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Abstract

This paper examines the impact of international predictors from liquid markets
on the predictability of excess returns in the New Zealand stock market using
data from May 1992 to February 2011. We find that US stock market return
and VIX contribute significantly to the out-of-sample forecasts at short
horizons even after controlling for the effect of local predictors, while the
contribution by Australian stock market return is not significant. We further
demonstrate that the predictability of New Zealand stock market returns using
US market predictors could be explained by the information diffusion between
these two countries.
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1. Introduction

The question of whether stock returns are predictable has been the focus of
an extensive literature on asset prices in the last forty years. A lot of predictors
are found to be useful in predicting the stock returns in the US market, such as
inflation (Nelson, 1976; Fama and Schwert, 1977; Fama, 1981; Pesaran and
Timmermann, 1995), nominal interest rates (Breen et al., 1989; Ang and
Bekaert, 2007), term spread (Keim and Stambaugh, 1986; Campbell, 1987;
Fama and French, 1989), default spread (Keim and Stambaugh, 1986; Fama
and French, 1989), earnings-to-price ratio (Campbell and Shiller, 1988; Fama
and French, 1988), dividend yield (Campbell and Shiller, 1988, 1998; Fama and
French, 1988, 1989), book-to-market ratio (Kothari and Shanken, 1997; Pontiff
and Schall, 1998), pay-out ratio (Lamont, 1998), consumption wealth ratio
(Lettau and Ludvigson, 2001) and bond forward rate factor (Cochrane and
Piazzesi, 2005).
A large body of literature also questions the existence of stock return

predictability. Goetzmann and Jorion (1993) suggest that the R2 statistics
obtained in the tests using dividend yield as a predictor were spuriously high.
Similarly, Nelson and Kim (1993) and Stambaugh (1999) show that the
variables which are persistent and correlated with the error term result in biased
coefficients in finite samples. Stambaugh (1999) finds that the coefficient for the
dividend yield is particularly biased, which can lead to over-rejection of the null
hypothesis of no predictability. Lo and MacKinlay (1990) argue that repeated
revaluations of the same data set can lead to ‘data snooping’ (data mining) and
spurious regressions. Ang and Bekaert (2007) also caution the test statistics of
the in-sample regression and point out that they lead to over-rejection of the
null of constant expected returns at long horizons.
Compared to the research of return predictability of US stock returns, the

predictability of stock returns in other countries is relatively underexplored.
Only a few papers have examined this issue and found that the stock returns in
other countries are also predicable. In a recent study, Rapach et al. (2013) find
that the stock returns in a number of non-US industrialised countries could be
predicted by the US stock returns. They propose a news diffusion hypothesis to
explain such predictability. However, their sample does not include New
Zealand. Moreover, they only investigate the news diffusion from the return.
Some studies examine New Zealand stock market and look at issues such as
return co-movement, contagion, market integration, investor sentiment and US
influence, such as Chen and Zhang (1997), Bowman and Iverson (1998),
Conover et al. (1999), Johnson and Soenen (2002), and Schmeling (2009).
These studies focus on the in-sample statistical evidence and do not address the
issue of economic significance.
This paper is to examine the information diffusion effect from larger, more

liquid stock markets to smaller, less liquid stock markets when the world
economy becomes integrated. US and Australian market are regarded as the
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larger, more liquid markets and then used to test their impacts on the New
Zealand stock market, which is smaller and less liquid. In particular, we use the
US and Australian stock market return, and VIX as the proxies of
international predictors from liquid markets, and test their importance in
predicting the excess returns of New Zealand stock market.
There are several characteristics of the New Zealand stock market that differ

to the US stock market. As outlined by Jiang et al. (2009), the New Zealand
stock market has a market capitalisation of 45 per cent of gross domestic
product (GDP) compared with the US, which has a market capitalisation of
120 per cent of GDP. Concentration is high in the New Zealand stock market,
which is documented by Chin et al. (2002, p. 423): ‘the top 10 companies
represent 77 per cent of the market, the top 40 represent 95 per cent of the total
market and the remaining 170 securities represent around 5 per cent of
the market’. Hence, liquidity is an issue when trading in the New Zealand stock
market; for example, Pinfold et al. (2001) document the difficulties for
institutional investors to implement investment strategies based on book-to-
market ratio. In a market with many low-capitalisation stocks, it is difficult to
buy and sell large volumes of shares of small stocks without incurring price
impact. New Zealand is also a small, export-driven economy with significant
exposure to the global economy. There are some New Zealand stocks cross-
listed in the US, which might also have exposure to the systematic movements
in the US markets. If different markets are subject to the same risk because of
globalisation, but economic news is reflected first in the more liquid markets
and then spills over to the less liquid markets, then information from the larger,
more developed and liquid markets should be useful to predict New Zealand
stock market returns.
We use two approaches when conducting the empirical studies. We follow

out-of-sample analysis to address the return predictability issue. Bossaerts and
Hillion (1999), Goyal and Welch (2003), Ang and Bekaert (2007), and Welch
and Goyal (2008) found no evidence of out-of-sample forecast. They find that
overall, using the historical average forecast to time the market would have
been more useful than the predictive regression models. On the other hand,
Rapach and Wohar (2006), Campbell and Thompson (2008), and Rapach et al.
(2010) obtained significant out-of-sample forecast results.
We also conduct the economic significance analysis to test the robustness of

stock return predictability, that is, whether a practitioner could profit using the
predictive regression models to time the market. Leitch and Tanner (1991)
show that profit measures and statistical criteria are only weakly related, which
explains why companies often purchase forecasting models even though they
underperform the benchmark statistically. It is therefore important to also use
profit measures as additional support for predictability even when forecasts
have poor statistical performance (Kandel and Stambaugh, 1996). Marquering
and Verbeek (2004), Campbell and Thompson (2008) and Rapach et al. (2010)
all find that the predictive regressions can give economically significant utility
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gains above the benchmark. They interpret the utility gains as a portfolio
management fee that investors would be willing to pay for access to the
information. Xu (2004), Campbell and Thompson (2008), and Zhou (2010)
found that R2 statistics that are extremely low in terms of explanatory still infer
large performance gains to the portfolio returns.
We find that US stock market return and VIX contribute significantly to the

out-of-sample forecasts at short horizons even after controlling for the effect of
local factors. We also find that such predictability becomes stronger during the
recent financial crisis, which is an evidence of contagion effect.1 On the other
hand, the predictability by Australian stock market return is not significant.
We next show that the predictability of New Zealand stock market returns

using US market predictors could be explained by the information diffusion
between these two countries. We follow two procedures to test this hypothesis.
We first analyse the economic link between New Zealand, US and Australia.
We then use Granger causality test, news diffusion model (Rapach et al., 2013)
and impulse response analysis (Hong and Stein, 1999) to investigate the speed
of contemporaneous information transfer on these markets. The empirical
results suggest that the economic link between US and New Zealand is stronger
and more relevant in explaining the change of New Zealand GDP. The US
markets transfer the contemporaneous information more quickly than New
Zealand stock market. There exist information frictions on New Zealand stock
market compared with US markets. On the other hand, the economic link
between Australia and New Zealand is not so relevant. The speed of
information transfer on Australian stock market is not significantly faster
than New Zealand stock market either. This explains why the predictors from
US market and Australian market perform differently in predicting New
Zealand stock market returns.
This paper contributes to the literature of stock return predictability in

several ways. Firstly, different from Rapach et al. (2013) that test the news
diffusion from US stock returns only, our tests use a larger dimension of
international predictors to predict New Zealand stock market returns and thus
contribute to the understanding of New Zealand stock market from a broader
information set perspective. We not only test the news diffusion from the
return, but also test the news diffusion from the volatility. Secondly, different
from the other studies of New Zealand stock market, we focus on the out-of-
sample evidence and conduct both statistical and economic significance
analysis. Out-of-sample analysis provides a good way of testing stock return
predictability since it avoids the possible statistical issues of the in-sample
regressions. The economic significance analysis could have implications for the
portfolio management. For example, the utility gains used in this paper as one

1 Bae et al. (2003), Bekaert et al. (2005) and Longstaff (2010) define financial contagion
as an episode in which there is a significant increase in cross-market linkages after a
shock occurs in one market.
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economic significance measure could help decide the cost charged to an
investor for the access to the information. Thirdly, we also test the performance
of a comprehensive number of local predictors in predicting New Zealand stock
returns. These tests provide a robust result on whether local variables give
useful information for the prediction of New Zealand stock returns. Fourthly,
we test the change of predictability from international predictors during the
recent financial crisis and provide the further evidence of contagion effect
documented in the literature. Finally, we provide a good explanation on why
the predictors from US market and Australian market perform so differently in
predicting New Zealand stock market.
The remainder of this paper is organised as follows. Section 2 explains the

data sources. Section 3 describes the empirical methodology. Section 4 presents
the empirical results, and finally Section 5 concludes.

2. Data

This section presents the data used for the predictive regressions. The data
sample period is from May 1992 to February 2011. The predictor variable
abbreviations which are used for the rest of the paper are expressed in italics
inside parentheses.

2.1. Dependent variable

The dependent variable is the aggregate market return in excess of the risk-
free rate (Exrstock). The aggregate stock market is represented by the New
Zealand Stock Exchange All Total Return (dividends included) index and is
obtained from Bloomberg. Month-end total index values are used, and log
returns are calculated. The 3-month zero-coupon Treasury bond is used as the
risk-free rate and is obtained from the Reserve Bank of New Zealand (RBNZ).2

When calculating excess returns, the risk-free rate is multiplied by (1–0.33) to
take into account marginal ordinary taxes faced by investors (Lally and
Marsden, 2004).3

2.2. Independent variable

The independent variable is a lagged predictor variable. Following Welch
and Goyal (2008), a number of macroeconomic and stock characteristic
variables are used and several new variables are also introduced. Treasury Bill
(Tbill) is the 3-month zero-coupon Treasury yield. Term Spread (TRMS) is

2 We thank Leo Krippner to kindly provide the data with us.

3 There is no capital gain tax in New Zealand. Therefore, we should consider the
difference of tax treatment between stock market investment and risk-free investment.
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the difference between the long-term yield (10-year zero-coupon Treasury
bond yield (Tbond)) and the short-term yield (Tbill). Cochrane and Piazzesi
(2005) Factor (CP) factor is a bond forward rate factor using 1- to 5-year
zero-coupon bonds. We construct CP factor using the information up to
5 years (CP5) and 10 years (CP10). The data of New Zealand zero-coupon
Treasury bonds are obtained from RBNZ. Inflation (CPI) data are obtained
from RBNZ and are in quarterly frequency. The Dividend-Price ratio
(DivPrice) is dividends divided by the share price, where dividends are the
1-year moving sum of dividends. The Dividend Yield (DivYld) is dividends
divided by the lagged share price, where dividends are the 1-year moving sum
of dividends. The Earnings-to-Price ratio (EP) is earnings divided by the
share price, where earnings are the 1-year moving sum of earnings. The Book-
to-Market ratio (BVMV) is the book value of common equity divided by
market value, where the market value is the number of shares outstanding
multiplied by the price. The Pay-out ratio (DivEarn) is dividends divided by
earnings, where dividends and earnings are the 1-year moving sums. The
Return on Equity (ROE) is the moving sum of earnings over the last year
divided by average common equity over the same period. The Debt-to-Equity
ratio (DE) is debt divided by the book value of common equity. Stock
variance (Svar) is the sum of the squared daily returns for each month on the
New Zealand aggregate stock market.
Financial statement data are collected from Bloomberg, NZX company

research and the individual company websites. The data from NZX company
research are available in annual frequency, whereas Bloomberg has semi-
annual data from as early as 1998. NZX company research contains original
financial report data, whereas any re-calculations after financial reports were
published are updated on Bloomberg. Therefore, to make sure that the data
used are what was ‘available’ at the time, at each date when data are available
for both NZX company research and Bloomberg, the NZX company research
data are used. Missing data from Bloomberg and NZX company research are
also retrieved from the annual reports from individual company websites. The
appendix explains on how to calculate the aggregate market variables including
the dividend-price ratio, the dividend yield, the earnings-to-price ratio, the
book-to-market ratio, the pay-out ratio, the return on equity, the debt-to-
equity ratio and stock variance.
The international predictors used in the empirical analysis include US stock

market return, Australian stock market return and VIX. The US stock market
return is measured by S&P 500 return (S&P500), while the Australian stock
market return is measured by the return of the index comprising the 50 largest
market capitalisation companies on the Australian stock exchange (AS31).
The motivation behind these variables comes from Longstaff et al. (2011), who
find that US return explains CDS spreads across countries more so than local
economic variables. If global economic information is incorporated into the
most liquid markets first and then diffuses over to markets where price
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discovery is slower, then the stock market return in the more developed US and
Australian markets should be useful for predicting New Zealand stock market.
The Chicago Board Options Exchange index of implied volatility (VIX)

measures the 30-day forward-looking implied volatility of the S&P 500 index
options. It is commonly viewed as an indicator of market sentiment.4

International financial markets have become more interrelated, and the effect
of this was evident during the US subprime mortgage crisis which spilled over
to other markets leading to a global financial crisis (GFC). It is therefore
important to test whether changes in this risk indicator can predict stock
returns in New Zealand because shocks to the more liquid and analysed US
market tend to diffuse more slowly to other markets (Pan and Singleon,
2008).
Table 1 reports the summary statistics of the variables. Panel A reports the

summary statistics while Panel B reports the correlations among the predictors.
The average monthly return of New Zealand stock market is 0.734 per cent,
which is slightly higher than that of US market and Australian market.

3. Empirical methodology

3.1. Predictive regression

When the aggregate stock market excess return (rt + 1) is regressed on a
lagged predictor variable xi,t, the predictor variable is useful for forecasting
aggregate stock market excess returns in-sample if the predictor has a
statistically significant coefficient:

rtþ1 ¼ ai þ bixi;t þ ei;tþ1: ð1Þ
Investors are more interested in the out-of-sample forecasts of the aggregate

stock market excess return. The estimated predictor coefficient b̂i over the in-
sample period and the value of the predictor variable at the end of the in-
sample period are used to make the initial out-of-sample forecast:

r̂i;ISþ1 ¼ âi;IS þ b̂i;ISxi;IS; ð2Þ

where IS denotes the number of observations used to estimate the parameters
to make the out-of-sample forecast for the future period IS + 1. As in Welch
and Goyal (2008), an expanding information set is used for the out-of-sample
forecast, where the parameter estimation period expands as data are used up to
the time at which the forecast is made:

4 Schmeling (2009) evaluates whether consumer confidence, as a proxy for investor
sentiment, affects the expected stock returns in 18 countries, including New Zealand. He
finds sentiment negatively leads the aggregate stock returns.
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r̂i;ISþ2 ¼ âi;ISþ1 þ b̂i;ISþ1xi;ISþ1: ð3Þ

Therefore, the next period (IS + 1) uses an additional observation to estimate
the parameters to make the next out-of-sample forecast. If the out-of-sample
period contains T observations, then the last forecast uses observations
IS + T � 1 to forecast the excess return at time IS + T. A forecast is made at
the end of each month for monthly, quarterly and yearly return.
As in Campbell and Thompson (2008) and Welch and Goyal (2008), the

benchmark forecast is the historical mean aggregate market excess return. The
motivation behind this is that if excess returns are not predictable and follow a
random walk with a drift,5 then the best estimate of the next period excess
return is the historical mean. We also follow Campbell and Thompson (2008)
to impose investment-theory-motivated restrictions. We set the predictive
regression coefficient equal to zero when it has a sign different to that of the
coefficient estimated over the full sample, and the forecast equal to zero
whenever it is negative, imposing a positive or else zero restriction on the excess
return forecast. In our empirical analysis, we compare the out-of-sample
performance of the predictive regressions without and with constraints.

3.2. Combination forecast

The ‘kitchen sink’ model, a multiple regression using the entire set of
predictor variables, has performed poorly due to collinearity illustrated by
Welch and Goyal (2008). Rapach et al. (2010) relate econometric theory with
portfolio theory and explain that like the reduced variance of a diversified
portfolio of stocks, the predictive forecast variance, and hence accuracy of
excess return prediction relative to individual predictors, can be improved by
combining the individual forecasts to give a combination forecast.
Following Rapach et al. (2010), the combination forecast r̂c;tþ 1 is formed

from the weighted sum of the N individual forecasts of r̂i;tþ 1,

r̂c;tþ1 ¼
XN
i¼1

xi;tr̂i;tþ1; ð4Þ

where the weight of a mean combination forecast is xi,t = 1/N for i = 1, . . ., N.
A median and a trimmed mean are also used to construct the weights.6

5 This means the excess stock returns is the equity risk premium plus a random error
(Fama, 1970).

6 Rapach et al. (2010) find that these simple combining methods generally perform
better than more complicated methods.
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3.3. Statistical significance

Following Campbell and Thompson (2008), the benchmark forecast is the
historical average excess return,

�rISþt ¼
PISþt�1

j¼1 rj

ISþ t� 1
: ð5Þ

The statistical significance of the out-of-sample forecasts is examined by
comparing the mean squared prediction error (MSPE) of the predictive forecast
with that of the historical mean forecast. The following out-of-sample R2

statistic is calculated as in Campbell and Thompson (2008):

R2
OS ¼ 1�

Pt¼T
t¼1 rISþt � r̂ISþtð Þ2Pt¼T
t¼1 rISþt � �rISþtð Þ2 ; ð6Þ

where r is the actual excess return, r̂ is the predictive regression forecast and �r is
the historical mean forecast. If the predictive regression is more accurate than
the historical mean forecast, then the MSPE for the predictive regression will be
smaller, and this outperformance over the historical mean forecast results in a
positive R2

OS.
To test whether a R2

OS is statistically greater than zero, we follow Welch
and Goyal (2008) and use bootstrap to calculate the critical value. Under
the null hypothesis of no predictability, the data generating process is
assumed to be

rtþ1 ¼ aþ mtþ1; ð7Þ

xi;tþ1 ¼ li þ qixi;t þ ei;tþ1: ð8Þ

For the individual forecast of the ith predictor, the bootstrap for calculating
power assumes the data generating process is

rtþ1 ¼ ai þ bixi;t þ mi;tþ1; ð9Þ

xi;tþ1 ¼ li þ qixi;t þ ei;tþ1; ð10Þ

where both bi and qi are estimated by OLS using the full sample of
observations. We store the residuals for sampling and generate 5000
bootstrapped time series by drawing replacement from the residuals. The
initial observation is selected by picking one date from the actual data at
random.
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For the combination forecast, the bootstrap for calculating power assumes
the data generating process is7

rtþ1 ¼ aþ 1

N

XN
i¼1

bixit þ mtþ1; ð11Þ

xi;tþ1 ¼ li þ qixt þ ei;tþ1; i ¼ 1; . . .;N: ð12Þ

The same bootstrap data are also used to calculate the critical value of
forecast encompassing test and economic significance measure that will be
discussed later. Since the tests are one-sided, 90, 95 and 99 per cent percentile
values of the results from 5000 bootstrap series are used as the critical value of
significance at 10, 5 and 1 per cent levels, respectively.

3.4. Forecast encompassing test

Examining the marginal importance of the international variables after
accounting for the local variables determines whether the international
predictors contain additional useful return prediction information not already
contained in the local variables. Using the test statistic developed by Harvey
et al. (1998), the information contained in the combination forecast which
excludes S&P500 and VIX is compared with the forecast which includes these
variables. Essentially, the MHLN statistic tests whether the combination
forecast i encompasses the combination forecast j. First, by defining

dISþt ¼ ûi;ISþt � ûj;ISþt

� �
ûi;ISþt; ð13Þ

where ûi;ISþt ¼ rISþ t � r̂i;ISþ t; ûj;ISþ t ¼ rISþ t � r̂j;ISþ t. The modified HLN
test statistic is

MHLN ¼ T� 1ð Þ
T

� �
V̂ �d
� �1=2h i

�d; ð14Þ

where �d ¼ 1
T

PT
t¼ 1 dISþ t; V̂ �d

� � ¼ 1
T /̂0, and /̂0 ¼ 1

T

PT
t¼ 1 dISþ tð � �dÞ2. Hod-

rick (1992) adjusted standard errors are used to correct for overlapping

7 Rapach et al. (2010) shows that the mean combination forecast is a forecast from a
restricted multiple regression with each of the multiple regression slope coefficients being
1/N of individual regression slope coefficients.
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residuals at quarterly and yearly forecast horizons. We then use bootstrap
method to calculate the p-value of MHLN test statistics.

3.5. Economic significance

The expected return to a portfolio that combines the aggregate stock market
and the risk-free asset is

E rp
� � ¼ w E rAð Þð Þ þ 1� wð Þrf; ð15Þ

where rp is the portfolio return, w is the weight in the aggregate stock market,
rA and rf are the return to the risky asset and risk-free asset, respectively. The
choice of asset allocation between the risk-free asset and the aggregate stock
market determines the performance of the portfolio. The economic significance
of the out-of-sample forecasts is examined, as in Campbell and Thompson
(2008), by the change in utility for an investor with mean variance preferences
who uses either the historical average or the predictive regression forecast to
construct an optimal portfolio. Realistic portfolio constraints are imposed
when each forecast is made confining the weight in the aggregate stock market
to range between 0 and 150 per cent. The investor seeks to maximise the
following objective function:

U ¼ E rp
� �� 0:5cr2p: ð16Þ

The optimal portfolio weight in the aggregate stock market when the excess
return forecast is estimated using the historical mean is

wISþt ¼ �rISþtþ1

cr2ISþtþ1

; ð17Þ

where the weight in the aggregate stock market is determined at time IS + t for
an investment in the next period IS + t + 1. The weight also depends on the
variance forecast of the aggregate stock market next period and the investor’s
risk aversion. As in Campbell and Thompson (2008), a rolling 5-year window
of monthly data is used to estimate the aggregate stock market variance and the
risk aversion coefficient c is set to three. When the predictive regression is used,
the optimal weight in the aggregate stock market is

wISþt ¼ r̂ISþtþ1

cr2ISþtþ1

: ð18Þ
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If the average out-of-sample utility gains are greater using the predictive
regression forecast compared with the historical mean forecast, then the
predictive regression approach is economically significant.
To do a robustness check, we also use two other economic significance

measures, including the changes in the annualised Sharpe ratio from using the
forecast of the predictive regression relative to the historical mean and the risk-
adjusted abnormal return of the predictive model relative to historical mean
suggested by Goetzmann et al. (2007, hereafter GISW). We calculate the
change of Sharpe ratio and GISW measures as the robustness check of realised
utility gains to gauge the economic significance of return predictability.

4. Empirical results

4.1. Out-of-sample forecast

It is important to have an in-sample period that is long enough to give
reliable parameter estimates, and at the same time, the out-of-sample period
needs to be as long as possible to give the highest forecast power (Hansen and
Timmermann, 2011). Our out-of-sample forecast starts in 2002 so that we could
have at least 10 years data to estimate the parameters and have another
10 years data to run the out-of-sample test.8

Table 2 reports the R2
OS statistics for the monthly, quarterly and yearly

return. We report both the unconstrained and constrained results. There are
not many individual local predictors that give significant R2

OS results. The local
predictors including TRMS (quarterly), EP (monthly and quarterly), ROE
(monthly), DE (monthly, quarterly and yearly) and Svar (monthly) show some
predicting powers out-of-sample.9 We also find significant R2

OS statistics for
S&P 500 and VIX on monthly returns. These results show the importance of
predictors in US markets on predicting New Zealand stock market returns out-
of-sample. The R2

OS statistics of S&P 500 is the highest among all the predictors
of monthly return using the unconstrained forecast (13.80 per cent) or using the
constrained forecast (9.31 per cent). On the other hand, the R2

OS of AS31 is not
significant. The CP factors (CP5 and CP10) are not useful for the out-of-sample
predictions of New Zealand stock market. This is different from the findings of
Cochrane and Piazzesi (2005) that the CP factor is useful in US market. The
results of constrained forecast are quite similar to those of unconstrained
forecast.

8 We also run the whole in-sample regressions, and the results are not reported for
brevity. We also tried the out-of-sample forecast from 1997 and obtained similar results.
They are available upon request.

9 We also found the inconsistency between in-sample and out-of-sample performance,
which is consistent with the findings of Welch and Goyal (2008) and Rapach et al.
(2010).

© 2014 AFAANZ

14 H. Lin, D. Quill/Accounting and Finance



Consistent with Rapach et al. (2010), the combination forecast gives a much
more stable and highly significant R2

OS regardless of whether economic
restrictions are imposed. At the monthly forecast horizon, all three combina-
tion methods give positive R2

OS which are statistically significant. At all forecast
horizons, the combination forecasts give R2

OS which are smaller than the best
individual predictors; however, the combination forecasts present a safer
forecast for an investor which is uncertain about the best forecasting model and
parameter stability (Rapach et al., 2010).

Table 2

Out-of-sample forecast: statistical significance

R2
OS

Monthly Quarterly Yearly

Unconstrained Constrained Unconstrained Constrained Unconstrained Constrained

Tbill �0.36 �0.36 2.35 2.35 4.42 �0.51

Tbond 0.17 0.17 0.13 0.13 �3.87 �3.64

TRMS 0.55 0.57 4.03c 3.68c 10.19 9.99

CP5 �0.44 �0.48 �0.05 �0.27 �2.84 �2.39

CP10 �0.29 �0.28 0.43 0.16 �2.29 �1.67

CPI 1.86b 1.54c 2.92c 2.27 2.39 3.85

DivPrice 0.42 0.91 �1.78 �0.67 �9.47 �7.52

DivYld �3.40 �2.94 �6.00 �5.71 �12.24 �11.00

EP 1.91b 1.40c 6.05b 4.49c 11.74 8.73

BVMV �0.03 �0.01 �0.33 �0.33 �0.69 �0.69

DivEarn 0.59 0.59 2.22 2.22 4.15 4.59

ROE 0.77c 0.78 2.30 2.26 4.19 4.19

DE 1.45b 1.45b 6.19b 6.19b 22.71b 21.05b

Svar 4.90c 2.99b 1.85 1.83 0.63 0.63

AS31 3.07 3.68 4.21 4.24 �2.22 �2.22

S&P500 13.80b 9.31b 1.22 2.64 �1.88 �1.88

VIX 5.27b 3.23b 0.88 0.21 �3.56 �2.21

Combination forecast

CM1 2.66a 1.97a 3.25b 2.92c 3.91 3.46

CM2 1.53a 1.59a 1.22c 1.40c 1.60 1.21

CM3 2.52a 2.01a 2.87b 2.73c 3.18 2.91

This table reports R2
OS statistics for the monthly, quarterly and yearly return. The dependent

variable is the aggregate market excess return which is the log return of NZX ALL index

Total returns (dividends included) in excess of the 3-month Treasury bill rate. The

independent variable is a lagged predictor variable. The out-of-sample forecast starts in 2002.

Both unconstrained and constrained results are reported. Three combination approaches,

that is, simple mean (CM1), median (CM2) and trimmed mean (CM3), are used to calculate

the combination forecast. The statistical significance of the R2
OS is based on the p-value of

5000 bootstrap series corresponding to the one-sided test: H0 : R
2
OS ¼ 0 against

HA : R2
OS [ 0.

a, b and c indicate significance at 1%, 5% and 10% levels, respectively.
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4.2. Out-of-sample forecast and the business cycle

Fama and French (1989) find that when economic growth is low, expected
returns are high, and when economic growth is high, expected returns are low.
They indicate that this is the result of time-varying risk aversion. Investors
require a higher compensation to put money in risky stocks when the market is
down and therefore expected returns are higher.
Figure 1 depicts the excess return forecasts using the individual predictive

regressions and the combination method. The quarterly forecast horizon is
used because GDP growth data are quarterly. The vertical lines indicate the
peak and troughs of the recent business cycles. There is an upward spike in the
return forecasts as GDP reaches the trough in the recession.
Relative to the historical mean forecast, the individual forecasts are still

very noisy, even when restrictions are imposed. The combination forecast
is very smooth compared with the individual forecasts, consistent with
the findings of Rapach et al. (2010) that combining the forecast reduces
the volatility. On the other hand, the historical mean forecast is too
unresponsive, especially during the recent financial crisis period. The
historical mean forecast disregards information contained in business cycle
fluctuations.

4.3. Forecast encompassing test

Table 3 reports the MHLN statistics for the out-of-sample forecasts.
MHLN statistics are also calculated for the forecast which removes S&P500
or VIX separately from the combination forecast. Panel A reports the results
of unconstrained forecast while Panel B reports the results of constrained
forecast.
At the monthly forecast horizon, including S&P500 return and VIX in the

combination forecast is very important for return prediction, as indicated by
the highly significant MHLN statistics. This result is quite robust with or
without constraints. With or without constraints, the MHLN statistics reject
the null at the 1 per cent level. Between the two international predictors,
S&P500 has more significant results, which suggests it is a more important
international predictor. VIX also show some contributions for the out-of-
sample combination forecast. On the other hand, the CP factors including CP5
and CP10 do not contribute the forecast at all. All of the statistics are negative
and insignificant.
When the forecasts are extended to longer quarterly and yearly horizons,

international predictors no longer contribute to the combination forecast, as
indicated by the insignificant MHLN. This suggests that US market predictors
provide useful information in addition to the other predictors at short horizons,
whereas at longer horizons the information from US market predictors is
contained in the local factors.

© 2014 AFAANZ

16 H. Lin, D. Quill/Accounting and Finance



4.4. Economic significance

Table 4 reports the results of economic significance of out-of-sample
forecasts. The portfolio is rebalanced monthly when constructing the optimal
portfolios. Three annualised measures are reported for both the unconstrained

Out-of-sample return forecasts

Figure 1 Out-of-sample return forecasts. This figure displays the out-of-sample quarterly excess

return forecasts for the individual predictors and the combination forecast from 2002 to 2011. The

solid (dotted) line corresponds to the forecast with (without) Campbell and Thompson (2008)

constraints, and the dash line corresponds to the historical average forecast.

© 2014 AFAANZ

H. Lin, D. Quill/Accounting and Finance 17



Table 3

Forecast encompassing test results

MHLN test statistics

S&P500 VIX S&P500 and VIX CP factors

Panel A. Unconstrained forecast

Mean combination forecast

Monthly 4.15a 1.41c 3.22a �2.81

Quarterly �0.20 �0.19 �0.21 �0.94

Yearly �0.22 �0.23 �0.26 �0.79

Median combination forecast

Monthly 4.09a 2.10b 3.41a �0.92

Quarterly �0.32 �0.38 �0.48 �0.41

Yearly 0.13 �0.72 �0.29 �0.60

Trimmed mean combination forecast

Monthly 3.92a 1.49b 3.24a �2.96

Quarterly �0.17 �0.21 �0.17 �0.91

Yearly �0.18 �0.22 �0.21 �0.74

Panel B. Constrained forecast

Mean combination forecast

Monthly 4.96a 1.40c 4.82a �2.60

Quarterly 0.00 �0.67 �0.40 �1.17

Yearly �0.37 �0.44 �0.55 �0.79

Median combination forecast

Monthly 3.70a 1.84b 3.14a �1.24

Quarterly 0.06 �0.20 �0.25 �0.33

Yearly 0.11 �0.58 �0.15 �0.48

Trimmed mean combination forecast

Monthly 4.69a 1.35c 5.02a �2.96

Quarterly 0.04 �0.73 �0.37 �1.23

Yearly �0.28 �0.43 �0.49 �0.77

The table reports the values of the Harvey et al. (1998) MHLN statistic for the combination

forecast at monthly, quarterly and yearly forecast horizons. The out-of-sample forecast starts

in 2002. Panel A presents the unconstrained forecasts and Panel B presents the constrained

forecasts. The MHLN statistic is used to test the contribution of international predictors and

CP factors after controlling the other predictors. Hodrick (1992) adjusted standard errors are

used to correct for overlapping residuals at the quarterly and yearly forecast horizon. The

statistical significance of MHLN statistics is based on the p-value of 5000 bootstrap series.
a, b and c indicate significance at the 1%, 5% and 10% levels, respectively.
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forecast and constrained forecast, including the utility gains, the change of
Sharpe ratio and the GISW.10

At the monthly forecast horizon, S&P500 gives the highest average
annualised utility gain of 13.05 per cent, and VIX gives 4.97 per cent by
unconstrained forecast. Constrained forecast give similar results. Both of them
are significant at 5 per cent level. These utility gains are higher than most of the
local predictors and very economically significant. However, the utility gain by
AS31 is not significant. The utility gains of S&P500 return and VIX become
much lower at the quarterly horizon. The change of Sharpe ratio and the GISW
show similar results. This again shows the importance of international
predictors in predicting the short term return of New Zealand stock market.
Similarly, CP factor fails to give a significant utility gain. Combination forecast
gives stable and significant results.

4.5. Out-of-sample forecast and the GFC

Rapach et al. (2010) find that the out-of-sample predictability performance is
heightened during periods of low economic growth. Similarly, Henkel et al.
(2011) find that predictability is non-existent during economic expansions and
that the performance of predictors relies on the proportion of recession months
available in the data sample. Determining in which state of the economy
predictability is most evident allows an investor to determine when predictive
regression forecasts are most useful for timing the market. Our sample covers
the recent financial crisis period and therefore provides a good example to test
the performance of out-of-sample forecast under different economic states.
We follow Dick-Nielsen et al. (2012) and define the period from quarter two,

2007 to quarter two, 2009 to be the GFC period. Table 5 reports the out-of-
sample forecast during the GFC and non-global financial crisis (Non-GFC)
period. Both R2

OS and utility gain results are reported.11 Panel A reports the
monthly results while Panel B reports the quarterly results.
All of the combination forecasts and the majority of the individual variables

display heightened out-of-sample stock return predictability during the recent
financial crisis period. The utility gains are also strikingly higher than those
generated in the non-financial crisis period. The importance of S&P500 and
VIX also becomes much higher during the financial crisis period. For the
monthly unconstrained forecast, the R2

OS of S&P500 is 17.25 per cent during

10 These measures do not take into account transaction costs; however, Campbell and
Thompson (2008) argue that transaction costs from market timing strategies are less of a
concern because the historical mean strategy incurs them as well. They indicate that
because the benchmark forecast strategy also involves transaction costs, utility gains of
0.5 per cent are enough to compensate for additional costs.

11 The results of the change of Sharpe ratio and the GISW are similar to those of utility
gains and not reported for brevity. They are available upon request.
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the financial crisis period but is only 10.26 per cent during the non-financial
crisis period. The utility gain of S&P500 is 35.12 per cent and much higher than
that of non-financial crisis period (4.99 per cent). VIX gives similar results. The
stronger out-of-sample performance of S&P500 and VIX in determining future
short-horizon returns in New Zealand during the recent financial crisis
demonstrates the importance of contagion effect.

4.6. Out-of-sample prediction and size

Kong et al. (2011) find that individual economic variables are generally
unable to outperform the historical mean forecast across size base portfolios.
The combination forecast is useful, but the difference in predictability of small
compared with large capitalisation stocks is minimal. However, they do find
that small capitalisation stocks are more predictable than large capitalisation
stocks when lagged industry returns are used, arguing that information
frictions are higher for smaller companies. It is therefore likely that economic
information (particularly from the international predictors) will transmit more
slowly to smaller and more illiquid stocks in the New Zealand stock market,
resulting in more predictable future excess returns.
The NZX Small Cap and NZX10 total return indexes are retrieved from

Bloomberg. The 10 largest stocks in the New Zealand market comprise the
NZX10, whereas the Small Cap index contains the companies in the NZX ALL
which are too small to be included in the top 50 index (NZX50).12 Therefore,
comparing the largest and smallest companies is useful for determining whether
there are any differences in the most liquid and frequently traded stocks
compared with the more illiquid and thinly traded stocks.
Table 6 reports the out-of-sample forecast for large stock index excess

returns (large) and small stock index excess returns (small). Both R2
OS and

utility gain results are reported.13 Panel A reports the monthly results while
Panel B reports the quarterly results.
Similar to the findings for the aggregate market, the combination forecast is

very consistent across large and small capitalisation stocks and gives statisti-
cally significant R2

OS for both indexes at monthly horizon. The results also
indicate that S&P500 has significant predictive power for large and small
capitalisation stocks. The predictive power is a lot higher for the small stocks
compared with the large stocks. The ability to outperform the historical
average forecast is considerably higher for the Small Cap index compared with
the NZX10 when S&P500 is used as a predictor. For the monthly
unconstrained forecast, S&P500 gives an R2

OS of 9.53 per cent for the

12 The last two rows of Panel A of Table 1 report the summary statistics of NZX10
(ExrstockL) and NZX Small Cap index (ExrstockS).

13 The results of the change of Sharpe ratio and the GISW are similar to those of utility
gains and are not reported for brevity. They are available upon request.
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NZX10 and a much higher R2
OS of 25.11 per cent for the Small Cap index.

Constrained forecast gives similar results. An explanation for this is that
smaller, less traded stocks are less closely watched and therefore exhibit greater
predictability.14 The international information takes longer to affect the prices
of small capitalisation stocks compared with the prices of larger capitalisation
stocks in New Zealand, which reflect new information more quickly.
Further support for this is provided by the strikingly high increase of AS31

return to predict Small Cap stocks compared with the aggregate market and
NZX10. AS31 underperforms the historical average for the NZX10, whereas it
greatly outperforms the historical average when the Small Cap index is
considered. For the monthly unconstrained forecast, the R2

OS for AS31 is
21.99 per cent for the Small Cap index, which is strikingly higher than the R2

OS

of �1.93 per cent for the NZX10. This suggests that the information which is
reflected in the AS31 is also quickly reflected in the prices of companies in the
NZX10, whereas this information takes considerably longer to be reflected in
the Small Cap index.
The annualised utility gains for optimal portfolio construction using S&P500

and AS31 confirm the findings ofR2
OS. The utility gains are higher (lower) for the

Small Cap (NZX10) index compared with the aggregate market, with S&P500
and AS31 giving utility gains of 14.98 per cent (11.78 per cent) and 18.21 per
cent (�2.44 per cent), respectively, for the monthly unstrained forecast.
Monthly constrained forecast gives similar conclusions. The significance
becomes much weaker for quarterly return forecast but similar results still hold.
On the other hand, at the monthly forecast horizon, VIX significantly

outperforms the historical average in predicting the NZX10 index returns,
whereas the predicting power is much lower for the Small Cap index returns. If
unconstrained forecast is used for monthly return, the R2

OS of the NZX10 is
4.26 per cent and significant at 5 per cent level, whereas it is only 0.72 per cent
and insignificant for the Small Cap index. Similarly, the utility gain of the
NZX10 is 5.43 per cent, whereas it is only 2.77 per cent for the Small Cap
index. This is consistent with the findings of Bansal et al. (2011), who find that
liquid stocks are more responsive to VIX shocks. They suggest that because
price impact is higher for small illiquid stocks, when sentiment changes
investors sell more liquid stocks when adjusting their portfolios towards
treasury securities. This indicates that VIX has more of an impact on the
NZX10 index, and therefore, its future returns compared with the Small Cap
index due to trading on risk appetite. The larger capitalisation stocks are also
likely to be more globalised compared with smaller and local companies, and
therefore, market sentiment in the international market has more of an impact
on these companies.

14 Brennan et al. (1993) show that new economic information is reflected in a firm’s
stock price more quickly for firms that are followed by more analysts relative to firms
with fewer analysts following them.
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4.7. What drives the predictability by international predictors?

The empirical results show that the information on the US market is
important for the out-of-sample forecast of New Zealand stock market returns,
while that of Australian market is not significant except for small stocks.15 An
interesting question is to ask how this could happen. One possible explanation
is the information diffusion hypothesis. Theoretically, the predictability by
information diffusion is driven by two factors. The first is the economic links.
The larger the magnitude of economic links, the stronger is the predictability.
The second is the information friction or the speed of contemporaneous
information transfer. We explore these possibilities next.
To investigate the economic link between New Zealand and the other two

countries, we follow two ways. Firstly, we examine the relationship of GDP
growth rates between New Zealand, US and Australia. Secondly, we analyse
the relationship between the GDP growth of New Zealand and the New
Zealand export to US and Australia. We use the quarterly seasonal-adjusted
GDP growth rate in the analysis.16

Panels A, B and C of Table 7 report the results of relationship between the
GDP growth rate of New Zealand (GrowthNZ) and the GDP growth rate of US
(GrowthUS) and Australia (GrowthAU). Panel A reports the results of correla-
tion coefficients. The correlation coefficient between GrowthNZ and GrowthUS is
0.32 and significant at 1 per cent level, while the correlation coefficient between
GrowthUS and GrowthAU is 0.27 and significant at 5 per cent level. The link
between New Zealand economy and US economy is stronger. In Panel B, we
run the regression of GrowthNZ on GrowthUS and GrowthAU individually. The
adjusted R squares are 8.63 and 6.11 per cent, respectively. The GrowthUS has
higher explanatory power for the GDP growth rate of New Zealand. In Panel
C, we run the regression of the GrowthNZ on GrowthUS and GrowthAU jointly. If
both variables are used as the independent variables, GrowthUS keeps
significant at 5 per cent level, while GrowthAU becomes insignificant. This
again suggests that the economic link between New Zealand and US is
stronger.
Secondly, we analyse the relationship between GrowthNZ and US and

Australia’s shares in New Zealand total exports. Like other small, commodity-
producing economies, New Zealand’s economic prospects depend greatly on
the growth in world trade and output. Both Australia and US are New
Zealand’s major trading partners. We should observe stronger correlation
between the GDP growth rate of New Zealand and the export to that country
if the economic link is more relevant. We obtain the quarterly data of New

15 We thank the anonymous referee for raising such an interesting question.

16 The GDP data of New Zealand, US and Australia are downloaded from the RBNZ,
Federal Reserve at St. Louis and Australian Bureau of Statistics respectively.
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Zealand export to US and Australia from Statistics New Zealand and calculate
their shares in the total export, respectively. Similar to the results provided by
the Ministry of Foreign Affairs and Trade (2013), Australia’s share in New
Zealand total exports has remained relatively flat between 1992 and 2011. This
suggests that although Australia has gone through quite volatile economy
cycles during the last 20 years,17 it does not affect its import from New
Zealand and its contribution to the New Zealand economy has been quite
stable.
Panel D of Table 7 reports the correlation coefficient between GrowthNZ and

US and Australia’s shares in New Zealand total exports. The correlation
between GrowthNZ and US’s share in New Zealand total export is positive and
significant at 10 per cent level, while the correlation between GrowthNZ and
Australia’s share in New Zealand total export is insignificant. This suggests
that the economic link between New Zealand and US is more relevant in
explaining the change of New Zealand GDP.
We next investigate the speed of contemporaneous information transfer

on these markets. We use the excess return of New Zealand stock market
(Exrstock), US stock market (ExrUS), Australian stock market (ExrAU),
and VIX in the analysis.18 We run the Granger causality test to examine
which market transfers the information more quickly. Panel A of Table 8
reports the results. The results strongly suggest that both ExrUS and VIX
Granger cause Exrstock, but not vice versa. The US stock and option
markets seem to reflect the information more quickly. On the other hand,
there is no significant Granger causality effect between Exrstock and
ExrAU.
Rapach et al. (2013) propose a news diffusion model to identify the impact of

one leading market to the other market. We employ their model to test the
impact of international market on the future change of New Zealand stock
market. For the news diffusion from US (Australian) stock market to the New
Zealand stock market, we estimate the following model,

Exrj;tþ1 ¼ b0;j þ b1;jTbillj;t þ b2;jDivYldj;t þ uj;tþ1; ð19Þ

Exrstocktþ1 ¼ b0þb1Tbilltþb2DivYldtþhjkjuj;tþ1þð1�hjÞkjuj;tþ uNZ;tþ1;

j¼US;AU;

ð20Þ

17 The standard deviation of GDP growth rate of Australia is the highest among the
three countries between 1992 and 2011.

18 ExrUS is excess return of S&P500 index, while ExrAU is the excess return of AS31
index.
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where Tbillj,t and DivYldj,t are the Treasury bill rate and dividend yield (log) in
country j.19 For the news diffusion from VIX to the New Zealand stock market,
we estimate the following model,

VIXtþ1 ¼ b0;VIX þ b1;VIXVIXt þ b2;VIXVIXt�1 þ uVIX;tþ1; ð21Þ

Exrstocktþ1 ¼ b0 þ b1Tbillt þ b2DivYldt þ hVIXkVIXuVIX;tþ1

þ ð1� hVIXÞkVIXuVIX;t þ uNZ;tþ1:
ð22Þ

The news diffusion impact from the international market to the New Zealand
market is measured by ~bj ¼ ð1� hjÞkj, j = US, AU or VIX.
We estimate the parameters of news diffusion models by GMM following

Rapach et al. (2013). Panel B, Panel C and Panel D of Table 8 report the
results of estimation. The standard error of news diffusion parameter ~bj is
calculated using the delta method. The news diffusion parameter from ExrUS

to Exrstock is 0.10 and significant at 1 per cent level. This means one percent
shock that happens in US stock market will affect New Zealand stock market
by 0.10 per cent in the next month. Similarly, the news diffusion parameter
from VIX to Exrstock is 0.16 and significant at 1 per cent level. This means
one percent shock that happens in S&P option market will affect New
Zealand stock market by 0.16 per cent in the next month. These results
strongly suggest that US markets transfer the information more quickly than
New Zealand stock market. There exists information friction on New
Zealand stock market compared with US market. On the other hand, the
news diffusion parameter from ExrAU to Exrstock is only 0.04 and
insignificant. The speed of contemporaneous information transfer on
Australian stock market is not significantly faster than New Zealand stock
market.
Finally, we follow Hong and Stein (1999) and analyse the cumulative impulse

response to the orthogonalised shock in different markets.20 Figure 2 plots the
cumulative impulse response up to lag 12 months between Exrstock and ExrUS

(Panel A) and between Exrstock and VIX (Panel B). The impulse response
between Exrstock and ExrUS shows that when the shock happens in New
Zealand stock market, its impact on future changes of US stock market

19 The Treasury bill rate and dividend yield data of US are downloaded from Amit
Goyal’s website. We thank Guofu Zhou to provide us with the Treasury bill rate and
dividend yield data of Australia.

20 Hong and Stein (1999) show that if information diffuses gradually across the
population, the prices underact in the short-run and the momentum traders could profit
by trend chasing. However, their attempts at arbitrage will lead to overreaction at long
horizons and result in mean reverting.
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fluctuates a lot. There is no clear pattern of impact from New Zealand stock
market to US stock market. On the other hand, when the shock happens in US
stock market, its impact on future change of New Zealand stock market
increases first and then decreases. This pattern is close to the pattern reported
in Hong and Stein (1999). The impulse response between Exrstock and VIX
shows similar pattern. These results also support the hypothesis that the
information transfers from US market to New Zealand stock market, but not
vice versa.
The results in Tables 7 and 8 and Figure 2 show that the predictability of

New Zealand stock market returns using US market predictors could be
explained by the information diffusion between these two countries. On the
other hand, there is no significant information diffusion from Australia to New
Zealand. This explains why the predictors from US market and Australian
market perform differently in predicting New Zealand stock market returns.

5. Conclusion

This paper studies the impact of international predictors from liquid markets
on the predictability of excess returns in the New Zealand stock market using
data from May 1992 to February 2011. We use US and Australian stock
market return, and VIX as the proxies of international predictors from
liquid markets, and test their importance in predicting the excess returns of
New Zealand stock market. Many local predictors documented in the
literature are also included in the analysis. They are also used to control for

Figure 2 Cumulative impulse response. This figure plots the cumulative impulse response up to lag

12 months between Exrstock and ExrUS (Panel A), and between Exrstock and VIX(Panel B).
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the effect of local predictors when testing the significance of international
predictors.
US market predictors contribute significantly to the out-of-sample forecasts

at short horizons even after controlling for the effect of local predictors. They
are robust regardless of whether economic constraints are imposed in the out-
of-sample forecast. On the other hand, the contribution of Australian stock
market is not significant. These results demonstrate that the diffusion of
economic information from US market where price discovery occurs most
rapidly is very important for determining future stock returns in the smaller
New Zealand market. We also find a significant increase of predictability of
New Zealand stock market during the recent financial crisis. The stronger effect
of these international factors during the recent financial crisis indicates a
contagion effect.
The statistical significance and economic significance in the return predict-

ability of small capitalisation stocks using S&P500 and AS31 are greater than
those of large capitalisation stocks. This reflects the higher liquidity, and
analyst coverage of the large stocks leads to their quicker price discovery. VIX
is more useful for predicting larger capitalisation stocks, which suggests that
because these stocks are more globally integrated, market sentiment in the
international market has more of an impact on these companies. The investors
also tend to trade on the larger and more liquid stocks when there are changes
in global risk appetite (Bansal et al., 2011). Additionally, the CP factor that has
been shown to be useful for predicting stock returns in the US market is not
very useful for the return prediction in the New Zealand market. It does not
make a significant contribution to the out-of-sample combination forecast.
In the end, we find that the predictability of New Zealand stock market

returns using US market predictors could be explained by the information
diffusion between these two countries. This information diffusion is driven by
the strong economic link between New Zealand and US, and faster contem-
poraneous information transfer on US markets. On the other hand, there is no
significant information diffusion from Australia to New Zealand. This explains
why the predictors from US market and Australian market perform differently
in predicting New Zealand stock market returns.
The findings of this research have implications for practitioners and

academics. The utility gains coming from the predictive regressions could be
used to decide the cost charged to an investor for the access to the information.
Predictable variation in stock returns, which is related to the business cycle, is
also important for monetary policy decisions. Finally, the evidence of predict-
able variation in excess returns also has implications for asset pricing models.
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Appendix

This appendix explains how to calculate the aggregate market variables
including the dividend-price ratio, the dividend yield, the earnings-to-price
ratio, the book-to-market ratio, the pay-out ratio, the return on equity, the
debt-to-equity ratio and stock variance.
The aggregate market variables are calculated by taking the average across

the individual firms. Figure A1 plots the number of companies with financial
statement data available in each year to calculate the aggregate market
variables. Price data are available monthly, whereas earnings, dividends, shares
outstanding, common equity and debt data are available at annual or semi-

Figure A1 The number of firms with financial statement data available in each year.
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annual frequency. The process to get monthly frequency involves separately
extrapolating and interpolating the data. Then, the average of the extrapolated
and interpolated data for each month is calculated. There is a look-ahead bias
when interpolated data are used, whereas the extrapolated data avoid this. The
reason for taking the average of these two methods is that in real time although
investors only have information available up to the current time, they will have
forecasts of the future values of these variables. Therefore, taking the average
of the extrapolated and interpolated data incorporates investors’ forecasts of
the future value of these variables instead of solely relying on past data.
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