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1 Introduction 

Financial crises have shown that dramatic movements in one financial market can have 

a powerful impact on other markets. Well-known examples include the World Trade 

Center terrorist attacks in September 2001 (referred to as 9/11), Russian bond market 

crash in August 1998, Asian crisis in October 1997, Mexican devaluation in December 

1994, and the US and Hong Kong stock market crash in October 1987. It is widely be-

lieved that financial crises tend to spread from one country to another even when the 

underlying economic fundamentals are different. The phenomenon of financial markets 

being more closely linked during crises is termed contagion.  

 

There is a long line of research on financial market linkages. During the last decade, 

interest has shifted towards investigating short-run linkages in times of crisis and the 

spread of financial crises, i.e., contagion (Forbes and Rigobon, 2001, 2002; Claessens 

et al., 2001; and Pericoli and Sbracia, 2003). Contagion can be defined in many differ-

ent ways and there is no universally accepted definition. The World Bank provides 

three definitions of contagion. According to the broad definition, by contagion is under-

stood the cross-country transmission of shocks or the general cross-country spillover 

effects. This is a very general definition and does not restrict contagion to take place 

only in times of crisis. The restrictive definition states that contagion is the transmission 

or comovement of shocks in excess of what can be explained by fundamentals. Ac-

cording to the very restrictive definition, contagion is the change in the propagation 

mechanism of shocks between countries in periods of crisis. It is closely related to shift-

contagion, introduced by Forbes and Rigobon (2002) and defined as a significant in-

crease in cross-market linkages following a shock to one country (or group of coun-

tries). In Kaminsky et al. (2003) contagion is defined as a significant immediate short-

term transmission of shocks between financial markets. This paper uses their definition 

of contagion. 

 

Many researchers have tested for contagion based on correlation coefficients (see, e.g., 

Forbes and Rigobon, 2002). The idea is that if correlations in returns increase signifi-

cantly after a crisis, it is taken as evidence of contagion. However, as shown by Forbes 

and Rigobon, correlation coefficients are conditional on market volatility and during a 

crisis when stock market volatility increases, estimates of cross-market correlations will 

be biased upwards. Increased correlation coefficients might be spuriously induced by 
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heteroskedasticity (in this case higher volatility during a crisis compared to stable peri-

ods), which in turn biases tests for contagion based on correlation coefficients. Using 

their heteroskedasticity correction, Forbes and Rigobon find no contagion, only inter-

dependence, during the 1997 Asian crisis, 1994 Mexican devaluation, and 1987 US 

and Hong Kong stock market crash. Rigobon (2003) discusses further econometric is-

sues in tests of shifts in transmission mechanisms. For 36 stock markets he finds no 

changes in the transmission mechanisms during the 1998 Russian, 1997 Asian and 

1994 Mexican crises. On the other hand, Corsetti et al. (2005) point out that this result 

is driven by unrealistic assumptions about the idiosyncratic variance and they find con-

tagion more often than one would find by using the heteroskedasticity correction of 

Forbes and Rigobon. Finally, Bekaert et al. (2005) find no excess correlations (over 

and above what one would expect from economic fundamentals) caused by the Mexi-

can crisis, but some evidence of excess correlations for the Asian crisis. Our review of 

the literature indicates that there are conflicting empirical results. 

 

In this paper we propose to use the statistical concept of cobreaking (Hendry and 

Massmann, 2007) to model comovements between financial markets during crises and 

to test for contagion. The idea of cobreaking is that a linear combination of time series 

cancels a break if the series have the break in common. Cobreaking is a special case 

of common features introduced by Engle and Kozicki (1993). If two or more stationary 

series have a break in their conditional mean but some linear combination does not 

have the break, then the series are said to be cobreaking. Cobreaking may be particu-

larly revealing about large comovements in financial markets during a crisis, as it pro-

vides information on the instantaneous spread of a crisis from one market to another. 

Cobreaking is closely related to the definition of contagion used in this paper. In con-

trast, tests based on correlation coefficients are uninformative about specific events like 

the US and Hong Kong stock market crash in October 1987, since correlation coeffi-

cients are based on averages over a longer period of time.  

 

We find cobreaking between stock returns in developed markets but not in emerging 

markets. Crises in emerging markets do not spread to other emerging markets or to 

developed markets. Therefore we find comovements between financial markets during 

crises but not contagion. If international stock returns are cobreaking, then the oppor-

tunities for international diversification are decreased when they would be needed the 
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most. Finding cobreaking between stock returns will have implications for investors’ 

international portfolio strategies. 

 

The paper is organised as follows. Section 2 reviews modelling and testing for cobreak-

ing. Section 3 describes the data and Section 4 reports the empirical results. Section 5 

concludes.  

2 Test for Cobreaking 

Let Xt be a p-dimensional time series of logarithms of stock prices, assumed to be inte-

grated of order one. The model for the individual series Xit, i = 1, …, p, allows for q-time 

changes in the level of the series: 
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where εit is an innovation. The formulation allows the series Xit to be quite general proc-

esses. Later in this section we will model the joint dynamics of the return series with a 

vector autoregressive (VAR) model. The dates τ1, …, τq are the break dates of financial 

crises modelled by indicator variables djt, which take the value 1 if t = τj and 0 otherwise. 

Perron (1989) refers to model (1) with a one-time change in the level of the series as 

the crash model. Here we allow for q-time changes in the intercept of the trend function. 

 

We want to test if the series Xt have breaks in common, i.e., whether they are cobreak-

ing. The test for cobreaking is based on the p-dimensional VAR model in error correc-

tion form 
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where all the parameters are unrestricted. We write the VAR model in error correction 

form because Xt is assumed to be integrated of order one and possibly cointegrated. 

The process (2) is cointegrated if the matrix Π has reduced rank, rank(Π) = r, 0 < r < p. 

In our empirical applications we have Π = 0, since we have found that stock prices are 

not cointegrated (Ahlgren and Antell, 2002, 2008). However, we also perform a robust-
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ness check and find that the cobreaking test is robust with respect to the cointegration 

rank (see Section 4.3). The vector D1t contains indicator variables for financial crises 

and the vector D2t other indicator variables that we condition on. It is worth noting that 

our model is different from Hendry and Massmann (2007) and Krolzig and Toro (2002). 

Hendry and Massmann are mainly concerned with breaks in deterministic trends, 

whereas Krolzig and Toro consider permanent breaks in the unconditional mean of sta-

tionary series. We allow the series to contain a unit root. Note that if the breaks in re-

turns are of the crash type and prices contain a unit root, then the crashes are cumu-

lated into breaks in the levels of the series.  

 

The definition of cobreaking used here is that of contemporaneous mean cobreaking in 

Hendry and Massmann (2007) and requires that the matrix Ψ1 has reduced rank, 

rank(Ψ1) = s, s < min(p,q). Three cases that induce cobreaking without the reduced 

rank condition on Ψ1 becoming a restriction are identified in Hendry and Massmann. Of 

these, two are relevant for our purposes. First, no sub-vector of Xt must be free from 

breaks. It translates into a condition on the indicator variables, to be discussed in the 

next section and checked in the empirical applications in Section 4. Second, cobreak-

ing occurs if Ψ1 has fewer columns than rows, i.e., if there are fewer breaks in the 

sample than there are series in the system. We must therefore have q ≥ p, although the 

test for cobreaking is valid if q < p. 

 

The null hypothesis of cobreaking is H0: rank(Ψ1) ≤ s against H1: rank(Ψ1) = s, and can 

be tested by a likelihood ratio test. The likelihood ratio statistic for testing the reduced 

rank hypothesis is given by (Hendry and Massmann, 2007; and Krolzig and Toro, 2002) 
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ˆˆ

qpλ≥≥λ L  are the squared partial canonical correlations between ∆Xt and 

D1t, i.e., corrected for a constant, ∆Xt–1, …, ∆Xt–k+1 and D2t. The sequence of tests be-

gins by testing the most restricted hypothesis s = 0 and continues by testing s = 1, and 

so on until the first non-rejected null hypothesis. The Q statistic is approximately dis-

tributed as χ2 with (p–s)(q–s) degrees of freedom under the null hypothesis. It is worth 

noting that there is no asymptotic distribution involved. Since the errors are assumed to 
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be normal, the Q statistic has an approximate χ2 distribution. The test is therefore sen-

sitive to the assumption of normally distributed errors. 

 

Cobreaking is equivalent with the matrix Ψ1 being of reduced rank s. Then Ψ1 can be 

decomposed as Ψ1 = ξη ′, where ξ and η are p × s and q × s matrices of rank s, respec-

tively. We can find the p × (q–s) orthogonal complement of ξ, ξ⊥ , such that ξ′ξ⊥  = 0. The 

q–s columns of the matrix ξ⊥  contain the cobreaking vectors and the cobreaking rela-

tions are the linear combinations ξ′ ⊥ ∆Xt that do not contain the breaks. To see this, 

multiply model (2) from the left by ξ′⊥ , which annihilates Ψ1D1t. The number q–s is 

called the cobreaking rank. 

 

The model with s < q is estimated by reduced rank regression; first the estimate η̂  is 

found by reduced rank regression and then the estimate ξ̂  conditional on η̂  by regres-

sion (see Hendry and Massmann, 2007; and Krolzig and Toro, 2002, for details). Fi-

nally, to find the orthogonal complement ⊥ξ̂ , a singular value decomposition (SVD) is 

used. The details for computing the orthogonal complement ⊥ξ̂  by a SVD are provided 

in the appendix. 

 

We present the results from a small Monte Carlo experiment to examine the size and 

power of the test for cobreaking. Data are generated from the data-generation process 

(DGP) 

 

 ,1111 tttt εΨΓ ++∆=∆ − DXX        (4) 

 

with p = 4 and q = 2. The errors εt are generated as εt ∼  NID(0,I4). The distribution of 

the Q statistic does not depend on Γ1 and in the DGP we can take Γ1 = 0. The break 

points are defined as τ1T and τ2T and modelled by the indicator variables D1t = (d1t, d2t)′, 

where d1t = 1 for t = τ1T and 0 otherwise, and d2t = 1 for t = τ2T  and 0 otherwise. In the 

simulations τ1 = 0.3 and τ2 = 0.7, so the first break point occurs in the first half of the 

series and the second break point in the second half of the series. Following Krolzig 

and Toro (2002), we consider the following specifications for Ψ1: 
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The matrix Ψ11 has full rank s = 2 and the matrix Ψ12 has reduced rank s = 1. The val-

ues for d are d = 2,3,4,6, which are measured in standard deviations since the errors 

have unit variances. In the DGP we can choose ϕ = π = 1. Then a value of d = 2 corre-

sponds to the breaks being equal to two standard deviations of the errors. The series 

lengths are T = 100, 200, 400. The number of Monte Carlo replications is 1,000,000. 

Table 1 reports the results from the Monte Carlo experiments. We begin by testing s = 

0 against s > 0. We find that the test rejects, as it should, since the indicator variables 

are significant. The test of s = 1 against s = 2 with Ψ11 gives the power of the test and 

with Ψ12 the size of the test. We find that the test is slightly oversized when T = 100, but 

has the correct size when T = 200 and T = 400. Turning to power, we see that when d 

= 2 the power is below 20%, when d = 3 the power is about 40%, when d = 4 the power 

is about 65% and when d = 6 the power approaches 100%.  

 

We point out that the null hypothesis s = 1 means cobreaking. If the test has low power 

it may, in fact, falsely accept cobreaking. It is also worth noting that the power does not 

increase with the series length. The breaks are modelled by indicator variables, and D1t 

contains only a finite number of ones and the rest of the elements are zeros. Informally, 

we can say that the information about the breaks is not increasing with the series 

length. In Table 1 the power is constant for different values of T. 

3 Data 

We use data on international stock prices. For the VAR analysis to be manageable, the 

number of markets must be restricted. Here we have decided to include four markets in 

the VAR system. In choosing the markets, the objective is to include markets worldwide. 

The first data set contains four large, leading markets in industrialised countries, 

namely Germany, Japan, the UK and the US. The sample period for the returns is 

January 1980 to August 2006 and the number of month-end observations is T = 320. 

The second data set contains the emerging markets Hong Kong, Korea, Mexico, and in 

addition the US. In the second data set there are one Latin-American and two Asian 

markets included among the emerging markets. The US is included to capture the ef-
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fects of major markets on emerging markets and emerging markets on developed mar-

kets. The sample period for the returns is January 1988 to August 2006 and the num-

ber of month-end observations is T = 224. For all markets the Morgan Stanley Capital 

International (MSCI) total return indices denominated in USD are used. 

 

The test for cobreaking requires that we define a set of indicator variables for financial 

crises. There are some conditions that the crises modelled by the indicator variables 

must satisfy. First, at least two crises must be observed in the sample. Second, all 

markets must be affected by at least one crisis. Third, we must have at least as many 

crises as there are series in the VAR system. For the developed markets we define 

four indicator variables. They take the value one for the crisis and zero otherwise. 

D8710 is the indicator variable for the October 1987 stock market crash. The Asian cri-

sis in October 1997 is modelled by D9710 and the Russian bond market crash in Au-

gust 1998 by D9808. The latter one coincides with the default of the Long-Term Capital 

Management hedge fund. The final indicator variable is D0109 for the terrorist attacks 

in September 2001. For the emerging markets the indicator variable D8710 is ex-

changed for the indicator variable D9412 for the Mexican Peso crisis in December 

1994. The other crisis indicators are the same. 

 

Table 2 reports descriptive statistics for the stock market returns calculated as loga-

rithmic differences. The annualised returns in the developed markets are between 8.9 

per cent for Japan and 12.6 per cent for the UK, and the volatilities are between 15.0 

per cent for the US and 22.8 per cent for Japan. The monthly minimum returns are be-

tween –20 and –30 per cent, and the maximum returns around 20 per cent. For the UK 

and the US, the minima coincide with the stock market crash in October 1987.  With 

the exception of Japan, the returns are skewed to the left and leptokurtic. The Jarque–

Bera statistics show that the returns are not normal, with the exception of Japan. In the 

emerging markets the annualised returns are between 7.6 per cent for Korea and 22.2 

per cent for Mexico. The volatilities are much higher than in the developed markets, 

ranging from 26.3 per cent for Hong Kong to 38.1 per cent for Korea. The monthly 

minimum returns are –40 per cent for Mexico and the maximum returns 53 per cent for 

Korea. The minimum for Hong Kong coincides with the Asian crisis in October 1997, 

and the minima for Mexico and the US with the bond market crash in August 1998. 

Mexico exhibits negative skewness in the returns. All series are leptokurtic. The Jar-

que–Bera statistics show that the returns are not normal. 
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4 Empirical Results 

4.1 Estimated VAR Systems 

We begin by estimating the VAR system (2) for returns. We choose a VAR(5) specifica-

tion for both developed and emerging markets. To improve the misspecification diag-

nostics of the models we include the non-crisis indicators D8109 and D0209 for the de-

veloped markets and D9801 for the emerging markets. Table 3 reports misspecification 

diagnostics for the estimated VAR systems. The individual equations are acceptable, 

with the exception of autocorrelation up to order 12 for Germany and heteroskedasticity 

for the UK in the system for the developed markets, and heteroskedasticity for Korea 

and Mexico in the system for the emerging markets. The vector tests indicate that 

some autocorrelation remains in the systems. The vector LM test for heteroskedasticity 

is significant for both the developed and emerging markets. Importantly, the residuals 

of the estimated VAR model for the developed markets are approximately normally dis-

tributed since the JB statistics for normality are not significant. For the emerging mar-

kets the JB statistic for Mexico is significant at the five per cent level and the system 

test rejects at the one per cent level. 

 

Table 4 reports the standardised residuals from the estimated VAR models without the 

indicator variables for the financial crises to gauge the magnitude of the breaks. We 

see that the breaks are typically between 2 and 4 standard deviations, so the test for 

cobreaking may have low power to reject some of the hypotheses. In addition, the t-

statistics for the crisis indicators in the VAR system for the developed markets are all 

negative and significant (not reported). For the emerging markets most of the t-

statistics are negative and significant. The only exception is D9412 for the Mexican cri-

sis. While all other crises affect all markets, the Mexican crisis is mainly confined to 

Mexico itself. 

 

4.2 Tests for Cobreaking 

If there exists cobreaking the matrix Ψ1 in the model (2) has reduced rank. Note that if 

rank(Ψ1) = 0, none of the crisis indicators is significant and if rank(Ψ1) = 4, there is no 

cobreaking. Table 5 presents the results of the tests for cobreaking. For the developed 

markets there are two eigenvalues which are different from zero and two eigenvalues 

close to zero. We would therefore expect that s = 2. The likelihood ratio test rejects s = 

0 but not s = 1, entailing that the cobreaking rank or the number of cobreaking relations 

is q–s = 3, i.e., the maximal number of cobreaking relations. The p-value of the hy-
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pothesis s = 1 is 0.104. In the simulations in Section 2 we found that the test may have 

low power, suggesting that it may underestimate s and, consequently, overestimate the 

cobreaking rank q–s. Inspection of the estimated cobreaking relations with q–s = 3 re-

veals that the first cobreaking relation contains the breaks in the series, whereas with 

q–s = 2 we get cobreaking relations that do not contain the breaks. We have therefore 

decided to choose s = 2 and q–s = 2, i.e., two cobreaking relations. The results for the 

emerging markets are different. The test rejects s = 0, 1, 2 and accepts s = 3. Then q – 

s = 1 and there is only one cobreaking relation. The emerging markets exhibit less co-

breaking than the developed markets. 

 

The orthogonal complements ⊥ξ̂  or the cobreaking vectors are reported in Table 6. 

The unrestricted vectors are not uniquely identified. Further, it is not known how to test 

hypotheses about ξ⊥ . For the developed markets the orthogonal complement ⊥ξ̂  con-

sists of two vectors in a four-dimensional system of stock returns such that tX∆′ ⊥ξ̂  do 

not contain the breaks. All the estimated coefficients are of the same magnitude and 

different from zero. However, for the emerging markets the results are more interesting. 

Only two coefficients (those for Hong Kong and Korea) are reasonably large and of the 

same magnitude with opposite signs, and the remaining two coefficients are close to 

zero. Suppose that in fact ξ⊥  = (0,1,–1,0)′. Then we have a cobreaking relation involv-

ing only the difference between returns in Kong Kong and Korea, which are both 

South-East Asian markets. It would imply that the evidence of cobreaking for the 

emerging markets is restricted to these two markets and there is no cobreaking involv-

ing the other emerging markets. 

 

Table 7 reports the cobreaking relations tX∆′ ⊥ξ̂  together with the returns ∆Xt for the 

break dates. For the developed markets we see that the estimated cobreaking relations 

tX∆′ ⊥ 1ξ̂  and tX∆′ ⊥ 2ξ̂  do not contain the breaks in the return series. Note that the sec-

ond relation is the relation corresponding to the smallest eigenvalue, i.e., the relation 

containing the most evidence of cobreaking. For the emerging markets the relation 

tX∆′ ⊥ 1ξ̂ , does not contain the breaks in the return series, indicating cobreaking be-

tween Hong Kong and Korean stock returns. Finally, Figure 1 plots the cobreaking rela-

tions for the developing markets (OC11–OC12) and emerging markets (OC21). Instead 
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of plotting tX∆′ ⊥ξ̂  we have plotted tX⊥′ξ̂  to better see the cobreaking relations, which 

now contain a unit root in stock prices but no breaks. 

 

4.3 Robustness Checks 

We checked alternative dates for some of the crises. For example, the Asian crisis has 

been dated by some authors to June 1997 (devaluation of the Thai Baht 2 July 1997) 

rather than October 1997. For both 1997(6) and 1997(7) the standardised residuals for 

the developed markets are positive and smaller than one (with the exception of the 

standardised residuals for 1997(7) for Japan and the US, which are –1.154 and 1.289, 

respectively). For the emerging markets the standardised residuals are positive, with 

the exception of 1997(7) for Korea (–0.611). The Mexican crisis can also be dated to 

1995(1). We computed the test for cobreaking with an indicator for 1995(1) instead of 

1994(12) and found that the results are similar (q – s = 1). 

 

The first robustness check pertaining to our cobreaking results concerns the rank of Π 

in the model (2). If stock prices are cointegrated, then Π ≠ 0 and we should account for 

it before testing the cobreaking rank. Table 8 presents the results from tests for cointe-

gration rank (Johansen, 1996). For the developed markets the cointegration rank r = 0 

is rejected and the cointegration rank is found to be r = 1. For the emerging markets 

there is no cointegration since r = 0 cannot be rejected. These results are in line with 

Ahlgren and Antell (2002, 2008). In Table 9 we report the results of the tests for co-

breaking with the cointegration rank r = 1. The results show that the cobreaking tests 

are not sensitive to the choice of the cointegration rank. 

 

Next we check the robustness of the cobreaking results with respect to the indicator 

variables by redefining one indicator in turn as a non-crisis indicator, so that q = 3. For 

the developed markets in all tests with q = 3, s is found to be one, which is consistent 

with the result for q = 4. However, for the emerging markets s = 3 in the test with the 

indicator variable D0109 removed, and then there is no cobreaking. The 9/11 terrorist 

attacks drive the cobreaking results for the emerging markets.  

 

4.4 Discussion of the Empirical Results 

Financial contagion is defined as a significant immediate spillover of shocks between 

markets. This definition makes cobreaking appealing for testing contagion. Our empiri-

cal results show that there is cobreaking between large, industrialised markets, while 
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financial crises in emerging markets do not lead to cobreaking between emerging mar-

kets or between emerging markets and developed markets. We now turn to the ques-

tion of whether finding cobreaking implies that there is contagion. 

 

Implicit in the definition of financial contagion is the assumption that the origin of the 

shock in question is a financial event such as a severe liquidity crisis, default on debt 

obligations or a large devaluation. In their list of financial crises with immediate interna-

tional repercussions, Kaminsky et al. (2003) exclude the 9/11 terrorist attacks and the 

October 1987 stock market crash. Of course, the 9/11 terrorist attacks is not a financial 

crisis, but an important non-financial event affecting financial markets worldwide. Since 

contagion is related to financial crises, an event like a terrorist attack is not evidence of 

contagion, but comovements in general. The same argument applies to the October 

1987 stock market crash. 

 

For the developed markets in our sample, none of the financial crises originated in 

these countries, and some of the crises are non-financial. We interpret the evidence of 

cobreaking as short-term linkages, not contagion. The evidence of cobreaking is weak 

for the emerging markets and the results are driven by the 9/11 terrorist attacks. Finally, 

the cobreaking relation found is mainly between the South-East Asian markets Hong 

Kong and Korea. The crises affect both markets in the same way. Thus an investor 

cannot diversify short-term chocks by investing in these markets only. There is no evi-

dence of contagion between emerging markets or between emerging and developed 

markets. 

5 Conclusions 

In this paper we suggest a new method for modelling and testing comovements be-

tween stock returns in times of crisis. The method is based on cobreaking time series. 

The idea of cobreaking is that breaks caused by shocks to one market may be com-

mon to other markets, so that there exists a linear combination of the series of stock 

returns that cancels the breaks. We find cobreaking between stock returns in devel-

oped markets. Cobreaking between stock returns has implications for the international 

diversification of investors’ portfolios. There is some evidence of cobreaking between 

emerging market stock returns, but the results are driven by the 9/11 terrorist attacks. 

We find no evidence of contagion during the 1994 Mexican crisis, 1997 Asian crisis and 

1998 bond market crash. 
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Appendix: Computational Details 

The orthogonal complement of ξ̂ , 
⊥

ξ̂ , is found by a singular value decomposition of ξ̂ : 

 ′= UDVξ̂ , 

where U is p × p and the last q – s columns of U are 
⊥

ξ̂  (see, e.g., Hendry, 1995, 631–

632). 
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Table 1. Simulated size and power of the test of cobreaking. 

d   2 3 4 6  2 3 4 6 
  DGP has rank s = 1    DGP has rank s = 2  
T  Power of test of s = 0   Power of test of s = 0 
100 0.990 1.000 1.000 1.000  0.909 0.999 1.000 1.000 
200 0.991 1.000 1.000 1.000  0.912 1.000 1.000 1.000 
400 0.992 1.000 1.000 1.000  0.913 1.000 1.000 1.000 
          
  Size of test of s = 1   Power of test of s = 1 
100 0.059 0.064 0.065 0.066  0.166 0.393 0.648 0.955 
200 0.051 0.055 0.056 0.057  0.156 0.382 0.642 0.956 
400 0.047 0.052 0.052 0.053  0.151 0.377 0.640 0.956 
Notes: The DGP is given by (4)–(5) with p = 4 and q = 2. The number of replications is 1,000,000. 
 
 
 
 
Table 2. Descriptive statistics for the stock market returns in US dollars (in per cent). 

Developed markets. Sample period January 1980 to August 2006. T = 320. 
        
 Mean Standard 

deviation 
Minimum Maxi-

mum 
Skew-
ness 

Excess 
kurtosis 

JB 

Germany 10.59  22.36  -27.90  21.26  -0.602** 2.024** 73.942** 
Japan 8.93  22.78  -21.22  21.76  0.065 0.358 1.933 
UK 12.59  18.26  -24.25  16.38  -0.415** 2.033** 64.308** 
US 12.25  15.04  -23.86 12.47  -0.841** 3.403** 192.170** 
        
Emerging markets. Sample period January 1988 to August 2006. T = 224. 
        
 Mean Standard 

deviation 
Minimum Maxi-

mum 
Skew-
ness 

Excess 
kurtosis 

JB 

Hong Kong 12.74  26.30  -34.06  28.69  -0.200 2.477** 58.757** 
Korea 7.63  38.10  -37.22  53.41  0.294 2.969** 85.502** 
Mexico 22.24  33.42  -40.24  25.91  -0.972** 2.979** 118.000** 
US 11.28  13.90  -14.97  10.82  -0.568** 0.996** 21.308** 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: The means and standard deviations are annualised, while the minimum and maximum are monthly. The 

standard error for the coefficient of skewness is T/6  and for kurtosis T/24 . JB is the Jarque–Bera statistic for 
normality. 
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Table 3. Misspecification diagnostics for the VAR systems. 

Developed markets. VAR(5), sample period January 1980 to August 2006. T = 320. 
      
 LM(1) LM(12) ARCH(1) LM JB 
Germany 0.336 2.272** 0.989 1.348 4.424 
Japan 0.002 1.325 3.066 1.441 1.127 
UK 0.451 0.627 2.075 1.938** 0.155 
US 0.877 0.955 0.042 0.972 1.053 
System 1.706* 1.107  1.292** 14.288 
      
Emerging markets. VAR(5), sample period January 1988 to August 2006. T = 224. 
      
 LM(1) LM(12) ARCH(1) LM JB 
Hong Kong 0.425 1.375 1.098 1.379 5.106 
Korea 1.571 1.486 0.213 2.048** 2.328 
Mexico 0.317 1.081 0.212 1.925** 6.730* 
US 0.107 0.570 0.747 1.388 3.800 
System 1.941* 1.585**  1.289** 35.507** 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: LM(1) and LM(12) are the Lagrange multiplier tests for residual autocorrelation of order 1 and up to 
order 12, respectively. ARCH(1) is the test for autoregressive conditional heteroskedastic residuals of or-
der 1. LM is the White test for heteroskedasticity and JB is the Jarque–Bera test for normality. All statistics 
are F except JB which is χ2. 
 
 
 
Table 4. The standardised residuals from the VAR systems. 

Developed markets. VAR(5), sample period January 1980 to August 2006. T = 320. 
     
 Crisis dates 
 1987(10) 1997(10) 1998(8) 2001(9) 
Germany –3.164 –1.185 –3.237 –2.677 
Japan –0.997 –1.622 –1.939 –1.274 
UK –4.552 –0.934 –1.691 –1.470 
US –5.848 –0.966 –3.515 –2.150 
     
Emerging markets. VAR(5), sample period January 1988 to August 2006. T = 224. 
     
 Crisis dates 
 1994(12) 1997(10) 1998(8) 2001(9) 
Hong Kong –0.554 –4.288 –1.626 –2.639 
Korea –0.275 –3.423 –1.303 –1.813 
Mexico –4.205 –2.408 –3.965 –1.830 
US 0.344 –0.797 –3.922 –2.221 

Notes: 1987(10) is the October 1987 stock market crash, 1994(12) is the Mexican crisis, 1997(10) is the 
Asian crisis, 1998(8) is the Russian crisis and 2001(9) is the 9/11 terrorist attacks. 
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Table 5. Tests of cobreaking. 

Developed markets 
D8710, D9710, D9808, D0109 

 Emerging markets 
D9412, D9710, D9808, D0109 

s 
1

ˆ
+λ s  Q(s) ν p-value  s 

1
ˆ

+λ s  Q(s) ν p-value 

0 0.208 87.893** 16 0.000  0 0.263 119.834** 16 0.000 
1 0.039 14.560 9 0.104  1 0.143 53.100** 9 0.000 
2 0.004 1.884 4 0.757  2 0.084 19.182** 4 0.001 
3 0.002 0.594 1 0.441  3 0.000 0.026 1 0.872 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: The VAR systems are estimated with q = 4 crisis indicators. The cobreaking rank is q–s, 1
ˆ

+λ s  are the ei-

genvalues, Q(s) is the likelihood ratio statistic for cobreaking rank and ν are the degrees of freedom of the test for 
cobreaking rank. D8710 refers to the October 1987 stock market crash, D9412 to the Mexican crisis, D9710 to the 
Asian crisis, D9808 to the Russian crisis and D0109 to the 9/11 terrorist attacks. For the developed markets the 
sample period is January 1980 to August 2006, T = 320. For the emerging markets the sample period is January 
1988 to August 2006, T = 224. 
 
 
 
 
Table 6. Orthogonal complements or cobreaking vectors. 

q – s = 2 1
ˆ

⊥ξ  2
ˆ

⊥ξ   q – s = 1 1
ˆ

⊥ξ  
Germany  –0.281 – 0.609  Hong Kong  0.736 
Japan  0.775  0.198  Korea   –0.676 
UK 0.527  –0.343  Mexico  –0.016 
US –0.209  0.687  USA   0.007 

Notes: The VAR systems are estimated with q = 4 crisis indicators. The cobreaking rank is q–s. For the developed 
markets the sample period is January 1980 to August 2006, T = 320. For the emerging markets the sample period 
is January 1988 to August 2006, T = 224. 
 
 
 
 
Table 7. The returns and cobreaking relations ξ′ ⊥ ∆Xt for the break dates. 

 1987(10) 1997(10) 1998(8) 2001(9)   1994(12) 1997(10) 1998(8) 2001(9) 
Germany –19.21 –7.22 –17.92 –17.73  Hong Kong –3.13 –34.06 –6.92 –16.77 
Japan –7.58 –9.77 –12.09 –9.74  Korea –6.43 –36.77 –17.10 –17.79 
UK –24.25 –3.87 –7.52 –6.81  Mexico –39.78 –20.67 –40.24 –16.95 
US –23.85 –2.75 –14.97 –7.95  US 1.48 –2.75 –14.97 –7.95 

tX∆′ ⊥ 1ξ̂  –8.27 –7.00 –5.17 –4.49  
tX∆′ ⊥ 1ξ̂  2.67 0.09 6.99 –0.11 

tX∆′ ⊥ 2ξ̂  2.12 1.91 0.80 5.73       

Notes: The VAR systems are estimated with q = 4 crisis indicators. 1987(10) is the October 1987 stock market crash, 
1994(12) is the Mexican crisis, 1997(10) is the Asian crisis, 1998(8) is the Russian crisis and 2001(9) is the 9/11 terrorist 
attacks. For the developed markets the sample period is January 1980 to August 2006, T = 320. For the emerging markets 
the sample period is January 1988 to August 2006, T = 224. 
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Table 8. Tests of cointegration. 

Developed markets  Emerging markets 
r 

1
ˆ

+λ r  Q(r) p-value  r 
1

ˆ
+λ r  Q(r) p-value 

0 0.104 55.60** 0.007  0 0.042 21.97 0.971 
1 0.046 21.00 0.368  1 0.023 12.12 0.910 
2 0.014 6.02 0.696  2 0.019 7.42 0.536 
3 0.005 1.56 0.212  3 0.015 3.23 0.072 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: The cointegration rank is r,  1
ˆ

+λ r  are the eigenvalues and Q(r) is the likelihood ratio statistic for cointegration 

rank. For the developed markets the sample period is January 1980 to August 2006, T = 320. For the emerging mar-
kets the sample period is January 1988 to August 2006, T = 224. 
 
 
 
 
 
 
Table 9. Tests of cobreaking with cointegration rank r = 1. 

Developed markets 
D8710, D9710, D9808, D0109 

 Emerging markets 
D9412, D9710, D9808, D0109 

s 
1

ˆ
+λ s  Q(s) ν p-value  s 

1
ˆ

+λ s  Q(s) ν p-value 

0 0.210 88.235** 16 0.000  0 0.261 117.772** 16 0.000 
1 0.039 14.164 9 0.117  1 0.146 51.563** 9 0.000 
2 0.004 1.495 4 0.828  2 0.074 16.976** 4 0.002 
3 0.001 0.322 1 0.570  3 0.000 0.053 1 0.818 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: The VAR systems are estimated with q = 4 crisis indicators. The cobreaking rank is q–s, 1
ˆ

+λ s  are the ei-

genvalues, Q(s) is the likelihood ratio statistic for cobreaking rank and ν are the degrees of freedom of the test for 
cobreaking rank. D8710 refers to the October 1987 stock market crash, D9412 to the Mexican crisis, D9710 to the 
Asian crisis, D9808 to the Russian crisis and D0109 to the 9/11 terrorist attacks. For the developed markets the 
sample period is January 1980 to August 2006, T = 320. For the emerging markets the sample period is January 
1988 to August 2006, T = 224. 
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Table 10. Cobreaking tests Q(s) with one indicator variable removed. 

 Developed markets  Emerging markets 
s ν D8710 D9710 D9808 D0109 D9412 D9710 D9808 D0109 
0 12 36.800**

(<0.001) 
83.480**
(<0.001) 

63.302**
(<0.001) 

70.844**
(<0.001) 

82.227**
(<0.001) 

80.989**
(<0.001) 

82.726**
(<0.001) 

105.607**
(<0.001) 

1 6 2.035 
(0.916) 

12.025 
(0.061) 

8.264 
(0.219) 

10.587 
(0.102) 

32.433**
(<0.001) 

24.062**
(0.001) 

29.566**
(<0.001) 

47.734**
(<0.001) 

2 2 0.597 
(0.742) 

0.660 
(0.719) 

0.929 
(0.628) 

1.203 
(0.548) 

1.176 
(0.555) 

4.899 
(0.086) 

3.648 
(0.161) 

14.601**
(0.001) 

* Statistically significant at the 5 per cent level. ** Statistically significant at the 1 per cent level. 

Notes: The VAR systems are estimated with q = 3 crisis indicators. The cobreaking rank is q–s and ν are the de-
grees of freedom of the test for cobreaking rank. D8710 refers to the October 1987 stock market crash, D9412 to 
the Mexican crisis, D9710 to the Asian crisis, D9808 to the Russian crisis and D0109 to the 9/11 terrorist attacks.
For the developed markets the sample period is January 1980 to August 2006, T = 320. For the emerging markets 
the sample period is January 1988 to August 2006, T = 224. 
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Figure 1. The cobreaking relations ξ′⊥ Xt for the developed markets (OC11-OC12) and 
emerging markets (OC21). 
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