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Abstract

This study examines the behavior of financial contagion within the New Zealand stock market. The degree of financial contagion is measured by the coincidence of extreme stock returns. The extent of the effect and its economic significance are examined using the multinomial regression. The findings show that the contagion is highly persistent. Macroeconomic factors have a slightly stronger impact on the co-movement of extreme positive returns compared with the co-movement of extreme negative returns. There is little evidence showing that the contagion is determined by the fluctuation of foreign exchange rates, government bond yield, and the term spread.
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1. Introduction

An ongoing financial liberalization and the increasing integration of global financial markets highlight the importance of understanding financial contagion. Studies so far have focused on the transmission of crisis across borders, such as the study of the Asian and Russian financial crises in 1997 and Mexico’s peso crisis in 1994. Our study aims to gain an in-depth understanding of financial contagion.  Our focus is the New Zealand (NZ) stock market. We chose New Zealand because the liberalization of its market during 1984 and 1985 provides a control laboratory for testing the impact of external risk factors and internal market contagion. It is widely believed that the U.S. market has greater liquidity and transparency than other markets. If there is any contagion relationship observed in the U.S., it should at least be as apparent in the less-developed markets. 
Numerous studies attempt to characterize financial contagion and examine how the crisis transmits from one market to another. One approach is to examine whether the stocks that are correlated move more closely during the crisis period [Forbes and Rigobon, 2002; Longin and Solnik, 2001]. Bae, Karolyi and Stulz [2003] pointed out that the estimated correlation during crisis is biased and that its values change over time. Moreover, the correlation is computed based on an equal weight between small and large returns. It does not take into account, therefore, the investors’ panic triggered when the loss exceeds a certain threshold.  An alternative approach is to employ the extreme value theory (EVT) to identify the behavior of extreme financial asset returns [Poon, Rockinger, and Tawn, 2004]. The EVT involves statistical complexity, and is not an easy approach for studies that involve conditions on various attributes of events. 

In contrast, this study follows the approach of Bae et al. [2003] by measuring the joint occurrences of large returns and applying the multinomial probit analysis to study the behavior of financial contagion within the New Zealand Stock Exchange (NZSE). Specifically, we investigate the portfolio contagion effect, where the portfolio is formed based on several attributes, including past performance, firm size, trading volume, growth and dividend yield. 

The findings show that the contagion is highly persistent. In addition, the conditional volatility, foreign exchange rates movement, changes in government bond yield, and term structure spread have little explanatory power to determine the variation of stock joint-occurrences. Furthermore, this study documents the direction of financial contagion across portfolios, where the contemporaneous financial contagion in a low-liquidity portfolio can be significantly determined from the lagged contagion of a high-liquidity portfolio.
The remaining sections of this paper are organized as follow. Section 2 reviews the related literature regarding the determinants of stock market returns. Section 3 describes the data and methodology. Section 4 presents the empirical evidence. In Section 5, we summarize and conclude this study. 
2. Determinants of Stock Market Returns

The following discussion covers (1) the foreign exchange rate and the stock market, and (2) interest rates and the stock market.

2.1. Foreign Exchange Rate and Stock Market

Fluctuation in the foreign exchange rate reflects the capital mobility from one financial market to another. Multinational firms expose themselves to foreign exchange rate movements in several ways. The company may enter into contracts denominated in foreign currencies, and the exchange rate moves prior to the settlement. Hence, the value of firms with foreign sales or operations should increase (decrease) with an unexpected depreciation (appreciation) of the local currency. These firms may consider hedging in order to eliminate the transaction exposure risk. Investors may not be aware of these activities. Therefore, the share price would adjust over time as more information is disclosed to the market. In addition, according to accounting rules, an overseas subsidiary should convert its financial statements to the domestic currency – an activity that generally does not affect the firm’s cash flow. 

There are many empirical studies documenting the relationship between firm value and the change in currency. Jorion [1990] examines the sensitivity of the multinational corporation to the foreign currency risk. He documents a positive relationship between stock returns and the percentage of foreign operations, as well as the relationship between the value of multinationals and the exchange rate fluctuations across industries. Jorion [1991] further investigates whether exchange rate is a risk factor in the equity market.   He shows that -- although the value of purely domestic firms may be affected by exchange rate movements through effects on the aggregate demand, on the cost of traded inputs, or on competing imported goods -- the currency risk premium is small and insignificant. 

Bartov and Bodnar [1994] show that the contemporaneous change in the value of foreign currency has no explanatory power to determine the abnormal returns of firms with substantial foreign currency adjustment, but that the lagged changes in the value of foreign currency are significantly correlated with the abnormal returns. Choi and Prasad [1995] argue that the exchange risk factor will not have the same effect on all firms. Instead, the sensitivity of the value of firms subjected to currency risk depends on the firms’ operating profiles, financial strategies, and other firm-specific factors. An aggregate-level analysis, therefore, might not reveal the actual relationship between the exchange risk sensitivity and firm value. He and Ng [1998] examine the evidence of exchange rate exposure in the Japanese market, as Japan is one of the major industrialized countries, ranking second in terms of market capitalization after the U.S.  Many Japanese firms in the manufacturing sector are truly global and thus are more susceptible to unexpected fluctuations in the foreign exchange rate. Their findings indicate an economically positive exposure in one-forth of the selected 171 multinational firms.  Furthermore, they found that large keiretsu multinational firms with low leverage and high liquidity tend to face higher exchange rate risks.
2.2. Interest Rate and Stock Market

The interest rate is the price of capital allocation over time. A high interest rate attracts more savings, whereas a reduction in the interest rate encourages higher capital flows to the stock market by those expecting a higher rate of return. Investors raise their expected rates of return in the event of a rise in the interest rate, thus causing a stock market tumble. The opposite movement of bond prices and equity values indicates differential changes in the expected return on the two assets. Barsky [1989] uses a two-period, two-asset model of general equilibrium asset pricing to show that the expected rates of return on stocks and risk-less bonds are affected by increased risk and reduced productivity growth. 

Lamont [2001] shows that the information regarding future economic conditions  -- including total output, consumption,  and inflation -- could be extracted from the movement in monthly stock prices. Chen, Roll, and Ross [1986] suggest that many macroeconomics variables should be priced as risk factors because they systematically affect the stock market returns. The proposed economic risk factors are expected and unexpected inflation, the spread between long- and short-term interest rates, industrial production, and the spread between high- and low-grade bond yields. Turnovsky [1989] emphasizes the importance of the term structure of interest rates as the mechanism for the transmission of macroeconomic policy.  The trading of short-term assets will be influenced by monetary policy; and the short-term rate affects long-term rates through the term structure, which in turn determines investment level and the growth of an economy.

3. Data
The following discussion covers (1) descriptive statistics, and (2) measuring the degree of financial contagion. 

3.1. Descriptive Statistics

Data on foreign exchange rates and interest rates were obtained from the New Zealand Reserve Bank.
  Data on New Zealand stock returns were compiled from the DataStream database. The data, presented in Table 1, covers the period from January 1, 1991, to April 30, 2004.  The foreign exchange rates are the rates of major currencies against the New Zealand dollar. Panel A of Table 1 shows that the average exchange rate of USD/NZD is 0.56, whereas the average rate against the Australian dollar is 0.83. In the latter parts of our analysis, we use the USD/NZD as the proxy for foreign exchange rate movement. The interest rate data consist of the daily yield from the overnight interbank, the yields from 30- and 90-day bank bills, and the yields from 1-year and 10-year government bonds. The average yields for government bonds with 1-year and 10-year maturities are 6.86% and 7.22%, respectively. In comparison, the yields for 1-year and 10-year U.S. government bonds during the same period are 4.67% and 6.12%, respectively. These data indicate that the interest rate in New Zealand was quite high during the last decade. Moreover, the average term structure spread of the New Zealand government bond yield is 0.36%, which is much narrower than the spread of 1.45% for U.S. government bonds. 
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Figure 1: QQ-plot of the New Zealand all ordinary shares index returns against standard exponential quintiles.
The individual equities are sorted into three groups from the lowest (group 1) to the highest (group 3) based on these five characteristics of firms: (1) past performance, (2) firm size, (3) trading volume, (4) price-to-earning ratio, and (5) dividend yield.  Panel B of Table 1 provides the descriptive statistics of the returns from NZX-all index and various portfolios sorted by firm characteristics. The mean and standard deviation of the NZX-all returns are 0.05% and 0.92%, respectively, whereas the maximum and minimum daily returns are 9.61% and -12.08%, respectively, approximately 10 standard deviations away from its mean. The average return of the past losers (-0.26%) is lower than that of the past winners (0.49%), a finding that is consistent with the momentum effect from past literature. In addition, there is evidence of size premium in the New Zealand Stock Exchange, where the returns of small firms (0.11%) are higher than the returns of large firms. We also observe that stocks with high liquidity perform better than stocks with low liquidity (0.12% versus 0.05%).
We start our analysis from the tail characteristic of stock market returns distribution. Figure 1 shows the QQ-plot between the standard exponential quintiles and the NZ all ordinary shares index return. The figure indicates a concave departure from the straight line, which is a characteristic of heavy tailed distribution. The non-normal and fat-tailed distribution of NZ stock returns is consistent with numerous studies conducted on other stock markets [Poon et al., 2004; Longin and Solnik, 2001].
3.2. Measuring Degree of Financial Contagion

Based on the study by Bae et al. [2003], we use a number of joint-occurrences of extreme returns to measure the degree of financial contagion. We separate positive extreme returns from the negative extreme returns. Negative (positive) extreme returns are defined as the return that is less (greater) than the 5th (95th) percentile of the return’s distribution. Mathematically, the degree of financial contagion at any time t can be formally defined by: 

Degree of negative contagion = N(ri,p | ri,p < Vi, 0.05)



Degree of positive contagion = N(ri,p | ri,p > Vi, 0.95)


(1)
where the N(.) is  the number of stocks in portfolio p. ri,p is the return of stock i in portfolio p. Vi, 0.05 and Vi, 0.95 are the percentile 5th and 95th of the stock i’s return distribution. 

Table 2 presents the number of joint-occurrences of negative and positive extreme returns in different portfolios. Out of the 3,347 trading days in the sample period, there are 245 trading days when no stock has an extreme negative return, and there are 794 trading days when at least 6 stocks experience extreme negative returns within the same trading day. 

Interestingly, large firms have 104 (99) days when at least 6 stocks jointly experience extreme negative (positive) returns, whereas small firms have only 49 (54) days when at least 6 stocks face extreme joint-occurrences. Similarly, high-volume stocks have 93 (100) days, compared with 39 (32) days in low-volume stocks, when at least 6 stocks encounter extreme joint-occurrences. The portfolios sorted by price-to-earning ratio and dividend yield do not have any significant difference in the number of negative and positive extreme joint-occurrences. 
4.  Analysis of Financial Contagion within a Country 

This study employs the multinomial regression to examine the correlation between financial contagion and macroeconomic movement. This technique is widely used in empirical studies of dependent variables that take only a finite number of values possessing a natural order. In other words, the dependent variable denotes outcomes representing ordered or ranked categories.
In this case, the dependent variable reflects six levels of financial contagion, ranging from a low degree of contagion to a strong degree of contagion. When the number of joint-extreme occurrences is zero, indicating a low degree of financial contagion within the market, the ordered variable takes a value of 1. When there are one, two, three, four, or five stocks with joint extreme returns, the dependent variable takes values of 2, 3, 4, 5, or 6, respectively. The high value of observed dependent variable Yt denotes the high level of financial contagion. We model the observed response of financial contagion by considering a latent variable Yt* that depends linearly on the explanatory variable Xk as below: 
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where (t is an independent and identically distributed random variable. The observed Yt is determined from the latent Yt* using the rule:


[image: image3.wmf]    

Y

if

Y

if

γ

Y

 -

   if

Y

t

m

t

m

t

t

¥

<

<

£

<

£

<

¥

=

-

*

6

*

1

1

*

   

   

7

       

 

    

        

   

   

m

       

   

1

g

g

g

M

M







(3)
where m starts from two, three, till seven; (m is the partition boundaries on the density function of Yt*, which has a normal distribution function; and Yt refers to the number of extreme joint-occurrence category. The number of partition boundaries is limited by the number of joint-occurrences of extreme returns in the portfolio simply because there will be no observation in the extreme states when m is too large, in which case a subset of the parameters is not identified and cannot be estimated. 

The explanatory variables are the lagged degree of contagion (Yt-1), the past return volatility, the past foreign exchange rate movement, the past government bond yield change, and the past term structure interest spread. The number of lags in our analysis is five, which is partly due to a contemporaneous correlation between exchange rate movements and stock returns. Bartov and Bodnar [1994] found significant lagged exchange rate exposures for U.S. leading exporters. In contrast, most of the studies by others found it insignificant.
In order to tackle the issue of non-normality of the observed degree of contagion, we estimate the multinomial regression under three distributions: normal distribution, logistic distribution, and extreme value distribution. Table 3 shows the results on the determinants of financial contagion. It tests whether macroeconomic factors such as foreign exchange rates and interest rates could determine the contagion. 

We find that the financial contagion is persistent; the lagged contagion is significant and positively associated with the contemporaneous contagion. However, we find a very weak association between the contagion, return volatility, and other macroeconomic factors. Table 3 presents evidence suggesting that the variation of the extreme positive and negative joint-occurrences returns cannot be captured by the change in the state of economy reflected through the foreign exchange rates, government bond yields, and difference between the short- and long-term interest rates.

We conduct further analysis by computing the marginal probability of the contagion with respect to macroeconomic factors. The sign of  ( in equation 2 indicates the direction of the change in probability of falling in the endpoint rankings (i.e., Y=0 or Y=1) when the Xk changes. The marginal analysis allows us to examine whether the change in the macroeconomic factors affect the likelihood of the contagion. The marginal effects of the regresses Xk on the probabilities are not equal to the coefficients but they are:

[image: image4.wmf](

)

(

)

[

]

(

)

k

k

k

k

t

X

E

X

Y

b

b

g

f

ˆ

 

ˆ

ˆ

1

Pr

2

-

-

=

¶

=

¶



[image: image5.wmf](

)

(

)

[

]

(

)

[

]

{

}

(

)

k

k

k

m

k

k

m

k

t

X

E

X

E

X

m

Y

b

b

g

f

b

g

f

ˆ

 

 

ˆ

ˆ

-

 

ˆ

ˆ

Pr

1

-

-

-

=

¶

=

¶

+

, for m = 2, 3, 4, 5, 6


[image: image6.wmf](

)

(

)

[

]

(

)

k

k

k

k

t

X

E

X

Y

b

b

g

f

ˆ

 

ˆ

ˆ

7

Pr

7

-

-

-

=

¶

=

¶






        (4)

where, 
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Table 4 shows that, when the numbers of joint-occurrence of extreme stock returns are greater than five, the marginal likelihood from the past contagion is positive. As a consequence, the observed current contagion is likely to contribute to the financial turbulence of an upcoming week. This result holds for the bottom and top tail of the return distribution. However, the marginal likelihood analysis due to exchange rate fluctuations, variations in government bond yield, and movements of interest rate term spread do not have a distinct pattern with respect to the degree of financial turbulent. 

In addition, we continue the analysis using the vector autoregressive regression (VAR) to investigate the transmission of financial turbulence across portfolios created according to firm characteristics. The specification of VAR is as follow:
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where, 
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is a vector of three endogenous variables, which are the number of joint-occurrence of extreme returns in three portfolios, created by sorting the stock characteristics according to relative past stock performance, market capitalization, trading volume, price-to-earning ratio, and dividend yield.

Table 5 reports the results of the VAR analysis. As for the performance-sorted portfolio, the contagion in the loser portfolio is positively associated with the contagion over the last five trading days from the neutral and winner portfolios. However, the past contagion degree of the loser portfolio does not have a persistent effect on the winner portfolio, because only the previous day’s loser’s contagion is positively correlated with the current winner’s contagion. 

For the size-sorted portfolio, the contagion in the large-sized portfolio can be explained by the past contagion level over the last five days in the small-sized portfolio, but only the previous day’s contagion in the large-sized portfolio impacts the current contagion in the small-sized portfolio. This result is surprising considering the widely accepted empirical evidence that the stock returns of large firms do lead the stock returns of small firms. Our findings for this part imply that the effect of contagion that the large firm has is unlikely to have a persistent effect on predicting future contagion in the small firm.

Furthermore, liquidity, as measured by trading volume, is an important factor indicating the transmission of financial turbulence. The financial contagion up to five trading days can shift from the high-liquidity portfolio to the low-liquidity portfolio. One reason could come from the fact that informed traders prefer exercising their private information in liquid securities, which offer lower price impact and the flexibility for informed traders to conceal themselves. Portfolios sorted by price-to-earning and dividend yield do not have a clear transmission pattern as does the liquidity-sorted portfolio.
5. Conclusions

This paper explores the nature of financial contagion within a small country. Besides enriching the existing literature that extensively identifies several macroeconomic variables as systematic risk factors, this study examines a relationship between the movement in foreign exchange rates and government bond yields, as well as term spread and the financial contagion through the multinomial regression analysis. The study of extreme return has been focused primarily on the individual asset’s left tail distribution because of investors’ concern about risks. Based on our sample, we could not find a distinct pattern between the positive and negative contagion. Our findings indicate that contagion effect is positively correlated with their past contagion.  In addition, if the degree of financial turbulence is large, the shocks from the previous week’s contagion could exacerbate the event. There is little evidence to demonstrate the effect of foreign exchange rates, government bond yields, and the term spread on financial contagion.
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Table 1: Descriptive Statistics 

Table 1 presents the summary statistics of foreign exchange rates, interest rates, share indices return, and portfolio return, sorted by relative strength, size, trading volume, growth, and dividend yield.  All statistics are computed based on the data starting January 1, 1991, to April 30, 2004, consisting of 3,347 trading days. Because of the availability of data, the total number of stocks considered as of April 30, 2004, is 145.
Table 1, Panel A: Level of Foreign Exchange and Interest Rate

	
	Mean
	SD
	Med
	Max
	Min

	Foreign exchange
	
	
	
	
	

	USD/NZD
	0.56
	0.08
	0.55
	0.72
	0.39

	AUD/NZD
	0.83
	0.06
	0.83
	0.95
	0.69

	JP/NZD
	64.74
	9.70
	64.24
	88.15
	42.44

	UK/NZD
	0.35
	0.05
	0.34
	0.46
	0.27

	Interest rate (% pa)
	
	
	
	
	

	Overnight Interbank 
	6.75
	1.89
	6.40
	14.25
	2.00

	Bank bill, 30-day
	6.93
	1.82
	6.57
	12.85
	3.49

	Bank bill, 90-day
	6.98
	1.77
	6.64
	12.84
	3.96

	Govt. bond, 1-year
	6.86
	1.64
	6.66
	12.52
	4.03

	Govt. bond,10-year
	7.22
	1.25
	6.93
	12.36
	4.99

	Term spread 
	0.36
	0.93
	0.49
	2.42
	-3.04


Table 1, Panel B: Stock Index and Portfolio Return

	% per day
	Mean
	SD
	Med
	Max
	Min

	Stock market
	
	
	
	
	

	NZX-All
	0.05%
	0.92%
	0.05%
	9.61%
	-12.08%

	Relative Strength-Sorted Portfolios (As of 2004, each portfolio contains 48 stocks)

	P1
	-0.26%
	1.22%
	-0.27%
	10.16%
	-11.66%

	P2
	0.08%
	0.82%
	0.05%
	7.81%
	-6.93%

	P3
	0.49%
	1.03%
	0.39%
	8.13%
	-4.68%

	Size-Sorted Portfolios (As of 2004, each portfolio contains 48 stocks)

	Size1
	0.11%
	1.09%
	0.04%
	8.49%
	-6.95%

	Size2
	0.09%
	0.82%
	0.05%
	6.21%
	-7.00%

	Size3
	0.06%
	0.76%
	0.07%
	8.40%
	-9.22%

	Trading-Volume-Sorted Portfolios (As of 2004, each portfolio contains 37 stocks)

	Volume1
	0.05%
	0.77%
	0.02%
	8.45%
	-5.52%

	Volume2
	0.13%
	1.20%
	0.05%
	11.41%
	-7.63%

	Volume3
	0.12%
	1.02%
	0.07%
	9.89%
	-10.86%

	Growth-Sorted Portfolios (As of 2004, each portfolio contains 31 stocks)

	PE1
	0.11%
	1.06%
	0.06%
	12.04%
	-7.10%

	PE2
	0.08%
	0.86%
	0.06%
	11.06%
	-8.96%

	PE3
	0.09%
	0.98%
	0.05%
	11.53%
	-9.15%

	Dividend-Yield-Sorted Portfolios (As of 2004, each portfolio contains 45 stocks)

	DY1
	0.08%
	0.81%
	0.06%
	8.90%
	-9.92%

	DY 2
	0.09%
	0.77%
	0.08%
	5.61%
	-6.95%

	DY 3
	0.07%
	0.83%
	0.06%
	6.55%
	-7.23%


Table 2: Number of Joint Occurrences of Extreme Returns

Table 2 provides the number of joint occurrences of negative and positive extreme returns in various portfolios formed by past performance (P1-P3), market capitalization (Size1-Size3), trading volume (Vol1-Vol3), price-to-earning ratio (PE1-PE3), and dividend yield (DY1-DY3). P1 denotes loser portfolio; Size1 denotes small-firm portfolio; Vol1 denotes low- liquidity portfolio; PE1 denotes low price-to-earning portfolio; DY1 denotes low-dividend- yield portfolio. The negative extreme returns are returns that are less than the 5th percentile of its distribution, and the positive extreme returns are returns that are greater than the 95th percentile of its distribution. Note that the sum of each horizontal line should be 3,347 days.

Table 2, Panel A: Number of Joint Occurrences of Negative Extreme Returns (Days)

	
	0
	1
	2
	3
	4
	5
	>=6

	
	Low Contagion
	
	
	
	High Contagion

	P1
	808
	943
	668
	407
	219
	146
	156

	P2
	1396
	1067
	485
	233
	89
	35
	42

	P3
	1312
	1149
	541
	209
	71
	34
	31

	Size1
	1041
	993
	655
	372
	171
	66
	49

	Size2
	1156
	1057
	636
	284
	123
	47
	44

	Size3
	1319
	1000
	484
	260
	118
	62
	104

	Vol1
	1196
	1018
	625
	285
	143
	41
	39

	Vol2
	1197
	1040
	571
	304
	109
	67
	59

	Vol3
	1325
	963
	501
	260
	127
	78
	93

	PE1
	1575
	1064
	431
	185
	48
	24
	20

	PE2
	1656
	1012
	428
	151
	59
	21
	20

	PE3
	1580
	1067
	398
	181
	65
	24
	32

	DY1
	1925
	885
	331
	131
	39
	13
	23

	DY2
	1811
	984
	359
	116
	37
	20
	20

	DY3
	1719
	1058
	381
	126
	38
	10
	15

	All
	245
	499
	563
	511
	435
	300
	794


Table 2, Panel B: Number of Joint Occurrences of Positive Extreme Returns (Days)

	
	0
	1
	2
	3
	4
	5
	>=6

	
	Low Contagion
	
	
	
	High Contagion

	P1
	1416
	1061
	492
	229
	90
	37
	22

	P2
	1323
	1079
	514
	235
	98
	52
	46

	P3
	769
	858
	694
	479
	256
	131
	160

	Size1
	1002
	1014
	681
	341
	183
	72
	54

	Size2
	1095
	1066
	642
	296
	122
	76
	50

	Size3
	1333
	951
	494
	278
	124
	68
	99

	Vol1
	1190
	1060
	596
	304
	111
	54
	32

	Vol2
	1110
	1048
	617
	311
	132
	65
	64

	Vol3
	1270
	924
	534
	297
	158
	64
	100

	PE1
	1498
	1073
	493
	184
	62
	19
	18

	PE2
	1609
	1046
	450
	154
	60
	14
	14

	PE3
	1522
	1059
	453
	178
	72
	32
	31

	DY1
	1826
	968
	344
	129
	47
	16
	17

	DY2
	1791
	972
	380
	130
	51
	13
	10

	DY3
	1716
	1039
	385
	135
	40
	14
	18

	All
	256
	493
	513
	490
	395
	304
	896


Table 3: Determinants of Financial Contagion 

Table 3 presents the results of ordered probit, ordered logit, and ordered extreme value regressions that examine the determinants of financial contagion using all 145 stocks in the New Zealand Stock Exchange. The probability density functions (pdf) of probit, logistic, and extreme value distributions are as follows: normal pdf: f(x) = (2()-1/2exp (-x2/2); logistic pdf: f(x) = 1/ (1+e-x); extreme value pdf: f(x) = exp(x-ex); where x is the real number. The dependent variable is the number of joint occurrences of extreme returns. Ht-j refers to the conditional return volatility estimated from the EGARCH (1, 1). (FXt-j is the logarithmic term of the foreign exchange rate change. (GB1Yt-j is the change in the yield of the government bond 1-year (% per annum). TSt-j is the term spread which is the difference between the yield of the 10-year and 1-year government bonds. ** and * denote the 99% and 95% level of confidence respectively. McFadden R-square is the likelihood ratio computed as 
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 is the restricted log likelihood. As the name suggests, this is an analog to the one reported in linear regression models. It has the property that it values between zero and one.
	Explanatory Variable
	Ordered probit

regression
	Ordered logit regression
	Ordered extreme regression

	
	Negative contagion

(Yt)
	Positive contagion

(Yt)
	Negative contagion

(Yt)
	Positive contagion

(Yt)
	Negative contagion

(Yt)
	Positive contagion

(Yt)

	Yt-1
	0.122**
	0.142**
	0.212**
	0.244**
	0.138**
	0.151**

	Yt-2
	0.088**
	0.092**
	0.151**
	0.155**
	0.094**
	0.093**

	Yt-3
	0.098**
	0.061**
	0.162**
	0.102**
	0.102**
	0.073**

	Yt-4
	0.089**
	0.079**
	0.153**
	0.135**
	0.094**
	0.084**

	Yt-5
	0.073**
	0.064**
	0.121**
	0.106**
	0.075**
	0.068**

	Ht-1
	4.586
	5.294
	11.336
	6.368
	10.872
	18.093

	Ht-2
	-5.052
	-4.032
	-10.986
	-0.883
	-9.019
	-10.198

	Ht-3
	0.698
	10.367
	1.378
	14.807
	-0.540
	2.398

	Ht-4
	-8.303
	-6.258
	-13.550
	-12.610
	-11.613
	1.404

	Ht-5
	8.384
	-3.865
	13.169
	-5.438
	15.300*
	-6.342

	(FXt-1
	-1.854
	-8.380*
	-4.289
	-13.917*
	-1.340
	-11.028*

	(FXt-2
	0.619
	-7.001
	1.315
	-11.690
	1.698
	-7.839

	(FXt-3
	-4.058
	-4.716
	-5.918
	-9.095
	-6.559
	-5.846

	(FXt-4
	6.662
	-5.436
	10.234
	-10.249
	2.678
	-6.483

	(FXt-5
	-1.991
	1.385
	-3.025
	3.685
	-2.454
	4.710

	(GB1Yt-1
	0.459
	-0.708*
	0.828
	-1.251*
	0.515
	-0.743*

	(GB1Yt-2
	0.815**
	0.009
	1.308**
	-0.047
	1.078**
	-0.088

	(GB1Yt-3
	0.253
	-0.165
	0.400
	-0.355
	0.494
	-0.096

	(GB1Yt-4
	0.011
	-0.136
	0.032
	-0.111
	0.122
	0.129

	(GB1Yt-5
	0.033
	0.119
	-0.052
	0.321
	0.151
	0.151

	TSt-1
	0.187
	-0.087
	0.406
	-0.241
	0.180
	-0.206

	TSt-2
	0.160
	0.274
	0.016
	0.492
	0.428
	0.321

	TSt-3
	0.208
	-0.626
	0.461
	-0.967
	0.273
	-0.645

	TSt-4
	-0.794
	0.190
	-1.367
	0.403
	-1.002
	0.448

	TSt-5
	0.255
	0.309
	0.512
	0.414
	0.127
	0.126

	
	
	
	
	
	
	

	McFadden R2
	0.098
	0.094
	0.098
	0.094
	0.096
	0.089


Table 4:  Marginal Likelihood Analysis

Table 4 describes the marginal likelihood for number of joint-occurrence extreme stock returns with respect to the change of macroeconomic factors from 0 to 6. 

Table 4, Panel A: Negative contagion
	
	0
	1
	2
	3
	4
	5
	>=6

	
	Low Contagion
	
	
	
	High Contagion

	Yt-1
	-0.049
	-0.037
	-0.020
	-0.009
	-0.004
	-0.001
	0.121

	Yt-2
	-0.041
	-0.026
	-0.013
	-0.005
	-0.002
	-0.001
	0.088

	Yt-3
	-0.044
	-0.029
	-0.015
	-0.006
	-0.003
	-0.001
	0.097

	Yt-4
	-0.041
	-0.026
	-0.013
	-0.005
	-0.002
	-0.001
	0.088

	Yt-5
	-0.036
	-0.021
	-0.010
	-0.004
	-0.002
	-0.001
	0.073

	(FXt-1
	-2.745
	-1.162
	-0.446
	-0.155
	-0.053
	-0.016
	4.577

	(FXt-2
	3.177
	1.216
	0.442
	0.147
	0.048
	0.014
	-5.044

	(FXt-3
	-0.427
	-0.173
	-0.065
	-0.022
	-0.007
	-0.002
	0.697

	(FXt-4
	5.306
	1.961
	0.699
	0.230
	0.075
	0.021
	-8.292

	(FXt-5
	-4.916
	-2.166
	-0.849
	-0.301
	-0.104
	-0.031
	8.367

	(GB1Yt-1
	1.137
	0.459
	0.171
	0.059
	0.020
	0.006
	-1.851

	(GB1Yt-2
	-0.380
	-0.153
	-0.057
	-0.020
	-0.007
	-0.002
	0.618

	(GB1Yt-3
	2.488
	1.004
	0.375
	0.128
	0.043
	0.012
	-4.051

	(GB1Yt-4
	-4.084
	-1.649
	-0.616
	-0.210
	-0.070
	-0.020
	6.651

	(GB1Yt-5
	1.221
	0.493
	0.184
	0.063
	0.021
	0.006
	-1.987

	(TSt-1
	-0.282
	-0.114
	-0.042
	-0.014
	-0.005
	-0.001
	0.458

	(TSt-2
	-0.500
	-0.201
	-0.075
	-0.026
	-0.009
	-0.002
	0.814

	(TSt-3
	-0.155
	-0.063
	-0.023
	-0.008
	-0.003
	-0.001
	0.253

	(TSt-4
	-0.006
	-0.003
	-0.001
	0.000
	0.000
	0.000
	0.011

	(TSt-5
	-0.020
	-0.008
	-0.003
	-0.001
	0.000
	0.000
	0.033


Table 4, Panel B: Positive contagion
	
	0
	1
	2
	3
	4
	5
	>=6

	
	Low Contagion
	
	
	
	High Contagion

	Yt-1
	-0.049
	-0.044
	-0.024
	-0.013
	-0.006
	-0.003
	0.139

	Yt-2
	-0.040
	-0.028
	-0.013
	-0.006
	-0.003
	-0.001
	0.091

	Yt-3
	-0.030
	-0.018
	-0.008
	-0.004
	-0.001
	-0.001
	0.061

	Yt-4
	-0.036
	-0.023
	-0.011
	-0.005
	-0.002
	-0.001
	0.079

	Yt-5
	-0.031
	-0.018
	-0.008
	-0.004
	-0.001
	-0.001
	0.063

	(FXt-1
	-3.058
	-1.378
	-0.526
	-0.211
	-0.075
	-0.028
	5.275

	(FXt-2
	2.449
	1.003
	0.363
	0.140
	0.048
	0.017
	-4.021

	(FXt-3
	-5.817
	-2.761
	-1.083
	-0.443
	-0.161
	-0.060
	10.326

	(FXt-4
	3.845
	1.538
	0.550
	0.210
	0.072
	0.026
	-6.241

	(FXt-5
	2.346
	0.962
	0.349
	0.135
	0.047
	0.017
	-3.855

	(GB1Yt-1
	4.983
	2.127
	0.788
	0.309
	0.108
	0.039
	-8.355

	(GB1Yt-2
	4.163
	1.777
	0.658
	0.258
	0.090
	0.033
	-6.980

	(GB1Yt-3
	2.804
	1.197
	0.443
	0.174
	0.061
	0.022
	-4.701

	(GB1Yt-4
	3.232
	1.380
	0.511
	0.200
	0.070
	0.025
	-5.419

	(GB1Yt-5
	-0.823
	-0.352
	-0.130
	-0.051
	-0.018
	-0.006
	1.381

	(TSt-1
	0.420
	0.180
	0.067
	0.026
	0.009
	0.003
	-0.706

	(TSt-2
	-0.005
	-0.002
	-0.001
	0.000
	0.000
	0.000
	0.009

	(TSt-3
	0.098
	0.042
	0.016
	0.006
	0.002
	0.001
	-0.165

	(TSt-4
	0.081
	0.034
	0.013
	0.005
	0.002
	0.001
	-0.135

	(TSt-5
	-0.071
	-0.030
	-0.011
	-0.004
	-0.002
	-0.001
	0.119


Table 5: Transmission of Financial Turbulence across Portfolios

Table 5 uses the vector autoregressive regression (VAR) to indicate the transmission of financial turbulence across portfolios sorted by their past performance, market capitalization, trading volume, price-to-equity ratio, and dividend yield. 

Table 5, Panel A: Negative contagion
	
	Relative Strength
	Market Capitalization
	Volume
	Price-to-Earning
	Dividend Yield

	
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3

	P1t-1
	0.13**
	0.06**
	0.04**
	0.09**
	0.07**
	0.05**
	0.09**
	0.06**
	0.07**
	0.08**
	0.01
	0.05**
	0.13**
	0.07**
	0.06**

	P1t-2
	0.10**
	0.04**
	0.02
	0.11**
	0.02
	0.04*
	0.07**
	0.08**
	0.05**
	0.06**
	-0.00
	0.04*
	0.06**
	0.06**
	0.05**

	P1t-3
	0.13**
	0.04**
	0.02
	0.10**
	0.04**
	0.07**
	0.08**
	0.08**
	0.03
	0.10**
	0.07**
	0.08**
	0.07**
	0.01
	0.01

	P1t-4
	0.08**
	0.02
	0.02
	0.10**
	0.01
	-0.00
	0.04**
	0.03
	0.03
	0.03
	0.04
	0.03
	0.04*
	0.02
	0.04

	P1t-5
	0.10**
	0.05**
	0.00
	0.10**
	0.03
	0.04*
	0.05**
	0.05**
	0.05**
	0.04*
	0.04*
	0.02
	0.07**
	0.03
	0.04*

	P2t-1
	0.09**
	0.10**
	0.07**
	0.02
	0.05**
	0.04*
	0.05**
	0.01
	0.01
	0.03
	0.08**
	0.04*
	0.02
	0.07**
	0.04*

	P2t-2
	0.02
	0.10**
	0.04*
	0.03
	0.06**
	0.05*
	0.05**
	0.05**
	0.03
	0.04*
	0.05**
	0.01
	0.03
	0.08**
	0.03

	P2t-3
	-0.01
	0.02
	0.06**
	0.06**
	0.09**
	0.03
	0.05**
	0.07**
	0.06**
	0.03
	0.05**
	0.03
	0.04
	0.12**
	0.05**

	P2t-4
	0.09**
	0.03
	0.02
	0.02
	0.05**
	0.02
	0.01
	0.04*
	0.02
	0.03
	-0.01
	0.04
	0.05**
	0.03
	0.03

	P2t-5
	0.06**
	0.04*
	0.02
	-0.00
	0.03
	0.02
	0.04*
	0.00
	0.03
	0.04
	0.05**
	0.02
	0.01
	0.01
	-0.04*

	P3t-1
	0.05*
	0.06**
	0.05**
	0.07**
	0.09**
	0.13**
	0.10**
	0.11**
	0.15**
	0.09**
	0.09**
	0.09**
	0.05**
	0.06**
	0.06**

	P3t-2
	0.06**
	0.04*
	0.05**
	0.02
	0.05**
	0.08**
	0.05**
	0.04*
	0.10**
	0.06**
	0.08**
	0.10**
	0.03
	0.02
	0.05**

	P3t-3
	0.06**
	0.07**
	0.05**
	0.02
	0.02
	0.06**
	0.04**
	0.02
	0.05**
	0.00
	0.04*
	0.04*
	0.06**
	0.01
	0.07**

	P3t-4
	-0.01
	-0.01
	0.02
	0.01
	0.03
	0.07**
	0.02
	0.03
	0.09**
	0.02
	0.03
	0.05**
	0.02
	0.03
	0.05**

	P3t-5
	0.01
	0.00
	0.05**
	0.02
	0.05**
	0.06**
	-0.01
	0.05**
	0.09**
	0.02
	0.03
	0.07**
	0.01
	0.06**
	0.06**

	Constant
	0.46**
	0.56**
	0.86**
	0.60**
	0.65**
	0.52**
	0.59**
	0.65**
	0.36**
	0.61**
	0.66**
	0.59**
	0.51**
	0.54**
	0.76**

	Adj-Rsq
	0.25
	0.16
	0.10
	0.19
	0.17
	0.16
	0.20
	0.17
	0.23
	0.13
	0.12
	0.13
	0.13
	0.13
	0.09


Table 5, Panel B: Positive contagion

	
	Relative Strength
	Market Capitalization
	Volume
	Price-to-Earning
	Dividend Yield

	
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3
	P1
	P2
	P3

	P1t-1
	0.12**
	0.10**
	0.08**
	0.16**
	0.04*
	0.03
	0.07**
	0.06**
	0.11**
	0.12**
	0.08**
	0.08**
	0.18**
	0.08**
	0.08**

	P1t-2
	0.06**
	0.00
	0.05*
	0.11**
	-0.01
	0.03
	0.09**
	0.03
	0.04
	0.03
	0.06**
	0.02
	0.03
	0.03
	0.01

	P1t-3
	0.04*
	0.05**
	0.04
	0.06**
	0.04*
	0.01
	0.05**
	0.01
	0.03
	0.05**
	0.04*
	0.05**
	-0.02
	0.001
	0.02

	P1t-4
	0.05**
	0.02
	0.03
	0.11**
	0.08**
	0.04*
	0.07**
	0.05**
	0.07**
	0.07**
	0.05**
	0.03
	0.06**
	0.03
	0.01

	P1t-5
	0.08**
	0.02
	0.04
	0.09**
	0.02
	0.00
	0.06**
	0.05**
	0.04
	0.04*
	0.00
	0.02
	-0.00
	-0.00
	-0.00

	P2t-1
	0.06**
	0.12**
	0.14**
	0.00
	0.10**
	0.09**
	0.04**
	0.07**
	0.09**
	0.09**
	0.10**
	0.10**
	0.07**
	0.11**
	0.06**

	P2t-2
	0.06**
	0.09**
	0.08**
	0.06**
	0.06**
	0.04*
	0.02
	0.03
	-0.00
	0.02
	0.03
	-0.02
	0.02
	0.06**
	0.03

	P2t-3
	0.03
	0.03
	0.03
	0.05**
	0.06**
	0.08**
	0.06**
	0.05**
	0.04*
	0.05**
	0.02
	0.03
	0.03
	0.09**
	0.03

	P2t-4
	0.04**
	0.05**
	0.03
	0.01
	0.06**
	0.04*
	0.03
	0.03
	0.03
	0.03
	0.03
	0.03
	0.05**
	0.07**
	0.02

	P2t-5
	0.02
	0.06**
	0.01
	0.04*
	0.03
	0.00
	0.04**
	0.02
	-0.02
	0.03
	0.03
	0.03
	0.05**
	0.06**
	0.04*

	P3t-1
	0.03**
	0.08**
	0.13**
	0.08**
	0.13**
	0.17**
	0.11**
	0.13**
	0.16**
	0.07**
	0.08**
	0.12**
	0.04*
	0.07**
	0.11**

	P3t-2
	0.00
	0.01
	0.07**
	0.01
	0.05**
	0.07**
	0.03
	0.06**
	0.09**
	0.06**
	0.06**
	0.08**
	0.04*
	0.07**
	0.06**

	P3t-3
	0.04**
	0.02
	0.03
	0.02
	-0.01
	0.00
	0.01
	0.03
	0.04**
	0.01
	0.01
	0.01
	0.05**
	0.03
	0.06**

	P3t-4
	0.03*
	0.04**
	0.09**
	0.00
	0.04*
	0.04*
	0.03
	0.05**
	0.04*
	0.00
	0.02
	0.07**
	0.03
	0.01
	0.02

	P3t-5
	-0.00
	0.00
	0.06**
	0.01
	0.03
	0.06**
	0.03*
	0.03
	0.07**
	0.02
	0.02
	0.03
	0.03
	0.01
	0.07**

	Constant
	0.58**
	0.57**
	0.68**
	0.52**
	0.68**
	0.61**
	0.54**
	0.72**
	0.43**
	0.62**
	0.65**
	0.63**
	0.60**
	0.52**
	0.68**

	Adj-Rsq
	0.16
	0.17
	0.20
	0.21
	0.17
	0.15
	0.20
	0.17
	0.22
	0.14
	0.13
	0.13
	0.12
	0.14
	0.11














� � HYPERLINK "http://www.rbnz.govt.nz/statistics/exandint/index.html" ��http://www.rbnz.govt.nz/statistics/exandint/index.html�
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