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Abstract: This paper explores the implications of consumption heterogeneity between domestic
and foreign investors on the cross-section of stock returns in a host country. We argue that foreign
investors in a small open economy integrated into global financial markets may face consumption
risk, which could result in risk premia being reflected in stock returns. To account for the potential
influence of foreign investors on asset prices in a host country, we develop a two-country durable
consumption model under market incompleteness, which extends the one-country durable con-
sumption model. The proposed model includes both domestic and foreign pricing factors. We
investigate the empirical performance of our model with Fama–French portfolios for Korea, taking
U.S. investors as representative foreign investors. The empirical results advocate the two-country
durable consumption model, confirming the significant role of foreign factors in the cross-section of
domestic stock returns. Additionally, R2 tests conducted with different sets of test assets show that
the explanatory power of our model is comparable to that of the Fama–French three-factor model.

Keywords: durable goods consumption; Epstein–Zin preference; consumption heterogeneity; foreign
stochastic discount factor; non-nested models; Kan–Robotti–Shanken test

JEL Classification: G12; G15; E44

1. Introduction

The influence of foreign investors on host countries has been studied from various
perspectives. One area of research investigates the effects of integration with global financial
markets on local economies and financial markets. Chari and Henry (2004) found that
the access of foreign investors to local stock markets lowers systematic risk and leads
to the revaluation of stocks in a host country. Bekaert et al. (2005) argued that financial
liberalization can promote economic growth through foreign financial flows. They argued
that as foreign investors supply funds and improve corporate governance, liberalized
financial markets contribute to the decrease in the cost of capital and the increase in
physical investment in a host country.

On the other hand, many studies address the problems that foreign investors can bring
to host countries. For example, Bae et al. (2004) suggested that stocks attracting foreign
investors in emerging countries are more exposed to world market risk and, therefore,
experience higher volatility. Furthermore, Stiglitz (2004) claimed that foreign financial
flows could increase macroeconomic volatility. Debates are, however, still ongoing. Using
Korean data, Choe et al. (1999) found no evidence to show that foreign investors destabilize
stock markets. In addition, Umutlu et al. (2010) found stronger results, which showed that
as financial liberalization broadens the base of investors, foreign investment reduces the
volatility of stock returns in emerging countries.

Another important area of the literature explores the effects of foreign investors’ par-
ticipation on asset prices. This area of research mainly focuses on information asymmetry
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between local and foreign investors. Chan et al. (2008) presented interesting results, which
suggested that information asymmetry in the Chinese stock market has led to a large
discount for B-shares.1 Regarding stock market expectations, Brennan et al. (2005) found
that when foreign investors have informational disadvantages, they are more likely to have
pessimistic views after a rise in the stock market of the host country. Brennan and Cao
(1997) suggested that the stock purchases of foreign investors tend to be positively related
to returns if they are less informed.

The present paper also investigates the role of foreign investors in asset prices. How-
ever, rather than information heterogeneity, we focus on the importance of consumption
heterogeneity in the context of a cross-section of stock returns. As is commonly known,
there is a unique stochastic discount factor (SDF) in a complete market. In this case, using
the SDF of local households will be equivalent to using that of foreign households in
pricing the assets of a host country. However, in an incomplete market, where foreign
and domestic SDFs are not identical, the former can have additional information content
for pricing assets. Based on this idea, we explore whether heterogeneity in consumption
between host and foreign countries plays a significant role in explaining stock returns in
the host country under the assumption of market incompleteness. To this end, we extend
the durable consumption model of Yogo (2006) to a two-country setting by including the
consumption factors of a foreign country in our domestic pricing model.

To investigate the empirical performance of our model, we used Korean stock mar-
ket data. Foreigners’ stock investment2 was fully liberalized in May 19983, resulting in
consistently large holdings of Korean stocks by foreign investors. Figure 1a shows the
shares held by foreign investors in the Korean stock markets (KOSPI and KOSDAQ). On
average, foreign investors held one-third of the market value during the 2001–2016 period.
In addition, Figure 1b shows the composition of foreign investors by nationality, with
U.S. and U.K. investors being the largest two investor groups. Over the 2001–2016 period,
U.S. investors were the dominant group, accounting for an average of 44% of all foreign
investment, whereas U.K. investors accounted for only around 11% during the same period.

(a) Total Share (%, Market Value) (b) Composition (%)

Figure 1. Shares held by foreign investors in Korea. (a) Shares held by foreign investors in the Korean
stock markets (KOSPI and KOSDAQ). (b) Composition of foreign investors by nationality. The data
are from the Financial Supervisory Service.

These descriptive statistics imply that U.S. investors may have a non-trivial influence
on the Korean stock market, as foreign investors collectively play a considerable role.
Motivated by these ideas, we believe that the Korean stock market serves the goal of our
empirical study. In particular, the presence of the dominant investor group enables us
to estimate the model in a relatively parsimonious way without much loss of informa-
tion. Anticipating this benefit, we adopt the SDF of the U.S. as a representative SDF for
foreign investors.
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The main contributions and findings of this paper are as follows. We construct a
two-country linear factor model that includes domestic (Korea) and foreign (U.S.) factors.
Using a variety of test assets, including Fama–French and industry portfolios, we estimate
the model and show that the risk factors implied by the U.S. investors’ SDF are jointly sig-
nificant. Moreover, when portfolios with low book-to-market (BE/ME) ratios are excluded
from the test assets, most of the individual domestic and foreign consumption risk factors
are significantly priced. This result suggests that a small open economy integrated into
global financial markets has important asset pricing implications. In principle, stocks that
earn higher (lower) returns in good (bad) times are considered riskier so investors require
higher risk premia for these stocks. In the consumption-based asset pricing framework,
these good times are when marginal utility falls, that is, when consumption grows. If there
is an investor group holding a large share in a stock market, stock returns will contain
risk premia for the consumption risk faced by the investor group. Our findings suggest
that as foreign investors hold a substantial share of the market in Korea, stocks in the host
country compensate for their risk-bearing. In particular, the compensation of Korean stocks
is robust for durable consumption risk in the U.S. across all the samples we considered.
Thus, this result implies that U.S. durable consumption cycles need to be taken into account
when pricing Korean stocks.

In model comparisons, the Fama–French three-factor model outperformed the two-
country durable consumption model for 25 Fama–French, and 25 Fama–French plus 8
industry portfolios. However, we found that the inclusion of industry portfolios adversely
affected the three-factor model more than our model. Furthermore, according to formal
tests by Kan et al. (2013), the explanatory power of our model was comparable to that of
the Fama–French three-factor model for most of the samples we considered.

Our empirical results highlight the significance of cross-country heterogeneity in con-
sumption for explaining asset prices in countries such as Korea, where the share of foreign
investors is large. However, despite its potential importance, consumption heterogeneity
across countries has received relatively little attention in the asset pricing literature. Ex-
ceptions include Sarkissian (2003), Li and Zhong (2005), and Darrat et al. (2011). Similar
to Constantinides and Duffie (1996), Sarkissian (2003) incorporates cross-country con-
sumption heterogeneity into his model. However, the primary goal of his paper is to
explain currency risk premia and cross-sectional differences in currency returns, not stock
returns. In this sense, our work is more closely related to those of Li and Zhong (2005)
and Darrat et al. (2011). Li and Zhong (2005) examined the predictability of country-level
stock returns in relation to consumption heterogeneity. Darrat et al. (2011) considered
consumption heterogeneity in order to explain the cross-section of country-level stock
returns. Compared with the two studies above, our work differs in that we focus on the
cross-section of domestic stock returns, whereas those authors studied aggregate stock
returns across countries and although they modeled consumption heterogeneity with cross-
sectional consumption dispersion as in Constantinides and Duffie (1996), we reflected on
it more directly by using the SDF of a dominant foreign investor. Our model builds on
the durable consumption model of Yogo (2006) that adopts the Epstein–Zin preferences,
whereas existing studies employ the standard power utility (Li and Zhong 2005) or habit-
based (Darrat et al. 2011) models.

The rest of this paper is organized as follows. In Section 2, we present a durable
consumption model for empirical analysis. Section 3 describes the data for the estimation.
In Section 4, we discuss the estimation results. Section 5 concludes the paper. Additional
estimation results are provided in Appendix A.

2. Model

This section describes the setup of the two-country consumption model and derives
a linear factor representation for the expected excess return. The economy consists of
households in two countries—home and foreign—and a firm in the home country. As in
Yogo (2006), households consume both durable and non-durable goods. In addition, the
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representative firm maximizes its value subject to a weighted average of the SDFs of the
households in the two countries.

2.1. Households

The households in the two countries have Epstein–Zin preferences4, where they gain
utility from non-durable and durable goods consumption. Since the households’ problems
are almost identical, except for the adjustment for returns on foreign assets due to the real
exchange rate, we state the problem for the households in the home country only. This
description is sufficient to derive the econometric specifications without overlooking the
key features of our model.

In the economy, households consume non-durable goods and service flows from
durable goods. As in Colacito and Croce (2011), we assume that households in one
country only consume goods produced in their own country. Non-durable goods (Ct) are
standard consumption goods that are completely consumed within a period. However,
durable consumption goods (Dt) are accumulated as stock and can provide service flows
to households over a long period of time. The law of motion for the stock of durable goods
is given by

Dt = (1− δ)Dt−1 + Et, (1)

where Et is the durable goods consumption expenditure and δ is the depreciation rate.
We assume that households have Epstein–Zin preferences, including both non-durable

and durable consumption

Ut =
{
(1− β)u(Ct, Dt)

1−1/ψ + βEt[U
1−γ
t+1 ]

1−1/ψ
1−γ

} 1
1−1/ψ , (2)

where ψ is the intertemporal elasticity of substitution (IES) and γ is the coefficient of relative
risk aversion. u(Ct, Dt) denotes the household’s intraperiod utility, which has the following
CES form:

u(Ct, Dt) =
{
(1− α)C1−1/ρ

t + αD1−1/ρ
t

}
, (3)

where ρ is the elasticity of substitution between non-durable and durable consumption
goods and α is the utility weight of durable consumption.

Households invest θi,t units of wealth in asset i. Then, the budget constraint is given by

∑
i=1

θi,t = Wt − Ct − PtEt, (4)

where Wt is the household’s wealth and Pt is the price of the durable good. The household’s
wealth in the next period is given by

Wt+1 = ∑
i=1

θi,tRi,t+1, (5)

where Ri,t+1 is the real return for asset i. Note that the return is measured in consumption
units of the household’s home country, as we allow investment in both foreign assets and
home assets.

Letting RW,t+1 be the return on wealth, we can derive the SDF from the household’s
problem as follows:

Mt+1 =

[
β
(Ct+1

Ct

)−1/ψ
(

v(Dt+1/Ct+1)

v(Dt/Ct)

)1/ρ−1/ψ

R1−κ
W,t+1

]κ

, (6)
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where κ = (1− γ)/(1− 1/ψ) and v(D/C) is defined by

v
(

D
C

)
=

[
1− α + α

(
D
C

)1−1/ρ
]1/(1−1/ρ)

. (7)

Now, we distinguish between the SDF of domestic households and that of foreign
households by denoting them as M1,t+1 and M2,t+1, respectively. The domestic household’s
Euler equation for home equity j is then

1 = Et
[
M1,t+1Rj,t+1

]
, (8)

where Rj,t+1 is the gross return in terms of the home country’s consumption units. Finally,
the foreign household’s Euler equation for the same equity j is given by

1 = Et

[
M2,t+1

et

et+1
Rj,t+1

]
. (9)

Note that the real return (in terms of the foreign country’s consumption unit) for
foreign investors is et

et+1
Rj,t+1, where the real exchange rate is the relative price of foreign

consumption goods in terms of domestic consumption goods.5

2.2. Firms

The representative firm maximizes its value, which is the sum of the discounted
dividend flows (dt). We assume a typical firm, as specified in Kaltenbrunner and Lochstoer
(2010), Croce (2014), and many others. The firm value (Vt) is defined by

Vt = dt + Et
[
M∗t+1Vt+1

]
, (10)

where M∗t+1 is the SDF of the stockholders. Here, the stock return is given by

Rt+1 =
Vt+1

Vt − dt
, (11)

where Vt+1 is the cum-dividend firm value at t + 1 and Vt − dt is the ex-dividend firm
value at t. By combining Equations (10) and (11), we obtain the Euler equation for the firm:

1 = Et
[
M∗t+1Rt+1

]
. (12)

In the model, the households in the two countries are stockholders of the firm. As
suggested by Fogli and Perri (2015), we assume that the firm maximizes its value with the
weighted average of the stochastic discount factors of the households in the two countries.
We use the geometric average of the SDFs, similar to Eyster et al. (2019).6 Then, the SDF
(M∗t+1) in the firm’s problem is given by

M∗t+1 = M1−ω
1,t+1

(
M2,t+1

et

et+1

)ω

, (13)

where Mi,t+1 is the SDF of the household in country i and ω is the weight of foreign
stockholders. In a complete market, the following result will hold for all states7,

M∗t+1 = M1,t+1 = M2,t+1
et

et+1
. (14)

However, in an incomplete market, the equality in Equation (14) breaks down and the
SDF is given as in Equation (13).
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2.3. The Two-Country Linear Factor Model

Yogo (2006) showed that the Euler equation of the durable consumption model (with a
single country) can be approximated by a linear factor model. We follow his framework to
derive a linear factor representation in a two-country setting. As in Yogo (2006), we apply
the first-order log-linear approximation to the firm’s SDF M∗t+1 to obtain

M∗t
E[M∗t ]

' 1 + m∗t − E[m∗t ], (15)

where M∗t = (MKR
t )(1−ω)(MUS

t
et−1

et
)ω, m∗t = logM∗t = (1−ω)mKR

t + ωmUS
t , and mKR

t and
mUS

t are the logarithms of the SDFs for the Korean and U.S. households, respectively.
By taking a log-linear approximation, one can show that the SDF for a Korean house-

hold is approximated as

−mKR
t ' −κKRlogβKR + B1∆cKR

t + B2∆dKR
t + B3rwKR

t , (16)

where ∆cKR
t and ∆dKR

t are, respectively, non-durable and durable consumption growth in
Korea, and rwKR

t is the return on wealth for the Korean household. Similarly, the SDF for a
U.S. household is given by

−mUS
t ' −κUSlogβUS + B4∆cUS

t + B5∆dUS
t + B6rwUS

t . (17)

By combining Equations (12), (15), (16), and (17), the following linear factor represen-
tation can be derived8

E[Ri,t − R f ,t]

= b1Cov(∆cKR
t , Ri,t − R f ,t) + b2Cov(∆dKR

t , Ri,t − R f ,t) + b3Cov(rwKR
t , Ri,t − R f ,t)

+ b4Cov(∆cUS
t , Ri,t − R f ,t) + b5Cov(∆dUS

t , Ri,t − R f ,t) + b6Cov(rwUS
t , Ri,t − R f ,t)

+ b7Cov(∆et, Ri,t − R f ,t), (18)

where R f ,t and Ri,t − R f ,t are the risk-free rate and the excess return of portfolio i, respec-

tively. ∆cj
t and ∆dj

t are the non-durable and durable consumption growth in country j. rwj
t

is the return on wealth in country j. ∆et is the change in the real exchange rate, which
captures changes in the nominal exchange rate and inflation differentials between Korea
and the U.S.9 Here, b7 = ω is the weight of the U.S. households. The other coefficients bms
are defined as follows:

bm =

{
(1−ω)Bm for 1 ≤ m ≤ 3
ωBm for 4 ≤ m ≤ 6

Yogo (2006)’s one-country durable consumption model (1C EZ-D) is nested in our
model with the restriction of b4 = b5 = b6 = b7 = 0. Other conventional one-country
consumption-based models and their extensions to a two-country setting are all special
cases of our model, with the following parameter restrictions:

1. b2 = b4 = b5 = b6 = b7 = 0: Non-durable consumption Epstein–Zin CAPM (1C
EZ-ND),

2. b2 = b3 = b4 = b5 = b6 = b7 = 0: Power utility CCAPM (1C Power),
3. b2 = b5 = 0 and b7 6= 0: Two-country non-durable Epstein–Zin (2C EZ-ND),
4. b2 = b3 = b5 = b6 = 0 and b7 6= 0: Two-country power utility (2C Power).

Note that the factors related to U.S. households only appear in the SDFs for our model
and specifications 3 and 4 above.
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3. Data

In this section, we provide data descriptions for the test assets and pricing factors.

3.1. Portfolio Data

Following Fama and French (1993), we constructed 5× 5 sized (ME) and book-to-
market (BE/ME) portfolios. We used the KISVALUE database, which provides stock return
and accounting data for portfolio construction. Our data included all non-financial KOSPI
(Korean Composite Stock Price Index) and KOSDAQ (Korean Securities Dealers Automated
Quotations) firms that traded on the Korean Exchange during the 2001–2015 period.

For the construction of the size portfolios, we used the market equity of each firm,
which is defined as its stock price times the shares outstanding. Then, the size of the firm
was measured by its market equity as of June of each year. After five size portfolios were
formed, they were rebalanced in July of the following year. To form the book-to-market
equity portfolios, the book equity of each firm was computed as the book value of its assets
minus its total liabilities using balance sheets. The market equity for the book-to-market
equity sorts was measured by the value at the end of December in the previous year. Like
the size portfolios, the book-to-market equity portfolios were rebalanced in July of the
following year. In both the size and book-to-market equity portfolios, firms with negative
book equity were excluded. The quarterly excess returns of each portfolio were computed
as the value-weighted return of a portfolio minus the 91-day CD (certificate of deposit) rate.

3.2. Macroeconomic Data for Factors

We used quarterly macroeconomic data for Korea and the U.S. for the period 2001–
2015. The macroeconomic data required for the estimation were the non-durable goods
and services consumption, durable goods consumption, and returns on wealth in the two
countries. Using expenditure data for individual items from the Household Income and
Expenditure Survey conducted by Statistics Korea (the national statistical agency), we
computed the aggregate durable and non-durable consumption, with the classifications
consistent with those used by Yogo (2006). Major non-durable consumption items include
food and beverages, clothing and shoes, housing, healthcare services, and transportation.
For non-durable and durable consumption in the U.S., we used data compiled by the
Bureau of Economic Analysis (BEA).

As mentioned in Section 2.1, since households consume service flows from a durable
good for a long period of time, we needed to estimate the stock of durable goods. We
constructed the series assuming the law of motion for the stock of a durable good (Dt)
specified by Equation (1). In particular, following the methodology of Yogo (2006), we used
δ = 0.06 as the quarterly depreciation rate for both countries. The initial value D0 was
estimated by D0 = E1

g+δ , where g is the mean growth rate in durable goods consumption
expenditure (g = 0.011 in Korea for 1990–2016 and g = 0.010 in the U.S. for 1947–2016).

In addition to consumption data, our durable consumption model includes returns on
wealth. Following the methodology of Campbell (1996), Lustig and Van Nieuwerburgh
(2008), and Jeong et al. (2015), we included returns on human wealth, as well as those
on financial wealth from stocks.10 Here, returns on human wealth are represented by the
growth rate of labor income, which consists of employee compensation and proprietors’
income. We computed the total return on wealth using a weight of 0.7 for human wealth.
Our weight is the mean value of 0.73 from Campbell (1996) and 0.66 from Jeong et al. (2015).

Lastly, for real exchange rate adjustments, we used the nominal exchange rates at the
end of each quarter, which are available from the Bank of Korea. The inflation rates were
calculated using the CPIs for Korea and the U.S.

3.3. Summary Statistics

Table 1 shows the average excess returns for the Fama–French portfolios, where it can
be seen that there exists both a similarity and a difference between Korea and the U.S. in
the cross-section of stock returns. Fama and French (1992) reported a positive relationship
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between book-to-market and average returns for U.S. data. Similar to Fama and French
(1992), we found that higher book-to-market portfolios had larger average excess returns11

in Korea. The last row in the table highlights this fact. In addition, for each size group,
the excess returns based on the BE/ME sorts exhibited a general tendency that coincided
with the results of Fama and French (1992). On the other hand, we did not find a negative
relationship between size and average returns, unlike Fama and French (1992) for U.S.
data. The average return in Table 1 shows a U-shaped pattern as the size increases, as
seen in the last column, The table also indicates that, on average, large firms (ME 4 and
ME 5) pay higher excess returns than small firms. Although Yun et al. (2009) found a
negative relationship in the Korean data, their sample period (1991–2007) differed from
ours (2001–2015). Thus, the size–return relationship in Fama–French (1992) may be country-
and time-specific.

Table 1. Average returns on 25 Fama–French Portfolios.

ME
BE/ME

Average
1 Low 2 3 4 5 High

1 Small −0.060 0.020 0.007 0.029 0.047 0.009
2 −0.036 −0.013 −0.003 0.021 0.042 0.002
3 −0.052 −0.011 0.005 0.023 0.037 0.001
4 −0.028 −0.002 0.015 0.034 0.043 0.012
5 Big 0.013 0.024 0.024 0.035 0.022 0.024
Average −0.033 0.004 0.010 0.028 0.038

This table presents the average returns for each Fama–French portfolio. Following the methodology of Fama and
French (1993), we assigned individual stocks to size and book-to-market groups based on quintile breakpoints.
We computed quarterly returns using monthly stock price data provided by KISVALUE for 2001–2015.

Table 2 presents descriptive statistics of our key variables used in the estimation.
The first two rows show that the mean growth rates of both durable and non-durable
consumption were similar in both countries, whereas the standard deviations were quite
different. Non-durable consumption was more volatile in Korea than in the U.S., whereas
durable consumption was more volatile in the U.S. Table 2 also shows that the correlation
of consumption growth was weak between the two countries. For non-durable goods, the
correlation coefficient between them was only 0.207 and it was even smaller for durable
consumption (−0.009). In addition, the correlations between Korea and the U.S. were also
low across different consumption categories (non-durable in Korea and durable in the U.S.:
0.170; durable in Korea and non-durable in the U.S.: −0.045). The substantial consumption
heterogeneity across the two countries suggests that the stochastic discount factor of the
U.S. households could provide independent information for pricing assets.

Table 2. Descriptive statistics.

CKR DKR RKR
w CUS DUS RUS

w Market HML SMB

Mean (%) 0.175 1.052 1.119 0.219 1.042 0.478 1.186 6.981 −1.825
SD (%) 1.490 0.865 0.346 0.517 3.659 2.910 11.728 7.906 11.742

Correlations

CKR

DKR −0.030
RKR

w 0.153 0.115
CUS 0.207 −0.045 0.259
DUS 0.170 −0.009 0.232 0.660
RUS

w 0.207 0.082 0.621 0.402 0.077
Market 0.284 0.040 0.973 0.063 0.093 0.618
HML 0.153 −0.040 −0.133 0.009 0.209 −0.157 −0.164
SMB −0.023 0.156 −0.083 −0.021 −0.133 −0.085 −0.050 −0.694

This table presents the descriptive statistics for the key macroeconomic data. The first two rows show the means
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and standard deviations. The remaining rows show the correlations between the variables. Ci , Di , and Ri
w denote

non-durable consumption, durable consumption, and the return on wealth in country i, respectively. Market

represents the excess return for the market portfolio (KOSPI and KOSDAQ) in Korea. SMB is the difference in the

average returns between the small stock and big stock portfolios. HML is the difference in the average returns

between the high book-to-market equity and low book-to-market equity portfolios. The superscripts KR and US

represent Korea and the U.S., respectively. All numbers are quarterly values.

4. Cross-Sectional Test of the Two-Country Durable Consumption Model

In this section, we estimate the two-country linear factor model given in Equation (18).
We call this linear factor model the “two-country durable consumption model”. The esti-
mation results of our model are compared to those of the traditional CAPM, the restricted
versions of our two-country durable consumption-based model, and the Fama–French
three-factor model.

4.1. Estimation of the Two-Country Durable Consumption Model

We estimate the model parameters using the generalized method of moments (GMM).
Since the moment condition is given by E

[
M∗t (Ri,t − R f ,t)

]
= 0 for each portfolio i, the

number of moment conditions is equal to that of the test assets, n. Let Rt be the vector of
portfolio returns and ft be the de-meaned vector of factors at time t. Then, the moment
function from Equation (18) is given by

g(xt, b) =
(

Rt − R f ,tι− (Rt − R f ,tι) f ′t b
)

, (19)

where xt = (R f ,t, R1,t, ..., Rn,t) and ι is an n× 1 vector of ones. b is the vector of coefficients
in the linear factor model.

We estimate the model using a two-stage GMM. Let W and gT denote a weighting
matrix and the sample moment, respectively. Then, the GMM estimator minimizes the
weighted sum of pricing errors:

minb JT = g′TWgT , (20)

where gT = 1
T ∑T

t=1

[
Rt − R f ,tι− (Rt − R f ,tι) f ′t b

]
. The first stage uses an identity weighting

matrix, which weights all moment conditions equally. Then, we compute a heteroscedastic-
ity and autocorrelation consistent (HAC) estimate of the covariance matrix of the pricing
errors gT . In the second stage, the inverse of this covariance matrix is used as the weighting
matrix, which yields efficient estimates.

4.2. Estimation Results
4.2.1. Estimation with 25 Fama–French Portfolios

Table 3 presents the GMM estimates of factor risk prices for the one-country and
two-country models, the Fama–French three-factor model, and the CAPM. In the one- and
two-country models, we use Power, EZ-ND, and EZ-D to represent the power utility, the
Epstein–Zin non-durable consumption model, and the Epstein–Zin durable consumption
model, respectively. In addition to the coefficient estimates, we report the mean absolute
pricing errors (MAEs) and R2s from the first-stage estimation. Here, we define R2 as one
minus the ratio of the variance of pricing errors to the variance of average portfolio returns,
following Campbell and Vuolteenaho (2004).
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Table 3. Estimation Results with 25 Fama–French Portfolios.

Factors
One-Country Two-Country

CAPM FF
Power EZ-ND EZ-D Power EZ-ND EZ-D

CKR 106.804 125.375 145.411 129.554 98.903 19.493
(5.082) (6.816) (8.592) (6.567) (8.337) (6.243)

DKR −81.879 −23.068
(8.568) (10.909)

RKR
w −1.255 −0.745 18.980 0.617

(1.117) (1.210) (1.888) (2.203)
CUS −70.982 286.791 −17.295

(22.096) (28.719) (46.552)
DUS 408.203

(53.161)
RUS

w −53.160 −13.366
(3.856) (3.803)

EXR 0.000 0.051 0.276
(1.155) (1.765) (1.868)

Market 0.117 2.731
(0.163) (0.195)

SMB 4.946
(0.267)

HML 16.049
(0.405)

MAE(%) 1.647 1.745 1.829 1.755 1.572 1.405 2.279 0.778
R2 0.242 0.273 0.345 0.269 0.450 0.633 −0.005 0.899
J-test 1.978 1.967 1.943 1.945 1.968 1.875 1.969 1.981

(1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000)

(Wald Test) H0: b4 = b5 = b6 = b7 = 0 in the two-country durable consumption model
χ2 = 68.320 (p = 0.000)

This table presents the GMM estimation results from the one- and two-country models, the CAPM, and the
Fama–French three-factor model. Power is the linear factor model for a power utility. EZ-ND is the linear factor
model with Epstein–Zin preferences for non-durable goods consumption. EZ-D is the linear factor model with
Epstein–Zin preferences for durable goods consumption. FF is the Fama–French three-factor model. We report the
estimated factor prices in each row. Ci , Di , and Ri

w represent non-durable consumption, durable consumption, and
the return on wealth in country i, respectively. EXR is the real exchange rate adjustment term for U.S. households.
Factors related to Korean households have the superscript KR and those related to U.S. households have the
superscript US. Market is the excess return for the market portfolio (KOSPI and KOSDAQ) in Korea. SMB is the
difference in the average returns between small and big stock portfolios. HML is the difference in the average
returns between high and low book-to-market equity stock portfolios. We present the mean absolute pricing errors
(MAE, %) and R2s from the first-stage estimation. The numbers in parentheses below the coefficient estimates are
Newey—West HAC standard errors. The p-values are in parentheses below the J-test values. The last row shows
the Wald test of the joint hypothesis H0: b4 = b5 = b6 = b7 = 0 in the two-country durable consumption model.
The p-values are in parentheses.

The estimation results show that the one-country consumption-based models have
lower R2s or larger mean absolute pricing errors than their two-country counterparts.

The two-country models showed improvement over their one-country counterparts,
except for the power utility CCAPM. In particular, our two-country durable consumption
model yielded promising results. The mean absolute pricing error declined to 1.405% from
1.829% compared to its one-country counterpart and the R2 almost doubled. Moreover, the
Wald test strongly rejects the null hypothesis that the risk prices of the U.S. factors are all
zeros, indicating that the foreign factors, which capture consumption heterogeneity, are
important elements in pricing Korean stocks. In addition, compared with the two-country
non-durable consumption model (EZ-ND), we found that the R2 substantially increased
from 0.450 to 0.633 by adding one variable, the durable consumption growth, as the durable
consumption factor in the U.S. showed statistical significance at the 1% level.



Int. J. Financial Stud. 2023, 11, 62 11 of 20

Table 3 shows that the CAPM cannot adequately explain the average excess returns of
the test assets. The failure of the CAPM for U.S. data is well-documented in the literature
(Fama and French 1992, 1993; Yogo 2006). We found similar results for the Korean data. The
risk price of the market portfolio is statistically insignificant and the mean absolute pricing
error from the CAPM is sizable (2.279%). Moreover, the negative R2 (−0.005) indicates a
poor fit of the model, implying that it has less explanatory power than a model using only
a constant that is equal to the cross-sectional average of the mean excess return.

The Fama–French three-factor model performs well in explaining the average excess
return of the Fama–French portfolios. The model has a mean absolute pricing error of
as low as 0.778% and a large R2 value of 0.899. These results are interesting. In fact, the
Korean data exhibits the opposite pattern to the U.S. data in the spread between small-
and large-cap stock portfolio returns (SMB)12. Despite this, our results suggest that the
Fama–French three-factor model had considerable explanatory power for Korean data as
well as U.S. data.

The J-statistics and p-values for the overidentifying restriction tests indicate that none
of the models are rejected in the specification tests. However, despite the large pricing error
and negative R2, even the CAPM cannot be rejected by the test. This non-rejection may
be due to the large variance of the pricing errors, which makes the J-statistic insignificant,
rather than the model being a good fit. Therefore, in this case, the J-test may not provide
informative results for evaluating the overall fit of the models. Similar findings were
reported in other model specifications or comparison tests by Hodrick and Zhang (2001),
Kan et al. (2013), and many others.

Figure 2a–d plot the predicted and actual excess returns for the 25 Fama–French
portfolios in the selected models. Consistent with the GMM estimation results, the Fama–
French three-factor model exhibits the smallest pricing error, as its predicted returns
are aligned well with the 45-degree line. The pricing error of the two-country durable
consumption model is smaller than those of other consumption-based models.

In Appendix A, Table A1 shows the estimation results from the six above-mentioned
models with the additional test assets of industry portfolios.13 The previous results remain
largely unchanged. However, the explanatory power of the Fama–French three-factor
model substantially deteriorates, more than that of the two-country durable consumption
model. The R2 for our model exhibits only a small decrease (from 0.633 to 0.571), whereas
the Fama–French three-factor model exhibited a large decrease of about 0.2 (from 0.899 to
0.706). The actual and predicted excess returns are plotted in Figure A114 This figure indi-
cates that the Fama–French three-factor model tends to have a higher degree of deviation
of the predicted returns from actual returns, particularly for the IT industry profile.

(a) CCAPM: Power utility (b) One-country durable

Figure 2. Cont.
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(c) Two-country durable (d) Fama–French three-factor

Figure 2. Actual and predicted excess returns for Fama–French portfolios. The figures plot the
actual and predicted excess returns for the 25 Fama–French portfolios. The portfolios are sorted by
size and book-to-market equity. Predicted excess returns are from (a) the CCAPM for the power
utility, (b) the one-country model for durable consumption, (c) the two-country model for durable
consumption, and (d) the Fama–French three-factor model. The returns are shown as quarterly
values.

4.2.2. Estimation Results with Selected Portfolios

In this section, we estimate the models using subgroups of test assets since unknown
anomalies in some portfolios might not be captured by our model. For example, in Table 1,
we can see that the average quarterly return for the BE/ME 1 group is −3.3%, which is very
low given that the aggregate market return is 2.1%, on average, over the sample period.
This may imply that our model has only a limited ability to explain the return of portfolios
with a relatively low BE/ME.

To further investigate whether the performance of our model depends on the char-
acteristics of the test assets, we re-estimated the three models—the one-country durable
consumption model, the two-country durable consumption model, and the Fama–French
three-factor model—with selected subsets of portfolios. We employ the BE/ME2–BE/ME5
(20 portfolios) or BE/ME3–BE/ME5 (15 portfolios) groups in the subsequent analyses.

Table 4 summarizes the estimation using the selected portfolios. Panel A shows
estimates from the portfolios in the BE/ME2–BE/ME5 groups using the three models. It
can be seen that the one-country durable consumption model has significant positive risk
prices for non-durable and durable consumption. The risk price for wealth is positive
but is not significantly different from zero. The mean absolute error and the R2 for the
one-country model were 0.819% and 0.694, respectively.

The two-country durable consumption model performs better in explaining the aver-
age excess returns of these portfolios than the one-country durable consumption model.
The model delivers a low mean absolute pricing error of 0.753% and the Wald test strongly
rejects the null hypothesis that the U.S. factors are jointly unrelated in explaining the ex-
pected return of the Korean assets. We can also see that the coefficient for U.S. durable
consumption is significant at the 1% level, as the coefficients are also significant for non-
durable and durable consumption growth in Korea.

The Fama–French three-factor model still performs the best for the BE/ME2–BE/ME5
groups, yielding the smallest mean absolute pricing error (0.556%) and the highest R2

(0.845) among the considered models. However, as the performance of the two-country
durable model improved, the difference in explanatory power between the two models
became small.
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Table 4. Estimation using selected portfolios.

Factors

Panel A: BE/ME2–BE/ME5 Panel B: BE/ME3–BE/ME5

EZ-D EZ-D FF EZ-D EZ-D FFOne-Country Two-Country One-Country Two-Country

CKR 116.062 74.203 93.718 49.942
(8.127) (10.180) (7.871) (9.963)

DKR 39.499 58.473 50.975 78.394
(7.894) (15.853) (13.321) (17.205)

RKR
w 0.9068 0.825 1.814 0.920

(1.147) (2.198) (1.228) (3.872)
CUS 9.986 209.734

(30.907) (47.478)
DUS 140.539 113.840

(24.157) (35.942)
RUS

w −4.435 −9.256
(4.186) (6.410)

EXR 0.314 0.729
(2.178) (3.259)

Market 2.439 2.335
(0.203) (0.257)

SMB 4.513 4.362
(0.304) (0.436)

HML 13.567 12.431
(0.417) (0.555)

MAE 0.819 0.753 0.556 0.529 0.473 0.526
R2 0.694 0.747 0.845 0.696 0.779 0.714
J-test 1.949 1.846 1.971 1.843 1.567 1.827

(1.000) (1.000) (1.000) (1.000) (0.992) (1.000)

(Wald Test) H0 : b4 = b5 = b6 = b7 = 0
BE/ME2–BE/ME5 BE/ME3–BE/ME5

χ2 = 103.69 (p = 0.000) χ2 = 139.32 (p = 0.000)
This table presents the GMM estimation results from our one- and two-country durable consumption models and
the Fama–French three-factor model using the selected portfolios. EZ-D is the linear factor model with Epstein–Zin
preferences for durable goods consumption. FF is the Fama–French three-factor model. We report the estimated
factor prices in each row. The first three estimates are from portfolios that include the BE/ME2–BE/ME5 groups.
The next three size portfolios include the BE/ME2–BE/ME5 groups. Ci , Di , and Ri

w represent the non-durable
consumption, durable consumption, and return on wealth in country i, respectively. EXR is the real exchange rate
adjustment term for U.S. households. Factors related to Korean households have the superscript KR and those
related to U.S. households have the superscript US. Market is the excess return for the market portfolio (KOSPI
and KOSDAQ) in Korea. SMB is the difference in the average returns between small and big stock portfolios.
HML is the difference in the average returns between high and low book-to-market equity stock portfolios. We
show the mean absolute pricing error (MAE, %) and the R2 from the first-stage estimation. The numbers in
parentheses below the coefficient estimates are the Newey–West HAC standard errors. The p-values for the J-test
are shown below the J-test values in parentheses. The last row shows the Wald test of the joint hypothesis H0:
b4 = b5 = b6 = b7 = 0 for the two-country durable consumption model. The p-values are in parentheses.

Panel B presents the estimates for the BE/ME3–BE/ME5 groups. As in the BE/ME2–
BE/ME5 groups, the one-country durable consumption model has significant risk prices
for both non-durable and durable consumption. The mean absolute error and R2 for the
one-country model are 0.529% and 0.696, respectively, similar to those of the 20-portfolio
BE/ME2–BE/ME5 groups.

The two-country durable consumption model can explain the average excess returns
of these 15 portfolios reasonably well. The model has a low mean absolute average pricing
error of 0.473% and quite a large R2 value (0.779). The coefficients have the same signs
as the 20 portfolios, and those of non-durable and durable consumption growth in both
countries are significant at the 1% level.
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Notably, the risk price is significant not only for Korean durable consumption growth
but also for U.S. durable consumption growth for all the samples above. Yogo (2006) found
that durable consumption growth had a significant risk price15 in explaining domestic
stock returns in the U.S. Our empirical finding implies that his results can be extended to
pricing Korean assets of which U.S. investors hold a considerable share.

For the BE/ME3–BE/ME5 groups, the Fama–French three-factor model has larger
pricing errors than our model. The three-factor model delivered an MAE of 0.526%, which is
larger than the 0.473% of our model. The R2 dropped from 0.845 to 0.714 when we excluded
BE/ME2 from the test assets, indicating that the better performance of the three-factor
model compared to our model could be attributed to its explanatory power for portfolios
with relatively low BE/ME ratios.

Figure 3 shows the pricing errors from the two-country durable consumption and the
Fama–French three-factor models for the two classes of selected portfolios. Figure 3a,b
show the pricing errors from the two models for the BE/ME2–BE/ME5 portfolios and
Figure 3c,d plot the pricing errors for the BE/ME3–BE/ME5 portfolios. In particular,
Figure 3c,d illustrate that our model had smaller pricing errors than the Fama–French three-
factor model for the test assets. As we reduced the number of portfolios, some estimates
showed larger changes, for example, the risk price of U.S. non-durable consumption
jumped from 9.986 to 209.734. Hence, the predicted returns from the two-country durable
consumption model moved closer to the 45-degree line, whereas most of the predicted
returns from the Fama–French three-factor model remained unchanged.

In an unreported analysis, we also estimated the above three models using size-
based portfolios. We used 20 portfolios in the ME2–ME5 groups and 15 portfolios in the
ME3–ME5 groups, including all the BE/ME portfolios in each corresponding size group.
The significance of the U.S. factors in our two-country durable consumption model was
maintained in the Wald tests for these subsamples, although the Fama–French model
performed better in terms of pricing errors.

To summarize, the overall performance of the three-factor model was significantly
better than that of the two-country durable consumption model, but the estimation results
on the subgroups show that our model has some merits in explaining the returns of value
stocks. So far, we have compared the performance of the models without any formal
statistical tests. In Section 4.2.3, we further investigate whether the performance of the two
models was statistically different based on tests proposed by Kan et al. (2013).

(a) BE/ME2–5: Two-country durable (b) BE/ME2–5: Fama–French three factor

Figure 3. Cont.
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(c) BE/ME3–5: Two-country durable (d) BE/ME3–5: Fama–French three factor

Figure 3. Actual and predicted excess returns for selected portfolios. This figure plots the actual and
predicted excess returns for the 15 selected portfolios. The portfolios are sorted by size and book-to-
market equity. The predicted excess returns are from (a) the two-country durable consumption model
with BE/ME2–BE/ME5 portfolios, (b) the Fama–French three-factor model with BE/ME2–BE/ME5
portfolios, (c) the two-country durable consumption model with BE/ME3–BE/ME5 portfolios, and
(d) the Fama–French three-factor model with BE/ME3–BE/ME5 portfolios. The returns are shown as
quarterly values.

4.2.3. Equality Tests of Cross-Sectional R2s

This section compares the performance of our model and the Fama–French three-
factor model using a formal statistical test. We used the Kan et al. (2013) test for non-nested
models,16 hereafter referred to as the KRS test, to test the statistical significance of the
difference in cross-sectional R2 between the two models.17 One of the key advantages of
the KRS test is that we can remain agnostic about the “true” model, as originally advocated
by Hansen and Jagannathan (1997). It is worth noting that all models have the potential to
be misspecified since they are only imperfect representations of reality. Hence, the tests
provided by Kan et al. (2013) are robust to potential model misspecification. Thus, even if
neither the two-country durable nor the Fama–French three-factor model was true, it would
be possible to evaluate the relative performance of the two models in terms of the model fit.
Another advantage of the KRS test is that it is applicable to not only OLS R2s but also GLS
R2s.18 As documented by Kan et al. (2013), in an analysis with excess returns, testing the
difference between GLS R2s is equivalent to testing the equality of Hansen–Jagannathan
(HJ) distances.19 Thus, the difference in the GLS R2s can be interpreted as the difference in
the maximum pricing error.

Table 5 summarizes the statistics for the KRS tests. In the table, R2s are denoted
by ρ2s to distinguish them from the R2s used in the previous sections. Panels A and
B, respectively, show the OLS and GLS R2s for four sets of test assets: 25 Fama–French
portfolios, 20 portfolios of BE/ME2–BE/ME5 groups, 15 portfolios of BE/ME3–BE/ME5
groups, and 25 Fama–French + 8 industry portfolios. The performance of both models, as
shown in Panel A, was quite impressive. The OLS R2s are relatively high, being close to
0.9 for most of the subsample analyses. The differences in the OLS R2s of the two models
are small in magnitude and they are not statistically different from zero in all but one case
in the first column. For the sample of the 25 Fama–French portfolios, the Fama–French
three-factor model has a significantly higher R2 at the 1% level. However, for the other three
samples, the differences in the R2s are not statistically significant. The p-values of the KRS
tests for the BE/ME2–BE/ME5 groups, BE/ME3–BE/ME5 groups, and 25 Fama-French +
8 industries are greater than 50%, whereas the R2s of our model are slightly higher than
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those of the Fama–French three-factor model for the BE/ME3–BE/ME5 groups and 25
Fama-French + 8 industry portfolios.

Table 5. Equality tests of cross-sectional R2s.

25 Fama–French BE/ME2 BE/ME3 25 Fama–French
–BE/ME5 –BE/ME5 +8 Industries

Panel A: OLS

ρ2
2cd 0.800 0.872 0.938 0.738

s.e (0.035) (0.062) (0.030) (0.096)
ρ2

f f 3 0.900 0.901 0.910 0.718
s.e (0.044) (0.064) (0.070) (0.058)
ρ2

2cd − ρ2
f f 3 −0.100 −0.029 0.028 0.020

p-value [0.008] [0.522] [0.591] [0.829]

Panel B: GLS

ρ2
2cd 0.208 0.372 0.483 0.269

s.e (0.068) (0.133) (0.093) (0.080)
ρ2

f f 3 0.571 0.508 0.448 0.368
s.e (0.157) (0.154) (0.147) (0.062)
ρ2

2cd − ρ2
f f 3 −0.364 −0.136 0.035 −0.098

p-value [0.187] [0.261] [0.878] [0.187]

This table presents the results of the equality tests of the cross-sectional R2s for the two-country durable con-
sumption model and the Fama–French three-factor model. ρ2

i is the cross-sectional R2 of model i. The subscripts
2cd and f f 3 denote the two-country durable consumption model (2cd) and the Fama–French three-factor model,
respectively. The numbers in parentheses are the standard errors. ρ2

2cd − ρ2
f f 3 is the difference between the R2s of

the two models. The numbers in brackets are the p-values for the test of H0 : 0 < ρ2
2cd = ρ2

f f 3 < 1. Following the
methodology of Kan et al. (2013), we computed the p-values, assuming potential model misspecification. Panels
A and B show the results for the OLS and GLS estimations, respectively.

Panel B indicates that the GLS R2 (equivalently, the HJ distances) are not statistically
different between the two models across all choices of test assets. In the first column,
the GLS R2 of the Fama–French three-factor model (0.571) is much larger than that of the
two-country durable model (0.208). Nonetheless, the results of the KRS test suggest that
the Fama–French three-factor model does not outperform the two-country durable model
when sampling variation is taken into account. As its GLS standard error (0.157) for all
portfolios is almost quadrupled, compared to its OLS standard error (0.044), the KRS test
fails to reject the null hypothesis that their HJ distances were equal. The test yielded similar
results for the other choices of test assets.

In summary, from a statistical perspective, our model’s performance is comparable to
that of the Fama–French three-factor model in most cases. We observed that the differences
between the standard OLS R2s and the HJ distances were statistically insignificant, except
for only one case, the OLS R2 for 25 portfolios. Thus, by judging the magnitudes of the R2s
and using inferences from the statistical tests, we did not find strong evidence to support
the use of the Fama–French three-factor model over our two-country durable consumption
model.

5. Conclusions

For U.S. data, the empirical success of the Fama–French three-factor model is well-
known. We found that the three-factor model could adequately explain the cross-section
of Korean stocks. However, as Fama (1991) and Fama and French (1992) suggested, the
two factors HML and SMB are not easily interpreted within an economic framework. For
this reason, many versions of equilibrium asset pricing models have been proposed and
their empirical performance has been investigated. In this area of research, Yogo (2006)
has made important progress in addressing the failures of standard consumption-based
models that rely only on aggregate or non-durable consumption. He found that durable
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consumption played a significant role in pricing assets through the elasticity of substitution
between durable and non-durable consumption. Employing the durable consumption
model of Yogo (2006), we incorporated the foreign SDF into the model, assuming market
incompleteness. Our two-country durable consumption model produced promising results,
suggesting that the U.S. SDF helped to capture the cross-sectional variations in Korean
stock returns. The foreign factors in our model are jointly significant and this model even
yielded a lower average pricing error for high book-to-market equity (BE/ME3–BE/ME5)
portfolios than the Fama–French three-factor model. In particular, the compensation of
Korean stocks is robust for the durable consumption risk in the U.S. across all the samples
we considered. Moreover, from the KRS tests, we found that the explanatory power of the
model was comparable to that of the Fama–French three-factor model in most cases.

To the best of our knowledge, this paper is the first to incorporate foreign pricing
factors into the SDF to investigate the influence of foreign investors on domestic stock
returns. Our empirical findings suggest that cross-country consumption heterogeneity is
essential for pricing assets in financial markets where foreign investors hold a large share.
Given this implication, good candidates for further research would be countries such as
the U.K., France, and the Netherlands, since the share of holdings by non-residents is also
large in these countries.

Author Contributions: C.-K.C.: methodology, writing; B.J.: conceptualization, methodology, soft-
ware, writing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Data Availability Statement: Stock return and financial statement data are obtained from the
KISVALUE database exclusively available for members. Sources of public data are specified in
the paper.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

Appendix A

Table A1. Estimation with 25 Fama-French and 8 industry portfolios.

Factors
One-Country Two-Country

CAPM FF
Power EZ-ND EZ-D Power EZ-ND EZ-D

CKR 90.067 90.612 119.073 87.680 79.302 67.962
(2.697) (2.714) (3.765) (2.792) (3.995) (5.556)

DKR −95.778 −26.357
(5.038) (7.313)

RKR
w −0.015 0.311 15.017 0.804

(0.764) (0.850) (0.890) (1.461)
CUS 9.843 318.164 −129.786

(14.723) (19.628) (27.506)
DUS 280.533

(16.725)
RUS

w −45.683 −7.396
(1.626) (2.560)

EXR 0.000 0.000 0.064
(0.596) (1.059) (1.052)

Market 0.307 2.631
(0.154) (0.139)

SMB 3.744
(0.185)

HML 13.456
(0.230)



Int. J. Financial Stud. 2023, 11, 62 18 of 20

Table A1. Cont.

Factors
One-Country Two-Country

CAPM FF
Power EZ-ND EZ-D Power EZ-ND EZ-D

MAE(%) 1.693 1.699 1.687 1.669 1.415 1.334 2.074 1.044
R2 0.176 0.176 0.291 0.176 0.452 0.571 −0.018 0.706
J-test 2.000 1.997 1.970 2.000 1.991 1.958 2.000 2.002

(1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000)

(Wald Test) H0: b4 = b5 = b6 = b7 = 0 in the two-country durable consumption model
χ2 = 621.799 (p = 0.000)

This table presents the GMM estimation results from our one- and two-country models, the CAPM, and the
Fama–French three-factor model. Power is the linear factor model for a power utility. EZ-ND is the linear factor
model with Epstein–Zin preferences for non-durable goods consumption. EZ-D is the linear factor model with
Epstein–Zin preferences for durable goods consumption. FF is the Fama–French three-factor model. We report the
estimated factor prices in each row. Ci , Di , and Ri

w represent non-durable consumption, durable consumption, and
the return on wealth in country i, respectively. EXR is the real exchange rate adjustment term for U.S. households.
The superscripts KR and US denote factors from Korean and U.S. households, respectively. Market represents
the excess return for the market portfolio (KOSPI and KOSDAQ) in Korea. SMB is the difference in the average
returns between small and big stock portfolios. HML is the difference in average returns between high and low
book-to-market equity stock portfolios. We present the mean absolute pricing error (MAE, %) and the R2 from the
first-stage estimation. The numbers in parentheses below the coefficient estimates are Newey–West HAC standard
errors. The p-values for the J-test are reported in parentheses below the J-test values. The last row shows the Wald
test of the joint hypothesis (H0) in the two-country durable consumption model. The p-values are in parentheses.

(a) FF25+Industry: Two-country durable (b) FF25+Industry: Fama-French three-factor

(c) Industry: Two-country durable (d) Industry: Fama-French three-factor

Figure A1. Actual and predicted excess returns for Fama–French and industry portfolios. The figures
plot the actual and predicted excess returns for the 25 Fama–French and 8 industry portfolios. The
predicted excess returns shown in (a,b) are from the two-country model with the durable consumption
model and the Fama–French three-factor model, respectively. (c,d) Predicted excess returns for only
the industry portfolios. The returns are shown as quarterly values.
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Notes
1 In China, stock markets are segmented based on investors’ nationalities. Foreigners participate only in the B-share market,

whereas domestic investors trade shares mainly in the A-share market.
2 According to the Financial Investment Services and Capital Markets Act, foreigners include non-resident foreign nationals,

branches of foreign corporations, and entities that were established by foreign laws.
3 Foreigners can hold unlimited stocks in all industries, except for utilities and public infrastructure.
4 We allowed for different preference parameters for the two countries.
5 et = St

P2,t
P1,t

, where St is the nominal exchange rate, which is the price of foreign currency in terms of domestic currency.
6 Even if we use the arithmetic average, the econometric specification derived from a linear approximation does not change.
7 Let s ∈ S (S: set of states) be a state and qs be the price of an Arrow security for state s. Assuming two households and a complete

market, we have qs = πs M1,t+1(s) = πs
et

et+1(s)
M2,t+1(s) for all s, where πs is the probability of s and Mi,t+1(s) is the SDF of the

households in country i. Then, M1,t+1(s) =
et

et+1(s)
M2,t+1(s) for all s.

8 Since 0 = E
[

M∗t (Ri,t − R f ,t)
]
, E[Ri,t − R f ,t] = −

Cov(M∗t ,Ri,t−R f ,t)

E[M∗t ]
holds.

9 ∆et = ∆st − πKR
t + πUS

t , where st is the nominal exchange rate of the Korean won against the U.S. dollar at the end of each

quarter and π
j
t is the inflation rate in country j.

10 Bansal et al. (2008) showed that returns on human wealth are equivalent to the growth rate of labor income when human wealth
is assumed to be proportional to labor income and we estimated human wealth based on their assumption. In addition, due
to the large weight on human wealth, the returns of foreign stocks do not affect the results since investment in foreign stocks
accounts for only a small fraction in both countries (about 10% and 20% of equity investment in Korea and the U.S., respectively,
according to IMF CPIS). In our benchmark estimation, we did not consider stock returns from equity investment in the rest of the
world. However, one can include global equity returns with a proxy such as the FT/S&P World Index, which covers 28 advanced
and developing countries, excluding the U.S. and Korea.

11 Strictly speaking, Fama and French (1992) presented average returns rather than average excess returns. For average returns, our
results do not change.

12 Typically, SMB in Korea is negative, on average, whereas it is positive in the U.S.
13 The authors are grateful to the referee for this suggestion. We used eight non-financial and non-utility industries from FnGuide’s

10-industry portfolios, which were energy, materials, industrial goods and services, cyclical goods and services, essential consumer
goods, healthcare, information technology, and communication services.

14 Figure A1c,d show the fitted excess returns for only industry portfolios based on estimates with the 33 portfolios.
15 See Table III on page 556 in Yogo (2006).
16 Note that the two competing models are non-nested since these models have their own distinct sets of factors, meaning that the

version of the KRS test for the non-nested case was sufficient for our subsequent analysis. To implement the method, we referred
to the MATLAB code available at http://www-2.rotman.utoronto.ca/kan/research.htm, accessed on 20 January 2020.

17 The R2 used in the KRS test was the standard coefficient of determination, which was computed with the total sum of squares
and the explained sum of squares.

18 The KRS statistics are computed in two steps. In the first step, the factor loadings are estimated via a multivariate OLS regression.
In the second step, the factor loadings are used as regressors in a cross-section GLS estimation. The KRS OLS R2 statistic is
obtained using the identity matrix as a weighting matrix. The KRS GLS R2 is obtained when the inverse of the variance matrix of
the asset returns is used as a weighting matrix.

19 See p. 2639 of Kan et al. (2013) for details.
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