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This paper provides the first comprehensive analysis of the dynamic
rel ationships between the South African and major world equity markets during
May 1988 - May 2000. Using amultivariate cointegration framework and vector
error-correction modeling the results indicate that there is a long-run
relationship between the South African market and major developed markets.
Over the full sample period, the US, Canada and Australia exert the most
influence on South Africa, while the influence of Japan is minimal. The sub-
period analysis shows that, during the Apartheid period, along-run equilibrium
relationship between South Africa and the major developed markets did not
exist. In contrast, during the post-Apartheid period, the long-run relationship
has become strong and statistically significant for al the major developed
markets, except Japan. Overall, theresultsimply that South Africais now much
more economically and financially integrated with major devel oped markets, and
that the removal of Apartheid has played a significant role in this process (JEL
F30, F36, G15).
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|. Introduction

The interest in studying the dynamic relationships among major
developed markets gathered considerable momentum following the
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October 1987 global stock market crash, and even more so, following
theAsianfinancia crisisin 1997-98. Several researchershaveexamined
theinterdependence among devel oped and devel oping markets, and the
main findingsof these studiescan be summarized asfollows.! First, the
USgenerdly influencesmost marketsinthe European and Pacific-Basin
regions, while marketsin these regions havelittleinfluence onthe US
market. Second, Japan, the second largest equity market, has little
influenceon other equity markets. Third, the UK hassomeinfluenceon
markets in Japan, Australia, Hong Kong and Canada. Finally, the
linkages among Pacific-Basin equity markets can be attributed to the
direct and indirect influences of the US market.

While previous researchers have examined the linkages among
equity markets in Asia, Europe, North America and Latin America,
markets in the African region have received little research interest.
Sincethe 1980s, most sub-Saharan African countries have deregulated
their capital marketsand removed barriersto international investment.
Most countries in this region have also embarked on IMF and World
Bank sponsored structural adjustment programs. These programshave
resulted inthederegulation of financia systems, liberalization of financial
markets, devel opment of stock exchanges, privatization of former state-
owned enterprises, and the easing of barrierstotheflow of capital from
industrialized countries. Thus, it is reasonabl e to expect that the more
devel oped African markets have become more integrated with major
world equity markets.

This paper analyzes the dynamic relationships between the South
African equity market and major world equity marketsduring May 1988
- May 2000. South Africapresentsaninteresting casegivenitsrelative
isolation from the world’ s political and economic systems during the
Apartheid years. Following the gradual easing and then the formal
removal of Apartheid during 1989-94, South Africahasmadeadramatic
transitionwhereitismorethanlikely that itsequity market hasbecome
moreintegrated with maj or devel oped equity markets. Thisexpectation
isempirically verified by analyzingthe causal relationship between South
Africaand major devel oped markets, aswell astherole Apartheid may

1. See, for example, Eun and Shim (1989), Cheung and Mak (1992), Arshanapalli and
Doukas (1993), Gjerde and Sadtem (1995), Friedman and Shachmurove (1997), Liu and Pan
(1997), Masih and Masih (1997), Meric and Meric (1997), Janakiramanan and Lamba
(1998), and Niarchos, et al. (1999).
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have playedininfluencing South Africa sfinancial integrationwiththese
markets.

From the perspectiveof foreigninvestors, the South African market
isimportant becauseit isthelargest and most devel oped market in the
Africanregion. Thus, to beexposed to equity marketsinthisregionitis
important for foreign investorsto have exposure to the South African
market. In addition, as shown in table 2, the relatively low return
correlations between South Africaand major devel oped markets point
tothesubstantial risk diversification benefitsthat foreigninvestorscan
achieve by investing in the South African market. Thisis particularly
relevant inthe context of recent findings by researcherswho document
areduction in portfolio diversification opportunities across different
markets. For example, Meric and Meric (1997) find that the co-
movement between the US and European equity marketshasincreased
significantly following the 1987 crash, implying reduced diversification
benefits. Taking thesefactorsinto account, adetailed examination of the
evolution of thedynamic rel ationshi psbetween the South African market
and major world equity markets becomes topical and relevant.

To examinethesedynamic rel ationships, amultivariate cointegration
framework and vector error-correction model (VECM) is used to
analyze the causal influence of the major devel oped markets on the
South African market. This method allows any long-run equilibrium
relationships between the markets to be separated from the short-run
causal effects. The results show that there is a long-run relationship
between the South African market and major devel oped markets. Also,
while the US, Canada and Australia exert the most influence on the
South African market, theinfluence of Japanisminimal. The sub-period
analysisshowsthat the strength of thelong-run equilibriumrelationship
and the short-run causal effects on the South African market by the
major developed markets has changed since the removal of the
Apartheidregime. Specifically, duringthe Apartheid period thereisno
long-run equilibrium rel ationshi p between the South African market and
the major equity markets. In contrast, since the removal of Apartheid,
this long-run relationship has become quite strong and statistically
significant.

The remainder of this paper is organized as follows. Section Il
describes the data and methodology used. Section |1l presents and
analyzes the results and Section IV concludes the paper.
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I1. Data and Method

A. Data

Thedynamic rel ationshi psbetween the maj or devel oped marketsand the
South African market are examined during May 1988 - May 2000, a
period that coincideswith the deregulation of capital marketsin South
Africa. Thechoiceof which devel oped equity marketstoincludeinthe
analysisisdetermined mainly by the expected economic and financial
linkages among these markets and South Africa. Thus, the developed
equity marketsincluded in the analysisare Australia, Canada, France,
Germany, Japan, the UK, andthe US. Table 1 provides some summary
information onthe markets examined and showsthat compared to these
developed equity markets, South Africais arelatively small market
(panel B).?

Table 2 provides some descriptive statistics for the continuously
compounded daily returns in each market along with the correlation
coefficientsamong daily market returns. The daily return attributes of
South Africaaresimilar to thosefor the devel oped markets examined,
andthesereturnsexhibit positive, but relatively low, corrdationswiththe
returns of al the major devel oped markets. Interestingly, the highest
correlationsarewith Australiaand Germany, followed by the UK. The
correlation with the US market’s (lagged) return is also positive, but
lower in magnitude.

Thesedescriptive statistics point to the potential risk diversification
benefits that foreign investors can achieve because of the low
correlations between the major foreign markets and South Africa. As
mentionedin section |, previousstudieshave documented anincreasein
correlation among the maj or devel oped equity markets.® Theresults of
these studiesimply that the benefits of international diversification are
reducing because of increased return correlations. Hence, the low
correl ationsbetween South Africaand maj or devel oped marketssuggest
that foreigninvestorscan achieve substantial risk diversification benefits
with an exposure to the South African market.

2. Dataon daily market indices, measured in local currency terms, were obtained from
Bloomberg. All data were screened for errors using filter tests and no major discrepancies
were found.

3. See, for example, Oldier and Solnik (1993), Solnik, Boucrelle and Le Fur (1996),
and Meric and Meric (1997).
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TABLE 1. Summary Information on Markets Analyzed
Greenwich
Country Index Local Time Mean Time
A. Market opening and closing timesin local time and Greenwich Mean Time
Australia All Ordinaries Index 10:00 — 16:00 00:00 — 06:00
Canada TSE 300 Index 09:30-16:00 14:30—21:00
France CAC Index 10:00 - 17:00 09:00 — 16:00
Germany DAX Index 09:00-17:30 08:00 - 16:30
Japan Nikkei 225 Index 09:00-11:00 00:00 —02:00
12:30 — 15:00 03:30 — 06:00
South Africa  JSE Overall Index 09:30 - 16:00 07:30—14:00
UK Financial Times 100 Index 08:00 — 16:30 08:00 - 16:30
us Standard & Poor’s 500 Index 09:30 — 16:00 14:30 - 21:00
Total Market Tota Vaue Number of
Capitalization Traded Domestic

(US$ Mill.) Percent (US$ Mill.) Percent Comp. Percent

B. Total market capitdization, total value traded and number of domestic listed
companies at the end of 1998 2

Austraia 874,283 32 407,420 18 1,162 24
Canada 543,394 2.0 372,082 16 1,384 29
France 991,484 3.6 572,151 2.5 711 15
Germany 1,093,962 4.0 1,390,798 6.1 741 1.6
Japan 2,495,757 9.1 948,522 41 2,416 51
South Africa 170,252 0.6 58,444 0.3 668 14
UK 2,374,273 8.6 1,167,382 51 2,399 51
us 13,451,352  49.0 13,148,480 57.5 8450 17.8

Note: 2Source: Emerging Markets Data Base, 1999. The Percent columns provide
information on a particular market’s share relative to the world total at the end of 1998.
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B. Method

The use of ordinary least squares or Granger-causality estimation
methodsinvolvingfirst differencesof time seriesto examinethe causal
relation among specific variablescanresultinlossof significantlong-run
information embodied in these time series. If the time series are
cointegrated, then the estimation method should be expanded toinclude
an error-correction termto capturethe system’ sadjustment towardsthe
underlying long-run relationship. In general, two variables are
cointegrated when alinear combination of the variablesis stationary,
even though each may individually be non-stationary. Since non-
stationary variables do not return to their long-run average values
following a disturbance, it is important to convert them to stationary
processes, otherwiseregressing anon-stationary 1(1) processon another
[ (1) process can generate spurious results. If atime series contains a
stochastic trend, it is said to be integrated of order d, i.e. I(d).
Differencingtheseriesdtimesyieldsastationary series. Thetimeseries
of many macroeconomic variables, including market index series, are
likely to benon-stationary inlevel shut stationary infirst differencesand
arethereforelikely to bel (1) processes. Thus, thedynamic relationships
between the South African market and major world equity marketsare
analyzed using avector error-correctionmodel. Themode allowsfor an
examination of thelong-run equilibrium rel ationshi ps between the South
African equity market and major developed markets as well as their
short-run adjustments over time.

Inorder to correctly specify the dynamic rel ationships, the behavior
of the market index seriesis examined first to determine whether they
are stationary. If they are found to be non-stationary, then an
examination of whether they are cointegrated is conducted. The
augmented Dickey-Fuller (ADF) testisused onthemarket index levels
and their first differencesto test for unit roots in the data (Dickey and
Fuller [1979, 1981]). To perform the ADF test, for each market index
series, the following regression is estimated:

p
Y =a,tat+pY, +Zyth—i +&, (1)
E

whereY,isatimeseriesof daily marketindex data, tisatimetrend, and
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TABLE 3. Stationarity Tests for Market Index Levels and First Differences
(Market Returns) Based on the Augmented Dickey—Fuller (ADF) Test

Statistic?
Market Market Index Levels Market Returns
Australia -0.264 —24.316
Canada -1.072 —24.352
France -1.764 —23.366
Germany —0.965 -22.570°
Japan -1.311 -23.317
South Africa -1.379 -8.197
UK -0.131 —24.862
us -1.033 —26.463"

Note: #The critical values for the augmented Dickey-Fuller test statistic are —2.863 and
—3.436 at the 5% and 1% levels, respectively. ~ Significant at the 1% level.

& isawhite noise process. The time seriesis non-stationary if p = 1.
After examining the stationarity of each market's index series the
stationarity of thefirst differences(AY,) isexamined. Table 3 reportsthe
resultswhich show that the hypothesisof non-stationarity inthemarket
indicescannot bereg ected. However, the hypothesisof non-stationarity
infirstdifferencesisrejectedfor all marketsimplying that thevariables
are integrated of order one, i.e., 1(1).

Since the market index series are integrated of the same order,
cointegration analysis is used to determine whether the index series
becomestationary inalinear combination. Thistestisperformed using
the Johansen (1991) method which involves estimating the following
unrestricted vector autoregressive (VAR) model:*

p
\(t=Ab+ZlAth_j +e, )
]:

where Y, isan n x 1 vector of non-stationary 1(1) variables, Ajisann x

4. An dternative method would be to use Engle and Granger's (1987) two-step
cointegration test. Although relatively easy to implement, this test is not used because it
assumes only one cointegrating vector and does not allow for potential feedback effects
(Enders, 1995).
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1 vector of constants, p isthe number of lags, A isan n x nmatrix of
estimable parameters, and & is an n x 1 vector of independent and
identically distributed (i.i.d.) innovations. This VAR model can be
rewritten as:

p-1
AY,= A+ 5 TAY +Y, +e, (3)
J:

where

and (4)

”=2N‘L

A isthe difference operator, and | isan n x nidentity matrix.

The rank of the matrix IT determines the number of cointegrating
vectors since the rank of IT is equal to the number of independent
cointegrating vectors. Thus, if therank of TT equals0, thematrix isnull
and equation 3 becomestheusual VAR model infirst differences. If the
rank of ITisr wherer <n, thenthereexist r cointegrating rel ationships
in the above model. In this case, the matrix IT can be rewritten as 1=
aff ‘where ¢ and f# are n x r matrices of rank r. Here, £ isthe matrix of
cointegrating parametersand a isthe matrix of weightswith which each
cointegrating vector enters the above VAR model.

Johansen (1991) provides two different test statistics that can be
used to test the hypothesis of the existence of r cointegrating vectors,
namely, the trace test and the maximum eigenvaluetest. Thetracetest
statisticteststhenull hypothesi sthat thenumber of distinct cointegrating
relationshipsislessthan or equal tor against thealternative hypothesis
of more than r cointegrating relationships, and is defined as:

Amw@)zq'iln@—&), (5)

j=r+1

where T isthe number of observations and the 4;s are the eigenvalues
of ITinequation (3). Themaximum eigenvaluetest statisticteststhenull
hypothesisthat the number of cointegrating rel ationshipsislessthan or
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TABLE 4. Johansen’'s Test for Multiple Cointegrating Vectors for the
Long—Run Relationship Among M arket Returns®

Critica Vaues

Null Hypothesis Trace Test Statistic 5% 1%
A. Trace Test

No Cointegrating Vector, r =0 192.33" 156.00 168.36
At Most 1 Cointegrating Vector, r £1 133.96™ 124.24 133.57
At Most 2 Cointegrating Vectors, r £ 2 82.38 94.15 103.18
At Most 3 Cointegrating Vectors, r £3 49.90 68.52 76.07

Maximum Eigenvalue Critical Values

Null Hypothesis Test Statistic 5% 1%

B. Maximum Eigenvalue Test

No Cointegrating Vector, r =0 58.36™ 51.42 57.69
At Most 1 Cointegrating Vector, r £1 51.57 45.28 51.57
At Most 2 Cointegrating Vectors, r £2 32.49 39.37 45.10
At Most 3 Cointegrating Vectors, r £3 22.45 33.46 38.77

Note: #r denotes the number of cointegrating relationships. The optimal lag structure
of the vector autoregression (VAR) model is selected by minimizing the Akaike Information

egual tor against thealternative of r + 1 cointegrating rel ationships, and
isdefined as:

A (1,1 #1) = =T (In(l —/fr+1)). (6)

The critical valuesfor both tests are obtained from Osterwald-Lenun
(1992). Theresultsfrom the Johansen cointegration testsappear intable
4.5 Both test statistics lead to the rejection of the null hypothesis of no

5. The selection of the order of lags in the Johansen test and, subsequently, the error-
correction model is important, since the choice of the lag can have an important impact
on the outcome of these tests (Enders, 1995). The following criteria suggested by Engle and
White (1999) to select the optimum lag structure are used: (i) residual diagnostic tests to
ensure the regression residuals are white noise, (ii) the Akaike Information Criterion (or
Schwarz Criterion) to optimize the goodness of fit, and (iii) the statistical significance of
coefficients of lagged variables.
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cointegration. However, thetwotest statisticsgive conflicting evidence
on the number of cointegrating vectors. Given this, the more
conservative position isadopted that, at the 1% level, thereisonly one
cointegrating vector in the error-correction model estimated below.

Sincethemarket index serieshaveasingle cointegrating rel ationship,
they have atendency to movetogether inthelong-run eventhough they
may experience short-run deviationsfrom the common equilibrium path.
Thus, thecausal rel ationships between the South African market and the
major developed markets are examined using the following error-
correction model:

p P P
ASA =8y +yZ,, +ZajASA—j +Z’7j DAU, +ZC1 ACA
= 1= IE

P P p P
+Z¢JAFR(-J +) GAGE +Z/‘JNR—J +Zl<tJAUS-J ()
= 1= IE I=

I

p
+$ ¢.AUK _; +17,
JZ:l j t-j t
where
Zt—l = sA—l _ﬁlAUt—l _,Bch—l _IBSFRt—l _:84GEt 41 _135‘]Pt 4 (8)

a, is the constant representing a linear trend and #, is the error term
representing unanticipated movementsinthe South Africanindex, ASA,.
Z,_, containsthe error-correction term which is derived from the long-
run cointegrating relationship among the market indices using the
Johansen procedure.

Within the framework of the error-correction model, Engle and
Granger (1987) show that deviations from the long-run relationship
should result in adjustments over time. The model thus expresses
changesinthe South Africanindex intermsof thelagged changesof the
market indicesexamined and acoi ntegrating error term. The economic
intuition behind the specificationinequation 7 isthat if the South African
market and the other markets are cointegrated, part of the current
changes in the South African index reflects the “alignment” that the
South African market attempts to achieve with the trends in other
markets.
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Thehypothesisregarding the causal rel ationship between the South
Africa equity market and major developed markets is tested by
examiningthesignificanceof the F-statisticsfor thejointlagged values
of changes in these equity markets and a t-statistic for the error-
correction term. The finding of a significant t-statistic on the error-
correction term suggests a long-run causal relationship while a
significant F-statistic implies a short-term causal effect. The lack of
significance of both the t-statistic and the F-statistic indicates that
movementsinthe South African market areindependent of movements
in the devel oped markets examined.

1. Resultsand Discussion

A. Results for the Full Period

Theresultsfor thefull sample period appear intable 5. Panel A shows
theinfluence of the devel oped markets on South Africawhile panel B
showswhether thereisabi-directional causality between South Africa
and these markets. A seven-lag specification is chosen in the VECM

sincethislaglength minimizesthe AkaikeInformation Criterion (Al C).

The error-correction term is found to be significant at the 1% level,

indicating that thereisalong-run causal rel ationship between the South
Africanmarket and the major devel oped markets. Thissuggeststhat the
South African market isendogenousin thelong-run and that short-run
deviationsfromthelong-runequilibriumwill prompt adjustment toalong-
run equilibrium path.® An examination of theindividual t-statisticsof the
lagged index changes in the major developed markets reveals that
contemporaneous changes in the South African market index are
Granger-caused by changesin the maj or devel oped marketsduringthe
previousday. The F-statisticsindicatethat the South African marketis
Granger-caused by all the major developed markets, except Japan.

Among these markets, the US, Canada and Australia exert the most
influence on South Africa. Thefinding that Japan, theworld’ s second

largest equity market, does not influence the South African market is

6. This finding is consistent with earlier evidence provided by Philippatos, Christofi
and Christofi (1983) who find long-run intertemporal stability among fourteen developed
equity markets.
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consistent with the evidence documented by Liu and Pan (1997),
Janakiramanan and Lamba(1998) and Christofi, Pericli and Nishiyama
(2001) who find that Japan also does not influence markets in the
Pacific-Basin region.

Theresultspresented thusfar suggest that auni-directional causality
exists between the South African market and the major developed
markets, with these markets (excluding Japan) leading the South African
market. However, it is possible that a bi-directional relationship also
exists between the South African market and the major developed
markets. To ascertain whether a bi-directional relationship exists,
separatevector error-correction model sare estimated with each market
asthedependent variable. The summary resultsfromthese VECMsare
presented in panel B of thetableand show that afeedback relationship
exists between South Africa and Germany.” In addition, there is bi-
directional causality between South Africaand marketsintheresource-
based economies of Australia and Canada.

B. Resultsfor the Apartheid and Post-Apartheid Periods

Inthis section, the hypothesisthat the strength of theequilibriumlong-
run relationship and the short-run causal effects between the South
African market and the maj or devel oped marketshaschanged sincethe
removal of Apartheid isexamined. For thisanalysistheoverall sample
periodisdividedinto two sub-periods. Thefirst sub-period spansMay
1988 - December 1993 and corresponds to the period during which
several Apartheid reformstook placeand endsfour monthsprior tothe
election of Nelson Mendelaaspresidentin April 1994.8 The second sub-
period, spanning August 1994 - May 2000, corresponds to the post-
Apartheid period and startsfour monthsfollowing theel ection of Nelson
Mendela as president.®

7. Detailed results from this analysis are available from the authors upon request.

8. For details on the types of reforms that took place during this period, see Clark
(1998).

9. The results are not sensitive to the number of months excluded around the month
of Nelson Mendela’ s eection.
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Theresultsfor the causal influence of the major devel oped markets
on South Africaduring the Apartheid period are presentedin panel A of
table6. Panel B of thetable providesevidenceof bi-directional causality
between South Africa and these markets. For the Apartheid period, a
five-lag specification is used in the VECM because this lag length
minimizes the AIC. The error-correction term in panel A is not
significant, implying that duringthe Apartheid period therewasnolong-
run causal relationship between the South African market and themajor
devel oped markets because of the relative isolation of South African
economy. Not surprisingly, based on the F-statistics, none of these
markets (except Canada) appear to Granger-cause South Africa(panel
B).

The corresponding VECM results for the post-Apartheid period
appear in table 7. Here a ten-lag specification in the VECM is used
because it minimizes the AIC. This finding is interesting because it
indicates that, during this period, changesin the major equity markets
influencethe South Africamarket over alonger duration. A particularly
noteworthy result in panel B isthe significance of the error-correction
term. Thisresult suggeststhat following theremoval of Apartheid and
the attendant integration of South Africainto the world economy, the
strength of thelong-runrelationship between South Africaequity market
and the major developed markets has strengthened.

Interestingly, unlikethe Apartheid period, all themajor equity markets
(except Japan) now Granger-cause South Africa. Also, whereasduring
the Apartheid period only the previous day’ s changesin the Canadian
market Granger-caused contemporaneous changesin the South African
market, in the post-Apartheid period the previous day’ s changesin all
the maor equity markets, including Japan, Granger-cause
contemporaneous changesin the South African market. Theresultsin
panel B also suggest that the (bi-directional) causal influence of the
South African market on the other markets is different in the post-
Apartheid period, with South Africaal so Granger-causing Canadaand
Germany duringthisperiod. Thus, thereisclear evidenceto suggest that
with the removal of the Apartheid regime South Africa has become
increasingly integrated with major devel oped markets.
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IV. Conclusions

This paper analyzes the dynamic relationships between the South
African market and major world equity marketsduring May 1988 - May
2000. Theresults show that along-run relationship exists between the
South African market and the major developed markets. Over thefull
sampleperiod, all devel oped markets (except Japan) Granger-causethe
South African market, withthe US, Canadaand Australiabeingthemost
influential.

The sub-period analysis showsthat during the Apartheid period no
long-run causal rel ationship existed between South Africaand themgjor
devel oped marketsbecause of South Africa srelativeisolationfromthe
world economy. Also, during this period, no market (except Canada)
appears to Granger-cause South Africa in the short-run. However,
during the post-Apartheid period, a strong and significant long-run
equilibriumrel ationshipisobserved between the South African market
and all themaj or devel oped markets, except Japan. Theseresultsimply
that the South Africa market is now much more economically and
financially integrated with themajor world equity markets, and that the
removal of Apartheid has played a significant role in this process.
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