
 

Modelling Beta Risk for New Zealand Industry Portfolios  

Xiao-Ming Li 

Department of Commerce, Massey University (Albany), New Zealand 

 

Abstract 

In modelling the beta risk of the New Zealand industry portfolios, we extend the previous analyses of 

three major techniques to include the stochastic volatility model and the Schwert and Seguin approach 

based on the stochastic volatility model, and perform the modified Diebold and Mariano test adjusted 

for ARCH that has not yet been applied in the previous, similar studies for forecast evaluation. It is 

found that, in the case of in-sample forecasting, the stochastic volatility model is the optimal technique, 

while the GARCH model may be favoured for out-of-sample forecasting, unlike prior works on the 

market betas of other countries’ industry portfolios that suggest that the Kalman filter approach is 

preferred.   
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1.  Introduction 

Since the empirical study of Fama and French (1992), possible time variation in systematic risk (i.e., 

market betas) for financial assets has been subject to extensive investigation in the finance literature. 

Considerable empirical evidence generated seems to challenge the theory that maintains a time-

invariant linear structure in the capital asset pricing model (CAPM). Such CAPMs are unconditional, 

the underlying assumption being that market risk or beta is constant. On the other hand, conditional 

CAPMs allow beta to be conditioned on risk factors and hence to be time-varying. Applying the 

conditional CAPM, many researchers are able to argue that the beta stability assumption does not hold, 

and to provide the estimates of the time series of beta. The recent such works on time-varying beta 

include the following: McKenzie, Brooks, Faff and Ho (2000) for US banks; Lie, Brooks and Faff 

(2000) for Australian financial sector companies; Faff, Hillier and Hillier (2000) for UK industry 

portfolios; Brooks, Faff and McKenzie (1998) and Faff and Brooks (1998) for Australian industry 

portfolios; and Brooks, Faff and Ariff (1998) for the Singapore stock market. Some earlier works that 

only performed tests of stability found evidence of beta instability for Korea, Finland, Hong Kong, 

Sweden, the US and so on. See, for example, Bos and Fetherston (1992); Bos, Fetherston, Martikainen 

and Perttunen (1995); Cheng (1997); Wells (1994); Bos and Fetherston (1995); and Brooks, Faff and 

Ho (1997).  

While there is now a considerable body of research in this area for many nations, similar work 

on the New Zealand market betas is regrettably lacking. The New Zealand stock market is relatively 

small, compared to those studied in the aforementioned articles. As at 30 April 2003, there were 224 

companies with listed securities on the NZSE Market and 213 securities quoted.  These securities have 

a total market capitalisation of NZ$42.3 billion.  In the four months ended 30 April, 2003, 2,494 

million shares with a value of NZ$6,131 million were processed on the market. Despite its relatively 

small size, though, New Zealand has been among the least-regulated economies and has had the freest 

stock market in the world since radical deregulatory reforms in 1984. For example, an important 
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feature of the Listing Rules is the provision of an independent market surveillance system, under which 

the Market Surveillance Panel is an independent body charged with the administration and enforcement 

of its listing rules and free of statutory controls by the government. As a result, the New Zealand capital 

market is found to have become more globally integrated than before (Chay and Eleswarapu, 2001). In 

such an environment, New Zealand companies and industrial sectors are facing greatly increased 

competition from their counterparts in other economies for the raising of capital on the one hand, but 

may also be benefiting from an enhanced level of capital inflows on the other. Therefore, the 

relationships between risk factors and returns for New Zealand industry portfolios as embodied in 

market betas, as well as their instability, should be of interest to both domestic and foreign investors. 

The findings about to what degree and in what form beta risk in New Zealand industry portfolios is 

unstable will help portfolio managers and security analysts in constantly updating and re-estimating 

such relationships. 

Investigations into beta instability have generally adopted two approaches: testing for constancy 

of beta and modelling of changing beta. As considerable evidence against the assumption of constant 

beta has been generated in the literature, we decided to mainly adopt the second approach which has 

been widely utilised in previous studies to determine time-varying betas for various markets and/or 

sectors.   

 Time-series modelling is capable of providing estimates of the beta series and the forms of beta 

variation. Three highly popular techniques of this approach include the GARCH-type model 

(Bollerslev, 1990), the Schwert-Seguin (SS) model (Schwert and Seguin, 1990), and the Kalman filter 

model. The GARCH-type models are used to calculate the time-varying conditional covariance of 

portfolio and market returns and the time-varying conditional variance of market returns before the 

time series of beta is computed. The SS model is a single factor model of return heteroscedasticity, in 

that only the conditional variance of market returns is obtained from a GARCH process and then used 

to generate the conditional beta series. The Kalman filter approach does not look at the behaviour of 
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return volatility; instead, it estimates recursively the parameters including beta in the simple market 

model. Brooks, Faff and McKenzie (1998) (examining the Australia industry portfolios), Faff, Hillier 

and Hillier (2000) (examining the UK industry portfolios) and Lie, Brooks and Faff (2000) (examining 

the Australia financial sector stocks) all find that the Kalman filter approach is superior to the GARCH-

type and SS models.  

 As the second contribution of this paper, however, we consider not only these three approaches, 

but also the stochastic volatility (SV) model. The SV model differs from the GARCH-type models in 

that the former involves two noise processes while the later only one. Introducing an additional 

innovation is supposed to increase substantially the flexibility of the model in describing the evolution 

of conditional variance. Yu (2002), for example, finds that the SV model outperforms eight univariate 

models including the GARCH-type models in terms of forecasting performance. Despite these, the use 

of the SV model for econometric evaluation of beta risk has not become common in the empirical 

finance literature, probably because of the difficulty in parameter estimation.  In this study, we apply a 

quasi-likelihood method (Ruiz, 1994) in estimating the SV model.  We want to see if the SV model is 

superior in predicting beta risk in the New Zealand context. 

 Another distinction of our study is that we conduct a new version of the Modified Diebold and 

Mariano (DM) test in forecast evaluation. The test is developed by Harvey, Leybourne and Newbold 

(1999), and its statistics are adjusted for the presence of ARCH in forecast errors. Many pervious 

studies on modelling time-varying beta risk failed to perform such forecast evaluation tests (except one 

by Faff, Hilliuer and Hillier (2000) which, nevertheless, used the version of the Modified DM test not 

adjusted for ARCH), and they relied on visual inspections on the size of some accuracy measures (such 

as mean square errors). However, a visual inspection often leads to erroneous conclusions after 

comparing competing forecasts. Therefore, to enable such comparisons to be reliably made, we resort 

to formal testing procedures.  
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 The remainder of this paper is structured as follows. The next section briefly outlines six 

modelling techniques employed in this study. Section 3 reports and comments on the results of 

descriptive statistical tests, model estimation, comparing different conditional betas, and assessing in-

sample and out-of-sample forecasting performances of the six models. Conclusions are presented in 

section 4. 

 

2. Competing Approaches 

Six approaches to estimating constant/time-varying betas are adopted and their results are compared in 

this paper. In this section, we outline these competing approaches.  

 

(i)   Ordinary Least Square (OLS) 

To begin with, beta risk is firstly treated as a constant. The results will be used as a benchmark with 

which comparisons of time-varying betas' results are made later. The simple market model by which 

the estimates of constant betas are obtained via the OLS method is 

 OLS
it i i mt itR  = + ß R + e?         (1) 

where Rit denotes returns on the portfolio of an industry i , Rmt returns on the market as a whole, ? i and  

OLS
iß a portfolio's mean returns and systematic risk respectively. If the error term eit is assumed to be 

independently and identically distributed (i.i.d), and the covariance of Rit and Rmt (Cov(Rit, Rmt)) and the 

variance of Rmt (Var(Rmt)) are constant, the OLS procedure can be applied to obtain the point estimates 

of ? i and OLS
iß .  
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(ii)  GARCH-type models 

It is well documented in the empirical finance literature that the error term eit is not an iid, and the 

variance-covariance matrix of portfolio and market returns are not constant over time. In this case, beta, 

defined as  

( , )
( )

GARCH it mt
it

mt

Cov R R
ß

Var R
?          (2)  

in the market model GARCH
it i i mt itR  = + ß R + e? , now becomes non-constant, and clearly the OLS method 

is irrelevant here. One approach to estimating this conditional beta GARCH
itß  is to estimate conditional 

covariance Cov(Rit, Rmt) and conditional market variance Var(Rmt). However, by making some 

simplifying assumptions, the problem can be reduced to estimating the following two simple 

GARCH(1,1) models: 

  2
, 1 , 1( )it it i i i t i i tVar R h a b c h? ?? ? ? ? ? ,   i i i i ia >0, b >0, c 0, and  b c 1? ? ?   (3) 

for the conditional variance of portfolio returns Rit, and  

 2
, 1 , 1( )mt mt m m m t m m tVar R h a b c h? ?? ? ? ? ? , m m m m ma >0, b >0, c 0, and  b c 1? ? ?   (4) 

for the conditional variance of market returns Rmt. The error terms in equations (3) and (4) are the 

conditional means of, respectively, individual portfolio returns and market returns; namely Rit = ?it and 

Rmt = ?mt. Then the conditional covariance of portfolio and market returns may be computed according 

to  

   ( , )it mt im it mtCov R R ? h h?         (5) 

where ? im, assumed to be constant, is the correlation coefficient between Rit and Rmt. For more details 

about how some simplifying assumptions lead to the above three equations, see Bollerslev (1990) and 

Lie, Brooks and Faff (2000), for example. Substituting equations (3), (4) and (5) into (2) will generate 

the full time series of GARCH
itß . Equations (3) and (4) can be replaced by other GARCH-type models, 
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such as the exponential GARCH model and the threshold ARCH model, to take account of asymmetric 

effects between positive and negative returns. But this is beyond the scope of the present paper. 

 Another parameter in GARCH
it i i mt itR  = + ß R + e?  to be estimated is the conditional intercept ? i. 

The following equation has been proposed to serve this purpose: 

 GARCH
i it i mtR R? ? ? ?          (6) 

where itR  is the mean industry return, GARCH
iß  the mean conditional GARCH beta, and mtR  the mean 

market return. 

 

(iii)  The Schwert and Seguine (SS) model 

Using the SS model, the time-varying conditional beta is calculated as 

 2
1

SS i
it i

mt

ß
ß ß

h
? ?          (7) 

where the estimates of ? i1 and ? i2 come from the regression model 

 1 2
mt

it i i mt i it
mt

R
R R e

h
? ? ? ? ? ? ?        (8) 

and the conditional market variance hmt is obtained by estimating equation (4). As for ? i, it may be 

estimated using equation (6) but with GARCH
iß  replaced by SS

iß , the mean value of the conditional SS 

beta. 

 

(iv) The Kalman filter algorithm 

Instead of obtaining the estimates of conditional variances first and then computing time series of beta, 

the Kalman filter approach directly estimates a time-varying beta on a state-space model. With this 

approach, equation (1) is modified to become a measurement equation below 

 KAL
it it it mt itR  = + ß R + e?   2(0, )te N ??      (9) 
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with the transition equations specified as 

 1it a a,t- at = T  + ?? ?    2(0, )at aN q? ?     (10) 

 1
KAL KAL
it b i,t- btß  = T ß  + ?    2(0, )bt bN q? ?      (11) 

We do not arbitrarily set Ta and Tb equal to 1, but let them be estimated freely from the data. In other 

words, we let the data determine whether ? it and KF
itß  follow an AR(1) or a random walk process.  

 

(v) The stochastic volatility (SV) model 

The SV model is expressed as: 

it it

2
, 1

exp( ) ,     ~ (0,1);

, ~ (0, ).

? ? ? ? ? ?

? ? ??

? ???
? ? ? ???

it it it it

it i i i t it it iu

R = + 0.5h NID

h h u           u NID
 

where hit = 2ln( )it? . Moving ?  to the left-hand side and transforming Rit-?   by taking logarithms of its 

squares, one obtains a linear state-space model: 

2 2 2
it

2
, 1

ln ( ) E[ln( )] 1.27 ~ (0, / 2);

1, ~ (0, )

? ? ?

? ? ? ??

? ? ?? ? ? ? ? ? ?? ? ?
?

? ? ???

it it it it it it iv

it i i i t it i it iu

R h +v h v ,    v NID

h h u ,  <     u NID
 (12) 

where vit = ln( 2
it? ) - E[ln( 2

it? )]. The above equation implies that, if ?it ~ NID(0,1), the mean and 

variance of ln( 2
it? ) are equal to -1.27 and 2

ivs /2 respectively (Ruiz, 1994). The error terms vit and uit are 

assumed to be uncorrelated. The introduction of uit into the conditional variance equation makes 

current volatility hit stochastic. uit represents the shocks to the intensity of the flow of new information 

as measured by hit, while vit represents the contents of the news. The SV model (12) can be used to fit 

the portfolio returns and, if the subscript i is replaced by m, the market return. 

 A difference between the GARCH(1,1) model and the SV model is that the former typically 

cannot capture the excess kurtosis observed in the return series completely, while the latter can 

(Franses and van Dijk, 2000, 146-147). But like the GARCH approach, the purpose of estimating the 
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SV model is to obtain the time series of conditional variances of the portfolio return and the market 

return, hit and hmt, before generating the beta series based on: 

 im itSV
it

mt

h

h

?
? ?           (13) 

Equation (13) can then be substituted into equation (1) for OLS
itß to obtain the market model Rit = i?  

+ SV
i ß Rmt + eit, and equation (6) used to estimate ? i with GARCH

iß  replaced by SV
iß , the mean value of 

the conditional SV beta. 

 To estimate an SV model, we need a quasi-maximum likelihood (QML) method via Kalman 

filtering (Ruiz, 1994), or a Monte Carlo Markov Chain (MCMC) method  (Jacquier, Polson and Rossi, 

1994). Jacquier, Polson and Rossi (1994) compare the relative performance of the QML and MCMC 

estimators, and show that for the high volatility cells (var(ht)/E[ht]2 = 10), the QML dominates the 

MCMC estimator. Such coefficients of variation centre around 10 in the cases of the NZ industry 

portfolios. In addition,  "[T]he real advantage of the QML approach is its speed and adaptibility to 

many situations" (Jacquier, Polson and Rossi, 1994). Thus, we decide to employ the QML method in 

this study. For a more detailed description of QML estimation via Kalman filtering, we direct the 

reader to Jacquier, Polson and Rossi (1994) and Yu (2002). 

 

(vi) The SS model in conjunction with the SV model (SSSV). 

The sixth approach adopted in this paper is to obtain the conditional variance of the market return from 

estimating the SV model and then use it to calculate the SS time-varying beta. The equations to be used 

for this purpose are similar to (7) and (8), namely: 

 2
1

SSSV i
it i

mt

ß
ß ß

h
? ?          (14) 

 1 2
mt

it i i mt i it
mt

R
R ß R ß e

h
? ? ? ? ?        (15) 
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but with hmt estimated from the SV model (12) rather than from the GARCH(1,1) model (4). Again ? i 

is estimated using equation (6), provided that GARCH
iß  is replaced by SSSV

iß , the mean value of the 

conditional SSSV beta. 

 

3. Data, Estimation and Findings   

(i) Descriptive statistics 

The data employed in this study are daily stock price indexes of six group sectors and thirteen single 

sectors, and NZSE TOTAL as the market index. The six group sectors are as follows. (1) PRIMARY, 

including Agriculture & Fishing (Agriculture hereafter), Mining, Forestry & Forest Products (Forestry 

hereafter), and Building Materials & Construction (Building hereafter). (2) ENERGY. (3) GOODS, 

including Food & Beverages (Food hereafter), Textiles & Apparel (Textiles hereafter), and 

Intermediate & Durables (Intermediate hereafter). (4) PROPERTY. (5) SERVICES, including 

Transport, Ports, Leisure & Tourism (Leisure hereafter), Consumer, Media & Telecommunications 

(Media hereafter), and Finance & Other Services (Finance hereafter). (6) INVESTMENT. All twenty 

indexes used are Gross, i.e., adjusted for dividends assuming that dividends are reinvested, and they are 

value-weighted. Since January 3, 1997 is the earliest date from which the indexes of the six group 

sectors and the thirteen single sectors started to be calculated by the NZSE, the data sample period 

covered in this study is from January 3, 1997 to August 28, 2002, with 1,424 observations. We 

obtained these data from the Datastream database and Datex.  

Twenty time series of continuously compounded percentage return are calculated from the price 

data (i.e., Rt = (lnPt - lnPt-1)?100%), and their summary statistics are set out in Table 1.  The single 

sectors Consumer, Food, Finance and Textiles and the group sector GOODS rank the top five in terms 

of their mean returns (all greater than 0.0660%) over the period. On the other hand, investors who 

invested in the following industry portfolios seem to have suffered a loss: INVESTMENT, Transport, 
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Forestry and PRIMARY.  In particular, the INVESTMENT sector generated the lowest, negative mean 

return (-0.1403%). The fact that some of the NZ industry portfolios exhibit negative mean returns is in 

contrast with the Australian case where all industry portfolios enjoyed positive mean returns (See 

Brooks, Faff and McKenzie, 1998). With regard to the risk of each portfolio, the five portfolios with 

negative mean returns are also riskier than others with positive mean returns. Although the 

PROPERTY sector did not yield the highest long-run average returns, its risk was nevertheless the 

lowest (SD = 0.6476); and this seems to coincide with the Australian case (See Brooks, Faff and 

McKenzie, 1998).   

The portfolio returns of all industries but Agriculture demonstrate more or less negative 

skewness, and all exhibit excess kurtosis. The market return also suffers the problems of negative 

skewness and severe excess kurtosis. Thus, it is not surprising that the Jarque-Bera normality tests fail 

to reject non-normality in all cases. In addition, the ARCH test statistics show that the twenty return 

series have their variances changed over time, implying that their risks are not constant throughout the 

sample period. The non-constancy of the variance of the market return already suggests that the 

systematic risk of each portfolio could be time-varying. As a preliminary analysis, Table 1 also reports 

the OLS estimates of beta in equation (1) and the associated CuSumSq test statistics. Although all betas 

are significant at a higher than 1% level, the null hypothesis that the regression coefficients in equation 

(1) are stable must be rejected at a higher than 1% level. These CuSumSq test results further indicate 

the possible non-constancy of beta for all industry portfolio returns with no exception. 

 

(ii) Model estimation 

Given its widespread popularity in the literature, the parsimonious GARCH(1,1) model (3) is fitted to 

the return data of each of the nineteen portfolios, and (4) to the market index NZSE TOTAL. We use 

the general GARCH(1,1) model rather than other GARCH-type models mainly for the sake of making 

our results comparable with those for the US, the UK and Australia that were based also on the 
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GARCH(1,1) model (See, for example, McKenzie, Brooks, Faff and Ho, 2000; Faff, Hillier and Hillier, 

2000; Lie, Brooks and Faff, 2000; and Brooks, Faff and McKenzie, 1998). The estimation results are 

presented in Table 2. One can see that all the ARCH and GARCH terms have their coefficients ib  and 

ic  positive, significant statistically at a higher than 1% level, and summed to less than unity. The 

Forestry sector is the most persistent ( 0 9950i ib c .? ? ) while the Food sector has the least degree of 

persistence ( i ib c? =0.6681). Thus, the unconditional variance of each return series is positive and 

finite. Since these nineteen industry portfolios and the market portfolio satisfy the necessary conditions 

of the GARCH model, they can be included in the remainder of the analysis. Table 2 also gives the 

correlation coefficient ? im between each portfolio return series and the market return series. The Mining 

sector has the lowest correlation coefficient 0.2129 with the market, while the SERVICES sector has 

the highest 0.9217. This range of correlation coefficient in New Zealand is larger than in Australia 

(0.609~0.894. See Brooks, Faff and McKenzie, 1998) and the UK (0.47 ~ 0.84. See Faff, Hillier and 

Hillier, 2000). Moreover, about half of the nineteen portfolios exhibit a ? im lower than 0.5, indicating 

that, in general, the relationship between the market return and that of each sector is less significant in 

New Zealand than in Australia and the UK. 

 With the series of the conditional variance for the market return generated by the GARCH 

model, all data needed to estimate the SS model (8) become available. Table 3 shows the estimated 

coefficient values and some statistics of this regression equation. Coefficient ? i1 is significant at the 1% 

level in all cases, while coefficient ? i2 is significant at the 1% level in fourteen cases, at the 5% level in 

two cases, and insignificant in three cases. Regarding explanatory power, the inclusion of the term R-

m/hmt into the market model increases R2 only marginally (comparing R2 in Table 3 with R2 for ? OLS in 

Table 7), even for those sectors whose ? i2 are highly significant. It is not surprising to observe the 

highest R2 value (0.8531) for the SERVICES sector and the lowest R2 value (0.0543) for the Mining 

industry, for the reasons as given above on the correlation coefficient. Again, New Zealand industries 
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illustrate a larger variability in R2, and overall a lower explanatory power of the market return and 

changing beta risk for variations in industry portfolio returns, than the Australian and the UK 

counterparts as reported in Brooks, Faff and McKenzie (1998) and Faff, Hillier and Hiller (2000). This 

is especially true in the case of the NZ Mining sector where almost no explanatory power of the 

regression equation (8) is observed.  

The time-varying characterisations of conditional mean (? it) and conditional beta ( KF
itß ) as in 

equations (10) and (11) can be estimated using the Kalman filter technique. When estimating the 

system, starting values of andKF 2 2
it it a b a b, ß , T , T , q   q  ? were provided, but their final estimates were 

obtained by maximising the log-likelihood function at convergence. As Table 4 shows, every industry 

sector is able to reach convergence when applying the Kalman filter algorithm. It appears that the 

movements in the conditional mean and beta are characterised by a random walk process. This is 

because the null hypotheses Ta=1 and Tb=1 cannot be rejected at the 10% level (not reported) while the 

null hypotheses Ta=0 and Tb=0 can be decisively rejected at a higher than 1% level (reported in Table 

4), for all sectors. The estimated standard deviations qa and qb are also provided in Table 4, but since 

constraints 0a bq ,q ?  were imposed to prevent them from taking negative values, they follow 

nonstandard distributions and it is meaningless to indicate their levels of statistical significance based 

on the t-ratios.  

 This paper also pursues the stochastic volatility model which many previous studies on time-

varying beta have excluded from consideration. We provide the estimates of the four parameters 

andi i iu it , ? , s   p of equation (12) in Table 5. Based on the t-values (not shown), ?i  and ? i are different 

from zero at a higher than 1% significance level for all of the twenty return series. Moreover, all 

estimates of ? i are also different from unity at a higher than 1 % level. This reveals that all hit follow a 

stationary AR(1) process; that is, the condition 0 < ? i < 1 is satisfied for all sectors. Even if hit could 

take a negative value due to the presence of uit in equation (12), this does not affect the fact that the 
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conditional variance of returns ( 2 2Var( ) = exp(0.5 )it t ts R h? ) is always positive. We do not indicate the 

level of statistical significance for ius  and ivs , the standard deviations of uit and vit, for the same reason 

as in the Kalman filter model that the non-negativity constraints were imposed during the estimation 

process. The reported estimates of ius  and  ivs  may give us an idea of how these sectors differ in terms 

of the variability of the shocks to the intensity of the new information flow, and the variability of the 

contents (large/small, positive/negative) of the news.  

So far the Schwert and Seguin approach employed in the literature has involved GARCH-type 

models only, and it is certainly of interest to see how this approach would perform if based on the SV 

model instead.  For this purpose, we estimated equation (15) again and the results are reported in Table 

6. Comparing this table with Table 3, it turns out that the SSSV model is somewhat worse than the SS 

model. The goodness of fit as measured by R2 drops in all cases, and 2iß becomes insignificant for 

eighteen return series, fifteen more than the SS model.  This suggests that the SV model in conjunction 

with the SS approach might be incapable of capturing the time-varying feature of systematic risk, as we 

will see later.  

 

(iii) Different conditional betas and their variations 

Based on the model estimation results presented in the previous subsection, nineteen conditional beta 

series were obtained from each of six approaches. We discuss and compare them in this subsection. 

Using the procedures as outlined in section 2 for the six approaches, six different beta series 

were generated for each of the nineteen portfolios, with the OLS beta being constant and the remaining 

five betas changing over time.  Table 7 sets out the mean values of the five time-varying betas along 

with their ranges of values (low/high), and the OLS beta (as well as the associated coefficient of 

determination R2). Table 8 then provides the correlation coefficients between mean betas in various 

pairs. Three messages emerge from the two tables and merit some discussion. First, on average, the 



 14

mean values of the SSSV beta are the closest to, while the mean values of the SV beta are the farthest 

from, the OLS point estimates of beta, and the SV betas take the highest values in all cases.  

Second, in terms of the correlation with the OLS beta, the mean GARCH beta ranks number 1 

(0.99397), followed by the mean Kalman filter beta (0.98389), the mean SS beta (0.98342), the mean 

SV beta (0.96089) and the mean SSSV beta (0.93543) (See Table 8). Such correlation reflects how 

similar a parameterisation of risk the corresponding approach provides to the OLS approach. The 

highest correlation occurs between the mean Kalman filter beta and the mean SS beta (0.99875), and 

the lowest between the mean SV beta and the mean SSSV beta (0.89419), according to Table 8. This is 

surprising as it suggests that involving a common model (the SV model) does not necessarily ensure a 

similar parameterisation of risk, and involving totally different models need not lead to vastly different 

parameterisations of risk.  

The third message pertains to the second moment. The SV betas exhibit the widest range of 

variation and the SSSV betas the second. For example, the difference between a low value and a high 

value of the SV beta could be as large as 132.2, in the case of the Agriculture sector. But no negative 

values are observed with this approach (as well as the GARCH modelling technique).  Negative values 

are generated in some cases by the SS model, the Kalman filter algorithm and the SSSV model, 

although the ranges of variation under the first two approaches are moderate.  The occurrence of 

negative betas is not unique to our study here: Brooks, Faff and McKenzie (1998) and Lie, Brooks and 

Faff (2000) also report such a finding which involves the use of daily data and the Kalman filter 

technique. So what we are most concerned about is the extraordinarily large ranges of beta variation 

associated with the SV and SSSV models. Brooks, Faff and McKenzie (1998) argue that the Kalman 

filter approach often generates, in the initial stages of estimation, very large outliers (in the absolute 

term), and thus exclude some start-up observations from the analysis of the Kalman filter betas as a 

remedy. Since the SV model also involves the use of the Kalman filter technique, we tried the same 

solution but the problem remained. An examination of the conditional variance of each return series 
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generated by the SV model reveals that large outliers actually occur throughout the entire data sample 

period, and not just concentrate in the initial stages of estimation. Thus dropping the first few tens or 

even hundreds of observations does not help. On the other hand, there is a question about such a 

treatment. Is a large range of variation in the values of time-varying beta really a problem if aberrant 

observations do somehow belong to the time series of conditional variances or if temporary periods of 

high or low volatility are indeed part of the underlying data-generating process? It is well known that 

outliers yield large values of skewness and kurtosis, but the nature of the SV model is such that it can 

capture the excess kurtosis completely as mentioned earlier. This probably explains why the SV betas 

and the SSSV betas vary so widely, given that their values depend crucially on the conditional 

variances generated by the SV model. Arbitrarily removing outliers may well lead to, rather than avoid, 

an unfair bias. Therefore, a reasonable range of the observed values of beta need not imply that the 

underlying approach is superior to others. 

 

(iv) Forecasting performance 

To formally assess the six modelling techniques, we follow previous studies in the literature by 

comparing their forecasting performances with each other. Two most popular measures to evaluate 

forecast accuracy are the mean absolute error (MAE) and the mean square error (MSE). They are 

defined by  

 
1

1
MAE

N
it itt

R̂ R
N ?

? ??         (16) 

 ? ?2

1

1
MSE

N
it itt

R̂ R
N ?

? ??         (17)  

where N denotes the number of observations on itR̂ , itR̂  represent the forecasts of a return series, and 

Rit are the actual observations of the return series. We use these two measures in this study as criteria: 

the smaller they are, the better the underlying approach. To make sure that an MAE or MSE that looks 
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smaller than the other in a pair-wise comparison is indeed so, we performed tests for the equality of 

prediction mean absolute errors and mean square errors proposed by Harvey, Leybourne and Newbold 

(1999). 

 Let us first compare the in-sample forecasting performance of each modelling technique. Using 

the estimates of ? i and ? i for each modelling technique and the data on market returns Rmt to predict the 

in-sample values of industry returns itR̂ , we calculated the mean absolute error (MAE) and the mean 

square error (MSE) for each industry portfolio. Table 9 reports all the MAE and MSE measures. Table 

10 presents the Modified DM test statistics LS* for the following two null hypotheses: (1) The two 

forecasts have equal absolute error (e.g., H0: E(dt) = 0 with dt = 2
,t SVe - 2

,t KFe ); and (2) the two forecasts 

have equal mean square error (e.g., H0: E(dt) = 0 with dt = ,t SVe - ,t KFe ). The critical value with which 

these statistics are compared is that of the t distribution at the 10% significance level. Based on the LS* 

statistics, we highlight with bold figures the smallest MAE and MSE in Table 9 that are significantly 

different from others for each industry portfolio. In some cases we have more than one smallest MAE 

or MSE measures, since they are found to be insignificantly different from each other according to 

Table 10. For example, the Agriculture sector has the smallest MAE associated with the SV model and 

the second smallest MAE associated with the KF technique. However, the LS* statistics in Table 10 

reveal that the two MAEs are all significantly smaller than other MAEs at a higher than 1% level, but 

are not different from each other given LS*=-0.7.  Thus, both are considered to be the smallest.  

Table 9 shows that, in terms of the MAE measure, the SV approach yields the smallest forecast 

error in eighteen of nineteen instances, among which four number 1 positions are shared with the 

Kalman filter approach. The remaining number 1 position is taken solely by the Kalman filter approach 

for the Textiles sector.  That is, none of the other four approaches could ever have the chance to gain a 

gold medal (i.e., the smallest forecast error).  It is interesting to observe from Table 10 that, for every 

industry portfolio, the Kalman filter MAE is smaller than all other MAEs but the SV one at a higher 



 17

than 1% significance level. This suggests that if the SV model did not enter the in-sample forecasting 

competition, all gold medals it receives would go to the Kalman filter approach making it a champion. 

There are, however, some differences between the MAE and MSE measures. Using the MSE criterion, 

the number of gold medals received by the SV model falls to fifteen while that by the Kalman filter 

model rises to fifteen; and in twelve cases the gold medals are shared between the two. Despite such 

differences, the proportion of the MAE/MSE measures put together that are the “smallest” for each 

approach can be used to rank the six modelling techniques: the SV model is the best (86.842%), the 

Kalman filter model is the second best (52.632%), and the remaining are equally the worst (0%), in 

terms of in-sample forecasting performance. It appears, therefore, that if the stochastic model was not 

considered, we would end up with the same conclusion as reached in Brooks, Faff and McKenzie 

(1998), Lie, Brooks and Faff (2000), and Faff, Hillier and Hillier (2000) that the Kalman filter 

approach dominates all other methods.  

 Next, let us consider out-of-sample forecasting. To conduct out-of-sample forecast tests, we 

divided the sample period into two sub-periods, with sub-period 1 spanning from January 3, 1997 to 

December 31, 2001 and sub-period 2 from January 1, 2002 to August 28, 2002. Sub-period 1 was 

retained for estimating the six models' parameters, while sub-period 2 was used for computing 1-day 

ahead forecasts by plugging the sub-period-1 parameter estimates into the corresponding model. In 

doing so, we assumed that the market return Rmt in the out-of-sample period is known, and that 

individual portfolio returns are known up to the date on which their 1-day-ahead forecasts are made 

especially where they are needed for predicting the 1-day-ahead values of volatility (and hence 1-day-

ahead values of beta) in the GARCH, SS, SV and SSSV models. The resulting MAE and MSE 

measures and the corresponding modified DM test results are given in Table 11 and Table 12.  

Unlike the finding by Brooks, Faff and McKenzie (1998) for the Australian industries that the 

out-of-sample evidence does not alter the conclusion about the superiority of the Kalman filter 

approach as supported by the in-sample evidence, we have found that the results obtained from in-
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sample forecasting no longer apply to the out-of-sample cases for the New Zealand industries. Note 

that the authors did not perform the modified DM tests for the null hypothesis of no difference in MAE 

and MSE for each conditional beta estimation model: had they done so, their conclusions would 

probably have been altered qualitatively. 

A noticeable observation emerges from Table 11: the boundary between different modelling 

techniques becomes blurred in terms of out-of-sample forecasting performance. The modified DM test 

results reported in Table 12 indicate that the null hypothesis of the equality of forecasting errors cannot 

be rejected at the 10% level in many cases. Thus, for the Building and Mining sectors, the MAE 

measures demonstrate no statistical difference across the six modelling approaches. The same story 

applies to the MSE measures for the Agriculture, INVESTMENT and Mining sectors. Nevertheless, we 

can still rank the six approaches as follows (using the method described above):  the GARCH approach 

(92.105%), the Kalman filter approach (86.842%), the SS approach (76.316%), the OLS and SSSV 

approaches (57.895%), and the SV approach (35.842%).  

It is interesting to see that the GARCH model, once placed in the last position in the in-sample 

forecasting competition, replaces the SV model as number 1 in the out-of-sample forecasting 

competition, while the SV model now becomes such a loser that it ranks number 6. One possible reason 

may be that the ability to capture contemporaneous shocks (uit) to volatility (ln(hit)) is the main 

advantage of the SV model over the GARCH(1,1) model (and perhaps over the Kalman filter model as 

well). However, in the out-of-sample period, contemporaneous shocks are no longer incorporated in the 

estimation or updating of the parameters, such as ?i, ? i, ? iv and ? iu, in the SV model. Without the 

advantage of being able to utilise information on contemporaneous shocks to volatility, the SV model is 

unsurprisingly eclipsed by the GARCH(1,1) model and other models in the out-of-sample forecasting 

competition. 

To sum up, when comparing in-sample forecast errors, the SV model overwhelmingly 

dominates the other five techniques in generating more accurate measure of beta risk; but when using 
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out-of-sample forecasts to assess the worth of a model, the GARCH approach outperforms the other 

five ones, albeit supported by less clear-cut evidence.  

In addition, Table 11 seems to suggest that that, for all sectors but transport, the forecasting 

accuracy of each of the six models is generally improved in the out-of-sample cases as compared to the 

in-sample results in Table 9, because the out-of-sample MAEs and MSEs become mush smaller than 

their in-sample counterparts. Brooks, Faff and McKenzie (1998) obtained similar results for the 

Australian industries, but it is not clear whether their comparisons were made over the same period for 

both in-sample and out-of-sample forecasts. When we compared in-sample and out-of-sample MAEs 

and MSEs over the same sample period (i.e., sub-period 2) for each sector and each modelling 

approach based on the Modified DM tests, such results are basically reversed. For most sector/approach 

grids, in-sample MAEs and MSEs are significantly different from, and smaller than, out-of-sample 

MAEs and MSEs. This is true especially in the cases of the Kalman filter, SV, SSSV, SS and OLS 

models; the only exception is the GARCH approach where a number of in-sample MAEs and MSEs are 

found to be greater than out-of-sample MAEs and MSEs at a higher than 10% level. Moreover, the 

basic conclusion that the SV model is superior to all other approaches in terms of in-sample forecasting 

performance is not altered whether sub-period 2 or the entire data sample period is considered. To 

preserve space, however, we do not present our results in the form of tables here, but they are available 

from the author upon request.  

 

4. Conclusion 

Modelling time variation of systematic risk has been a central theme of several studies that look at 

some well-developed, large capital markets like the US, the UK and Australia. This paper adds to the 

literature a study on the New Zealand equity market by modelling the beta risk of the New Zealand 

industry portfolios over the period from January 3, 1997 to August 28, 2002.  In doing so, however, we 

extended the previous analyses of three major modelling techniques to include the stochastic volatility 
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model and the Schwert and Seguin approach based on the stochastic volatility model, and performed 

the Modified DM test adjusted for ARCH that has not yet been applied in the previous, similar studies 

for forecast evaluation. 

 Evidence generated from this study indicates that the betas of all the NZ industry portfolios are 

also unstable. But which modelling technique is more capable of capturing movements in systematic 

risk? Mainly by the in-sample MAE and MSE criteria, prior works for the UK and Australia have 

provided overwhelming evidence in favour of the Kalman filter approach. This would also be true in 

the New Zealand case investigated here if the stochastic volatility model was not considered. By 

applying the stochastic modelling technique in generating beta observations, we have found 

overwhelming evidence that this approach replaces the Kalman filter approach to become the optimal 

technique under the in-sample MAE and MSE criteria. However, the superiority of the stochastic 

volatility approach is not maintained in out-of-sample testing: the GARCH model is most favoured 

here, although the supporting evidence is less clear-cut than that for the stochastic volatility model in 

the case of in-sample forecasting. One message from this result is that, even without considering the 

stochastic volatility model, the Kalman filter technique is not the best to forecast returns out-of-sample 

for the New Zealand industry portfolios, unlike their Australian counterparts. However, this result is 

not to suggest that the superiority of the GARCH model is universal for any out-of-sample forecasting 

periods. Indeed, the ability of the stochastic model to capture contemporaneous shocks to volatility 

suggests the use of this model for short-run out-of-sample forecasting by rolling over the sample and 

re-estimating the model. Further empirical research may be pursued in this direction.  
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Table 1 Summary Statistics and Beta Point Estimates for NZ Industry Portfolios 
Industry Sector Mean Skewness Kurtosis SD JB ARCH ?OLS CuSumSq 

Agriculture 0.0264 0.0375 4.1008 1.0733 988.38*** 161.87*** 0.4402*** 0.0746*** 

Building 0.0074 -0.2519 5.0467 1.7458 1512.1*** 129.78*** 1.0892*** 0.1313*** 

Consumer 0.1004 -0.0890 5.8562 1.1888 2018.2***   88.87*** 0.6009*** 0.0928**** 

ENERGY 0.0494 -0.0390 9.8199 1.0096 5673.0*** 238.80*** 0.6591*** 0.1093*** 

Finance 0.0689 -0.6301 10.7281 0.9956 6864.8*** 111.75*** 0.4828*** 0.1018*** 

Food 0.0951 -0.5333 22.163 1.4028 28977***   32.45*** 0.6004*** 0.1338*** 

Forestry -0.0384 -0.0520 12.430 2.3507 9091.3*** 186.34*** 1.6906*** 0.1353*** 

GOODS 0.0662 -1.0249 14.955 1.1584 13408*** 132.06*** 0.6262*** 0.1545*** 

Intermediate 0.0498 -0.5663 9.7617 1.4045 5681.3***   37.93*** 0.5776*** 0.1361*** 

INVESTMENT -0.1403 -1.1375 11.528 2.1360 8124.4***   67.10*** 0.9726*** 0.1951*** 

Leisure 0.0420 -0.5094 8.4779 1.1282 4288.9*** 222.01*** 0.5710*** 0.0779*** 

Media 0.0097 -0.3357 5.5657 1.5900 1847.7*** 128.97*** 1.3456*** 0.0959*** 

Mining -0.0562 -0.1901 2.8140 2.2222 473.37***   42.51*** 0.4707*** 0.1447*** 

Ports 0.0538 -0.1120 7.2025 1.0386 3053.7*** 120.16*** 0.5373*** 0.0574** 

PRIMARY -0.0181 -0.3029 16.792 1.7394 16614*** 221.10*** 1.3534*** 0.1257*** 

PROPERTY 0.0192 -0.2644 9.4912 0.6476 5315.5*** 329.54*** 0.2769*** 0.0772*** 

SERVICES 0.0248 -0.7043 11.238 1.1660 7546.9*** 253.77*** 1.0693*** 0.1571*** 

Textiles 0.0696 -0.3361 8.1103 1.3348 3528.4*** 122.22*** 0.4137*** 0.1520*** 

Transport -0.0506 -1.1625 14.620 1.9528 12896*** 256.83*** 0.8973*** 0.3222*** 

Market index 0.0177 -1.2475 25.107 1.0051 37469*** 336.67*** ?  ?  

Note: This table presents summary statistics for daily returns on the indexes of New Zealand’s six group sectors and 
thirteen single sectors and on the NZSE TOTAL index covering the period from January 3, 1997 to August 22, 2002. The 
beta point estimates generated by the OLS estimation of equation (1) are presented in the eighth column. The final column 
gives the CuSumSq test statistic for the stability of each beta point estimate. White's heteroscedasticity-adjusted t-ratios are 
used for beta point estimates. **

 Significantly different from zero at the 5% level. *** Significantly different from zero at the 
1% level. 
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Table 2 The Estimation Results of the GARCH(1,1) Model 
Sector ai ib  ic  i ib c?  ? im 

Agriculture 0.0595* 0.0787*** 0.8714*** 0.9501 0.4122 
Building 0.0728 0.1702*** 0.8217*** 0.9918 0.6271 
Consumer 0.1736* 0.1611** 0.7303*** 0.8917 0.5080 
ENERGY 0.0159 0.0944*** 0.8970*** 0.9914 0.6561 
Finance 0.1177*** 0.2295*** 0.6632*** 0.8927 0.4874 
Food 0.6423*** 0.2044*** 0.4637*** 0.6681 0.4302 
Forestry 0.1991** 0.2546*** 0.7404*** 0.9950 0.7228 
GOODS 0.2349** 0.1889*** 0.6370*** 0.8259 0.5433 
Intermediate 0.2822* 0.1479*** 0.7180*** 0.8659 0.4133 
INVESTMENT 0.1038*** 0.1837*** 0.8036*** 0.9873 0.4576 
Leisure 0.1180** 0.1763*** 0.7379*** 0.9142 0.5087 
Media 0.2137* 0.1578*** 0.7662*** 0.9240 0.8506 
Mining 0.3117* 0.0764*** 0.8618*** 0.9383 0.2129 
Ports 0.2241* 0.1670*** 0.6193*** 0.7863 0.5200 
PRIMARY 0.1275** 0.2680*** 0.7199** 0.9879 0.7820 
PROPERTY 0.0664*** 0.1893*** 0.6536*** 0.8429 0.4298 
SERVICES 0.1150* 0.1732*** 0.7501*** 0.9233 0.9217 
Textiles 0.1632*** 0.1565*** 0.7527*** 0.9093 0.3197 
Transport 0.2584** 0.3199** 0.6440*** 0.9639 0.4618 
Market index 0.0438** 0.2069*** 0.7644*** 0.9713 1 
Note: This table presents the estimation results of the GARCH(1,1) model in equation (3) fitted to each industry 
portfolio return and in equation (4) to the market return. The final column gives the correlation coefficient between 
each industry portfolio return and the market return. * Significantly different from zero at the 10% level. ** 
Significantly different from zero at the 5% level. *** Significantly different from zero at the 1% level. 
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Table 3 The Estimation Results of the Schwert and Seguin Model 
Sector i?  1iß  2iß  R2 

Agriculture         0.0216 0.6113*** -0.1728*** 0.1861 
Building        -0.0098 1.2153*** -0.1273*** 0.3966 
Consumer   0.0904*** 0.6371***        -0.0366 0.2587 
ENERGY         0.0387* 0.7175*** -0.0590** 0.4326 
Finance  0.0626*** 0.6098***  -0.1282*** 0.2480 
Food  0.0867*** 0.7346***  -0.1355*** 0.1909 
Forestry       -0.0654 1.8625***  -0.1737*** 0.5259 
GOODS 0.0559** 0.6715***        -0.0458 0.2962 
Intermediate         0.0385 0.5188***         0.0594 0.1719 
INVESTMENT -0.1536*** 1.1998*** -0.2295*** 0.2167 
Leisure         0.0347 0.7311*** -0.1617*** 0.2716 
Media        -0.0185 1.0981*** 0.2500*** 0.7389 
Mining        -0.0599 0.7348*** -0.2667*** 0.0543 
Ports         0.0462** 0.6482*** -0.1120*** 0.2776 
PRIMARY        -0.0393 1.5174*** -0.1657*** 0.6172 
PROPERTY         0.0161 0.3791*** -0.1031*** 0.2006 
SERVICES         0.0043 0.9811***  0.0891*** 0.8531 
Textiles         0.0629* 0.5924***       -0.1800*** 0.1142 
Transport       -0.0644 1.0164***       -0.1203** 0.2157 
Note: This table presents the estimation results of the Schwert and Seguin model in equation (8) Rit = ? i + 
? i1Rmt + ? i2Rmt/hmt + eit where Rit is the daily return for industry portfolio i, Rmt is the daily return for the 
market index, and hmt is the conditional volatility of the market return estimated using the GARCH(1,1) 
model  in equation (4). The final column gives the coefficient of determination. * Significantly different 
from zero at the 10% level. ** Significantly different from zero at the 5% level. *** Significantly different 
from zero at the 1% level. 
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Table 4 The Estimation Results of the Kalman Filter Model 
Sector aT  bT  aq  bq  

Agriculture 0.999771*** 0.999788*** 0.027544 0.046036 
Building 0.999770*** 0.999793*** 0.026201 0.030263  
Consumer 0.999629*** 0.999673*** 0.031519 0.020330 
ENERGY 0.999399*** 0.999421*** 0.011733 0.058888 
Finance 0.999026*** 0.999099*** 0.043394 0.082772 
Food 0.999770*** 0.999769*** 0.023089 0.018092 
Forestry 0.999772*** 0.999831*** 0.023173 0.051313 
GOODS 0.999632*** 0.998805*** 0.027043 0.020064 
Intermediate 0.999630*** 0.996806*** 0.029854 0.041032 
INVESTMENT 0.999628*** 0.998716*** 0.025444 0.068231 
Leisure 0.999640*** 0.999676*** 0.024697 0.053363 
Media 0.999024*** 0.999170*** 0.031761 0.18087 
Mining 0.999770*** 0.999772*** 0.023956 0.031011 
Ports 0.999770*** 0.999793*** 0.025791 0.022793 
PRIMARY 0.999771*** 0.999854*** 0.025370 0.053183 
PROPERTY 0.999627*** 0.999611*** 0.023973 0.023646 
SERVICES 0.999577*** 1.000460*** 0.011851 0.18810 
Textiles 0.999630*** 0.999635*** 0.014605 0.13594 
Transport 0.999628*** 0.999642*** 0.001746 0.075093 
Note: This table presents the estimation results of the Kalman filter model in equations (10) and (11) for 
each industry portfolio return series. *** Significantly different from zero at the 1% level. The t-tests on 
Ta=1 and on Tb=1 (not reported here) show that Ta and Tb are not significantly different from unity at the 
10% level for all industry portfolios. 
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Table 5 The Estimation Results of the Stochastic Volatility Model 

Sector ?  it  i?  ius  ivs   

Agriculture 0.0171*** 0.0738*** 0.9981***a 0.6629 0.4918 
Building 0.1086*** 0.0780*** 0.9992***a 0.6623 0.4946 
Consumer 0.1614*** 0.0738*** 0.9992***a 0.6629 0.4918 
ENERGY 0.0568*** 0.0539*** 0.9991***a 0.6629 0.4921 
Finance 0.2044*** 0.0562*** 0.9985***a 0.6578 0.5217 
Food 0.0998*** 0.0539*** 0.9992***a 0.6629 0.4921 
Forestry -0.0470*** 0.0527*** 0.9987***a 0.7204 0.4814 
GOODS 0.0708*** 0.0527*** 0.9988***a 0.6999 0.4263 
Intermediate 0.0694*** 0.0537*** 0.9995***a 0.6990 0.4175 
INVESTMENT -0.1797*** 0.0672*** 0.9968***a 0.6952 0.4369 
Leisure 0.0359*** 0.4998*** 0.9963***a 0.5004 0.2951 
Media 0.1955*** 0.4780*** 0.9971***a 1.2655 0.6694 
Mining -0.5096*** 0.4960*** 0.9890***a 2.9719 0.6526 
Ports 0.0885*** 0.0781*** 0.9991***a 1.2497 0.6445 
PRIMARY -0.0221*** 0.0292*** 0.9984***a 0.6633 0.6727 
PROPERTY 0.1100*** 0.0294*** 0.9998***a 1.1927 0.7029 
SERVICES 0.0251*** 0.0307*** 0.9954***a 0.6652 0.6373 
Textiles 0.0905*** 0.0304*** 0.9982***a 0.6617 0.4833 
Transport -0.0527*** 0.0738*** 0.9981***a 0.6630 0.4918 
Market index 0.0178*** 0.0737*** 0.9986***a 0.6625 0.4917 
Note: This table presents the estimation results of the stochastic volatility model in equation (12) fitted to each 
industry portfolio return and to the market return. *** Significantly different from zero at the 1% level. a 
Significantly different from one at the 1% level.   
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Table 6 The Estimation Results of the Schwert and Sequin SV Model  
Sector i?  1iß  2iß  R2 

Agriculture 0.0174 0.4398*** 0.0009 0.1702 
Building -0.0065 1.0929*** -0.0102 0.3940 
Consumer 0.0914*** 0.6020*** -0.0030 0.2582 
ENERGY 0.0418** 0.6618*** -0.0075* 0.4318 
Finance 0.0609*** 0.4832*** -0.0010 0.2376 
Food 0.0845** 0.6005*** -0.0002 0.1850 
Forestry -0.0728* 1.6877*** 0.0080 0.5228 
GOODS 0.0556** 0.6265*** -0.0010 0.2952 
Intermediate 0.0420 0.5792*** -0.0045 0.1710 
INVESTMENT -0.1591*** 0.9716*** 0.0028 0.2095 
Leisure 0.0313 0.5706*** 0.0012 0.2588 
Media -0.0158 1.3446*** 0.0029 0.7236 
Mining -0.0716 0.4660*** 0.0131 0.0462 
Ports 0.0425* 0.5361*** 0.0032 0.2706 
PRIMARY -0.0445 1.3518*** 0.0044 0.6117 
PROPERTY 0.0144 0.2770*** -0.0002 0.1847 
SERVICES 0.0056 1.0692*** 0.0004 0.8495 
Textiles 0.0573* 0.4125*** 0.0046 0.1025 
Transport -0.0632 0.8995*** -0.0060 0.2135 
Note: This table presents the estimation results of the Schwert and Seguin model in equation (15) Rit = ? i + 
? i1Rmt + ? i2Rmt/hmt + eit where Rit is the daily return for industry portfolio i, Rmt is the daily return for the 
market index, and hmt is the conditional volatility of the market return estimated using the stochastic 
volatility model in equation (12). The final column gives the coefficient of determination. * Significantly 
different from zero at the 10% level. ** Significantly different from zero at the 5% level. *** Significantly 
different from zero at the 1% level. 
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 Table 7 Estimates of Betas for NZ Industry Portfolios   

Sector ? OLS 
(R2) 

? GARCH 
(low/high) 

? SS 
(low/high) 

? KF 
(low/high) 

? SV 
(low/high) 

? SSSV 
(low/high) 

Agriculture 
0.4402 

(0.1699) 
0.5058 

(0.155/1.034) 
0.3323 

(-0.176/0.608) 
0.3372 

(-0.110/0.975) 
1.1428 

(0.001/132.2) 
0.4986 

(0.440/38.49) 

Building 
1.0892 

(0.3932) 
1.1629 

(0.554/2.204) 
1.0096 

(0.634/1.213) 
1.0059 

(0.425/1.797) 
2.4589 

(0.005/94.90) 
0.8057 

(-67.17/1.093) 

Consumer 
0.6009 

(0.2581) 
0.7059 

(0.294/2.421) 
0.5780 

(0.470/0.636) 
0.5623 

(0.149/0.852) 
1.4154 

(0.002/70.74) 
0.5179 

(-19.39/0.602) 

ENERGY 
0.6591 

(0.4305) 
0.7166 

(0.270/1.726) 
0.6222 

(0.448/0.716) 
0.5733 

(0.078/1.162) 
1.4011 

(0.001/76.42) 
0.4514 

(-49.35/0.662) 

Finance 
0.4828 

(0.2376) 
0.5297 

(0.209/1.458) 
0.4027 

(0.024/0.607) 
0.3709 

(-0.147/1.430) 
1.0688 

(0.001/57.87) 
0.4548 

(-6.262/0.483) 

Food 
0.6004 

(0.1850) 
0.6861 

(0.193/4.395) 
0.5156 

(0.116/0.732) 
0.5184 

(0.035/0.929) 
1.1604 

(0.002/34.98) 
0.5949 

(-0.723/0.600) 

Forestry 
1.6906 

(0.5225) 
1.7294 

(0.646/4.717) 
1.5820 

(1.069/1.859) 
1.5922 

(0.423/3.236) 
3.2335 

(0.026/110.1) 
1.9134 

(1.688/55.34) 

GOODS 
0.6262 

(0.2952) 
0.7096 

(0.253/4.634) 
0.5976 

(0.462/0.671) 
0.5916 

(0.198/0.961) 
1.4301 

(0.003/65.49) 
0.5992 

(-5.868/0.627) 

Intermediate 
0.5776 

(0.1708) 
0.6786 

(0.175/3.989) 
0.6147 

(0.520/0.790) 
0.5741 

(0.166/1.246) 
1.4170 

(0.000/96.86) 
0.4532 

(-29.36/0.579) 

 INVESTMENT 
0.9726 

(0.2094) 
0.9411 

(0.228/3.715) 
0.8290 

(0.151/1.195) 
0.8173 

(-0.852/4.254) 
1.7722 

(0.006/55.99) 
1.0505 

(0.971/19.72) 

Leisure 
0.5710 

(0.2587) 
0.6336 

(0.270/2.265) 
0.4699 

(-0.007/0.728) 
0.4541 

(-0.100/1.449) 
1.3746 

(0.000/59.72) 
0.6033 

(0.571/8.344) 

Media 
1.3456 

(0.7235) 
1.5055 

(0.653/2.280) 
1.5020 

(1.103/2.240) 
1.5170 

(0.359/2.821) 
2.6395 

(0.002/106.3) 
1.4251 

(1.345/20.65) 

Mining 
0.4707 

(0.0453) 
0.5576 

(0.123/1.266) 
0.3039 

(-0.483/0.729) 
0.3371 

(-0.302/1.050) 
1.3936 

(0.000/116.8) 
0.8350 

(0.466/88.18) 

Ports 
0.5373 

(0.2703) 
0.6104 

(0.232/1.459) 
0.4672 

(0.136/0.646) 
0.4820 

(0.155/0.948) 
1.2708 

(0.001/68.19) 
0.6286 

(0.536/22.52) 

PRIMARY 
1.3534 

(0.6115) 
1.3563 

(0.581/3.564) 
1.2498 

(0.761/1.514) 
1.2535 

(0.452/2.346) 
2.3179 

(0.019/93.17) 
1.4748 

(1.352/30.60) 

PROPERTY 
0.2769 

(0.1847) 
0.3108 

(0.114/1.268) 
0.2124 

(-0.092/0.377) 
0.2074 

(-0.007/0.529) 
0.6995 

(0.001/46.32) 
0.2727 

(-0.758/0.277) 

SERVICES 
1.0693 

(0.8495) 
1.1519 

(0.553/1.819) 
1.1250 

(0.983/1.388) 
1.1340 

(0.275/2.019) 
1.6695 

(0.039/57.41) 
1.0796 

(1.069/3.559) 

Textiles 
0.4142 

(0.1022) 
0.4696 

(0.174/2.285) 
0.3016 

(-0.230/0.589) 
0.2710 

(-1.184/1.590) 
0.9640 

(0.001/38.27) 
0.5412 

(0.413/31.01) 

Transport 
0.8973 

(0.2133) 
0.9080 

(0.283/5.996) 
0.8221 

(0.467/1.014) 
0.7919 

(-0.120/3.963) 
1.8593 

(0.010/110.8) 
0.7290 

(-39.63/0.899 

Average 0.7724 0.8352 0.7125 0.7048 1.6180 0.7857 

Note: This table presents the beta point estimates of the OLS model, and the mean conditional beta estimated using the 
GARCH, Schwert and Seguin, Kalman filter, stochastic volatility, and Schwert and Seguin SV models, for each NZ industry 
portfolio. Figures in the parentheses in the second column are the coefficients of determination.  Figures in the parentheses in 
the third, fourth, fifth, sixth and seventh columns indicate the value ranges of conditional betas.  The beta representations are: 
?OLS = OLS beta, ?GARCH = GARCH(1,1) beta, ?SS = Schwert Seguin beta, ?KF = Kalman filter beta, ?SV = SV beta, and ? SSSV

 = 
Schwert and Seguin SV beta. 
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Table 8 The Correlation Coefficients between Mean Betas 
 ? OLS ? GARCH ? SS ? KF ? SV ? SSSV 
? OLS 1.00000      
? GARCH 0.99397 1.00000     
? SS 0.98342 0.99182 1.00000    
? KF 0.98389 0.99352 0.99875 1.00000   
? SV 0.96089 0.96517 0.93964 0.94169 1.00000  
? SSSV 0.93543 0.92854 0.89696 0.90925 0.89419 1.00000 
Note: This table presents the correlation coefficient between each mean beta and each of the other five mean betas 
across nineteen NZ sectors. The beta representations are: ?OLS = OLS beta, ?GARCH = GARCH(1,1) beta, ?SS = Schwert 
Seguin beta, ?KF = Kalman filter beta, ?SV = SV beta, and ?SSSV

 = Schwert and Seguin SV beta. 
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Table 9 In–sample forecast error measures 
MAE MSE  

Sector OLS GARCH SS KF SV SSSV OLS GARCH SS KF SV SSSV 
Agriculture 0.7246 0.7394 0.7139 0.6724 0.6657 0.7240 0.9557 1.0095 0.9370 0.8240 0.9148 0.9553 
Building 1.0187 1.0412 1.0146 0.9585 0.8538 1.0170 1.8481 1.9327 1.8379 1.6459 1.5815 1.8456 
Consumer 0.7419 0.7565 0.7421 0.7089 0.6568 0.7419 1.0479 1.0968 1.0470 0.9537 0.9678 1.0476 
ENERGY 0.5597 0.5734 0.5575 0.5254 0.4524 0.5581 0.5801 0.6151 0.5780 0.5022 0.4528 0.5788 
Finance 0.6368 0.6381 0.6356 0.5716 0.5766 0.6369 0.7551 0.7710 0.7449 0.5918 0.6881 0.7551 
Food 0.8378 0.8630 0.8313 0.7939 0.7466 0.8377 1.6026 1.7389 1.5911 1.4656 1.5062 1.6026 
Forestry 1.1748 1.1590 1.1696 1.0662 0.8116 1.1733 2.6369 2.6250 2.6180 2.1189 1.6103 2.6353 
GOODS 0.6800 0.6972 0.6781 0.6464 0.5672 0.6799 0.9451 0.9908 0.9438 0.8682 0.7948 0.9451 
Intermediate 0.8995 0.8977 0.8996 0.8497 0.8035 0.8993 1.6346 1.6224 1.6324 1.4434 1.4314 1.6342 
INVESTMENT 1.2633 1.2700 1.2596 1.1329 1.1047 1.2631 3.6043 3.6185 3.5714 2.8422 3.0776 3.6041 
Leisure 0.7228 0.7369 0.7166 0.6655 0.6150 0.7230 0.9429 0.9828 0.9265 0.7851 0.8324 0.9428 
Media 0.6352 0.6009 0.6240 0.4980 0.3991 0.6351 0.6986 0.6208 0.6596 0.4000 0.3413 0.6984 
Mining 1.5682 1.5831 1.5645 1.5064 1.5017 1.5677 4.7110 4.8525 4.6666 4.3229 4.5519 4.7069 
Ports 0.6675 0.6852 0.6640 0.6390 0.5646 0.6674 0.7865 0.8443 0.7787 0.7127 0.6530 0.7862 
PRIMARY 0.7812       0.7781 0.7754 0.70928 0.5901 0.7805 1.1745 1.1845 1.1574 0.9320 0.9051 1.1741 
PROPERTY 0.4376       0.4442 0.4349 0.4160 0.3983 0.4376 0.3417 0.3578 0.3351 0.3038 0.3143 0.3417 
SERVICES 0.3343       0.3305 0.3310 0.2692 0.2362 0.3343 0.2045 0.2024 0.1995 0.1243 0.1348 0.2045 
Textiles 0.8576       0.8689 0.8497 0.7653 0.8131 0.8569 1.5206 1.5590 1.5003 1.2371 1.4734 1.5201 
Transport 1.1030       1.0915 1.0960 1.0195 0.9545 1.1019 2.9978 2.7935 2.9888 2.4626 2.3351 2.9969 

Note: This table presents mean absolute error and mean square error measures for in-sample forecast errors between observed and predicted industry portfolio returns, with 
the predicted industry portfolio return series being generated using each of the OLS, GARCH, Schwert and Seguin (SS), Kalman filter (KF), stochastic volatility (SV), and 
Schwert and Seguin SV (SSSV) models. The boldfaced figures in each row under the heading of MAE or of MSE are the smallest error measures that are not significantly 
different from each other but are significantly different from other non-boldfaced error measures in the same row, inferred using the test statistics given in Table 10.   
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Table 10 The LS* statistics for in–sample forecast MAE and MSE 
 

Sector 
SSSV 

vs 
OLS 

SSSV 
vs 

GARCH 

SSSV 
vs 
SS 

SSSV 
vs 

KF 

SSSV 
vs 

SV 

SV 
vs 

OLS 

SV 
vs 

GARCH 

SV 
vs 
SS 

SV 
vs 

KF 

KF 
vs 

OLS 

KF 
vs 

GARCH 

KF 
vs 
SS 

SS 
vs 

OLS 

SS 
vs 

GARCH 

GARCH 
vs 

OLS 
Panel A: In-sample forecast MAE             
Agriculture   -1.07   -3.97***    3.05*** 8.49***  7.81*** -7.92*** -10.08*** -5.68***   -0.73 -8.60*** -8.48*** -7.32***   -3.27***   -3.88***    3.85*** 
Building   -1.70*   -2.78***    0.92 7.51*** 10.73*** -11.04*** -12.76*** -10.92***   -6.83*** -7.77*** -8.50*** -7.49***   -1.61   -3.05***    2.59*** 
Consumer    0.14   -2.63***   -0.28 6.42*** 8.92*** -8.99*** -10.87*** -8.87***   -5.07*** -6.42*** -6.15*** -6.58***    0.35    -2.41***    2.65*** 
ENERGY   -1.91*   -2.94***    0.44 6.51*** 11.53*** -12.04*** -13.08*** -11.62***   -8.17*** -6.91*** -7.51*** -6.77***   -1.85*   -2.75***    2.67*** 
Finance    0.52   -0.31    0.49 9.04*** 8.49*** -8.52*** -8.90*** -7.94***    0.59 -9.02*** -8.40*** -9.64***   -0.46   -0.45    0.33 
Food   -0.42   -3.41***    2.30** 6.53*** 9.28*** -9.29*** -11.28*** -8.01***   -4.02*** -6.53*** -6.28*** -5.98***   -2.30**   -3.41***    3.41*** 
Forestry   -1.94*    1.00    0.98 8.09*** 16.50*** -16.50*** -16.34*** -16.14***  -12.65*** -8.22*** -7.07*** -7.95***   -1.44    0.69   -1.11 
GOODS   -0.90   -2.70***    1.93* 6.82*** 11.43*** -11.48*** -13.96*** -11.06***   -7.72*** -6.84*** -6.16*** -6.63***   -2.05**   -2.73***    2.69*** 
Intermediate   -0.44    0.32   -0.20 6.78*** 9.52*** -9.70*** -9.98*** -9.65***   -4.33*** -6.84*** -6.03*** -6.73***    0.03    0.43   -0.37 
INVESTMENT   -0.72   -0.59    0.76 8.15*** 9.85*** -9.84*** -10.19*** -9.79***   -1.53 -8.17*** -8.64*** -8.08***   -0.81   -0.88    0.57 
Leisure    1.33   -3.24***    1.93* 7.53*** 12.53*** -12.46*** -14.47*** -10.68***   -4.96*** -7.51*** -8.34*** -7.20***   -1.88*   -3.01***    3.29*** 
Media   -0.37    4.27***    2.23** 12.93*** 16.61*** -16.55*** -15.09*** -16.25***   -9.15*** -12.93*** -13.49*** -13.09***   -2.25**    3.90   -4.27*** 
Mining   -0.31   -2.82***    0.57 6.01*** 6.01*** -5.89*** -7.57*** -4.60***   -0.31 -6.12*** -5.92*** -6.11***   -0.70   -1.83*    2.81*** 
Ports   -0.27   -4.36***    1.43 6.56*** 12.70*** -12.59*** -14.25*** -11.76***   -8.87*** -6.63*** -7.56*** -5.61***   -1.52   -3.61***    4.34*** 
PRIMARY   -1.56    0.25    1.50 8.02*** 11.41*** -11.43*** -11.54*** -10.95***   -7.43*** -8.12*** -7.27*** -7.71***   -1.76*   -0.25   -0.32 
PROPERTY    0.01   -2.94***    1.27 5.77*** 8.79*** -8.80*** -10.16*** -7.15***   -3.19*** -5.77*** -6.26*** -5.81***   -1.27   -2.44***    2.94*** 
SSERVICES   -0.81    0.90    1.85* 12.32*** 13.34*** -13.34*** -13.02*** -12.70***   -4.99*** -12.32*** -14.05*** -12.22***   -1.87*    0.15   -0.91 
Textiles   -1.29   -3.22***    2.09** 10.49*** 6.30*** -6.31*** -8.35*** -4.54***    4.36*** -10.61*** -10.44*** -10.32***   -2.37***   -3.00***    3.03*** 
Transport   -1.61    0.85    2.39*** 5.61*** 8.63*** -8.76*** -10.05*** -8.40***   -4.04*** -5.69*** -6.13*** -5.25***   -2.93***    0.36   -0.95 

                
Panel B: In-sample forecast MSE             
Agriculture   -0.87   -2.97***    2.42*** 8.05***   1.54   -1.55 -3.94***   -0.75    2.86*** -8.08*** -6.60*** -8.07***   -2.48***   -3.00***    2.96*** 
Building   -1.04   -2.09**    1.03 6.98***   3.30***   -3.36*** -4.67***   -3.23***   -0.82 -7.07*** -6.21*** -6.96***   -1.40   -2.28**    2.04** 
Consumer   -0.34   -1.99**    0.37 7.68***   1.88*   -1.90* -3.40***   -1.85*    0.31 -7.69*** -4.89*** -7.77***   -0.52   -1.92*    1.98** 
ENERGY   -1.50   -1.98**    0.40 6.47***   4.26***   -4.34*** -5.33***   -4.21***   -1.93* -6.59*** -5.36*** -6.43***   -1.11   -1.92*    1.92* 
Finance   -0.11   -1.00    1.33 6.60***   2.80***   -2.81*** -4.17***   -2.14**    3.26*** -6.60*** -5.75*** -7.31***   -1.33   -1.20    1.00 
Food   -0.05   -2.54***    0.95 5.63***   1.01   -1.01 -2.74***   -0.84    0.37 -5.63*** -3.91*** -6.75***   -0.95   -2.34***    2.54*** 
Forestry   -0.81    0.07    1.43 6.50***   6.60***   -6.60*** -7.31***   -6.47***   -4.35*** -6.53*** -3.99*** -6.44***   -1.60   -0.05   -0.08 
GOODS   -0.12   -1.55    0.49 5.60***   2.57***   -2.57*** -3.81***   -2.49***   -1.30 -5.60*** -3.73*** -5.55***   -0.49   -1.49    1.55 
Intermediate   -0.30    0.53    0.45 6.32***   3.84***   -3.88*** -4.21***   -3.92***   -0.27 -6.34*** -6.01*** -6.38***   -0.65*    0.50   -0.56 
INVESTMENT   -0.30   -0.14    1.72* 4.89***   3.09***   -3.09*** -3.55***   -3.02***    1.56 -4.89*** -5.54*** -4.95***   -1.73*   -0.47    0.13 
Leisure   -0.16   -2.70***    1.95* 6.63***   3.87***   -3.87*** -5.57***   -3.03***    1.36 -6.63*** -6.87*** -6.68***   -1.96**   -2.64***    2.70*** 
Media   -0.41    3.27***    2.31** 7.85***   7.86***   -7.84*** -7.1***9   -7.80***   -2.53*** -7.84*** -7.87*** -8.26***   -2.31**    2.83***   -3.27*** 
Mining   -0.60   -2.88***    1.36 7.17***   1.57   -1.59 -3.31***   -0.99    1.85* -7.36*** -5.89*** -7.69***   -1.57   -2.44***    2.79*** 
Ports   -0.39   -2.66***    1.08 5.37***   5.50***   -5.49*** -6.52***   -4.84***   -2.39*** -5.41*** -4.40*** -5.55***   -1.13   -2.36***    2.64*** 
PRIMARY   -0.68   -0.16    2.10** 6.44***   2.43***   -2.44*** -3.09***   -2.25**   -0.26 -6.47*** -4.39*** -6.29***   -2.19**   -0.41    0.15 
PROPERTY   -0.05   -2.83***    1.58 5.16***   2.39***   -2.40*** -3.97***   -1.54    0.77 -5.16*** -5.45*** -5.28***   -1.58   -2.65***    2.83*** 
SERVICES   -0.14    0.28    1.65* 6.23***   5.80***   -5.80*** -6.75***   -5.55***    1.20 -6.23*** -7.30*** -6.27***   -1.65*   -0.46   -0.28 
Textiles   -0.46   -2.07**    2.06** 7.76***   1.09   -1.09 -2.49***   -0.57    3.53*** -7.79*** -6.80*** -8.04***   -2.15**   -2.22**    2.03** 
Transport   -0.61    1.51    0.65 3.34***   3.57***   -3.58*** -3.81***   -3.57***   -1.00 -3.35*** -4.34*** -3.40***   -0.71    1.47   -1.52 
Note: This table presents the Modified Diebold and Mariano test statistic of Harvey, Leybourne and Newbold (1999) for each pair of modelling techniques being compared for each NZ industry portfolio. 
Panel A and Panel B report the test statistics for in-sample MAE and MSE respectively. * The null hypothesis of equality is rejected at the 10% level; ** at the 5% level; and *** at the 1% level.  
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Table 11 Out-of-sample forecast error measures 
MAE MSE  

Sector OLS GARCH SS KF SV SSSV OLS GARCH SS KF SV SSSV 
Agriculture 0.5999 0.5912 0.5817 0.5887 0.5914 0.5999 0.6027 0.6025 0.5990 0.6050 0.6049 0.6028 
Building 0.6536 0.6231 0.6395 0.6281 0.6431 0.6540 0.6830 0.6047 0.6497 0.6097 0.6734 0.6839 
Consumer 0.5242 0.5304 0.5305 0.5313 0.5746 0.5249 0.4866 0.4884 0.4946 0.4999 0.5739 0.4877 
ENERGY 0.3690 0.3413 0.3596 0.3423 0.3846 0.3688 0.2200 0.1893 0.2103 0.1919 0.2366 0.2200 
Finance 0.4364 0.4416 0.4240 0.4256 0.4621 0.4366 0.3100 0.3171 0.3031 0.2927 0.3577 0.3100 
Food 0.6089 0.5557 0.5863 0.5485 0.6539 0.6094 0.7669 0.7003 0.7435 0.7193 0.8314 0.7671 
Forestry 0.9328 0.9319 0.9249 0.9526 0.9965 0.9330 1.4943 1.5043 1.4763 1.5361 1.5847 1.4946 
GOODS 0.7301 0.7271 0.7309 0.7184 0.8072 0.7301 1.6109 1.5437 1.6359 1.5787 1.7060 1.6108 
Intermediate 0.9251 0.9193 0.9247 0.9108 0.9905 0.9250 2.6257 2.4780 2.6154 2.5357 2.7474 2.6260 
INVESTMENT 0.7678 0.7117 0.7414 0.7222 0.7452 0.7678 0.9831 0.8865 0.9170 0.8849 0.9508 0.9830 
Leisure 0.6374 0.6443 0.6333 0.6537 0.7310 0.6374 0.6675 0.6951 0.6787 0.6940 0.8596 0.6675 
Media 0.5650 0.5272 0.5393 0.5275 0.6876 0.5650 0.4907 0.4432 0.4601 0.4495 0.8245 0.4908 
Mining 1.3896 1.3657 1.3729 1.3701 1.3744 1.3896 3.8241 3.7379 3.7370 3.8205 3.7640 3.8240 
Ports 0.5541 0.5603 0.5537 0.5637 0.7061 0.5541 0.5478 0.5564 0.5473 0.5679 0.8069 0.5478 
PRIMARY 0.6329 0.6154 0.6163 0.6219 0.6627 0.6330 0.6599 0.6402 0.6353 0.6541 0.7021 0.6602 
PROPERTY 0.3675 0.3397 0.3480 0.3446 0.3625 0.3674 0.2192 0.2026 0.2053 0.2066 0.2156 0.2191 
SERVICES 0.2254 0.2061 0.2102 0.2070 0.3699 0.2254 0.0794 0.0719 0.0721 0.0735 0.2349 0.0794 
Textiles 0.5903 0.5895 0.5833 0.6124 0.5913 0.5908 0.7184 0.7227 0.7031 0.7451 0.7253 0.7192 
Transport 1.4886 1.4242 1.4990 1.4964 1.4868 1.4886 5.0188 4.5554 5.2368 5.0143 4.9941 5.0190 

Note: This table presents mean absolute error and mean square error measures for out-of-sample forecast errors between observed and predicted industry portfolio returns, with the 
predicted industry portfolio return series being generated using each of the OLS, GARCH, Schwert and Seguin (SS), Kalman filter (KF), stochastic volatility (SV), and Schwert and 
Seguin SV (SSSV) models. The boldfaced figures in each row under the heading of MAE or of MSE are the smallest error measures that are not significantly different from each other 
but are significantly different from other non-boldfaced error measures in the same row, inferred using the test statistics given in Table 12.   
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Table 12 The LS* statistics for out-of-sample forecast MAE and MSE 
 

Sector 
SSSV 

vs 
OLS 

SSSV 
vs 

GARCH 

SSSV 
vs 
SS 

SSSV 
vs 

KF 

SSSV 
vs 

SV 

SV 
vs 

OLS 

SV 
vs 

GARCH 

SV 
vs 
SS 

SV 
vs 

KF 

KF 
vs 

OLS 

KF 
vs 

GARCH 

KF 
vs 
SS 

SS 
vs 

OLS 

SS 
vs 

GARCH 

GARCH 
vs 

OLS 
Panel A: Out-of-sample forecast MAE             
Agriculture    1.30    1.32    1.85*    1.08    0.54   -0.53    0.01    0.54    0.16   -1.08   -0.29    0.66   -1.85*   -1.22   -1.32 
Building    1.60    1.53    2.67***    1.11    0.37   -0.35    0.88    0.13    0.55   -1.09    0.36   -0.58   -2.61***    0.95   -1.51 
Consumer    1.62   -0.69   -1.66*   -0.55   -2.71***    2.78***    2.36***    2.46***    1.87*    0.62    0.10    0.06    1.87*    0.02    0.80 
ENERGY   -0.52    2.62***    4.08***    1.99**   -0.89    0.88    3.15***    1.47    2.73***   -2.00**    0.15   -1.47   -4.12***    1.99**   -2.64*** 
Finance    0.53   -1.38    1.60    1.07   -1.70*    1.71*    1.50    2.61***    2.39***   -1.05   -1.45    0.23   -1.57   -1.89*    1.44 
Food    1.71*    3.09***    2.96***    2.93***   -2.54***    2.56***    5.23***    3.77***    4.71***   -2.91***   -0.78   -2.21**   -2.90***    2.42***   -3.06*** 
Forestry    0.59    0.06    0.84   -1.32   -1.62    1.63    1.84*    1.92*    1.17    1.33    1.18    1.83*   -0.83   -0.46   -0.05 
GOODS    0.58    0.24   -0.16    0.61   -2.42***    2.42***    3.07***    2.31**    2.40***   -0.61   -0.39   -0.62    0.17    0.28   -0.24 
Intermediate   -0.27    0.39    0.20    0.62   -2.43***    2.43***    3.18***    2.44***    2.25**   -0.62   -0.34   -0.62   -0.23    0.39   -0.40 
INVESTMENT   -0.20    2.18**    2.29**    1.52    0.82   -0.82    1.92*    0.16    1.03    1.52    0.69   -0.82   -2.30**    1.57   -2.18** 
Leisure    0.50   -0.89    0.39   -2.20**   -3.26***    3.25***    2.85***    2.94***    2.52***    2.21**    1.31    1.80*   -0.38   -0.95    0.89 
Media    0.24    3.15***    1.77*    2.13**   -3.61***    3.60***    4.42***    3.89***    4.20***   -2.12**    0.03   -0.83   -1.77*    1.50   -3.14*** 
Mining    0.14    1.12    1.14    1.36    1.25   -1.25    0.61    0.11    0.40   -1.36    0.33   -0.20   -1.14    0.55   -1.12 
Ports    0.35   -1.13    0.05   -1.01   -4.36***    4.36***    4.03***    4.16***    4.08***    1.01    0.29    0.73   -0.05   -0.92    1.13 
PRIMARY    0.59    1.09    1.93*    0.69   -1.03    1.04    2.04    1.73*    1.62   -0.69    0.54    0.38   -1.92*    0.07   -1.08 
PROPERTY   -0.03    3.15***    3.48***    2.47***    0.78   -0.79    2.73***    1.90*    2.04**   -2.47***    1.51   -0.54   -3.47***    1.44   -3.14*** 
SERVICES   -0.66    2.64***    3.41***    2.82***   -7.27***    7.27***    7.67***    7.54***    7.66***   -2.82***    0.24   -0.73   -3.41***    1.07     -2.64*** 
Textiles    1.47    0.31    0.72   -1.34   -0.04    0.09    0.20    0.69   -1.25    1.38    1.52    2.11**   -0.67   -0.69   -0.19 
Transport   -0.12    2.46***   -0.76   -0.18    0.03   -0.03    1.39   -0.19   -0.14    0.18    1.57     -0.05    0.76    2.33**   -2.46*** 

                
Panel B: Out-of-sample forecast MSE             
Agriculture    2.15**    0.02    0.23   -0.12   -0.08    0.08    0.10    0.20    0.00    0.12    0.18    0.29   -0.22   -0.23   -0.01 
Building    1.50    2.38***    3.17***    1.68*    0.18   -0.17    1.46    0.44    1.18   -1.67*    0.22   -1.14   -3.11***    1.70*   -2.36*** 
Consumer    1.09   -0.07   -1.66*   -0.68   -2.84***    2.90***    2.68***    2.69***    1.97**    0.75    0.77    0.26    1.95*    0.48    0.20 
ENERGY    0.16    2.90***    4.03***    1.91*   -0.88    0.88    3.47***    1.47    2.74***   -1.91*    0.34   -1.45   -4.04***    2.33***   -2.90*** 
Finance    0.21   -1.45    0.90    1.46   -1.86*    1.87*    1.79*    2.14**    2.34***   -1.46   -1.79*   -1.04   -0.88   -1.43    1.46 
Food    0.63    1.99**    1.46    1.21   -1.83*    1.84*    3.57***    2.52***    2.76***   -1.21    1.12   -0.79   -1.46    1.98**   -1.99** 
Forestry    0.57   -0.22    0.82   -1.28   -0.98    0.98    0.99    1.26    0.54    1.30    0.71    1.73*   -0.82   -0.85    0.23 
GOODS   -0.72    0.86   -1.79*    0.69   -0.76    0.76    2.39***    0.53    1.13   -0.69    0.52   -1.02    1.79*    1.08   -0.86 
Intermediate    0.93    1.27    2.06**    1.27   -1.00    1.00    3.56***    1.10    1.70*   -1.27    0.62   -1.18   -2.09**    1.21   -1.27 
INVESTMENT   -0.18    1.93*    2.97***    1.61    0.56   -0.56    1.97**    0.70    1.59   -1.62   -0.06   -0.69   -2.98***    0.87   -1.94* 
Leisure    0.09   -2.04**   -0.62   -1.80*   -3.25    3.24***    2.68***    2.63***    2.58***    1.80*   -0.09    0.71    0.62   -0.81    2.01** 
Media    0.08    2.53***    1.19    1.48   -4.16***    4.16***    4.34***    3.90***    4.15***   -1.48    0.43   -0.52   -1.19    1.25   -2.53*** 
Mining   -0.58    0.84    1.37    0.06    1.14   -1.14    0.42    0.59   -1.12   -0.06    1.06    1.34   -1.37   -0.02   -0.83 
Ports   -0.10   -0.76    0.05   -1.40   -3.62***    3.62***    3.36***    3.46***    3.42***    1.40    0.56    1.05   -0.05   -0.71    0.76 
PRIMARY    0.68    0.80    1.71*    0.25   -0.81    0.82    1.49    1.45    1.06   -0.24    0.67    1.02   -1.70*   -0.29   -0.79 
PROPERTY   -0.37    1.68*    2.33***    1.27    0.55   -0.56    1.57    1.31    1.06   -1.27    1.38    0.20   -2.33***    0.41   -1.68* 
SERVICES    0.20    1.86*    2.88***    1.60   -5.58***    5.58***    5.58***    5.61***    5.60***   -1.61    0.94    0.59   -2.87***    0.14   -1.86* 
Textiles    1.03   -0.29    1.00   -0.79   -0.26    0.29    0.16    0.96   -0.55    0.82    0.67    1.52   -0.96   -1.25    0.35 
Transport    0.29    1.66*   -2.00**    0.02    0.04   -0.04    1.13   -0.37   -0.03   -0.02    1.22   -0.84    2.00**    1.81*   -1.66* 

Note: This table presents the Modified Diebold and Mariano test statistic of Harvey, Leybourne and Newbold (1999) for each pair of modelling techniques being compared for each NZ industry portfolio. 
Panel A and Panel B report the test statistics for out-of-sample MAE and MSE respectively. * The null hypothesis of equality is rejected at the 10% level; ** at the 5% level; and *** at the 1% level.  


