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Abstract

This paper teds a patidly Segmented ICAPM usng an asymmetric multivariate GARCH
specification for two developed markets, two emerging markets and World market. We find
that this asymmetric process provides a dgnificantly better fit of the data than a standard
symmetric process. The evidence supports the financid integration hypothess and suggests
that domestic risk is not a priced factor.
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1 Introduction

Determining the extent to which a nationd market is integrated in the world stock market is
an empiricad question which has decisve impact on a number of issues affecting problems
that are addressed by financid market theory. If capital markets are fully integrated, investors
face common and country-specific risks, but price only common risk factors because country-
gpecific risk is fully diverdfied. In this case, the same asst pricing relationships gpply in al
countries and expected returns should solely be determined by globa risk factors. In contrat,
when capitd markets are segmented the asset pricing relationship varies across countries and
expected returns would be determined by domestic risk factors. When capital markets are
partialy segmented, investors face both common and country-specific risks and price them
both. In this case, expected returns should be determined by a combination of locd and global
risk sources. Thus, expected gains from world portfolio divergfication and criteria for capitd
budgeting decisons will be quite different under local, globa and mixed pricing.

Empirica papers invedigating sock market integration have been mainly limited to
developed markets. These papers nclude Bekaert and Harvey (1995), De Santis and Gerard
(1997) and Carrieri, Errunza and Sarkissan (2002). The findings of these studies support the
financid integration hypothess. Recently, some pepers have tented to focus on emerging
markets, for ingance De Santis and Imrohoroglu (1995) and Gerard, Thanyadakpark and
Batten (2003). The results of these studies are heterogeneous.

On the other hand, if, as is agued in univarigte and bivariale cases by Glogen,
Jagannathan and Runkle (1993) and Kroner and Ng (1998), the conditiona variances and
covariances are higher during stock market downturns, the econometric specification should
alow for asymmetric effectsin variances and covariances.

The present paper contributes to stock market literature by testing a partialy segmented
internationd cepitd asset pricing modd (ICAPM) usng an asymmelric extenson of the
multivariate GARCH-in-Mean specification of De Santis and Gerard (1997). This approach,
with sgn and dze asymmetric effects, dlows to the prices of domestic and world market
risks, betas and corrdations to vay asymmericdly through time. The modd is estimated
over the period 1970-2003 smultaneoudy for 5 markets. the world market, 2 developed
markets and 2 emerging markets.

The rest of the paper is organised as follows. Section 2 presents the model and introduces
the econometric methodology. Section 3 describes briefly the data Section 4 reports the
empirica results. Concluding remarks are in section 5.

2 The Mode and Empirical M ethodology

The Capital Asset Pricing Modd (CAPM) predicts that the expected excess return on an asset
is proportional to its nondiversfisble risk measured by its covariance with the market
portfolio. Under the hypothesises of stock market integration and purchasing power parity, an
international conditional version of the CAPM can be written as:

E(ﬁit /\Nt-l)' th = dt-lcov(ﬁit’ ﬁNt /Wt—l)’ i (1)

where R, is the return on asset i between time (t-1) and t, R, is the return on a risk-free asset

and R,, is the return on the market portfolio. d,_, is the price of world market risk and is

equa to the world aggregate risk averson coefficient, see Merton (1980) and Adler and
Dumas (1983). All expectations are taken with respect to the set of information varigbles
W,

t-1°



However, many studies show that expected returns in most markets are influenced by both
globd and loca risk factors, i.e. most markets are nether fully integrated nor completely
segmented, see Karolyi and Stulz (2002). In this partidly segmented framework, expected
returns should be determined by two risk factors. globad market risk and residua domestic
risk, see Gerard et a. (2003):

ERM.)- R =d.CoR, R/ +dl,, Var(Res ML), i ®)

where dy,, is the price of domestic risk and (Var (REEft/ W_])) captures the domestic market
nondiversfiable risk uncorrelated to world risk :

Var(Res, /W ,)=Var(R,/W.,)- Co(R, R,/ W..)*Var(R,/W.,).

Next, condder the econometric methodology. Equation (2) has to hold for every asset
including the market portfolio. A benchmark system of equations can be used to test the
patidly integrated conditiond ICAPM. For an economy with N risky assets, the following
system of pricing restrictions has to be satisfied at each point in time:

~

Rt - tht :dt-tht +dd,t-1*qt +ét é[ /Wl-l - N(O7Ht) (3)

where g, =D(H,)- (hy *hy )/hy » @d R denotes the (N 1) vector that indudes (N - 1)
risky assets and the market portfolio, t an N-dimensona vector of ones. H, isthe (N N)
conditional covariance matrix of asset returns, hy, is the N™ column of H, composed of the
conditiona covariance of each asst with the market portfolio and hy,, the conditiond
variance the world market portfolio. d,,, is the (N~ 1) vector of time-varying prices of
domestic risk, ¢, is the (N” 1) vector on nondiversifiable loca risk, D(H,) the diagond
componentsin H, and (-) denotes the Hadamard matrix product.

The dynamics of conditiond moments are left unspecified by the modd. However, it has
been shown that securities exhibit voldility clustering and leptokurtoss. Such characterigtics
are taken into account by ARCH specification. To estimate the mode, we develop an
asymmetric extenson of the multivariate GARCH process developed by De Santis and
Gerard (1997). Formally, H, can be written as follows:

H, =CC +aalt g ef, +bb® H, , +ss¢x_x¢ +z¥h_he, (4)

where x;; =e;l, Where Iy, =1 if e, < 0otherwise Iy, =0,

h,=e,l, where I, =1if|e,|>./h, othewiseO,

C isa (N° N) lower triangular matrix, h,, is the conditiona variance of asst i and a,
b, sand zare (N * 1) vectors of unknown parameters.

This parameterisation implies that the variances in H, depend asymmetricaly only on past
squared resduds and an autoregressve component, while the covariances depend
asymmetricaly upon past cross-products of resduds and an autoregressve component. In
paticular, it guarantees that the conditiond variance matrix is definite and podtive. We find
the symmetric GARCH process of De Santis and Gerard (1997) when s= z=0.

Next, turn to the price of risk. The evidence in Harvey (1991) and De Santis and Gerard
(1997) suggests that the price of risk is time varying. Furthermore, Merton (1980) and Adler



and Dumas (1983) show the price of world market risk to be equa to the world aggregate risk
averson coefficient. Since most investors are risk averse, the price of risk must be posgtive. In
this paper, we follow De Santis and Gerard (1997), De Santis et d. (2003) and Gerard et al.
(2003) and modd the dynamics of the risk prices as a podtive function of information

vaidbles d_, =expk§z,,) ad dy,, =expk @ ,), where Z and Z' are respectively a set
of globd and loca information varigbles included in W, ;, and Kk is a set of weights that the

investor uses to evauate the conditionally expected returns.
Equations (3) and (4) conditute our benchmark modd. Under the assumption of
conditiond normdity, the log-likelihood function can be written asfollows:

Int(@=- Din(2p) - 2 InH, @) 38 9@ (@) )

where g is the vector of unknown parameters. To avoid incorrect inference due to the
misspecification of the conditiond dendty of asset returns the quas-maximum  likeihood
(QML) approach of Bollerdev and Wooldridge (1992) is used. Simplex agorithm is used to
initidize the process, then the estimation is performed usng BHHH agorithm.

3 Data

The daasst includes two diginct groups of datas the returns series and the globd and
domestic information variables used to condition the estimation.

We use monthly returns on stock indexes for four countries plus a vaue weighted world
market index over the period February 1970-May 2003. Given the aim of the paper, we sdect
two large markets (the United States and the United Kingdom) and two smal markets (Hong
Kong and Singapore). All the indices are obtained from Morgan Stanley Capitd Internationd
(MSCI) and include both capital gains and dividend yields. Returns are computed in excess of
the 30-day Eurodollar deposit rate obtained from DataStream and expressed in the American
dollar. Descriptive statistics for the excess returns are reported in table .

Table | reveds a number of interesting facts. The Bera-Jarque test statistic strongly rejects
the hypothess of normdly distributed returns, which supports our decison to use QML to
esdimate and test the model. The vaues of cross-corrdations are rddively low. This suggests
that there are gill benefits from diversfication across markets. The lack of autocorrdation in
the return series reveds tha we do not need to include an AR correction in the mean
equations.

For the sguared returns, autocorrdation is detected a short lags, which suggests that
GARCH parameterisation for the second moments might be appropriate. Pand E of table |
contains the cross-correations of squared returns between the world and the other countries at
different leads and lags. With few exceptions, only the contemporaneous corrdations are
daidicdly sgnificant. This evidence suggests that, at leest with our monthly deata, the cross
market dependence in voldtility is not strong and that the diagopnd GARCH parameterisation
for the second momentsis not too redtrictive.

In order to preserve the comparability between this study and others studies, the choice of
globd and locd information variables is manly drawn from previous empiricd literaure in
international asset pricing, see Harvey (1991) and Bekaert and Harvey (1995). The set of
globd information includes a congant, the MSCI world dividend price ratio in excess of the
30-day Eurodollar depost rate (WDY), the change in the US term premium spread measured
by the yidd on the tenyear US Treasury note in excess of the one-month T-Bill rae
(DUSTP), the US default premium measured by the difference between Moody’s Baa-rated



and Aaarated corporate bonds (USDP) and the change on the one nonth Euro$ deposit rate
(DWIR). The set of locd information includes a congtant, the locd dividend price ratio in
excess of the local short-term interest rate (LDY), the change in the loca short-term interest
rate (DLIR) and and the change in indudtrial production (DIP). Information varigbles are from
MSCI, the International Financid Statigics (IFS) and DataStream and are used with one-
month lag reldive to the excess returns. Summary datisics for the conditioning information
variables, not reported here in order to preserve space, show that the correations among the
information varigbles are low. Hence, our proxy of the information set contains nonredundant
variables.

4 Empirical Results

We firgd esimate the model with the symmetric GARCH process of De Santis and Gerard
(1997) and then with the asymmetric GARCH process discussed earlier in the paper. Pand A
of Table Il reports the results of a likelihood ratio test of the symmetric versus the asymmetric
process. The test reects the symmetric specification in favour of the asymmetric one. Smilar
results are given by the Akake and Schwarz criterions presented in Pand B. Resdud
datigtics reported in Pane C show that average mean resdud is closer to zero using the
asymmetric specification. To sum up, our findings show that the partidly integrated ICAPM
with asymmetric GARCH process fits the data better than the symmetric process of De Santis
and Gerard (1997).

Table 111 contains parameter estimates and a number of diagnogtic tests for the patidly
segmented conditiona ICAPM with asymmetric GARCH process.

The ARCH coefficients and GARCH coefficients reported in pand B are sgnificant for al
asets. This is on line with previous results in the literature. The coefficients a are rdaivey
andl in sze which indicates that conditiond voldility does not change very rapidly.
However, the coefficients b ae large, indicating gradud fluctuations over time. One of the
advantages of our gpproach is to authorize for asymmetric variance and covariance effects.
The dgnificat coefficients in the vector s imply tha the conditiond variance is higher after
negative shocks for the United States, Singapore and Hong Kong. The sgnificant coefficients
in s ae dl pogtive, which implies that conditional covariances between these countries
increase after common negative shocks. In the same way, the dgnificant coefficients in vector
z indicate that the conditiond variance is higher after shocks large in absolute vaue for the
U.S. the U.K. The dgnificant coefficients in z have the same dgn (negaive). This result
shows tha conditiond covariances between these countries increase after large common
negative or positive shocks.

Pane A of Table Il shows the mean equation parameter estimates and Pand C reports
some specification tests. The congant and the coefficients of the term premium and the
default premium are dgnificant. The robus Wad test for the dgnificance of the time-varying
parameters in the price of world market risk rgects the null hypothess at any standard level.
Figure 1 plots the edimated price of World market risk. A ample visud ingpection of the
chart shows that the price of market risk reaches its highest vaues in the Seventies and the
ealy Eighties Between 1994 and 2000, it becomes much lower. Findly, the price of world
market risk increases sgnificantly in the last years of our sample.

Concerning the price of locd resdud risk, the results show that none of the estimated
coefficients are dgnificant. The robust Wad tests confirm these results and suggest thet
domestic risk is not a priced factor, i.e. over the sample period the market considered were
fully integrated. In fact, the null hypothess that the domestic risk price coefficients are jointly
equa to zero cannot be rgected a any standard level. This result is confirmed by the dngle
country tests. To sum up, no evidence of financial segmentation is detected.



Next, we condder a number of robusthess tests. To address this issue, we estimate an
augmented verson of the modd that includes, in addition to market and domedtic rik, a

country specific constant and the local instrumental variables Z':

ER/M.)- R, =a+d.,CoVR, Ry/W.,)+ .. Var(Res /W )+, Z.,, i ©)

The incluson of the country-specific congtants can be interpreted as a measure of mild
segmentation or as an average measure of other factors that cannot be captured by the model
like differentid tax trestment. The induson of locad indrumenta varigbles can be interpreted
as a way to test whether any predictability is left in the locd information variables after they
have been used to modd the dynamics of the domestic risk prices.

The test results are reported in table V. The Wald test indicates that the country intercepts
ae not jointly different from zero. On the other hand, the null hypothess that the locd
information variable coefficients are jointly equa to zero cannot be rejected a any standard
levd.

Taken together, the findings of this paper support the financid integration hypothess and
suggest that domestic risk is not a priced factor. These results are consstent with the findings
of De Santis and Gerard (1997) and Gerard et a. (2003).

5 Conclusion

In this paper, we tet a patidly segmented ICAPM usng an asymmeric multivariate
GARCH gpecification for two developed markets (the U.S. and the UK.), two emerging
markets (Hong Kong and Singapore) and World market over the period 1970-2003. This fully
parametric empiricad methodology, with sign and sze asymmetric effects, dlows to the prices
of domestic and world market risks, betas and corrdations to vary asymmetricaly through
time. The evidence shows that this asymmetric process provides a ggnificantly better fit of
the data than a standard symmetric process. Then, we test different pricing redrictions of the
model. The evidence supports the financid integration hypothess and indicates that domegtic
risk is not a priced factor.
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Tablel: Descriptive statistics of asset excessreturns

Panel A: Summary Statistics

Singapore UK. H. Kong U.S. World

Mean (% per year) 8.24 7.09 12.46 5.10 4.41
Std. Dev. (% per year) 105.63 81.33 122.49 54.73 51.26
Skewness 0.50* 1.33* -0.29** -0.30** -0.47*
Kurtosis® 5.35* 11.37* 2.25* 1.66* 1.40*
J.B. 493.85* 2268.98* 90.20* 51.98* 47.83*
Q(12) 14.52 16.87 21.46** 9.26 13.25
Panel B: Unconditional correlationsof r;,

Singapore UK. H. Kong U.S. World
Singapore 1.00 0.49 0.53 0.48 0.55
UK. 1.00 0.38 0.53 0.69
H. Kong 1.00 0.35 0.50
U.S. 1.00 0.85
World 1.00
Panel C: Autocorrelation of (I;,)
Lag Singapore UK. H. Kong U.S. World
1 0.096 0.086 0.096 0.016 0.078
2 0.015 -0.099 -0.006 -0.028 -0.048
3 -0.071 0.049 -0.041 0.023 0.032
4 0.041 0.028 -0.086 -0.028 -0.020
5 0.009 -0.117** -0.067 0.095 0.077
6 -0.062 -0.039 -0.034 -0.043 -0.033
Panel D: Autocorrelation of (rit)2
Lag Singapore UK. H. Kong U.S. World
1 0.163* 0.174* 0.027 0.110** 0.056
2 0.046 0.097 0.081 0.065 0.048
3 0.038 0.062 0.099 0.120** 0.029
4 0.091 0.038 0.119** 0.013 0.019
5 0.095 0.120** 0.075 0.006 0.071
6 0.069 0.008 0.137** 0.032 0.040
Panel E: Cross-correlations of (r.,)*- World and Country |
Lag Singapore UK. H. Kong U.S.
-6 -0.004 -0.021 0.001 -0.032
-5 -0.011 -0.069 0.023 0.101
-4 0.020 0.001 0.025 -0.026
-3 0.036 0.081 0.074 0.022
-2 -0.011 -0.504 -0.000 -0.045
-1 0.068 0.038 0.077 0.004
0 0.553* 0.689* 0.498* 0.851*
1 0.065 0.048 0.023 0.071
2 -0.030 -0.044 -0.049 -0.007
3 -0.032 0.031 -0.059 0.068
4 -0.029 0.008 -0.030 -0.036
5 -0.015 0.036 0.003 0.071
6 -0.114** -0.056 -0.071 -0.058
*

** Denote statistical significance at the 1%and 5% , (1) centred on 3.



Tablell : Asymmetric versus symmetric model

'1\;' Rit =d.jhy +dyi1* G + & é/W-1~N(O’Ht)

d..= %(K%Zt.l) i1 ze@(kiqzti-l)

Symmetric model
H,=CC+aat*g_ et +bb¢H,

Asymmetric model

H, = CC +aat g g, +bbt* H,_, + sstx_x¢, + zZ¢h_he,
%t = &¢ly, where I, =1if g <Ootherwise |,, =0,

hi; =€y, where I, =1if |g|>h;, otherwiseO,

Panel A: Likelihood ratio test

Null hypothesis c2 df p-value
Hoo S=2=0 26.130 10 0.003
Panel B : Information criterions
Symmetric model Asymmetric model

AlIC -11860.70 -11870.70
SBC -11745.09 -11775.02
Panel C: Residual diagnostics

Singapore UK. H. Kong u.S. World
Symmetric GARCH
Mean(~ 100) 0.24 0.05 0.32 -0.04 -0.08
Skewness 0.50* 1.17* 0.29** -0.39* -0.41*
Kurtosis® 5.33* 10.68* 4.61* 1.58* 1.18*
JB. 489.88* 1992.03* 360.47* 52.08* 35.07*
Q(lZ) 13.36 18.73 13.96 9.82 13.91
Asymmetric GARCH
Mean(” 100) 0.04 -0.00 0.05 -0.01 0.00
Kewness 0.10 0.33* -0.24** -0.32* -0.41*
Kurtosis®” 5.05* 3.91* 2.17* 1.63+ 1.17*
JB. 425.18* 261.77* 82.77* 51.36* 34.40
Q(12) 12.11 17.76 17.38 8.47 13.43

* ** Denote statistical significance at the 1%and 5% , (1) centred on 3.




Tablelll : Quas-maximum likelihood estimates of the partially integr ated conditional | CAPM

ﬁt' Rut =ch thy +dgp1*Q +6 ét/Wt-l~N(O*Ht)

d,= 9<p(k\%zt-1) ; i :e<p(kiqti-l)

H, = CC +aat* g_,€¢, +bb¢* H, ,+sst*x_x¢, + z¢*h_h¢,
Xit :atlxit where IXit =1if ST O otherwise Ixit =0,

hie =€;ly, where 1, =1if |g|> (h;, otherwiseo,

A: parameter estimates-mean equations
(a) Price of world market risk

Const. wWDY DUSTP USDP DWIR
Price of market risk 0.448* 1.581 -0.543** 0.868* -0.641
(0.063) (1.684) (0.203) (10.290) (0.612)
(b) Price of domestic risk
Const. LDY DLIR DIP
Singa. Domestic Price -0.925 -2.517 0.401 1.378
(2.584) (5.811) (2.263) (3.635)
British Domestic Price 1.561 4.361 -0.434 -4.466
(2.413) (4.898) (1.903) (8.957)
Hong K. Domestic Price 0.486 1.723 -1.577 -1.961
(1.402) (4.489) (1.556) (4.254)
American Domestic Price -0.326 -0.578 -0.036 0.364
(1.759) (4.731) (2.299) (4.271)
Panel B: parameter estimates-Multivariate GARCH process
Singapore U.K. Hong Kong U.S. World
a 0.325* 0.223* 0.308* 0.163* 0.260*
(0.038) (0.029) (0.032) (0.037) (0.042)
b 0.428* 0.827* 0.908* 0.764* 0.729*
(0.306) (0.035) (0.020) (0.077) (0.049)
S 0.140** 0.013 0.032* 0.025** -0.009
(0.068) (0.015) (0.004) (0.009) (0.007)
z 0.037 -0.025** -0.011 -0.026** 0.032
(0.050) (0.010) (0.010) (0.013) (0.020)
Panel C: Specification tests
Null hypothesis 2 df p-value
Isthe price of world market risk constant?
Ho: Op ;=0 "j>1 20.28 4 0.000
Isthe price of American domestic risk equal to zero?
Ho: dhys,j=0 0.30 4 0.989
Isthe price of Singa domestic risk equal to zero?
Ho: Oygj=0 0.37 4 0.984
Isthe price of Hong K. domestic risk equal to zero?
Ho: dynk, =0 1.08 4 0.897
Isthe price of British domestic risk equal to zero?
Ho: dyuk,j=0 1.65 4 0.797
Arethe prices of domestic risk jointly equal to zero?
Ho: 4 j=0 " j.k 3.91 16 0.999
Are the s coefficients jointly equal to zero?
. =0 "i 139.68 5 0.000
Hy: =0 "i
Are the z coefficients jointly equal to zero?
67.50 5 0.000

Hyo: z=0 "i

*, ** Denote statistical significance at the 1% and 5%I, QML standard errorsarereported in parentheses, (a) equal to 0for thenormal distribution. Inorder to

preserve space, estimates of the intercept matrix C is not reported.




Tableau |V : Robustnesstests

ER /W)~ R =3 +d. CoNR, R/ W. 1)+l Var(Resy /W )+, Z, "
d,= 9@("\%21-1) - Chiig-1 :eq)(kiqzti—l)
Ht = C@ + aa¢k Q—l$l + bb¢k Hl—l + $¢k)<l—l)<[q—:l + Zz¢kr‘1—lht¢l
%t = &¢ly, where I, =1if g <Ootherwise I,, =0,

hic =€y, where I, =1if |g|>h;, otherwiseO,

Null hypothesis c2 df p-value
Are country-specific constants all equal to zero?
Hoo @, = 0 "i 1.98 4 0.739
Are the local information variable coefficients jointly equal to zero?

f =0 "ij 12.98 12 0.370
Ho: P |

Figurel: World priceof risk

Price of World market risk
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