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1. Introduction

Generally speaking, the performance of equity investments is inextricably linked to
economic growth because the source of value for equity investments is driven by
economic activity (Cornell, 2010). Therefore, the performance of stock market is
usually regarded as the barometer of economic growth and the stock return and
the economic growth are believed to co-move to some extent. The co-movement of
stock return and economic growth can play an important role in macroeconomic
policy-making and individual investment decision-making. From the perspective of
macroeconomics, the government can consider the trend of stock market as the pre-
dictor of economic growth and adjust macroeconomic policies in advance according
to the co-movement of stock return and economic growth. From the perspective of
individual investments, investors can consider the trend of economic growth as the
indicator of investment decisions and adjust investment strategies timely according to
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the changes in economic situations. It is therefore worthy and meaningful to study
characteristics of the co-movement of stock return and economic growth in
a country.

In this paper, we empirically study the co-movement of stock return and economic
growth in the U.S. and China and then compare and interpret the characteristics of
the co-movement of these two countries. As the world’s two largest economies, the
U.S. and China have entirely different economy systems. The U.S. has a mature free-
market economy system and its economic growth is basically driven by the operating
performance of small and medium enterprises. In contrast, China has a socialist
market economic system and its economic growth is significantly influenced by
government’s control (Chow, 1997). The study of these two countries can make a
thorough and deep understanding of the co-movement of stock return and economic
growth and provide references for macroeconomic policy-making and stock invest-
ments under different economic systems.

We use the correlation of stock index returns and G.D.P. growth rates to indicate
the degree of the co-movement of stock return and economic growth. However, it is
noted that the co-movement could be influenced by internal and external factors
such as policy changes and financial crisis and, thus, has dynamic characteristics.
Regarding this, we apply a time-varying copula model to capture the dynamic correl-
ation of stock index returns and G.D.P. growth rates. The contributions of this paper
are 2-fold. First, we capture and compare the dynamic characteristics of the co-move-
ment of stock return and economic growth in the U.S. and China. Second, we inter-
pret the differences in the co-movement according to the various economic growth
modes of these two countries.

The remainder of this paper is organised as follow. Section 2 gives a literature
review. Section 3 provides details of the data and the time-varying copula model.
Section 4 applies the model to the U.S. and China. Section 5 concludes.

2. Literature review

Many empirical studies have indicated a positive relationship between stock return
and economic growth. Early studies of Fama (1981, 1990) find that there exists a
positive relation between real stock returns and economic growth in the short-term
during the periods of post-1953 and 1953-1987. Cheung and Ng (1998) find empir-
ical evidence of long run co-movements between five national stock market indexes
and macroeconomic variables. Aylward and Glen (2000) investigate the correlation of
stock price and economic growth in 23 countries and find that a 10% rise in stock
prices is followed by an increase of 0.5-1.0% in G.D.P.. Using the data of G7 coun-
tries, Hassapis and Kalyvitis (2002) apply a VAR model to show that stock price and
output growth are strongly positively correlated. Mauro (2003) shows that there is a
significantly positive correlation between output growth and stock returns in several
advanced and developing countries. Using the data from 36 developed or emerging
markets, Cole, Moshirian, and Wu (2008) find a positive and significant relationship
between bank stock returns and G.D.P. growth. Nitschka (2014) find that developed
markets usually show a stronger relationship between business cycles and stock
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returns than emerging markets do. Abid, Bahloul, and Mroua (2016) find that the
relationship between economic growth and stock returns is generally positive but
shows different characteristics in Middle East and North Africa countries. Giannellis
and Papadopoulos (2016) show the spillover effects between economic activity and
stock market in China. Heiberger (2018) finds that networks derived from stock
returns can be used to predict economic growth in the U.S. On the other hand, Dong
and Yoon (2018) show that economic growth has the highest forecasting power for
stock returns in emerging Asian stock markets. It is because of their co-movement
that stock return can be used to predict economic growth and vice versa. On the
other hand, some studies come to the opposite conclusion. Ritter (2005) finds that
the correlation of real stock returns and G.D.P. per capita growth is negative over
1900-2002 in 16 countries. Using the data of 20 countries, Madsen, Dzhumashev,
and Yao (2013) find that the relation of stock return and economic growth is positive
over 1916-1951 and no relation existed outside the period. Pan and Mishra (2018)
find that the relationship between stock market and real sector of the economy is
negative but miniscule in China.

Most existing literature indicates that there is a positive relationship between
stock return and economic growth and the relationship exhibits different charac-
teristics between various countries and during various periods. This paper investi-
gates the co-movement of stock return and economic growth focusing on the
comparisons of various countries and periods. Regarding to country differences,
we selected the U.S. and China as representative of developed and developing
countries, respectively. Regarding periodic differences, we apply a time-varying
copula model to capture the dynamic correlation of stock return and eco-
nomic growth.

3. Methodology and data
3.1. Time-varying copula model

Copula models describe dependencies between variables through constructing joint
distribution from marginal distributions and have significant advantages in analysing
the correlation between variables. First, it estimates marginal distributions and joint
distribution separately without loss of important information. Second, the two-step
estimation procedure increases the practicality and reduces the complexity in empir-
ical studies. Third, it allows for time-varying dynamic correlation between variables
that is more comprehensive than the simple constant correlation. The dynamic cor-
relation derived from copula models is an informative and flexible measure of
dependencies between two variables (Hu, 2010). Time-varying copula models have
been becoming increasingly popular in economic and financial researches (e.g.,
Patton, 2004; 2006a; Silva Filho, Ziegelmann, & Dueker, 2013). Manner and
Reznikova (2012) provides a survey on time-varying copula models.

Let H(x) be the cumulative distribution function (C.D.F.) of a random variable X,
G(y) be the C.D.F. of random variable Y and F(x,y) be the joint C.D.F. of X and Y.
Sklar’s Theorem states that there must exist a copula function C(u,v) on
[0,1] x [0, 1], such that
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F(x,y) = C(H(x), G(y))- (1)
Differentiating both sides of Equation (1) with respect to x and y gives
f(xy) =h(x)g(y)c(H(x),G(»)), ()

where f(x, ) is the joint probability density function (P.D.F.) of X and Y, h(x) is the
P.D.F. of X, g(y) is the P.D.F. of Y and c(u,v) =2 aclfg;’) is the copula density function
of Xand Y.

Sklar’s Theorem uses a copula function to construct the joint C.D.F. of two varia-
bles by linking the corresponding marginal distributions. The correlation of the two
variables can be derived from the copula function, which implies that the copula
function plays an important role in our study and the selection of copula function
needs specific considerations. Patton (2006b) considers the normal copula function to
be the benchmark in economic research and, therefore, we adopt the normal copula
function to estimate the correlation of stock index return and G.D.P. growth rate.
The normal copula function is

Clu, v|p) = @p (@7 (), @' (v)) (3)
and its density function is
o) = exp | PO @ O ) 200 w0 )]
P 1-p? P 2(1-p?) ’

where @, is the bivariate standard normal C.D.F. with correlation p and @' is the
inverse of the standard normal C.D.F. The parameter p in Equations (3) or (4) indi-
cates the constant correlation of X and Y .

In order to capture the dynamic correlation, a time-varying correlation parameter
is introduced to Equation (4) and it can be described similar to an A.R.M.A.(1, q)1
process, as below (see Patton, 2006b for details)

1 q
pr=Alotapy+ B> O )@ () | (%)

J=1

where A(x) =(1—e*)/(1+e¥) is the modified logistic function to keep
p; € (—1,1), o,0, are parameters to be estimated, u; = H(x;) and v, = G(y;) are
values of the C.D.F. of X and Y at observations x; and y;, respectively.

The estimation of parameters in Equation (5) follows a two-stage procedure. The
first stage is to estimate the values of the marginal C.D.F.s of X and Y at observations
x; and y; , respectively. Let 0, and 0, be the parameters of H(x) and G(y), respect-
ively. Based on the sample {x;,y:},_, of X and Y, one can obtain the maximum like-
lihood estimator (M.L.E.) of 0, and 0, , denoted by éx and éy, fmd then the Value§ of
marginal C.D.F. at x; and y, can be calculated as u; = H(x,|0,) and v, = G()’t|9y)3
respectively. The second stage is to obtain the M.L.E. of w,a, B , denoted by &, a, B
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Figure 1. Sample path of S&P 500 returns and U.S. G.D.P. growth rates. Source: Wharton Research
Data Services and the U.S. Bureau of Economic Analysis.

by maximizing I(®,o, Bluy,. .., ur,vi,...,vr) = ZLI Inc(uy, v¢|p,). Finally, the
dynamic correlation can be obtained by

P, = A<d) +ap,; + B%Z}ql fD‘l(utj)CD‘l(vtj)> (t=q+1,...,T). 6)

3.2. Data

The relatively short history of China’s stock market that was founded at the end of
1991 determines the sampling period of data as 1992q1-2017q4. We choose Shanghai
Stock Exchange A-Share (S.H.A.S.H.R.) index to be the indicator of the China stock
market. The SH.A.SH.R. index is the market-value weighted index of all A-share
stocks (stocks issued by Chinese companies)” listed on the Shanghai Stock Exchange.
Because most state-owned companies and large-cap companies are listed on the
Shanghai Stock Exchange, the S H.A.S.H.R. is usually considered to be more closely
related to China’s economic growth than other indices and is widely used by many
empirical studies (e.g., Giannellis & Papadopoulos, 2016; Hu, 2010; Pan & Mishra,
2018). The data of quarterly closing prices of the S.H.A.S.H.R. index was obtained
from the database of the Shanghai Stock Exchange.’ The data of quarterly China real
G.D.P. was obtained from the database of the National Bureau of Statistics of China.*

We chose the S&P 500 index to be representative of the US stock market index.
The S&P 500 index is the market-value weighted index of 500 large companies and is
generally considered to be the best representative of the US stock market. The data of
quarterly closing prices of S&P 500 index is obtained from Wharton Research Data
Services.” The data of quarterly US real G.D.P. is obtained from the website of the
U.S. Bureau of Economic Analysis.’

Quarterly stock index returns and G.D.P. growth rates are then calculated based
on closing prices and real G.D.P.s, respectively, and the final sample has a sampling
period of 1992q2-2017q4 with 103 observations. Figure 1 shows the sample paths of
quarterly S&P 500 returns and U.S. G.D.P. growth rates and Figure 2 shows the sam-
ple paths of quarterly S H.A.S.H.R. returns and China G.D.P. growth rates. Observing
the trends of sample paths in both figures, we can find obvious co-movement of stock
return and G.D.P. growth in certain periods. Details of the characteristics of the co-
movement need further study.

Table 1 reports the descriptive statistics of stock index returns and G.D.P. growth
rates for both countries. The average stock index return is greater than the average
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Figure 2. Sample path of S.H.AS.H.R. returns and China G.D.P. growth rates. Source: Shanghai
Stock Exchange and the National Bureau of Statistics of China.

Table 1. Descriptive statistics of stock index returns and G.D.P. growth rates.

Mean S.D. Median Maximum Minimum Skewness Kurtosis
U.S. G.D.P. growth 0.0062 0.0059 0.0068 0.019 —0.021 —1.306 7.760
S&P 500 return 0.018 0.076 0.025 0.190 —0.256 —-0914 4.586
China G.D.P. growth 0.098 0.024 0.097 0.153 0.064 0.487 2.224
S.HAS.H.R. return 0.021 0.210 0.007 1.190 —0.521 1.618 12.936

Source: Author’s calculations.

G.D.P. growth in the U.S.; however, this relationship is opposite in China.
Furthermore, the average stock index return is almost the same in the U.S. and
China, although the average G.D.P. growth in China is much greater than that in the
U.S. The standard deviation (S.D.) of each series is greater than the corresponding
mean, except for the series of China G.D.P. growth. China G.D.P. growth has the
highest mean, but the lowest S.D., indicating the rapid and stable economic growth
in China during the last two decades. The S.D. of S.H.A.S.H.R. returns is more than
10-times the mean, which shows the high volatility of the China stock market. The
results of skewness indicate that the data of the U.S. G.D.P. growth and stock index
return are skewed to the left and those of China are skewed to the right. The results
of kurtosis indicate that all series are leptokurtic except for the China G.D.P. growth.
It is noted that the data of SH.A.SH.R. returns has a large kurtosis, indicating the
relatively high possibility of extreme rising and falling of China’s stock market.

4, Empirical study
4.1. Estimating results

First, we need to estimate marginal distributions of stock index returns and G.D.P.
growth rates. Without loss of information, we use the full sample to estimate the
marginal distribution of each variable. We apply the benchmark A.R. model to fit the
G.D.P. growth rates (e.g., Greene, 2018; Hamilton, 1994) and the benchmark
G.A.R.C.H. model to stock index returns (e.g., Hu, 2010; Patton, 2006a). Diagnostic
tests of residuals show high value of kurtosis for all series. Therefore, t distribution is
used to model the error distribution in A.R. and G.A.R.C.H. models. If the model for
marginal distribution is appropriately specified, series {u,};_, and {v;}/_, should be
independently and identically distributed (i.i.d) as uniform(0,1) distribution. We
apply Ljung-Box (L-B) test to test the hypothesis of independence and the
Kolmogorov-Smirnov (K-S) test to test the hypothesis of uniform(0,1) distribution.
Parameter estimations and p-values of the L-B and K-S test statistics are reported in
Table 2. Results show that the null hypothesis of i.i.d. uniform(0,1) cannot be rejected
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Table 2. Estimating results for the marginal distributions.

constant AR.(1) A.R.CH.(T) G.A.R.CH.(1) v L-B test K-S test
China G.D.P. growth 0.075* 0.96* — — 2.02* 0.97 0.63
U.S. G.D.P. growth 0.0079* 0.36* — — 4.33% 0.35 0.93
S.H.AS.H.R. return 0.0047 — 0.19 0.71* 3.51% 0.86 0.98
S&P 500 return 0.024* 0.057 0.26* 0.54%* 5.63* 0.72 0.41

Note: The order of lagged terms is determined by A..C.. v is the degree of freedom of t errors. L-B test tests the
autocorrelation up to eight lags.

Source: Author’s calculations.

*The parameter is significantly different from 0 at the 5% level, except for the degree of freedom, for which the
inverse of parameter is significantly different from 0 at the 5% level.

Table 3. Estimating results for copula functions.

Parameter us. China
Constant normal copula p 0.34 0.17
Time-varying normal copula ® 0.39 0.26
o —0.43 —0.02
B 1.62 0.40

Source: Author’s calculations.
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Figure 3. Dynamic correlations of stock return and economic growth. Source: Author’s estimations.

at 10% significance level, which indicates that marginal distributions for G.D.P.
growth rates and stock index returns are correctly specified.

Next, we estimate parameters of constant and time varying normal copula func-
tions. Table 3 reports the estimating results for copula functions and Figure 3 shows
the dynamic correlations of stock index returns and G.D.P. growth rates in the U.S.
and China.

Table 3 shows that the constant correlation is positive in both the U.S. and China;
however, the correlation of the U.S. is greater than that of China. Figure 3 shows that
the dynamic correlation of China is always positive and is relatively stable around the
level of 0.2. The dynamic correlation of the U.S. is positive most of the time, except
for the period of 2009-2010, but is more fluctuant than that of China.

4.2. Robustness test

We apply the model to other stock index returns to check the robustness of estimat-
ing results. The Dow Jones Industrial Average’ is used for the U.S. stock market and
the Shanghai Stock Exchange Composite Index® is used for China’s stock market.
Table 4 reports the estimating results for robustness test and Figure 4 shows the
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Table 4. Estimating results for copula functions (robustness test).

Parameter us. China
Constant normal copula p 0.32 0.17
Time-varying normal copula ® 0.44 0.45
o —0.47 —0.03
B 1.40 0.22

Source: Author’s calculations.
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Figure 4. Dynamic correlations of stock return and economic growth (robustness test). Source:
Author’s estimations.

dynamic correlation for robustness test. Similar results are obtained compared to
Table 3 and Figure 3, indicating the robustness of our empirical results.

4.3. Discussion

The generally positive correlation of stock index return and G.D.P. growth rate indi-
cates the existence of co-movement of stock return and economic growth in both the
U.S. and China. However, the co-movement exhibits different dynamic characteristics
in the U.S. and China. According to Figure 3, the co-movement of stock return and
economic growth in China is stable, but with a relatively low degree, while the degree
of co-movement in the U.S. is much higher but is characterised with obvious fluctua-
tions. The dynamic correlation of stock return and G.D.P. growth in the U.S. exhibits
two significant drops during the periods of 2001q1-2003q4 and 2008q2-2010q2.

The overall degree of the co-movement of stock return and economic growth is
higher in the U.S. than in China, which we think is due to the difference in the econ-
omy system and economic growth mode of these two countries. The U.S. has a
mature free-market economy system and its economic growth follows a so-called
‘bottom-up’ mode that refers to the situation that the macroeconomic growth is pro-
moted by the growth of small- and medium-sized enterprises (S.M.E.s). Under the
bottom-up growth mode, economic growth depends heavily on the performance of
S.M.E.s (Blackford, 2003) and the government only relies on fiscal and monetary pol-
icy instruments to implement adjustments to economic growth. If the majority of
enterprises operate in good conditions, then G.D.P. will naturally grow. On the other
hand, good profitability can increase enterprises’ intrinsic value and enhance invest-
ors’ confidence for enterprises’ future development. As a result, good performance of
S.M.E.s can lead to economic growth and push up the stock market, and vice versa.
Therefore, the bottom-up economic growth mode results in a high degree of co-
movement of stock return and economic growth in the U.S. However, such co-
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movement could be significantly impacted by external and internal shocks in the
short-term. For example, both the event of the 9/11 Terrorist Attacks in 2001 and the
2008 global financial crisis caused a significant short-term drop in the correlation of
S&P 500 return and G.D.P. growth rate. In the long-run, the correlation can recover
to the normal level.

China’s economy is currently in the period of transition to market economy and
its economic growth follows a so-called ‘top-down’ mode. The central government
used to ‘manage’ the G.D.P. growth rate and the economic growth is considered to
be government-oriented (Rawski, 2001; Xu & Gao, 2015). From local governments at
all levels to the central government, setting economic growth targets has become the
norm in China and the primary task of governments is to achieve the economic
growth target. In order to do so, the governments not only implement economic
regulation and control through fiscal and monetary policy adjustment, but also inter-
vene in the economic growth directly (Xu & Gao, 2015). For example, the Chinese
government performed the 4 trillion economic stimulus plan to directly stimulate
economic growth during the 2008 global financial crisis. The state-owned enterprises
account for a considerable proportion of China’s economy, which provides conveni-
ence for governments to implement macroeconomic regulation and control (Chow,
1997; Gao, 1997). Although the private sector is not controlled by the government
directly, it would definitely be influenced by governments’ signals, which usually lead
to blind expansion. Therefore, the economic growth is mainly dominated by the gov-
ernment under the top-down mode. However, the stock return is mainly determined
by the market, although the government sometimes intervenes in the stock market as
well, which then results in a relatively low degree of co-movement of stock return
and economic growth in China.

5. Conclusion and implications

The stock market is usually regarded as the barometer of economic growth in a coun-
try. In this paper, we investigate the co-movement of stock return and economic
growth in the U.S. and China. The degree of co-movement is quantified by the cor-
relation of stock index return and G.D.P. growth rate. Considering that the co-move-
ment may have dynamic characteristics due to the influence of internal and external
factors, we derive the dynamic correlation of stock index return and G.D.P. growth
rate by applying a time-varying copula model. Empirical results show that the co-
movement of stock return and economic growth in the U.S. is relatively strong but
fluctuant due to internal and external shocks, while the co-movement in China is
relatively stable but weak. We think that the ‘bottom-up’ economic growth mode of
the U.S. and the ‘top-down’ economic growth mode of China cause the different
characteristics of the co-movement of stock return and economic growth in these
two countries.

Despite the world-famous growth of the Chinese economy, the government’s inter-
vention in the economy is too deep. This has led to a more pronounced phenomenon
of macro-microeconomic divergence and the deviation of the stock price from the
G.D.P. curve. This model is not conducive to sustained economic development, and
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is not conducive to the development of China’s stock market. Therefore, the Chinese
economy should further transform to a market economy, improve the efficiency of
economic growth, and play a role in regulating the economy of the stock market.

Although China’s economy has achieved remarkable and sustainable growth since
the 1980s, it is noted that the government’s intervention and control have played an
important role, which resulted in the pronounced phenomenon of macro-microeco-
nomic divergence and the deviation of stock return and economic growth. The ‘top-
down’ growth mode is not conducive to the quality of economic growth sustained
economic development and the development of China’s stock market. The Chinese
government should further deepen economic reforms and improve the efficiency of
economic growth, while making full use of the stock market’s functions of economic
prediction and adjustments. The high degree of co-movement of stock return and
economic growth in the US reflects the common development of the stock market
and economy. However, it is noted that such a relationship is vulnerable to external
shocks and then takes a long time to recover. This finding implies that the US gov-
ernment needs to play its regulatory functions in a timely and effective manner to
promote quick recovery of the stock market and economy after shocks.

Notes

1. The value of g can be determined according to A.I.C. in empirical study.[TS: Please set
all footnotes as Endnotes as per the style for this journal]

2. There are two types of stock, A-share and B-share stocks, traded in Shanghai Stock

Exchange. A-share stocks are issued by Chinese companies and traded by domestic

investors with R.M.B.. B-share stocks are issued by Chinese companies and traded by

foreign investors with foreign currency. The total market value of A-share stocks traded

in Shanghai Stock Exchange is dominant, much greater than that of B-share stocks.

Data source: http://www.sse.com.cn/market/

Data source: http://www.stats.gov.cn/tjsj/

Data source: http://wrds-web.wharton.upenn.edu/wrds/

Data source: http://www.bea.gov/national/index. htm#gdp

The Dow Jones Industrial Average is a stock market index that is calculated using the

stock prices of 30 large publicly owned companies based in the U.S. and is another

widely-used stock market index for the U.S. stock market.

8. The Shanghai Stock Exchange Composite Index is a stock market index that is calculated
using all stocks traded at the Shanghai Stock Exchange, including A-shares and B-shares.
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