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Abstract

A considerable amount of research has appeared in the finance and economics literature
on the various “contagion’ crises in Russia, Mexico and Asia and the impact of such
crises on the world’s capital markets. Relatively little research has appeared in the real
estate literature on the impact that such crises may have on capital flowsto rea estate and
the associated long run implications of this. In this paper we consider the impact that
structural breaks may have on long run diversification benefits in real estate. Thisis
achieved through the use of cointegration analysis that accounts for structural breaks that
may have occurred before, during and after the 1997 Asian Crisis on a sample of Pacific-
Asian countries. The results show that if no consideration is made for the crisis, an
erroneous conclusion could be made that the benefits to real estate diversification are far

greater than they really are.
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Introduction

"Contagion’ issaid to exist if an unexpected shock or crisisin one asset (or an
asset inone country) istransmitted relatively quickly to other assets (or to assetsin other
countries). That is, the adverse behaviour of one asset is contagious and, for whatever
reason, initiatessimilar behaviour in other assetsor in other countries. A sizeableamount
of research hasappeared recently inthefinance and economicsliterature on thevarious
“contagion’ crises associated with Russia, Mexico and Asiain the mid to late nineties,
and theimpact that such crises have had ontheworld’ scapital markets. Relatively little
research has appeared inthereal estate or other literature on the bearing that such crises
may have on capital flowsto real estate and the associated long run implications of this-
inparticular, will such crisesaffect diversification benefits? With increased globalisation
the impact of financial and other crises can have important ramifications for portfolio
managersintending to diversify into international real estate marketsover thelongrun.
This paper aims to analyse the effect of the 1997 Asian market ‘ contagion’ upon the
interdependenceamongst several AsiaPacificreal estate markets. In particular, whether

the benefitsof diversifying amongst such real estate markets have altered

The structure of therest of the paper isasfollows: Sectiontwo briefly considers
the recent literature on contagion in financial marketsin general and real estate markets
in particular; section three considershow the methodol ogy of cointegration can be used
to indicate the likely diversification benefits that existamongst markets; section four

describes the data and results; while section five offers some conclusions.



Section Two: Brief Background

Theinternational transmission of financial shocksisnot anew phenomenon, yet
the 1990s saw the emergence of a variant of financial shock that was unanticipated,
severe and was transmitted to countries quite distant from the shock originator. For
instance, Edwards (2000) notesthetransmission of financial crisesfrom Hong Kong to
Mexico and Chilein 1997 and from Russiato various L atin American countriesin 1998.
In the financial world one means of communicating a” disease’ (i.e. afinancial crisis) is
through capital flows. That thefinancial crisesof the 1990s spread so quickly through so
many countries from Asia, to Europe to Latin America even though the economic
fundamentalsin the affected countries often differed, has been the subject of agreat deal

of recent analysis.

Conventionally, economists measure contagion by comparing the covariance
between relevant variables during a period of relative stability with that during a period
of turmoil (cf. Forbesand Rigobon (1999)). Contagionisthen defined asanincreasein
cross-correlation of the variables (countries) during the period of turmoil. From an
investment viewpoint it is clearly important to ascertain whether contagion occurs,
whether it is only aisis contingent and whether the co-movement in variables is
persistent post-crisis. For instance, if thereisanincreasein the co-movement of assets
during a period of turmoil (i.e. thereis contagion) followed by adecreasein this co-
movement some short time thereafter, then from an investor’s viewpoint this has far

different implicationsto asituation where the increase in co-movement brought about by



thecrisis persistsover somelong period. Anunderlying tenet of diversificationisthat
shocksto assetsin the diversified portfolio are asset specific. However if contagion
occurs after a shock in one of the assets then the increase in asset correlations would
underminetherationalefor diversification. However, if theincreasein co-movemeatin
assets is a relatively short-run phenomenon resulting from the shock, with asset
correlationsreturning to historical patterns, then any fall in diversification benefits may
similarly be expected to only be a short-run phenomenon. The real concern to the
portfolio manager is when the co-movement persists for some considerable period

beyond the shock.

Associated with (but not devel oping from) this concern are competing views of
international contagion that have divergent implicationsfor diversificationgrategies. For
example, thereisaschool of thought arguing that the propagation of financial turmoil is
contingent uponthecrisisitself. If thisview holdsthen the diversificationimpact falls
more on tactical (short run) than on strategic (long run) asset allocations. 1nastudy of
international stock market contagion Rigobon (1999) summarised thisschool of thought
ascomprising: the multiple equilibriaeffect; theliquidity effect and the political effect.
Themultiple equilibriaeffect suggeststhat acrisisin thefirst country changesinvestor
expectationsin the second, upsetting the equilibrium of the economy there and causing a
crash. Masson (1999) is a strong supporter of this theory and argues pure contagion
involves changes in investor expectations that are not related to a country’s
macroeconomic fundamentals. Theliquidity effectissimilar and suggeststhat financial

shocks such as margin calls in the first country force portfolio recompositions that



increaseinvestor nervousnessin the second country, which may then generate asset sell-
offstoincreaseliquidity evenintheabsence of any liquidity crisisin the second country.

Thepolitical effect arguesthat there are pressureson central bank authoritiesto maintain

exchangerate regimes. Adverse balance of paymentsin an adjustable peg system may
not only generate speculative attacks on the currency, but there may be an ensuing lack of
confidence in the currency by investors, with associated asset sell offs and capital
movements(cf. Tobin (1998)). Thisschool of thought supportsashort runview of crises
and hence impliesthat diversification benefits, if they held pre-crisis, will holdinthe

long run.

A competing school of thought argues that the propagation of shocks are
independent of the crises themselves, rather than being crisisdriven. Rigobon (1999)
suggests that this view is built around notions of economic interdependence in trade,
monetary policy co-ordination, herd behaviour, international interest ratesandsoon... .
If this view holds then, as far as the portfolio manager is concerned, there are few
diversification benefits over the long term since the argument is that economic

interdependence implies (stock, real estate etc. etc.) market interdependence.

Therearevarying levelsof support for each of theseviewsintheliterature. For
instance, Kaminsky and Schmukler (1999) in astudy of theimpact of "good’ and "bad’
news effects on contagion found that some of the largest co-swings in Asian equity
markets were driven by herd instinct rather than by news. In alater work Kaminsky and

Reinhard (2000) taketheview that "true’ contagion isassociated with herding behaviour



on the part of investors, and find thisto be more regional than global . Ontheother hand,
inastudy of the Korean crisisof 1997 Choe, Kho and Stulz (1999) found that herding
behaviour was no more important during the crisis than outside the crisis period, and
could not find evidence that foreign investors played a destabilizing role in Korea's
equity markets. Rijckeghem and Weder (2001) found that contagion was moredriven by
liquidity shocks (common bank lending) than by trade shocks, although Diwan and
Hoekman (1999) take something of a contrarian view on trade shocks. Bowe and
Domuta (2001) found that both local and foreign investor expectations to be jointly
important in the pricing behaviour of Asian stocksover aperiod incorporating the 1997

Asian financial crisis.

In terms of the diversification issue and whether crises “kill’ risk reduction
benefits, research on contagion hasprimarily centred upon theimpact on equity markets.
From the property analyst’ sviewpoint, however, it isalsoimportant to narrow thefocus
toreal estateassets. For example, Renaud (2000) noted that theinterdependent roles of
real estate and banking inthe Asian crises has highlighted the conspicuous need for much
better price and quantity monitoring of real estate cycles. Research by Renaud, Zhang
and Koeberle (2001) suggeststhat area estatecrisisin 1996/97 in Thailand precipitated
adomestic financial crisiswhoselarge cost wasfurther amplified by acurrency crisisin
1997, and it wasfrom this point that the "Asian flu’ spread quickly to other economies.
In contrast to this a study by Kim (2000) on the Korean real estate market presented
strong evidenceto suggest that thereal estate sector could not have been amajor cause of

the economic crisisinthat country. Now, from aninternational diversification viewpoint



(the focus of this paper) it isirrelevant whether real estate is a cause or an effect of
financial crisis. The important question is whether there are common linkages in

international real estate and whether these linkages changeintime of crisis. Answersto
these questionswill determine the potential existence of either long term or short term

diversification benefitsin holding international real estate assets.

Section Three: The Usefulness of Cointegration Methodology

Asindicated earlier, one approach to testing the existence of contagion istheuse
of crosscorrelation analysis. Contagionimpliesthat crosscorrelationsaresignificantly
different after ashock. Arguably then, if cross correlations are high both pre- post- ad
during theturmoil then it suggeststhe markets are interdependent and there are few, if
any, diversification benefits. However there isadifficulty with the cross correlation
methodology. Forbes and Rigobon (1999) show that conventional cross-correlation
coefficientsare biased upwards during aperiod of increased volatility in just one of the
relevant variables (markets). Consequently indications of possible co-movement will not
be valid under such circumstances. These authors developed a simple adjustment
procedure and then analysed avariety of stock marketsassociated with the Asian crisisof
1997, the 1994 Mexican peso collapse and the 1987 US stock market crash. Their
finding was strongly supportiveof stock market interdependence rather than contagion.
That is, the cross market linkages did not changesignificantly pre- post- and during the

turmoil.



The adjusted cross-correlation procedureisnot uniquein dealing with thisissue
of contagion - there are alternative approaches to determining the likely existence of

contagion amongst assets. For example Sheng and Tu (2000) used a cointegration
framework on stock market data sampled before and during the Asian financial crisis.
Their research suggested that stock markets were not cointegrated before the crisis of
1997 but that there was some degreeof cointegration during thecrisis. Intheir approach
Sheng and Tu pre-judged the sampling break —a procedure which may or may not have
impacted on their results. Inthe present research on contagionininternational real estate
markets wewill similarly use acointegration framework, but inthefirst instancewewill
depart from the practice of pre-sel ecting sub-sampling periods. Instead wewill adoptthe
procedure developed by Inoue (1999) which determines any break dateendogenously.
The Inoue (1999) procedureallowsfor atest of cointegrating rank within the presence of
atrend-break. A significant advantage from the property analyst’ sviewpoint, however,
isthefact that thisisaJohansen (1991) typetest and does not require prior specification
of thestructure of acointegrating equation. That is, awhole portfolio can be andysedin
one pass to examine the number of common linkagesthat may exist amongst the assets
(real estate markets of different countries) given the presence of an unknown structural

break (trend).

Distinctively, the Inoue (1999) procedure has an advantage over aternativetests
for cointegration in the presence of structural breakswhen oneistrying to determinethe
cointegrating rank. This is particularly useful when a multivariate system is under

analysis. Inthe presence of trend-breaks, Johansen based testsmay incorrectly infer no



or only alimited number of cointegrating vectorsexist, when the system may infact be
highly cointegrated. Asthe rank of a systemisintrinsically linked to the number of
stochastic processes present within asystem (cf. Stock and Watson, 1988) therank can
reveal useful information relating to how integrated the system isover thelong-run. For
example, since cointegrated variables share common stochastic trends, if the
cointegrating rank of asystemis, say, » =n-1, thenthereisasinglecommontrend (i.e.n
—r = ) driving adl n series. In economic terms, such a scenario would lead to no
diversification benefitsasall the marketswill follow the samelong-runtrends. Hence,
knowledge of the cointegrating rank of a system can help determine the degree of

integration prevalent within the markets under analysis.

With trend-breaks, Johansen trace and maximum eigenvalue tests may not
correctly identify the number of cointegrating equations exi stent within the system and
thereby may overestimate the benefitsto diversification (i.e. may underestimatethetrue
rank of the system). An alternativeprocedureto test for cointegration in the presence of
an unknown structural break has been devel oped by Gregory and Hansen (1996) . These
residual based tests will determine whether cointegration exists in the presence of a
break, athough adrawback isthat the procedurecannot determinetherank, and thereby

the number of stochastic processes operating within the system.

The Inoue (1999) methodology follows closely that of the Johansen type tests.
Three models are examined (A, B and C) that allow for possible mean and trend breaks,

with model B being recommended when the form of a possible trend-break is unknown.



As Inoue (1999) outlines, the models can be written as n-dimensional vector

autoregressions (VAR) such that:

(%)=& F Y () +u,,i= 4B, (D)

YAX) =X m nbU, (),

Y (X)=X - m ADU, (x)- d - dDT; (),

- 8
Y =c+mDU,(xp)+a@ F Y5 +u, Y =X, (2)

t J71
where u, ~ NID(,, W),c,mimd and d are n-dimensional vectors, {f j}j? z aen’ n
matrices, DU, (X) = I(¢ >[Tx]) and DT, (x)=(¢ - [TX])I(z >[Tx]) where I(x) denotes
the indicator function and [x] denotesthe integer part of x.x, 1 X isthebreak fraction

where X isaclosed subset of (0,1).

The above equations can also be written in an error-correction form, such that:

-1
DY, (%) =PY,_,0,)+ SGDY,_, () +u,i= 4,5, ©®

Jj=

p-1
DY? =c+MDU, () +PY ", + SGDY |, +u, (4)

j=1
where {G}" and P are n” n matrices, ¢ and » areintegerssuchthat 1£¢£» and

Ofrf£ganda and b are n” g matrices such that ab ¢= P . From this Inoue (1999)
develops trace and maximum eigenval ue statistics that are similar in taxonomy to

Johansen (1991) such that the null hypothesis of

10



H,:rank@)=rank(b)£r, mEd=0,,,
can be tested against either the alternative:
H,:rank(@) =rank(b)=r+1

using the trace stastistic:

sug-7 @ In (1= 1 6)}; (5)

or, by applying the maximum eigenval ue statistic:

sup {- 7 In(@- I, (x))} , (6)

x1X
one can test against the alternative:

H,:rank(@) =rank(b)>r.

Inoue(1999) provides asymptotic critical valuesfor thesetest statisticsaswell as
evidence that these tests perform as well, if not better, than the Gregory and Hansen
(1996) residual -based tests plus are more appropriate than the standard Johansen

methodology where trend-breaks are present.

The above test statistics are therefore calculated in the empirical section to
provide adirect comparison with the standard Johansen testsin order to determine the
number of long-run constraints that exist amongst the real estate series under
investigation and the benefitsto diversification, oncethe 1997 crisisisexplicitly taken

into account.
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The Hansen and Johansen (1999) procedurerecursively estimatesthe eigenvalues
in a cointegrated VAR to test for parameter constancy. In the paper this essentially
operates as a check against the other procedures in identifying any change in variable

relationships during a period of turmoil.

What will theseteststell us? Herewe constructasmall portfolioofinternationa
real estate markets based on both geographic region andtradeflows. Intota theanalysis
captures four countries as described later. A period of turmoil, such as the various
financial crisesof the 1990s (or indeed, thefinancid crisisthat emerged after theterrorist
attacks of September 11), oftenresultsin achange in relationships amongst variables
such as: the creation of new relationships where none existed before; the disappearance
of previously existing equilibrium relationships; or achange from one long run
equilibrium relationship to some new long run equilibrium relationship. Applying a
combination of various cointegration tests to the different portfolios will allow usto
determine how financial contagion has affected the flow of potential benefits from
diversifying internationally. The Inoue (1999) test will tell us whether along run
equilibrium relationship continued to exist in the presence of some unknown trend break
(and the test will also tell us when this break occurred). We can then apply a
conventional Johansen (1991) test on either side of theidentified break to ascertain the
extent to which the strength of the cointegrating relationship may have altered. The
Hansen and Johansen (1999) recursive methodology operates as a supporting check

against the other procedures.

12



Allinall theresearch provides new and very useful information on the extent to
whichinternational contagion inreal estate markets exists and on whether managers may

need to adj ust the composition of their property portfoliosin theevent of financial (or

other) crises.

Section Four: Data Description and Results

Four countriesare considered intheanalysis: Singapore, Malaysia, Hong Kong
and Jgpan. Japan enters asthe premier economy inthe Asiaregionwhile theremaining
countries are members of ASEAN, an important trading alliance in the region Data
limitations prohibited the inclusion of other countries such as Thailand, Indonesiaand
Korea. Inability toinclude Thailand dueto unavailability of sufficient real estate datais
particularly disappointing since other research has suggested this country was an
important player inthe Asianfinancial crisis. Weekly pricereturnindicesfrom thefirst
week in January, 1993 to the second week in December, 2001 were obtained from
Datastream international. These were exchange adjusted for US dollars and the base
date was set to January, 1993. The start date was simply afunction of data availability
for some of thecountries. Whileall analysiswas undertaken on the natural |ogarithm of
the datafigure 1 plotsthe series in unlogged form to obtain aclearer visual impression
prior to our analysis. A visual inspection will also note how all the series, with the
possible exception of Japan, roughly follow a positive drift over time until the 1997
crisis. The Japanese economy has had difficulty recovering from the general recession of
1990/91 and this has been reflected in its property sector. So asto generate a clearer
impression of the impact of the 1997 crisis on the Japanese property market we have

scaled Japan on the secondary (RHS) axisinfigure 1. We note thatfrom t hetimeof the

13



crisis, and particularly between mid 1997 to the end of 1998, asignificant change occurs
within all the price seriesbefore resuming something closeto the previous pattern prior to
the crisis. Thistrend-break clearly shows that the Asian crisis hashad amajor impact

upon these securitisedreal estate markets.

Prior to undertaking any cointegration analysisit is necessary to ascertain the
degree of integration for each series. Research by Perron (1989) showed that the
existence of astructural break in aseriescan affect itsstationarity properties. Unit root
testing procedures devel oped by Zivot and Andrewsallow for the testing of aunit root in
the presence of apossible structural break in the series (abreak intheintercept, slopeor
both —their models A, B and C). Table 1 presentsthe outcomes from both conventional
ADF unit root testsalong with Zivot and Andrews unit root tests. To limit the size of the
table for the ZA testswe ceasetesting after thefirst indicated break rather than attempt to
find all possible breaksin the series since our purpose is merely todefine the primary
stationarity properties of the series. Both conventional ADF and ZA testsindicate that
the seriesare I1(1). We note that all of thesignificant ZA resultsindicate abreak date

about mid to late 1997, which certainly coincides with the Asian financial crisis.

Table 1 about here

As both figure 1 and the Zivot and Andrews tests in table 1 indicate a break

around thetime of the 1997 financial crisis, the cointegration tests presented intable 2 are

not only conducted for the full sample but also for apre-crisis period and post-crisis

14



period. The reason for doing this is that the cointegrating relationships that may be
observed over time are not stableif the structural break isnottaken into account. Thelag

order is chosen by the sequential method as used viathe Inoue procedure with the

Johansen analysis using the same lag order as that chosen by the Inoue method

To split the data into two sub-sampl es, the earliest breakpoint identified by the
Zivot and Andrewstest isused (i.e 29-07-97) asan indicator for the end- point of thefirst
sample. Similarly, we chose the start of the second sub-sample to begin at the last
significant breakpoint established for any of the series by the Zivot and Andrewstests.
For our datathis is 21-10-97. Ensuring that no data series has another significant
breakpoint during the sub-samples can reveal adiffering degree of cointegration than for

the full sample where breaks do occur.

Thetest resultsthat are tabulated in table 2 do indeed show differing resultsfor
the sub-samplesand full sample. For thefull sampletheresults show no presence of any
cointegrating equations, suggesting these real estate markets ar e not integrated and offer
substantial diversification benefits. However, aspreviously discussed, theresult for the
full sample may be erroneous as the Johansen rank tests have not taken into account the
possibility of atrend-break within the data, consequently the extent of diversification
benefitsto aportfolio manager may bewidely exaggerated. Returningto table 2 we see
that both sub-samples show evidence of two cointegrating equations, indicating the
presence of two stochastic processes. Infact, theresultsstrongly support the presence of

at least two cointegrating equations at the 1% significance level, and much weaker
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evidence of three cointegrating equationsat the 5% significancelevel for thetracetestin
the post-crisis period. These results strongly suggest that an international property
investment manager must carefully consider whether any portfolio of AsiaPacific real
estate stocks are yielding diversification benefits. Theseresults al so cast doubt on the
presence of contagion in international real estate markets sincethe rank of the system

does not appear to have changed significantly pre- vs post-crisis.

Tofurther test whether it would be possible to impose two cointegrating equations
onto the full sample, the Johansen procedureis re-runrestrictingthemodel to containtwo
cointegrating equations. Then, an analysisof therecursive eigenvaluesis conducted to
test whether the cointegrating equations are stable (recursion initiated with 150
observations). Specifically, thisisthe parameter constancy test discussed in Johansen

and Hansen (1999) [see also Darrat and Zhong (2001)]. Thetest statisticisgiven by:

LR=t 3 {In[1- F,a)-I1- 1,0 for t =Ty (7)

j=

Where: T istheoverall samplesizeand Toisthebase-period samplesize; r, (t) and

I ; (t) are the solutions to the restricted and unrestricted eigenvalue problems

respectively; andr is thehypothesized number of cointegrating vectors. Thislikelihood
ratio is distributed as a Chi-square and figure 2 shows the Chi-square test statistic
computed over the sample period along with 1% and 5% critical values. Itisnoticeable

that in June 1997 the null of parameter constancy isrejected, occurring within the same
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time-frame asthe Zivot and Andrews breakpoints. Thisessentially indicatesthat evenif
two cointegrating equationsare present withinthefull sample, thereisabreak inthe data

that |eads these relationships to be unstable, even if it is for a short period.

To correct for the presence of asimple break inthe mean or trend of an integrated
real estate market, the Inoueresultsfor all three modelsare presented in table 3 for the
full sample period. These results show the presence of at least two cointegrating
equationsat the5% level for all three model types and at | eastone cointegrating equation
at the 1% level. So, broadly speaking, theseresults are highlighting the fact that most
likely two cointegrating vectors are present within the system of the four real estate
markets, since thiswould agree with the Johansen sub-sampl etest results shownintable
2. Moreover, thelikely breakpointsgiven by the Inoue processareeither in Juneor July
1997, coinciding with both the date that the recursive parameter constancy testsarefirst

rejected, as well aswith the Zivot and Andrews breakpoints.

Section Five: Summary and Conclusions

This paper set out to examine the question of whether contagion existed in
international real estate markets and what the implications of the finding would mean for
diversification into international real estate markets. Contagion was defined as the
transmission of a shock or crisis from one market or asset to another. Here we were
particularly interested in Asian property markets and the impact of the 1997 financial
crisis. Thetool chosen to examinethe question was cointegrationanaysis. Specificaly

we queried whether Asianreal estate marketswere integrated over the long term once
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account was taken of (unknown) structural breaks. The paper showed that if the
possibility of criseswas ignored then aconventional Johansenprocedure may yield

incorrect resultsand may lead aportfolio manager to erringly diversify across assetsthat
arenot likely toyield asgood arisk reduction benefit asanticipated. Weshowed thisin

threeways viz. (i) through the useof conventional Johansen methodology onasimple
data split pre- and post-crisisin which we demonstrated that the number of stochastic
processes were higher than was the case when the crisiswasignored; (ii) through the
use of a parameter constancy test on the supposition that the pre- and post- number of
cointegrating equations held for the full sample; and (iii) through the use of the Inoue
technique which is anadaptation of the conventional Johansen procedurethat allowsfor
structural breaks. The Inoue procedure supported the notion of only two stochastic
processeswithin thefour asset system. Essentially thisoutcome suggeststhat theremay
well be only very restricted (if any) diversification benefits across Asian property

markets. In terms of the contagion question it would seem, then, that Rigobon’s
(1999) conclusions regarding international stock markets may apply equally well to
securitised property markets —there is no contagion, only interdependence. This has
important ramifications for theportfolio manager seeking potentid risk reduction benefits

through international diversificationin securitised real estate.
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Figure 1

Asian Property Markets
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Figure 2

Recursive Parameter Constancy Test
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Tablel. Unit Root Tests.

ADF Tests Zivot and Andrews Tests
Country (Levels)  (Returns) A B C
Hong Kong -2% -8.80° 528 -2.93 5.0
(7-10-97) (1410.97)
Japan -371 -9.66 -6.04 -3.76 -6.02
(21-10-97) (21-10.97)
Malaysia  -250 -8.612 -4.68 4.68° -455
(2907-97)  (050897)  (050897)
Singapore  -2.36 -8.72 -4.06 -261 -3.73
(508-97)

Augmented Dickey-Fuller (ADF) tests were performed on logarithmic values (levels) and
their first differences (returns). A, B and C denote the three different model types presented
in Zivot and Andrews (1992). The number of lags for the tests were determined by following
asequential, downward t-test on all autoregressive lags.

2 Indicates significance at the 1% level. © indicates significance at the 5% level and © at the

10% levd.

Table 2. Johansen Rank Tests.

Post- Crisis Sample
(21/10/97 - 11/12/01)

Full Sample Pre- Crisis Sample
(5/1/93—11/12/01) | (5/1/93—29/7/97)
I 7rice | b | Trace | Max
=0 62.13 2488 9598 4359 |
rEl 3784 184 5239 32.64°
rE2 1944 1376 1975 1281
re3 5686 5686 6.4 6.4

I Trace I Max

1113 5233 |
5895 2873
3022 186
1162 1162

The results presented are the Johansen trace and maximum eigenvalue statistics.
Results tabulated assume a trend component and critica vaues are taken from

Osterwald-Lenum (1992). A sequential estimation procedure was used to determine
lag order. 2 Indicates reject null at 1%, © at 5% and © & 10%
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Table 3. Inoue Rank Tests.

Ho: Model A Model B Model C
I Trace I Max I Trace I Max I Trace I Max
r=0| OLAOI® 61735 | 1233Z7 693072 O4I186° 63.358 |
(22/07/97) (2907/97) (24/06/97)
rEl| 50619 36.046° 62.3 40577 51832 36788
(15/07/97) (04/11/97) (22/07/97)
rE2|  17.939 14.868 34.15 24171 17711 14595
re3 6.291 6.291 14.02 14.02 5.889 5.888

Critical vaues for the trace and maximum eigenvalue stat
(1999). 2

Indicates

reject

null

a

1%, °

C

a 5% and

22

stics are taken from Inoue
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