for a country to hold half of home asset for full risk sharing in a
symmetric two-country model. Refer also to Markowitz (1952) and subsequent modern portfolio theory
models.

2Pure diversification implies that investors hold market-capitalization-weighted portfolio.

3In this paper, we focus on nominal bonds rather than real bonds (e.g. TIPS) because the outstanding
nominal bond market remains much larger. As of 2014, total U.S. treasury outstanding securites is 12,505
billion dollars, whereas total outstanding of U.S. TIPS is 1,078 billion dollars.

4Refer to Fidora, Thimann, and Fratzscher (2007) and Hau and Rey (2009).



3

rate risk. Then, investors have less incentive to invest in foreign bonds because the portfolio

becomes riskier due to exchange rate risk. However, observed bond home bias cannot be

explained simply by the consequence of avoiding exchange rate risk because investors would

hold only domestic bonds if they wanted to avoid exchange rate risks.

A hedging motive may be more important for risk-averse investors who want to smooth

consumption over their lifetime. If an asset position pays off in times of lower non-financial

income, investors can hold financial assets to hedge against consumption risk. In the existing

literature in which home bias is explained by a hedging motive, bonds are introduced in

models to explain equity home bias and the role of bonds is usually to hedge against real

exchange rate risk (for example, Engel and Matsumoto (2009), Coeurdacier and Gourinchas

(2011)). In particular, Engel and Matsumoto (2009) show that, when prices are sticky, the

hedging role of nominally denominated assets (i.e., a forward contract in foreign exchange)

is closely related to exchange rate movement. Devereux and Sutherland (2008) also show

that the relative return between home and foreign bonds is related to nominal exchange

movement. Therefore, the exchange rate still plays an important role for investors who hold

bond portfolios for hedging.

This chapter relates exchange rate movements to monetary policy regimes and therefore

investigates how monetary policy regimes affect the hedging motive of international bond

investors, leading to different degree of home bias in bonds. I show that exchange rate

regimes are non-neutral for asset holdings by changing the hedging characteristics of nominal

assets. First, I provide empirical evidence that countries under a pegged regime tend to hold

fewer domestic bonds than countries under a floating regime and show this is mainly due

to a nominal bonds’ inability to hedge against real shocks. Under a floating regime, it

is optimal for investors to take a long position in home bonds (i.e., overweight in home

bonds) because it provides hedging against both real and nominal shocks. However, under a

pegged exchange rate, the movement of nominal exchange rates is not responsive to relative

real shocks between two countries because countries that peg exchange rates import foreign

policies. This implies that an international bond position cannot provide a hedge against
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real shocks; therefore, the incentive to hold domestic bonds is weaker under a pegged regime.

This result has implications for international risk sharing. When a market is incomplete,

there is less risk sharing between two countries when the exchange rate is pegged because

the role of the international bond position is limited only to hedging against nominal shocks.

Second, I show that countries with higher nominal exchange rate volatility under a float-

ing regime tend to hold more domestic bonds. This finding may be explained by tighter

inflation targeting or by more volatile real shocks. Tighter inflation targeting makes relative

consumption more volatile whereas relative equity returns become less effective in hedging

against productivity shocks. Therefore, hedging against increased relative consumption risk

requires more of a long position in home bonds as well as more foreign equity holdings. We

can also explain the positive relationship between nominal exchange rate volatility and the

home bias in bonds when countries are heterogeneous in the volatility of real shocks. I show

that it is optimal for countries with more volatile real shocks to hold more domestic bonds

whereas it optimal for countries with more volatile nominal shocks to hold fewer domestic

bonds. Both cases imply that bond holdings under a floating regime are more driven by real

shocks. Once again, this finding is in contrast to bond holdings under a pegged regime in

which real shocks have minimal effects.

I develop a two-country DSGE model with endogenous portfolio choice in which nominal

bonds are traded internationally. I start with a model in which only nominal bonds are traded

to highlight the different roles of nominal bonds across exchange rate regimes. The basic

result from this model still holds in a model with equity trading introduced. An incomplete

market is assumed to show that the limited role of nominal bonds under a pegged regime can

lead to less international risk sharing when agents do not have sufficient means for full risk

sharing. Exchange rate regimes are characterized by interest rate rules5, which enable me to

investigate the effect of a monetary policy stance such as inflation- and output-stabilization

on portfolio holdings.

5For example, see Benigno and Benigno (2008).
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This chapter contributes to the literature on the non-neutrality of exchange rate regimes

and on the international portfolio choice. First, the previous literature regarding the non-

neutrality of exchange regimes focuses on non-financial sides of the economy. For example,

Mussa (1986), Monacelli (2004) and Carrera and Vuletin (2013) investigate whether nominal

exchange rate regimes affect real exchange rates. Bleaney and Fielding (2002) investigate

how exchange rate regimes affect inflation and output volatility. In this paper, I show that

exchange rate regimes are non-neutral for financial variables by affecting the hedging charac-

teristics of nominal assets. Second, this paper considers a broader monetary policy framework

other than inflation targeting in portfolio choice literature. Devereux and Sutherland (2008,

2013) and Paoli, K
..
uc

..
uk-Tuğer, Søndergaard (2010) consider policy regimes such as inflation

targeting and the money growth rule, but do not consider different exchange regimes using

interest rate rules.

My work is not the first to investigate the relationship between exchange rate risk and

home bias in bonds. Empirically, Fidora et al. (2007) find a positive relationship between

real exchange rates volatility and home bias in bonds and equities. This paper is different

from Fidora et al. (2007) in three ways. First, I use nominal exchange rate volatilities

instead of real exchange rate volatilities. Second, this chapter regards the non-linear effect

of nominal exchange rate regimes for asset holdings, whereas Fidora et al. (2007) regard

the linear relationship between real exchange rate volatilities and home bias. Third, in my

model, agents hold bonds for hedging motives in a general equilibrium framework instead of

a mean variance framework in which there is no hedging motive.

Engel and Matsumoto (2009) and Coeurdacier and Gourinchas (2011) attempt to resolve

the equity home bias puzzle by introducing bonds but do not address how different policy

regimes affect portfolio holdings. In Engel and Matsumoto (2009), money is introduced in

the model, but follows a random walk. Therefore, it is impossible to address how a monetary

policy framework can affect portfolio holdings.

Devereux and Sutherland (2008, 2013) investigate how a policy rule in the form of inflation

targeting can affect portfolio holdings in an open economy setting. However, they focus only
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on a free floating regime and their main interest is to demonstrate how a policy stance on

inflation affects portfolio holdings. I investigate asset holdings under different exchange rate

regimes including a free floating regime. Furthermore, I show that a policy stance on output

in addition to inflation can greatly affect portfolio holdings.

This chapter is organized as follows. Section 1.2 presents empirical evidence and Section

1.3 presents the two-country DSGE model with endogenous portfolio choice. Then, Section

1.4 discusses optimal bond choice across exchange regimes and across countries with different

exchange rate volatilities. Concluding remarks are offered in Section 1.5.

1.2 Empirical Evidence

Recent bond home bias measures are newly estimated6, using a dataset from Arslanalp and

Tsuda (2012, 2014) and Coordinated Portfolio Investment Survey (CPIS) data from IMF.

The home bias for country j can be defined as the difference between the share of domestic

bonds in country j’s bond portfolio and country j′s bond market share in the world, adjusted

by market share. Adjusting home bias measures with market shares is usual in literature

(for example, Bekaert and Wang, 2009); this has effects on countries with a large market

share, such as the US and the UK, but little effects on small countries.

HBj =

[
wj,home

wj,home + wj,foreign
−market sharej

]
/(1−market sharej) (1.1)

wj,home is country j’s investment in country j and wj,foreign is country j’s investment in

foreign countries. Figure 1.1 shows that the degree of home bias in bonds tends to be higher

for countries with a more flexible exchange rate regime.

Because exchange rates are pegged (or fixed) to a single currency or a currency basket,

bilateral home bias measures need to be constructed, instead of aggregate country home bias

measures in accordance with Fidora et al.(2007). The bilateral home bias measure of country

i investing in country j is defined as

6Refer to the appendix for detailed data and country coverage.
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Figure 1.1: Home bias in debts across exchange rate regimes (2012)

HBij = 1− wi,j
market sharej

(1.2)

wi,j is the share of investment in country j in country i’s portfolio. If country i’s in-

vestment in country j is relatively higher than the world market share of country j, HBij

becomes lower. Figure 1.2 shows that bilateral home bias measures are positively related to

the variance of nominal exchange rate variances.

Furthermore, if we regroup observations from Figure 1.2 according to whether the ex-

change rate of country i is bilaterally pegged to country j or not, we can see the clear

difference in the level of bilateral home bias (See Figure 1.3). The degree of bilateral home

bias in bonds is lower when a country’s exchange rate is pegged to a foreign country.

Formally, consider a simple regression such as equation 1.3 to show that bilateral pegging

itself affects home bias measures. The dependent variable, HBij, is defined as ln(wi,j) −

ln(market sharej) following Fidora et al. (2007). Dummy variable takes a value of 1 if
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Figure 1.2: Bilateral home bias (2011-2013)

country i is bilaterally pegged to country j, otherwise 0. Nominal exchange rate variances

are measured as the log of the variance of the daily exchange rate between two countries.

The sample period is from 2010 to 2013.

HBij = αij + β1FXvolatilityij + β2dummyij + εij (1.3)

Regression I in Table 1.1 shows that the variances of bilateral nominal exchange rates

are positively related to bilateral home bias in bonds. However, the positive relation is most

likely due to the non-linear effect of the exchange rate pegging rather than to the linear

effect of nominal exchange rate variances on home bias. Regression II in Table 1.1 has a

similar adjusted R-square to regression I, and the explanatory power of nominal exchange

rate volatilities under a free floating regime is much lower than in a pooled regression. This

evidence suggests that pegging to other currency tends to significantly reduce the degree

of bond home bias. Another observation is that, under a floating regime, there remains a

positive relation between the variances of nominal exchange rates and the degree of home
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Figure 1.3: Bilateral pegging and bilateral home bias (2011-2013)

bias.

In the next section, I develop a model to explain two stylized facts. First, why countries

under a pegged regime tend to hold fewer domestic bonds than countries under a floating

regime is examined. Second, how the positive relation between the variances of the nominal

exchange rate and the bond home bias measures under a floating regime can be explained

by a hedging motive is examined.

1.3 The Model

I develop a two-country DSGE model7. There are home and foreign country trading goods

and default-free nominal bonds internationally. Households maximize the expected lifetime

utility, and firms produce differentiated goods using labor. In the baseline model, there

are two shocks in each country; productivity and interest rate shocks. Nominal bonds are

7The model is developed on Devereux and Sutherland (2008); One of the main differences is that I
introduce different exchange regimes, not only a free floating regime. Second, I also investigate the effect
of output stabilization for asset choice. Third, productivity shocks are not a random walk as in Devereux
and Sutherland (2008). The persistency of shocks are very important in asset choice. If productivity
shock has a permanent effect as in Devereux and Sutherland (2008), policy stance does not matter for
asset choice. Fourth, real exchange rate fluctuation is allowed in the model by introducing home bias in
goods.
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Table 1.1: Exchange rate regimes and bilateral home bias in bonds

Regression (I)Pooled (II)Pooled fixedi peggedi managedi floatingi

Nominal FX volij 1.14
(0.042)

∗∗∗ 0.63
(0.065)

∗∗∗

dummyfixed
j

i −2.77
(0.115)

∗∗∗ −2.02
(0.103)

∗∗∗

dummypegged
j

i −2.18
(0.182)

∗∗∗ −1.53
(0.256)

∗∗∗

dummymanaged
j

i −0.94
(0.275)

∗∗∗ −1.58
(0.338)

∗∗∗

constant 1.76
(0.045)

∗∗∗ 2.94
(0.038)

∗∗∗ 2.19
(0.055)

∗∗∗ 2.29
(0.138)

∗∗∗ 3.59
(0.159)

∗∗∗ 2.90
(0.074)

∗∗∗

adjusted R2 0.13 0.12 0.18 0.05 0.05 0.04

OBS 4, 994 4, 994 1, 767 644 364 2, 219

Note : dummy = 1 if a country i’s currency is pegging to country j́’s currency

denominated in each country’s currency and pays off one unit of currency that they are issued

in at next period. Therefore, the market is incomplete in the baseline model. Monetary

authorities set nominal interest rates one period ahead.

1.3.1 Households

The representative agent in the home country maximizes her expected lifetime utility.

maxEt

∞∑
s=0

βs

(
C1−γ
t+s

1− γ
− ψ

L1+η
t+s

1 + η

)
(1.4)

Ct and Lt are consumption and labor, respectively. γ is the risk aversion coefficient

and β is the discount factor with η, ψ > 0. The home agent consumes composite goods

consisting of domestic and foreign produced goods (CH,t, CF,t, respectively). θ is the elasticity

of substitution between home and foreign goods. Domestic goods are aggregates of individual
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goods (CH,t(i)), and φ is the elasticity of substitution between individual goods. We assume

home bias in consumption (a ≥ 1/2) to allow fluctuation in real exchange rates. Then,

aggregate consumption, domestic and foreign goods can be defined as equation (1.5) and

(1.6).

Ct =
(
a

1
θC

θ−1
θ

H,t + (1− a)
1
θC

θ−1
θ

F,t

) θ
θ−1

,
1

2
≤ a < 1 (1.5)

CH,t =

((
1

a

) 1
φ
∫ 1/2

0

CH,t(i)
φ−1
φ di

) φ
φ−1

, CF,t =

((
1

1− a

) 1
φ
∫ 1

1/2

CF,t(i)
φ−1
φ di

) φ
φ−1

(1.6)

At time t, home agents’ nominal income include labor income (wtLt), profits (PtΠt) from

the production and the payoff from bond portfolio (BH
t−1 + StB

F
t−1) chosen in the previous

period. Nominal bonds are denominated in each country’s currency and pays off one unit

of currency that they are issued in the next period. There is a lump-sum tax (Tt) from

the government. Home agents decide how much they consume (Ct) and invest in home and

foreign nominal bonds (BH
t , B

F
t , respectively). Qt and Q∗t are the nominal prices of home

and foreign bond (at local currency), respectively. St is the nominal exchange rate, and an

increase in St implies depreciation of home currency.

PtCt +QtB
H
t + StQ

∗
tB

F
t = wtLt + PtΠt +BH

t−1 + StB
F
t−1 − PtTt (1.7)

The home budget constaint can be re-written in real terms as equation (1.8). The real

return from home bond is defined as rHt (= 1
Qt−1

Pt−1

Pt
), and the real return in terms of home

consumption from foreign bond is rFt (= 1
Q∗t−1

St
St−1

Pt−1

Pt
).

αHt + αFt + Ct =
wt
Pt
Lt + Πt + αHt−1r

H
t + αFt−1r

F
t − Tt (1.8)

Let Wt be the sum of home bond holding and foreign bond holding by home agents.
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Furthermore, to reduce the number of variables, let real home bond holding be αt ≡ αHt and

relative return between home and foreign bond as rx,t(≡ rHt − rFt ). Then, we can rewrite

equation (1.8) like equation (1.9). Foreign budget constraint (equation (1.10)) can be derived

in a similar way. Asterisk(*) implies foreign variable and RERt is the real exchange rate

defined as
StP ∗t
Pt

. The reason why the real exchange rate shows up in foreign budget constraint

is that W ∗
t and α∗

′
t−1 (home bond holding by foreign country) are expressed in terms of home

consumption basket, and real exchange is not constant in our model due to the assumption

of home bias in goods.

Wt + Ct = rFt Wt−1 + α
′

t−1rx,t +
wt
Pt
Lt + Πt − Tt (1.9)

W ∗
t

RERt

+ C∗t =
rFt W

∗
t−1

RERt

+
α∗
′
t−1rx,t
RERt

+
w∗t
P ∗t
L∗t + Π∗t − T ∗t (1.10)

1.3.2 Firms

Individual firms produce differentiated goods in monopolistic competition. These firms set

optimal prices (P̃H,t) to maximize discounted sum of expected profits according to equation

(1.11). Λt+s is the stochastic discount factor defined as βs
(
Ct+s
Ct

)−γ (
Pt
Pt+s

)
, and MCt+s(i)

implies the nominal marginal cost for producer i at time t+s. We assume a sticky price in

the form of Calvo pricing in which κ is the probability that producers cannot set new prices

each period. Producers adopt producer currency pricng (PCP); therefore, they do not set

separate prices for goods sold in foreign countries. The production function is linear in labor

(Yt(i) = AtLt(i)) and no physical capital8 is used for production. Productivity in log terms

follows AR(1) process (i.e.logAt = µ logAt−1 + εA,t ) where εA,t is i.i.d. process. Yt+s(i) is

the demand for goods i, which can be expressed as
[

P̃H,t
PH,t+s

]−φ
Yt+s.

8If we have physical capital in the production function, we cannot derive the analytical solution due to
the law of the motion of capital which includes the lagged state variable. However, the intuition does not
depend on the assumption of the production function.
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max
{P̃H,t}

Et

∞∑
s=0

κsΛt+s

[
P̃H,t(i)−MCt+s(i)

]
Yt+s(i) (1.11)

Optimal price (P̃H,t) can be expressed like equation (1.12), which is the product of ex-

pected marginal cost and markup. Because individual firms may not be able to adjust prices

every period due to the assumption of Calvo pricing, optimal price is forward-looking.

P̃H,t =
φ

φ− 1

Et
∑∞

s=0(κβ)sΛt+sMCt+s(i)Yt+s(i)

Et
∑∞

s=0(κβ)sΛt+sYt+s(i)
(1.12)

The producer price and the consumer price in the home country can be expressed as

equation (1.13). Because we assumed Calvo pricing with stickiness κ, it is easy to show

that producer price (PH,t) is the sum of the previous price (PH,t−1) with weight κ and of the

optimal price (P̃H,t) with weight, (1− κ). φ is the substitutability between domestic goods.

The consumer price (Pt) is the weighted sum of home and foreign producer price with weight,

a and 1− a, respectively. Similarly, the producer and the consumer price in foreign country

can be defined as equation (1.14).

PH,t =
(

(1− κ)(P̃H,t)
1−φ + κ(PH,t−1)1−φ

) 1
1−φ

, Pt =
(
a(PH,t)

1−θ + (1− a)(PF,t)
1−θ) 1

1−θ

(1.13)

P ∗F,t =
(

(1− κ)(P̃ ∗F,t)
1−φ + κ(P ∗F,t−1)1−φ

) 1
1−φ

, P ∗t =
(
a(P ∗F,t)

1−θ + (1− a)(P ∗H,t)
1−θ) 1

1−θ

(1.14)
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1.3.3 Monetary Policy

Nominal interest rate rules9 are employed to characterize exchange rate regimes. There are

three exchange regimes we consider. First is the pegged regime10 in which the home country’s

currency is pegged to a foreign country’s currency, allowing temporary deviation from the

target. Second is the free floating regime in which interest rate rules do not consider exchange

rates. Third is the managed exchange regime in which a country’s policy rule considers

exchange rates, inflation and output at the same time.

Pegged regime

The foreign country follows the Taylor rule in reacting to producer price inflation11 and out-

put gap, whereas home currency is pegged to foreign currency, allowing temporary fluctuation

from the target exchange rate (S). Home and foreign bonds are not perfect substitutes de-

spite pegging due to a temporary nominal shock (mH
t ) to a home country’s interest rate.

The coefficient on the exchange rate (ρs) must be greater than zero for equilibrium to exist,

and the coefficient on inflation (ρFπ ) must be greater than one to stabilize the inflation.

RH
t+1= RF

t+1

(
St

S

)ρs
exp (mH

t ), mH
t ∼ i.i.d.(0, ε2

m), ρs > 0 (1.15)

RF
t+1=

(
PF,t
PF,t−1

)ρFπ (YF,t
Y

)ρFy
exp (mF

t ), mF
t ∼ i.i.d.(0, ε2

m), ρFπ > 1, ρFy ≥ 0 (1.16)

9Refer to Benigno and Benigno (2008) for how interest rate rules can characterize exchange rate regimes.

10Pegged regime can be considered to be an approximated fixed regime in our model, and therefore, we do
not deal with fixed regime separately. Technically, there exists an indeterminacy issue under fixed regime,
and therefore, we allow small nominal shock in pegged regime to approximate fixed regime.

11If consumption price inflation is used instead of producer’s price inflation, there is an indeterminacy
problem for some specific parameter values.
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Free floating

Both home and foreign interest rate rules react to PPI inflation and output, but not to

the exchange rate. Devereux and Sutherland (2008) address the case with ρiy = 0 only and

Devereux and Sutherland (2013) vary the value of ρπ with a fixed ρy. However, I will consider

the case in which the value of ρiy varies as well.

Ri
t+1=

(
Pi,t
Pi,t−1

)ρiπ (Yi,t
Y

)ρiy
exp (mi

t), mi
t∼ i.i.d.(0, ε2

m), ρiπ > 1, ρiy ≥ 0, i = H,F

(1.17)

Managed exchange rate regime

The only difference from a free floating regime is that the home interest rate rule reacts to

the exchange rate.

RH
t+1=

(
PH,t
PH,t−1

)ρπ (YH,t
Y

)ρy ( St
St−1

)ρs
exp (mH

t ), mH
t ∼ i.i.d.(0, ε2

m) (1.18)

RF
t+1 =

(
PF,t
PF,t−1

)ρπ (YF,t
Y

)ρy
exp(mF

t ), mF
t ∼ i.i.d.(0, ε2

m) (1.19)

1.3.4 Government

Governement supplies fixed nominal bonds (B) and therefore, bond holding in the model is

driven by demand. Government collects lump-sum tax from households in case the revenue

from bond issuance cannot meet the amount of the payment to bond holders. There is no

government spending in baseline model.
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1.3.5 Aggregation

The demand for individual good i is given by Yt(i) = (PH,t(i)/PH,t)
−φYt. Therefore, firm-level

equilibirum condition implies that

AtLt(i) =

(
PH,t(i)

PH,t

)−φ
Yt (1.20)

If we sum across firms, we get

∫ 1

0

AtLt(i)di =

∫ 1

0

(
PH,t(i)

PH,t

)−φ
Ytdi (1.21)

Since aggregate labor supply has to be equal to aggregate labor demand (i.e.
∫ 1

0
Lt(i)di =

Lt), we get

Yt =
AtLt
Vt

(1.22)

where Vt ≡
∫ 1

0

(
PH,t(i)

PH,t

)−φ
di measures price dispersion. With flexible price, individual

firms’ price is always equal to aggregate domestic price (i.e.Vt = 1 ). However, there is price

dispersion12 (Vt 6= 1) since we assumed Calvo pricing in which the κ portion of firms cannot

adjust price whereas (1 − κ) portion of firms can adjust prices. It is easy to show that the

law of motion of price dispersion evolves as following.

Vt = (1− κ)π̃−φt πφt + κπφt Vt−1 (1.23)

1.3.6 Market Clearing

Equation (1.24) implies that home goods production is driven by total demand for home

goods, which is typical in a monopolistic competition setup. Total demand for home goods

consists of home demand and foreign demand. Equation (1.25) is world goods market clearing

12However, when the model is approximated at first order with zero steady state inflation, the price
dispersion index disappears, not affecting the portfolio solution.
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condition. Finally, equation (1.26) shows financial market clearing condition. We assume

non-zero bond supply (B) for each country. BH
t implies demand for home bonds by home

agents, whereas BH∗
t is demand for home bonds by foreign agents.

Yt = a

(
PH,t
Pt

)−θ
Ct + (1− a)

(
P ∗H,t
P ∗t

)−θ
C∗t (1.24)

Ct + C∗t = Yt + Y ∗t (1.25)

BH
t +BH∗

t = B(Home), BF
t +BF∗

t = B(Foreign) (1.26)

1.4 Optimal Portfolio Choice

In this section, we derive the optimal portfolio. To obtain a general understanding of how

financial assets can be used to hedge against non-financial income risk, we begin with a

general expression of the optimal portfolio choice, which is not subject to a specific exchange

rate regime. Then, we derive the optimal bonds choice under different exchange regimes

to show how hedging property of bonds differs under each regime and therefore, generates

different degrees of home bias. Thereafter, we allow equity trading in our model to observe

whether our argument still holds. We also investigate the implication of international risk

sharing and, finally, we investigate why countries with higher nominal exchange rate volatility

tend to be more home biased under a floating regime.

1.4.1 General Expression

As is well known in the literature, full risk sharing between two countries implies that the

marginal utility of one unit of currency spent by home agents must be equal to the marginal

untility of the same currency spent by foreign agents. However, full risk sharing can be

achieved only when agents have sufficient means to hedge against shocks. Because the
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market is incomplete in our baseline model, full risk sharing cannot always be achieved.

Therefore, relative consumption risk can be measured as the difference between the marginal

utility of home and foreign country. Furthermore, we need to consider the real exchange rate

because consumption baskets between home and foreign agents can be different due to the

home bias in goods.

Relative consumption adjusted by real exchange rate can be derived by combining home

and foreign budget constraint, Euler equations and transversality condition of financial

wealth. Equation (1.27)13 tells us that relative consumption is affected by the discounted

sum of relative future non-financial income, real exchange rate and asset holding (α). Ex

post different realization of shocks across two countries will yield non-financial (labor) in-

come difference, making relative consumption riskier. Without asset holding (α = 0), there

is no way to offset the effect of shocks on relative consumption. However, a properly chosen

portfolio can partly offset the effects of shocks on relative consumption.

ĉt − ĉ∗t −
1

γ
r̂ert =

(1− β)

β
ŵR

t−1 + (1− β)(2α−B) r̂x,t︸︷︷︸
≡rHt −rFt

(1.27)

+(1− β)Et

 ∞∑
j=0

βj

(ŷt+j − ŷ∗t+j + τ̂ t+j)︸ ︷︷ ︸
non-financial income

+ (1− 1

γ
− (1− β)B

β
) r̂ert+j︸ ︷︷ ︸
real exchange rate




Devereux and Sutherland (2009) show that the optimal portfolio condition implies that

relative consumption and relative return must be orthogonal as equation (1.28).

Et−1

[
(ĉt − ĉ∗t −

1

γ
r̂ert)rx,t

]
= 0 (1.28)

Equation (1.27) and (1.28) together imply the general expression of the optimal home

13hat(̂·) variables imply the log deviation from steady state value.
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bond holding (α) as equation (1.29)14.

α =
B

2︸︷︷︸
pure diversification

− 1

2

Covt−1(Λt − Et−1Λt, rx,t)

V art−1(rx,t)︸ ︷︷ ︸
non-financial income hedging

− 1

2

[
1− 1

γ
− (1− β)B

β

]
Covt−1(Ωt − Et−1Ωt, rx,t)

V art−1(rx,t)︸ ︷︷ ︸
real exchange rate hedging

(1.29)

We can express optimal bond holding as the combination of three parts. First, pure

diversification part implies that home agents have to hold exactly half of home bonds’ supply.

This can be understood as the case where both countries fully share each country’s risk when

returns are uncorrelated. Second term is related to non-financial income hedging. Λt is

defined as the discounted sum of current and future relative non-financial income (adjusted

by terms of trade) i.e.,
∑∞

j=0 β
j
[
(ŷt+j − ŷ∗t+j) + τ̂ t+j

]
. If the relative home bond return

(rx,t ≡ rH,t− rF,t) is negatively correlated with the unexpected relative non-financial income

(Λt − Et−1Λt), holding home bonds provides hedging against non-financial income because

it pays when labor income is low. Therefore, home agents have an incentive to hold home

bonds instead of foreign bonds if the correlation is negative. The third term is related to

hedging against a real exchange rate. Ωt is defined as the discounted sum of the current and

future exchange rate (
∑∞

j=0 β
j r̂ert+j). If holding a home bond pays when the real exchange

rate appreciates, holding a home bond provides hedging against the real exchange rate.

The conditional variance of the relative asset return (V art−1(rx,t)) is related to the hedging

effectiveness of assets. A higher conditional variance implies that the asset is more effective

in hedging. (i.e., fewer holdings are sufficient to hedge against the same amount of risk).

As pointed out by Devereux and Sutherland (2013), equation (1.29) is not a closed form

solution because the variance and covariance expression on the right hand side also depends

on optimal asset holding (α). In a simple endowment economy in which the labor income

and the exchange rate is independent from asset holding, we can use equation (1.29) to

14Refer to the appendix for derivation.
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obtain a solution. To solve for the optimal portfolio, we apply the Devereux and Sutherland

method. First, we approximate equilibrium variables at first order and express those in a

state space form as equation (1.30) and (1.31). The main variables in our interest include

excess return (r̂x,t) and risk sharing condition (ĉt − ĉ∗t − r̂ert
γ

). Because the excess return is

i.i.d variable, we do not have exogenous (xt−1) and endogenous state variable (st) in state

space representation. ξt+1 is defined as α̃
′
r̂x,t+1 and treated as i.i.d. shock temporarily.

r̂x,t = R1ξt +R2εt +O(ε2) (1.30)

ĉt − ĉ∗t −
r̂ert
γ

= D1ξt +D2εt +D3

 xt−1

st

+O(ε2) (1.31)

Then, using the optimal portfolio condition (1.28), the optimal portfolio holding can be

constructed using R1, R2, D1, D2 and covariance matrix of shocks (Σ). D3 is not used in

deriving optimal portfolio because xt−1 and st are already known at the time of portfolio

decision and therefore, irrelevant in hedging. The equilibrium portfolio holding (α̃) can be

expressed as (1.32)15

α̃ =
α

βY
=
[
R2ΣD

′

2R
′

1 −D1R2ΣR
′

2

]−1

R2ΣD
′

2 (1.32)

1.4.2 Pegged Regime

Interest rate rules modified from Benigno and Benigno (2008) are employed to characterize

exchange rate regimes. Assume that the foreign interest rate rule follows the Taylor rule

stabilizing producer price inflation and the output gap and that the home currency is pegged

to the foreign currency, allowing temporary fluctuation from the target exchange rate (S).

The interest rate rules of home and foreign country can be expressed as equation (1.33)

15Refer to Devereux and Sutherland (2009) for detail
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and (1.34), respectively. mH
t can be interpreted as a shock to the exchange rate to which

monetary authority cannot (or do not) react in real time. Benigno and Benigno (2008) show

that ρs must be greater than zero for the existence of the equilibrium.

RH
t+1= RF

t+1

(
St

S

)ρs
exp (mH

t ), mH
t ∼ i.i.d.(0, ε2

m), ρs > 0 (1.33)

RF
t+1=

(
PF,t
PF,t−1

)ρFπ (YF,t
Y

)ρFy
exp (mF

t ), mF
t ∼ i.i.d.(0, ε2

m), ρFπ > 1, ρFy ≥ 0 (1.34)

In this setup, the relative variables between home and foreign countries are not affected

by foreign nominal shock (mF
t ) due to the one to one transmission of mF

t to the home country.

The unexpected exchange rate change is solely the function of home nominal shock (mH
t )

(Equation (1.35)). Because the relative return between the home and foreign nominal bond is

unexpected exchange rate appreciation of the home currency, this implies that international

bond position can only be used to hedge against nominal shock.

St − Et−1St = −(rHt − rFt ) = − 1

1 + ρs
mH
t (1.35)

Without international bond position, in response to mH
t shock, relative consumption

decreases, whereas the relative return from the portfolio with a long position in a home bond

and a short position in a foreign bond pays a positive return. Therefore, it is optimal to take

a long position in home bond (i.e., home bias in bonds). In equilibirum, mH
t is completely

hedged, whereas productivity shocks are not hedged at all. Optimal home bond holding

under pegged regime can be expressed as (1.36).

αpeggedHH ' B

2︸︷︷︸
pure diversification

+ (1− a)

[
(2aθ − 1)− 2a− 1

γ

]
︸ ︷︷ ︸

>0 : home bias due to mHt

(1.36)
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In equilibrium, there is home bias in bonds purely to hedge against nominal exchange rate

risk (mH
t ). Bond holding is not dependent on foreign country’s policy stance and the exchange

rate feedback coefficient (ρs) as long as ρs > 0, and the commitment is credible. In summary,

the international bond position cannot hedge against real shocks when the exchange rate is

pegged, because the relative return (i.e., unexpected exchange rate movement) does not

respond to relative real shocks.

1.4.3 Floating Regime

Under free floating regime, I assume that both home and foreign monetary authorities do

not react to the exchange rate, but stabilize PPI inflation and the output gap. Then,

each country’s nominal short-term interest rate rules can be expressed as equation (1.37)16.

Interest rates are also subject to nominal shocks (mi
t).

Ri
t+1=

(
Pi,t
Pi,t−1

)ρiπ (Yi,t
Y

)ρiy
exp (mi

t), mi
t∼ i.i.d.(0, ε2

m), ρiπ > 1, ρiy ≥ 0, i = H,F

(1.37)

In contrast to a pegged regime, exchange rate dynamics are affected not only by nominal

shocks but also by real shocks from each country. Suppose that there is a negative home

productivity shock. A relative increase in home country’s PPI inflation due to a negative

home productivity shock makes the future return of a home nominal bond higher than the

return of a foreign bond, when a monetary authority attempts to stabilize inflation. This

behavior implies the contemporaneous appreciation of home currency because the expected

currency return must be positive when no arbitrage condition holds. Given that payoff

from the long position in home bonds with a short position in foreign bonds is equal to the

unexpected appreciation of the home currency, a bond portfolio provides a hedge against

productivity shocks because the relative consumption decrease in response to a negative

16We assume that target PPI inflation is zero, and the potential output is constant
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productivity shock. In addition, it is easy to show that the long position in home bonds

also provides hedging against nominal shocks as in a pegged regime case. Therefore, there

is a home bias in bonds under a floating regime (i.e., holding home bond beyond pure

diversification motive). However, it does not mean full home bias because the optimal

holding will also depend on how effective each asset is and markets must clear.

Under a floating regime, exchange rate dynamics are affected by real shocks when short-

term interest rate rules react to real shocks. This can occur in two channels. First, if

monetary authorities respond to the output gap (ρiy 6= 0), short-term nominal interest rate

is directly affected by real shocks. Second, when prices are sticky, real shocks can affect

the nominal interest rate though PPI inflation even when ρiy = 0. The sticker prices are,

the more real shocks affect nominal interest rates through inflation. Countries may place

different emphasis on PPI inflation and output gap; therefore, which channel will be more

dominant will differ across countries. However, what is important is that real shocks affect

nominal interest rates whether this occurs through a policy stance coefficient coefficient (ρiy)

or PPI inflation under a free floating regime17.

Equation (1.38) is the expression18 for the optimal home bond holding by home agents. As

previously discussed above, there is home bias in bonds due to a hedging motive. In contrast

to an optimal bond holding under a pegged regime, the bias depends on the policy stance

(ρπ, ρy) in Taylor rules and depends on the variance of each shocks (σ2
a, σ

2
m). The reason why

variances of each shock appear is due to the assumption of an incomplete market. Because

agents have a limited menu of assets with a larger set of shocks (i.e., 2 assets and 4 shocks),

they must consider the relative importance of shocks, which corresponds to the magnitude

of each shock19.

17We assume ρiy = 0 to maintain a simple analytical solution simple. We will investigate the case when

ρiy 6= 0 at the end of this sub-section.

18Assumed a = 1/2, µ = 1, ρy = 0 for simplification

19In complete markets, variances will not show up because all shocks can be hedged completely.
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αfloating
HH ' 20B

2
+

(θ − 1) [(1 + λρπ)2σ2
a + (1− β)(γ(θ − 1)(λ+ β) + λ+ 1)σ2

m]

2(1− β) [(1 + λρπ)2σ2
a + [γ(θ − 1)(λ+ β)(λ+ 1) + (λ+ 1)2]σ2

m]︸ ︷︷ ︸
>0

(1.38)

In previous section, we showed that there is home bias in bonds under a pegged regime as

well. However, home agents tend to hold more home bonds under a free floating regime than

under a pegged regime. First, nominal bonds are more versatile than under a pegged regime

in that nominal bonds can be used to hedge against real shocks in addition to nominal shocks.

Second, nominal bonds under a floating regime is less effective in hedging against nominal

shocks than under a pegged regime because interest rates under a free floating regime are

affected by real shocks. These two reasons together cause home agents to hold more home

bonds than under a pegged regime.

varfloating
t−1 (St) > varpegging

t−1 (St) (1.39)

αfloating
HH > αpegging

HH (1.40)

Thus far, we assumed that monetary authority does react to inflation, solely for simplicity

(i.e., ρiy = 0). However, the monetary authority’s stance on the outputgap also greatly affects

the degree of home bias in bonds by affecting the hedging properties of nominal bonds. More

emphasis on stabilizaing output (higher ρiy) relative to inflation makes nominal bonds more

effective (i.e., more responsitve to shocks) in hedging against real shocks but makes less

effective in hedging against nominal shocks. Which effect will be dominant will depend on

the persistency of each shock. For example, in a traditional model in which real shocks are

persistent and interest shocks are temporary, real shocks matter more than nominal shocks.

Therefore, less home bias usually is optimal for a higher ρiy because nominal bonds are more

effective in hedging against real shocks for higher ρiy.

20This is an approximated analytical solution: because we assume non-zero supply of bonds, it is impossible
to derive an exact analytical solution. However, this expression is nearly quantitatively identical to a true
solution.
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1.4.4 Managed Floating Regime

Next is the case in which the home monetary authority cares about the exchange rate;

however, it also cares about inflation and the outputgap, whereas the foreign monetary

authority does not care about the exchange rate.

RH
t+1=

(
PH,t
PH,t−1

)ρπ (YH,t
Y

)ρy ( St
St−1

)ρs
exp (mH

t ), mH
t ∼ i.i.d.(0, ε2

m) (1.41)

RF
t+1 =

(
PF,t
PF,t−1

)ρπ (YF,t
Y

)ρy
exp(mF

t ), mF
t ∼ i.i.d.(0, ε2

m) (1.42)

It is very straightforward to expect more home bias in bonds than under a pegged regime

and a free floating regime (for the same parameter values of ρy and ρπ). Nominal bonds

can be used to hedge against both real and nominal shocks such as under a free floating

regime. However, monetary authorities’ asymmetric targeting cause bonds to be ineffective

in hedging; therefore, more home bond holding is required than in previous cases.

1.4.5 Equity Trading Allowed

In a previous setup with nominal bonds alone, home agents had incentive to hold more home

bonds under a free floating regime because they use nominal bonds mainly to hedge against

real shocks despite the fact that nominal bonds are not effective for hedging against real

shocks. Can we still observe more home bias under a free floating regime when equities

are traded? With equities added, bonds may be used mainly to hedge against other shocks

instead of against productive shocks under a free floating regime; therefore, bonds’ role may

be the same under the two regimes.

Equity returns in terms of the home consumption basket are defined as equation (1.43)

where ZH,t and Πt are the real price of home equity and profit, respectively. Government

spending shocks are also added to the previous model to retain an incomplete market. I
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assume that a government purchases domestic goods only, and government spending shocks

follows AR(1) process, i.e., logGt = µg logGt−1 + εg,t.

reH,t =
Πt + ZH,t
ZH,t−1

, reF,t =
Π∗t + ZF,t
ZF,t−1

RERt

RERt−1

(1.43)

Whether there is more home bias in bonds under a floating regime depends on the mon-

etary policy stance21. First, we investigate how the monetary policy stance on inflation

stabilization affects the steady state home bond holdings under a floating regime22. Suppose

that the central bank focuses more on the inflation stabilization (higher ρπ); it will affect

the home agents’ home bond holding in two channels. First, focusing more on the inflation

stabilization implies more volatile output, leading to more volatile non-financial income. To

hedge against more volatile non-financial income risk, home agents have more incentive to

hold foreign equity. However, more foreign equity position makes home agents more exposed

to shocks other than productivity shocks. To undo this negative effect from holding more for-

eign equity and to hedge against productivity shocks, more home bond holding is required

for home agents. Second, the stabilization of inflation affects the hedging effectiveness of

financial assets. Relative equity returns between home and foreign countries become less

responsive to both real and nominal shocks, whereas relative bond returns between home

and foreign countries becomes less responsive to nominal shocks and more responsive to real

shocks. Because the role of nominal bonds in the presence of equities is to undo negative

effects from holding more foreign equity and to hedge against productivity shocks as well,

more of a long position in home bonds with a short position in foreign bonds is required.

Therefore, if the central bank focuses more on the inflation stabilization, home agents have

incentive to hold more home bonds.

Next, what occurs if the central bank focuses more on output stabilization (i.e., higher

ρy)? More focus on output stabilization is similar to the case in which a central bank places

21Under a pegged regime, a foreign country’s policy stance does not affect equilibrium bond holdings.

22Refer to Devereux, Senay, and Sutherland (2013) for a similar result.
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less focus on inflation stabilization; therefore, we can expect there will be less home bias in

bonds with higher ρy. First, non-financial income is more stabilized and therefore, less need

to take more of a long position in home bonds with a short position in foreign bonds to hedge

against productivity shocks. Second, home agents have less incentive to hold foreign equity

due to more stabilized non-financial income, implying that there is less negative effect from

holding foreign equity.

Figure 1.423 compares the share of home bonds in a bond portfolio under different policy

regimes. In the case of a pegged regime, it is clear that a foreign country’s monetary policy

stance (ρπ, ρy) has no effects on an equilibrium asset holding as is the case in the previous

baseline model without equities. Any home bond share beyond pure diversification (i.e., 0.5)

is solely related to nominal shocks. We can observe that there tends to be more home bias

under a floating regime for most policy parameter values. Therefore, having equities in the

model does not change the main result from the baseline model without equities.

Figure 1.4: Home bond share in the presence of equities
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0.9, B = 1.26, σa = 0.009, σm = 0.001, σg = 0.003
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1.4.6 Implication for International Risk Sharing

The previous section showed that the exchange rate is non-neutral for asset holdings by

changing the hedging characteristics of nominal assets. This finding also has implications

for international risk sharing. When the market is incomplete, risk sharing is more limited

under a pegged regime because international bond position cannot hedge against any types

of real shocks.

For simplicity, consider the baseline model with nominal bonds alone. As a measure of

international risk sharing, we use the conditional variance of relative consumption between

home and foreign country adjusted by the real exchange rate because full risk sharing im-

plies the conditional variance is zero. Under a pegged regime, nominal shocks are completely

hedged, whereas real shock is not hedged at all because nominal bonds cannot be used to

hedge against real shocks under a pegged regime. As observed in equation (1.44), the condi-

tional variance of relative consumption under a pegged regime is affected by the variance of

productivity shock (σ2
a) only, but not by the variance of nominal shock (σ2

m). However, under

a floating regime, either real or nominal shocks are not perfectly hedged, but productivity

shocks which are the major source of relative consumption fluctuation can be partly hedged

using nominal bonds24. This argument still holds in a model with equities because any real

shocks other than productivity shocks cannot be hedged with international bond position

under a pegged regime.

V arpegged
t−1 (ĉt−ĉ∗t−

1

γ
r̂ert) =

[
(1− β)µλ [γ(1− 2aθ) + (2a− 1)]

(1− βµ)γ [γ(1− 2aθ) + 2(a− 1)] [βµ(1− µ) + µ(1 + λ)− 1]

]2

σ2
a

(1.44)

V arpegged
t−1 (ĉt − ĉ∗t −

1

γ
r̂ert) > V arfloating

t−1 (ĉt − ĉ∗t −
1

γ
r̂ert) (1.45)

24We do not show the expression of condition variance under a floating regime because it is very messy.
The variance is expressed as a weighted average of σ2

a and σ2
m.
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1.4.7 Exchange Rate Variances and Home Bias under a Floating Regime

Thus far, we have investigated how exchange rate regimes affect the degree of home bias

in bonds. In this section, we restrict our focus to a free floating regime to investigate why

countries with higher exchange rate variances tend to be more home biased. First, we need

to explain why countries are heterogeneous in the variance of nominal exchange rates. One

possibility is that countries may have different policy stances. As already shown in previous

sections, when countries focus more on inflation stabilization relative to output stabilization,

there is more home bias in bonds with a more volatile nominal exchange rate.

Another possibility is that countries are heterogeneous in the variance of underlying

shocks. Figure 1.5 shows a cross-sectional relation between exchange rate variances and GDP

growth variances (as a proxy of the volatility of real shocks) for floating regime countries. The

figure shows a positive relation, implying that the cross-sectional distribution of exchange

rate variances may be driven by real shocks.

Figure 1.5: The variances of nominal exchange rate and GDP growth rates (1999 - 2013)
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Holding other variances of underlying shocks fixed25, we vary the variances of each shock

to understand how different levels of underlying shock affects the home bias in bonds. Figure

1.6 shows that, the higher variance of real shocks, the stronger home bias is, whereas the

variance of the interest rate shock is negatively related to home bias. This finding implies

that the positive relation between the variance of the nominal exchange rate and the degree

of home bias under a floating regime is more related to real shocks rather than nominal

shocks. This result emphasizes that domestic bond holding under a floating regime is more

driven by real shocks, whereas real shocks play a minimal role in bond holdings under a

pegged regime which we previously showed.

1.5 Conclusion

In this chapter, I investigated how monetary policy frameworks can affect optimal domestic

bond demands in two-country DSGE frameworks. First, I showed that the hedging charac-

teristics of nominal bonds are fundamentally different across exchange rate regimes, implying

the non-neutrality of exchange rate regimes for asset holdings. Agents under a floating regime

tend to hold more home bonds to hedge against both real and nominal shocks, whereas home

bias in bonds under a pegged regime is disconnected from real shocks. Second, I showed that

the positive relation between the volatility of the nominal exchange rates and the degree of

home bias under a floating regime is driven by real shocks, which re-emphasizes the heteroge-

neous role of nominal bonds across exchange rate regimes. Consequently, international risk

sharing in an incomplete market is more limited when a country adopts a pegged regime,

due to the restricted role of nominal bonds.

25Default variances of productivity shock, interest rate shock and government spending shock are
(0.009)2, (0.001)2, (0.003)2, respectively
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Figure 1.6: The effect of each shock’s variances on bond home bias
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Chapter 2

GLOBAL RISK AND INTERNATIONAL EQUITY
PORTFOLIO REBALANCING

2.1 Introduction

Foreign equity portfolio investment has accounted for a growing proportion of cross-border

capital flows in the last couple of decades. With its critical effect on the dynamics of host

equity markets and more broadly domestic investment activities, understanding forces that

influence the country allocation decision of foreign investors becomes an important research

topic in international finance. While recent works, notably Hau and Rey (2004, 2006, 2008)

and Curcuru et al. (2011, 2014), find that U.S. investors actively reallocate1 away from eq-

uity markets that recently performed well, a motive behind this rebalancing action has been

controversial and still remains an open question in the literature. In this chapter, we ask two

questions: First, what is the dominant risk factor in driving portfolio rebalancing for interna-

tional equity fund managers? Hau and Rey (2006, 2008) emphasize stabilizing international

portfolio holders’ exposure to foreign exchange risk. Under a two-country (home and foreign)

framework, when a foreign share of international portfolios gains in value, the exchange rate

risk associated with the higher foreign share inevitably rises if not rebalanced. However, the

international portfolio risk also involves unexpected return changes in the underlying equity

markets. We first examine if portfolio rebalancing is motivated by the risk of total return, the

combination of the equity return evaluated in a local currency and the exchange rate return.

Then, we test if the rebalancing action is driven mainly by currency risk or by local equity

market risk. Second, how do the local market return’s correlations with the global market

1Regarding the rebalancing action in practice, risk-averse fund managers (or investors) reallocate away
from a market whose relative weight in their portfolio deviates from a target allocation by a certain
pre-specified threshold level, or on a regular basis, simply once every six or twelve months.
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affect the equity portfolio rebalancing behavior? Financial market liberalization around the

world has enabled investors to have an easy access to foreign markets but it has also made

local markets more vulnerable to external shocks. Depending on the underlying equity mar-

ket return’s co-movement with the global return, which is heterogeneous across countries,

we would expect to see very different reactions of the fund managers to local equity market

innovations.

Earlier research, based on the bilateral capital flows data, documented that U.S. investors

chase returns instead of rebalancing their foreign portfolios invested in OECD countries

(Bohn and Tesar, 1996; Brennan and Cao, 1997)2. However, recent portfolio-holdings data

approach predominantly reports the opposite results: portfolio rebalancing characterizes U.S.

residents’ international investment strategies (Hau and Rey, 2004, 2006, 2008; Curcuru et al.,

2011, 2014)3. Hau and Rey (2006, 2008)’s currency risk rebalancing hypothesis, however,

does not always get empirical support. Gyntelberg et al. (2014) use stock market and

foreign exchange data from Thailand and document the presence of portfolio rebalancing by

nonresident investors in the Thai equity market when the local market outperforms relative

to a reference market. However, they find no evidence that such rebalancing is driven by

exchange rate fluctuations. Moreover, Ülkü and Karpova (2014) document that foreign

investors from non-Eurozone countries do not necessarily rebalance more to local equity

market return shocks in Greece than European investors.4

2Empirical analysis based on the bilateral capital flows data may suffer from an inference problem asso-
ciated with the wealth effect and reserve causality. Detail discussions regarding these issues are provided
in section 2.2.1.

3The same strategy, however, does not always characterize foreign equity investments. For example, Cha-
ban (2009) looks at three commodity-exporting countries (Australia, Canada and New Zealand) and finds
that the correlation between the equity return and currency return is not as strong as non-commodity-
dependent countries, suggesting a weaker portfolio rebalancing motive for commodity-producing countries.
The reason provided in the paper is that when the equity prices rise in the U.S. due to the high income
shock, commodity prices as well as equity prices in commodity-exporting countries increase as well, reduc-
ing the need to rebalance globally-diversified portfolios.

4The determinants of portfolio rebalancing at the household-level are also discussed in Calvet et al. (2009).
They find more active rebalancing behavior from sophisticated households in Sweden characterized by
holding higher levels of education and wealth with better diversified portfolios.
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While rebalancing may provide an efficient way for international investors to adjust their

asset allocation in case a future adverse shock raises risk exposure of their portfolio, it may

hurt their overall returns by selling winners and buying losers. In light of this concern,

Curcuru et al. (2011, 2014) argue that the rebalancing may be a result of the tactical

allocation that is determined by a returns-seeking preference rather than by risk-mitigating;

U.S. investors sell off equities that recently exhibited high returns and subsequently buy

equities just before their strong performance. The mean-reverting behavior of the equity

returns is the key assumption of the Curcuru et al. (2011, 2014)’s results, implying that the

equity returns should be predictable to take advantage of the returns-seeking strategy.

As seen from the literature summarized above, there is no consensus regarding the main

rebalancing motive of the international investors. Indeed, the empirical results in the liter-

ature seem to be sensitive to the characteristics of data (aggregate vs. micro-level), choice

of sample countries and periods, and underlying assumptions of asset returns5. In addition,

the standard approach in the literature focuses on the country-specific dynamics of asset

returns or risks and ignores the global common factors that may have an asymmetric effect

on underlying equity markets. With the greater globalization in goods and capital markets

and increasing volume of equity trading, stock returns exhibit a high degree of co-movement

worldwide, indicating that the portfolio risk may come not only from the local equity market

but also from its link with the global market.

The main goal of this chapter is to provide a finer understanding of international equity

fund managers’ portfolio management and the motives behind their actions6. To this end,

we employ the fund-level micro data that come from Emerging Portfolio Fund Research

5While we do not test this explicitly in this chapter, the extent to which investors rebalance their foreign
portfolios may also depend on their risk preferences. In general, risk-averse investors are more likely to
engage in rebalancing strategies than risk-tolerant investors because they are more sensitive to the expected
risk of their portfolios.

6We focus on the risk channel rather than the return-seeking channel as a rebalancing motive because we
do not find strong evidence for the equity return predictability in our sample. The estimated autoregressive
coefficients for total returns are significant in less than a half of our sample countries. Excluding the recent
global crisis periods (2008-09), we find that the AR(1) coefficients remain significant in less than a third
of our sample countries. See Table A1 in Appendix for details.



35

(EPFR) database. The database tracks country allocation information of equity mutual

funds domiciled mostly in advanced countries over the period 1998-2012. Unlike most stud-

ies in the literature that focus on the advanced country investor’s asset holdings in a small

number of OECD countries for a relatively short-time period, we use comprehensive inter-

national portfolio holdings data; the EPFR data set contains broad geographic coverage of

equity investment destinations and investor domiciles around the world and over long time

periods7.

Taking advantage of the microstructure data, our analysis proceeds as follows: First, we

measure a time-varying equity market variance shock and use it to test a risk-rebalancing

hypothesis. We consider the rebalancing action not just between home and foreign countries

but also between foreign countries. This is plausible with the rich portfolio allocation data

set which gives us information about capital flows across various country-pairs. Second,

instead of relying on the survey evidence of Levich et al. (1999) that the unhedged foreign

exchange exposure of portfolio investments is a main motive behind international equity

portfolio rebalancing as in Hau and Rey (2006), we directly test this exchange rate driven

risk-rebalancing hypothesis using the Eurozone funds’ allocation information. If the foreign

exchange risk hedging is behind fund managers’ rebalancing strategy, we would expect to

observe a more negative response of Eurozone investors’ portfolio holdings to the stock market

shocks in non-Eurozone areas than in Eurozone areas. Lastly, we provide new empirical

evidence on how the correlation of the local equity return with the global return affects

rebalancing decisions. To explore the theoretical implications, we also present a simple

mean-variance portfolio balance model in section 2.4 whose prediction is consistent with the

main empirical findings on the effect of global risk.

Our results confirm risk-rebalancing behavior of international equity fund managers and

demonstrate the importance of underlying equity market risk, rather than exchange rate

7Note that EPFR Global database includes over 1100 international equity mutual funds that invest in
over 120 countries around the world. However, the required data screening process, described in section
2.2.1, leaves 799 equity funds with 43 investment destination countries in our sample.
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risk, as a main motive behind the portfolio rebalancing action, corroborating the earlier

empirical findings (Gyntelberg et al., 2014; Ülkü and Karpova, 2014). This is not surprising

as volatility of equity returns is almost always bigger than that of currency returns across

countries and the risk-averse investor’s hedging motive is more sensitive to the higher risk. In

addition, global fund managers tend to show a higher degree of rebalancing in equity markets

that exhibit a stronger correlation with the global market. This result helps understand why

the rebalancing coefficient associated with the United Kingdom’s excess equity return is

significantly high although the level of equity risk is fairly low in the United Kingdom. This

is due in part to the common shock in the form of correlation with the global return which

adds to overall portfolio risk of the fund manager. Intuitively, equity markets that are more

sensitive to global factors are considered riskier due to reduced diversification benefits of the

fund managers, a majority of which reside in advanced countries.

The rest of this chapter is organized as follows. Section 2.2 describes the data and the

empirical model specification. Section 2.3 reports and discusses empirical results. Section

2.4 presents brief theoretical interpretations of main results using a mean-variance portfolio

balance model. Section 2.5 concludes this chapter.

2.2 Empirical Methodology

2.2.1 Data and sources

This chapter employs a micro-level data set provided by the Emerging Portfolio Fund Re-

search (EPFR) Global database, which collected country allocation information directly from

fund managers or administrators of 799 international equity mutual funds over the period

from January, 1998 to December, 2012. The EPFR database reports each fund’s total net as-

sets (TNA) denominated in U.S. dollars, country allocation weights as a percentage share of

the fund assets and funds’ portfolio returns8. The latter two sources are used in our empirical

8Total net assets in our sample amount to 624 billion US dollars as of the end of 2012, approximately
2.4% of the worldwide mutual fund total net assets of 26 trillion US dollars. Source: 2013 Investment
Company Fact Book, ICI. As for another evidence of the representativeness of our data, Jotikasthira et
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analysis. The database also provides information about fund domiciles that are primarily

located in advanced market jurisdictions including United States, United Kingdom, and the

EU area. Funds are different in investment scopes and are sorted by the market segments as

shown in Table 2.1. For example, 142 funds from all domiciles invest more than 95% of their

portfolio in Asia, primarily in China and India. The table also shows the US dollar value of

total net assets at the end of our sample period9.

Table 2.1: Number of equity funds and their total net assets by target region, 1998-2012

Target region # of funds Total net assets in Dec., 2012

Asia excluding Japan 142 72

BRIC 15 10

Emerging Europe, Middle East,

Africa

98 14

Europe 139 74

Global 160 226

Global Emerging 153 196

Latin America 58 22

Pacific 34 10

Total 799 624 billion US dollars

Source: Emerging Portfolio Fund Research; Note: Europe, Global and Pacific include both developed

and emerging markets while all other regions include emerging markets only. Europe funds invest most

of their assets in Germany and U.K., Global funds mostly in the U.S., U.K., Japan and Germany, Global

Emerging funds mostly in Brazil, China, India, and Russia, Latin America funds mostly in Brazil, and

Pacific funds mostly in Japan, China, and India.

al. (2012) confirm similar patterns for portfolio flows data provided by EPFR and the data on the net
foreign transactions of U.S. investors reported in the Treasury International Capital System (TIC) by the
U.S. Treasury department.

9EPFR data have also been used by Broner et al. (2006), Forbes et al. (2016), Fratzscher (2012), Gelos
and Wei (2005), Jotikasthira et al. (2012), Raddatz and Schmukler (2012), and Wei et al. (2010), but
they address different questions from ours.
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In order for our empirical results to be immune to the outliers or inconsistency resulting

from the emergence or disappearance of funds during the sample period, we drop funds whose

total number of observations is less than 12 months. Moreover, small funds whose initial net

asset value is less than 15 million U.S. dollars are also excluded as they often report the data

at less frequent intervals. Applying these data screening procedures leaves 23 developed and

20 emerging countries of portfolio investment recipients in our sample. All the major equity

markets around the world are included in our sample and therefore our empirical results are

unlikely to be sensitive to the data screening procedure. Table 2.2 lists a full set of countries.

Table 2.2: Investment host countries in the sample

Region Developed markets Emerging markets

Americas Canada, United States Brazil, Chile, Colombia,

Mexico, Peru

Europe, Middle East

& Africa

Austria, Belgium, Denmark, Fin-

land, France, Germany, Ireland,

Israel, Italy, Netherlands, Nor-

way, Portugal, Spain, Sweden,

Switzerland, United Kingdom

Czech Republic, Greece,

Hungary, Poland, Russia,

South Africa, Turkey

Asia & Pacific Australia, Hong Kong, Japan,

New Zealand, Singapore

China, India, Indonesia,

Korea, Malaysia, Philip-

pines, Taiwan, Thailand

Note: Countries are sorted based on the 2015 MSCI (Morgan Stanley Capital International) market

classification

The data for the equity market returns in both daily and monthly frequency for each

country, region and world are from MSCI index. Country j’s return rjt is defined as rjt =

ln(
MSCIjt
MSCIjt−1

). The daily spot exchange rates are from Bloomberg and these are recorded

in the way that a higher exchange rate means the local currency appreciation against the
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currency of the fund domicile. In our empirical procedure, we use extreme caution to precisely

measure the total return from a country’s equity market because the currency return has to

reflect the exchange rates between the host country and the fund domicile. For example, the

U.S. domiciled funds’ total return from the equity investment in Germany is a combination

of euro-denominated local equity market return in Germany and the changes in exchange

rate between the U.S. and Germany in a given time period.

Our micro-level data offer a couple of identification advantages in an empirical procedure.

With bilateral flows data, it is difficult to figure out if any change in bilateral capital flow

is induced by the wealth effect or by the effect of other economic variables. For example,

a U.S. fund manager who recently experiences an increase in her wealth may distribute

the excess wealth to all assets in her portfolio but lower the share of her portfolio for a

particular country’s asset that recently performed well. By observing an increase in aggregate

capital inflows to the host country and a rise in the underlying equity market return, one

may incorrectly conclude that the U.S. investor chases returns, while a portfolio data-based

approach precisely points to portfolio rebalancing (Curcuru et al., 2011). Furthermore,

when the foreign equity return increases due to changes in either local equity prices or

currency values, the foreign share of the fund manager’s portfolio automatically rises. By

removing this valuation effect from the current period’s portfolio weight for a country, the

portfolio allocation data allow us to measure the active portfolio management that reflects

the investor’s net demand for the country’s assets. Lastly, a regression model involving

aggregate capital flows between two countries on one side and the market return differentials

on the other side may suffer from an endogeneity problem due to reverse causality. This is

not an issue with the micro-level fund’s allocation data because the direction of causality is

clear from a country’s equity market return change to the fund’s country weight change and

not vice versa.
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2.2.2 Dependent variable

In order to measure an active change in the weight of country j in a fund manager’s portfolio,

we follow Curcuru et al. (2011) and use the expression below as our dependent variable in

empirical models. Formally, the change in the fund i’s country j weight or portfolio share at

time t is defined as follows:

M wij,t = wij,t − wji,t−1

(
1 + rjt
1 + rit

)
︸ ︷︷ ︸
valuation effect

(2.1)

where rjt is the equity return in country j from period t− 1 to t; rit is fund i’s weighted

average portfolio return at time t defined as rit =
∑J

j=1wij,t−1rij,t. When country j’s equity

market outperforms fund i’s average portfolio return at time t, country j weight in fund i’s

portfolio at time t automatically rises due to the valuation effect. So, the second term in

the right-hand-side of equation 2.1 is often called a buy-and-hold weight or passive holding.

Under the passive buy-and-hold strategy, M wij,t = 0. By eliminating the valuation effect

from the observed country weight at time t, we can track a global fund manager’s active

portfolio shifting behavior.

2.2.3 Regression model specification

Fund managers are heterogeneous: They trade assets at different times. Moreover, they

have different minimum thresholds for portfolio reallocation, inducing some to rebalance

their portfolios but keeping others inactive even when exposed to the same return changes.

For this reason, our empirical procedure based on a panel dataset tries to discover the average

tendency of fund managers’ reaction to return changes and other risk factors. To empirically

test the risk-rebalancing hypothesis, we use the following panel fixed-effect regression model:

For fund i, country j and time t,

M wij,t = αij + β1 M rij,t + β2Xij,t + β3 M rij,tXij,t + uij,t (2.2)



41

where M wij,t is the active change of the portfolio weight as defined in equation 2.1; αij

controls for a time-invariant fund-country specific fixed effect; M rij,t(= rjt − rit) is country

j’s equity market return over the fund i’s portfolio average return; Xij,t is a country-specific

market risk measure that will be specified later; and uij,t is a disturbance term. Our primary

objective in the empirical analysis is to estimate and interpret the coefficients β1 and β3

from equation 2.2 in order to see the marginal effect of excess returns as follows:

∂(M wij,t| M rij,t, Xij,t)

∂ M rij,t
= β1 + β3Xij,t (2.3)

Equation 2.3 shows that the fund manager’s portfolio reallocation in response to return

changes depends on the conditional factor X. A significant and negative coefficient β1

would confirm the rebalancing hypothesis (return chasing hypothesis if β1 > 0) given X is

equal to zero, and a significant and negative β3 would signify that the higher the value of

the conditional factor X, the greater the degree of portfolio rebalancing for fund i’s equity

holdings in country j.

2.3 Estimation Results

2.3.1 Risk and reallocation

In this subsection, we test the risk-rebalancing hypothesis by looking at how the risk asso-

ciated with total return changes affects fund managers’ reallocation decisions. To measure

risk of returns, we first calculate the monthly variance of total return for each country using

the daily return data. Then, we define variance shock for each country as a deviation of the

current month’s variance from the average of past three months, generating a time-varying

variance shock of return over the sample period10. The variance of total return differs sub-

stantially across countries with the higher variance generally observed in emerging economies

than in advanced economies. For this reason, using the level of variance for each country in

10The choice of three months is arbitrary. Our results are robust to the longer periods of 6 or 12 months.
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our panel data analysis would capture a difference in income levels rather than idiosyncratic

market risks. Therefore, we employ a variance shock instead of its level as a country-specific

portfolio risk of fund managers.

In testing the rebalancing hypothesis, Hau and Rey (2008) take a two-country approach

by aggregating foreign countries into one group and assuming each fund to allocate between

two countries only, home and foreign. What’s ignored in their analysis is that fund managers

may substitute away from country j holdings towards another foreign asset instead of the

home asset. Ignoring this possibility, the simple two-country approach overemphasizes the

role of currency risk and exaggerate home bias. In this chapter, we allow portfolio shifts

between foreign countries as well:

M wij,t = αij + β1 M rij,t + β2 M rij,t M Vij,t + β3 M Vij,t + uij,t (2.4)

In equation 2.4, the relative variance shock of country j (M Vij,t) is now defined as a

deviation of the country’s variance shock Vjt(= var(rjt)− ({
∑3

k=1 var(rj,t−k)}/3)) from the

fund average variance shock Vit (=
∑J

j=1wij,t−1Vjt)
11. Likewise, M rij,t (= rjt − rit) is the

excess return of country j from the fund average return.

Table 2.3 reports the estimated coefficients of equation 2.4. Looking at columns (1) to

(3) in Table 2.3, we first observe that there is a significant and negative relationship between

the return differential and the change in portfolio share for country j; our panel regressions

confirm the rebalancing hypothesis with robust empirical evidence in both advanced and

emerging host countries. It is interesting to note that the equity holdings in advanced

economies respond more negatively to the equity market return shocks than they do in

emerging economies. In general, the risk associated with the equity and currency markets is

11Precisely speaking, the relative variance shock included in equation 2.4 should be based not on the
realized variance but on the expected variance which is then to affect a reallocation decision for country
weights at time t. However, we find that the variance is highly persistent in our monthly data (evidence
shown in Appendix A.1.) and use the variance of contemporaneous returns as a proxy for the expected
future variance in our empirical analysis.
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Table 2.3: Time varying variance shock and rebalancing

Dependent vari-

able: M wij,t

Advanced countries Emerging markets All countries (full sample)

(1) (2) (3) (4)

M rij,t -0.88∗∗∗ -0.55∗∗∗ -0.62∗∗∗ -0.61∗∗∗

(0.041) (0.021) (0.019) (0.019)

M rij,t M Vij,t -1.96∗∗∗

(0.165)

M Vij,t -0.14∗∗∗

(0.032)

F-statistics 632.95∗∗∗

Observations 229,107 333,494 562,601 559,151

Note: All specifications include fund-country fixed effects. Newey-West standard errors are reported

in parentheses. F-statistic and its significance level are reported to test the joint significance of return

coefficients and interaction terms. ∗∗∗ indicates statistical significance at 1 percent level.

lower in developed economies than in emerging economies, indicating that the idiosyncratic

market risks alone may not fully account for the higher rebalancing coefficient in column (1)

than in column (2) in Table 2.3. This is one of the reasons why we look into the impact

of global return later. Returning to the pooled sample in columns (3) and (4), we see the

greater degree of rebalancing in response to a higher variance shock in country j’s local equity

market, verifying that the rebalancing is motivated by managing the risk of asset returns.

One can look at the joint F-test between return differential and interaction terms in order to

infer the significance of the conditional impact of return differential on the portfolio weight

changes for country j. Table 2.3 shows that the p-value for the F-statistic is below 1%, and

we conclude that excess return and interaction terms are jointly significant and informative

in explaining the active portfolio reallocation.
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Estimation results in Table 2.3 emphasize portfolio rebalancing as an equity portfolio

management strategy and the role of time-varying risk on the rebalancing decision. One

thing that is impossible to infer from results in Table 3 is a distinctive role of currency risk

or equity risk in portfolio allocation. In fact, those two risk concepts are embedded in our

total return variance shock measure. Thus, the following subsection explores the total return

variance in greater detail to test the Hau and Rey (2006, 2008)’s foreign exchange risk driven

rebalancing hypothesis.

2.3.2 Is the exchange rate risk the dominant risk factor in rebalancing?

The relative variance shock in the earlier subsection was introduced as a measure of market

specific risk. If the risk matters in accounting for a negative relationship between returns and

reallocation, what kind of risk is important? Hau and Rey’s earlier works (2006, 2008) stress

exposure to foreign exchange risk as a driving force behind rebalancing between home and

foreign countries. Their argument is as follows: When a foreign country’s equity return rises,

the foreign share of the fund’s portfolio automatically increases due to the valuation effect.

This high foreign share brings greater exposure to the foreign exchange risk to risk-averse

investors and induces them to pull out their outperforming assets. By doing so, the investors

restore their original portfolio allocation, which reflects their risk preferences.

Since the total return rjt from country j’s equity market is a sum of the equity market

return evaluated at a local currency and the local currency’s appreciation rate against the

investor’s currency from time t − 1 to t, we can decompose conditional variance of excess

(total) return of country j over home country h as follows:

var(rjt − rht ) = var(sjt − sht ) + var(ejt) + 2cov(sjt − sht , ejt) (2.5)

where sjt and ejt are the realized stock and exchange rate returns of country j, respec-

tively. We assume that sjt includes both dividends and stock index changes. The United

States is chosen to be the home country for now. There are three factors determining the
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risk of excess return when investing in a foreign country over the home country. First, invest-

ing in foreign country j is riskier when there exists much fluctuation in return differentials

between home and foreign equity markets measured by the relative equity return variance

(var(sjt− sht )). Second, the exchange rate risk var(ejt) also contributes to the excess risk of

foreign country j investment. Third, the covariance cov(sjt − sht , ejt) between the stock and

exchange rate returns can either amplify or dampen the excess risk of foreign investment

depending on its sign. In general, the sign of covariance is negative in markets where the

currency return variance constitutes a relatively large share of total return variance (with

a couple of exceptions) as displayed in Figure 2.112. In a symmetric model as in Hau and

Rey (2008) where home and foreign equity returns follow exactly the same distribution, the

relative equity return variance is set to zero, leaving the variance of exchange rate return

as the only source of foreign investment uncertainty. However, as seen from Figure 2.1, the

relative equity return variance is not trivial at all and far exceeds the currency return vari-

ance in most countries. Furthermore, we observe the great variation in relative equity return

variance across countries and generally lower volatility in equity returns in the advanced

economies than emerging economies. However, we do not see such a volatility pattern from

the exchange rate returns across countries.

Although decomposing the variance of total return into equity and exchange rate com-

ponents is not a difficult task in theory, it is empirically challenging to distinguish between

the two without knowing the exact contribution of the common risk. Such decomposition is

inevitable to introduce substantial degrees of errors and bias into the linear regression analy-

sis. For this reason, we rely on a sub-sampling approach to test an exchange rate risk-driven

rebalancing hypothesis. In this exercise, we choose funds that invest in countries which

involve the exchange rate risk if different currencies are used between the fund’s domicile

and investment recipient countries and no such risk otherwise. The best candidate for this

12This negative covariance is also consistent with the empirical findings in the literature (Cappiello and
De Santis, 2005; Peltonen, 2005). Note that the exchange rate is defined as the value of local currency
against the U.S. dollar. Covariance for all countries in the graph is multiplied by two to illustrate its actual
contribution to the overall variance. Sample period covers from 1998 to 2012.



46

Figure 2.1: Variance of equity and currency returns and their covariance, 1998-2012

exercise is Eurozone funds. To test an exchange risk driven rebalancing hypothesis, we run

the following regression to see if the rebalancing coefficient is stronger in the presence of

exchange rate risk:

M wij,t = αij + β1 M rij,t + β2 M rij,t ·D + uij,t (2.6)

where M rij,t is defined as a deviation of country j’s total return from fund i’s average

return (=rjt − rit) and D is a binary variable taking the value of unity for host countries

that use currencies other than the funds’ domicile currencies.

Table 2.4 shows the estimated coefficients and from equation 2.6. As shown in the results,
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Table 2.4: Rebalancing coefficients for Eurozone funds

Dependent variable: M wij,t Eurozone funds’ allocation

M rij,t -0.61∗∗∗

(0.207)

M rij,t ·D -0.01

(0.248)

F-statistics 14.17∗∗∗

Observations 26,803

Note: D is a binary variable taking the value of unity for non-Eurozone host countries. Eurozone

host countries include Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Nether-

lands, Portugal and Spain. Fund-country fixed effect is included. Newey-West standard errors are

reported in parentheses. ∗∗∗ indicates statistical significance at 1 percent level.

we verify the rebalancing hypothesis for European fund managers. In fact, the estimated

rebalancing coefficient β1 is very close to the estimation results in columns (3) and (4) of

Table 2.3. This finding makes sense as a large fraction of our EPFR data comes from

funds located in the Eurozone area13. Next, we examine if the exchange rate risk places

an additional rebalancing motive to fund managers. The insignificant coefficient of the

interaction term M rij,t · D reflects that the Eurozone fund managers are not necessarily

more sensitive to currency risk. The currency risk may be hedged elsewhere already and

therefore it may not serve as a risk factor in portfolio reallocation decisions. Therefore,

we find no definitive evidence that rebalancing is driven by the motive of managing foreign

exchange exposure as stressed in Hau and Rey (2006, 2008)14. In other words, the underlying

equity market risk rather than currency risk may be a driving force of risk rebalancing of

international fund managers. These results are broadly consistent with the earlier empirical

13In our sample, 351 out of 799 funds are domiciled in the Eurozone area such as Germany and France.

14We also find consistent evidence from US domiciled funds whose international portfolio includes a rigid
US dollar peg country, Hong Kong.



48

findings of Gyntelberg et al. (2014) and Ülkü and Karpova (2014) in that expected exchange

rate fluctuations are not the main cause of portfolio reallocation decisions; underlying asset

market risk may play a bigger role.

2.3.3 Correlation with the global market and its impact on rebalancing

One empirical challenge to address the risk-rebalancing hypothesis comes from the fact that

the global equity market integration may obscure the exact identification of the cross-country

return differentials and their effect on the foreign investors’ portfolio allocation. In fact,

the results in Table 2.3 show that the estimated rebalancing coefficient associated with

the excess equity return in advanced economies is larger in absolute value than in emerging

economies, while the risk levels in local equity and currency markets are generally much lower

in advanced markets. This suggests that the idiosyncratic market risk alone cannot explain

the international fund managers’ portfolio shifting decisions. Hence, in this subsection, we

explore the new possibility that global risk is an important source of portfolio risk and

examine its effect on portfolio allocations.

As a preliminary step to understand whether the rebalancing coefficient is related with

global risk, we first estimate the time-varying rebalancing coefficients by a rolling regression

with a window size of 12 months over the sample period15. The patterns observed in Figure

2.216 reflect that the lower the global equity market risk, the less likely the international

investors engage in active portfolio rebalancing behavior17.

15Given that the U.S. equity market is the largest in the world and has significant spillover effect on other
countries, we use the VIX index as a proxy for the world equity market uncertainty. The VIX index is a
measure of the implied volatility of S&P 500 index options and better serves as a measure of the expected
risk. On the other hand, the variance of MSCI world return is a measure of the realized volatility of the
global return. Both implied and realized volatility measures tend to move closely together.

16Rebalancing coefficients (β1) are estimated from a rolling regression (M wij,t = αij + β1 M rij,t + uij,t )
with a window size of 12 months. For example, the estimate as of Jan. 2005 includes the data from Jan.
2005 to Dec. 2005. Accordingly, the VIX index is measured as a 12 month moving average and normalized
using the sample average.

17One concern that arises in a rolling-window regression is that the number of funds included in each
window may change over the sample period, which may cause an inference issue by observing estimation
results from an unstable sample. We also run a rolling-window regression with a balanced panel including
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Figure 2.2: Degree of rebalancing and global risk indicator

However, the degree of rebalancing may be different across countries. In order to inves-

tigate the heterogeneous effect of correlation with the global return on the host country’s

market risk, we partition investment recipient countries in our sample into three groups ac-

cording to their strength of correlation with the global equity return (MSCI world return).

Group 1 (G1) includes countries whose equity markets are most strongly correlated with the

global market while group 3 (G3) includes countries with the least correlation. Return cor-

relations are calculated recursively using monthly data from January, 1998 with initial time

coverage of 12 months and a wider range thereafter. Therefore, β1 in equation 2.7 measures

how strongly, on average, international investors respond to country j’s excess equity market

returns, and β3, β4 and β5 measure the additional degree of rebalancing conditional on the

excess return for groups 1, 2, and 3, respectively18:

121 funds and find a very close co-movement of rebalancing coefficient estimates from the unbalanced
panel (full-sample) and balanced panel. See Appendix Figure A.3.

18Whether a country is classified as one of G1, G2 or G3 at time t is determined by a recursive correlation
up to time t. Because each country’s return correlation with the global return often changes, the country
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M wij,t = αij +

(
β1 + β2Xt +

3∑
k=1

β2+kGkt

)
M rij,t + β6Xt +

3∑
k=1

β6+kGkt + uij,t (2.7)

where αij controls fund-country fixed effects and Xt is the global risk measured by the

variance of MSCI world returns.

Table 2.5 shows a clear difference in the degree of rebalancing across groups (See also

Figure B.4). As displayed in columns (1)-(2) in Table 2.5, conditional on the excess return,

global uncertainty Xt makes the degree of rebalancing larger on average, consistent with

time-series evidence in Figure 2.2. Moreover, countries have heterogeneous exposures to

global equity market conditions and we find that the degree of rebalancing is greater for a

group of countries whose equity return moves more closely with the global return. We reach

this conclusion by combining coefficient estimates of excess return and interaction terms for

each group. Indeed, countries included in group 1 (G1) are mostly advanced markets such

as Australia, Canada, Germany, the United Kingdom, and the United States. And, fund

managers in our sample, the majority of which reside in advanced economies, perceive a

strong stock market correlation of their own with the global market as an additional source

of risk. This covariance risk puts pressure on the funds’ portfolio allocation and leads to a

more sensitive rebalancing action. One of the reasons for this finding may be that the return

changes in advanced markets are strongly associated with the global factors that are easy to

access and evaluate compared to the country-specific factors.

On the other hand, markets around the world tend to fall together during the global

crisis which may also work as a common shock to every country. To control for the po-

tentially unusual market movements worldwide during the peak of recent global crisis, we

include crisis dummy variables between January 2008 and December 2009 in our alternative

specifications19. Robust results with controlling crisis dummies are presented in columns (3)

list in each group varies over time.

19The exact start and end dates of the recent crisis may be controversial. In our analysis, we consider the
years 2008- 2009 because we observe excessive volatility in equity returns during that period.
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Table 2.5: Global risk and rebalancing

Dependent variable: M wij,t (1) (2) (3) (4)

M rij,t -2.37∗∗∗ -2.27∗∗∗ -2.37∗∗∗ -2.28∗∗∗

(0.084) (0.084) (0.084) (0.084)

M rij,t ·Xt -2.64∗∗∗ -2.67∗∗∗

(0.550) (0.600)

M rij,t ·G1t 1.41∗∗∗ 1.37∗∗∗ 1.43∗∗∗ 1.37∗∗∗

(0.097) (0.098) (0.098) (0.098)

M rij,t ·G2t 1.66∗∗∗ 1.61∗∗∗ 1.66∗∗∗ 1.61∗∗∗

(0.089) (0.089) (0.089) (0.089)

M rij,t ·G3t 2.12∗∗∗ 2.08∗∗∗ 2.13∗∗∗ 2.08∗∗∗

(0.088) (0.054) (0.088) (0.088)

Xt 0.09 -0.66∗∗∗

(0.060) (0.142)

G1t -0.15∗∗∗ -0.15∗∗∗

(0.014) (0.014)

G2t -0.14∗∗∗ -0.14∗∗∗

(0.014) (0.014)

G3t -0.11∗∗∗ -0.11∗∗∗

(0.014) (0.014)

Crisis dummies No No Yes Yes

F-statistics 444.60∗∗∗ 349.02∗∗∗ 433.20∗∗∗ 350.25∗∗∗

Observations 562,601 562,601 562,601 562,601

Note: 4rij,t(= rj,t− rj,t) is country j’s excess equity market return over fund i’s portfolio average

return. Xt measures variance of MSCI world returns. Groups are classified by the degree of

correlation of local equity market with the global market. Correlations are calculated recursively

using monthly data from January, 1998 with initial time coverage of 12 months and a wider range

thereafter. G1t includes top 33% countries whose equity markets show the strongest correlation

with the global market. G2t includes countries whose correlation with the global market ranges

between 34 and 66% and G3t includes bottom 67-100% countries. Crisis time dummies control the

peak of recent global crisis periods between January, 2008 and December, 2009. All specifications

include fund-country fixed effects. Newey-West standard errors are reported in parentheses.
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and (4) in Table 2.5, where we see little change from the results without crisis controls. In

contrast to the previous regression, the global risk (Xt) is now statistically significant and

the negative sign implies that fund managers lower their portfolio holdings when the level of

global uncertainly is high. Moreover, we do a robustness check for the results in Table 2.5 by

partitioning our sample countries into four groups instead of three. A further segmentation

does not alter the main conclusion as demonstrated by the results in Appendix Table A.2.20.

In this subsection, we show that how strongly fund managers reallocate away from a

country’s equity market depends on the correlation between the local market return and

the global return. This result complements the existing literature emphasizing that global

common (or push) factors are partly responsible for cross-border capital flows (Cerutti et

al., 2014; Forbes and Warnock, 2012; Fratzscher, 2012). Lastly, the intuition behind our

empirical result is that equity markets that are more sensitive to global market conditions

are considered riskier due to reduced diversification benefits of the fund managers, a majority

of which are located in advanced countries.

2.4 Theoretical Interpretation of Empirical Results

In this section, we present a minimal model to explore the theoretical implication of the

effect of a country’s equity market correlation with the global market on the optimal asset

allocation decision. In our mean-variance portfolio balance model, a representative fund

manager holds equity mutual funds that are invested in multiple countries with uncertain

returns21.

20One could have used equity returns instead of total returns as an explanatory variable in regression. We
would get the similar results because indirect evidence in Appendix shows that correlation of total returns
with the global equity market comes mostly from the correlated equity markets other than correlated
currency markets.

21The model can be applied to a case when both equities and bonds are available as an asset class. Since
our empirical procedure is based on the equity funds data, we assume that fund managers invest only in
risky securities.
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2.4.1 Optimal portfolio weight determination

We assume that fund managers are risk-averse mean-variance investors whose utility function

takes the following quadratic form:

max
w

L = w
′
E[r]− λ

2
w
′
Σw (2.8)

s.t. w
′
I = 1 (2.9)

where w is a (J × 1) vector of country weight where wj is the jth element, E[·] is the

standard expectation operator, r is a (J × 1) vector of country asset returns in an investor’s

currency, λ is the coefficient of risk aversion, Σ is the covariance matrix of expected asset

returns, and I is a unity column vector. The constraint means all wealth is allocated in risky

securities of J countries. Setting up the Lagrangian and solving the corresponding first-order

conditions, the optimal portfolio weight for country j, which represents the investor’s optimal

allocation of wealth to each of J risky assets, is as follows:

wj =
E[rj]− E[r−j] + λ{var(r−j)− cov(rj, r−j)}
λ{var(rj) + var(r−j)− 2cov(rj, r−j)}

(2.10)

where we denote by r−j the weighted average of returns of all other countries in the fund’s

portfolio other than country j. Equation 2.10 implies that the optimal portfolio weight of

country j increases when its return is expected to be higher than the average return of other

countries or its equity market is expected to involve less risk, given other things constant. By

linking our empirical results in favor of portfolio rebalancing (i.e., excess return coefficient

β1 < 0) in the previous section with equation 2.10, we postulate that the dominating channel

for the portfolio reallocation between countries j and −j conditional on the excess return

realization is through the variance (or risk) effect rather than the return effect. In other

words, the higher expected variance of country j’s equity return induces the risk-averse fund

manager to lower her portfolio weight of the country whose equity market performs better
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than the average of other countries in her portfolio to restore the original portfolio allocation.

2.4.2 Global factor in equity returns

We now assume that country j’s total return (rj) is driven by the global common factor (G),

country-specific factor (Xj) and a shock to the country j’s equity return (εj) that is not

explained by G and Xj as follows:

rj = ajG+ bjXj + εj (2.11)

where parameters aj and bj capture a country j’s return correlation with the global

factor and country-specific factor, respectively. We exclude time subscripts for a notational

convenience. Equation 2.11 attempts to capture that total return rj is correlated across

countries due to the common factor G that has a worldwide impact. We also assume that εj

is an idiosyncratic shock and uncorrelated among each other. In order for the variable G to

fully capture the common factor across countries, Xj is assumed to be uncorrelated across

countries as well. Note that since the total return is a combination of equity and currency

returns, the global factor may have a common effect on equity or currency market (or both

markets) across countries. Nevertheless, we do not separate the total return into those two

returns in this subsection to keep our expressions simple22.

2.4.3 Effect of return correlation with the global market on portfolio allocation

If all countries are equally sensitive to a global return shock (i.e., aj = a ∀j), equation 2.10

is reduced to

22One may ask what is a dominating channel through which global factor influences the country’s total
return. Empirical evidence is hard to obtain because of the absence of global index for currencies. Never-
theless, we conjecture that it is mainly through the equity return because, on average, about 90 percent of
the correlation between a country’s total return and global return is explained by the correlation between
the underlying equity market return and global return. See Figure A.4. in Appendix for details
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(wj|aj = a ∀j) =
E[rj]− E[r−j] + λvar(r−j)

λ{var(rj) + var(r−j)}
(2.12)

where Cj = bjXj + εj from equation 2.11, which is a pure country-specific component

of equity return; and −j refers to the weighted average of all other countries in the fund’s

portfolio other than country j.

In practice, local equity returns are highly correlated with the global return and the size

of this correlation varies across countries, as reported in Table A3 in the appendix. To reflect

this observation in our model, we now allow different sensitivity (aj) to the global common

factor across countries. Then, equation 2.10 becomes

(wj|aj 6= a−j) =
(aj − a−j)E[G] + E[Cj − C−j] + λ{a−j(a−j − aj)var(G) + var(C−j)}

λ{(aj − a−j)2var(G) + var(Cj) + var(C−j)}
(2.13)

Equation 2.13 shows that the optimal portfolio allocation also depends on the degree

of a country’s return correlation with the global factor. Suppose county j’s return is more

sensitive to the global factor than that of other countries included in the fund’s portfolio,

that is, aj > a−j > 0. Since aj > a−j, global uncertainty var(G) has a stronger negative

effect on the optimal weight for country j due to the negative term, a−j(a−j − aj)var(G), in

the numerator. On the other hand, (aj−a−j)2var(G) in the denominator does not influence

the reallocation between countries j and −j because it would also appear in country −j’s

optimal weight with exactly the same magnitude and the same sign23.

Our simple model shows that the global common factor generates a heterogeneous effect

on the portfolio reallocation across countries depending on the host country’s equity market

sensitivity to the global return shocks. In particular, a fund manager has an incentive to

reallocate further away from a country whose equity market exhibits a stronger co-movement

23We focus on the variance channel here because, as mentioned earlier, the risk rebalancing requires the
variance effect outweigh the return effect in making a portfolio allocation decision.
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with the global market. This theory view is consistent with our empirical results presented

earlier.

2.5 Conclusion

The main purpose of this chapter is to provide a finer understanding of international equity

fund managers’ portfolio management and the motive behind their actions. To this end, we

examine the impact of time-varying country-specific stock market risks and the underlying

equity market return’s correlation with the world market on portfolio reallocation decisions

using the fund-level equity portfolio allocation data covering a large number of countries.

Our empirical results confirm risk-rebalancing behavior of international equity fund managers

and demonstrate the importance of the underlying equity market risk, rather than exchange

rate risk, as a main motive of portfolio rebalancing behavior. In addition, global fund

managers tend to have a higher degree of rebalancing in equity markets that are more

strongly correlated with the global market. Taken together, these results suggest the need to

look into both the local equity market risk and covariance risk arising from the underlying

market’s correlation with the global market to understand the motive behind mutual funds’

portfolio allocations.



57

Chapter 3

COMOVEMENT OF TERM PREMIA IN AN OPEN
ECONOMY

3.1 Introduction

The yield curve has been widely used for understanding real economic activities. For ex-

ample, the yield spread between ten-year Treasury bonds and three-month Treasury Bills is

known to have predictive power for U.S. recessions (Estrella and Mishkin, 1996). However,

understanding the yield curve in the general equilibrium framework has been challenging

because it is difficult to generate upward-sloping yield curve in a traditional macroeconomic

model. Rational expectation models with expected utility generate a flat yield curve1 at the

first order approximation since there is no term premium. Furthermore, rational expecta-

tion models with higher order approximation generate a downward-sloping yield curve if the

preference is non-recursive.

It is relatively easy to generate an upward-sloping yield curve in the partial equilibrium

model with an endowment economy2. The coefficients on shocks in policy function of inflation

and consumption can be set arbitrarily since there is no restriction on those coefficients.

However, when it comes to general equilibrium within a production economy, inflation and

consumption processes are fully endogenized, leading to very small yield spreads. Recent

macro-finance literature tries to fill this gap by introducing recursive preference and higher

order approximation (for example, Rudebusch and Swanson 2012). In addition, long-run

risks such as time-varying inflation targets, regime switching and growth risks are often

1For example, Kulish and Rees (2011) build small open economy model to investigate why long-term
yields are more correlated across countries than short-term yields. However, the yield curve in their model
is flat.

2See Campbell and Cochrane (1999) and Piazzesi and Schneider (2007).
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introduced to amplify results. However, those additional mechanisms are effective only with

recursive preference and higher order approximation and therefore, recursive preference with

higher order approximation can be considered as the main mechanism to generate a sizeable

term premium in general equilibrium model.

In this chapter, I expand recent macro-finance term structure model into an open economy

model to explain several stylized facts which cannot be explained in a closed economy model.

First, term premia have steadily declined globally. Figure 3.1 shows term premium estimates

generated from the affine model used in Wright (2011)3. Term premia are often understood

as the compensation for bearing risks from holding long-term bonds instead of rolling over

short-term bonds. Since ex-post real returns from nominal long-term bonds are subject to

inflation realization, inflation uncertainty is usually considered to be the most important

factor in explaining term premia. Wright (2011)’s main conclusion is that the steady decline

in global term premia is related to a global decline in inflation uncertainty. However, global

inflation has been already stabilized since 1990 and, therefore, it is likely that other factors

are also playing a role. In this chapter, I present an alternative explanation for this: increased

risk sharing can lower term premia by stabilizing consumption. To characterize different level

of risk sharing of individual econommies, I consider three models; autarky, financial autarky

with international good trading and fully open economy with international good and asset

trading.

Second, yield spreads tend to co-move across countries. Figure 3.2 shows that yield

spreads between ten-year government bonds and three-month bonds tend to move together:

the correlation coefficient of yield spreads between advanced countries after 2000 is over

0.74. Furthermore, the comovement is more prominent among countries with more economic

integration. Figure 3.3 shows that yield spreads of France is more synchronized with Germany

3Term premia are not directly observable and therefore, it has to be estimated. The estimates may be
subject to the estimation method or model. However, Wright (2011) also provides results from various
estimation methods and model-free estimates from survey, which confirm the global decline in term premia.

4U.S.-UK: 0.72, U.S.-France: 0.70, U.S.-Germany: 0.72, France-Germany: 0.83
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Figure 3.1: Global decline in term premia
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than UK5 . This implies that there are common or global factors behind the movement of

countries’ yield spreads and the common factors have heterogeneous effect on the comovement

across time and countries.

Third, term premia in addition to yield spreads tend to comove across countries as in

Figure 3.1. Yield spreads and term premia are related concepts, but they differ in that term

premia are purely risk-correlated components whereas yield spreads contain information

about expected short-term rate paths. Jotikasthira et al. (2015) empirically find that risk

compensation channels account for 42-90% of cross-country covariance of 5-year bond yields

while policy channels accounts for 10-58%. In this chapter, I show that correlated stochastic

volatility shocks together with correlated underlying shocks can explain this.

I build a two-country New Keynesian DSGE model to better understand the determinants

and the comovement of term premia in open economy framework. To generate sizeable term

5UK is more correlated with the U.S. than other Euro countries.
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Figure 3.2: Comovement of government bond yield spreads (10 year - 3 month)
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premia, it is essential to have recursive preference (i.e. the Epstein-Zin preference) in the

model. I assume a two-country model rather than a small open economy model to explore

the interaction between countries. In the baseline model, home agents can hold foreign bonds

with different maturities in addition to home bonds and, therefore, foreign assets can provide

hedging against country-specific shocks. I assume non state-contingent bonds6 whereas the

maco-finance literature usually assumes state-contingent bonds. However, in the model,

agents can achieve complete risk sharing7 between countries because there are multiple bonds

in the economy and the number of shocks is relatively smaller than the number of financial

assets. Stochastic volatilty shocks are introduced to generate time-varying term premia. It

is well-known that term premia are constant at second order approximation and therefore,

6Even in incomplete market setup in which stochastic discount factor is pinned down only with one-period
bonds, the results remains similiar.

7In a first order approximated model with constant asset holdings, agents can achieve complet risk sharing
as long as the number of assets are the same as the number of shocks. However, in higher order approx-
imated model in which portfolio holdings are time-varying, there should be additional assets to achieve
complete risk sharing. In the baseline model, there are 40 domestic bonds and 40 foreign bonds, which
are enough to achieve complete risk sharing even with higher order approximation.
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Figure 3.3: Comovement of yield spreads (10 year - 3 month) among European countries
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more than second order approximation is required to generate time-varying risk premia. I

simplify the menu of shocks by considering only productivity shocks8 and stochastic volatility

shocks in productivity. Adding other shocks such as interest rate and government spending

shocks may help to increase term premia; however, the main results do not change and the

main goal of this paper is to investigate how the degree of risk sharing and the correlation

of shocks affect term premia and comovement of term premia.

This chapter is not the first study to investigate the yield curve in an open economy setup.

Kulish and Rees (2011) study why long-term yields are more correlated across countries than

are short-term yields in a small open economy setup. However, their model has a flat yield

curve without term premia, since the model is approximated at the first order. Chin et

al. (2015) study the same topic as Kulish and Rees (2011) but in a DSGE model with term

premia. However, their model does not have sizeable term premia, since they do not introduce

recursive preference. In this chapter, we focus on different topics such as the decrease in term

8Productivity shocks are usually the most important source of term premia. See Rudebusch and Swanson
(2012) and Croce (2014).
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premia, comovement of yield spreads and term premia with recursive preference. There are

already several closed economy studies with the Epstein-Zin preference and higher order

approximation (Ferman 2011, Rudebusch and Swanson 2012, Andreasen 2012, Gourio 2012).

Gourio et al. (2013) build a two-country model with recursive preference, but they study

equity and currency risk premia in an RBC framework in which countries are actually in an

autarky.

This chapter is organized as follows. Section 3.2 presents the two-country DSGE model

with recursive preference and stochastic volatility shocks. Then, Section 3.3 discusses how

yields, term premia and yield spreads are determined in the DSGE framework. Section 3.4

presents the main results from the simulation and concluding remarks are offered in Section

3.5.

3.2 The Model

I develop a two-country New Keynesian DSGE model in which yield spreads are upward-

sloping and term premia comove across countries. Instead of standard expected utilities,

recursive preferences (Epstein-Zin, 1989) are introduced to generate sizeable term premia.

The model will use third order approximation to generate time-varying term premia. In the

baseline model9, agents in both countries can trade goods and nominal bonds with different

maturities10 internationally. Financial market is assumed to be complete11 domestically and

internationally and therefore, there is complete international risk sharing between the two

countries. For simplicity, I assume that there are only shocks related to productivity in the

model: home and foreign productivity shocks and stochastic volatiliy shocks. Other agents

in the model include final, intermediate good producers with sticky price and monetary

9We will also investigate the case of autarky and financial autarky. In these cases, financial assets are not
traded internationally.

10This is a quarterly model. Therefore, nominal bonds with maturities up to 40 periods are assumed to
exist to generate 10 year bond yield.

11We also tried incomplete market case in which stochastic discount factor is pinned down only with one-
period bond. However, the main result is similar. In addition, it may be reasonable to assume complete
market if agents can use multiple bonds with different maturities to hedge against shocks.
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authorities which set the nominal interest rate to stabilize inflation and the output gap.

3.2.1 Households

The model deviates from a standard open economy model by introducing recursive preference.

In a standard model with expected utility and rational expectation, the yield curve is either

flat12 (at first order approximation) or down-ward sloping (at higher order approximation).

Therefore, it is difficult for models with non-recursive preference to address any stylized facts

related to term premia or yield spreads.

In general, the value function of a representative home agent can take two forms as

in equation (3.1) (See Rudebusch and Swanson, 2012). With the assumption of the utility

function as in equation (3.2), the value function takes negative values globally and, therefore,

the value function in this model is defined as the second one in equation (3.1). The Epstein-

Zin coefficient, α, is related to the degree of risk aversion to an uncertain value of Vt+1 and

reflects how much agents prefer earlier resolution of uncertainty. α is jointly determined by

the risk aversion coefficient and the inverse of elasticity of intertemporal substitution (1/γ).

More specifically, α is calculated as 1 − (1 − risk aversion)/(1 − γ). When α is zero, the

value function collapses to the usual expected utility.

Vt =

{
u(Ct,Nt) + β

[
EtV

1−α
t+1

] 1
1−α if u(Ct,Nt) ≥ 0

u(Ct,Nt)− β
[
Et
(
−V 1−α

t+1

)] 1
1−α if u(Ct,Nt) ≤ 0

}
(3.1)

u(Ct,Nt) =
C1−γ
t

1− γ
− N1+ψ

t

1 + ψ
(3.2)

The budget constraint for a representative home agent can be expressed as equation

(3.3). In a financially open economy, home agents can hold both domestic and foreign

nominal bonds whereas, in the case of a financial autarky case, it is assumed that home

12For example, Kulish and Rees (2011) investigate why long-term yields are more correlated across countries
than short-term yields. However, the yield curve in their model is flat.
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agents cannot hold foreign bonds. B
(τ)
t is the amount of home bond of maturity τ held by

home agents and B
(τ)∗
t is the foreign bond of maturity τ held by home agents. Q

(τ)
t is the

nominal price of home bond of maturity τ at time t and St is the nominal exchange rate.

Q
(0)
t and Q

(0)∗
t are the price of home and foreign bonds with zero maturity and are equal to

1 since nominal bonds pay off 1 unit of local currency at maturity. The maximum maturity

of bonds, T , is assumed to be 40, which implies a 10-year bond. It is the investment13 in

capital defined as Kt+1 − (1− δ)Kt with δ implying the depreciation rate.

Ct+It+
T∑
τ=1

Q
(τ)
t B

(τ)
t

Pt
+

T∑
τ=1

StQ
(τ)∗
t B

(τ)∗
t

Pt
= Y t+

T∑
τ=1

Q
(τ−1)
t B

(τ)
t−1

Pt
+

T∑
τ=1

StQ
(τ−1)∗
t B

(τ)∗
t−1

Pt
(3.3)

The home consumption basket is the CES aggregate of domestic and foreign produced

goods (CH,t, CF,t, respectively) with the degree of home bias, a. φ is the elasticity of the

substitution between home and foreign goods.

Ct =

(
a

1
φC

φ−1
φ

H,t + (1− a)
1
φC

φ−1
φ

F,t

) φ
φ−1

,
1

2
≤ a < 1 (3.4)

All goods are assumed to be tradable. Therefore, when both home and foreign agents

allocate resources optimally, the demand for home and foreign final goods by the home agent

is determined as in equation (3.5) in which PH,t and PF,t are the price for domestic and

foreign final goods at home currency, respectively.

CH,t = a

(
PH,t
Pt

)−φ
Ct (3.5)

CF,t = (1− a)

(
PF,t
Pt

)−φ
Ct

13I assume there is no adjustment cost in capital for simplicity. The assumption has little effect on the
result.
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The price of a unit of consumption basket (CPI) of home and foreign country is deter-

mined as

Pt =
[
aP 1−φ

H,t + (1− a)P 1−φ
F,t

] 1
1−φ

(3.6)

P ∗t =
[
aP ∗1−φF,t + (1− a)P ∗1−φH,t

] 1
1−φ

(3.7)

3.2.2 Producers

There are two types of producers in each country: intermediate good producers and a final

good producer. Intermediate good producers (i) produce differentiated intermediate goods

in monopolistic competition to maximize the discounted sum of expected profits (equation

(3.8)). The stochastic discount factor (Mt+j) in the model with recursive preference has the

additional term (
[
Vt+1/(EtV

1−α
t+1 )

]−α
), compared to standard SDF. It depends not only on the

marginal utility growth but also on risk aversion to Vt+1. The Rotemberg price adjustment

cost

(
ξ
2

(
Pt+j(i)

Pt+j−1(i)
1
πss
− 1
)2

Yt+j

)
is assumed to introduce price stickiness. Whenever an

intermediate good producer changes prices deviating from steady state inflation (πss), it

incures the adjustment cost proportional to output. The parameter, ξ, is related to the

penalty cost and governs the degree of price stickiness. It can be shown that one can map ξ

to the price stickiness in Calvo type price stickiness14. I assume Rotemberg price adjustment

cost instead of Calvo pricing, since there would be additional state variable (i.e. price

dispersion) if I assume Calvo pricing. Wt is the wage and Nt is the amount of labor used in

production.

max
Pt(i)

Et

∞∑
j=0

Mt+j

[
Pt+j(i)

Pt+j
Yt+j(i)−Wt+jNt+j(i)− rt+jKt+j(i)−

ξ

2

(
Pt+j(i)

Pt+j−1(i)

1

πss
− 1

)2

Yt+j

]
(3.8)

14ξ = ϕ(1 − θ + θλ)(λ − 1)/((1 − ϕ)(1 − ϕβ)(1 − θ)) where ϕ : Calvo stickiness, θ : coefficient on capital
in production function, λ : price elasticity of the demand for differentiated good i
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Mt+j = β

[
Vt+j

(EtV
1−α
t+j )

1
1−α

]−α(
Ct+j
Ct

)−γ
(3.9)

Production (Yt(i)) is the function of labor and physical capital. We assume endogeneous

capital in production function instead of fixed capital formation15. The demand for a differ-

entiated intermediate good (i) is determined as in equation (3.11) in which η is the elasticity

of substitution between differentiated intermediate goods. Following Andreasen (2012), we

assume that productivity follows the AR(1) process as in equation (3.12) and volatility (σA,t)

is time-varying. The conditional volatility of productivity shocks follows the AR(1) process

as in equation (3.13). This implies that an increase in σA,t makes the effect of a productivity

shock (εA,t) more uncertain and therefore, can be understood as uncertainty shock. In the

baseline model, productivity shocks and volatility shocks are uncorrelated across countries

(equation (3.14) and (3.15)). We will relax the assumption about correlation of shocks later.

Yt+j(i) = At+jKt+j(i)
θNt+j(i)

1−θ (3.10)

Yt+j(i) =

(
Pt+j(i)

Pt+j

)−η
Yt+j (3.11)

log(
At
Ass

) = ρA log(
At−1

Ass
) + σA,tεA,t (3.12)

log(
σA,t
σss

) = ρσ log(
σA,t−1

σss
) + εσ,t (3.13)

cov(εA,t, ε
∗
A,t) =

 1 0

0 1

 (3.14)

15Previous studies (Rudebusch and Swanson (2012), Andreasen (2012), Ferman (2011)) assume fixed
capital formation in production function for simplicity. If endogeneous time-varying capital is assumed,
there is additional state varibles in the model, making hard to solve the model. In the appendix, I show
that the assumption of fixed capital does not change the main intuition.
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cov(εσ,t, ε
∗
σ,t) =

 σ2
ss 0

0 σ2
ss

 (3.15)

A final good producer combines intermediate goods to produce a single final good to

maximize profit every period as in equation (3.16). This process can be understood as

repackaging intermediate goods and the process is as shown in equation (3.17). We assume

that the final good is produced with domestic goods only.

max
Yt(i)

PtYt −
∫ 1

0

Pt(i)Yt(i)di (3.16)

Yt =

(∫ 1

0

Yt(i)
η−1
η di

) η
η−1

(3.17)

3.2.3 Monetary Policy

The monetary authority sets the short-term nominal interest rate to stabilize CPI inflation

and the output gap.

it

i
=

(
it−1

i

)ρi [(πt
π

)ρπ (Yt
Y

)ρy]1−ρi

3.2.4 Market Clearing

The market clearing conditions for home and foreign goods can be expressed as equation

(3.18) and (3.19), respectively. Equations (3.20) and (3.21) show the bond market clearing

conditions. B
(τ)
ij is the τ maturity bond holding of country i by country j. Bond market

clearing conditions have to hold for each τ = 1, .., 40. A zero net supply of bond for each

maturity was assumed.

Yt = a

(
PH,t
Pt

)−φ
Ct + (1− a)

(
P ∗H,t
P ∗t

)−φ
C∗t + It +

ξ

2

(
πHt
πss
− 1

)2

Yt (3.18)
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Y ∗t = a

(
P ∗F,t
P ∗t

)−φ
C∗t + (1− a)

(
PF,t
Pt

)−φ
Ct + I∗t +

ξ

2

(
πF∗t
πss
− 1

)2

Y ∗t (3.19)

B
(τ)
HH +B

(τ)
FH = 0 (3.20)

B
(τ)
FF +B

(τ)
HF = 0 (3.21)

3.3 Bond Pricing and Term Premia

In this section, we discuss the general properties of term structure in a DSGE framework.

This will help explain the simulation results in the next section, since we do not have an

analytical solution when the recursive preference is introduced. First, we discuss how bonds

with different maturities are priced and then present how term premia and yield spreads are

determined.

3.3.1 Bond Pricing

The Euler equation for home bond holdings of maturity τ can be written as equation (3.22)

whereas equation (3.23) shows the Euler equation for foreign bonds. Mt+1 is the stochastic

discount factor defined as equation (3.24) and Q
(τ)
t is the nominal price of bond of maturity

τ known at time t. Since the maturity τ at time t becomes τ − 1 at time t+ 1, Q
(τ−1)
t+1 /Q

(τ)
t

can be interpreted as a one-period nominal return (i.e. capital gain) from holding the home

bond of maturity τ from t to t + 1. Bond prices at the next period are not known at the

current moment except one-period bonds (i.e. Q0
t+1 = 1). Exchange rate movement matters

for real returns from the foreign nominal bonds as in (3.23). Equation (3.22) and (3.23)

together imply that the UIP holds for all maturities.
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1 = Et

Mt+1

Q
(τ−1)
t+1

Q
(τ)
t︸ ︷︷ ︸

nominal holding return

1

πt+1

 for τ = 1, ..., 40 with Q0
t+1 = 1 (3.22)

1 = Et

Mt+1

Q
∗(τ−1)
t+1

Q
∗(τ)
t︸ ︷︷ ︸

nominal holding return

St+1

St

1

πt+1

 for τ = 1, ..., 40 with Q∗0t+1 = 1 (3.23)

Mt+1 = β

[
Vt+1

(EtV
1−α
t+1 )

1
1−α

]−α(
Ct+1

Ct

)−γ
(3.24)

Equation (3.22) also implies that expected one-period real bond holding returns are the

same for all maturities (τ = 1, .., 40) at the first approximation when rational expectation

holds.

Et

[
1

Q
(1)
t

1

πt+1

]
= Et

[
Q

(1)
t+1

Q
(2)
t

1

πt+1

]
= · · · = Et

[
Q

(39)
t+1

Q
(40)
t

1

πt+1

]
(3.25)

Once we can pin down the stochastic discount factor (Mt+1), we can price no-arbitrage

riskless bonds. In other words, if we apply the above equations recursively, the nominal bond

yield with τ -period maturity (i
(τ)
t ) can be determined as in equation (3.26); bond yield is

jointly determined by the expected stochastic discount factor and inflation.

(i
(τ)
t )−τ = Et

[
Mt+1Mt+2 . . .Mt+τ

1

πt+1

1

πt+2

. . .
1

πt+τ

]
(3.26)
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3.3.2 Nominal Term Premia and Yield Spreads

The yield curve is, on average, upward-sloping. If agents hold a one-period bond, the nom-

inal value they receive at the next period is already predetermined, implying there is no

uncertainty in nominal terms. However, if agents hold a long-term bond, the market value

of the bond at the next period is uncertain and, therefore, they want to be compensated for

bearing risks by continuing to hold long-term bonds instead of rolling over short-term bonds.

Therefore, the upward-sloping yield curve is usually considered to be related to risk premia.

To better understand yield spreads, we first need to understand what determines term

premia. The τ−period nominal term premium can be defined as the difference between

the yield from holding τ period bond and the investing sequence of short-term bonds as in

equation (3.27).

NTP
(τ)
t ≡ i

(τ)
t −

1

τ

τ−1∑
j=0

Eti
(1)
t+τ (3.27)

Ferman (2011) shows that the nominal term premium can be decomposed as three parts;

the real term premium, convexity, and the covariance between stochastic discount factor and

inflation. Among the three components, the last one, covariance between stochastic discount

factor and inflation, is the most important16. Therefore, we can rewrite the term premium

as in equation (3.28). The nominal term premium is basically determined by the degree

of covariance between the stochastic discount factor and inflation. Higher Covt(m̂t+τ , π̂t+τ )

implies that the bond loses more of its (real) value when agents are in need of more income

and, therefore, long-term bond holders need to be compensated more when conditional co-

variance is higher. We can further decompose the covariance into correlation and variances

of the stochastic discount factor and inflation. Later, we will see that the covariance will

depend on the degree of risk sharing.

16See Ferman (2011)
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NTP
(τ)
t =

1

τ
Covt(m̂t+τ , π̂t+τ )︸ ︷︷ ︸

Corrt(m̂t+τ ,π̂t+τ )
√
var(m̂t+τ )

√
var(π̂t+τ )

+ other terms (3.28)

Nominal term premia are closely related to yield spreads and, empirically, historical

average of both are similar. However, they are not the same conceptually. As equation

(3.29) shows, the comovement of yield spread can be decomposed into the comovement of

term premia and of the expected short rate path. In next section, we will investigate how

much each of these two components contributes to the correlation of yield spread and what

determines it.

Y ield spread(10yr − 3m) ≡ i
(40)
t − i(1)

t = NTP
(40)
t︸ ︷︷ ︸

risk premium

+
1

τ

39∑
j=0

Eti
(1)
t+τ − i

(1)
t︸ ︷︷ ︸

expected short rate path

(3.29)

3.4 Simulation

In this section, we present simulation results to understand what determines term premia

and comovement in an open economy setup. A third order perturbation method is used and

empirical moments presented here are based on 200,000 simulations. First, we show how

the openness of the economy affects the term premium level. The previous macro-finance

literature ha studied term premia only in a closed economy setup. However, the result from

an open economy may be different from the result from a closed economy, since domestic

agents can engage in international good trading and asset trading to hedge against country-

specific shocks which cannot be hedged in a closed economy setup. This enhanced risk

sharing may change the volatility of conditional covariance between the stochastic discount

factor and inflation, which, in turn, affects the term premium level. We consider three types

of economy: autarky, financial autarky, and fully open economy. Second, we explore how

the correlation of productivity shocks across countries affects the term premium level and
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comovement. Third, we investigate the effect of correlated volatility shocks on term premia

and comovement.

3.4.1 Calibration

The model is a quarterly model. The discount factor, β, is set as 0.99. The inverse of the

elasticity of intertemporal substitution, γ, is 2, which is standard. Risk aversion is set to

be 110 as is common in other macro-finance literature. This implies that the Epstein-Zin

coefficient, α, is -108. Inverse Frisch elasticity, ψ, is 1/2.5. The share of capital in the

production function, θ, is 1/3. The price elasticity of a differentiated good, η, is set to be 10.

The Rotemberg cost adjustment parameter, ζ, is 629, which is equivalent to 0.75 in Calvo

stickiness, as is standard in the New Keynesian model. ξ has a one-to-one relationship with

Calvo stickiness in which ζ can be equal to ϕ(1− θ+ θλ)(λ− 1)/((1−ϕ)(1−ϕβ)(1− θ))17.

The degree of home bias in goods is 0.75 from Coeurdacier and Gourinchas (2011). The

depreciation rate, δ, is 0.02. The yearly capital stock, K/(4Y ), is 2.5 from U.S. data.

The elasticity of the substitution between home and foreign goods is 1.2. The persistence

parameter in Taylor rule, ρi, is 0.73 from Rudebusch and Swansson (2012). The coefficient on

inflation and output in the Taylor rule are set to be 1.5 and 0.3, respectively. The persistence

of productivity, ρA, is 0.98 while the mean of variance of productivity shock, σ2
A, is (0.005)2.

The steady state inflation, π, is 1.00615 from U.S. data. The persistence of volatility shock

is 0.9.

3.4.2 Financial Openness

We consider three cases to characterize different degrees of openness. In autarky, there are

two symmetric countries which are disconnected from each other. In a financialy autarky,

countries can trade goods internationally, but do not hold each other’s financial assets. In

an open economy, countries can freely invest in foreign bonds and also trade goods inter-

17ϕ : Calvo stickiness, θ : coefficient on capital in production function, λ : price elasticity of the demand
for differentiated good i
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nationally (i.e. the baseline model). We keep parameter values the same over these three

types of economy. It may be true that structural parameters may change when the economy

opens up more, but we do not consider this endogenous structural change in this paper. This

exercise is simply to investigate whether previous results in a closed economy still hold in an

open economy setup which may be more realistic.

First, table 3.1 shows that the level of term premia18 gets lower when the economy is

more open. In particular, the effect is more prominent when moving from financial autarky

to open economy than it is from autarky to financial autarky. This can be understood as

a result of international risk sharing. As already seen in equation (3.28), the nominal term

premium is determined by the conditional covariance between the stochastic discount factor

and inflation. When the economy is more open, there is more international risk sharing to

smooth consumption more, which lowers the conditional covariance between the stochastic

discount factor and inflation. More specifically, the conditional variance of the stochastic

discount factor (or consumption) and the correlation between stochastic discount factor and

inflation is lowered when the economy is more open, whereas the conditional variance of

inflation goes up. This implies that generating sizeable term premia in a DSGE model may

be still challenging in an open economy setup.

Second, nominal term premia in an open economy are negatively correlated, whereas

yield spreads are positively correlated in the baseline model in which no correlation between

shocks across countries is assumed. Yield spreads are positively correlated, since the co-

movement of yield spreads across countries is mainly driven by the expected short-term rate

rather than by term premia. In an open economy model in which domestic output is deter-

mined by foreign demands in addition to home demands and agents hold foreign assets to

smooth consumption, the short-term yield set by central bank is affected by foreign shocks.

Therefore, expected short-term rates are correlated across countries even when underlying

18Yield spread is slightly lower than term premia, since expected short rate declines as long as the per-
sistency of shocks is smaller than 1. The movement of yield spread and term premia is quite similar.
Therefore, the explanation will focus on term premia.
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shocks are not correlated. However, nominal term premia, which are mainly determined by

higher moments, are not positively correlated in an open economy model. This result may

suggest the importance of global (or common) risk in explaining asset prices, since we can-

not generate a positive correlation of term premia across countries when countries’ shocks

are fully idiosyncratic. Therefore, we explore how the degree of correlation of productivity

shocks and stochastic volatility shocks affects the correlation of term premia across countries

in the next two subsections.

Table 3.1: Openness and term premium

Unconditional mean data Autarky F inancial autarky Open Economy

Mean[Y ield Spread10yr−3m] 1.93 1.30 1.25 1.11

Mean[NTP 10yr−3m] 2.57 1.17 1.10 0.93

Corr[Y ieldSpread10yr−3m] 0.60 0.00 0.13 0.42

Corr[NTP 10yr−3m] 0.91 0.00 -0.07 -0.32

Note: Data is the quarterly U.S. data from 1990 to 2015. Correlation is between U.S. and UK. For the

correlations of other pairs of countries, see the appendix. Yield spread data are from Global Financial

Data and term premium data are from Wright (2011).

I considered only three forms of openness in the representative agent model to highlight

the effect of risk sharing on term premia; autarky, financial autarky, and fully open economy.

However, we can consider more complicated forms of openness in heterogeneous model. For

example, some agents may hold foreign assets for hedging whereas other agents do not hold

financial assets. By varying the portion of agents who hold foreign assets, we may investigate

how the degree of openness can affect term premia in a more realistic environment. In sum,

it is likely that term premium level may be affected when the degree of risk sharing among

agents differs.
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3.4.3 Correlated Shocks

From now on, we focus on a financially open model to investigate how correlated productivity

shocks across countries affect term premia level and the comovement of term premia. Table

3.2 shows that the level of term premia and yield spreads increases when shocks are more

correlated across countries. Again, this is related to risk sharing as already discussed in

previous section. Cross-country correlated shocks cannot be hedged by international trading

or asset holdings. Therefore, the existence of such shocks makes each country’s consumption

more volatile, implying higher conditional covariance between the stochastic discount factor

and inflation. When shocks are highly correlated (i.e. 0.9), the mean level of term premia is

similar to that in a closed economy (See table 3.1).

Second, the correlation of term premia across countries increases as productivity shocks

are more correlated across countries. However, it takes a negative value when the correlation

of productivity shocks is lower than 0.5. Furthermore, even when the correlation of pro-

ductivity shocks are very highly correlated (i.e. 0.9), the correlation of term premia is still

lower than data. It is interesting to note that the correlation of yield spread across countries

decreases as productivity shocks are more correlated across countries. This is due to the

decrease in expected short rates.

Table 3.2: Correlated shocks across countries

Unconditional mean data(U.S.) corr = 0 corr = 0.3 corr = 0.5 corr = 0.9

Mean[Y ield Spread10yr−3m] 1.93 1.11 1.18 1.22 1.29

Mean[NTP 10yr−3m] 2.57 0.93 1.01 1.05 1.15

Corr[Y ield Spread10yr−3m] 0.60 0.42 0.39 0.36 0.27

Corr[NTP 10yr−3m] 0.91 -0.32 -0.11 0.02 0.18

Note: Data (U.S.) is quarterly data from 1990 to 2015. Correlation is between U.S. and UK. For the

correlations of other pairs of countries, see appendix. Yield spread data are from Global Financial Data

and term premium data are from Wright (2011).
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In sum, introducing correlated shocks helps to increase the level of term premia and the

correlation of term premia across countries. However, they are still low even with very highly

correlated productivity shocks. This incentivizes introducing stochastic volatility shocks, as

shown in the next subsection.

3.4.4 Common Factor in Stochastic Volatility Shocks

In this subsection, I relax the assumption that stochastic volatility shocks in the baseline

model are purely idiosyncratic . Table 3.3 shows that the degree of correlation of stochastic

volatility shocks has no effect on the level of term premia. This is because stochastic volatility

shocks in the model have no skewness and are mean-preserving. Theoretically, we can show

that third order approximation of any risk premia around the deterministic steady state can

be expressed as in equation (3.30)19 in which TPσσσ implies the partial derivative of term

premium with respect to σ third times and xt stands for state variables.

TPt =
1

2
TPσσσ

2 +
1

6
TPσσσσ

3 +
3

6
TPσσxσ

2xt (3.30)

Third order approximation does not affect the level of term premium when there is no

skewness (σ3 = 0). Furthermore, the degree of correlation of the stochastic discount factor

does not affect any terms in equation (3.30). Note that equation (3.30) is only for risk

premia which is the difference between two asset returns. For other variables, the degree of

correlation affects the unconditional mean. For example, the unconditional mean of the yield

slope slightly decreases as the correlation of stochastic volatility shocks increases. Where the

yield slope is different from term premia is that it also contains information of expected

short-term interest rates. Therefore, the degree of correlation of stochastic volatility affects

the level of yield slope but very slightly.

Second, cross-country correlation of yield slope and nominal term premia increases as

the correlation of stochastic volatility shocks increases. Theoretically, time-varying term

premia is related to the third term in equation (3.30) (i.e. 3
6
TPσσxσ

2xt) and the introduction

19See Andreasen (2012) for derivation.
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of correlated stochastic volatility shocks makes the correlation of this term across countries

positive. Cross-country correlation of nominal term premia is more affected by the correlation

of stochastic volatility shocks than the correlation of yield slope as can be seen in table 3.3.

In summary, we can generate a sizeable positive correlation of term premia across coun-

tries when stochastic volatility shocks are correlated across countries with correlated produc-

tivity shocks. However, the term premia level is still lower than data. Introducing correlated

skewness and kurtosis across countries may help to have higher term premia level without

affecting the correlation as can be seen in equation (3.30), which I leave for future research.

Table 3.3: Correlated stochastic volatility shocks

correlation of productivity shock = 0.0

stochastic volatility data(U.S.) corr = 0.0 0.3 0.5 0.7 0.9

Mean[Y ield slope10yr−3m] 1.93 1.11 1.11 1.11 1.11 1.11

Mean[NTP 10yr−3m] 2.57 0.93 0.93 0.93 0.93 0.93

Corr[Y ield slope10yr−3m] 0.60 0.42 0.45 0.47 0.49 0.51

Corr[NTP 10yr−3m] 0.91 -0.32 -0.15 -0.02 0.10 0.24

correlation of productivity shock = 0.5

stochastic volatility data(U.S.) corr = 0.0 0.3 0.5 0.7 0.9

Mean[Y ield slope10yr−3m] 1.93 1.22 1.21 1.21 1.21 1.21

Mean[NTP 10yr−3m] 2.57 1.05 1.05 1.05 1.05 1.05

Corr[Y ield slope10yr−3m] 0.60 0.36 0.45 0.51 0.57 0.63

Corr[NTP 10yr−3m] 0.91 0.02 0.25 0.41 0.58 0.74

Note: Data (U.S.) is quarterly data from 1990 to 2015. Correlation is between U.S. and UK. For the

correlations of other pairs of countries, see appendix. Yield spread data are from Global Financial Data

and term premium data are from Wright (2011).



78

3.5 Conclusion

In this chapter, I built a two-country New Keynesian model to explain several stylized facts

about the yield curve. First, I showed that a steady decrease in term premia globally can be

related to increased risk sharing. This explanation is different from traditional views which

relate the phenomenon only to inflation uncertainty. Furthermore, this result has implica-

tions for the recent macro-finance literature focused on closed economy setups. In an open

economy setup in which agents can hedge against country-specific shocks by trading goods

and assets, it is more difficult to generate sizeable term premia. Second, the comovement

of yield spreads and term premia across countries can be explained when stochastic volatil-

ity shocks are correlated across countries with correlated underlying shocks. This result

emphasizes the importance of global (or common) shocks in asset pricing literature.
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Appendix A

APPENDIX FOR CHAPTER 1

A.1 Estimation of home bias measures

A.1.1 Data

We estimate home bias measure in bonds using dataset by Arslanalp and Tsuda(2012, 2014)

and Coordinated Portfolio Investment Survey (CPIS) data from IMF. Arslanalp and Tsuda

(2012, 2014)’s dataset provide information on government debt outstanding of 24 emerging

and 24 advanced countries by investor groups (i.e. foreign, domestic, central bank etc) and

world market share of each country from 2004Q1 to 2014Q2. The most challenging part

of estimating bond home bias is that total debt outstanding data is difficult to get, while

international transaction part is relatively easier to get. Earlier study used BIS data for

total debt outstanding, which is no longer available for most countries. That is why we

use Arslanalp and Tsuda dataset. However, Arslanalp and Tsuda dataset do not provide

information about how much domestic investors invest in foreign countries. Therefore, we

combine Arslanalp and Tsuda dataset with Coordinated Portfolio Investment Survey(CPIS)

data from IMF. We adjust CPIS data rather than using original CPIS data, since the common

information in both dataset provide (i.e. total debt holdings by foreigners) is little bit

different for some countries due to coverage issue. We calculate the ratio between domestic

investors’ foreign investment and foreign investor’s domestic investment from CPIS data and

apply this ratio to foreign investor’s domestic investment from Arslanalp and Tsuda to get

domestic investors’ foreign investment consistent with Arslanalp and Tsuda data.
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A.1.2 Exchange rate regime

In this paper, fixed regime countries are defined as countries without exchange rate risk(i.e.

countries with currency board or sharing common currencies with other countries like Euro).

In our sample, those countries include Greece, Ireland, Finland, Portugal, Austria, Germany,

France, Slovenia, Belgium, Netherlands, Spain and Italy. Soft pegging countries are coun-

tries with exchange rate anchor, but not perfectly pegged. Those countries in our sample

are Latvia, Bulgaria, Lithuania, Denmark. Managed floating countries include Argentina,

Switzerland, Indonesia, Russia, Malaysia1. Free floating countries include Uruguay, UK,

Japan, New Zealand, US, Mexico, Sweden, Czech Republic, Austrailia, Phillipines, Roma-

nia, Thailand, South Africa, Canada, Colombia, Chile, Poland, Korea, Hungary, Brazil,

Turkey and India.

A.1.3 Estimates of home bias in bond

We tried to exclude central bank’s reserve holding whenever the data is available. Below is

the estimates for the year 2012.

Finland(0.32), Ireland(0.39), Greece(0.53), Austria(0.56), Belgium(0.56), Germany(0.56),

Switzerland(0.56), Uruguay(0.56), France(0.59), Japan(0.59), Portugal(0.65), New

Zealand(0.67), Bulgaria(0.67), Lithuania(0.68), Slovenia(0.69), Norway(0.70), Latvia(0.70),

UK(0.71), Argentina(0.75), Netherlands(0.79), Chile(0.80), Italy(0.81), Mexico(0.81), Den-

mark(0.81), USA(0.82), Russia(0.84), Czech(0.86), Thailand(0.87), South Africa(0.88), Swe-

den(0.90), Canada(0.91), Indonesia(0.92), Colombia(0.92), Spain(0.92), Phillipines(0.93),

Australia(0.93), Malaysia(0.93), Romania(0.95), Hungary(0.97), Korea(0.97), Poland(0.97),

Brazil(0.99), Turkey(1.00), India(1.00)2

1Switzerland is monitoring Euro and Malaysia is monitoring US dollar while Russia monitors currecny
basket, usually Euro and US dollar.

2For foreign asset holding, we used CPIS data as reported by countries. Therefore, it is possible that
home bias measure here might be little be overestimated if a country under-reported foreign asset holding
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A.2 Log-linearized equilibrium conditions for benchmark model

1. New Keynsian Phillips Curve(Home)

π̂H,t = βEtπ̂H,t+1 +
(1− κ)(1− βκ)

κ
(η(ŷt − ât) + γĉt − ât − (1− a)τ̂ t) (A.1)

2. New Keynsian Phillips Curve(Foreign)

π̂∗F,t = βEtπ̂
∗
H,t+1 +

(1− κ)(1− βκ)

κ
(η(ŷ∗t − â∗t ) + γĉ∗t − â∗t + (1− a)τ̂ t) (A.2)

3. Demand for home goods

ŷt = aĉt + (1− a)ĉ∗t − 2θa(1− a)τ̂ t (A.3)

4. Demand for foreign goods

ŷ∗t = aĉ∗t + (1− a)ĉt + 2θa(1− a)τ̂ t (A.4)

5. Euler Equation(Home) + Euler Equation(Foreign)

γ(Etĉt+1 − ĉt) = γ(Etĉ
∗
t+1 − ĉ∗t ) + (1− 2a) [Etτ̂ t+1 − τ̂ t] (A.5)

6. Euler Equation(Home) + Interest rate rule(Home)

γ(Etĉt+1 − ĉt) = ρππ̂H,t + ρyŷt +mt − Etπ̂H,t+1 − (1− a) [τ̂ t − Etτ̂ t+1] (A.6)

7. Euler Equation(Foreign) + Interest rate rule(Foreign)

γ(Etĉ
∗
t+1 − ĉ∗t ) = ρππ̂

∗
F,t + ρyŷ

∗
t +m∗t − Etπ̂

∗
F,t+1 + (1− a) [τ̂ t − Etτ̂ t+1] (A.7)

8. Relative real return between home and foreign nominal bond
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r̂x1,t+1 = r̂
(1)
H,t+1 − r̂

(1)
F,t+1 (A.8)

= (r̂
(1)
H,t+1 − Etr̂

(1)
H,t+1)− (r̂

(1)
F,t+1 − Etr̂

(1)
F,t+1) (A.9)

= (−q̂(1),t − π̂t+1 − Et(−q̂(1),t − π̂t+1))− (−q̂∗(1),t + (ŝt+1 − ŝt)− π̂t+1 (A.10)

−Et(−q̂∗(1),t + (ŝt+1 − ŝt)− π̂t+1)) (A.11)

= −(ŝt+1 − Etŝt+1) (A.12)

= −(π̂H,t+1 − Etπ̂H,t+1) + (π̂∗F,t+1 − Etπ̂
∗
F,t+1) + (τ̂ t+1 − Etτ̂ t+1) (A.13)

9. Relative budget constraint

ŵRt =
1

β
ŵRt−1−(ĉt− ĉ∗t )+(ŷt− ŷ∗t + τ̂ t)+(1− (1− β)W

βY
∗ )(1−2a)τ̂ t+(2α′−B)rx,t (A.14)
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A.3 Derivation of general expression of optimal portfolio

Linearized home and foreign budget constraints3 are

ŵt =
1

β
ŵt−1 +

W

βY
r̂N,t + α′rx,t + ŷt − ĉt + (1− a)τ̂ t (A.15)

ŵ∗t =
1

β
ŵ∗t−1 +

W
∗

βY
∗ r̂N,t +

(1− β)W

βY
∗ r̂ert + (B − α′)r̂x,t + ŷ∗t − ĉ∗t − (1− a)τ̂ t(A.16)

Combine these two to get(Let x̂Rt ≡ x̂t − x̂∗t )

ŵRt =
1

β
ŵRt−1 + (ŷt − ŷ∗t )− (ĉt − ĉ∗t ) + 2(1− a)τ̂ t −

(1− β)W

βY
∗ r̂ert + (2α′ −B)rx,t(A.17)

=
1

β
ŵRt−1 − (ĉt − ĉ∗t ) + (ŷt − ŷ∗t + τ̂ t) + (1− (1− β)W

βY
∗ )r̂ert + (2α′ −B)rx,t

Therefore,(B =bond supply normalized by steady state output)

ĉt− ĉ∗t −
1

γ
r̂ert =

1

β
ŵRt−1− ŵRt +(2α′−B)rx,t+(ŷt− ŷ∗t + τ̂ t)+(1− 1

γ
− (1− β)B

β
)r̂ert (A.18)

Rearrange and impose transversality condition for NFA

ŵR
t = βŵR

t+1 + β(ĉt+1 − ĉ∗t+1 −
1

γ
r̂ert+1)− β(2α′ −B)rx,t+1 − β(ŷt+1 − ŷ∗t+1 + τ̂ t+1) (A.19)

−β(1− 1

γ
− (1− β)B

β
)r̂ert+1 (A.20)

= βEt(ĉt+1 − ĉ∗t+1 −
1

γ
r̂ert+1) + β2Et(ĉt+2 − ĉ∗t+2 −

1

γ
r̂ert+2) + .... (A.21)

−βEt(ŷt+1 − ŷ∗t+1 + τ̂ t+1)− β2Et(ŷt+2 − ŷ∗t+2 + +τ̂ t+2)− ...... (A.22)

−β(1− 1

γ
− (1− β)B

β
)Etr̂ert+1 − β2(1− 1

γ
− (1− β)B

β
)Etr̂ert+2 + ... (A.23)

3Hat(x̂) variables imply deviation of log-linearzed variable from their steady state
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We can rewrite relative consumption using above expression

ĉt − ĉ∗t −
1

γ
r̂ert =

1

β
ŵR

t−1 − βEt(ĉt+1 − ĉ∗t+1 −
1

γ
r̂ert+1)− β2Et(ĉt+2 − ĉ∗t+2 −

1

γ
r̂ert+2)− .. (A.24)

+(ŷt − ŷ∗t + τ̂ t) + βEt(ŷt+1 − ŷ∗t+1 + τ̂ t+1) + β2Et(ŷt+2 − ŷ∗t+2 + τ̂ t+2) + ...(A.25)

+(1− 1

γ
− (1− β)B

β
)r̂ert + β(1− 1

γ
− (1− β)B

β
)Etr̂ert+1 (A.26)

+β2(1− 1

γ
− (1− β)B

β
)Etr̂ert+2 − ....+ (2α′ −B)rx,t (A.27)

Since Et(ĉt+1 − ĉ∗t+1 − 1
γ
r̂ert+1) = ĉt − ĉ∗t − 1

γ
r̂ert, we can simplify above expression as

Et

∞∑
j=0

βj(ĉt+j − ĉ∗t+j −
1

γ
r̂ert+j) =

1

β
ŵR

t−1 + (2α′ −B)rx,t + Et

∞∑
j=0

βj(ŷt+j − ŷ∗t+j + τ̂ t+j) (A.28)

+(1− 1

γ
− (1− β)B

β
)Et

∞∑
j=0

βj r̂ert+j (A.29)

Express above equation in terms of ĉt − ĉ∗t − 1
γ
r̂ert

1

1− β
(ĉt−ĉ∗t−

1

γ
r̂ert) =

1

β
ŵR

t−1+(2α′−B)rx,t+Et

∞∑
j=0

βj(ŷt+j−ŷ∗t+j+τ̂ t+j)+(1− 1

γ
− (1− β)B

β
)Et

∞∑
j=0

βj r̂ert+j

(A.30)

Simplify further to get

ĉt − ĉ∗t −
1

γ
r̂ert =

(1− β)

β
ŵR

t−1 + (1− β)(2α′ −B)rx,t + (1− β)Et

∞∑
j=0

βj(ŷt+j − ŷ∗t+j + τ̂ t+j) +(A.31)

(1− β)(1− 1

γ
− (1− β)B

β
)Et

∞∑
j=0

βj r̂ert+j (A.32)

=
(1− β)

β
ŵR

t−1 + (1− β)(2α′ −B)rx,t + (A.33)

(1− β)Et

 ∞∑
j=0

βj

[
(ŷt+j − ŷ∗t+j + τ̂ t+j) + (1− 1

γ
− (1− β)B

β
)r̂ert+j

] (A.34)

Optimality portfolio condition(from second order approximation of home and foreign

Euler equations) is
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Et−1

[
(ĉt − ĉ∗t −

1

γ
r̂ert)rx,t

]
= 0 (A.35)

Apply equation the expression of ĉt − ĉ∗t − 1
γ
r̂ert to optimal portfolio condition to get

(2α′ −B)V art−1(rx,t) + Covt−1

[
(Λt − Et−1Λt) +

[
1− 1

γ
− (1− β)B

β

]
(Ωt − Et−1Ωt), rx,t

]
= 0 (A.36)

Solve for α

α =
B

2
− 1

2

Covt−1(Λt − Et−1Λt, rx,t)

V art−1(rx,t)
− 1

2

[
1− 1

γ
− (1− β)B

β

]
Covt−1(Ωt − Et−1Ωt, rx,t)

V art−1(rx,t)
(A.37)

where Λt =
∑∞

j=0 β
j
[
(ŷt+j − ŷ∗t+j) + τ̂ t+j

]
, Ωt =

∑∞
j=0 β

j r̂ert+j
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Figure B.1: Autocorrelations of monthly variance of contemporaneous returns

30 
!

Appendix 
 
Figure A1: Autocorrelations of monthly variance of contemporaneous returns24 
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24 Daily MSCI index (in U.S. dollars) from 2000 to 2013 are used to calculate the monthly variance in each market. 
95% confidence bands are obtained from the Bartlett’s formula for MA(q) processes. 
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Daily MSCI index (in U.S. dollars) from 2000 to 2013 are used to calculate the monthly variance in each

market. 95 percent confidence bands are obtained from the Bartlett’s formula for MA(q) processes.
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Figure A1 (continued): Autocorrelation of variance of contemporaneous returns 
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Figure A1 (continued): Autocorrelation of variance of contemporaneous returns 
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Figure B.2: VIX index and variance of MSCI world return
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Figure A2: VIX index and variance of MSCI world return 
!

 
 
Note: The VIX index (measured on the right axis) is an original series in a 12 month moving average and the 
variance of MSCI world return (measured on the left axis) is rescaled by multiplying the original series by 100 
before taking a moving average.  
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Figure B.3: Rolling-window rebalancing coefficients from unbalanced vs. balanced panel
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Figure A3: Rolling-window rebalancing coefficients from unbalanced vs. balanced panel 
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Figure B.4: Rolling-window rebalancing coefficients by country groups
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Figure B.5: Strong correlation between global and local equity returns
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Figure A4. Strong correlation between global and local equity returns  
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Table B.1: AR(1) coefficient for total returns

Country Coefficient (SE) Country Coefficient (SE)

Australia 0.116 (0.075) Brazil -0.007 (0.077)

Austria 0.321∗∗∗(0.071) Chile -0.006 (0.075)

Belgium 0.321∗∗∗(0.071) China 0.074 (0.073)

Canada 0.228∗∗∗(0.073) Colombia 0.150∗∗(0.074)

Denmark 0.092 (0.075) Czech Republic 0.041 (0.075)

Finland 0.206∗∗∗(0.074) Greece 0.147∗(0.072)

France 0.159∗∗(0.074) Hungary 0.126∗(0.075)

Germany 0.111 (0.075) India 0.114 (0.074)

Hong Kong 0.180∗∗(0.073)) Indonesia 0.163∗∗(0.073)

Ireland 0.229∗∗∗(0.073) Korea 0.092 (0.072)

Israel 0.038 (0.075) Malaysia 0.223∗∗∗(0.074)

Italy 0.042 (0.075) Mexico -0.021 (0.074)

Japan 0.239∗∗∗(0.073) Peru -0.065 (0.075)

Netherlands 0.148∗∗(0.074) Philippines 0.139∗(0.074)

New Zealand -0.073 (0.075) Poland -0.052 (0.076)

Norway 0.159∗∗(0.074) Russia 0.194∗∗∗(0.073)

Portugal 0.128∗(0.074) South Africa -0.035 (0.076)

Singapore 0.1 (0.073) Taiwan 0.058 (0.075)

Spain 0.081 (0.075) Thailand 0.053 (0.072)

Sweden 0.082 (0.075) Turkey -0.148∗∗(0.075)

Switzerland 0.238∗∗∗(0.072)

United Kingdom 0.07 (0.074)

United States 0.149∗∗(0.075)

Note: Monthly returns considered over the period 1998-2012 are total returns from equity holdings in a host

country evaluated in an investor currency. Newey-West standard errors are reported in parentheses.



99

Table B.2: Global risk and rebalancing: four group approach

Dependent variable: M wij,t (1) (2) (3) (4)

M rij,t -2.37∗∗∗ -2.28∗∗∗ -2.37∗∗∗ -2.28∗∗∗

(0.084) (0.084) (0.084) (0.084)

M rij,t ·Xt -2.56∗∗∗ -2.53∗∗∗

(0.551) (0.602)

M rij,t ·G1t 1.15∗∗∗ 1.11∗∗∗ 1.16∗∗∗ 1.11∗∗∗

(0.108) (0.109) (0.109) (0.109)

M rij,t ·G2t 1.54∗∗∗ 1.52∗∗∗ 1.56∗∗∗ 1.51∗∗∗

(0.093) (0.094) (0.094) (0.094)

M rij,t ·G3t 1.80∗∗∗ 1.75∗∗∗ 1.80∗∗∗ 1.74∗∗∗

(0.090) (0.090) (0.090) (0.090)

M rij,t ·G4t 2.19∗∗∗ 2.15∗∗∗ 2.20∗∗∗ 2.16∗∗∗

(0.089) (0.090) (0.090) (0.090)

Xt 0.08 -0.67∗∗∗

(0.060) (0.142)

G1t -0.15∗∗∗ -0.15∗∗∗

(0.016) (0.016)

G2t -0.13∗∗∗ -0.14∗∗∗

(0.014) (0.014)

G3t -0.13∗∗∗ -0.13∗∗∗

(0.014) (0.014)

G4t -0.12∗∗∗ -0.12∗∗∗

(0.014) (0.014)

Crisis dummies No No Yes Yes

F-statistics 452.95∗∗∗ 353.97∗∗∗ 442.56∗∗∗ 355.65∗∗∗

Observations 562,601 562,601 562,601 562,601

Note: Groups are classified by the degree of correlation of local equity market with the global market.

Correlations are calculated recursively using monthly data from January, 1998 with initial time coverage of

12 months and a wider range thereafter. Dummy variable G1 = 1 for top 25 percent countries whose equity

markets show the strongest correlation with the global market; G2 = 1 for upper 26-50 percet countries;

G3 = 1 for 51-75 percent countries; and G4 = 1 for bottom 76-100 percent countries. All specifications

include fund-country fixed effects. Newey-West standard errors are reported in parentheses.



100

Appendix C

APPENDIX FOR CHAPTER 3

C.1 Cross correlation matrix of term premia

Cross-correlation matrix of term premia other than U.S.-UK is presented in this appendix.

The estimates of term premia is based on Wright (2011). Wright (2011) build discrete-time

affine term structure model employed by Ang and Piazzesi (2003) and Cochrane and Piazessi

(2008), using quarterly data from 1990 to 2009.

Table C.1: Cross-corrleation of term premia

U.S. Japan Germany UK Canada Norway Sweden Australia

U.S. 1.00

Japan 0.88 1.00

Germany 0.77 0.83 1.00

UK 0.91 0.94 0.79 1.00

Canada 0.94 0.89 0.83 0.95 1.00

Norway 0.79 0.03 0.42 0.61 0.79 1.00

Sweden 0.88 0.88 0.91 0.95 0.95 0.73 1.00

Australia 0.91 0.92 0.79 0.98 0.95 0.67 0.96 1.00

C.2 Equilibrium conditions

* implies foreign variables.
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• Value function

Vt = −

(
C1−γ
t

1− γ
− N1+ψ

t

1 + ψ

)
+ βQt (C.1)

V ∗t = −

(
C∗1−γt

1− γ
− N∗1+ψ

t

1 + ψ

)
+ βQ∗t (C.2)

• Auxiliary variables 11

Qt = Vss (Xt)
1

1−α (C.3)

Q∗t = Vss (X∗t )
1

1−α (C.4)

• Auxiliary variables 2

Xt =

(
EtVt+1

Vss

)1−α

(C.5)

X∗t =

(
EtV

∗
t+1

V ∗ss

)1−α

(C.6)

• Euler equation for 1 period bond

1 = βEt

(
Vt+1

Qt

)−α(
Ct+1

Ct

)−γ
it
πt+1

(C.7)

1 = βEt

(
V ∗t+1

Q∗t

)−α(C∗t+1

C∗t

)−γ
i∗t
π∗t+1

(C.8)

• Euler equation for τ−period bond

1 = βEt

(
Vt+1

Qt

)−α(
Ct+1

Ct

)−γ Q(τ−1)
t+1

Q
(τ)
t

1

πt+1

for τ = 1, .., 40 (C.9)

1 = βEt

(
V ∗t+1

Q∗t

)−α(C∗t+1

C∗t

)−γ Q∗(τ−1)
t+1

Q
∗(τ)
t

1

π∗t+1

for τ = 1, .., 40 (C.10)

• Euler equation for the return from capital investment

1 = βEt

(
Vt+1

Qt

)−α(
Ct+1

Ct

)−γ (
At+1K

θ−1
t+1 L

1−θ
t+1 + 1− δ

)
(C.11)

1 = βEt

(
V ∗t+1

Q∗t

)−α(C∗t+1

C∗t

)−γ (
A∗t+1K

θ−1∗
t+1 L1−θ∗

t+1 + 1− δ
)

(C.12)

1Defining auxiliary variables make numerical solution more accurate
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• International risk sharing

C−γt = C∗−γt /rert for perfect risk sharing (C.13)(
PF,t
Pt

)−φ
Ct =

(
P ∗H,t
P ∗t

)−φ
C∗t Tott for financial autarky (C.14)

• Stochastic discount factor

Mt+1 = βEt

(
Vt+1

Qt

)−α(
Ct+1

Ct

)−γ
1

πt+1

(C.15)

• Terms of trade
Tott
Tott−1

=
πH,t
πF,t

(C.16)

• Real exchange rate

rert =
P ∗t St
Pt

(C.17)

• Definition of price ratio

PHH =
PH,t
Pt

(C.18)

PFH =
PF,t
Pt

(C.19)

PFF =
P ∗F,t
P ∗t

(C.20)

PHF =
P ∗H,t
P ∗t

(C.21)

• Relationship between price ratios

1 = aP 1−φ
HH + (1− a)P 1−φ

FH (C.22)

1 = aP 1−φ
FF + (1− a)P 1−φ

HF (C.23)

• Optimal price setting

mct =
η − 1

η
+
ξ

η

(
πH,t
πH
− 1

)
πH,t
πH
− 1

η
EtMt+1

[
ξ

(
πH,t+1

πH
− 1

)
πH,t+1

πH

Yt+1

Yt

]
(C.24)

mc∗t =
η − 1

η
+
ξ

η

(
π∗F,t
πF
− 1

)
π∗F,t
πF
− 1

η
EtMt+1

[
ξ

(
π∗F,t+1

πF
− 1

)
π∗F,t+1

πF

Y ∗t+1

Y ∗t

]
(C.25)
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• Real marginal cost of labor

mct =
Wt

(1− θ)AtKθ
tN
−θ
t

(C.26)

mc∗t =
W ∗
t

(1− θ)A∗tK∗θt N∗−θt

(C.27)

• Labor supply

Nψ
t

C−γt
= Wt (C.28)

N∗ψt
C∗−γt

= W ∗
t (C.29)

• Production function

Yt = AtK
θ
tN

1−θ
t (C.30)

Y ∗t = A∗tK
∗θ
t N

∗1−θ
t (C.31)

• The law of the motion of capital

Kt+1 = (1− δ)Kt + It (C.32)

K∗t+1 = (1− δ)K∗t + I∗t (C.33)

• Goods market clearing

Yt = a

(
PH,t
Pt

)−φ
Ct + (1− a)

(
P ∗H,t
P ∗t

)−φ
C∗t + It +

ξ

2

(
πHt
πss
− 1

)2

Yt (C.34)

Y ∗t = a

(
P ∗F,t
P ∗t

)−φ
C∗t + (1− a)

(
PF,t
Pt

)−φ
Ct + I∗t +

ξ

2

(
π∗Ft
πss
− 1

)2

Y ∗t (C.35)

• Monetary policy rule

it

i
=

(
it−1

i

)ρi [(πt
π

)ρπ (Yt
Y

)ρy]1−ρi
(C.36)

i∗t
i
∗ =

(
i∗t−1

i
∗

)ρi [(π∗t
π∗

)ρπ (Y ∗t
Y
∗

)ρy]1−ρi
(C.37)
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• Productivity shock

logAt = ρA logAt−1 + σA,tεt (C.38)

logA∗t = ρA logA∗t−1 + σ∗A,tε
∗
t (C.39)

• Stochastic volatility shock

log σA,t = (1− ρσ) log σSS + ρσ log σA,t−1 + σAεσt (C.40)

log σ∗A,t = (1− ρσ) log σ∗SS + ρσ log σ∗A,t−1 + σ∗Aε
∗
σt (C.41)

• Nominal yield for maturity τ (=1,..,40)

(i
(τ)
t )−τ = Et

[
Mt+1Mt+2 . . .Mt+τ

1

πt+1

1

πt+2

. . .
1

πt+τ

]
(C.42)

(i
∗(τ)
t )−τ = Et

[
M∗

t+1M
∗
t+2 . . .M

∗
t+τ

1

π∗t+1

1

π∗t+2

. . .
1

π∗t+τ

]
(C.43)

• Nominal term premium for maturity τ

NTP
(τ)
t = i

(τ)
t −

1

τ

τ−1∑
j=0

Etit+j (C.44)

NTP
∗(τ)
t = i

∗(τ)
t − 1

τ

τ−1∑
j=0

Eti
∗
t+j (C.45)

C.3 Model with fixed capital

In benchmark model, I assumed endogeneous capital in production function. This ap-

pendix shows the results from the model with fixed capital in production function (i.e.

Yt+j(i) = At+jK
θ
Nt+j(i)

1−θ) as previously studied by Rudebusch and Swanson (2012), An-

dreasen (2012) and Ferman (2011). Basically, the intuition of the main result does not

change.



105

Table C.2: Openness and term premium

Unconditional mean Autarky F inancial autarky Open Economy

Mean[Y ield Spread10yr−3m] 1.03 0.97 0.84

Mean[NTP 10yr−3m] 1.09 1.03 0.87

Corr[Y ieldSpread10yr−3m] 0.00 0.08 0.32

Corr[NTP 10yr−3m] 0.00 -0.08 -0.42

Table C.3: Correlated shocks across countries

Unconditional mean corr = 0 corr = 0.3 corr = 0.5 corr = 0.9

Mean[Y ield Spread10yr−3m] 0.84 0.92 0.98 1.07

Mean[NTP 10yr−3m] 0.87 0.94 0.98 1.06

Corr[Y ield Spread10yr−3m] 0.32 0.32 0.30 0.22

Corr[NTP 10yr−3m] -0.42 -0.17 -0.02 0.16
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Table C.4: Correlated stochastic volatility shocks

correlation of productivity shock = 0.0

stochastic volatility corr = 0.0 0.3 0.5 0.7 0.9

Mean[Y ield slope10yr−3m] 0.84 0.82 0.80 0.79 0.77

Mean[NTP 10yr−3m] 0.87 0.87 0.87 0.87 0.87

Corr[Y ield slope10yr−3m] 0.32 0.38 0.41 0.45 0.48

Corr[NTP 10yr−3m] -0.42 -0.26 -0.15 -0.03 0.09

correlation of productivity shock = 0.5

stochastic volatility corr = 0.0 0.3 0.5 0.7 0.9

Mean[Y ield slope10yr−3m] 0.98 0.95 0.94 0.92 0.91

Mean[NTP 10yr−3m] 0.98 0.98 0.98 0.98 0.98

Corr[Y ield slope10yr−3m] 0.30 0.39 0.45 0.51 0.57

Corr[NTP 10yr−3m] -0.02 0.23 0.39 0.57 0.74


