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. Abstract of thesis entitled:

r
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Submitted by ZHANG, Ning

for the degree of Doctor of Philosophy in Economics

rd

at the Chinese University of Hong Kong in September 2011

This thesis consists of three essays, and discusses several issues about volatility,

growth and development in the context of the Chinese economy.

The first essay intends to answer the following questions: “Has China's
economic growth become less volatile in the reform period?” and if it is the
case, “What are the sourceé behind the increasing macroeconomic stability?”
The answer to the first question is yes. Using the quarterly data of China, this
paper provides robust evidence of the existence of a structural break or regime
shift in the variance of the GDP growth process (most likely in 1992 and 1993).
Employing decomposition methods from different perspectives, this essay
attributes the significant decline in aggregate output volatility to the following
facto'rs: the increasing stability of labor productivity growth and TFP growth
at the aggregate level, the declined volatility of value-added growth at the
sectoral level, the inlcreasing stability of consumption growth and investment
growth from the demand side, and the decrease in the covariances between

provincial growth contributions from the regional economic perspective.

The second essay attempts to examine the underlying factors accounting for
the volatility of China’s economic growth. It particularly highlights the role of

investment policy volatility in explaining output volatility. The results suggest



that investment policy volatility amplifics the growth volatility, whereas fiscal
policy volatility has no significant effect. Government size and investment
share have opposite, albeit not always significant, influences on growth
volatility. The main findings are robust to the inclusion of additional controls,
the substitution of initial values for the mean values of control variables, and
the alternative estimation specifications of policy volatilities. It suggests that
the decline ‘in investment policy volatility accounts for a significant part of the
increasing stability of China’s economic growth, and that stable policies and a
better institutional environment are crucial in sustaining the macroeconomic

stability of China.

Unlike the conventional wisdom that growth and volatility correlate negatively

across countries, the third essay finds a significant and positive growth-

. volatility link across Chinese provinces in the reform period. This link remains

significant and positive in several robustness tests. Further analyses from
disaggregate perspectives find that the output volatility is correlated with rural
consumption growth and urban consumption growth negatively and positively,
respectively. At the sectoral level, more volatile sectors command higher
investment rate and higher value-added growth. This essay also finds that the
expected volatility has positive ‘effect on growth, while both fiscal and
investment policy volatilities are significantly harmful to economic growth.
However, the significances of policy volatilities vanish once expected volatility
is included in the analysis. It partly confirms the analytical argument that the
growth-volatility link in China is mainly driven -by the positive volatility
.

component. Moreover, a stable policy environment is vital to the economic

growth of China despite a positive aggregate growth-volatility link.
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Has the Chiﬁese Economy Become Less Volatile?

Structural Break Detection and Volatility Decomposition

Abstract

This cssay intends to answer the following questions: “Has China'’s cconomic
growth become less volatile in the reform period?” and if it is the case, “What
are the sources behind the increasing stability of the Chinese economy?” The
answer to the first question is yes. Using the quarterly data of China, this
paper provides robust evidence of the existence of a structural break or regime
shift (most likely in 1992 and 1993) in the variance of the GDP growth process.
"The result is robust to the alternative quarterly GDP growth measures and
approaches of structural break or regime switching detection. Employing
decomposition methods from different perspectives, this essay attributes the
significant decline in aggregate output volatility to the following factors: the
increasing stability of labor productivity growth and TFP growth at the
aggregate level, the declined volatility of valuc-added growth at the sectoral
level, the increasing stability of consumption growth and investment growth
from the demand side, and the decrecase in the covariances between provincial

growth contributions from the regional cconomic perspective.
JEL: E32; 040; O53; R11

Keywords: Chinese Economy; Volatility Decomposition; Business Cycles;

Structural Break; Markov Switching



1 Introduction

Over the last three decades (1978-2009), the average rate of China’s GDP
growth is 9.85%, while its standard deviation is 2.73% (maximum of 15.18% in
1984 and minimum of 3.84% in 1990). The outstanding performance of China’s
cconomic growth in the reform period has been extensively investigated by
Young (2003), Prasad and Rajan {2006), Bosworth and Collins (2008), Hsich
and Klenow (2009), and Brandt and Zhu (_2010).1 However, mainly due to data
limitations,? studies on business cycles and fluctuations of the Chinese economy
are limited, although the cyclical pattern in China’s economic growth is

prominent.

Apart from the long-term high growth, the volatility of GDP growth during
the reform period is smsller than that in the pre-reform period.* Chow (1993)
argues that the key driving force of the economic growth before 1978 is
investment, which is affected significantly by the policies of the central
government. Frequent political struggles and political campaigns have resulted
in high level of policy uncertainties, thus leading to high investment and
growth volatility (Chow, 1993; Hsu and Zhao, 2009).* Nevertheless, even in the

reform period, a substantial decline in the volatility of economic growth is

' Young (2008), Bosworth and Collins (2008), Hsich and Klenow {2009), snd Brandt and Zha (2010)
investigate the driving forces of China's economic growth using different growth accounting methods.
Prasad and Rajan {2006) discuss the paradigm and lessons of China's economic performance during the
reform period.
2 The official estimates of quarterly data on GDP have only been available since the first quarter of 1992,
3 In the pre-reform period (1952-1977), the standard devistion of GDP growth is 10.48%, whereas ihat in
the reform period (1978-2009}) is 2.73%.
* Chow (1993) argues that in the pre-reform period, there is no technical change in China, and the
cconomic growth is triggered mostly by investment. The aggregule economy experienced remarkable
losses during the periods of the Great Leap Forward and Cultural Revolution. The standurd deviations of
investment growth (i.e., growth of gross fixed capital formation as a proxy) are 26.64% and 7.39% in the
pre-reform period and reform period, respectively. Hsu and Zhao (2009} document the noliceable
moderation of volatility after 1978, but argue that the total factor productivity (TFP) shocks and the
government expenditure shocks account for Lthe decline in the volatility of economic growth after 1978

2



evident. For simplicity of comparison, we divide the reform era into two sub-
periods using 1992 as the break year, when China eventually confirmed its
development strategy of incremental reform toward the market economy after
the south tour speeches of Deng Xiaoping. The mean growth rates for the two
sub-periods {1978 -1992 and 1993-2009) are only slightly different from each
other, whereas 1hé standard deviation of GDP growth in the first sub-period
(3.50%) is 1.85 times as large as that in the second sub-period (1.89%).° By
conducting Levene’s robust test for the equality of variances, we can reject the
cquality of the standard deviation of GDP growth for the two sub-periods at
the 1% significance level. From this sirﬁple two sub-period comparison, the

significant decline in the volatility of GDP growth is suggestive.

This phenomenon of 'dccrcasing growth volatility in the second half of the
reform period has been documented by Michael (2004), Gao (2007) and He,
Chong and Shi (2009), although they simply describe the phenomenon as a
stylized fact of the Chinese economy. Several studies have proposed underlying
explanations for the cyclical pattern of in the economic growth of China;
however, they do not investigate the sources of the decline in the volatility of
economic growth. For instance, Brandt and Zhu (2000; 2001) propose an
analytical framework and a positive general equilibrium model to attribute
China's cyclical economic growth to decentralization, the commitment of the
government to state-owned cnterprises (SOEs), and imperfect credit control.
The tensions between the central government and local governments as well as

the macro control policies and implementations are also considered potential

5 The average GDP growth rates are 9.59% and 10.08% for the sub-periods 1978-1992 and 1983-2009,
rospuctively.” Using both T-lests with equal variance and unequal varidnce, we cannot reject the
hypothesis of equal mean of the two sub-perinds. On the contrary, by conducting Levene’s robust test for
the equality of variances, we can reject the equality of standard deviation of the two sub-periods al the
1% significance level,
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driving forces of the Chinese business cycles as well (Naughton, 1995b; Yu,

1997).

In this cssay, we intend to answer the following questions: “Has the economic
growth of China become less volatile in the reform period?” and i‘fthis is the
case, “What are the sources of the incrcasing stability of the Chinese
economy”?” Using the quarterly cconomic data of China, we identify the
instability in the country's economic growth and further provide robust
evidence of the existence of a structural break or regime shift in the variance of
GDP growth process. Subsequently, we employ decomposition methods from

different perspectives to investigate the sources of the significant decline in the

volatility of GDP growth. The main results are summarized below.

First, we construct the quarterly data series on real GDP growth for the
reform period (1978 Q1 to 2009 Q4), after which we examine the stability of
quarterly GDP growth and find a one-time structural break in the variance of
the GDP growth process. Further analyses indicate that the structural break or
regime switching is likely to occur in the early 1990s and late 1992 or early
'1993, which is considered to be the bfeak date. The findings are robust to the
alternative measures of the quarterly GDP growth, including four-quarter
growth, Hodrick-Prescott (HP) filtered GDP, and Band-Pass (BP) filtered
GDP. They are also robust to the alternative approaches of structural change
and rcgime switching, including Nyblom-Hansen’s L test, SupF tests for
structural break, and Markov Switching autoregressive (AR) models, among
othors. We conclude that there is a one-time structural break or regime
switching from a higher-variance state to a lower-variance state in the
gquarterlry GDP growth of China., and that the break date is most likely in the

years 1992 and 1993.



Furthermore, we employ several decomposition approaches from different
perspectives to examine the sources of the increasing stability of the economic
growth of China. According to the detected timing of structural break in the
variance of GDI? growth, the reform period is divided into two sub-periods,
namely, 1978-1992 and 1993-2008. Owing to limited data availability, only the
annual data are available and employed. We compare the decomposition
results for the two sub-periods and illustrate the patterns of output volatility

and its decomposed components using rolling results.

From the production perspective, the aggregate volatility is decomposed into
the variances of employment growth and labor productivity growth and their
covariances. Subsequently, the growth accounting analysis attributes volatility
to the contributions from variances of factor input growth and covariances
between them. The results suggest that both employment growth and labor
productivity growth become stable, and the variance of the latter dominates
the decline in volatility of economic growth in terms of magnitude.
Furthermore, lower volatile total factor productivity (TFP) growth and the
declining covariance between TFP and capital input growth account for most
of the decline in output volatility. This is consistent with the argument of He,
Chong and Shi (2009), which states that TFP best explains the Chinese

business cycle.

At the sectoral level, we decompose the aggregate volatility into the
contributions from the variances of sectoral value-added growth and
covariances between them. The valuc-added growth rates of the threc
main economic sectors become more stable. The decline in aggregate
volatility reflects the direct contributions of the decreased scctoral

variances, which is dominated by the secondary sector in terms of



-

magnitude. Even in considering a 9 sub-scctor classification, similar
results emerge. The decline in aggregate volatility can be mainly traced
from idiosyncratic shocks to individual sectors rather than common shocks
across scctors. Furthermore, sectoral labor productivity decomposition
indicates that the variances of sectoral labor productivity and their covariances
account for most of the aggregate volatility decline, which is consistent with

the previous findings about the dominant role of productivity.

From the demand perspective, aggregate volatility is dccomposed into the
contributions from the variances of final demand growths and their covariances.
Most of the aggregate volatility decline is attributed to the increasing stability
of growth contributions of all demand components, which is dominated by
- consumption and investment. Interestingly, all pairwise correlations between
net exports and cach of other three components show an increasing trend,
while the pairwise correlations between any two local demands experience a
decline or at lcast a stable pattern after the early 1990s. The different trends
among the correlations suggest t{‘mfo with the increasing integration with the
global economy, trade (i.e., net exporlt) is Becoming more and more associated

with local final demands.

The last perspective of volatility decomposition concerns the regional economy
in China. Most provinces have experienced a significant drop in the volatility
of both economic growth and growth contribution after 1992. However, the
declinc in aggregate output volatility reflects the decrease of covariances
between provincial growth contributions. This result is associated with the
prevailing effects of common factors across provinces and the increasing
economic integration and co-movements (Xu, 2002; Xu and Voon, 2003}.

Morcover, we divide 31 provinces into 3 groups (i.e., castern, central and

B



western group) and find that both the within- and between-group covariances
account for the significant parts of the aggregate volatility decline.
Fur.thermore, all correlations within and between groﬁps show a slight increase
after 1992, suggestil;g that the drastic drop in covariances mainly reflects the

increasing stability of provincial economic growth rather than the change of

their pairwise correlations.

This study contributes to the literature on the .Chinese economy in several
aspects. First, to the best of our knowledge, this essay is the first to provide a
rigorous analysis on the prominent phenomenon of drastic decline in output .
_volatility of China, with the aim of detecting the structural break in growth
volatility and examining the sources of volatility decline using several
decomposition methods. Second, we provide a comprehensive view of volatility
decomposition from the perspectives of production, demand, and the regional
economy. In particular, the volatility decomposition from the regional economic
perspective is an initiative investigation into this issue. Third, the result of this
study, that a structural break exists in the variance of China's GDP growth,

has important implications for future theoretical and empirical analysis about

the Chinese cconomy.

The rest of the essay is organized as follows. Section 2 reviews the literature
related to Chinese business cycle and output volatility. Section 3 introduces
the data construction of quarterly GDP data and the adjustment of annual
economic data; it also provides some stylized facts of the economic growth of
China. Sections 4 and 5 analyze the structural break and regime switching in
the variance of economic growth, respectively. Sections 6, 7, and 8 employ

different volatility decomposition methods to investigate the sources of



decreased wvolatility, from the production, demand, and regional economic

perspectives, respectively. Finally, Section 9 concludes this essay.

2 Literature Review

The cyclical pattern of China’s economic growth after 1978 has been
documented beginning in the early 1990s, such as in the works of Yusuf (1994)
and Naughton (1995b). Limited studies on Chinese business cycles mostly focus
on four kinds of issues, namely, (1) stylized facts and characteristics of Chinese
business cycles, (2) the co-movement of output and inflation, (3) economic

synchronization within China, and (4) the explanations for China's cyclical

economic growth pattern.

The cyclical “stop-go” pattern of economic growth.is ‘considered as the major
feature of the Chinese business cycle (Yusuf, 1994; Naughton, 1995a; b).
Despite the differences in their methods of identifying a cycle, Oppers (1997),
Yu (1997), and Zhang and Wan (2005) state that China has experienced
several business cycles since 1978. Further studies on the features of Chinese
business cycle suggest that the presence of an asymmetric business cycle is
significant in China. For instance, using an asymmetric condition volatility
model (ARMA-EGARCH), Ho and Tsui (2004) find that the volatility of
China’s quarterly GDP growth is asymmetric, because the negative shocks
result in greater future volatilities than positive shocks. As a result, the
contractionary policies against the overheating of the economy are likely to
induce higher future volatility. Moreover, in order to investigate the business
cycles in China since the 1990s, Wang, Gao, and McNown {2009) compute the

composite coincident index® and find significant asymmetries over the last two

® The composite coincident index is based on the Stock-Watson medel and the Dynamic Markov
Switching Factor (DMSF) model.
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decades. This presents a pattern of longer duration and smaller amplitude in
the expansion state. In addition, they also find shorter duration and larger
amplitude in the contraction state. The asymmetries in the Chinese business
cycle suggest that more flexible and counter-cyclical monetary and fiscal

policies are more suggestive rather than rigidly controlled policies {Ho and Tsui,

2004).

Another prominent feature of the Chinese business cycle is the co-movement of
output and inflation in the reform period. In fact, some argue that co-
movement has been very significant after 1978 (Yusuf, 1994; Oppers, 1997).
Brandt and Zhu (2000; 2001) provide a positive. gene?al equilibrium model to
cxplain the co-movement as well as the cyclical pattern of economic growth.
This shall be discussed later in this essay. A special phenomenon about such
co-movement is discussed by Gong and Lin (2008), in which they develop a
model to explain the “deflationary expansion” puzzle in the late 1990s and
early 2000s in China. They argue that the high economic growth with deflation
is driven by an overshooting in investment and a steady state at a high growth
rate.” Furthermore, using an augmented EGARCH model, Narayan, Narayan,
and Smyth {2009) examine several hypotheses about the link between inflation
and output growth for .China. They report the following results: increased
inflation uncertainty lowers average inflation, inflation volatility hampers

economic growth, and higher output volatility increases economic growth.

The regional business cycles and the synchronization of provincial economic

growth have been investigated by several studies. Tang (1998) uses data on the

7 Gong and Lin (2008) suggest that the steady state of high growth rate can be explained by the
institutional environment of China. High growth of investment results in high ecomomic growth, fast
capital accumulation, and aggregate demand that require more labor forces to work in urban areas. The
dual track of the Chinese economy makes labor transfer and labor absorption possible. Furthermore, the
state-owned banks provide sufficient credit to finance the high growth of investineut even if the
investment efficiency is debatable.

9



correlation of business cycles in 28 Chinese provinces to examine the degree of
economic integration. He finds that the shocks to provinces are not uniformly
correlated; hence, it is not appropriate to treat Chinesc provinces as a united
homogenous cconomy. Poncet and Barthelemy (2008) study the factors
affecting the economic integration of China, using monthly output data of 30
Chinese provinces for the years 1991-2004. ‘They find that trade integration,
fiscal policy coordination, producti;)n structure, and international -trade
dissimilarity are associated with the business cycle synchronization within
China.® Furthermore, the provincial sectoral value-added growth for the years
1991- 1998 is decomposed into common nation effect, sector-specific effects, and
province-specific effects by Xu (2002) and Xu and Voon (2003). Significant co-
movements (national effects}) dominate in the output growth, ailthough the
economic integration of Chinese provinces is still incomplete. Moreover, several
results of particular sectoral and provincial growth are concluded.® A recent
study employs annual data and investigates tﬁe business cycle and inflation
synchronization in China (Gerlach-Kristen, 2009). There has been a
synchronization of both economic growth and inflation cycles within China.
The synchronization of economic growth started from the mid-1980s, while

" that of inflation started from the 1960s.

Given the noticeable features of the Chinese business cycles, several studies
have devoted their efforts to discuss the underlying explanations for the

cyclical pattern of the Chinese economy. Three supplementary explanations

have been reported.

8 Poncet and Barthelemy (2008) state that trade integration and fiscal policy coordination are positively
associated with synchronization, whereas production structure divergence and international trade
dissimilarily are negatively linked with the co-movements of the economic growth of Chinese provinces.

9 Xu (2002) and Xu and Voon (2003) also find that the industrial sector is likely to be pro-cyclical,
whereas the primary and service sectors tend to be counter-cyclical. The service sectors can serve as
buffers to economic volatility. Coastal provinces are mostly pro-cyclical, whereas central provinces follow
the national cytle, but less closer than do the coastal provinces.

10



The first one focuses on the reform of SOEs (Lin, Cai and Li, 1998; Lin and
Tan, 1999). Morcover, the first cxplanatio_n argues that the cyclical pattern of
economic growth and inflation before the early 1990s results from the shift
from a flexible credit plan to administrative credit plan, which is due to the
government’s imperfect control of credit allocation, its commitment to SOEs as
well as decentralization (Brandt and Z\hu, 2000; 2001). Before the early 1990s,
SOEs took the responsibility of production and social stability (Bai et al., 2000,
Bai, Lu and Tao, 2006). Owing to the state-imposed policy burdens,'® SOEs
were subject to soft budget constraints, since the states were accountable for
those SOEs with poor operation and financial performances (Lin, Cai and Li,
1998; Lin and Tan, 1999). The governrﬁent supports employment and
investment growth in relatively inefficient SOEs with transfers in the form of
cheap credits from state-owned banks and money creation. As a result; of
dccentralization, the state-owned banks prefer to divert credit resources to
more productive non-SOEs under a flexible indicative credit plan, resulting in a
higher economic growth. However, due to the commitment on employment
growth in SOEs, more transfers are necded for the government. Consequently,
aside from the limited fiscal subsidies, money creation is the first choice in
financing the transfers to SOEs; hence, inflation rises along with economic
growth. Eventually, the increasing inflation resulting from unsustainable
money creation induces the éhin&se government to shift the indicative credit
plan to administrative credit plan. Therefore, the economic growth slows down
due to the administrative credit and money creation and inflation are reduced.
A new round of growth and inflation begins as the indicative credit plan is

adopted again. As long as SOEs are imposed with policy burdens and are

© Lin end Tan (1999) state that the state-imposed policy burdens mainly include welfare costs,
redundant workers, and the persistence of price distortions.

11



subject to soft budget constraints, the Chinese government has to maintain its
commitment on cmployment and investinent growth of SOEs, and hence

volatile business cycles persist (Brandt and Zhu, 2000; 2001).

The second cxplanation is associated with the implementations of macro-
control policies (Yu, 1997, Michael, 2004). China is a typical transitional
economy, which has experienced a shift from a centralized planned economy to
a market cconomy, accompanied by tensions between the central and local
governments about investment over the last three decades. Once the rigid
restrictions on credit and investment are lifted, this results in the local
governments experiencing ‘“investment hunger” (Yusuf, 1994; Naughton,
1995a). Even recently, the tendency of over-investment remains despite the
improvement of investment efficiencies (Qin and Song, 2009). Such investment,
hunger and extensive growth can continue until the central government decides
to impose strict macro-control policies to control the increasing threat of
inflation and economic overheating (Yu, 1997). It is observed that a series of
strong macro-control policies were implemented just after each local peak of
economic growth. The investment hunger of local governments and the
implementation of macro-control policies of the central government may

account for a significant part of China's cyclical economic growth.

The third category of studies employs different accounting methods to gauge
the dominant factors of the Chinese business cycle. Gao (2007), Hsu and Zhao
(2009), and He, Chong, and Shi (2009) follow the business cycle accounting
method of Chari, Kehoe, and McGrattan (2007) in investigating the sources of
the Chinese economy’s volatility. They reach the similar conclusion that TFP

best explains the fluctuations of aggregate economic variables over the last

12



three decades.' Another study uses a structural vector autoregressive (VAR)
model from an AD-AS perspective to investigate the Chincse business cycles
over the period of 1985-2000. Zhang and Wan (2005) find that demand shocks

have stronger effects on output and inflation than supply shocks, although

~

both shocks show a declining trend.

Finally, this study is associated with recent studies on the “Great Moderation”
of US and other developed economies. The new stylized fact of the increasing
stability of US economy has been attributed to several underlying explanations,
such as structural change, good luck of smaller shocks, financial innovations as
well as improved monetary policy and inventory management (Stock and
Watson, 2002). Among these studies, two papers are mostly linked with this
study. The first paper provides abundant evidence of the presence of a
structural break in the variance of US economic growth in the first quarter of
1984 and further decomposes the aggregate volatility into contributions from
different categories of goods production (McConnell and Perez-Quiros, 2000).
The sccond one examines the decline in the volatility of US GDP growth from
a production perspective (Stiroh, 2009). Stiroh (2009) employs a decomposition
method at both the aggregate and industry levels to explore the sources of the

increasing stability of the US economy.

According to the literature review on output volatility and Chinese business
cycles, the phenomenon of our interest in the drastic decline in the volatility of
GDP growth after the early 1990s has only been documented as a stylizes fact
by Michael (2004), Gao (2007), and He, Chong, and Shi (2009). Studics on the

drastic changes of Chinese output volatility and further investigations on the

' Gao (2007) uses a closed economy model, whereas Hsu and Zhao (2009) and He, Chong, and Shi {2009)
employ an open economy model to conduct the business cycle accounting exercise. He, Chong, and Shi
(2009) also find that investment and foreign debt wedges play important roles in investment and
consuinption. In addition, the labor wedge affects the movement of the labor forces.
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sources of this decline are scarce. In this essay, we use quarterly GDP data to
examine rigorously whether the GDP growth of China has become more stable
in the second half of the reform period. This study also incorporates several

decomposition methods to investigate the sources of decline.
3 Data and Stylized Fact
3.1 Quarterly Data

A favorable measure of economic growth is the quarterly GDP growth, which
can capture more underlying information about the dynamics of economic
growth using higher frequency data. Unfortunatcly, the national quarterly
economic data of China are limited and only scveral aggregate variables have
heen made available in recent y;ars. China’s National Burcau of Statistics
(NBS) reports quarterly data on nominal values and real growth rate (ycar-
over-ycar) of the cumulated quarterly GDP for the years after 1992 as well as
those of cumulated quarterly value-added for the three main economic

sectors.)2 Given the cumulated data, we can obtain the quarterly nominal GDP

and rcal GDI growth rate through data transformation.

To construct the quarterly series for the period before 1992, we use the values
of the quarterly real GDP growth for the years 1979 to 1992 from Rajaguru
and Abeysinghe (2004). They follow the approach developed by Chow and Lin
(1971) to find several GDP-related quarterly series and to choose a reasonable
prediction equation by running a regression of the annual GDP on a number of
related annual series. Aside from the quarterly data after 1992 from NBS, we
also use the data on quarterly real GDP growth for the period of 1979-2009

and the quarterly nominal GDP wvalues after 1992. The next step is to

12 The threo main economic seclors refer to the primary, secondary, and the tertiary sectors.
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coustruct quarterly real GDP serics using 2002 as the base year. Ycar 2002 is
chosen because the real and nominal GDP growth rates in 2002 are roughly the

same for both the annual and quarterly series.

Finally, quarterly real GDP should be scasonally adjusted. We employ the
widely used approach of X12-ARIMA, which was developed by the U.S. Census
Bureau (Monsell, 2007), to perform the seasonal adjustment. Given the
significant differences in holidays, trading days, and so on between China and
US, we only incorporate the length of the quarter factor into the ARIMA
regression, whereas the transformation method (taking logarithm or not) and
the ARIMA model used are selected automatically by the X12-ARIMA. The
quarterly real GDP data after the seasonal adjustment aLre then used to derive

the seasonally adjusted quarterly real GDP growth.

Generally, the quarterly real GDP growth is directly reported in two estimates,
a ycar-over-year rate and an annualized quarter-over-quarter rate. The year-
over-year estimate is the quarterly GDP growth compared with the same
quarter of the previous year, and employed as the Four-Quarter growth rate by
Stock and Watson (2005). In this essay, the year-over-year estimate is denoted
as “FQ”, whereas the quarter-over-quarter cstimate, referring to the quarterly

GDP growth at annual ratc compared with the previous quarter, is denoted as

NPQA.!!

The two alternative mecasures of the GDP growth are the log GDP series®
adjusted by Hodrick-Prescott (HP) filter (Hodrick and Prescott, 1997) and the
Band-Pass (BP) filter (Baxter and King, 1999); both are conventional and

widely accepted de-trending methods. For the HP-filtered series, the smoothing

13 Prior to using the Hodrick-Prescott filter and Band-1*ass filter, we first obtain the log GDI? series by
taking natural logarithm of the quarterly GDP. Afterwards Lhe log GDF series is filtered using the two
filters individually.
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parameter is sct to 1600 (Ravn and Uhlig, 2002) because the real GDP in this
study is the quarterly data. For the BP-filtercd scries, the cyclical component
ol fluctuation is identified as that retained with period between 6 and 32
quarters following the conventional settings (Stock and Watson, 2005; Gali and
Gambetti, 2009). The leading lag length is set to 12, in accordance with the

suggestion of Baxter and King (1999).

Following the similar data treatment procedure applied to the data of the GDP
series, we can obtain the quarterly real value-added and its growth for the
three main economic sectors. Subsequently, the real valuc-added data are
seasonally adjusted, after which we derive the four cstimates of seasonally
adjusted real value-added growth, namely, the year-over-year estimate (FQ),
the annualized quarter-over-quarter estimate (PQA), HP-filtered estimate, and

BP-filtered cstimate (BP).

Figures 1 and 2 show the scasonally adjusted quarterly series of the rcal GDP
and the real GDP growth. Figure 2 shows that the basic patterns of the
quarterly GDP growth are still similar rcgardless of the estimate used.
Certainly, due to the definition of annualized quarter-over-quarter growth, a

more volatile dynamics is shown compared with the other three estimates.
[FIGURE 1 HERE]
[FIGURE 2 HERE]

After obtaining the quarterly real GDP growth and nominal GDP, we can
calculate the implicit GDP deflator using the equation below. Other quarterly
price indexcs arc obtained by simply calculating the monthly average for every
quarter, including the Consumer Price Index (CPI) and the Retail Price Index

(RPI). It is noteworthy that CPI data are only available for the months after
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1990, whercas RPI data are available for the months after 1983. As a result,
the CI’I scrics for the period starting from 1990 Q1 and the RPI series for the

period starting from 1983 QI are derived as follows:

B NGDP,
Deflator, = NGDP,, - GDPG, (1)

where Deflator,, NGDP,, and GDPG, represent GDP deflator, nominal GDP

and rcal GDP growth at time ¢, respectively.

Hereafter, without explicit statement, the scasonally adjusted real GDI series
and the year-over-year quarterly GDP growth (FQ scrics) are employed for
further analysis. Moreover, the PQA quarterly GDP growth and the HP-

filtered and BP-filtered GDP series are used for the robustness tests.
3.2 Annual Data

To further investigate the sources of change of the output volatility, we utilize
annual data so that more information can be incorporated into the analysis.
Certainly, annual data are less frequent than quarterly data, but using them is
the best way to uncover the sources of change of the output volatility." The
annual data employed in the current stuay include national data and
provincial data. National economic data cover GDP, GDP by expenditure
approach, GDP by income approach, labor, capital stock, value-added, and the
employment of the three main economic sectors over the years 1978-2008. The
provincial cconomic data include the provincial GDP for 31 provinces over the
years 1978-2008. The sources and adjustment rules of the annual data are

briefly introduced below.

M The long series of quarterly data (reform era) are only available for GDP and for some price indexes.
The GDP components by expenditure approach, employment, investment, and other important variables
do not have long series of quarterly data.
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3.2.1 GDP and Value-Added

'The nominal values and real growth rates of GDP used in this essay come from
the Chinese Statistical Yearbook 2009 (CSY 2009), in which the figures after
1993 arc adjusted significantly according to the results of the 2004 Economic
Census. The nominal values and real growth rates of value-added of the three

main economic sectors are also obtained from the CSY 2009,

Data on GDP by expenditure approach come from the Data of Gross Domestic
Product of China (1952-2004) (GDP 1952-2004) and CSY 2009. The nominal
values and real growth rates of all the expenditure components of GDP for the
ycars 1978-2004 arc from GDP 1852-2004. Only the nominal values of all
expenditure components for the years 2005-2008 are available in CSY 2009.
Hence, the nominal values of each expenditurc component for 2005-2008 are
deflated by the corresponding price index or deflator to derive the real growth

rates.!®

Data oin GDP by income approach are only available at the provincial level
rather than at the national level for the years 1978-2008. As a result, we
consider the sum of all provincial values as the national value. The data on
GDP by income approach have the same sources with those data on GDP by

expenditurc approach.

Data on provincial GDP are obtained from Comprehensive Statistical Date and
Materials on 60 Years of New China (60 Years), 1952-2004 GDP, and the

corresponding issues of CSY.

15 The iotal consumption, household consumption, and government consumption are deflated by the
Consumer Price Index (CPI). The groes capital formation, gross fixed capital formation, and change of
inventory are deflated by the Price Index of Investment in Fixed Assets (PIIFA). The net export is
deflated by an implicit GDP deflator, as shown in Equation 1.
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3.2.2 Employment

Total employment and sectorfll ‘employment should be treated carefully. First,
“cmployment,’l‘ as used in this study, refers to the ecmployment of persons aged
16 and above who are engaged in cconomic activities and receive payment or
earn busincss income. The total employment is the sum of employment of the
three main economic sectors. Two kinds of employment data coexist, namely,
data from population census and data from report-form statistical system.
Most of statistical publications provide revised report-form employment data.
Howcver, the employment data for the years after 1989 are revised according
to the 1990 and 2000 population census, whereas data for the years before 1990
are not. As a result, a statistical break in 1990 has emerged in the national
employment data (Holz, 2009a). For instance, according to CSY, the total
employment of China in 1990 shows an annual growth of 17.0%, which is
unreasonable and unreliable compared with the rates of 1.8% and 1.1% in 1989
and 1991, respectively. Furthermore, the statistical break in 1990 is also found

in the provincial employment data of Jiangsu, Shandong, Hubei, and Qinghai.

Total employment data for the years 1990-2008 are employed in this essay
bec;a.usc they have been revised by the NBS using the employment values in
the 1990 and 2000 population census as adjustment anchors (Holz, 2009a). To
construct consistent and comparable data on employment, we adjust
employment data for the y.ea.rs 1978-1989, following the similar approach to
data adjustment of post-1990 employment. We use the values of total
employment in the 1982 and 1990 population census as adjustinent anchors of
the total employment for the years 1978--1989. Total employment values for
the years 1983-1989 are derived by covering the same proportion of the

distance between the 1982 and 1990 census values as the report-form values in
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CSY do. Furthermore, the values for the years 1978-1981 can be obtained by
applying the growth rates of report-form data in CSY to the total employment

value of 1982 population census. The details of adjustment rules are similar to

the efforts of Holz (2009a).'

Here we can obtain consistent and comparable data on total employment for
the years 1978 -2008. Subsequently, to derive the employment data of the three
main economic sectors, we apply the original sectoral employment shares to the
adjusted total employment values for the ycars 1978-2008. Although this
approach is not perfect, it is the best available method that can be used at this

point.
3.2.3 Capital

Following Chow (1993), Young (2003), and Bai, Hsich and Qian (2006), the
capital stock of China is constructed using Perpetual Inventory Method (PIM).
Here, the capital stock can be estimated using the hypothesis of a geometric

diminishing relative efficiency:
K:=K:—|(l_5r)+lu (2)

where K, and I, are the capital stock and investment at constant price at time

{, respectively, and &, is the depreciation rate of the capital stock.

-

19 Sae Appendix 13 of flolz (2009). The adjustment strategies can be summarized as follows. First, the
report form total employment values for the years 1978 to 1990 are turned into mid-year values. Mid-year
values can be simply obtained by taking arithmetic average of the two relevant year-end report form
values. Second, in each year, the proportion of the distance between 1982 and 1990 report form values in
60 Years covered is applied to the distance between the 1982 and 1990 population census employment
values, and then added to the 1982 population census values. Third, the total employment values for the
years 1978-1981 are obtained by applying the growth rates of the report form values in 60 Years to the
1982 population employment values. At last, the adjusted mid-year values for the years 1978-198% are
then turned into year-end values.
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To construct the capital stock series, four variables are necessary, namely, (1)
the investment at current price, (2} deflator for invcstment.,' (3) the
depreciation rate of capital stock, and (4) the capital stock in the base year.
First, we choose pross fixed capital formation (GFCF) as the proxy of
investment rather than the gross capital formation, because the change of

inventory in China is often calculated and considered as a residual term

(Young, 2003).

As Xu (2004) states, the GFCF at constant price is deflated using the price
index of fixed asset investment (PIFAI). However, PIFAI data are only
available in the years after 1990. As a result, given the available data on
GFCF at current price and the index of GFCF, the PIFAI data for the years
before 1991 are constructed using implicit deflator for fixed capital formation,
following Young (2003) and Zhang (2008). Hence, values of the constructed

investment deflator series before 1991 are the implicit deflators for GFCF while

values after 1990 are those for PIFAIL

Most studies have assumed a fixed depreciation rate for the capital goods in
China, despite the fa¢t that the velues are different. Perkins (1988) and Young
(2003) use depreciation rates of 5% and 6%, whereas Bai, Hsieh, and Qian
(2006) assume different depreciation rates for structures and machineries as
well as calculate an average depreciation rate. Zhang (2008) calculates an
avérage constant depreciation rate of 9.6% by assuming different durations of

!
investmeént lives on construction, equipment purchase, and others.'” In our
_"

4

I” First, he assumes 4% as the rate of the residual value (rom the total value of capital goods, which
means that in the end life of capital goods, the relative efficiency is 4%. Subsequently, the different
durations of investment lives on construction, equipment purchase, and others are assumed to be 45, 20
and 25 years, respectively. Hence, the depreciation rates of these three components of capital goods are
6.9%, 14.9% and 12.1%, respectively. Third, the average relative shares of the three components of fixed
capilal formation are 63%, 29% and 8%, respectively, over the pericd of 1952-2004. Therefore, the rate of
depreciation i8Q.6%, which is identical for all provinces and all years.
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study, the base value of depreciation rate is set to 9%, and other alternative

values, such as 6%, 8% and 10%, are used to conduct sensitivity tests.

Finally, duc to the limited data, the base year of capital stock construction is
set at 1952. The methods of estimating the capital stock of base year greatly
vary among different studies. Chow (1993) uscs his unique estimation on the
capital goods of China in 1952, i.e.,, 175 billion RMB at the 1952 price. In
contrast, Young (2003) and Zhang (2008) utilize another approach, by which
the capital stock of the base year is calculated by dividing the value of fixed
asset investment in 1952 by the sum of depreciation rate and average real
investment growth rate in the first five years. Significantly, because the focus
of this study is the period after 1978, which is 26 years after the base year, the
estimation of initial capital stock has a slight influence on the capital stock for
the years after 1978. Thus, any reasonable assumption of the initial capital
stock estimation is acceptable (Young, 2003). Following the method of Young
(2003), in order to calculate the initial capital stock, we divide the values of
GFCF by the sum of depreciation rate {with 9% as the base value) and the

average real growth rate of GFCF.

3.3 Stylized Facts

Over the last three decades, China has achieved outstanding economic
performance, although this is also accompanied by remarkable volatilities. The
average real GDP growth rate over the years 1978-2009 is 9.85%, while the
standard deviation is 2.73%. In this essay, standard deviation is used as a
measure of volatility. Figure 3 provides the rolling standard deviation of
annual recal GDP growth since 1978, which is accompanied by real GDP
growth. Here, a window of 5 years is used; thus, the volatility of year t is the

standard deviation of economic growth over the year t-4 to t. The volatility of
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GDP growth declines over time, especially after the early 1990s, from about
5% in the early 1980s and early 1990s to less than 1% in the early 2000s,
except that there is a mild increase recently caused by the recent global
financial crisis. However, the declining trend is not smooth, and a dramatic

drop has occurred around the early 1990s.
(FIGURE 3 HERE]

Similar to the analysis of annual scries, in this section, a rolling standard
deviation of quarterly GDP growth is calculated with a rolling window of 20
quarters {Figure 4). The volatility reported for quarter t is the standard
deviation of quarterly GDP growth over the period t-19 to t. Taking four-
quarter GDP growth (FQ) for example, the first available quarter for GDP
growth is 1979 Qi, which makes 1983 Q4 as the first reported quarter for the
volatility of quarterly GDP growth. Figure 4 presents a same pattern with
Figure 3. Both figures show a declining volatility over the last three decades as
well as a sharp drop in early 1990s. The rolling standard deviation of GDP
growth for PQA series, HP-filtered series, and BP-filtered series are illustrated

in Figures Al, A2 and A3, respectively, all of which show similar patterns to

that shown in Figure 4.
[FIGURE 4 HERE]

4 Structural Break in GDP Growth

Given the visually drastic drop in the output growth volatility in the early
1990s, we analyze more rigorously whether and when the volatility of GDP
growth experienced a structural change in this section, using several

econometric approaches. The main estimate of GDP growth used is the four-
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quarter GDP growth (FQ series), while other estimates are subject to

robustness tests.

4.1 Simple Regression

At the beginning, we employ a simple regression model to illustrate the
possible existence of volatility instability. A constant and a time trend are fit
to GDP growth in a simple regression. The results show a statistically
insignificant coefficient on the trend term. This insignificance of time trend is
robust to the use of the first difference of GDP growth as the independent
variable and to the inclusion of the lag terms of GDP growth in the regression
(scc the first 4 colurnns of Table 1). These results roughly indicate that no
time trend exists in GDP growth. Furthermore, a unit root test is applied to’
verify the stationarity of the GDP growth. The stability of the GDP growth
series is confirmed by the results of ADF tests, in which the existence of the

unit roots can be rejected at the 1% significance level in the models with

intercept.

However, the time trend in variance can be revealed by several preliminary
analyses. Given that the quarterly GDP growth rates are all positive, to
uncover the trend of growth variance, we thus remove the mean from the GDP
growth series and regress the square of demeaned GDP growth on a constant
and time trend. The results show a significantly negative coefficient on time
trend (at the 1% significance level). The significance of trend term declines
after the inclusion of the lag terms of dependent variables; however, it is still

significant at the 10% level (see last 3 columns of Table 1).

[TABLE 1 HERE]
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Major conclusions also hold in the robustness tests using three alternative GDP
growth estimates. Table A1, A2, and A3 report the results of regression on a
constant, a time trend and its lags using PQA GDP growth, HP-filtered GDP
and BP-filtered GDP as dependent variables, respectively. From all of the
three tables it can be verified that there is no existing time trend in the level of
GDP growth (as well as its first difference), while the variance of GDP growth
contains a time trend. Remarkably, once its lags have been included into the
regression of GDP growth, the adjusted R square increases dramatically,

suggesting that an AR model can well explain the GDP growth process.
4.2 Testing for the Instability of the GDP Growth

We conduct a more rigorous analysis on the instability of the GDP growth
process. Following Hess and Iwata (1997), McConnell and Perez-Quiros (2000),
as well as Stock and Watson (2002), we simply use the AR(1) model to

describe the process of quarterly GDP growth. The equation is given by:

V,=u+d¥_ +e, E(e)=0’, (3)

where Y, u, ¢, ¢, and o are the quarterly real GDP growth at time ¢,
]

constant term, autoregressive coefficient, residual term and residual variance,

respectively.

Similar to McConnell and Perez-Quiros (2000}, the L statistic dev¢10ped by
Nyblom (1989) and Hansen (1992b) is used to detect the parameter instability
in GDP growth process. The null hypothesis of L test states that the
parameters in the model are stable over time, which can be rejected by the
high values of L statistic. Hansen (1992b) also reports the critical values at
different significance level for the null hypothesis of stability of individual

parameter and the joint stability of multiple parameters.
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Panel A of Table 2 shows that we cannot reject the null hypothesis of stability
of both the constant term and autoregressive coefficient over the last three
decades. However, the stability of residual variance can be rejected at the 5%
significance level. Moreover, we can also reject the null hypothesis of the joint
stability of the three parameters concerned. Panel A also shows that the results
above are robust to the alternative measures of GDP growth (i.e., HP-filtered
GDP and BP-filtered GDP), and that the L statistic in testing BP-filtered

CGDP shows a significance level better than 1%.

Institutional changes may have occurred in 1992, the time at which the
political debate about approaches of economic reform was solved by the south
tour speeches of Deng Xisoping. For the purpose of comparison and further
analysis in this essay, the full sample period is split into two sub—periocis, i.e.,
the period prior to and after 1992. However, splitting the sample at an a priori
assumed break date is not recommended by Hansen (1992b). Panels B and C

of Table 2 show the results of the L test for the two subsamples, respectively.

[TABLE 2 HERE]

Despite one exception, panels B and C indicate that we cannot reject the null
hypothesis of stability for all the three parameters (i.e., constant term,
autoregressive coefficient, and residual variance) either individually or jointly
for both subsamples. Robustness tests on two alternative measures of GDP
~growth confirm the results of no rejection. The results also show that within
each sub-period, AR(1) can model the GDP growth process stably without any

structural break.

The significance of residual variance in the second subsample is not stable
when the most recent quarters are excluded. If we drop the last quarter

(2009 Q4) from the sample, the L statistic of residual variance drops
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remarkably (from 0.49 to 0.30) and becomes insignificant, whereas the
statistics of other parameters become relatively stable. Similar results arce
observed when more recent quarters (e.g., 4 quarters in 2009) are excluded.
Such similar results may be attributed to the prominent V-shape rebound of
the Chinese economy in 2009 after the financial crisis. If we look at the two de-
trended series (i.e., HP and BP series), the temporary changes can be
smoothed, and the L statistic of the residual variance for the second subsample

is insignificant.

Substantial difference in residual variance between the two sub-periods is
shown in Table 2. The differences in the other two estimates, namely, constant
term and autoregressive coefficient, are relatively small. However, we cannot
simply and directly conclude that the structural break of GDP growth process
is around 1992 by comparing the results in panel B and panel C. This is
because the test may be biased towards spurious rejection of the stability
hypothesis by splitting the sample at some known important date and by using
the conventional critical values (Hansen, 1992b). Consequently, the result in
panel A is our major concern because the whole samiale of three decades is used

and no ex ante break data needs to be chosen.

Briefly, based on the analysis of this section, we cannot reject the stability
hypothesis of the constant term and autoregressive coefficient in AR(1) model,
whereas the stability of variance and the joint stability of the three parameters
concerned can be rejected at the 5% significance fevel. Certainly, this L test
can only confirm the existence of break in variance. The process of detecting

the break date is conducted in the following sections.

4.3 Detecting Break Date of GDP Growth
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The last scction confirins the instability of variance and makes a simple
comparison by splitting the full sample into two subsamples using an arbitrary
break date assumed ex ante. Here, we further allow the break date of GDP
growth to be endogenous and unknown a priori; form this, we then estimate
the titning and the significance level of structural change. Again, the GDP
growth process is modeled as an AR(1), but with an unknown structural break.
Following the specifications below, we investigate whether or not a structural
break exists in the residual variance of GDP growth process. We also
investigate when it would occur and how much confidence would remain if we

reject the stability of variance.

Yl=ﬂ+¢}}l—l+£f1 E(grz):gile:-i_JzzDz:? 4(4)
01ife<T 1 iftsT : L )

where D, =4 . D, =< , T is the estimated break date, and o,
1ift>T 0ift>T

and o? are the corresponding cstimates of the variances in the different

subsamples.

The null hypothesis states that the residual variance is constant in the full

sample (o7 =0o?), whereas the alternative hypothesis states that a structural

break in variance occurs at time T (o] #03).

If the timing of the structural break is known a priori, the conventional Chow
test can be applied to verify whether or not the difference between the
subsamples is statistically significant.. However, the timing is unknown and
cndogenous. As a  result, the classical chi-square critical values are
inappropriate. Furthermore, the parameter to be estimated (i.e., breakdate T)
is under the alternative hypothesis, but not under the null, thus implying that
the conventional LM, LR, and Wald tests for the null hypothesis do not havé
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standard asymptotic properties. This problem has been solved by Andrews
(1993; 2003) and Andrews and Ploberger (1994) with most general statements.
In their works, they derive asymptoﬁcally the optimal tests for the cases when
a nuisance parameter exists under the alternative hypothesis but not under the
null. Hansen (1997) further provides & method to calculate the p-values for the

test statistics developed by Andrews (1993; 2003) and Andrews and Ploberger
(1994).

A function F,(T) is defined as the Wald or LM statistic of the null hypothesis;

it is cstablished for cach possible break date T with n obscrvations in the
sample. First, the full sample is trimmed to a range of [Ty, To), which is usually
symmetric (T\=1-T2). A statistic supF, as well as its critical valucs are

described by Andrews (1993; 2003) as:

F = FA(T).
sup r, nssgfn ( ) (5)

The statistic sup F, is used to estimate the timing of the structural break T.
Moreover, two additional statistics, namely, cxpF, and ave F,, are developed

by Andrews and Ploberger (1994). These are expressed as:

1 L 1
F =ln| ——- ~F (N ||,
xpF, “(n—w Z,,,cxv[z A ))] Q

I . &
Fz———"Y F(T).
ave F, LT TZT (T) (7)

In this study, we choose the range of T' to be [0.10 n, 0.90 n], indicating that
the trimming proportion is symmetrically set as 0.10. Pancl A of Table 3 shows
the results of the tests for structural beak in the residual variance of GDP

growth progress. As mentioned earlier, the null hypothesis states that the
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variance is constant over timc. When all three test statistics are reported, we
can sce that the null hypothesis of 6] =&, can be rejected at least at the 10%
significance level; in addition, the two statistics (expF, and ave F,) show a
strong rejection of the null at the 3% significance level. The estimated date of
structural break is in the first quarter of 1993. The existence of structural
break in the residual variance is robust to the alternative GDP growth
measures (HP-filtered and BP-filtered GDP series); thus, we can reject the null
hypothesis of the constant varian(;c in the process of the HP-filtered GDP at
least at the 5% significance level. The estimated break dates in the HP-filtered
and BP-filtered GDP series, referring to the second quarter of 1992 and the

second quarter of 1993, respectively, are just slightly different from the

cstimated break dates in the FQ GDP growth series.

Following McConnell and Perez-Quiros (2000), we also test whether the
constant term or thc autoregressive coefficient cxpericnce a structural break.
This is done in order to examine whether the existence of structural break in
residual variance is resulted from the structural breaks in the other parameters

of GDP growth process. The following specification is considered:
}:: = JulDlt +A“2D2f +¢l}}r—lD!: +¢2}::le2: +g, ¥ E(grz) = 0.2 ! (8)

where D, and D,, are defined in the same way as those shown in Equation 4,

and the constant residual variance is assumed.

We test the individual structural breaks and a joint structural break in the
constant term and autoregressive coefficient. The null hypotheses of individual

_breaks are defined as g =4 and ¢=¢, for the constant term and

autoregressive coefficient, respectively. The null of the joint break in the two
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paramecters is g = 4,,¢, =¢,. Panel B of Table 3 shows the results of the tests

for individual breaks and the joint break.
[TABLE 3 HERE]

Panel B of Table 3 clearly shows that we cannot reject the null hypothesis of
no break in all tests for the four-quarter GDP growth, including the tests for
individual break in constant, individual break in autoregressive coefficient, and
a joint break in both parameters. These results are also robust to the
alternative test statistics and alternative GDP growth measures, except for the

test for a joint break for the BP-filtered GDP.

The result of no break in constant and AR coefficient but a joint break in
these two paramcters for BP serics may arise from the sample selection and
outlier effect. The sample span for the BP-filtered GDP is from 1981 Q1 to
2006 Q4'¢, and the trimming proportion is 0.10; thus, the first observation for
the estimating test statistics is on 1983 Q4, which is also the estimated break
date for the joint break in the two parameters. If we choose 0.15 or 0.20 as the
trimming proportion, then we cannot reject the null hypothesis of no break in
all the tests of constant term and autoregressive coefficient. In addition, the
null of constant variance can be rejected at the 1% significance level with

1993 Q2 as the break date.

We can conclude that there are no breaks in the constant term and
autoregressive coefficient in the quarterly GDP growth process of China (AR(1)
model here). Hence, the existence of structural break in the residual variance
does not arise from a change in other parameters in the AR(1) model of GDP

growth.

" As previously stated, GDP is BP fillered by choosing 12 leading lags, so that the first and last 12
quarters are dropped alter the BP filtering.
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Furthermore, we also investigate whether or not more than one break exists in
the residual variance of GDP growth process, using a sequential approach
given an cstimated structural break (Bai and Perron, 1998). We first split the
full samplc into two subsamples in terms of the estimated timing of structural
break reported in Table 3, after which we apply the same test for the
structural break in the residual variancé to cach of the two subsamples. This
sequence ends when the null hypothesis of no break cannot be rejected for cach
subsample. Certainly, due to the limited sample size in our study (maximum
128 quarters), the sequential approach is not applicable if the size of one
subsample is too small. As a result, the sequential tests for multiple breaks are
only illustrative and cannot provide convincing evidence of the existence of

multiple breaks because of the relatively small sample size.
[TABLE 4 HERE]

The results of the sequential tests for more breaks in variance are shown in
Table 4. Given the estimated date of structural break (1993 Q1, 1992 Q2, and
1993 Q2 for FQ, HP, and BP series, respectively), the full sample is split into
two subsamples, after which the same tests of Andrews (1993; 2003) and
Andrews and Ploberger (1994) are applied to each subsample. According to the
statistics in Table 4, the null hypothesis of constant variance cannot be
rejected in cither subsample; hence, an additional structural break does not
exist in the AR(1) process of quarterly GDP érowth. In addition, the p-values
of the test statistics for the first period are relatively smaller than those in the
second period, suggesting that the residual variance in the second subsample is

more likely stable.

Finally, for the robustness tests, we employ AR models with higher order to
characterize the process of GDP growth. We then apply similar tests for the
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structural breaks, in accordance with the specifications of the GDP growth
process. Both the AR(2) and AR(3) models are considered. The results of the
tests for structural breaks in variance arc reported in Table 5. Panel A
reproduces the top pancl of Table 3, and panels B and C report the test result's
for the AR(2) and AR(3) models, respectively. The null of constant variance
can be rejected at least at the 10% significance level, even employing AR
models with higher orders. However, there are slight differences in the timing
of structural break. The test results for HP-filtered GDP using the AR(1),
AR(2), and AR(3) models report the identical timing of structural break in
variance (1992 Q2), whereas thoée for four-quarter GDP growth rcach more or
less the same conclusions (1993 Q1 and 1993 Q3). Moreover, we also conduct
tests for the structural breaks in constant term and AR coefficient in the AR(2)
and AR(3) models. The results reported in Tables A4 and A5 show that we
cannot reject the null hypothesis of no individual break either in constant or in
autoregressive coefficient for all cases considered. Several test statistics suggest
that a joint break exists in these two parameters, which however cannot be

inferred from all the test statistics and from all alternative GDP growth

measures.
[TABLE 5 HERE]
5 Regime Switching of GDP Growth

Using the statistics developed by Andrews (1993; 2003) and Andrews and
Ploberger (1994), we have shown in the last section that there is a statistically
significant structural break in the variance of China’s GDP growth, which is
likely to occur in 1992 or 1993. Here, we investigate and detect the declining

volatility of GDP growth using an alternative approach, namely, the Markov
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Switching model, which features the time-series behavior as regime shifts

between different states.

The Markov Switching model is non-linear and assumes that the parameters
modeling an observed time series depend on an unobservable state variable
associated with different regimes. This model has been employed and further
developed by the influential work of Hamilton (1989) to detect the regime
switch of the GDP growth between two states governed by a Markov process,
namely, the high growth regime and the low growth regime. Hamilton’s -
subsequent efforts (Hamilton, 1990; Hamilton and Susmel, 1994, Hamiltorfl,
1996) as well as other rclated studies further extend this approach, applying it
to characte;ize business cycles, such as the studies of Durland and McCurdy

(1994), Filardo (1994), Kim and Nelson (1999), and McConnell and Perez-
Quiros (2000).

We also employ the Markov Switching models to characterize the dynamics of
China’s GDP growth. First, the process of GDP growth is modeled as AR(p),
after which the two states of the Markov Switching model are introduced into
the process of AR(p). The methodology of Markov Switching AR(p) model is

described briefly below.
5.1 Model Description

In the present work, GDP growth is modeled as an AR(p) if there is no regime
shift in its process. Two kinds of AR{p) models are considered here, namely,
the AR(p) model with intercept and the AR(p) model with mean. The former
continues to consider the conventional AR model, which is employed in the
discussions in previous sections, whereas the latter is in a.ccordapce with the

specification of Hamilton (1989). Certainly, the models with intercept term and
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with mean are identical when u=6=0. Consider the following general

representation of a Markov Switching model in AR(p):

Y= pg +§¢,.S'Y,_,, +0y¢,, £ ~iid.N(0,1), (9)
. P . T
Y, =08, +2 (Y., -0 )+o,5, & ~iidN(0,1), (10)

where Y, is the real GDP growth, while is,, 95, and a; arc the intercept

term, mean value and residual variance of the GDP growth conditioned in the

unobserved Markov Switching state variable S:, respectively.

Let therc be 2 states (i.e, St =1 or St = 2). Subsequently, the 2-state
unobserved variable S: and the transition between the two states are governed
by a Markov Chain process, in which the probability of being in a particular
state at time ¢ depends only on the state at time £1. The matrix P of the

transition probabilities is defined by Hamilton (1994) as follows:

P=[p” p,z]_[P(S,———llS,_, =1) P(S, =18, =2)}

- 11
Pu Pn) \P(S5,=21S,=1) P(S,=2IS,=2) )

where p, is the probability of regime switching from state j at time #-1 to state

tat time ¢, and p,+p, =p, +p,=1.

In particular, if p=1, ol =0} and & <§,, the Markov Switching AR(1)
model with mean is simplified as the one used in Hamilton (1989), in which he
assumes two unobserved states (i.e., the higher growth &, and the lower

growth &) switch with constant variances o”.

Given that the analyses in previous sections suggest that there is a structural

break in variance, rather than constant and autoregressive coefficient of an AR
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model characterizing the process of GDP growth, the first specification we
consider here assumes that the intercept term and the autoregressive dynamics
are constant and state independent, whereas the variance depends on the

unobserved state variable. The MSH-1 model is expressed as:
. 2 N
Y=u+2rgY,_ +ose,, & ~iidN(0,1). (12)
i=l ! i

For further comparisons, the second specification rclaxes the restriction on
invariant constant term, and assumes that the constant term and variance
depend on the unobserved state variable; meanwhile, the autoregressive
coefficient proves to be state independent. The MSIH model {Clements and

Krolzig, 1998) is thus expressed as:

Y = pg +§¢,1‘f,_, +0.8,, & ~LidN(0,1). (13)

Hamilton (1989) and McConnell and Perez-Quiros (2000) employ an
alternative model setting, in which the AR process incorporates an
unconditional mean instead of a constant term. We also consider these
alternative models, using the following two specifications. The second one
(Equation 15) is similar to the one used in McConnell and Perez-Quiros (2000);
however, the difference is that they further allow two regimes of mean growth

given the state of variance. Equations 14 and 15 represent the MSH-2 and

MSMH models, respectively:

. p .
K = 6+Z¢,(Y,_f ”"53, )+0's'£“ &~ i'i‘d'N(o’l) ’ (14)

i=l

. P .
Y,=6, +24 (Y,,-8; )+o56,, & ~iidN(0]1). (15)
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The paramecter estimations can be made through the Maximum Likelihood
(ML) method and Expectation Maximization (EM) algorithm (Hamilton, 1990;
Iansen, 1992a; Hamilton, 1994), or through the recently developed Bayesian
inference with Gibbs sampling (Kim and Nelson, 1999). We employ the first

approach to cstimate our models.
5.2 Results of the Markov Switching Model

For simplicity and for comparing the results in the previous sections, we first
consider an AR(1) model to characterize the GDP growth process. For instance,
for the four-quarter GDP growth, the AR(1) model dominates the AR(2)
model in terms of different criterions (AIC, HQIC, or SBIC) when we assume
there is no structural break in models. However,-if we allow more lags in the
AR models, the best lag order chosen by the information criterions is not likely

to converge. Thus, we focus on AR models with lag orders 1 and 3.

The conventional AR(1) model with constant term is first considered. Table 6
shows the results of parameter estimations and several tests for MSH and
MSIH models with AR(1). The first panel summarizes the parameter
estimations, while panels B-E show the residual diagnostic, instability tests,

transition probability matrix and the regime classification, respectively.

The first column of Table 6 shows that the skewness and kurtt;osis of AR(1)
residuals are significantly different from those of normal distribution. The
Jarque-Bera test results also suggest that we can reject the null hypothesis of
the normal distribution of residuals at the 1% significance level. Panel C of
AR(1) reproduces the results of the instability test in previous sections,
indicating a strong rejection of the null hypothesis of constant variance and

joint stability of parameters. The Ljung-Box statistic is used in this section to
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test the significance of autocorrelations of standardized residuals. Here, Qi(8)
and Q,(8) correspond to Ljung-Box statistics for the first 8 lags with the null
hypothesis of no autocorrelation for the standardized residuals and squared
stagdardized residuals, respectively. Both statistics indicate that we can reject
the null hypothesis of zero autocorrelation at the 5% significance level. All the
- results of residual diagnostic tests are evident in the non-linearity and

instability of parameters in the AR{1) model.
[TABLE 6 HERE]

The first specification, the MSH model, assumes that only residual variances
depend on the unobserved state variable. The second and third columns show
the results of the varisnce-switching model. We can see that the- higher-
variance state (Regime 1) shows a variance that is more than twice as large as
the variance in the lower-variance state (Regime 2). The estimates of all
parameters in this specification are statistically significant at least at the 5%
significance level. The log likelihood also increases from -213.87 in AR(1) model
to -202.03, suggesting that the MSH model improves the explanation power
compared with the AR{1) model. Furthermore, the results of the residual
diagnostics also confirm the improvement. The skewness and kurtosis of the
residual are reduced significantly relative to the actual data as well as the
AR(1) model. The results of the Jarque-Bera test further suggest that we
cannot reject the null hypothesis of the normal distribution of residual for the
MSH model. Despite the fact that the Ljung-Box statistic still illustrates
significant rejection of no autocorrelations, the values decrease remarkably.
The evidence provided by the instability test also suggests the improvement of
the MSH model, and that the null hypothesis of a single break or a joint break

in each parameter cannot be rejected.
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The diagonal elements of transition probability matrix rcported in panel D lie
close to 1; this indicates the high persistence of both regimes and suggests that
if the economy is in Regime 1 or Regime 2 in the current period in the MSH
model, then it is most likely to remain in its current state in the next period.
The smoothed probability'® of being in a higher-variance state (Regime 1) is
plotted in Figurc 5. Hamilton (1989) proposes an approach in detecting the
date of regime switching, in which an observation is fitted to a state if the
corresponding smoothed probability is higher than 0.50. Accordingly, the

regime classification is made. The results are reported in panel E.
[FIGURE 5 HERE]

The two regimes, the higher-variance regime (Regime 1) and the lower-
variance regime (Regime 2), switch over in the last three decades. It suggests
that there cxists a structural break in the variance of the GDP growth process
(Figure 5). Despite the unstable regime switch in the first 3 observations, there
is a highly significant structural break in the first quarter of 1993, when the
smoothed probability of being in Regime 1 drastically drops below 0.5 for the
first time. Prior to the first quarter of 1993, the GDP growth of China can be
modeled as a process with highér variance, whereas it experiences lower
volatility after that quarter. Interestingly, the date of the structural break
detected using the Markov Switching model, i.e., 1993 Ql, is identical to the
date of the structural break estimated using the approaches proposed by
Andrews (1993; 2003) and Andrews and Ploberger (1994). Identical results
using diffcrent approaches indicate that the existence and timing of structural
breaks in variance are robust. Moreover, the smoothed probability of higher-

variance regime has incrcased remarkably in the recent two years, which can

1 The smoothed probabilities for each time t are calculated based on the information of completle sample
T, whereas the filtered probabilities are calculated based on the information up to time ¢.
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be attributed to the recent global financial crisis. The identical results also
suggest that the cra of over 15 years with less volatile GDP growth may end if

China is unable to recover from the crisis and sustain its cconomic growth

successfully lm the coming years.

Next, we relax the restriction on the invariant constant term between the two
regimes and conduct parameter estimation and relative tests for our second
specification (i.e., the MSIH model) similar to those in the MSH model. The
results for MSIH model are shown in the last two columns of Table 6. The
smoothed probabilitics of Regime 1 are illustrated in Figure 6. All estimated
parameters are statistically significant, and the constant terms in different
regimes are slightly different, i.e., 134 versus 1.14. The estimated
autoregressive coefficient and residual variance are nearly the same with those
in the MSH model. The results of residual diagnostics and instability test also
reveal that the null hypothesis of the normal distribution of residual cannot be
rejected. Meanwhile, the direct illustration of regime switching of GDP growth
can be found in Figure 6, which shows an almost identical pattern with that in
Figure 5. A one-time structural change from a higher variance regime to a
lower variance regime occurred during the years 1992-1993. The slight change
in constant term also suggests a slight change in the mean value of economic

growth.

In comparing the results for the MSH and MSIH models, relaxing the
restriction on constant term oniy slightly improves the explanation power,
along with the almost identical estimation results of the autorcgressive
coefficient and residual variance. Due to the slight difference in constant terms
between the two regimes, we can conclude that the regime switching in

variance is the primary characteristic of China’s GDP growth over the last
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three decades. A drastic increase in the probability of low-variance regime is
detected in the lost quarter of 1992. Furthermore, the transition probabilities

indicate the persistence of both regimes.
[FIGURE 6 HERE]

We use the Markov Switching model with mean (Hamilton, 1989; McConnell
and Perez-Quiros, 2000) in order to check the robustness of our results. Table
AG shows the results for the MSH-2 and MSMH models with AR(1). Clearly,
the results in Tables 6 and A6 are almost identical. There is no doubt that the
results for models with constant term and mean are consistent, because we use
AR(1) as the analysis framework and all the estimated parameters are highly
significant. The mean value is calculated by dividing the constant term by 1
minus the autoregressive coefficient in terms of recursive method and is

expressed as:

l“(ﬁl (16)

Morcover, we conduct the same analysis on the BP-filtered GDP series. We
can check whether or not the presence of regime switching is affected by the
choice of volatility frequency because the BP-filtered series has filtered out the
highest and lowest frequency fluctuations. In this essay, the BP-filtered GDP
focus only on volatility with periods of 6 to 32 quarters, and the first and last
12 quarters arc dropped during the filtering procedure. Table 7 shows the
results of tests for the BP-filtered GDP series. Meanwhile, the smoothed

probability of high-variance regime is illustrated in Figure 7.

Table 7 shows that after filtering out the highest and lowest frequencics, the

main findings in Table 6 still hold, except for some minor differences. First, the
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estimated constant term becomes insignificant in all models for the BP series.
Second, the higher-variance regime experiences a variance, which is more than
four times as large as that in the lower-variance regime. Moreover, there are
two cxceptional periods, the last quarter of 1990 and the last quarter of 2006,
when GDP growth suffers a partial and unsuccessful regime switching. Given
that the last observation is 2006 Q4 for BP scrics, we cannot conclude directly
that the low-variance regime ends at that time. A sample with wider time span,
for instance, the four-quarter series, suggests that the incrcase of probability of
high variance regime in 2006 is temporary, and a more drastic regime shift
exists around the years 2008-2009. Despite the above discrepancies, a
significant regime shift is also found for the BP-filtered GDP serics; in addition,
the timing of structural change (1993 Q2) is just slightly different from that

for four-quarter GDP growth (1993 Q1).
[FIGURE 7 HERE]
[TABLE 7 HERE]

Finally, we examine the effects of the lag order of the AR model by using
AR(3) to model China’s GDP growth (MSH and MSIH with 3 lags as well).
Next, we conduct the same analyscs as those done for the AR(1) models as
shown above. Major results are summarized in Table 8 for both four-quarter
and BP-filtered series. Figures 8 and 9 illustrate the smoothed probability of
higher-variance regime in MSH model for four-quarter GDP growth and

BP-filtered GDP series, respectively.

Most of the results in Table 7 are qualitatively the same with those in Table 6,
except for some discrepancies in the timing of structural break in variance.
Under the AR(3) model setting, the four-quarter GDP growth experiences a

structural shift in variance in the middle of 1990, whereas the BP-filtered GDP
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switches its variance in the second quarter of 1992. It is noteworthy that, with
higher lag orders, the cstimated timing of structural shift is carlier than those
with lower lag orders, 3 years earlier for four-quarter series, and 1 year earlier
for BP-filtered series. Furthermore, the observed temporary shifts® in the
BP-filtered series with AR(1) model! disappear when the AR(3) models are

cmployed.

[FIGURE 8 HERE]
(FIGURE 9 HERE]
(TABLE 8 HERE]

Previous sections have provided abundant and robust evidence of the
instability of variance of China’s GDP growth, as well as the presence of one-
time structural break in the variance of cconomic growth, Further analyses
reveal that the timing of structural shift or regime switching is likely to occur
in the early 1990s. Most emprical results suggest that the break dates may be
Jate 1992 or early 1993, or even a little carlier considering the alternative model
settings. These findings are robust to the alternative measulri\:)f GDP growth,
namely, four-quarter, HP-filtered, and BP-filtered serig. Moreover, the
findings arc also robust to the alternative approaches of structural change, e.g.,
Nyblom-Hansen’s L test (Nyblom, 1989; Hansen, 1992b), SupF tests for
structural break (Andrews, 1993; Andrews and Ploberger, 1994; Andrews,
2003), and Markov Switching AR models (Hamilton, 1989; Kim and Nelson,

1999: McConnell and Perez-Quiros, 2000), to name a few. Statistically speaking,

China’s GDP growth experienced a one-time structural shift or regime

& "Pemporary shifts are found in the end of 1990 and the last quarter of 2006 for Lthe BP-filtered GDP in
models with 1 lag.
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switching from higher variance to lower variance in the early 1990s, which may

have occurred in the years 1992- 1993.

Nevertheless, the univariate analysis of the GDP growth of China only
provides a limited picture of the dynamics of economic growth itself.
This kind of analysis can only answer the question as to whether or not
the volatility of the GDP growth has become less volatile over the last
three decades or if there exists a structural change or regime shift in the
process of cconomic growth. The following scctions discuss the sources
of the decreased volatility of GDP growth using different methods.
According to the analyses above, the volatility of economic growth has
evidently cxperienced a one-time structural change ih the years 1992-1993.
Thus, we scparate the whole sample into two sub-periods, namely, 1978-1992
and 1993 2008. The following sections employ scveral decomposition
approaches from different perspectives to demonstrate the contributions of the
decomposed factors to the aggregate volatility. The proceeding sections also
investigate whether or not the differences in the growth and volatility

contribution of the decomposed factors for the two sub-periods are significant.

6 Sources: Production Perspective

6.1 Labor Productivity Decomposition

First, we begin with simple labor productivity decomposition. Supposing that
the output Y is the product of labor (L) and average labor productivity (y,
ALP}), then the simple decompositions of economic growth and growth variance

in tcrms of labor productivity are:

)}.-=L:+.}"'r= (17)
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vax(f’,)=\var(zf.,)+var(jzf)+200v(l;,,y,), (18)

where ¥, L, and y, indicate the growth rates of GDP, labor and average
labor productivity, respectively. The values of the growth rates are calculated
by taking the first difference of the log values of the variables concerned. Here,
var and cov represent variance and covariance, respectively. Similar to Stirch
(2009), cach term on the right hand side of Equation 18 is regarded as the

volatility contribution of corresponding component.

Here, we use the annual data on the real GDP growth and China's
employment growth over the years 1978-2008. Figure 10 illustrates the growth

rates of GDP, employment, and labor productivity over the last three decades.
[FIGURE 10 HERE]

As stated previously, we split the whole sample into two sub-periods, 1978-
1992 and 1993-2008. Table 9 shows the differences in mean growth rates and
volatility between.the two sub-periods, along with the significance levels of the
changes. To calculate the statistical significance of the difference in mean
growth rates, we conduct a t-test for the null hypothesis of equal mean growth
rates of the two sub-periods when unequal variences are allowed. For the
difference in variances term, we use Levene’s robust test statistic to test the
equality of variances between the two sub-periods. This has been proven to be
robust under the normality of the underlying distributions (Stiroh, 2009). For
the difference in covariance term, a two-sample test for the null of cqual
covariances is conducted, whereas we implement a two-sample test for the null
of equal correlation cocfficient for the difference in correlation coefficient
(Lawley, 1963). As Stiroh (2009) argues, the tests of GDP, cmployment, and

labor productivity are not independent because these three variables are

4%



associated according to the decomposition approach. However, they at least

draw a picture of statistical significance of the individual differences.

Similar to the results of previous sections, no evidence of changes in the mean
growth rate of GDP is found, making the variances more directly comparable.
llowever, as Figure 10 and Table 9 indicate, the significant decline in
employment growth as well as the significant increase in labor productivity in
the sccond sub-period is suggestive. The mean growth rate of employment
drops from 2.45% to 0.99%, whereas that of labor productivity increases from
6.52% to 8.68% after 1992. The reason why China’s employment growth
experienced a significant decline may be attributed to both demographic and
statistical rcasons. First, the drastic drop of employment growth after 1990s
reflects the sharp decline in population birth rates in 1970s (Bosworth and
Collins, 2008). Another underlying reason may lie on the changes of statistical

coverage of employment (Holz, 2009a).

It is noteworthy that a large decline in "volatility of growth is found in all
components except the covariance between labor and productivity. The decline
in GDP volatility mainly results from the decline in volatility of labor
productivity in terms of magnitude. Moreover, 97% of the decline in output
volatility can be attributed to the contribution of variances of labor
productivity. The rolling variance decomposition with a window of 5 years is
shown in Figure 11, which provides an illustrative picture of the changes of
decomposition components of output volatility. Output volatility mainly
reflects the variances of labor produetivity in terms of magnitude, whereas the

sizes of employment volatility and covariance of employment and labor

productivity are relatively small.

[FIGURE 11 HERE]
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The covariance term in Table 9 is the combination of the corrclation coefficient
between employment and labor productivity, and their standard deviations.
We also compare the raw correlation between these two variables for the two
sub-periods and the change between the two sub-periods. This is done so that
the change in co-movements of employment and productivity can be better
investigated. The raw corrclation between labor and productivity is small and
insignificant in the first sub-period. Subsequently, the correlation becomes
significant and necgative in the second period. However, the correlation

differences between the two sub-periods are not significant.
[TABLE 9 HERE]

6.2 Growth Accounting Decomposition

Following Stiroh (2009), we extend the decomposition approach under a
growth accounting framework. Suppose that the output Y is produced by the
labor input L, capital services K, and technology A. The production function is
constant return to scale (CRS) with Hicks-neutral augmented technology A.

The growth accounting procedure is described as follows:
Y=A4f(L,K)=ALK"", (19)
Y,=A+al +(1-a,)K,, (20)

where f’,, L,, K, , and A indicate the growth rates of GDP, labor, capital and

TFP, respectively. The first three items are calculated by taking the first
difference of log value of the variable concerned, whereas the last one is
calculated as the residual of growth accounting. The output clasticity of labor

a, is calculated as the output share of labor compensation.
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The variance of output growth can be decomposed in terms of growth
accounting approach if we treat all terms in | growth accounting as random
variables. The output volatility can be decomposed into volatilities of the three
variables in the right hand side of Equation 20 and their pairwise covariances.

Each term in the right hand side of Equation 21 is also regarded as volatility

contribution. -

var(}",)=;var(X,I,)+ZZZCOV(X,I,,XH), (21)

i=l j>i

where X, indicates the three growth accounting items, namely, TFP growth

( A), labor growth contribution (a,L ), and capital deepening contribution

((l“at)Kr )

Data on GDP, employment, and capital are constructed as the previous

corresponding section states. The output elasticity of labor a,, i.e., the share of

labor compensation in the output, is computed according to the data on GDI?
by income approach and varies over time in terms of the relative share of
compensation of employees in GDP.? We obtain the national data by adding
'up all provincial data and dividing the sum of GDP by income approach by
the sum of compensation of employees. This is because only the provincial data
on GDP by income approach are available. Growth accounting decomposition
is conducted for the years 1978-2008. The results of growth' accounting arc
shown in Figure 12, which also demonstrates the respective growth

contributions of labor, capital, and TFP.

[FIGURE 12 HERE]

2 In the Chinese stalistical system, the GDP by income approach iz calculated by adding the following
four components: (1) compensation of employees, (2) net taxes on production, (3) depreciation of fixed
assets, and (4) operating surplus. The share of labor compensation in output is calculated as the
proportion of compensation of employees in GDP by income approach.
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Table 10 shows the results of growth accounting decomposition. The left panel
provides the results of growth decomposition, while the right pancl shows the
results of volatility decomposition. The left panel shows that the growth
contributions of both labor and capital input show significant changes between
the two sub-periods but in opposite direction, whereas there is no change in the
mean of TFP growth. Figure 12 also provides a visual view of the growth
contributions of labor and capital, showing a declining and increasing trend,

respectively.

The right panel of Table 10 indicates that, all other volatility components
experience a significant decline except for the volatility contributions of the
variance of capital growth and the covariance between labor and TFP growth.
Although the direct contribution of employment is statistically significant, its
magnitude is economically small. In contrast, the volatility contribution of
TFP is both significant and economically large. The direct contribution of
capital also shows a mild but insignificant increase, whereas the change of
covariance contribution of the other two factors (labor and TFP) is
significantly positive but economically small. The variance of TFP and the
covariance between capital and TFP contribute 68.7% and 30.8% of the decline
in output volatility, respectively. Figure 13 also shows the rolling results of
variance decomposition from a growth accounting perspective. A window of 5
years is used here. As a result, the changes of volatility contribution of TFP
and the covariance between capital and TFP dominate the dynamics of output
volatility in terms of m.agnit;ude. In addition, these two components are likely

to co-move with the GDP volatility.
[TABLE 10 HERE]

[FIGURE 13 HERE]
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The pairwise correlations and their changes are also shown in Table 10. The
correlation between labor and capital and that between capital and TFP both
decrease significantly: the former becomes significantly negative, whereas the

latter becomes small and insignificant.

We can conclude that the remarkable decline in the output volatility can be
primarily attributed to the statistically significant contribution of the declining
volatility of TFP as well as the declining correlation of capital input and TFP.
The results also suggest that both the increasing stability of TFP growth and
the declining correlation of capital input and TFP have crucial effects on the
decline in output volatility of the Chinese economy. The results are consistent
with the conclusion of He, Chong and Shi (2009), indicating that TFP is the

hest explanatory factor of the aggregate business cycles.
6.3 Sector Decomposition: Three Sectors

To uncover the specific sources of the decline in output volatility, we further
employ the data of the three main e!conomic sectors to decompose the volatility
change into the contributions of volatility within sectors and between sectors.
For instance, if the decline in variances within some sectors plays an important
role in explaining the aggregate decline, it may be associated with a sector-
specified technology shock or economic structure changes. In contrast, if the
changes of covariances across sectors arc crucial, an exogenous cornmon shock

or good luck explanation may dominate (Stock and Watson, 2002). The

approach of sector decomposition is introduced briefly below.

The aggregate output can be expressed as the sum of the value-added of the

three main economic sectors, namely, the primary, secondary, and tertiary



sectors. Moreover, the output growth is the weighted sum of the sectoral value-

added growth (Jorgenson and Stiroh, 2000; Stiroh, 2009):
Y= 2t (22)

where s,, is the sectoral weight, which is calculated as the two-period average
nominal share of the sectoral value-added in aggregate output. In each item in
Equation 22, s,,VH is the scctoral growth contribution to aggregate output

growth.

In terms of the weighted summation of sectoral value-added growth, the
variance of aggregate growth can be attributed to the sum of variances of the

sectoral growth contribution and the sum of covariances between sectors™:
. . 3 3
var(}’,)=2var(smVu)+ZZ2cov(s Vu,.S‘“V“) (23)

Furthermore, sectoral value-added is considered the product of sectoral labor

and sectoral labor productivity, ¥, =L v, . Therefore, the aggregate output

growth can be decomposed into the contributions of sectoral labor growth and

sectoral labor productivity growth:

V=2l + s (24)

The sectoral labor productivity decomposition of variances is described as

follows:

7 It should be noted Lhat the volatility dynamic of each sector may be different from that of GDP growth.
This approach is employed to discuss the relative contribution of the changes of veriances and
covariances of sectoral growths in the decline of the volatility of GDP growth. The volatility of each
sectoral growth may deserve further investigation, which however is out of the scope of this study. This
concern is also applicable to the following sections, including the volatility decomposition from the
demand and regional perspectives.
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where the first two summations are the direct variance contributions of the
weighted labor growth and weighted labor productivity growth of cach sector,
and the three covariance summations (i.e., labor-labor, productivity-

productivity, and labor-productivity} are for all sector pairs.

It is noteworthy that the first two covariance summations (labor-labor and
productivity-productivity) only comprise betwecn-sector effects, whereas the
last covariance summation (labor-productivity) comprises both between- and
within-sector effects. As a result, the last covariance summation can be further
decomposed into a between-sector component and a within-sector component

(Stiroh, 2009):

iimmv(s L”,sﬂv“)

i=l j=

3 (26)

= i2cov(5uL“,s,,vu)+iz2cov(s L“, J,v“)

=) i=t =i

The first and second covariance summations in Equation 26 represent the
covariances of labor and productivity for a specific scctor (within-sector) and

those between different sectors (between-sector), respectively.

This study uses the data on value-added and cmployment of the three main
economic sectors for the years 1978-2008 to conduct scctor decomposition.
Figure 14 shows the growth contributions of the three main economic sectors,

while Figures 15 and 16 demonstrate the rolling results of variance
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decomposition with a window of 5 years. The results of further decomposition

in terms of labor productivity are shown in Figures 17, 18, and 19.

The comparisons of the two sub-periods are summarized in Table 11. The first
pane] shows the sectoral value-added decomposition in accordance with
Equation 22 and Equation 23, whercas the second panel shows the sectoral

labor productivity decomposition following Equations 24-26.
[FIGURE 14 HERE]
[FIGURE 15 HERE]

We can see from the top panel of Table 11 that although the aggregate
economic growth shows no evidence of significant change between the two sub-
periods, the growth contributions of the primary and tertiary sectors
experience drastic changes, i.e., a decline for the former and an increase for the
latter. However, in terms of magnitude, the significant changes of the mean
growth rates of the primary and tertiary sectors cancel out. Hence, the change
of mean growth rate of the aggregate output is roughly in line with that of the
secondary sector. The results further indicate that over the last three decades,
the growth contribution of the secondary sector (mainly manufacturing and
construction) is relativcly stable, whereas that of the primary sector
(agriculture} becomes trivial in the second sub-period. The tertiary sector
(services), however, becomes increasingly important in sustaining China’s

cconomic growth.

Figure 14 illustrates the decreasing and increasing growth contribution from
the primary and tertiary sectors, respectively. The growth contribution of the
secondary sector is pro-cyclical, whereas those of the primary and tertiary

sectors are relatively stable, especially after the early 1990s. The differences in



the growth contribution of the three sectors suggest that, to a certain extent,
the primary and tertiary sectors serve as the stabilizers of the aggregate

business cycles during the continuous industrialization of the Chinese economy

(Xu, 2002).

The top panel also shows that all terms of variance decomposition, except for
the covariance between the primary and secondary sectors, show a significant
decline after 1992.% Among all the terms of variance decomposition, the direct
contribution of the secondary sector, and the covariance between the secondary
and tertiary scctors are relatively large, accounting for 43.5% and 44.4% of the
decline in aggregate volatility, respectively. As shown in Figure 15, the two
components not only dominate the changes of aggregate output volatility in
terms of magnitude, but also co-move with the variance dynamics of the

aggregate GDP.
[FIGURE 16 HERE]

Generally, both the within and between effects play an important role in
explaining the declining volatility of the aggregate output growth. However,
the within effect dominates in terms of magnitude, and nearly 77% of the
decline in the volatility of aggregate output growth can be attributed to the
direct contributions of sectoral wvariances. Figure 16 provides a visual
illustration of the volatility contributions of within and between effects. The
result is different from the evidence of the US (Stiroh, 2009), in which the
covariances (between effect) account for the 80% of the aggregate volatility. As

g result, we may reach the conclusion that the decline in aggregate output

® The volatility contribution of the covariance between the primary and secondary seclors increases
significantly alter 1992, and the magnitude is far from negligible. We can see that the correlation between
Lhe primary and secondury sectors turns to he (.52 in the second sulr-period from -0.32 in the firsl one,
while the change is statistically significant.
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volatility can be mainly traced to idiosyncratic shocks of individual sectors or
shocks with heterogenous effects on different sectors, rather than common

shocks across sectors.
[FIGURE 17 HERE]
[FIGURE 18 HERE]}

Figures 17-19 and the bottom panel of Table 11 show the results of sectoral
labor productivity decomposition following Equations 24-26. A decline in
aggregate sectoral employment growth and an incrcase in aggregate scctoral
labor productivity arc illustrated in Figure 17. In addition, Table 11 shows the

statistically significant changes of both growth ratcs between the two sub-

periods.

Figure 18 and Table 11, meanwhile, show that labor productivity growth
becomes less volatile within sectors in the second sub-period, whereas the
volatility of employment growth remains relatively stable in general. The
variances of labor growth and productivity growth contribute 46% of the
decline in aggregate output volatility, whereas other various covariances
account for the remaining 54%. Both variances and covariances components of
sectoral labor productivity decomposition play important roles in the decline in

aggregate output volatility, as shown in Figure 19.

Morcover, the between-sector covariances of employment and those of labor
productivity dominate the decline in tetal covariances, accounting for 85.6% of
the decline in total covariances, and hence 46.2% of the decline in volatility of
the aggregate output growth. As a result, the covariances between labor and
labor productivity mildly decrease (0.57), accounting only for 14.4% of the

decline in total covariances. However, according to further decomposition, the

o
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covariances between employment and labor productivity within  sectors

experience an economically large decline (2.32), whercas those between sectors

show a rcmarkable increase (1.75).

The results in this section suggest that the drastic drop of aggregalc output
volatility primarily reflects the direct contribution of significant decline in
variances of sectoral growth, which can be traced to significant changes in
variances of scctoral labor productivity and the covariances of labor and

productivity within sectors.
[TABLE 11 HERE]
[IFIGURE 19 HERE]

Next, we look into the pairwise correlation cocfficients of sectoral growth
contributions than their covariances. The rolling pairwise correlation

cocfficients with a window of 5 years are calculated and plotted in Figure 20.

As shown in Figure 14, the growth contributioﬁ of the secondary sector is
highly pro-cyclical, thereby dominating the dynamics of aggregate volatility.
The results of the 'pairwise correlations between the secondary sector and the
other two sectors are very interesting. The rolling corrclation between the
primary and secondary sectors shows an inércasc from a negative value to a
roughly positive one after the middle 1990s, suggesting that the growth
contribution of the primary sector has become somewhat pro-cyclical despite a
recent declining trend in its correlation with that of the secondary sector. In
comparison, the rolling correlation of the growth contribution of the secondary
and tertiary sectors shows a different picture, in which the pairwise correlation'
is significantly positive and stable before the mid-1990s, around 0.9-1.0. The

positive pairwise correlation indicates that the growth contribution of the



tertiary sector highly co-moves with that of the secondary sector in the first
half of the reform period, suggesting that both demonstrate a pro-cyclical
pattern. The corrclation varics significantly after the mid-1990s, showing a
sharp decline despite a recent increase. Morcover, we can also conclude that
the increase of covariances between the primary and secondary sectors shown
in Figure 15 and Table 11 is mainly driven by their rising correlation,™
whereas the decline in the covariances between the tertiary and secondary
sectors  rellects their decreasing correlation, rather than their reduced

variability.
[FIGURE 20 HERE]

Similar to Stiroh (2009), we also compute the rolling 5-year weighted average
correlation among the sector pairs for weighted growth of value added,
employment, and labor productivity, following Equa‘ions 27 and 28, which usc

the equal weight and average nominal valuc-added weight, respectively. These

arc CX])I‘GSSBd a8

3 3 . B
Poxy = ZZC()rr(st,,stj)U , (27)
i=1 j»i
3 3 - .
,E)’B.X_W=ZZcorr(s,X“sj)(j)-(EﬁEj)/Z, (28)
isb j>i

where the subscripts B, U, and WT indicate a between-sector cffect,
unweighted correlation and weighted correlation, respectively. The subscript X

is either valuc-added, employment, or labor productivity. Here, average

# As shown in Figure 15 and Table 11, the variances of growth contribution of the three sectors
oexperience & decline. However, the covariance terms of Lhe primary and secondary seclors incrense
significantly, whereas those of the tertiary and seecondary term decrease drastically,

F
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nominal valuc-added shares in the aggregate GDIP (75} are employed as

weights for all variables.

[FIGURE 21 HERE]

The unweighted average correlations are almost identical to the weighted ones.
Hence, we only plot the rolling weighted average correlations for the three
variables in Figure 21. The average correlation for labor productivity shows a
significant drop in the mid-1990s, with values declining from around 0.4 in the
early 1990s to -0.40 in the early 2000s. Furthermore, the weighted correlations
for value-added and employment demonstrate a much weaker declining trend
in the mid-1990s compared with that for labor productivity. The results above
suggest that the declining covariances between the sectoral labor productivity®
mainly reflect the reduced corrclation between sectors. In comparison, the
decrease of covariances for value-added growth indicates the mixed results of
the increasing stability of the underlying series and declining correlation, which

is revealed partly by the disaggregate pairwise correlations in Figure 20.

The aggregate results of labor productivity decomposition shown in Figure 11
and Table 9 indicate that the covariances between employment and labor
productivity growth have a small contribution (cven in opposite direction) to
the decline in aggregate volatility. However, the disaggregate results of sectoral
labor productivity decomposition suggest that although the aggregate cffects of
covariances are trivial, the volatility contributions of both between-sector and
within-sector covariances of employment and labor productivity are
cconomically large, albeit with opposite signs (Figure 18 and Table 11). To

further uncover the dyunamics of correlations, we calculate the rolling average

% In the second sub-period, the covariances hetween weighted sectoral lubor productivity growth decrease
by 3.G3 percentage points.
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of within- and between-scctor correlations of cmployment and labor

productivity growth (Stiroh, 2009), using a rolling window of 5 years.

The average within-sector corrclations of employment and labor productivity
growth are cstimated, following Equations 29 and 30. Both the unweighted and

weighted corrclations are calculated as follows:

3 -
Pyy = Zcorr(s,.L,,siv,)JB , (29)
i-1

3 "
Py = 2 corr(s,L,s%,) 5, (30)
=

where the subscripts W, U, and WT indicate the within-sector cffcet,
unweighted correlation and weighted correlation, respectively; s,L, and s,
indicate cmployment growth and labor productivity growth for sector i
weighted by its sectoral share, respectively; and 5, indicates the average

scctoral share over the rolling window.

The average hetween-sector correlations of employment and labor productivity

growth are calculated as Equations 31 and 32, in which the subscript B

indicates between-sector effect:

13 '
Pay =D 2 corr(skLy.s,v,)/6, (31)
i=t Jei
3 3 .
P wr =ZZcorr(s,L,,s),faj)-(Ej +3})/4- (32)
=) j=i

[FIGURE 22 HERE]

We plot the rolling average of within- and between-scctor correlations of
ciployment and labor productivity in Figure 22. Both the weighted and

unweighted correlations are shown. Figure 22 shows that the rolling within-
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seclor corrclations started to decline in the early 1990s, suggesting some
remarkable changes of the link between employment and labor productivity
growth. Interestingly, the average of between-sector correlations shows a
modestly increasing trend. Furthermore, the significant drop of the within-
sector covariances of employment and labor productivity growth mainly
reflects a reduced correlation, whereas the increase of the between-sector
covariances is driven by an increasing correlation since the variances of sectoral

labor productivity growth experience a significant decline.
6.4 Sector Decomposition: More Sub-Sectors

The analysis in the previous scction provides a brief view of the volatility
decomposition from the sectoral production perspective. We incorporate a more

disaggregate sectoral structure to study the sources of declining volatility of

the Chinese cconomy.

As discussed in the previous section, the aggregate economy is the aggregation
of the three main economic sectors, and the secondary and tertiary sectors can
be further decomposed. At this point, the secondary sector is further
decomnposed into two sub-sectors, i.e., 1) industry and 2) construction. The
tertiary sector is further decomposed into six sub-sectors, i.e., 1) transport,
storage, and post, 2) wholesale and retail trades, 3) hotels and catering services,

4) financial intermediation, 5) rcal estate, and 6) other tertiary sub-sectors.

Without consistent employment data series for all the sub-sectors mentioned
above, we only focus on the volatility decomposition in terms of sectoral value-
added growth. The decomposition method is similar to that shown in
Equations 22 and 23, in which the aggregate economic growth is the weighted

sum of the sectoral value-added growth, and the weight is the two-period
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average nominal share of the sectoral value added in GDP. Furthermore, the
covariances between sub-sectors of the same main cconomic sector are
considered within effect of covariances, while those between sub-sectors of

different main economic sectors are considered between effect of covariances.

We employ the data on the valuc-added of the 9 sub-sectors for the years
1978-2008 to conduct the similar analysis as that shown in the last section.
Figures A4-A6 illustrate the growth contributions from the 9 sub-scctors. We
can see that Figure A4 is necarly identical to Figure 14 in the last section,
whereas Figures A5 and A6 provide a more detailed view of growth

contributions. The 5-year rolling results of variance decomposition are plotted

in Figures A7-A10.
[TABLE 12 HERE]

Table 12 compares the results of growth decomposition and variance
decomposition for the two sub-periods. Almost all of the aggregate results
(three main economic sectors) are similar to those in Table 11. For instance,
there is no evidence of significant change for the aggregate economic growth,
whereas the growth contributions of the three main economic sectors show
different trends, i.c., an increase for the primary sector and a decrease for the
other two sectors. Both the variances and covariances terms play an important
role in the decline of aggregate volatility, and the variances dominate the
decline in terms of magnitude (61.4%). The proportion attributed to the
variances terms in Table 12 and Figure A7 is significantly smaller than that in
Table 11 and Figure 16, This is because the variance of a main economic sector
can be further decomposed into the variances of its sub-sectors and their
covariances, which are basically positive according to Figures A9 and Al0.

Even in this case, the direct contributions of variances account for the major
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part of the aggregate volatility decline, confirming the conclusion in the
previous scction, that is, the decline in aggregate output volatility can be
mginly traced to idiosyncratic shocks of individual sectors or shocks with
heterogeneous effects on different sectors rather than common homogenous
shocks across sectors. The variance of the secondary sector and the covariance
between the secondary and tertiary sectors account for the major part of the
total volatility decline (83.0% in total and 34.7% and 48.3%, respectively).
Figurecs A4 and A7-AY provide visible evidence of these results. We focus on

some new findings when incorporating a more disaggregate sectoral structure.

First, the aggregate economic growth is dominated by the growth contribution
of the sub-sector of industry, accounting for ncarly 50% of the GDP growth
over the last two decades. The growth contribution of the other tertiary sub-
sector becomes increasingly important in the aggregate output growth,

indicating a significant increase in the second sub-period.

Second, except for the other tertiary sub-sector, all sub-sectors experience a
decline in the variances of their growth contributions, and the changes of five
out of ninc sub-sectors® are statistically signiﬁcanﬂ Furthermore, 30 out of 36
pairs of covariances between the growth contributions of sub-sectors show a
decline,? while 20 pairs decrease significantly. These pairs of covariances with
an increasing trend are concentrated in the relationship between the primary

and secondary sectors, as well as in the relationship between financial

intermediation and the secondary sectors.

% ‘These five sub-seclors are the primary sector, industry, construction, wholesale and retail trade, and
real estate.
¥ 'The six pairs of covariunces thal experience an incrense after 1992 include primary sector and industry,
primary sector and construction, primary seclor and real estate, industry and financial intermediation,
construction and intermediation, as well us trade and financial intermediation.
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Next, we calculate the weighted correlations within and between the thrce
main cconomic sectors to rule out the effect of reduced variances. The lower
left panel of Table 12 shows the average correlation coefficients. The between
main sector correlations in Table 12 are qualitatively similar to those in Table
11, suggesting that the changes of pairwise covariances among the three main
economic sectors reflect the change of their corresponding pairwise correlations.
A new finding indicates that the decrcase of covariances within the secondary
sub-sectors is driven by the decreasc of their variances rather than their
corrclations. However, the change of average correlation of all pairwisc
correlations between sub-sectors is not as drastic as that of the total
covariances. This indicates that, on average, the significant declinc in total

covariances is primarily attributed to the reduced variances of all sub-sectors.
7 Sources: Demand Perspective

Another important ‘disaggregate perspective in studying the sources of decline
in output volatility is to investigate the decomposed components of the final
demand side (Blanchard and Simon, 2001; Davis and Kahn, 2008). From a
statistical accounting perspective, the GDP volatility depends on the variances
of its components as well as on the covariances of the components, as well as

their relative weights in GDP.

The aggregate output can be decomposed into several final demand
components, namely, household consumption, government expenditure,
investment, and net export. It is expressed as:

3
Y,=YE, =C+G,+1I +NE, (33)

i=t
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where Y, C, G, [, and NE indicate GDP, houschold consumption, government
expenditure, investment and nct oxports, respectively. Each of these

components is denoted by E, .

The GDP growth can also be attributed to the contributions of its components.
Given that both the level and growth rate of net exports often change sign, we
construct the growth contribution of each component using a different
approach instead of multiplying the relative share in GDP and the growth rate
for cach component. ’

First, all level values of GDP and its components arc converted to be at
constant price. Equation' 34 states that the growth contribution of each
component is defined as the ratio of the change in each component at time ¢ to
the aggregate GDP at time £1. After the transformation, the growth
contribution of each component is calculated as the product of the GDP

growth and its growth contribution share, which is computed by dividing the

change of its level by the change of the real GDP. This is expressed as:

7 - % i1 . AE“ b
L

where ¥, X,,, and ¢, indicate GDP growth, growth contribution and growth

contribution share of component 7 at time ¢, respectively.
Given the decomposition in terms of growth contributions, the aggregate

volatility can be easily decomposed into the variances of all terms of growth

contributions, and their covariances:

var( ) 2var( ) ZZZCOV( . ), (35)

i=l i
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where Y and X,, indicate the GDP growth and growth contribution of

component i at time {, respectively.

We employ the data on GDP by expenditure approach for the years 1978--2008,
including household consumption (HC), government consumption (GC), gross
capital formation (GCF), and net exports (NE). Furthermore, household
consumption can be divided into rural household consumption (RHC) and
urban household consumption (UHC). The GCF can be divided into GFCF
and changes of inventories. Table 13 compares thc results of growth

decomposition and variance decomposition for the two sub-periods.
[TABLE 13 HERE]

The growth contributions of the four expenditure terms are plotted in Figure
23. Growth contributions from both household consumption and investment
play an important role in aggregate growth; in addition, investment shows a
greater contribution than the other components after 2000. Government
expenditure provides a relatively small and stable contribution to GDP growth.
Remarkably, the growth contribution from trade (net exports) is volatile and

presents counter-cyclical pattern before 2000.

We can see from the left panel of Table 13 that the growth contributions from
both household consumption and government expenditure show a significant
decline in the sccond sub-period, whercas that from GCF experiences a drastic
increase. However, there is no ecvidence of significant change of growth
contribution from net exports. These results suggest that although the GDP
growth does not change significantly over the last threce decades, its
contributions from expenditure components vary greatly. The increasing

importance of investment and decreasing contribution from consumption



provide some evidence showing that China’s cconomic growth is mainly driven
by the investment, especially in the second period {(Zheng, Bigsten and Hu,
2009). The findings here are also consistent with our previous finding that the
capital growth in the second sub-period is significantly higher than that in the

first one.
[FIGURE 23 HERE]

The volatility of household consumption experienced a sharp drop in the early
1990s, whereas that in the 1980s increased steadily. The significant decline is
similar to that found in aggregate output volatility. The volatility of
government expenditure shows a steady decline over the last three decades,
despite a slight increase in the early 1990s. Although the government
expenditure growth is remarkably volatile before the middle 1990s, with a
rolling standard deviation greater than 5%, it only provides a small direct
contribution to the aggregate volatility given its small and stable share
(around 15% in the reform period). Investment is the most volatile component
of GDP. Prior to the middle 1990s, the rolling standard deviation is greater
than 8%, experiencing a significant increase in the early 2000s. Interestingly,
the incrcase in the rolling standard deviation coincides with the period of
overheating of the Chinese economy and the succeeding macro control policies.
The increasing weight of investment in GDP as well as its significant volatility
means that investment is the largest direct contributor to aggregate volatility.
Despite a recent increase, the volatility of growth contribution, from net
exports also shows a drastic decline after the carly 1990s, which may be

attributed to the global economic crisis.
[FIGURE 24 HERE]

[FIGURE 25 HERE]
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The rolling results of variance decomposition are plotted in Figures 24 and 25.
The former illustrates the contributions from the variances and covariances of
the expenditure terms, whereas the latter shows the aggregate direct
contribution from variances and the aggregate contribution from covariances
terms. Both figures present the same pattern, which shows that the declining
volatility of GDP mostly reflects the significant drop of the direct
contributions from variances of its demand components. The covariance terms,
on the other hand, are more complicated, and show no clear trend if all the
covariance terms arc added up. The right panel of Table 13 compares the
variance decomposition for the two sub-periods and provides more specific

evidence.

In total, the variance terms account for 97.3% of the decline in output
volatility, whereas the remaining part can be attributed to the covariance
terms. All variance terms exhibit a decline after the early 1990s, albeit with
different significance levels. In terms of magnitude, the variances of growth
contribution from household consumption and investment account for most of

the decline in output volatility (78.7%).

Ouly less than 3% of the volatility decline can be attributed to the total
covariances, the terms of which vary notably. Mecanwhile, the pairwise
covariances of houschold consumption, government expenditure, and
investment drop significantly in the second sub-period, whereas those of net
exports between each of the other three components increase. Next, we
separate the pairwise correlation coefficients of these terms into two groups:
one including the correlations of growth contribution from net exports between
cach of the other threec components, and the another covering pairwise

correlations of these three components. The rolling results of correlation

67



cocfficients arc illustrated in Figure 26. All corrclations in the first group
experience an increase after the early 1990s, except the correlation between
investinent and net exports, which shows a decline after the early 2000s.
Correlations in the second group present a declining trend or at least a stable
pattern in the second sub-period, despite a recent increase after the early 2000s.
A potential explanation for the results stated above is that the growth
contributions from local demands bhecome less correlated along with the
increasing  integration with the global cconomy, whereas the growth
contribution from net exports is becoming increasingly associated (or less
negatively linked) with the local demands. Maybe a different mechanism is
suggestive after China joins the WTO in 2003, since the trends of corrclations
have changed at that time. However, we do not have a clear perspective yet,

given the limited time span after the WTO entry.
[FIGURE 26 HERE]
8 Sources: Regional Economic Perspective

When looking at Chincse provinces, we find that most of them have
experienced a notable decline in output volatility. For instance, the standard
deviation of the GDP growth of Beijing has decreased from 4.75% (for the
years 1978-1992) to 1.56% (for the years 1993-2008), while that of Shanghai
has decreased from 3.50% to 1.77%. Therefore, an interesting question emerges:
“T'o what extent can we attribute the remarkable decline in China’s output
volatility to the declines in provincial volatility, as well as to the dynamics of

correlations hetween provinces?”

Previous studies have provided some indirect answers to this question, which

are somchow controversial. Xu (2002) and Xu and Voon (2003) find that there
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arce significant co-movements among Chinese provinces. Morcover, they find
that the national effects dominate in the dynamics of provincial husiness cycles
despite the fact that coastal provinces {ollow the national business more closely,
whereas the west regions are likely to be countercyclical. Nevertheless, Brun,
Combes, and Renard (2002) examine the spillover effect between regions, and
argue that the spillover from coastal areas to inland provinces is not sufficient
to reduce the disparities in the short run. Trade barriers, price distortion, and
rent seeking from local governments may be the potential contributors to this
inefficient integration (Young, 2000). However, the arguments of Young (2000)
are challenged by Holz (2009b), who reports a certain evidence of no increasing
trade barricrs and considers China as a relatively integrated large cconomy.
Furthermore, Groenewold, Lee, and Chen (2007; 2008) employ a VAR model
and find significant spillover effects fromn coastal provinces to central and
western regions and from central region to western region. However, they find

no spillover effects from western region to the two other regions.

If Young’s (2000) conclusion is the case, an increasing trade barrier may result
in a less integrated economy, suggesting that the decline in output volatility
may reflect the decreasing correlations between provinces, apart from the
declining variances of most provinces. In cbntrast, if Xu (2002) and Xu and
Voon (2003) provide a picture that is closer to the fact, the correlation
between provincial GDP growth is likely to increase or at least become stable
over the last three decades. Moreover, the declining output volatility mainly

stems from the increasing output stability of most provinces themsclves.

Here, we employ the data on GDP and GDP growth for 31 provinces over the
last three decades to investigate the sources of the decline in output volatility

from the perspective of regional economy.
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The aggregate GDP is the sum of the provincial GDP of 31 provinces in
niainland China, and the national GDP growth is the weighted sum of the
provincial GDP growth. The weight here is calculated as the two-year average

nominal GDP share of cach province:
h=2s.h (36)

where Y,, f*l‘ﬂ,, and s, arc the national GDP growth, GDP growth and the

GDP share of province ¢ at time £, respectively. Each term in Equation 36,

5, B, . is the provincial contribution to national output growth.

Using Equation 36, we can decompose the variance of the national GDP
growth into the sum of variances of provincial growth contributions and the
sum of pairwise covariances between provincial growth contributions. Morcover,
we divide the Chinese provinces into three groups, namely, eastern, central and
western regions, with 11, 8 and 12 provinces, respectively.® The sum of
pairwise covariances can be further decomposed into the sum of covariances

within regions and the sum of covarianccs between regions, as expressed in

Equation 37:

B The eastern region covers 11 provinces, including Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu,
Zhejiang, Fujinn, Shandong, CGuangdong, and Huainan, The central region covers 8 provinees, including
Shanxi, Jilin, Hellongiiang, Anbui, Jiangxi, Henan, Hubei, and Hunan, The western region covers the rest
12 provinces, including Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi,
Gansu, Qinghai, Ningxia, und Xinjiang.
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where K, L, Nk, and N, indicate the K™ group, L* group, number of provinces

in K™ group, and number of provinces in L™ group.

Figure 27 plots the growth contributions of the three groups, whercas Figures
28 illustrates the rolling results of variance decomposition with a window of 5

years in terms of provincial GDP growth contribution.

Similar to the analysis in the previous sections, we also compare the results of
growth decomposition and variance decomposition for the two sub-periods. The
left pancl of Table 14 shows the results of growth decomposition, while the

right panel compares the results of variance decomposition following Equation

37.

As shown in Figure 27, a remarkable discrepancy can be observed between the
weighted sum of the provincial GDP growth and the national GDP growth as
well as the sum between aggregate provincial nominal GDP and national
nominal GDP after the carly 1990s. These resuits have also bcen reported in
Rawski (2001; 2002) and Holz (2003). These discrepancics may be attributed to
several explanations. The first concerns the fact that the provinces over report
nominal GDP and rcal GDP growth to satisfy their growth targets, and the
NBS revises the aggregate provincial data when generating the national output
data according to the sample surveys 'of NBS and cstimations (Holz, 2003).

The second argument states that the value-added of cross-province enterprises
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are reported repeatedly to different provinces so that the aggregation of
provincial GDP is higher than the national value. Fortunately, these
discrepancies seem systematically consistent for the years after the early 1990s,
and the criticism of wide data falsification and dishonesty ot provincial level
lack strong evidence to back up such claims (Holz, 2003). Consequently, the
provincial data on GDP and GDP growth are employed in this study without
revisions despite the fact that the weighted sum of GDP growth is higher than

the national value by 2 percent points.
[FIGURE 27 HERE]

Figure 27 and the left pancl of Table 14 show that the eastern provinces
contribute the most to the aggregate economic growth, with nearly 60% of the
GDP growth of China coming from the countributions of the 11 coastal
provinces. Compared with no significant change in average growth rate
between the two sub-periods for national GDP growth as stated in previous
sections, the weighted sum of the provincial GDP growth in the second sub-
period is larger than that in the lirst sub-period by 2.25%, most of which can
be attributed to growth contributions from the eastern provinces. As a result of
the discrepancies between the national value and the sum of provincial values,
we cannot conclude that cither the eastern provinces grow faster or the average

national GDP growth is higher after 1992.

The sum of variances of the provincial growth contribution can be considered
the direct within effects, while the sum of the pairwise covariances presents the
between effects. The results of variance decomposition in the right panel of
Table 14 show that hoth the within and between effects contribute to the
decline in the output volatility, but the latter dominates in terms of magnitude.

Nearly 88.9% of the aggregate decline in volatility can be attributed to the
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decline in covariances terms. The direct within effects account only for the rest
of the 11.1% of volatility decline. Figure 28 also indicates that between effects

dominate the aggregate volatility for the last three decades, accounting for

almost 90% of the total variances.

This result can be associated with the prevailing effects of common factors
across provinces as well as the incrcasing economic integration and co-
movement (Xu, 2002; Xu and Voon, 2003).The incremental and experimental
reform since 1978 swept all the provinces in China. Although the reform has
been initiated in the coastal provinces at the very beginning, the spillover

effect plays an important role in subsequent economic integration (Groenewold,

Lee and Chen, 2007; 2008).

[FIGURE 28]
(TABLE 14

Most provinces experience a significant drop in volatility of GDP growth
contribution after the early 1990s. Table 15 shows the comparisons of mean
and variance of the growth contributions of the two sub-periods for 31
provinces. The left panel of Table 15 compares the mean growth rates,
indicating that 21 out of 31 provinces show no significant change in the mean
of growth contribution after 1992. Among 10 provinces that experience
significant change in growth contribution in the second sub-period, 9 are
castern provinces. Considering the variance comparisons, we find that 30 out of
31 provinces show a decline in the volatility of growth contribution, and the
declines in 24 provinces are statistically significant at lcast at the 10%
significance level. Among the provinces, Jiangsu, Liaoning, Shandong, and
Guangdong are the top 4 contributors to the decline in variances. As shown in

Figure 29 and Table 14, the eastern provinces contribute the most to the direct
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within cffects, accounting for 67.8% of the total decline in the variances of
provincial growth contributions. The central provinces are the second biggest
contributors, accounting for 26.4% of the total decline, whereas western
provinces only account for the remaining 5.8%. The dominant role of castern
provinces is not only duc to their increasingly stable GDP growth, but also due
to their relatively large GDP sharc. The 11 eastern provinces account for more

than 50% of the aggregate GDP, and this has increased steadily to nearly 60%

in recent years.

Furthermore, we examine the raw GDP growth of all provinces rather than the
growth contributions to rule out the cffects of GDP shares. Table A7 shows the
results of the mean and variance comparison of GDP growth for all provinces.
All provinces show a decline in output volatility after 1992, with the declines

in 26 provinces showing statistical significance.
[FIGURE 29 HERE]
[TABLE 15 HERE]

On the other hand, both the within- and between-group covariances of
provincial growth contributions have contributed significantly to the decline in
the aggregate output volatility. We plot all the within- and between-group
rolling covariances in the left figures of Figure 30, 31, and 32. Both the within-
and between-group covariances arc substantial in terms of magnitude in the
reform period, and co-move with each other notably. The right panel of Table
14 shows that the within- and between-group covariances account for 42.1%

and 57.9% of the drop in total covariances, respectively.

In the\investigation of the group-specific covariances, we find that the related

terms in the eastern provinces dominate the total covariances and the decline
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of covariances as well as the decline in aggregate volatility. In the first place,
among the three within-group covariances, those within the eastern provinces
account for more than 80% of the total within-group covariances over the last
threc decades (see left side of Figure 31), and 78.5% of the decline in total
within-group covariances (29.4% of aggregate decline in output volatility). The
covariances within the central and within western provinces account for 15.5%
and 6.0% of the decline in total within-group covariances, respectively. The left
side of Figure 32 shows that the related covariances® of the eastern group are
the major components of the total between-group covariances. Nearly 85% of
both the level and the decline of the total between-group covariances are

attributed to the terms, Cov-EC and Cov-EW, accounting for 43.3% of the

decline in aggregate output vitality.

Remarkably, the significant drops in covariance terms may result from two
kinds of factors, namely, the decreasing variances of individual provincial
growth contribution and the decline in correlations between provinces. As a
result, it is more interesting to look at the correlations rather than the
covariances between provinces. We compute the average correlation coefficient
between provinces using Equation 38, in which the weights served as the mean
GDP shares of the corresponding provinces. To examine the differences in
correlations within a group and between groups, we also calculate the within-
group correlation coefficients following Equation 39 as well as the between-
group ones following Equation 40. Finally, the average correlation cocfficient

within groups and that between groups are calculated followihg Equation 41

and 42 as shown below:

B Covariances related to the eastern provinces refer to the covariances between the castern and central
provinces (Cov-EC), and those between the eastern and western provinces {Cov-EW).
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where B and W indicate a between- and within-group corrclations, respectively,
and K and K-L indicate a correlation within group X and a correlation

between group K and L, respectively.

Next, we plot the 5-ycar rolling correlation coefficients for within- and
between-group terms in the right figures in Figures 30-32. The left bottom

pancl of Table 14. compares the average correlation coefficients for the two sub-

periods.

Gencerally, rather than sharp decline in covariances, a slight increase is
obscrved in the second sub-period for all correlation coefficients considered.
Table 14 shows that the average correlation for all provinces increases from
0.44 to 0.55 after 1992. Among the six measures of within- and between-group
correlations, the onc within the eastern provinces and the one within the
western provinces are the biggest and smallest in the two sub-periods,
respectively. There are no significant differences among the six measures in

terms of magnitude. However, the avcrage within-group correlation is slightly
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greater than the between-group correlation in both sub-periods. These results
provide some clucs about the increasing cconomic integration in China. These
indicate that the castern provinces are more synchronized than those within
the other two groups as well as provinces between each pair of three groups, on
average. In addition, the slight increase found in all correlations suggests that
the significant drop in covariances after 1992 mainly reflects the increasing

stability of growth contributions for all individual provinces.

More specifically, the rolling results plotted in Figures 30-32 provide a
dynamic view of the‘ correlations within and between groups. As shown in
Figure 30, the average correlations within groups and between groups move
together over the last three decades. The correlations between provincial
growth contributions show a drastic drop in the early 1990s. However, they
experience a steep increase in the early 2000s and a sharp decline in recent
years, which is quite different from the dynamics of corresponding covariances
terms that are rclatively stable after the early 1990s. The results suggest that
the significant drop in covariance components in the early 1990s reflect both
the effects of decreasing variances of all provinces as well as thosc of the
declines in pairwise correlations. However, the stable covariances after the
early 1990s mainly result from the less volatile provincial growth contributions
rather than the corrclations. In addition, the co-movements between provinces
are overwhelming over the last three decades, despite two short periods with
drastic declines in correlations. The correlations between provinces have
increased steadily since 1978, indicating the occurrence of an increasing
cconomic integration in the first half of the reform period (Xu, 2002; Xu and
Voon, 2003). The common factors across provinces dominate economic growth

and integration. The declines in correlations in the early 1990s and mid-2000s
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suggest that the provincial idiosyncratic factors play important roles and that

the shocks at that time have heterogenous effects on different provinces.

Subseq&ently‘ we examine the group specific correlations shown in Figures 31
and 32. Most of the correlations present a similar pattern, in which the
correlations increase steadily since the beginning of the reform period, decrease
sharply in the carly 1990s, rebound drastically in the early 2000s, and finally
decrease significantly in subsequent years. This pattern confirms the conclusion
we have made in the previous paragraph, that is, the significant decline in
covariances in the early 1990s mainly due to a smaller correlation and the low
covariances after 1993 can be attributed to low variances of provincial growth
contributions. Meanwhile, attention must be given to some other results. First,
among the three within-group correlations, the one within the castern
provinces is the biggest across the years, suggesting a closer within-group
economic relationship. Figure 32 also illustrates that the between-group
correlations arc almost identical in the 2000s, while there are remarkable
discrepancies between cach pair of these in the 1980s and 1990s, especially in

the late 1990s.
[FIGURE 30 HERE]
[FIGURE 31 HERE]

[FIGURE 32 HERE]
9 Conclusions

This essay intends to answer the following questions: “Has the economic
growth of China become less volatile?” If this is the case, “What are the causes

of the increasing stability of the Chinese economy?”
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The answer to the first question is yes. After constructing the quarterly data
o GDP growth over the last three decades, we identify the instability of
quarterly GDP growth as well as the presence of one-time structural break in
the variances of output growth. Further analyses reveal that the timing of
structural shift or regime switching is likely to occur in the ecarly 1990s
statistically. Most emprical results suggest late 1992 or carly 1993 as the break
date, which could be slightly different when alternative model settings are
considered. These findings are robust to the alternative measures of the GDP
growth, namely, four-quarter, HP-filtcred, and BP-filtered series. The findings
arc also robust to the alternative approaches of structural change or regime
switching, including Nyblom-Hansen’s L test (Nyblom, 1989; Hansen, 1992b),
SupF tests for structural break {Andrews, 1993; Andrews and Ploberger, 1994;
Andrews, 2003), and Markov Switching AR modecls (Hamilton, 1989; Kim and
Nelson, 1999; McConnell and Perez-Quiros, 2000), among others. The results of
this study suggest that the quarterly GDP growth of China experienced a one-
time structural shift or regime switching from a state of higher variance to a

state of lower variance in the years 1992-1993.

Nevertheless, the univariate analysis of China’s GDP growth only
provides a limited picture of the cconomic growth dynamics itself.
Univariate analysis can only answer the questions as to whether the
volatility of the GDP growth becomes less volatile and u?’ﬁ‘éther or not
there is a structural change or regime shift in the process of cconomic
growth. To uncover the sources of the decline in output volatility, we
employ scveral decomposition approaches to examine the factors
accounting for the increasing stability of the Chinese cconomy. The
reform period is split into two sub-periods, namely, 1978-1992 and

1993-2008, according to the detected timing of structural break in this
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study. Subsequently, we compare the decomposition results for the two
sub-periods and then plot the rolling results of the decomposed

components.

First, we decompose the output volatility from the production
perspective. At the aggregate level, our results indicate a sharp drop in
the variances of employment and labor productivity except for their
covariances. The decline in output volatility mainly results from the
increasing stability of labor productivity in terms of magnitut_ie. Further
growth accounting analysis reveals. that the less volatile TFP residual
and the declining covariances between TFP and capital account for
68.7% and 30.8% of the decline in GDP volatility, respectively. This
result is consistent with the conclusion of He, Chong, and Shi (2009),
that is, TFP is the best explanatory factor of the aggregatc business
cycle. Significantly, the capital input growth is more volatile after 1992,
although the difference between the two sub-periods is not statistically

significant.

At the sectoral level, we decompose the aggregate volatility into the
contributions from the sectoral variances of value-added growth and
their covariances. We find that the growth contribution of the
secondary sector is significantly pro-cyclical, whereas those of the
primary and tertiary sectors are relatively stable despitc the fact that
the primary sector is incrcasingly becoming trivial. The value-added
growth of all scctors becomes more stable. In addition, 77% of the
decline in aggregate output volatility decline can be attributed to the
direct contributions of the decreased sectoral variances, which is

dominated by the declinc in variances of the secondary sector in terms
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of magnitude. Therefore, the decline in aggregate output volatility can be
mainly traced back to idiosyncratic shocks of individual sectors or shocks with
different cffects on different sectors, rather than common shocks across sectors
those are found to be dominant in the increasing stability of the US cconomy
(Stiroh, 2009). Moreover, in incorporating a more disaggregate sectoral
structure with nine sub-sectors, we find similar results to those using the
dataset of the three main economic sectors. Most sub-sectors show a significant
decline in the volatility of valuc-added growth. Thus, the decline in aggregate

output volatilily mainly reflects the significant changes of sectoral variances.

Furthermore, labor productivity decomposition at the sectoral level
shows that both the variances and covariances terms play important
roles in the decline of aggregate volatility. The variances of sectoral
labor productivity and their covariances betwecn scctors account for
most of the volatility decline (79.2%), which is consistent with the
previous finding regarding the dominant role of labor productivity.
Intcrestingly, although the aggregate covariances between employment
and labor productivity contribute little to the aggregate volatility
decline, the changes of decomposed within- and between-sector
covariances are both economically large, albeit with opposite signs. The
average within- and between-sector correlations between employment
and labor productivitg; show a drastic decline trend and a modestly
increasing trend, respectively. The opposite trends indicate that the
increasc of sectoral labor productivity is probably associated with the
decreasc of sectoral employment, whercas that is the decrease of onc

sector’s emplovment is mainly transferred to other sectors.
pioy Y
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Apart from the production perspective of volatility decomposition (Stiroh,
2009), the demand or expenditure side of GDP provides another important
perspective of the sources of the declining output volatility (Blanchard and
Simon, 2001; Davis and Kahn, 2008). Our analysis reveals that household
consumption and investment contribute to the major part of the aggregate
growth, although they show a significant decline and a significant increase after
1992, respectively. The increasing stability of all the demand components
accounts for 97.3% of the decline in aggregate output volatility. In particular, -

consumption and investment account for 78.7% of the decline.

Only less than 3% of the decline in output volatility is explained by the total
covariances among the final demand components. All pairwise corrclations
between net exports and each of the three other components show an
increasing trend, whereas the pairwise correlations between any of the two of
the local demands experience a decline or at least a stable pattern after the
early 1990s. A potential explanation is that the growth contributions from local
demand become less correlated along with the increasing integration with the
global economy; meanwhile, the growth contribution from the net exports is

becoming increasingly associated with local demands.

Finally, we incorporate the perspective of regional economy into our analysis.
Over the last 30 years, 11 castern provinces have contributed 60% to China's
GDP growth. The decline in aggregate output volatility mainly reflects the
decrease of covariances between provincial growth contributions. Only 11.1% of
the decline is accounted for by the direct contributions from declining
provincial volatility, suggesting that the decline in the covariances between
provincial growth contributions plays a dominant role in the increasing

stability of the Chinese economy. This result is consistent with the prevailing
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offects of the common factors across provinces as well as the increasing

cconomic integration and co-movement (Xu, 2002; Xu and Voon, 2003).

Most provinces show a significant drop in the volatility of growth contribution
and that of GDP growth after the carly 1990s. On the other hand, the eastern
provinces have contributed the most .k» the decline in the total variances. This
dominant role of coastal provinces is due to their more stable GDP growih and

increasing shares in the national GDP.

Both the within- and between-group  covariances of provincial growth
contributions have accounted for a significant part of the decline in the
aggregate output volatility. Moreover, the covariances related to eastern
provinces contribute more than 80% of both the level and decline of total
covariances, thus accounting for the 72.7% of the decline in the aggregate
output volatility. The analysis of weighted average corrclation coefficient
among the provincial growth contributions indicates that all of the within- and
between-group correlations show a slight increase after 1992. This suggests that
the drastic drop in the covariances mainly reflects the increasing stability of all

individual provinces rather than the change in pairwise corrclations.

There are two important remarks to note. First, our results, uncovered through
different approaches (i.c., volatility decompositions from production perspective,
demand perspective and regional economic perspective), are not exclusive but
complementary to each other. Second, in the volatility decomposition of this
study, we split the whole sample into two sub-periods using 11992 as the break
year, which is suggested by the results of structural break detection. To test
the robustness of our results, we also duplicate the same decomposition
exercises using 1993 as the break year to split the whole sample into two

sub-periods, namely, 1978-1993 and 1994 2008. Our results are robust to the
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different sample-splitting methods. For brevity, the results of volatility
decomposition, using 1993 as break ycar, are not included in this essay, but

can be provided upon request.

This study contributes to the existing literature on Chincse economy on several
dimensions. First, studies on the Chinese business cycle and output volatility
mainly focus on its characteristics, co-movcm(;nt. of output and inflation,
synchronization among Chincse provinces, and underlying explanations of
China's cyclical cconomic growth pattern. To our best knowledge, this is the
first attempt to provide a rigorous analysis of the prominent phenomenon of
increasing stability in China's economic growth by detecting the structural
break in growth volatility as wecll as examining the sources of the volatility

decline using several decomposition methods.

Sccond, aside from using scveral decomposition approaches already employed
in existing studics about developed economies, such as the production
perspective adopted by Stirch {2009), we also incorporate several methods from
several complementary perspectives, such as the volatility decomposition in
terms of the demand components of GDP and from the regional economic
perspective. In particular, investigations using the latter approach provide

more abundant information in understanding the Chinesc business cycles.

'Third, investigations using volatility decomposition approaches from different
perspectives couid provide a comprehensive view about the volatility and
business cycles of the Chinese cconomjr. For instance, the co-movements of
sectoral growth and regional growth show different features in terms of
volatility dynamics. The idiosyncratic shocks to sectors play an important role
so that the co-movement .Of sectoral growth is not as significant as that in the

US. By contrast, Chinese provinces co-move to a large extent in the reforin
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period, which is consistent with the existing findings about the dominant role
of national common factors in the synchronization of Chinese regional

CCONOILes,

Finally, the result of this essay regarding the existence of a structural break in
the variance of GDP growth has important implications for future theorctical
and empirical analyses of the Chinese economy. For instance, we should be
more carcful in conducting the calibration of a macrocconomic model, the
estimation of a VAR model, and an OLS regression incorporating GDP growth
over the period spanning the break time (most likely 1992--1993). This is
becanse the underlying model assumptions may be invalid with the presence of

o structural break or regime switch,

This study has some limitations, and there arc some avenues for future
research as well. First of all, given that the guarterly economic data of China
are limited, we can only employ annual data to conduct volatility
decomposition. Important information may be missed if high-frequency data
arc not used. For instance, China has experienced a sharp V-shape economic
growth during the recent financial crisis, and the unprecedented investment
package has played a crucial role in the economic rebound. However, this fact
is not reflected by annual data. Nevertheless, using the annual data is the best
way we can use in trying to uncover the sources of the volatility decline in
China’s cconomic growth. Second, provincial growth contributions are treated
as random variables, while Chinese provinces are considered as independent
cutities in the volatility decomposition. In fact, Chinese provinces are all
integrated into the Chincse economy, so that there would be strong spatial

dependence in the growth contribution series of different provinces. How to



incorporate the cffeet of spatial dependence into the analysis deserves more

cffort in the future research.

Morcover, using decomposition methods to investigate the sources of volatility
decline is more or less an exercise of data mining about variance-covariance
structure, although it provides insightful cvidence for the sources of volatility
decline. To associate the underlying explanations of Chinese cyclical growth
pattern with the decline in output volatility (c.g., the role of SOE reform and
other incremental reforms toward the market cconomy, the effect of macro-
control policies, and so on), we should formulate several hypotheses and
conduct a rigorous analysis to reveal the driving forces of China's cconomic
growth volatility and decline. This issue is examined in the second essay of the

author’s PhD dissertation (Zhang, 2011b).
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Tables and Figures

Tablc | Simple Regression on the Time Trend of GDP Growth (FQ)

(1 (2) (3) (4) (5) (6) (7)
Level Level D1 D1 DM? DM? DM?

Time trend (.00631 -0.000220 -0.000885  -0.000487  -0.13G *** -0.0326 -0.0433 *
{0.00772) (0.00355) (0.00363) (0.00370} (0.0351) (0.0237) (0.0234)

Constant 9.407 *** 1.137 ** 0.0957 0.0618 18.40 *** 4.203 ** 5.507 ***
{0.583) {0.470) (0.275) (0.282) (2.648)} {2.005) (1.998)
First lag 0.889 **» 0.0579 0.778 *** 0.995 ***
{0.0410) {0.0923) {0.0572} (0.0881)
Second lag -{).281 ***
{0.0881)
Observations 124 123 123 122 124 123 122
Adjusted R? -0.003 0.794 -0.008 -0.013 0.102 0.644 0.671

Note: Sumple period covers 1979Q1 o 2009Q4. Level, D1, and DM? indicate level, first difference, and
square of demeaned series of four-quarter GDP growth {FQ) respectively. ***, ** and * represent
significance at 1%, 5% and 10% level respectively. Values in the parenthesis are standard error.
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Table 2 L Test for Stability of GDP Growth

GDP growth {FQ) GDP growth (HP) GDP growth (BP)
Estimale L. Estimate Le Estimate L.
A: Full sample {1978Q1-2009Q3)
8] 1.12 (0.51) 0.05 -0.02 (0.08) 0.06 0.01 (0.06) 0.12
@ 0.89 (0.0%) 0.03 0.90 (0.04) 0.04 0.96 (0.03} 0.07
o’ 1.90 (0.44) 0.63 ** 0.82 {0.15) 0.72 ** 0.29 ({1.06) 1.04 *¥**
Joint L - 1.05 ** - 1.00 * - 2.58 ***
R? 0.80 - 0.81 - (.92 -
B: First Period (1978Q1-198204)
p 1.04 (0.66) 0.13 0,07 {0.15) 0.13 0.00 (0.13) 0.26
P 0.91 (0.07) D.11 0.90 (0.05) 0.04 0.96 (0.04) 0.17
o 3.20 (0.97) 0.14 1.29 (0.29) 0.18 0.60 (0.11) 0.33
Joint L. - D.40 - 0.40 - 073
R? 0.79 - 0.83 - 0.92 -
C: Second Period (1993Q1-2009Q3)
n 1.38 (0.56) 0.14 0.03 (0.08) 0.22 -0.00 {0.02) 0.35
9 0.86 {0.05) 0.12 0.82 (0.07) 0.08 0.97 (0.02) 0.27
o 0.76 (0.12) 0.49 ** 0.39 (0.08) 0.05 0.03 (0.01) 0.17
Joint Le - 0.67 - 0.31 - 0.82
R? (.79 - 0.66 - 0.95 -

Note: Sample period covers 1879Q1 to 2009Q4. FQ, HP and BP represent four-quarter GDP growth, HP
fillered GDP sereis, and BP filtered series respectively. Values in the parenthesis are standard error. ***,
** and * represent significance at 1%, 5% and 10% level respectively. Critical values for the null
hypothesis of no break for individual parameter at 1%, 5% and 10% level are 0.75, 0.47 and 0.35
respectively. Critical values for the null hypothesis of joint stability for all three parameters at 1%, 5%
and 10% level are 1.35, 1.01 and (.85 respectively.
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Table 3 Tests for Structural Break of GDP Growth: Full Sample

Null

GDP growth (FQ)

GDP growth (HP)

GDP growth (BP)

Sup Exp Ave Sup Exp Ave Sup Exp Ave
A: Variance .
ol = o 734 243 3.1l 916 3.3} 3.76 28.72 12,16  13.99
! 2 (0.10)  (0.02) {0.03) (0.05)  (0.01)  (0.02) (0.00}  {0.00) (0.00)
Estiinated Break 1993Q1 1992Q2 1993Q2
I Others
_ 192 016 023 462 037 038 3.93 0.40 0.48
= H (6.86) (0.92) {(0.94) (0.31)  (0.59) (0.79) (0.45) {0.56)  {0.69)
Estimated Break None None None
é =g 350 027 040 427 054 (.89 5.09 0.47 0.43
R (051 (0.72)  {0.87) (0.39) (0.43) (0.52) (0.28) (0.49)  (0.74)
Estimated Break None None None
b= 0,4 = 466 057 067 8.43 1.16 1.16 7522 3318 221
! [ 2 (069 (0.84) (0.96) (0.21) (0.47) (0.73) (0.00) (0.54) (0.33)
Estimated Break None None (1983Q4)

Note: Sample period covers 1979Q1 to 2009Q4. FQ, HP and BP represent four-quarter GDP growth, HP
filtered CDY sereis, and BP filtered GDP series respectively. Sup, Exp, and Ave represent the statistic

supFn, expFa, and avel's, respectively. Values in the parenthesis are asymptotical p-values.
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Table 4 Tests for Structural Break in Variance of GDP Growth:

Subsamples

Nuly

GDP growth (I'Q)

GDP growth (HP)

GDP growth {(BP)

Sup Lxp Ave

Sup Exp Ave

Sup Exp Ave

A: First Pertod
g, =0,

Estimated Break

1979Q1-1992Q4
6.49 1.35 1.5]
(0.16) (0.12y (0.19)
None

1978Q1-1992Q!1
5.31 1.29 1.55
(0.26) (0.13) (0.18)
None

19810Q1-199320Q1
5.61 1.58 2.11
(0.23) (0.10) {0.10)
None

B Second Pertod
2 2
o, = 0'2

Estimated Break

1993Q1-2009Q4
3.71 1.02 1.44
(0.48) (0.20) (0.20)
None

1992Q)2-2009Q4
1.83 0.16 0.23
(0.89) {0.91) (0.93)
None

1993Q2-20060Q4
2.38 0.42 0.57
(0.76)  (0.53) (0.61)
None

Note: FQ, HP and BP represent four-quarter GDP growth, HP filtered GDP screis, and BP filtered GDP
sertes respectively. Sup, Exp, and Ave represent the statistic supFa, expFn., and avel., respectively.

Values in the parenthesis are asymptotical p-values.



Table & Tests for Structural Break in Variance of GDP Growth: AR Models

Null

GDP growth (FQ)

GDP growth (HP)

GDP growth (BP)

Sup Exp Ave

Sup Exp Ave

Sup Exp Ave

A AR(T)
ol =0,

Fstimated Break

734 243 311
(0.10)  {0.02) (0.03)
1993Q1

9.16 331 375
(0.05)  (0.01)  (0.02)
1992Q2

28.72 12.16 13.99
(0.00)  (0.00) (0.00)
19932

B: AR(2)
A 2
0-l - O-Z

Estimaled Break

7.46 2.55 3.37
(0.10)  {0.03) (0.03)
1993Q3

931 326 3.4
0.04)  (0.01)  (0.02)
1992Q2

35.45 15.96 21.27
(0.00) (0.00)  (0.08)
2001Q2

C: AR(3)
ot =0}

Estimated Break

701 250 341
(0.12) (0.03) (0.03)
1993Q1

831 278 338
(0.07) (0.02) (0.03)
1992Q2

2540 10.82  14.87
(0.00)  (0.00)  (0.00)
2002Q2

Note: Sample period covers 1979Q1 to 2009Q4. FQ, HP and BP represent fourquarter GDP growth, HP
filtered GDP sereis, and BI® filtered GDP series respectively. Sup, Exp, and Ave represent the siatistic
supFo, explF,, snd aveF,., respectively. Values in the parenthesis are asymptotical p-values.
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Table 6 Parameter Estimates and Related Tests for Markov Bwitching Model (FQ)

A MSH-1 MSHI
R(1) Regime | R}:gimtz 2 Regime 1 Regime 2

A:Model Estimation
5 or u 1.12 ** 1.17 ** 134 *+* 1.14 **

{0.53) (0.52) {0.53) (0.54)
o (.80 *=~ .88 *** 0.88 ***

(0.05) (0.05) (0.05)
o 1.38 1.90 *** 1.90 *»* 1.90 *** 0.90 **=*

{0.16) (0.38) (0.13) (0.37) {0.10)
Log Likelihood -213.87 -202.03 -201.84
S1C -221.09 -216.47 -218.69
AlIC -218.59 -211.46 -212.84
HQIC -216.87 -208.03 -208.84
B: Residual Diegnostic
Ljung-Box Qi{8) 28.10%** 19,75 *** 19.81 ***
Ljung-13ox Qa(B} 1G.82%* 13.26 * 11.46
Skewness -D.91%** 132 -0.41
Kurtosis 74> 323 3.36
Jarque-Bera 120.47%*# 2.41 4.19
O Instability Tests (Nyblom-[lansen L test)
Joini 1.05 ** .66 0.80
Sorp 0.05 0.06 0.05 0.08
P 0.03 0.04 0.04
o? (.63 ** 0.03 0.17 0.04 0.20
D: Trangition Probability
P(R1|-) - 0.972 0.015 0.972 0.015
PP(R2]-) - 0.028 ().985 0.028 (.985
E: Regime Classification

) 79Q2-79Q4 79Q2-79Q4

Quarters 70Q2-09Q4 81QQ1-9204 93Q1-0904 81Q1-9204 9301-09Q4
Length 123 418 75 48 5

Note: Sample period covers 1979Q1 to 2009Q4. FQ indicates the series is four-quarter GDP growth.
Lijung-Box Qi{8) and Q:8) indicate Liung-Box Q statistics for autocorrelations with 8 lags for
standardized residuals and squared standardized residuals respectively. Jarque-Bera is Jarque-Bear
statistic for normal distribution of residual. Values in the parenthesis are standard error. ***, ** and *
represent significance at 1%, 5% and 10% level respeclively.
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Table 7 Parameter Estimates and Related Tests for Markov Switching Model (BP)

AR M5H-1 MSIH
,(l) Regime 1 Regime 2 Regime 1 Regime 2
A:Model Estimmalion
5 or 1 0.01 -0.01 0.03 -0.0)
(0.06) (0.03) (0.18) (0.03)
0.96 *** .98 *** 0.98 ***
¢ (0.03) (0.03) (0.03)
5 0.54 (.78 *»» 0.17 *** D.78 *** 0,17 ***
(0.05) {0.08) (0.03) (0.09) {0.02)
Lug Likelihood -82.50 -43.71 -43.64
51C -89.54 -57.61 -58.86
AlIC -87.79 -52.91 -04.37
HQIC -85.08 -49.71 -0l).64
B Restdual Diagnostic
Ljung-Box Qi(8) 152.01 *** 93.59 *** 93.96 ***
ijung-Box (Q:(8) 97.75 *** 4713 ¥** 47.34 ***
Skewness -0.74 -0.31 -0.39
Kurtosis 4.7G 2.37 2.4]
Jarque-Bera 22.64 *** 3.37 4.20
O Instabitity T'ests (Nyblom-Hunsen L test)
Joint 2.58 *¥* 1.02 1.11
Surp 0.12 0.16 0.12 0.14
¢ 0.07 0.05 0.05
o? LG94 **» 0.16 0.05 0.16 (.05
0: Transition Probability
P(R1]-) - 0.975 0.028 0.973 0.031
P(R2{-) - 0.025 0.972 (.027 0.96%
E: Regime Classificalion
81032-90Q4 81Q2-90Q3
Quarters 81032-06Q4 9132—9331 QéQl ) 9183—9331 QUQ;:?1Q2
0604 9302-06Q3 06Q4 930Q2-06Q3
Length 103 48 55 46 57

Note: Sample period covers 1981Q1 o 2006Q4. BP indicates that the series is Band-Pass filtered GDP.
Ljung-Box (8} and Qu{8) indicate Liung-Box Q statistics for autocorrelations with 8 lags for
stundardized residuals and squarcd standardized residuals respectively. Jarque-Bera represents Jarque-
Bear statistic for normal distribution of residual. Values in the parenthesis are stendard error. ***, **
and * represent significance ut 1%, 5% and 10% level respectively.
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Table 8 Paramaoter Fstimates nnd Related Tests for Markov Switching Model (AR(3))

MSIi-1 MSIH
AR(3) ’ , ‘ :
Regime 1 Regime 2 Regime | Regime 2
A: Four-Quarter GDP Growth
1.49 *** 1.50 *** 132* 1.47 +¥*
& oru
(0.43) (0.39) (©.71) (0.39)
(.97 ¥+ 100 *** 1.1 **
ol (0.09) (0.10) l (0.10)
9 0.13 0.08 0.07
¢ (0.12) (0.13) (0.13)
).25 *** (.23 *** -3.22 **
w3 (0.09) (0.09) (0,09)
_ 2.04 *** 0.96 *** 2.15 ** 0.08 ***
o 1.34
) ) (1.38) (0.43)
Log Likelihood -206.63 -195.86 -195.59
Jarque-Bera 104.07 *** B7.07 *** .
P(R1]-) - 0.944 0.018 0.948 0.012
P(R2}-) - 0.056 0.982 0.052 0.988
» O 7904-83Q2 79Q4-83Q4
Quatrters T904-0004 8303-900Q2 90Q3-0904 84Q1-90Q1 90Q2-0904
Faength 121 . 32 89 24 92
f: Bund-Pass Filtered GDP
5 or 1 0.000562 0.0077 -0.02 0.01
(0.013) (0.01) (0.03) (0.01)
255 EX 2 250 ¥ F 250 * k¥
vl (0.06) (0.07) (0.06)
2232 > -2.24 ¥ -2.25 ¥
»2 (0.12) (0.12) (0.12)
, (.76 *** 0.73 *** 0.73 ***
o (0.06) (0.06) (0.06)
0,19 *** 0.07 *** {119 *=* 0.08 ***
o 0.13
0 () {0.09) (0.03)
Lug Likelihood 60.58 76.98 76.54
Jarque-Bern 2.88 1.68
P(R1}-) - 0.977 0.001 0.987 0.010
P(R2]-) - 0.023 0.999 0.013 0.990
Quarters 8104-06Q4 81Q4-92Q31 92Q2-06Q4 810Q4-92Q1 92Q2-06Q4
Length 101 42 59 42 59

Note: Jarque-Bera represents Jjarque-Bear statistic for pormal distribution of residual. Values in the
parenthesis are standard error. ***, ** and * represent significance st 1%, 5% and 10% level respectively.
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Tuble 9 Growth and Variance Decomposition: Labor Productivity

Growth Decomposition Variance Decomposition
1978-14592 1993-2008 Change 1978-1992  1993-2008  Change
GDe B.98 4.67 0.69 Var(GDP) 10.75 3.01 ST73
Lubor 245 0.99 -1.46 *** Var{Labar) 0.56 0.04 -0.52 *¥**
ALP 652 8 68 2.16 ** Var{ALP) 10.80 1.3 -7.49 **
2Cov{L,ALP) -0.61 -0.33 .28 ***
Core(LLLALP)  -0.12 -0.47 * -0.35

Note: Growth Docomposition shows the breakdown of economic growth inlo employment {Lahor) growth
and average labor productivity (ALP) growth. Significance levels of growth change are from a T-lest of
the null bypothesis of equal inean with unequal variance for the two sub-periods. Variance Decompuosition
shows the breakdown of variance of ceonomic growth into the variance of Labor growth, variance of ALP
growth and twice of their covariance. Significance levels of variance change are from Levene’s robust test
for the equality of variances for the two sub-periods. Significance levels of covariance change are from a
two-sanple test for the null of equal covariunces for the two sub-periods. Significance levels of correlation
coafficient change are from a two-sample test for the null of cqual correlation coefficient for the two sub-
periods (Lawley, 1963). ***, ** and * represent significance at 1%, 5% and 10% level respoctively.
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Table 10 Growth and Variance Decompusition: Growth Accounting

Growth Decowposilion Variance Decomposition

1078-1992 1093-2008 Change 1978-1992 1993-2008  Change
Gbr 8.98 9.67 0.69 Var(GDP) 10.75 3.01 -7.73 **
Labor 1.29 0.48 ﬂ'fl Var(Labor)  0.16 0.01 -0.15 **
Capital 4.08 6.17 2,00 ***  Var(Capital) 0.66 1.10 0.44
TEP 3.61 3.09 -0.52 Var(TFP) 7.52 2.21 -5.31 *

Correlation Comparison S Var 8.34 .32 -5.0¢

-1.01
Corr{l.,K)} 0.19 -0.82 *** “E 2Cov(L,K) 012 -00.20 .32 =+
Corr(L,TFP)}  -0.07 0.09 -0.02 2Cov(L, TFP)  -0.15 -0.03 0.12 ***
urr(KTFP) - 0.55 ** 0.02 053 * 2Cov{K,TFP) 243 0.05 -2.38*
SumnCov 2,40 -0 18 -2.58

Note: Growth Decomposition s;;ws the breakdown of economic growth into employment (Labor, L)
growth, eapital stock (Capital, K) growth and total factor productivity (TFP) growth. Significance levels
of growth change are from a T-test of the null hypothesis of equal mean with unequal variance for the
two sub-periods. Variance Decomposition shows the breakdown of variance of economic growth into the
variance of Labor growth, variance of Capital growth, variance of TFP growth and twice of their pairwise
covariances. Significance levels of variance change are from Levene’s robust test for the equality of
variances for the two sub-periods. Significance lovels of covariance change are from a two-sample Lest for
the null of equal covariances for the two sub-periods. Significance levels of correlation coefficient change
are from a two-sample test for the null of equal correlation coefficient for the two sub-periods (Lawley,
1963). ***, ** and * represent significance at 1%, 5% and 10% level respectively.
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Table 11 Growth and Variance Decomposition: Sectoral Growth

Growlh Decomposition

Vuriance Decomposition

1978-1992 1993-2008 Change 1978-1992 1993-2008 Change
Sectoral OQutput Decomposition
Sum{GC) 8.85 9.62 (.77 Var(Sum({GC)) 10.37 3m -7.36 **
o] | 1.52 0.62 -0.89 ** Var(51) 1.50 0.05 -1.45 ke
52 4.50 5.26 0.76 Var(82) 511 1.91 -3.20 **
S3 2.83 3.73 0.90 ** Var{53) 1.40 0.35 -1.05 ***
Correlation Cumparison Sum Var 8.02 2,31 -5.70
Corr{51,52) -0.32 0.52 ** (.84 ** 2Cov(81,52) -1.79 0.32 2.1] Hwx
Corr(S1,53) (.14 -0.40 -(3.93 2Cov{81,583) .39 -0.10 -0.50 ***
Corr(52,53) 0.70 ¥** 0.30 -0.41 2Cov(52,53) 3.75 0.49 -3.21 ¢+
SumCov 2.95 gy * -1.06
Sectoral Labor Productivity Decomposition
Sum(GC) 8.85 9.62 n.77 Var(GC) 10.37 3.01 -7.36 **
Sum(L) 3.68 2.47 -1.21 Sum{Var{L)) 24l 2.65 0.24
Sum{ALP) 5.17 7.10 1.98 Sum{Var(ALP))  6.79 317 -3.63
Sum(2Cov(LY)) 0.39 -0.82 -1.20
Sum(2Cov(ALP)) 0.12 -2.08 -2.20
Sum(Cov-W/1) -1.19 -3.51 -2.32
Sum(Cov-B/N) 1.85 3.60 1.75

Note: Sectoral Output Decomposition shows the decomposition results in terms of growth contributions
(GC)} of sectoral value-added growth, Sectoral Labor Productivity Decomposition shows the
decomposition results in terms of growth contributions of sectoral employment (L) growth and labor
productivity {ALP) growth. 1, 52 and $3 represent the growth contributions of primary, sccondary and
tertiary sectors. Cov-W/1 and Cov-B/N represent covariances terms within sector and between sectors.
Significance levels of growth change are from a T-test of the null hypothesis of equal mean with unequal
variance for the two sub-periods. Significance levels of variance change are from Levene's robust test for
the equalily of variances for the two sub-periods. Significance levels of covariance change are from a two-
sample test for the null of equal covariances for the two sub-periods. Significance levels of correlation
cocfficient change are from a two-sample test for the null of equal correlation coefficient for the two sub-
periods (Lawley, 1963). ***, ** and * represent significance at 1%, 5% and 10% level respectively.
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Table 12 Growth snd Variance Decomposition: Extended Sectoral Growth

Growth Decomposition Variance Decomposition

1978-1902 1G93-2008 Change 1978-1992 1993-2008  Change
Suin{GCY 8.97 9.58 0.61 10.68 3.02 -7.66 **
51 1.19 0.62 -0.87 ** Var{S1) .40 0.06 -1.36 ***
521 4.21 1.71 0.49 Var(521) 3.96 1.43 -2.53 **
8522 0.42 (.53 0.11 Var(822) 0.18 0.05 .13 **
531 .45 0.56 {13 * Var(831) 0.03 N.01 -0.02
$32 0.61 0.71 0.10 Var(S$32) 0.60 0.03 0.57 ***
543 0.19 (.23 0.04 Var(S33) 0.02 0.m -0.01
5 .45 0.43 -0.02 Var(534) 0.12 0.09 -0.04
535 .37 0.34 -0.04 Var(835) 0.10 0.03 -0.07 *
$36 0.78 1.46 0.68 ***  Var(536) 0.10 0.11 .01
Sum(S81) 1.49 (.62 -0.87 Sum({Var(S1)) 1.40 (.05 -1.36
Sum(82) 4.G3 523 0.60 Sum{Var{S2)) 4.14 1.48 -2.66
Sumin(S3) 2.85 3.73 (.88 Sum(Var(83)} 0.96 0.28 -0.69

Correlation Comparison Sum Var §.51 1.81 -4.70
Corr(81,51) - - - Cov(51,51} - - -
Core(52,52) 0.59 0.83 0.24 Cov({52,52) 0.99 043 -0.55
Corr(83.83)  0.20 0.06 0.14 Cov($383) 054 0.10 -0.45
Corr(51,52) -0.30 (.49 0.79 Cov(81,52) -1.77 0.31 2.08
Corr(S1,83)  0.07 0.17 -0.25 Cov(S1,83)  0.23 -0.12 0.35
Corr(82,53) 040 0.19 -0.21 Cov(82,53} 4.18 0.48 -3.70
Corr-W/1 0.30 0.22 -(1.08 Cov-W/1 1.53 0.53 -1.00
Corr-B/N 0.18 ¢.14 -0.04 Cov-B/N 2.64 0.68 -1.96
Corr 0.21 0.17 -0.04 SumCov 4.18 1.21 -2.96

Note: S, S21, 522, 8§31, 532, 833, S34, S35 and S36 represent the growth contributions of primary sector
(S1}, industry (521), construction ($22), transport, storage and post {531}, wholesale and retail trades
(S32), hotels and catering services (S33), {inancial intermediation (534}, resl estate (S35), and other
tertiary sub-sectors (S36). Cov(Si,Si) and Corr(8i,5i) represent the tolal covariances and average
correlation within the main economic sector i, for i=1,2,3. Cov(5i,Sj) snd Corr(8i,S]) represent the total
covariances and average correlalion between the main economic sector i and j, for i=1,2, j=2,3 and i<).
Cov-W/1, Cov-B/N, Corr-W/1 und Corr-B/N represent total covariances within sector and between
sectors and average correlations within sector and between sectors. Corr represents the average pairwise
correlation between growlh contributions of sub-sectors, Here, the weight for computing the average
cortelation is the average nomirfal secloral share in GDP over a sub-period. Significence levels of growth
change are from a ‘T-test of the nult hypothesis of equsl mean with unequal variance for the Lwo sub-
periods. Significance levels of variance change are from Levene's robust test for the equality of variances
for the two sub-periods. Significance levels of covariance change are from a two-sample test for the null of
equal covariances for the two sub-periods. Significance levels of correlation coefficient change are from a
two-sample test for the null of equal correlation coefficient for the two sub-periods (Lawley, 1963). ***,
** and * represent significance at 1%, 5% and 10% lovel respectively.
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Table 13 Growth and Variance Decomposition: Final Demands

Growth Decompasition

Variance Decomposition

1978-1992  1993-2008 Change ’ 1978-1992  1993-2008 Change
GDP 8.98 . 9.G7 0.69 Var(GDP) 10.75 3.01 -7.73 %
HC 4.33 3.23 -LO9*  Var(HO) 3.77 1.04 273 *
GC 177 1.29 048 Var(GQC) 0.73 0.09 A)GA Fer
GCr 2.79 145 167 * Var(GCF) 6.56 3.22 -3.35
NE 0.09 0.69 0.60 Var{NE} 3.53 2.73 -0.80

Correlation Comparison Sum Var 14.59 707 -7.52
Corr{HC,GC) 0.29 0.65 *** (.36 2Cov(HC,GC) 0.97 0.40 -0.56 ***
Cort{HC,GCF)  0.80 *** 0.02 -0.78 **  2Cov(HC.GCF) 796 0.07 -7.89 **
Corr(HC,NE) -0.73 *** 067 *** (.06 2Cov(HC NE) -5.31 -2.26 3.0
Corr{GC,GCF) 0.3t -0.20 -0.52 2Cov(GC.GCF)  1.38 -0.22 -1.59 **=
Corr(GC,NE) -0.32 -0.42 -0.10 2Cov(GC.NE) -1.03 -0.42 0.61 ***
Corr(GCF,NE)  -0.81 ***  .0.28 0.54 ** 2Cov(GCF NE) -7.81 -1.63 6.17

SumCov -8.85 -4.06 -0.21

Note: HC, GC, GCF and NE rcpresent the growth contributions of household consumption, government
consumption, gross capital formation, and net exports. Significance levels of growth change are from a T-
test of the null hypothesis of equal mean with unequal variance for the two sub-periods. Significance
levels of variance change are from Levene's robust test for the equality of variances for the two sub-
periods. Significance levels of covariance change are from a two-sample test for the null of equal
vovariances for the two sub-periods. Significance levels of correlation coefficient change are from a two-
sample test for Lthe null of equal correiation coefficient lor the two sub-periods (Lawley, 1963). #** **
and * represent significance at 1%, 5% and 10% level respectively.



Table 14 Growth and Variance Decompaosition: Res_iona] Growth

Growth Decomposition

Variance Decomposition

1978-1992 1993-2008 Change 1978-1992 1993-2008 Change
Sum{All) 9.91 12.17 2.25 Var(All) 12,32 4.36 +7.96
Sum(East) 5.53 7.46 1.93 Sum{Var(E}) 0.93 0.33 0.59
Sum(Center) 2.56 2.73 0.17 Sum(Var(C)) 0.27 0.04 .23
Sum{West) 1.83 1.98 0.15 Sum(Var(W)) 0.08 0.03 -0.05

Correlation Comparison Sum Var i.28 0.41 -0.87
Corr{E.E) 0.55 0.65 0.09 Cov(E,E) 3.99 1.65 -2.34
Corr(C,C)  0.39 0.57 0.18 Cov{C,C) 0.61 0.15 -0.46
Corr{W,W) 038 0.49 0.11 Cov(W, W) 0.27 0.08 -0.18
Corr(E,C) 0.42 0.51 0.09 Cov(E,C) 3.02 0.99 -2.02
Corr(E,W) 0.43 0.55 0.11 Cov(E,W) 2.23 0.81 -1.42
Corr(C, W) 0.39 0.51 0.12 Cov(C, W) 0.92 0.27 -0.65
Corr-W /1 0.48 0.60 0.12 Cov-W/I 4.87 1.88 -2.98
Corr-B/N 0.42 0.52 0.1 Cov-B/N 6.17 2.07 -4.10
Corr 0.44 0.55 0.11 SumCov 11.04 395 -7.08

Note: East (E}, Center {C) and West (W) represent, growth contributions of eastern, central and western
group. Cov(i,i} and Corr(i,i} represent the total covariances and average correlation within the group i,
for i=F,C,W. Cov(i,j) and Corr{i,j) represent the total covariances and average correlation between group
i and j, t and j correspond to each pair of group E, C and W. Cov-W/I, Cov-B/N, Corr-W/I and Corr-
B/N represent total covariances within group and between groups, and average correlgtions within group
and between groups. Corr represents the average pairwise correlation between growth contributions of 31
provinces. Here, the weight for computing the average correlation is the average nominal provincial share

in national GDP over a sub-period.
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Table 15 Moan and Variance Comparisons of Growth Contribution for All Provinces

Mean Comparison

Variance Comparison

1978-1992 1993-2008 Change 1978-1992 1663-2008 Change
Beijing 0.28 0.36 0.08 * 0.021 0.006 -0.015
Tianjin 0.16 0.23 0.07 ** 0.008 0.002 -0.006 *
Hebei 0.44 0.61 0.17 ** 0.046 0.013 -0.033 ***
Shanxi 0.21 0.23 0.02 0.023 0.003 -0.021 ***
InnerMongolia  0.17 0.25 0.08 0.008 0.012 0.005 *
Liaoning 0.5] 0.50 -0.01 0.111 0.015 -0.096 ***
Jilin 0.22 0.22 0.00 0.025 0.002 -0.023 ***
Heilongjiang 0.29 0.3 0.01 0.013 0.001 -0.012 ***
Shanghai 0.44 0.56 D.12 ** 0.036 0.005 -(L030 ***
Jiangsu 0.91 1.19 0.28 * 0.242 0.056 -0.186 *
Zhejiang 0.59 0.86 0.27 *** 0.092 0.037 -0.056
Anhui 0.33 0.35 0.02 0.050 0.007 -(.043 ***
Fujian 0.30 0.47 0.17 *** 0.019 0.012 -0.007
Jiangxi 0.23 0.22 -0.00 0.010 0.003 -0.008 ***
Shandong 0.84 1.16 0.32 ** 0.142 0.061 -0.081 *
Henan 0.52 0.62 0.10 0.085 0.018 -0.067 **
Hubei 0.43 840 -0.03 0.054 0.006 -0.048 ***
Hunan 0.33 0.38 0.05 0.011 0.003 -0.007 **
Guangdong 0.99 1.46 0.47 *** 0.204 0.125 -0.080 *
Guangxi 0.19 0.26 0.07 * 0.012 0.006 -0.005
Hainan 0.07 0.06 -0.01 0.004 0.001 -0.003
Chongging 0.16 0.19 0.03 0.004 0.001 -0.002
Sichuan 0.43 0.44 0.01 0.026 0.006 -0.020 ***
Guizhou 0.13 0.10 -0.03 0.005 0.000 -0.004 ***
Yunnan 0.20 0.20 0.00 0.007 0.002 -0.005 ===
Tibet 0.01 0.02 0.00 0.000 0.000 -0.000 ***
Shaanxi 0.20 0.22 0.01 0.013 0.002 -0.011 ***
Gansu 0.12 0.11 -0.01 0.008 0.000 -0.008 ***
Qinghai 0.02 0.03 0.00 0.001 0.000 -0.001 ***
Ningxia 0.03 0.03 0.00 0.000 0.000 -0.000 ***
Xinjiang 0.15 0.13 -0.02 0.002 0.001 -0.001 ***
Sum 9.91 12.17 2.25 12.52 4.36 -7.96

Note: The provinces' namnes represent the growth contributions of each province. Significance levels of
growth change are from a T-test of the null hypothesis of equal mean with unequal variance for the two
sub-periods. Significance levels of variance change are from Levene’s robust test flor the equelity of
variances for the two sub-periods. ***, **:gnd * represent significance at 1%, 5% and 10% level

respectively.
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Figure 1 Unadjusted and Seasonally Adjusted Quarterly Real GD??
Nute: Sample period covers 1979Q1 to 2009Q4. SA indicates that the searies is seasonally adjusted.
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Figure 2 Unadjusted and Seasonally Adjusted Quarterly Real GDP Growth
Note: Sample period covers 1979Q1 to 2009Q4. FQ, PQA, HP and BP represent four-quarter GDP
growth (year-over-year}, ennulized quarter-over-quarter quarterly GDP grwoth, HP filtered GDP and BP
fillered GDP, respectively. These four series above are all based on seasonally adjusted quarterly GDP.

108



w [
w
| -
f= 2
- m
~
urk -
1980 1954 2000 2010

o v G v

QDP Growth  ---— ~ Volakity of GOP growth|

Figure 3 GDI* Growth and Relling Volatility: Annual
Note: Sample period covers 1978 to 209. GDP growth and Volatility of GDP Growth correspond to left
scale and right scale, respectively.
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Figure 4 GDP Growth and Rolling Volatility: Quarterly
Note: Sample period covers 1979Q1 Lo 2009Q4. FQ indicates the series is four-quarter GDIP growth. GDP
growth and volatility of GDI* growth correspond to left scale and right scale, respectively.
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Figure 5 Smoothed Probability of Regime 1 (1I"Q, MSH Model with 1 Lag)
Note: Sample period covers 1979Q1 to 2009Q4. FQ indicates the series is four-quarter GDP growth. MSH
mudel indicates the Markov Swithcing model with state-dependent variance. GDP growth and probability

of Regime 1 correspond to left scale and right scale, respectively. Probabilily of Regime 1 represents the
smoothed probability of the high-variance state.
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Figure 6 Smoothed Probability of Regime 1 (FQ, MSIH Model with 1 Lag)
Note: Sample period covers 1979Q1 to 2009Q4. FQ indicates the series is four-quarter GDI* growth.
MSIH model indicates Lthe Markov Swithcing model with state-dependent constan and variance. GDP
growth and probability of Regime 1 correspond to left scale and right scale, respectively. Probability of
Regime 1 represents the smoothed probability of the high-variance state.
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Figure 7 Smoothed Probability of Regitne 1 (BP, MS!H Model with 1 Lag)
Note: Sample period covers 1981Q1 to 2006Q4. BP indicates the series is Band-Pass filtered GDP. M5l
maxlel indicate the Markov Swithcing model with state-dependent variance. GDP growth and probability

of Regime 1 corresponds to left scale and right scale, respectively. Probability of Regime 1 represent
smoocthed probability of the high-variance state.
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Figure 8 Smoothed Probability of Regime 1 {FQ, MSIH Model with 3 Lags)
Note: Sample period covers 1979Q1 to 2009Q4. ¥Q indicates the series is four-quarter GDP growth.
MSI1 model indicates the Markov Swithcing model with staete-dependent constan and variance, GDP
growth and prohability of Regime 1 correspond to left scale and right scale, respectively. Probability of
Regime 1 represents the smoothed probability of Lthe high-variance state.
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Figure 9 Smoothed Probability of Regime 1 (BP, MSH Model with 3 Lays)
Note: Sample period covers 1981Q) to 2006Q4. BP indicates the series is Band-Pass filtered GDP. MSH
model indicates the Markov Switheing inodel with state-dependent variance. GDP growth and probability
of Regime 1 correspond to left scale and right scale, respectively. Probability of Regime 1 represents
smoothed probability of the high-variance state.
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Figure 10 Growth Decomposition of Labor Productivity
Note: Sample period covers 1978 te 2008. GDP, Empioyment and ALP represent the growth rates of
GDP, employment, and labor productivity, respectively.
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Figure 11 Rolling Variance Decomposition: Lahor Productivity
Note: Sample period covers 1978 to 2008. GDP, I and ALP represent the growth mtes of GDP,

employment, and labor productivity, respectively. ‘The rolling variance decomposition is calculated using
s window of b veurs.
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Figure 12 Growth Decomposition: Growth Accounting
Note: Sample period covers 1978 to 2008. GDP, Employment, Capital and TFP represent GDP growth,
growth contributions of employment, capital, and tutal factor productivity, respectively.
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Figure 13 Rolling Variance Decomposition: Growlh Accounting
Note: Sample period covers 1978 to 2008. GDP, L, K snd TFP represent GDIP growth, growth
contributions of employment, capital, and total factor productivity, respectively. The rolling variance
decomnposition is caleulated using a window of 5 years,
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Figure 14 Growth Decomposition: Three Sectors
Note: Sample period covers 1978 to 2008. Sum{GDP), Primary, Secondary and Tertiary represent the
sum of sectoral growth contributions, growth contributions of the primary, secondary and Lertiary sector,

respeclively,
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IYigure 15 Rolling Variance Decompuosition: Three Scctory
Note: Sample period covers 1978 to 2008. GDP, S1, S2 and 83 represent the sum of sectoral growth
contributions, growth contributions of the primary, secondary and tertiary sector, respectively. The
rolling variance tecotmpaosition is calenlaled using & window of 5 yeans.
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Figure 16 Rolling Variance Decomposition: Three Sectors (Sum)
Note: Sample period covers 1978 to 2008. GDP represents the sum of sectoral growth contributions.
Sum(Var) and Sum{Cov) represent the sum of variances of secloral growth contributions and the sum of
covariances betwoen sectoral growth contributions, respectively. The rolling variance decomposition is
calculaled using a window of 5 years,
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Figure 17 Growth Decomposition: Secloral Labor Productivity
Note: Sample period covers 1978 to 2008. Sum{GDP}, Sum(L) and Sum(ALP) represent the sum of
sectoral growth contributions, the sum of growth contributions of sectoral employment, and the sum of
growth contributions of sectoral labor productivity, respectively.
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Figure 18 Rolling Variance Decomposition: Sectoral Labor Productivity
Note: Sample period covers 1978 to 2008. GDP, L and ALP represent the sum of sectoral growth
contributions, the sum of growth contributions of sectoral employment, and the sum of growth
contributions of sectoral labor productivity, respectively. Cov(L) represents the covariances between
growth contributions of sectoral employment. Cov(ALP) represents the covariances between growth
contributions of sectoral labor productivity. Cov(L,ALP) W/I and B/N represent the covariances of
growth contributions of employment and labor productivity within sector and that between sectors,
respectively. The rolling variance decomposition s calculated using a window of 5 years.
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Figure 19 Rolling Variance Decomposition: Sectoral Labor Productivity (Sum)
Note: Sample period covers 1978 to 2008. GDP represents the sum of scctoral growth contributions.
Sum(Var) and Sum{Cov) represent the sum of varisnces termns and the sum of covariances terms of
growth contributions of sectoral empluyment and sectorsl labor productivity, respectively. The rolling
variance decomposition is calculated using a window of 5 years.
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Figure 20 Rolling Pairwise Correlation Between Sectoral Growths
Note: Sample period covers 1978 to 2008. Si, 52 and S3 represent growth contributions of the primary,
secondary and tertiary sector, respectively. The weight for computing the average correlation is the
average nominal secloral share in GDP over a rolling window of 5 years.
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Figure 21 Rolling Average Between-Sector Correlations: Value-Added, Employment and Labor
Productivity
Note: Sample period covers 1978 Lo 2008. S1, 52 and 53 represent growth contributions of the primary,
secondary and tertiary sector, respectively. L1, L2 and L3 represent growth contributions of employment
of the primary, secondary and tertiary sector, respectively. ALP1, ALP2, and ALP3 represent growth
contributions of labor productivily of the primary, secondary and tertiary sector, respectively. The weight
for computing the average correlation is the average nominal sectoral share in GDP over a rolling window
of 5 years.
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Figure 22 Rolling Average Within- and Between-Sector Correlations Between Employment and Labor
Productivity Growth
Note: Sample period covers 1978 to 2008. L and ALP represent growth contributions of secloral
employment and sectoral labor productivity, respectively. W/I and B/N represent within-sector and
helween-sector correlation, respectivaly. UW and W represent unweighted and weighted correlation,
respectively, The weight for computing the average correlation is the average nominal sectoral share in
GDP over a rolling window of 5 years,
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Figure 23 Growth Decomposition: Expenditure Approach
Note: Sample period covers 1978 to 2008. GDP, Household GC, Government GC, GCF GC, and Net
Exports GC represent the sum of growth contributions of all expenditure components, growth

contributions of household consumption, government consumption, grosg capital formdtion and net
exports, respectively.

20 ¥

10

=10

-20

19¢0 1960 2000 2010

i Vs {GOF) —— Vaf{HC-GC) ——— VGEC-6C)
= Vef(GCF-GC} —-—~ VM[NE-GC) ~———= CowviHC,GC)
—-=— Co{HC.GCF) ———- Cov{HONE) -~ CoviBC.GCF)
——— COAGCMNE) —— - CoviGCF.NE}

Figure 24 Rolling Variance Decomposition: Expenditure Approach
Note: Sample period covers 1978 to 2008. GDP, HC-GC (HC), GC-GC {GC), GCF-GC (GCF) and NE-
GC (NE) represent the sum of growth contributions of all expenditure components, growth contributions
of household consumption, government consumption, gross capital formation and net exports, respectively.
The rolling variance decomposition is calculated using a window of § years.
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Figure 25 Rolling Variance Decomposition: Expenditure Approach (Sum)
Note: Sample period covers 1978 to 2008. GDP ropresents the sum of growth contributions of all
expenditure compenents. Sum(Var) and Sum{Cov) represent the sum of variances terms and the sum of
covariances terms of growth contributions of expenditure compunents, respectively. The rolling variance
decomposition is calculated using a window of 5 years.
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Figure 26 Rolling Pairwise Correlations of Expenditure Components
Note: Sample period covers 1978 to 2008. HC, GC, GCF and NE represent growth contributions of
household consumption, government consumption, gross capital formation and net exports, respectively,
The weight for computing the average correlation is the average nominal expenditure share in GDP over
a rolling window of 5 years,
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Figure 27 Growth Decomposition: Regional Economies
Note: Sample period covers 1978 to 2008. China and GDP represent national GDP growth and the sum

of provincial growth contributions, respectively. East, Center and West represent growth contributions of
eastern, central and western group, respectively.
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Figure 28 Rolling Variance Decomposition: Regional Economies {Sum)
Note: Sample period covers 1978 to 2008,
Note: GDP represents the sum of provincial growth contributions. Sum(Var), Sum(Cov}W/I, and
Sum(Cov)B/N represent the sum of varisnces terms of provincial growth contributions, the sum of
covariances terms of within-group provincial growth contributions, and the sum of covariances terms of
between-group provincial growth contributions, respectively. The rolling variance decomposition is
caleulated using a window of 5 years.
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Figure 28 Rolling Variances of Growth Contributions of Three Groups
Note: Sample period covers 1978 to 2008. Sum{Var) represents the sum of variances terms of provincial

growth contributions. E, C and W represent eastern, central and western group, respectively. A rolling
window of 5 years is used.
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Figure 30 Rolling Covariance and Correlations Within and Between Groups
Note: Sample period covers 1978 to 2008. Sum(Cov) and Corr represents the sum of covariances terms
and thé average correlation between provincial growth contributions, respectively. W/l and B/N
represent within-group estimate and between-group estimate, respectively. The weight for computing the
average correlation is the average nominal sectoral share in GDP over a rolling window of 5 years.
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2010

Figure 31 Rolling Covariance and Correlations Within Groups
Nole: Sample period covers 1978 to 2008. Cov and Corr represent the sum of covariances terms and the
average correlation between provincial provinces, respectively. EE, CC and WW represent the estimates
are within western group, within central group and within western group, respectively. The weight for

computing the average correlation is the average nominal sectoral share in GDP over a rolling window of
5 years.
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Figure 32 Rolling Covariance and Correlations Between Groups
Note: Sample period covers 1978 to 2008. Cov and Corr represent the sum of covariances terms and the
average correlation between provincial previnces, respectively. EC, EW and CW represent the estimates
are between eastern and central group, between eastern and western group, and between central and

western group, respectively. The weight for computing the average correlation is the average nominal
sectoral sharé in GDP over a rolling window of 5 years.
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Appendix

Table Al Simple Analysis on the Time Trend of CDP Growth (PQA)

(1 (2) {3} (4} (5} (6) N
Level Level D1 D1 DM* DM? DM?
Time trend 0.0102 0.00500 -0.00231 -0.00257 -0.225%** -0.204** 0.207**
(0.0104)  (0.0102)  (0.0128)  (0.0112)  (0.0845)  (0.0883)  (0.0018)
Constant 8.743%** G.700%** 0.225 0.253 33.09*** 30.59*** 30.63%**
(0.779) (1.071) (0.959) (0.841) (6.309) {7.099) (7.774)
First lag 0.260%** -0.516%** 0.0492 0.0509
(0.0861) (0.0774) (0.0899)  (0.0909)
Second lag 0.00962
(0.0807)
Observalions 127 126 126 125 127 126 125
Adjusted R?  -0.000 0.058 -0.008 0.255 0.046 0.035 0.028

Note: Level, D1, and DM? indicate level, first difference, and square of "demeaned series of annualized
quarter-over-quarter quarterly GDP growth {PQA), respectively. ***, ** and * represent significance at
1%, 5% and 10% level, respectively. Vahies in Lhe parenthesis are standargd error.
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Table A2 Simple Analysis on the Time Trend of GDP Growth (HP)

) (1) (2) {3} (1) (5) (6} (M
Level Level D1 D1 DM? PDM? DM?
Time trend -1.1le-10 0.000648 (.000621 0.000111 -0.0566**  -0.0133 -0.0166*
(0.00497)  (0.00220)  (0.00225)  (0.00228)  (0.0139) (0.00937)  (0.00948)
Constant 9.20e-09 -0.0656 -0.0644 -0.0194 7.903%*¥ 1.763** 2.140*
(0.370) (0.164) (0.168) (0.171) (1.031) (0.795) (0.816)
First lag 0.BOG*** 0.0638 0.781%*** 0.864***
(0.0390) (0.0893) (0.0560)  (0.0893)
Second lag -0.110
{0.0892)
Observations 128 127 127 126 128 127 126
Adjusted B2 -0.008 0.807 -0.007 -0.012 0.110 0.651 0.657

Nate: Level, D1, and DM? indicate level, first difference, and square of demeaned series of HP filtered
GDP, respectively. *** ** and * represent significance ut 1%, 5% and 10% level, respectively, Values in

the parenthesis are standard error.



Table A3 Sitple Analysis on the Time Trend of GDP? Growtih (BP)

(1) (2) (3) {4) (5) (6) (7)
Level Level D1 D] DM? DM? DM?
‘I'ime trend 0.00570) 0.000182 -3.37e-06 -0.000370 -0.0885***  .0.0162* -0.0208%*+*
(0.00637)  (0.00182)  (0.00183)  (0.000876) (0.0146)  (0.00839)  (0.00481)
Constant -0.598 -0.00641 0.0169 0.0405 Q.4TI¥** 1.583** 2.181%%>
(0.453) (0.131) (0.130) (0.0629) {1.040) (0.692) {0.401)
Fimt lag 0.960*** 0.866*** 0.860%** 1.502%**
(0.0278) (0.0472) (0.0481)  (0.0556)
Second lag -0.821%%*
(0.0547)
Ohservations 104 103 - 103 102 104 103 102
Adjusted R?  -0.002 0.922 -0.010 0.768 0.257 0.826 0.947

Note: Level, D1, and DM? indicate level, first difference, and square of demeaned series of BP filtered
GDP, respectively. ***, ** and * represent significance at 1%, 8% and 10% level, respectively. Values in

Lhe parenthesis are standard error.
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Table A4 ‘P'ests for Structural Break of GDP Growth: AR({2} Model

GDP growth {I'Q) GDFP growth (HP) GDP growth (3P)

Null Sup Exp Ave Sup Exp Ave Sup Exp Ave

A: Vardance

0-12 = 0-21 7.46 2.55 3.37 3.34 3.26 3.81 35.45 15.96 21.27
(0.1 (0.03) (0.03) (0.04) (0.01) (0.02) (0.00y (0.00) (0.00)

Estimated Break 199303 199202 200102

B: Others

M=, 1.73 0.15 3.21 3.07 0.21 0.26 2.08 0.24 0.34
(0.91)  (0.95)  {0.9%) (0.61) (0.82) {0.91) {0.83) (0.76) (0.82)

Estimated Break None None None

¢” = ‘ﬁz 3.4 0.23 0.27 4.62 0.74 0.91 5.15 0.G8 0.74
(0.62) (0.79) (0.90) (0.34) (0,31}  (0.39) (0.27)  (0.34) (049

Estimated Break None None None

¢2] = ¢21 314 .22 0.26 3.06 .57 0.79 5.32 0.90 0.91
(0.60) (0.80) (0.91) (0.61) (0.41)  (0.46) (0.26)  (0.24)  (0.39)

Estimated Break None Nore None

M= ﬂz*f’n = ¢u 1268 3.70 2.35 8.51 1.56 1.88 12.96 3.16 2.88
{0.10) (0.09) (0.59) {0.40)  (0.58) (0.76) (0.09) (0.14) (0.43)

FEstimated Break 200501 None 198402

Note: Sample period covers 1979Q1 o 2009Q4. FQ, HP and BP represent four-quarter GDP growth, 111?
fitered GDP sereis, and BP filteredd GDP series respectively. Sup, Exp, and Ave represent the statistic
supFa, expF,, and aveF., respoctively. Values in the parenthesis are asymptotical p-values.
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Table AS Tests for Structural Break of GDP Growth: AR(3) Model

GDP growth (FQ) GDP growth (HP) GDP growth (BP)

Null Sup Exp Ave Sup Exp Ave Sup Exp Ave

A Vuriance

le — 0-22 7.01 2.50 341 8.31 2.78 3.38 25.49 10.82 11.87
(0.12) (0.03) (0.03) (0.07} (0.02) (0.03) (0.00) (0.00y  (0.00)

Estimated DBreak 1993Q1 199202 200202 )

B: Others

M= 3.85 .21 0.25 3.07 0.15 0.20 2.08 .18 0.24
(0.46) (0.82) (0.92) (0.61) (0.84) (0.97) (0.83) (0.88) (0.93)

Estimated Break None None None

¢” = ﬁz 6.07 0.38 0.29 4.56 0.90 1.12 1.63 0.20 0.28
(0.19) (0.58)  (0.88) (0.35) (0.24) {0.30) (093 (0.84) {0.89)

[istimated Break None None None

¢21 = ¢22 6.92 (.48 0.29 3.15 0.80 1.09 1.64 0.20 .25
(0.13) (0.48) {0.88) (0.60} (0.28) (0.31) (0.93)y (0.83) (0.87)

Estimnated Break None None None

¢J| = ¢n 7.20 0.53 (.29 1.35 0.19 0.27 2.25 0.32 0.45
(0.12)  (0.44)  (0.88) {0.98) (0.86) (0.89) (0.79)  {0.65) {0.72)

Estimnated Break None None Nonc

= #2’.;&” = ‘?}:2 18.82 6.12 3.19 1144  3.67 4.19 20.57 6.19 5.00
(0.02) (0.02) {0.62) (0.30) (0.19) (0.38) (0.01) (0.02) (0.23)

Fstimated Break 2005Q4 None 20040Q3

Note: Note: Sample period covers 1979Q1 to 2009Q4. FQ, HP and BP represent four-quarler GDP
growth, P filtered GDP sereis, and BP filtered GDP series, respectively. Sup, Exp, and Ave represent
the statistic supFa, expFa., and aveFs, respectively. Values in the parenthesis are asymplotical p-values,
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Tuble A6 Parametler Estimatles and Related Tests for Markov Switching Model (FQ)

AR(D) MSH-2 MSMH
Regime 1 Regime 2 Regime 1 Regime 2
A:Model Estitnation
5 or u 10.15 *** 9.7 *** 11.13 *** 9.48 ***
{1.19) {1.01) {2.57) (1.15}
0 .89 *** .88 *** 0.88 ***
(0.05) (0.05) (0.05)
o 1.8 1.90 *** (0.90 *** 1.90 *** 0.90 ***
(0.16) (0.38) (0.13) (6.38) (0.11)
fog Likelihood -213.87 -202.03 -201.84
SIiC -221.00 -216.47 -218.69
AlC -218.59 -211.46 -212.84
HQIC -216.87 -208.03 -208.84
B: Residual [Magnostic
Ljung-Box (J(8)  28.19%** 20.10 *** 19.81%**
1‘2’2"(';;"13"" 16.82** 13.45 * 11.46
Skewncss .91 -0.34 -0.41
Kurtosis 7.49 3.35 3.36
Jarque-Bera 120.47%%* 3.00 4.19
C: Instability Tests (Nyblom-Hansen L test)
Joint 1.05 ** 0.66 0.80
doryp 0.05 0.06 0.05 0.08
¢ 0.03 0.04 0.04
a? 0.63 ** 0.04 0.17 0.04 0.20
§): Transition Probability
P(R1[-) - .972 0.015 0.972 0.015
P{R2|-) - 0.028 0.985 0.028 0.985
E: Regime Classification
7902-79Q4 79Q2-79Q4
Quarters - 81Q1-92Q4 03Q1-09Q4 81Q1-92Q4 03Q1-09Q4
Durations - 48 75 48 75

Note: Sample period covers '1979Q1 to 2008Q4. FQ indicates the series is four-quarter GDP growth.
Ljung-Box Qi(8) and Q2A8) indicate Liung-Box Q statistics for autocorrelations with 8 lags for
standardized residuals and squared standardized residuals, respectively. Jarque-Bera is Jarque-Bear
stalistic for normal distribution of residual. Values in the perenthesis are standard error. *** ** and *
represent significance at 1%, 5% and 10% level, respectively.
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Table A7 Mean and Standard Deviation Comparison of GDP Crowth for All Provinces

Mean Comparison

Standard Deviation Comparison

1978-1992 1993-2008 Change 1978-1992 1993-2008 Change
Buijing 0.39 11.53 214 4.75 1.56 -3.19 *+
Tianjin 7.94 13.38 H.44 *¥** 4.31 2.13 -2.18 ¢
Hebei .24 12.15 2.91 ** 4.55 2.43 -2, 11 *+*
Shanxi 8.37 11.58 3.20 ¢ 5.75 2.28 -3.46 ¥+
InnerMongolia  9.80 14.34 4.54 ** 493 4.55 -0.38
Linoning 8.39 i0.83 2.44 5.46 2.50 -2.0G ***
Jilin 9.11 11.34 2.23 6.43 2.64 -3.79 **x
Heilongjiang 6.83 9.88 3.05 *** 2.40 1.63 -0.77
Shanghai 7.99 12.31 4.32 ¥*+ 3.50 L7 -1.73 *
Jisngsu 11.57 13.39 1.42 6.20 2.64 -3.56 **
Zhejiang 12.81 13.61 0.80 6.34 3.52 282*
Anhui 9.22 11.86 2.64 6.39 2.82 -3.57 *ee
Fujian 12.41 13.23 0.81 5.26 3.80 -1.45 **
Jiangxi 0.42 10.78 1.36 4.23 2.47 -1.76 **
Shandong 10.86 13.23 2.38 4.46 2.80 -1.66 **
Henan 10.18 12.08 1.90 5.61 2.60 -3.01 **
Hulei 9.66 11.28 1.62 5.14 2.18 -2.96 ***
Hunan 8.00 10.79 2.70 ¥ 2.53 1.80 -0.73
Cuangdong 13.84 13.68 -0.15 4.78 3.59 -1.19 *
Guangxi 8.36 11.42 3.06 ** 431 3.10 -1.21
Hainan 12.71 10.02 -2.68 9.74 3.89 ~G.85 **
Chongqing 9.06 11.49 244 ** 3.42 2.39 -1.03
Sichuan 8.71 10.87 2.16 ** 3.13 2.00 -1.13 *
Guizhou 9.22 9.78 0.55 4.52 1.63 -2.90 ***
Yunnan 9.67 9.95 0.27 1,12 1.89 -2.24 ¥**
Tibet 7.60 13.00 540 * 10.31 1.98 -8.32 ¥¥*
Shaanxi 9.51 11.64 2.12 5.35 1.78 -3.56 ***
Gansu 8.39 10.61 2.23 6.04 1.06 489 *¥¥
Qinghai 6.61 10.44 382* 6.75 1.56 -4.Bg **¥*
Ningxia 8.94 10.45 1.51 4.43 1.61 -2.82 **
Xinjiang 11.29 9.65 -1.64 * 3.02 1.81 -1.21 *

Note: The provinces’ names represent the GDP growth of each province. Significance levels of growth
change are from a T-test of the null hypothesis of equal mean with unequal variance for the two sub-
periods. Significance levels of standard deviation change are from Levene’s robust test for the equality of
variances for the two sub-periods. *** ** and * represent significance at 1%, 5% and 10% level

respeclively.
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Figure Al GDP Growth and Rolling Volstility (PQA}
Note: SBample period covers 1978Q1-2009Q4. PQA indicates annualized quarter-over-quarter GDP growth.
GDP growth and Volatility of GDI* Growth correspond to left scale and right scale respectively.

GOP growth (POA)  —-—-— Volallity of GOP prowth {POA)

|

-5

£
19801 190041 200001 2010q1
GOP growth (HP) -~ Volatilty of GDP growth (HP)|

Figure A2 GDP Growth and Rolling Volatility (HP, 1978Q1-2009(34)
Note: Sample period covers 1978Q1 to 2009Q4. HP indicates HP [filtered GDP series. GDP growth and
Volalility of GDP Growth correspond to left scale and right scale respectively.
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Figure A3 GDP Growth and Rolling Volatility (BP)
Note: Sample period covers 1981Q1 to 2006Q4. BP indicates BP filtered GDP series. GDP growth and
* Volatility of GDI* Growth correspond Lo lefl scale and right scale respectively.
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Figure A4 Growth Contribution of Nine Sub-Sectors (Aggregate)
Note: Sample period covers 1978 to 2008. Sum(GDP}, Primary, Secondary and Tertiary represent the
sum of sectoral growth contributions, growth contribution of the primary sector, the sum ol growth

contributions of secondary sub-sectors, and the sum of growth contributions of tertiary sub-sectons,
respectively.
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Figure A5 Growth Contribution of Secondary Sector
Note: Sample period covers 1978 to 2008. Secondary, Industry and Counstruction represent the sum of

growth contributions of secondary sub-sectors, growth contribution of industry, and growth contribution
of construction, respectively.

1980 1900 7000 2010
Tartiary ——— Transpod  —-—— Trada -——— Hotel
—-~—= Finance Real Ectate —--~ Others

Figure A6 Growth Contribution of Tertiary Sector
Note: Sample period covers 1978 to 2008. Tertiary, Transport, Trade, Hotel, Finance, Real Estate, and
“Others represent the sum of growth contributions of tertiary sub-sectors, growth contributions of
transport, storage and post {Transport), wholesale and retail trades {Trade), hotels and catering services

(Hotel), financial intermediation (Finance), real estate (Real Estate), and other tertiary sub-sectors
(Otlrers), respectively.
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Figure A7 Rolling Variance Decomposition of Nine Sub-Sectors (Sum)
Note: Sample period covers 1978 to 2008. GDP represents the sum of sectoral growth contributions.
Sum{Var) and Sum{Cov} represent the sum of variances of sectoral growth contributions and the sum of

covariances between sectoral growth contributions, respectively. The rolling variance decomposition is
calculated using a window of 5 years.
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Figure A8 Rolling Sum of Variance of Growth Contribution from Nine Sub-Sectors
Note: Sample period covers 1978 to 2008. Sum(Var), Var(51), Var(52), and Var(83) represent the sum of
variances of sectoral growth contributions, the variances of growth contributions of the primary sector,
the sum of variances of growth contributions of the secondary sub-sectors, and the sum of variances of
growth contributions of tertiary sub-sectoms. A rolling window of 5 years is used.
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Figure AS Rolling Sum of Covariances of Growth Contribution from Nine Sub-Sectors
Note: Sample period covers 1978 to 2008. Sum{Cov) represents the sum of covariances of sectoral growth
contributions. Cov(82,52) and Cov(53,53) represent the sum of covariances of sectoral growth
contributions within the secondary sector and within the tertiary sector, respectively. Cov(S1,52),
Cov(51,53), and Cov(52,53) represent the sum of covariances of sectoral growth contributions between
primary and secondary sub-sectors, between primary and tertiary sub-sectors, and between secondary and
Lertiary sub-sectors, respectively. A rolling window of 5 years is used.

Figure A10 Rolling Sum of Within- and Between-Sector Covariances of Growth Contribution from Nine
Sub-Sectors
Note: Sample period covers 1978 to 2008. Sum(Cov), Cov-W/I, and Cov-B/N represent the sum of
covariances of sectoral growth contributions, the sum of sectoral growth contributions within sector, and
the sum of sectoral growth contributions between sectors. A rolling window of 5 years is used.



What Accounts for the Volatility of

China’s Economic Growth?

Abstract

This essay attempts to examine the underlying factors accounting for the
volatility of China’s economic growth. It particularly highlights the role of
investment policy volatility in explaining output v0llati1ity. The results of cross-
sectional and panel regressions from Chinese provincial data suggest a
significant and positive link between investment policy volatility and growth
volatility. Further, GMM estimations confirm that investment policy volatility
amplifies the growth volatility, whereas fiscal policy volatility has no
significant cffect. Government size and investment share have opposite
influences on growth volatility, although they are not always significant. The
main findings are robust to the inclusion of additional controls, the
substitution of initial values for the mean values of control variables, and the
alternative estimation specifications of policy volatilities. It suggests that the
decline in investment policy volatility accounts for a significant part of the
increasing stability of China’s economic growth, and that stable policies and a

better institutional environment are crucial in sustaining the macroeconomic

stability of China.
JEL: C33, E32, JOO, P20
Keywords: Volatility, Discretionary Policy, Policy Volatility, Chinese

Economy
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1 Introduction

China’s cconomic growth in the reform period has been extensively discussed.
Recently, the cyclical pattern of China’s economic growth has increasingly
aliracted attentions among researchers (Brandt and Zhu, 2000; 2001; Young,
2003; Prasad and Rajan, 2006; Brandt and Zhu, 2010). The average GDP
growth of China is 9.85%, and its standard deviation is 2.73% from 1978 to
2009. Moreover, it has been documented that a substantial decline in the
volatility® of China's cconomic growth is evident during the reform period

(Michael, 2004; Gao, 2007; He, Chong and Shi, 2009; Zhang, 2011a).

We simply divide the whole reform period into two sub-periods using 1992 as
the break year, the time at which China eventually confirmed its development
strategy of incremental reform toward the market ;:&;Bdmy after.south tour
speeches of Deng Xiaoping. The volatility of GDP growth in the first sub-
period (3.50%) is 1.85 times larger than that recorded in the second sub-period
(1.89%)." We also find that most of Chinese provinces become increasingly

stable in terms of GDP growth as well as in consumption and investment

growth (Zhang, 2011a).

What accounts for the volatility of China's economic growth? This issue is not
only important to the Chinese economy, but also suggestive for other
developing countries, most of which are still suffering from high growth
volatility (Kose, Prasad and Terrones, 2006).** Despite the argument that the

welfare costs of the volatility of aggregate consumption and output are

® In this study, the volatility of economic growth is measured by its standard deviation over a period.
$ By computing Levene's robust test statistic for the equality of variances, we can reject the equality of
standard deviation of the two sub-periods at the 1% significance level.
32 The median average growth rate of developing countries is 1.57%, and the standard deviation is 1.90%
during the period 1961-2000, indicating that developing countries have experienced a low growth rate
and high volalility during the past decades {Kose, Prasad and Terrones, 2006).
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negligible in the US (Lucas, 2003), some studies have revealed that the welfare
gain from reducing volatility is potentially fairly large, especially in the
developing countries (Pallage and Robe, 2003; Barlevy, 2004). Morcover,
investigating the determinants of growth volatility using data within a country,
in particular Chinese provincial date in this essay, can also avoid the
international data compatibility problems to a large extent (Barro, 1991; Li

and Zhang, 2007).

The determinants of output volatility have been discussed extensively across
countries, particularly the issue regarding the “Great Moderation” in the US
and other developed economies. The increasing stability of the US economy
prior to the recent financial crisis has been attributed to several explanations,
such as structural change, good luck of smaller shocks, financial innovations,
improved monetary policy, improved inventory management, and demographic
changes (Stock and Watson, 2002; Davis and Kahn, 2008; Jaimovich and Siu,
2009). Another important determinant is associated with the aggressiveness of
using discretionary fiscal policy, which represents the component of fiscal
policy deviating from the current macroeconomic conditions. It is found that
the aggressive use of discretionary fiscal policy determined by exogenous

institutional factors has a positive effect on growth volatility (Fatds and Mihov,

2003a; 2006).

In the context of Chinese economy, scveral studies have proposed underlying
explanations for the cyclical pattern of its economic growth. For instance,
Brandt and Zhu (2000; 2001) propose a general equilibrium analytical
framework to attribute the cyclical economic growth of China to
decentralization, the government’s commitment to state-owned enterprises

(SOEs), and imperfect credit control. The tensions between central and local
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governments about investment decision, and effectiveness of macro-control
actions are also considered potential driving forces of Chinese business cycles
(Naughton, 1995b; Yu, 1997). More dircctly, the first essay of my PhD
dissertation employs decomposition methods from different perspectives to

investigate the sources of the decline in volatility (Zhang, 2011a).

This essay examines the factors accounting for China’s growth volatility, with
a particular focus on the effect of investment policy volatility on output
fluctuation. Following the definition of discretionary fiscal policy (Fatés and
Mihov, 2003a}, we introduce the undesired investment growth and investment
policy volatility in this essay. This factor is important to the Chinese economy
not only because investment is the most important driving force of China’s
cconomic growth (Young, 1995; Bosworth and Collins, 2008; Prasad, 2009),
but also due to the fact that undesired investment (i.e., over-investment or
under-investment) arising from the “investment hunger” of the local
governments and their investment policies is quite common among Chinese
provinces (Prasad, 2009; Qin and Song, 2009). Higher growth volatility is often
coupled with higher investment policy volatility, which is defined as the

standard deviation of undesired investment growth.

The main conclusion of this essay is that the investment policy volatility has a
significant and positive effect on growth volatility among Chinese provinces.
Using Chinese provincial data over the period 1978-2008, we obtain
qualitatively consistent results of the positive link between investment policy
volatility and output volatility from both OLS and panel regressions.
Furthermore, the GMM approach is employed to solve the simultancity and
endogeneity problem. The results of both difference and system GMM

estimations suggest a statistically significant and positive effect of investment

139



policy volatility on output volatility. Unlike the c}oss—country evidence, the
effect of fiscal policy volatility is insignificant in most specifications. We also
find that the government share and investment share affect the growth
volatility necgatively and positively, respectively, although the significance

levels vary among different cases.

To verify the robustness of our main result regarding the positive effect of
investment policy volatility on growth volatility, we conduct several robustness
tests. First, some other potential explanations for China’s growth volatility are
considered, including SOE reform, demographic change, trade openness,
financial development, and human capital. Second, the initial conditions of
government size and investment share are used instead of their mean values.
Alternative specifications of fiscal and investment policy volatility are
employed to test the robustness of our results as well. The positive role of
investment policy volatility remains significant in all specifications. This essay
concludes that a better institutional environment, which stems from stable and
predictable policies of far-sighted local governments and benign interactions
between the government and market, is crucial to the macroeconomic stability

of the Chinese economy.

The rest of the essay is organized as follows: Section 2 documents the dynamics
of growth volatility of China; Section 3 introduces the main focus of our study,
which is the fiscal policy volatility and investment policy volatility; Section 4
discusses other potential factors affecting growth volatility; Section 5 contains
the data description; Section 6 reports the benchmark empirical results;
robustness tests arc conducted in Section 7, and Section 8 presents the

conclusion.

2 Volatility of the Chinese Economy
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The average real GDP growth of China over the ycars 1978-2009 is 9.85%,
which is considered the most outstanding cconomic performance all over the
world. Meanwhile, growth volatility, which is measured by the standard
deviation of real GDP growth, is also substantial, reaching 2.73% in the reform
period. Figure 1 illustrates the rolling standard deviation of the annual real
GDP growth with a rolling window of 5 years.® It also shows that, the
volatility of GDP growth declines over time from about 5% in the carly 1980s
and early 1990s to less than 1% in the early 2000s, except for a mild increase
recently due to the global financial crisis. Using data on quarterly GDP growth,
it has been proven that the volatility of China’s economic growth experienced

only a onc-time structural break around 1992 and 1993 (Zhang, 2011a).

[FIGURE 1 HERE]

Moreover, we also find a similar pattern in the output volatility of most
provinces to that at the national level. Most provinces experience a notable
decline in output volatility in the reform period. Here, we divide tlze whole
period into two sub-periods, the first one covered 1978-1992 and the sccond
one covered 1993-2008. Table 1 presents the comparison of the variance of the
real GDP growth of the two sub-periods for 31 provinces. We employ Levene’s
robust test to calculate the significance level of volatility change under the null

hypothesis of no difference in growth volatility between the two sub-periods.

Table 1 indicates that all provinces became more stable in the second sub-
period, with 26 out of 31 provinces experiencing a significant decline in growth
volatility at least at the 10% level. Given that we have low data quality or
short time-series for the provinces of Tibet and Chongqing, we exclude them in

the following discussions. Among all other 29 provinces, Hainan (9.74%) and

3 A window of 5 years is used so that the volatilily at year tis the standard deviation over year 1 to &
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Inner Mongolia (4.55%) suffer the highest growth volatility in the first and
second sub-periods, respectively. Meanwhile, Hainan (5.85%), Gansu (4.99%),

and Qinghai (4.89%) cxperienced the largest volatility decline between the two

sub-periods.
[TABLE | HERE]

3 Policy Factors

3.1 Fiscal Policy

According to Keynesian theory, fiscal policies can smooth out the business
cycle volatility by cxpansionary government spending during recessions and
contractionary fiscal policies during expansions. A significant and negative link
between government size and volatility is observed across OECD countries and
across US states (Fatds and Mihov, 2001). Andres, Domenech, and Fatés (2008)
also provide a theorctical analysis to reveal the negative relationship between
government size and output volatility using a modificd real business cycle
model. Therefore, there is an argument for not tying the government’s hands
for the purpose of reducing the amplitude of business cycles (Levinson, 1998).
On the other hand, some studies have argued that unrestricted fiscal policies or
thosc driven by the considerations not associated with macroeconomic
conditions lead to excessive deficits and unsustainable level of debt, thus
becoming sources of macroeconomic instability (Fatas and Mihov, 2006). The
recent European sovereign debt crisis is an c:éample of the detrimental effect of
fiscal policics that are not compatible with the economic conditions of a
country on economic growth and stability. Moreover, Lane (2003) also finds
that fiscal policies are not always counter-cyclical, but pro-cyclical and

amplifying the business cycles in some volatile OECD countries.
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As a result, the fiscal policy can be divided into two parts, namely, non-
discretionary and discretionary fiscal policy. The non-discretionary component
represents the effect of fiscal policies on auto-stabilizing business cycle
fluctuation and responding to the current cconomic state. The discretionary
one reflects the fiscal policies that deviate from the current macroeconomic
conditions (Fatis and Mihov, 2003b; Gali and Perotti, 2003). The non-
discretionary fiscal policies are found to be counter-cyclical and can smooth
business cycle volatility for European countries as well as for US states (Gali
and Perotti, 2003; Fatds and Mihov, 2006; Candclon, Muysken and Vermeulen,
2010). However, the role of discretionary fiscal policies is more controversial.
Gali and Perotti (2003) find that discretionary fiscal policies are pro-cyclical
hefore 1992 and are counter-cyclical after 1992 for European countries.
Candelon, Muysken, and Vermeulen (2010) rc-cxamine this issue and find a
consistently pro-cyclical effect, suggesting that discretionary fiscal policies
amplify business cycle fluctuations for European countries. More importantly,
Fatds and Mihov (2003a) focus only on the aggressiveness of using
discretionary fiscal policy, revealing that the more aggressive use of

discretionary fiscal policy results in higher aggregate volatility across countries.

Turning to the case of China, fiscal policies and government expenditure play
an important role in reducing income inequality and smooth business cycle
fluctuation, especially after the tax reform in 1994. Local governments have
increased the public expenditure significantly in the reform period. The average
provincial government expenditure share in GDP has increased from 8.5% in
1978 to 15.8% in 2008, coinciding with the decline of growth volatility. During
the recent financial crisis, government spending contributed a substantial part
in reducing the magnitude and consequence of economic downside risk.

Moreover, substantial tax reforms have been launched in 1994 to increase the
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fiscal capacity of the Chinese central government. The fiscal transfer from the
central government to those provinces lacking in fiscal capacity is supposed to
reduce the income inequality among provinces and enhance the role of the

stabilizer of fiscal policies (He, 2008).

However, the aggressive use of fiscal policy is common in Chinese provinces;
such an act can be attributed to several distinct features of the Chinese
economy. The first consideration stems from the effect of political promotion
rule of local officials. The promotion of local officials is mainly determined by
local growth performance (Li and Zhouw, 2005), as well as their supervisor’s
perception of local public management. The latter is mostly financed by the
government expenditure. To achieve some political goals that are not
associated with cither the auto-stabilizer role or the current state of local
cconomy, local officials expand the government expenditure when needed, and
reduce the spending when it is deemed unnecessary for them. The aggressive
use of discretionary fiscal policy may lead to higher deficit and debt, thus

hindering the stability of provincial economy.

The second consideration arises from the dominant role of the government in
China’s cconomic growth, which partly reflects the‘persistent influence of the
long-term planned cconomic system of China. It is also associated with the
promotion incentive of local officials, because the better economic performance,
the higher probability that they can be promoted. Government expenditure
and government investment are treated as important and direct instruments,
with which to stimulate cconomic growth and smooth the business cycles in
China. Howcver, aside from the non-discretionary fiscal policies aiming to
stabilize the cconomy, local governments may aggressively expand government

expenditures regardless of the real economic need and their fiscal capacity. For
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instance, to combat the recent financial crisis, China initiated an
unprecedented expenditure and investment plan amounting to RMB 4 trillion,
most of which are financed by the local governments. Provinces with limited
fiscal capacity but have aggressive government expenditure plans must raise a
large amount of funds through the local government finance vehicle (LGFV)
and through loans and debts. ® However, the unsustainable government
expenditure growth funding by loans and debts will eventually fall into
stagnation. Hence, this fiscal policy volatility may directly result in output
volatility. On the other hand, the skyrocketing level of local government debt
may corrode the credibility of local government and hamper the health of local
banking system. The local government debt is now becoming an increasing

threat to the long-term growth and stability of the country.

To isolate the discretionary component from the fiscal policy in the context of
the Chinese cconomy, we follow Fatds and Mihov (2003a) and run the

following regression for each province over the last three decades (1978-2008):
AlnG =a+BInG,_ +yAnY, +¢X, +&f (1)

where G, is the real government expenditure, Y, is the real GDP, X,

!

represents the other factors affecting the government expenditure growth, and

¢f is the residual term. To address the endogeneity problem of economic

growth in the baseline regression of Equation 1, we instrument the current

% According to the report of Lhe Peoples’ Bank of China (PBoC), by the end of 2010, the number of
LGFVs is more than 10 thousand, while the amount of loans through LGFV is less than 30% of tota)
loan. As estimated, the amount through LGFV will exceed RMB 10 trillion, and the total debt ratio over
GDP will reach 40% by the end of 2011 based on the research reports of the CICC and CITI Group.
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GDP growth with its lagged value and lagged inflation. Some other factors,

including inflation and inflation square, are included in X, .*®

The province-specific volatility of residual term ¢, is considered as a

quantitative estimate of the aggressiveness of using discretionary fiscal policy.

Thus, we calculate this volatility as the standard deviation of ¢,, and denote it
as oF | ie., of =,f\far(.s',"r ) We consider ¢, as a discretionary spending shock

(Alesina et al., 1995; Alesina et al., 2002; Fatds and Mihov, 2003a)* and o as
the typical size of a discretionary change in fiscal policy or aggressiveness of

using discretionary fiscal policy for a specific province. In this study we also

define o as “fiscal policy volatility”.

Figure 2 illustrates the rolling growth volatility, government expenditure
volatility, and fiscal policy volatility of China at the national level with a
rolling window of 5 years. It shows that both the government expenditure
volatility and fiscal policy volatility become increasingly stable, together with

the declining growth volatility.
[FIGURE 2 HERE]

However, the government expenditure volatility and fiscal policy volatility may
be affected by the same exogenous factors with growth volatility. We cannot
simply associate the increasingly stable aggregate cconomy with the decline in
fiscal policy volatility flrom the time-series perspective at the national level.

Nevertheless, the variations in g‘rowth volatility and fiscal policy volatility

® Robusiness analysis is conducted in the later sections to verify the effects of different specifications of
Equation ! on our analysis results.

% Ag Fatds and Mihov (2003a) point out, other studies (o.g., Alesina et al, 1995, 2002), have also
employed a similar framework to interpret the residual term £, a8 a discretionary government spending
shock. They use an approach to estimate the discretionary change in fiscal policy as the dilference
between actual policy and that determined by the macroeconomic conditions in the previous year
(Alesina et al., 1995).
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among Chinese provinces provide a sound opportunity for us to investigate the
cffect of fiscal policy volatility on output volatility. Over the last three decades,
the fiscal policy volatility in Chinese provinces has varied noticeably. The
average provincial fiscal policy volatility is 10.5%, while its standard deviation
is 4.7% with a maximum of 23.0% and a minimum of 4.4%. We simply plot the
provincial output volatility and fiscal policy volatility over the period 1978-
2008 (sce Figure 3). However, we cannot find a significant relationship between
these two variables, although they are positively linked. Rigorous analysis of

the effect of fiscal policy volatility is conducted in later sections.
[FIGURE 3 HERE]

3.2 Investment Policy

Following the discussion about discretionary fiscal policy and fiscal policy
volatility, we introduce the concept of investment policy volatility in the

context of the Chinese economy.

Investment is regarded as the key driving force of China’s economic growth in
the reform period (Young, 1995; Bosworth and Collins, 2008; Prasad, 2009).
Over the last three decades, China has experienced a shift from a centralized
planned economy to a market economy. However, over-investment, which used
to be prevalent but detrimental in the planned economy era, has persisted in
the reform period. Over-investment refers to the case, in which output growth
falls behind investment growth due to the lack of appropriate growth in capital

productivity, and is often regarded as “investment hunger” in recent studies

(Yu, 1997; Qin and Song, 2009).

In the reform period of China, over-investment may arise from an imperfect
capital market, institutional distortion among different regions, and excessive
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regional competition for capital due to fiscal decentralization (Yusuf, 1994,
Naughton, 1995a; Brandt and Zhu, 2000). Tension exists between the central
and local governments with regards investment behavior. Once strict
restrictions on the credit and investment are lifted, local governments are likely
to fall into the investment hunger (Yusuf, 1994; Naughton, 1995a). To attract
investment, cspecially foreign direct investment (FDI), to boost the economy,
local governments may provide the investors with favorable and promotional
policies, for example, cheap credit, low-cost lands, and tax refunds (Prasad,
2009). They may also require local banks to provide low -interest loans to local
SOEs. Even recently, the tendency of over-investment still remains despite
some improvement in investment efficiencies (Qin and Song, 2009). The
investment hunger and extensive growth pattern do not stop until the central
government imposes strict macro-control policies to tame the increasing threat

of inflation and economic overheating (Yu, 1997).
[FIGURE 4 HERE]

Figure 4 shows that the investment growth of China has been faster and more
volatile than its GDP growth over the reform period. Pronounced investment
volatility is associated with the investment hunger of local governments and
the implementation of macro-control policies by the central government. Figure
4 also shows that a series of strong macro-control policies comes after each
local peak of economic growth, especially in the first half of the reform period.”

In addition, investment growth and cconomic growth slow immediately and

3 China has imposed the macro-control policies in 1979, 1985, 1988, 1993, and 20062008 to confront the
overheating economic growth in the corresponding previous years {1978, 1984, 1987, 1992, and 2007,
respectively). After the first peak year of 1978, Chinese central government decided to spend three years
to “adjust, reform, consolidate, and improve” the macro economy in 1979. In 1992, China's investment
and GDP growth reached a record high over the reform era. The Chinese central government imposed
stringent macroeconomic controls policies in 1993 to deal with the overheating investment and increasing
inflation. The most recenf macro-control action was initiated in 2006 and lasted for nearly 2 years; this
was implemented to tame the speculative investment in several heavy industrics and real estate.
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substantially after every launch of macro-control policies. This investment
cycle results in over-investment in expansion periods and under-investment in
the implementation periods of the macro-control policies. The Peoples’ Bank of
China (PBoC) started to execute the responsibility of a national central bank
only after 1993. Before 1993, most of the macro-control policies were
administrative decrees and direct controls on credit, which rapidly and sharply
slowed down investment and economic growth.*® The macro-control policies
hefore 1993 were likely to be very cffective but made the investment growth
and GDP growth rather volatile. Since the 1990s, China has started to
incorporate both monetary and fiscal policies into macro-control actions.** The
use of market-driven monetary policies instead of direct administrative decrees
also allows the local governments to rely less on administrative tools and policy

instruments to influence the investment behavior.

Over-investment leads to excessive production capacity, decreasing capital
productivity, accumulation of non-performing loans in banking system, and
erosion of real investment opportunities (Prasad, 2009; Qin and Song, 2009). In
addition, volatile investment growth can bring about high efficiency loss due to
normally high adjustment costs of investment (Qin and Song, 2009), thereby
accounting for a significant part of the aggregate output volatility in the
reform period (Zhang, 2011a). However, because total investment is likely to be
pro-cyclical and endogenous in the output production, we cannot simply

conclude that output volatility mainly results from investment volatility.

¥ For instance, to moderate the overheating economic growth in 1984, the State Council imposed direct
administrative decrees to local governments so as to tighten fiscal expenditure and credit in November
1984, The subsequent Government Work Report in 1985 and the Seventh Five-Year Plan continue to
highlight the control over investment and credit. Conscquently, the growth rate of industrial output
declined to lower than 1% in February 1986 from more than 20% in 1985,

® The first adjustment of benchmark loan interest rate was made in April 1991. In the most recent
macro-control actions during the period 2006-2008, the PBoC increased the benchinark interest rate and
required reserve ratios for 8 times and 18 times, respectively.
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Moreover, the investment can be decomposed into two components, the desired
investment and the undesired investment (over-investment or under-
investinent). Theoretically, the former can be estimated by investment demand
function, which is determined by the desired output and investment cost (Song,
Liu and Jiang, 2001; Qin and Song, 2009; Chow, 2010). The latter refers to the
difference between the actual investment and the desired investment, and can
be considered a deviation from the cquilibrium state due to institutional
distortion or exogenous shocks. In China, it is more interesting because the
investment decision is somchow policy-induced, and the policy stances of both
the central and local governments substantially affect subsequent cconomic

activities {Young, 1995; Prasad, 2009).

Here, we consider over-investment (or under-investment) as a proxy for the
policies imposed by the local governments in China to promote and attract
undesired investment, which deviates from the current economic conditions.

Morcover, the aggressiveness of using these policies is also defined as

investment policy volatility.

To isolate the undesired investinent from the total investment, we follow the
conceptual models of productidn function and investment demand function to
consider the over-investment (or under-investment) as the deviation of actual
investment from the desired investment (Caballero, Engel and Haltiwanger,
1995; Song, Liu and Jiang, 2001; Qin and Song, 2009). We simply assume that
the output ¥ is produced by the labor input L and capital services K, and
that the production function is constant return to scale with Hicks-neutral

augmented technology A following the Cobb-Douglas production function.

This is given by:



Y =A,f(L,,K,)=A,L‘,'K:'“ , (2)

A firm with the production function mentioned above maximizes its profit:
m=Y -wl —iK,, (3)
where x, w, and i are profit, employment wage and capital cost, respectively.

Using Lagrange multiplier, we have the following first-order condition for a

maximum profit for capital and capital cost:

. _0oY _ — ¥

Irz—a-—K-—f-—(l—a)A,L‘K, —(1"‘&)?’, (4)
- ):-

K., =(]—a)—_,—, (5)

where ¥', K*, and i are the desired output, capital input and capital input

cost, respectively.
Investment amounts to the flow of capital adjustment:
1_, =Kr _(I_J)Kr-l ) (6)

where & is the effective depreciation rate for K. When capital stock is at its

desired level K°, we have the investment demand function:

C o y,

I =6K =5(1-a) o (7)
\.__‘

In/ =lné+in{l-a)+In¥, —Ini, . (8)

Inf,=InJ; +6,=[In&+In(1-a)+in¥ -Ini |+6,. (9)

In the simple conceptual framework presented above, we can see that the

desired investment is determined by the desired output and capital input cost
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in opposite dircctions. The undesired investment (over-investment or under-
investment) is defined as the deviation between the desired and actual
investment, #=Alnl, -Aln/! , which is considered a mandated investment in
Caballero, Engel, and Haltiwanger (1995), and a measure of allocative

efficiency in Qin and Song (2009).

In this study, we follow the conceptual framework, and empirically derive the
undesired investment. We do this by running the following simple regression

for cach province:
Alnl =a+ BAINY, + yAlni, +9X, + €, (10)

where I, ¥, and i arc the actual investment, output and capital input cost,

respectively.

Following Equation 5, we derive the capital input cost using the actual values

of output and capital input. This is expressed as

Alnj, =Aln((1—a)—£’-}=mn)’, ~-AlmK,, where X, is a set of other variables
!
potentially affecting the investment demand. By default, we included inflation

and inflation square in X,. We also include several others to conduct the

robustness test in later sections. Here, & is considered a measurc of undesired

investment growth, which is the difference between the actual investment
growth and the desired investment growth. To solve the endogeneity problem,
we instrument the current GDP growth and capital input cost with their

corresponding lagged values and lagged inflation.

The province-specific standard deviation of the residual term & is treated as a

measure of undesired investment shock or allocative investment efficiency

shock; it is defined as “investment policy volatility,” i.e., ol = var(s," ) . In the
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Chinese provincial panel data, the labor input is measured as the total
employment.® The capital input is estimated according to the Perpetual
Inventory Mecthods by the author,* and the output clasticity of labor a is

calculated as the share of labor compensation in GDP.
[FIGURE 5 HERE]

We plot the rolling growth volatility and investment policy volatility of China
in Figure 5. We can find that the investment growth volatility and investment
policy volatility become less volatile in the recent decade, coinciding with the
decline of the cconomic growth volatility. Given the important role of
investment in China's economic growth, it is expected that the stability of
investment growth is crucial to economic growth. However, there is
simultancity problem between investment and economic growth. The
investment policy volatility, which is measured by the standard deviation of
undesired investment growth, is mostly determined by institutional and
geographical factors that are exogenous to economic growth (Fatas and Mihov,
2003a). We can use it to discuss the effect of investment policy volatility on

output volatility in the context of the Chinese economy.

Among the Chinese provinces, Sichuan has experienced lower growth volatility
(2.6%) and lower investment policy volatility (7.0%) during 1978-2008,
whereas Hainan has a higher growth volatility (6.2%) and higher investment
policy volatility (15.7%). From the time-scries perspective, the avcrage

provincial output volatility and investment policy volatility before 1992 are

0 We adjust the employment data for Jisngsu, Shandong, Hubei and Qinghai, because there is o
significant statistical break in their employment data series in the years 1990, 1995, 1990 and 1990,
respectively. The adjustment method is based on the approach used by Holz (2009) to adjust the national
employment data.
4 The base year of capital estimation is 1952. We use the GFCF as the investment series, and let the
depreciation rate to be 0.09.
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4.7% and 18.0%, respectively. After 1992 the values are 2.2% and 7.5%,
respectively. The results above show that there is a drastic decline in
investment policy volatility, which accompanies the increasing stability of
cconomic growth. We plot the provincial output volatility and investment
policy volatility in Figure 6, and find a significant positive relationship between
these two variables. Thercfore, we hypothesize that the investment policy

volatility positively affects the growth volatility of the Chinese provinces.
[FIGURE 6 HERE]

3.3 Monetary Policy

The role of monectary policies has been actively discussed in the dynamics of
output volatility. For instance, Boivin and Giannoni (2006) find that better
monetary policy, which responds more strongly to inflation expectations, has
tamed the economic volatility of the US more effectively. Better monetary

policy can result in a more stable inflation, thus reducing the volatility of

output growth.

In China, with the establishment of a unified foreign exchange system in 1994,
the People’s Bank of China (PBoC) began to use the open-market operations
to influence the supply of money. Financial and banking reforms, such as
changing the interest rate according to macroeconomic conditions, have also
been implemented to increase the cifectiveness of market-driven monetary tools.
The interbank intcrest rate trading system was first introduced in 1996. With
the ending of the credit quota systcm in 1998, the PBoC included an increasing
number of market-driven monetary tools to enhance the effectiveness of policy

reactions. Once the PBoC began to cmploy an increasing number of market-
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driven monctary tools, inflation and its fluctuations in China have declined

substantially, particularly after the early 1990s (see Figure 4).

However, since the monectary policies are homogenous among all provinces, the
inflation variations among provinces are not as prominent as growth and
volatilily variations. Similar patterns of inflation dynamics demonstrated by
the Chinese provinces suggest that monctary policies play roughly similar roles
across different provinces. The change of inflation volatility is associated with
the increasing stability of ecopomic growth, but may account for only a limited
part in the provincial heterogencity of growth volatility. Morcover, inflation
and growth may be. affected by several factors simultancously, and they also
influence ea,ch other as they are the most important aspects of an economy.
Here, we simply plot the output volatility and inflation volatility of the
‘Chinese provinces over the reform period shown in Figure 7. The link between
output volatility and inflation volatility among Chinese provinces is positive
but insignificant. This study investigates the role of inflation volatility in

output volatility in later sections.
[FIGURE 7 HERE]

4 Other Potential Explanations
4.1 SOE Reform

One potential cxplanation of the cyclical pattern of China’s economic growth
focuses on the SOE reform. Before the ecarly 1990s, SOEs took the
responsibility of production, social stability, and other policy burdens (Bai et
al., 2000; Bai, Lu and Tao, 2006). Therefore, SOEs arc subject to soft budget
constraints becausc the states arc accountable for the SOEs with poor

performances through credit transfers (Lin, Cai and Li, 1998; Lin and Tan,
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1999). Morcover, money creation is the first choice to finance the transfers to
SOEs, whereas a flexible indicative credit plan from the central government is
a. favorable arrangement for local banks to provide loans to more productive
non-SOEs. As a result, inflation rises along with cconomic growth. When the
threats of high inflation and economic overheating emerge, the Chinese
government shifts the indicative credit plan to the administrative credit plan
to tame the rocketing cconomy, leading to declining economic growth and
inflation. A new round of growth and inflation cycle begins as the indicative
credit plan is adopted again. As long as SOEs are imposed with policy burdens
and arc subject to soft budget constraints, the Chinese government has to
maintain its commitment on ¢mployment and investment growth of the SOEs

to sustain the volatile business cycles (Brandt and Zhu, 2000; 2001).

After the early 1990s, the underlying driving forces of economic cycles began to
change due to the incremental SOE reforms that gradually remove the policy
burdens on the SOEs, and improve the operation efficiency of the SOEs.* A
significant number of enterprises, especially small and medium ones, have
become fully or partially privatized after the early 1990s (Yao, 2005; Jefferson
and Su, 2006). Figure 8 shows that in the beginning of the reform period, SOEs
accounted for nearly 80% of the total industrial output, urban employment,
and investment in fixed assets. The sharcs of SOEs in economic activity
declined continuously in the reform period, and recently, all thosc shares have
dropped to lower than 30%. The SOE reforms relieved the responsibility of the

government for poor performances as well as its commitment on the

2 'I's promote the development of the old-age insurance and unemployment insurance system, the State
Council issucd “The Decision on the Reform of Workers' Old-Age Insurance System” and "The
Regulation of Involuntary Unemployment Insurance of the State Owned Enterprises’ Workers” in 1991
and 1993, respectively. In the lato 1090s, a significant number of workers were laid off (ziagang) to
improve economic performances and alleviate the social security burden of the SOEs. Morcover, modern
corporate governance was introduced o SOEs after the Corporate Law was passed in 1994.
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employment growth of SOEs. Thercfore, the excessive money creation for
transfers to SOEs and the shifts from flexible indicative {or market-based)
credit plan to administrative credit plan are not necessary. Consequently, the

drastic “boom-bust” or “stop-go” cycles may become smoother.
{FIGURE 8 HERE]

According to the explanation above, a province with higher share of SOEs in

the cconomy may be severely affected by the shift of credit plans, thus leading

to more volatile economic growth.
4.2 Demographic Change

Jaimovich and Siu {2009) link the change of the age structure of the labor
forces to macroeconomic volatility, and argue that the cyclical volatility of
market work is U-shaped as a function of age.® They find that the changes in
the age composition of the labor forces account for a significant part of the

dynarmics of output volatility in the G7 countries.*
[FIGURE 9 HERE]

Since the launch of the one-child policy in 1979, the population growth rate of
China started to decrease. The decreased population growth resulted in a drop
in the labor share of the young and an increase of labor share of the old people.
As Figure 9 shows, the labor force share of the old (age 55 and above} has
increased from 7.4% in 1982 to 15.2% in 2006, while that of the young (age 15~
29) has decreased from 47.8% in 1982 to 21.9% in 2006.

4 )aimovich and Siu (2008) state Lthat young workers experience much greater volatility of employment
and working hours than the prime-aged workers over the business cycle; in comparison, those old workers
who are close to retirement experience volatility, which is greater than the prime-aged workers but
smaller than the young workers.
# Iy particular, Jaimovich and Siu (2008) find that the changes in age composition account for roughly
1/5-1/3 of the decline in the volatility of economic growth in the US.
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Following Jaimovich and Siu (2009), wec consider the young (age 15-29) and
the old (age 55 and above) as the volatile-age group of the labor forces. We
find that the volatile-age labor forces remained relatively stable in the 1980s,
but started to decline remarkably after the early 1990s (see Figure 9). The
pattern of the volatile-age labor share is associated with the significant decline
in the output volatility. If China is the case that Jaimovich and Siu (2009) is
arguing for the G7 countries, the change in China’s output volatility can be
affected by the demographic change of the age structure of the labor forces,
which is mostly determined by the fertility choices and population policies

more than 15 years ago and is exogenous to the current output volatility.

4.3 Other Factors

Recently, Dynan, Elmendorf, and Sichel (2006) argue that financial
innovations, such as developments in lending practices and loan markets, have
enhanced the ability of households and firms to borrow, and can also explain
the reduction of volatility. Beck, Lundberg, and Majnoni (2006) also find that
the level of financial development has a stabilizing effect on ecconomic growth.*
Since its establishment in the 1990s, China's stock market has experienced
rapid expansion. The ratio of market capitalization to GDP was only 3.93% in
1992, but surged to 112% by 2010. The Chinese stock market ranks second
among the world’s largest stock markets. The mid-1990s also witnessed an
important change in the Chinese banking system. At that time, the Chinese
central government promoted the establishment of sharcholding banks and
increased the operation quality of the banking system. A series of reform

policies were implemented to set up a market-oriented banking system.

4 Levine (1997) summarizes some basic functions of the financial systems: to facilitate the trading,
hedging, diversifying, and pooling of risk. These functions induce a natural conjecture stating that the
development of the financial system in an economy may result in smaller output volatility by enhancing
its abilily to manage risks.
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Although we think that a developed financial system could tame the growth

volatility, although the recent financial crisis tells us another story.

An economy which focuses more on overseas trade is more likely to be affected
by external shocks, and is more prone to experience higher growth volatility
(Giovanni and Levchenko, 2009). On the other hand, a more open economy is
capable of conducting intcrnational risk sharing to stabilize its economy,
although the absolute size of the overseas investment from China is trivial
before 2000.% As a result, trade openness may be positively linked with the

growth volatility among Chinese provinces.

With the implementation of the “Nine-Year Compulsory Education” since the
mid-1980s, China has experienced a substantial accumulation of human capital,
which has positively affected the output and productivity growth (Fleisher, Li
and Zhao, 2010). Here, we also conjecture that the accumulation of human
capital may be an important factor for the output volatility of China. The
possible channels through which education can influence the output volatility
are as follows. First, more educated workers can develop their careers (c.g., less
skilled workers arc more likely to be unemployed when the economy goes into
recession), resulting in less labor market volatility. Second, more educated
people can have a better wealth plan to smooth their intertemporal
consumption, thus contributing to the reduction of output volatility. Flug,

Spilimbergo, and Wachtenheim (1998) reveal a significant negative link

b

% According to the data released by the Ministry of Commerce of China, the total stock of the overseas
investment of Chinese enterprises amounted to only USD 29.9 billion in 2002 and reached USD 245.8
billion in 2009.
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between volatility and investment in human capital, despitc the causality

direction.?”

5 Data

To investigate the factors accounting for the volatility of China's economic
growlh, we use a provincial panel dataset covering 29 provinces over the
reform period (1978-2008).% This dataset was mainly collected from the
recently published China Compendium of Statistics 1949-2009 and from the
various issucs of the Chinese Statistical Yearbook. In addition, several
supplementary data sources are employed, including Data of Gross Domestic
Product of China 19521995, Data of Gross Domestic Product of China 1996-
2002, and Data of Gross Domestic Product of China 1952-2004. Data from the

recently releasq@ publications are used and carefully cross-checked among

different sources.®

The volatility of the economic growth of a province over a period is measured
as the standard deviation of its real GDP growth. The factors potentially
associated with the growth volatility include fiscal policy volatility, investment

policy volatility, inflation volatility, initial GDP per capita, government size,

4 Using second school enrolment as a human capital investment measurg, Flug, Spilimbergo, and
Wachtenheim (1998} argue that there ia a negative link between volatility and human capital
accumulation, which may be due to the detrimental effect of volatility on human capital investment. In
this study, the average schooling years is used to measure human cepital slock at time ¢, which is
accumulated by human capital investment over the period prior Lo time ! IHence, we assume that the
volatility at time ¢ has no causal effect on the human capital stock at time ¢ Moreover, Flug, Spilimbergo,
and Wachtenheim (1998) do not rule out the possibility of reversal causality of the relationship between
volatility and human capital investment.
4 Pibet and Chongging are excluded in the dataset due to data unavailability,
¥ Signilicantly, the national account data of China and all provinces for the period 1993-2004 differ in
various statistical publications since the Economic Census in 2004, which remarkably re-estimates
national account date for this period. The main data source is China Compendium of Statistics 1949-
2009. The national account data for 1993-2004 of all provinces are besed on Data of Gross Domestic
Product of China 1958-2004, those for 1978-1992 are from Data of Gross Domestic Product of China
1952-1995, and those after 2004 are from the China Compendium of Slatistics 1949-2009 and various
issues of the Chinese Statistical Yearbook.
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investment share, SOE reform, volatile age share, financial development, trade

openness, human capital, and so on.

Consumer Price Index (CPI) is used as the measurement of inflation. In this
work, we use the share of government consumption in the GDP to measure
government size. The sharc of gross fixed capital formation in the GDP is
employed as the proxy of investment share. To estimate the fiscal policy
volatility and investment policy volatility, the real growth of government
consumption is used to measure the government expenditure growth, whereas
the rcal growth of gross fixed capital formation is adopted as investment
growth. The fiscal policy volatility and investment policy volatility are then

estimated according to Equations 1 and 10, respectively.

The process of SOE reform is represented by the share of SOEs in the total
investment in fixed assets. We do not have much information about the age
structure of employment for Chinese provinces. Alternatively, the volatile age
share in the working age population is used. In this section, the volatile age
groups are defined as those aged 15-29 and aged 55—64; we define the stable

age group as those aged 30-54.

Other factors potentially affecting the growth volatility include financial
development, trade openness, and human capital. Two traditional measures are
employed in this study to reprcsent the development of banking systems. The
first one is the ratio of total deposit over the GDP, while the second one is the
ratio of total loans over the GDP for each province. We use the share of total
trade {export plus import) over the GDP as the measurement of provincial

trade openness. A kind of human capital stock measure, i.e., the average
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schooling years of population aged 6 and above,” is employed to investigate its

effect on Chinese provincial output volatility.

Next, we examine the effects of factors potentially associated with the
volatility of China’s economic growth. Cross-sectional and pancl samples are
used. The cross-sectional sample considers the period 1978-2008 as a whole.
The output volatility, fiscal policy volatility, investment policy volatility, and
inflation volatility are calculated over the whole sample period. Either the
mean values or initial values of other control variables are used in the analysis,
depending on different specifications. The panel sample divides the reform
period into six 5-year consecutive non-overlapping sub-periods.®! Therefore, the
volatility, mean values, and initial values are calculated over each of the 5-year
sub-periods. Here, we use a panel sample covering 29 provinces over 6 sub-

periods.
6 Basic Results

6.1 Cross-Sectional Estimation

Firstly, we begin with a cross-province regression to link the different factors
with the growth volatility, mainly focusing on the effects of policy volatilities.

The general form of the regressions reported in Table 2 is as follows:

% We only have population census dats from 1982, 1990 and 2000, and the population survey data from
1987, 1993, 1995--1999, and 2001-2008. The schooling years for the person holding primary school, junior
high school, senior high school, and college and above as their final degree are calculated as 6, 9, 12 and
16 years, respectively. The schooling years of the illiterate population are given a value of 0. Subsequently,
we calculate the average schooling years using the sheres of population with different education
attainments as weights. Finally, to fill the human capital data for the unavailable years, we obtain
human capital panel dete for the years 1978-2008 through linear interpolation. We then obtain human
capital data for the years 1982-2008 through linear interpolation, after which we apply the growth rate of
average schooling years for the period 1982-1987 to the growth rate of average schooling years for the
period 1978-1982. Finally, we can obtain the human capital data for the whole reform period. The data
sources of human capital estimation include the data of Lhe third, fourth, and fifth China Population
Census, the China Statistical Yearbook (1988-2008), the China Population Statistical Yearbook (1988-
2006), and the China Population and Employment Statistical Yearbook (2007-2008).

% The year 2008 is included in the laat sub-period.
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o) =a+fI +yX +e, (11)

where o] is the growth volatility; £. is a set of volatility variables, including

fiscal policy volatility (o)), investment policy volatility ( o/

) and inflation

volatility (& ); X, is a set of control variables potentially associated with the

growth volatility; ¢, is the residval term; and £ and y arc the respective

vectors of the coefficients.

The dependent variable (o)) is the standard deviation of the real GDP growth

for each Chinese provinces over the whole sample period. The key explanatory
variables are fiscal policy volatility (&7 ) and investment policy volatility (o),
which are measured as the standard deviation of discretionary fiscal policy and
undesired investment growth following Equations 1 and 10, respectively. Other
important control variables are inflation volatility, initial real GDP per capita,

government size, and investment share.
[TABLE 2 HERE]

The first two columns in Table 2 represent the unconditional relationship
between growth volatility and policy volatilities. The t-values reported in the
parentheses below the point estimates suggest that only the investment policy
volatility is at the 1% significance level. We find an unconditional significant
positive link between growth volatility and investment policy volatility. The
third column shows the unconditional relationship between the inflation
volatility and growth volatility, which turns out to be insignificant. Column 4
illustrates the relationship between the growth volatility and the three
explanatory volatility variables. This indicates that only the investment policy
volatility is still positively correlated with growth volatility, whereas the fiscal

policy volatility and inflation volatility are insignificant.
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Two control variables arc added in the regression, as shown in the last two
columns; we also employ the mean values of government size and investment
share in Column 5. We can see that the investment policy volatility remaine
positive and significant, whereas the magnitude of its coefficient remains
roughly stable. The government size is negatively and significantly correlated
with growth volatility, suggesting the general role of fiscal policy as a stabilizer.
The estimate of investment share is significant and positive, which implies that
a province with higher investment share suffers higher volatility in the reform

period.

Given that the average levels of the government size and investment share may
be endogenous in the regression and affected by the growth volatility, we
partly ruled out the reversal effect using the initial values of government size
and investment share. Column 6 shows that the estimate of investment policy
volatility remains significant and positive, whereas its magnitude increases. In
addition, the initial government size is still negatively and significantly
correlated with the growth volatility, despite the fact that the p-value increases

from less than 5% to greater than 5%.

Table 2 shows a preliminary image of the relationship between growth
volatility and its explanatory factors in the last three decades. Evidently, the
investment policy volatility is significantly and positively associated with
growth volatility. In addition, a higher government size is linked with a less
volatile economic growth among Chinese provinces. On the other hand, fiscal

policy volatility has no significant relationship with growth volatility.

However, our cross-province OLS rég;essions in Table 2 may be affected by
several weak assumptions and suffer from endogencity problems. First,
although we use instrument variables to estimate the policy volatilities, it

164



should still be our concern whether the policy volatilities (cither o7 or o) are
to some degree duc to output volatility and not completely due to
discretionary policics (Fatds and Mihov, 2003a). Second, policy volatilities and
other control variables may suffer from the problems of simultaneity and
endogeneity in the OLS regressions, since we cannot rule out the existence of -
dynamic cffect and reversal effect of growth volatility to independent variables.
Third, a trend of increasing stability of the Chinese economy is obsecrved, and
the unprecedented reform has changed China markedly over the last 30 years.

Thus, we should take into account more time-series information in the analysis.

Therefore, in the following sections, we investigate the importance of different
explanatory factors of growth volatility in a provincial panel sample. We not
only discuss this issue in the context of time-varying volatility, but also GMM

techniques to solve some problems related to simultaneity and endogeneity.

6.2 Panel Estimation

In this section, we divide the reform period (1978-2008) into six sub-periods,
cach with five consecutive non-overlapping years. A provincial panel sample
covering 29 provinces for the six sub-periods is thus constructed. In the panel
regressions, the volatility, mean value, and initial value are calculated'over

cach sub-period for each province.
The panel regressions mainly follow the specification below:

o =a+pBT +yX, +8PD+¢,, (12)

where o], is the growth volatility; Z,, is a set of volatility variables, including
fiscal policy volatility (o,), investment policy volatility( o}, ) and inflation
CPI

volatility (o, ); X,, is a set of control variables potentially associated with
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the growth volatility; &,, is the residual term, PD, is a set of period dummies;

and f,y, and § arc the respective vectors of the cocfficients. We have six

non-overlapping consecutive sub-periods in the panel sample; hence, r=1,...,6.

The dependent variable (o),) is the standard deviation of the real GDP

growth for each Chinese provinces over each sub-period t. The key explanatory

variables are the fiscal policy volatility (o/,) and investment policy volatility

(5/,), which are measured as the standard deviation of discretionary fiscal
Lt y

policy and undesired investment growth over each sub-period ¢, respectively.
Other important control variables are inflation volatility, initial real GDP per

capita, government size, and investment share.

Table 3 shows the regressions results using the provincial panel datasct. All
regressions include period dummies as standard controls, and the details of

dummies cstimations are omitted for brevity.

Simnilar to the cross-provincial analysis, the first two columns report the link
between growth volatility and discretionary policy volatility which is only
conditional on period dummies. We find a significant and positive link between
growth volatility and investment policy volatility, ie., the estimate of
investment policy volatility is significant at the 1% significance level. Columns
3 and 4 include the inflation volatility into the regression, demonstrating that
the positive and significant relationship between growth volatility and
investment policy volatility remains. Inflation volatility is also significantly and
positively associated with growth volatility. The estimate of fiscal policy
volatility is insignificant, the same with the one found in the cross-provincial

analysis in Table 2.
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We summarize the results in Columns 5 and 6 when some standard control
variables enter the regression. Column 5 uses the mean values of government
size and investment share, whereas Column 6 employs their initial values
instead. Both columns reveal that the investment policy volatility remains
positive, inflation volatility is positive, government size is negative, and
investment share is positive. In addition, Ithc first three estimates are highly

significant at the 1% significance level.

The results of panel regressions in Table 3 confirm the main findings of the
'cross—provincial analyses shown in Table 2, i.c., a province with higher
investment policy volatility is more likely to suffer a more volatile cconomic
growth. The larger government size and smaller investment share arc
associated with lower growth.volatility among Chinese provinces. The estimate
of inflation volatility is, to some degree, different bétwcen cross-provincial and

panel analyses.

[TABLE 3 HERE]

There are several potential factors affecting the results of panel regressions, e.g.,
the sample outliers and province size. We conduct several robustness tests to
verify the basic results of Table 3. The results of robustness tests are
summarized in Table 4. Columns 1 and 2 of Table 4 reproduce Columns 4 and

5 of Table 3 as benchmark specifications.

Colummns 3 and 4 show the results of weighted regressions using the logarithm
of the real GDP as regression weight. They indicate that the estimates of
investment policy volatility, inflation volatility, government size, and
investment share remain stable and significant. Moreover, the benchmark

results in Columns 1 and 2 are not affected by the provincial GDP size.

167



We also consider the influences of sample outliers in Columns 5 and 6.
Quantile regression, which is also known as the Least Absolute Value model, is
employed to exclude the effect of sample outliers. In this section, the median is
used as a measure of central tendency. Columns 5 and 6 demonstrate that even
after controlling the cffect of sample outliers, the investment policy volatility
and inflation volatility are still positively and significantly associated with
growth volatility. The government size remains negative and significant, but

investment share lose its significance.

Finally, province-specific and time-invariant characteristics may not be fully
captured by our control variables in benchmark specifications. As a resuli, we
apply a provincial fixed-effect model to the panel sample. Columns 7 and 8
show the provincial fixed-effect regression result. As can be seen, only the
investment policy volatility is highly significant, and other independent
variables become insignificant after controlling the provincial fixed-effects,
suggesting that inflation volatility, government size, and investment share are

correlated with the provincial fixed-effect.

In all robustness tests, the investment policy volatility is significantly and
positively associated with growth volatility. The estimate is highly significant
at the 1% significance level, and the coefficient magnitude is roughly stable.
'This constitutes the main finding of the panel sample analysis, i.e., a province

with investment policy volatility is prone to experience more volatile economic

growth.
[TABLE 4 HERE]

Certainly, there is still a pronounced issuc that investment policy volatility
may be induced by growth volatility to some extent, although economic growth

has already been instrumented in the estimation shown in Equation 10.
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Furthermore, with the presence of dynamice effects and simultancity, the OLS
estimations in Table 3 and Table 4 may be biased and inconsistent. The

following steps in the next section employ an cconometric technique to solve

these problems.
6.3 GMM Estimation

As stated previously, we cannot rule out the possibility that the undesired
investment growth may partly reflect the effect of economic growth. Morcover,
growth volatility and two policy volatilities may be simultaneously determined
by the same factors. and shocks as well as some cxplanatory factors. For
instance, government size and investment share may be affected by the growth
volatility. As a rcsult, we have to take into account both the dynamic and

endogeneity cffects in estimating the determinants of growth volatility.

Arecllano and Bond (19913, Arcllano and Bover (1995), and Blundell and Bond
(1998) develop the first-difference GMM approach and system GMM
techniques to solve these problems. Furthermore, Blundell and Bond (2000)
and Bond (2002) argue that the first-difference GMM approach may be biased
in the case of weak instruments and finite samples, which is the very case of
our study. The provincial panel datasct used in the previous section has a
finite sample with many provinces but with few sub-periods. Therefore, we use
the systerm GMM approach to solve the simultancity and endogencity problem
of our OLS regressions. Here, either the one-step or the two-step approach of
system GMM cstimation can be used. Usually, both of them are reported
because there is a downward bias in the computed standard errors in the two-
step cstimation. However, with the finite sample correction of Windmeijer
(2005), the standard crrors in the two-step estimation are quite accurate, and
the two-step estimation with this correction scems to be modestly superior to
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cluster-robust one-step cstimation. Therefore, the two-step system GMM
estimation is our main focus. The first-difference GMM and one-step system

GMM estimations are also employed as reference results in this scction.

In the system GMM approach of Blundell and Bond (1998), the instruments
for regression in levels are the lagged differences of the corresponding variables,
while those for regression in differences are the lagged levels. Two tests arc
usually employed to verify the validity of the instruments. The first one is the
Sargan over-identifying test, which examines the overall validity of instruments.
In addition, Hansen’s over-identification test can also be used to verify the
validity of instruinents. Both of them are reported in this section. The second
onc is the Arellano-Bond autoregressive (AR} test, which is used to examine
the presence of second-order serial correlation in the first-difference error term.
The AR tests allow the difference error term to be first-order serially correlated,

but the second-order serial correlation may violate the basic assumption of

GMM approach.

Columns 1 and 2 in Table 5 reproduce the results of OLS and fixed-effect
specifications in Table 4. Other columns report the GMM estimation results.
We employ three GMM approaches, namely, the first-difference GMM (D-
GMM), onec-step system GMM (S-GMM1) and two-step system GMM (S-
GMM?2), for results cross-checking. In this essay, the small-sample correction to
the covariance matrix estimate is applied to all GMM estimations. In the one-
step system GMM estimation, we report the cluster-robust standard errors,
which are robust to the heteroskedasticity and arbitrary patterns of the
autocorrelation within provinces. In the two-step system GMM estimation, the
finite sample correction of Windmeijer (2005) is made to the covariance matrix.

We then conduct Sargan and Hansen’s over-identification test to verify the
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validity of instruments, and Arcllano-Bond AR tests to examine the serial
corrclation of the residuals. The Sargan and Hansen’s test results in Columns 3
to 8 suggest that there is no evidence rejecting the validity of instrument
variables. The test statistics of Arellano-Bond AR tests suggest that we can
reject the null of no first-order serial correlation, but we cannot reject the null
of no second-order scrial correlation. Thercfore, test statistics in all GMM

estimations imply the correct use of instruments and GMM estimations.

First, we trcat the policy volatilities and inflation volatility as endogenous
variables, the initial GDP per capita as exogenous variables, and thc mecan
values of government size and investment share as pre-determined variables.
All period dummics are treated as exogenous variables. Columns 3 to 5
summarize the results of GMM cstimations under the assumptions above. We
take Column 5 as our primary result. After taking into account the
simultancity and endogeneity problem of policy volatilities and inflation
volatility, the two-step system GMM estimation shows that the investment
policy volatility positively and significantly affects the growth volatility at the
5% significance level. Inflation volatility loses its significance to some degree in
Cotumn 5, perhaps because inflation and growth are concurrent issucs for an
cconomy. The government size has negative influence on growth volatility,

suggesting the counter-cyclical role of government expenditure.

Columns 3 and 4 report the difference and one-step system GMM estimation,
respectively. In both columns, it can be seen that higher investment policy
volatility results in higher growth volatility, whercas the government size has a
detrimental offect on growth volatility. Unlike the result in Column 5, inflation

volatility and investment share significantly promote the growth volatility.

[TABLE 5 HERE]
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In Columns 3 to 5, the average levels of goyernment size and investment share
arc considered not fully exogenous but pre-determined. However, the
government may be affected by growth volatility, since a province with higher
volatility is more pronc to expand its government expenditure to stabilize its
economy (Rodrik, 1998). Moreover, thc investment share may also be
influenced by growth volatility, not because of the uncertainty concern but
positively due to the high-risk-high-return nexus. Therefore, we relax the
assumption about the mean valucs of government size and investment share,

and assume that they are cndogenous. Columns 6 to 8 represent the GMM

estimation results under such assumptions.

Meanwhile, the results of the two-step system GMM estimation are shown in
Column 8. As can be seen, the investment policy volatility remains positive
and significant despite a slight increase in the p-value. The government size
becomes highly significant with negative effect on output volatility, whercas
the investment share scems to have lost its significance. Looking at the
difference GMM and one-step system GMM estimations in Columns 6 and 7,
we also find a significant and positive effect of investment policy volatility on
growth volatility. The signs of other cxplanatory factors are the same as those

in Column 8, although they vary in terms of significance level.

According to the analyses above, the most prominent result is that investment
policy volatility amplifies growth volatility, while fiscal policy volatility does
not. Higher government size and lower investment shares are likely to result in
lower growth volatility, although the estimates are not always significant when
different estimation approaches are used. In this section, we may say that the

investment policy volatility accounts for a significant part of the growth

.
-
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volatility. Hence, the decline of investment policy volatility greatly contributes

to the increasing stability of the Chinese economy.

7 Robustness Tests

We consider Column 8 in Table 5 as the benchmark estimation results of the
effects of different explanatory factors on growth volatility. In this section, we
test the robustness of our main results, first by including other potentially
important factors into the regression; second, by using initial values of
gdvernment size and investment share instead of their mean values; and finally,

by employing alternative estimation specifications of policy volatilities.

7.1 Additional Controls

In the discussions presented in Section 4, the SOE reform, volatile age share,
financial development, trade openness, and human capital arc factors that are
considered to be potentially linked to growth volatility. Table 6 shows the
results of robustness tests with these additional control variables. In this
section, we consider the two-step system GMM estimates in Column 8 of Table
5 as the benchmark results in which government size and investment share are
treated as éndogenous variables. Column 1 of Table 6 reproduces the
benchmark results, and the other columns show the results of the two-step
system GMM cstimates with additional control variables. We use the mean
values of all additional variables in the robustness tests, and consider each one
of them as an endogenous variable, cxcept for the stable age share. The stable
age share in the working-age population is mostly determined by fertility

choice that occurred more than 20 years ago; thus, it should be considered to

be exogenous.

(TABLE 6 HERE]
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With each of the additional control variables, the positive effect of investment
policy volatility on growth volatility remains significant in most cases. In
several columns, the significance level incrcases to better than 1% (sce
Columns 4). In most cases of the robustness tests, government size and
investment share have the same sign with the benchmark specification, despite
the difference in significance level, No additional control variable is significant
in Table 6. The results of Sargan and Hansen's over-identification tests and the
Arcllano-Bond AR tests suggest that all specifications in Table 6 satisfy the
assumnptions of GMM estimation. According to the results in Table 6, our
benchmark results for the two-step GMM estimation are robust to the
inclusion of additional variables, including the trade openness, provincial GDP
size, human capital, SOE reform, financial devclopment, and volatile age share.

In addition, none of the additional control variables have significant effects on

growth volatility.
7.2 Initial Values of Controls

In the benchmark specifications shown in Tables 4 and 5, we use the mean
values of government size and investment share as standard controls.
Furthermore, these two variables are considered endogenous in GMM
estimations and in subsequent robustness tests with additional variables. We
use the initial values of these two control variables to conduct robustness tests.
Using the initial values may, to some degree, reduce the endogencity problems
in QLS specifications. Moreover, in GMM estimations, we treat initial values

as exogenous or pre-determined, so that the total number of instrument

variables can be reduced.

[TABLE 7 HERE]}
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We summarize the results with initial values of government size and
investment sharc as control variables in Table 7. Columns 1 to 4 show the
results of OLS, weighted OLS, Quantile and fixed-effect regressions,
respectively. Columns 5 to 7 show the results of the three GMM approaches
with assumption that the initial values of government size and investment
share are exogenous. We treat these two variables to be pre-determined and

summarize the estimation results. These are shown in Columns 8 to 10.

The first four columns illustrate similar results as those shown in Table 4.
Based on the initial values of government size and investment share as control
variableé, investment policy volatility is positively and significantly associated
with growth volatility. In addition, coefficient estimates are close to those in
Table 4, in which we use the mean values as control variables. Morcover,
government size and investment share are significantly linked with growth
volatility with different directions. Inflation volatility is also positively and

significantly correlated with growth volatility.

Furthermore, we employ the GMM approaches to estimate the determinants of
growth volatility. First, the initial values of government size and investment
sharc arc considered exogenous. Columns 5 to 7 indicate that the investment
policy volatility has a positive effect on growth volatility, and the coefficient
incrcases a bit compared with the estimates in Columns 1 to 4. Subsequently,
we relax the assumption of exogenous initial conditions of government size and
investment share, and treat them as being pre-determined. We find from
Columns 8 to 10 that higher investment policy volatility results in higher
growth volatility. Despite the weak significance levels in two-step system GMM
estimations, we can reach the consistent conclusion that by using initial

conditions of government size and investment share as control variables,
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reduction in investment policy volatility can lead to an incressingly stable
economic growth in China. Moreover, the increase of government size may also

greatly contribute to the decline of growth volatility in China.
7.3 Alternative Specifications of Discretionary Policy

One may suspect that our conclusion on the important role of investment
policy volatility highly depends on the estimation method of the policy
volatility. In the following discussions, we examine the robustness of our main

results to different estimation specifications.

For the fiscal policy volatility, we substitute the lagged level of the real
government expenditure used in Equation 1 with the lagged growth of the real
government expenditure, following Equation 13. Real GDP growth is also
instrumented by its lagged value and lagged inflation. Rather than specifying
inflation and inflation square as the only control variables in Equation 10, we
also incorporate the lagged recal investment growth into the specification to
estimate the undesired investment growth, as shown in Equation 14. Real
economic growth and capital input cost are instrumented by their lagged
values and lagged inflation. In both Equations 13 and 14, inflation and

inflation square are included in X, .
AInG, =a+ fAInG, +AlnY, +gX, + &', (13)
Am1f=a+ﬂalnl’,+;ﬁlni,+qun!,_,+¢X,+6',", (14)

where the notations in Equations 13 and 14 are the same as those shown in

Equations 1 and 10.

Using the alternative estimation specifications of Equations 13 and 14, we can

obtain discretionary fiscal policy (€%} and undesired investment growth (&, ).
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Their standard deviations are calculated to measurce the fiscal policy volatility
and investment policy volatility, respectively. The main results using

alternative estimation method are shown in Table 8.
[TABLE 8 HERE]

Columns 1 to 4 show the results of OLS, weighted OLS, Quantile and fixed-
effect regressions, respectively. Columns 5 to 7 present the results of GMM
estimations considering the mean valuc of government size and investment
sharc as pre-determined variables. Columns 8 to 10 summarize the GMM
estimates by treating the mean valucs of government size and investmeunt share
to be endogenous. The three GMM estimation methods are employed just like
in the benchmark results. All GMM estimations pass the Sargan and Hansen’s
over-identification tests and Arcllano-Bond AR tests for serial correlation,

suggesting the validity of our specifications.

We can find in Table 8 that, using different calculation specifications of
discretionary policy, the positive effect of investment policy volatility on
growth volatility in China remains significant and that its magnitude is
relatively stable. Inflation volatility plays a positive role in explaining the
growth volatility, though not always significant. Moreover, government size
and investment share affect the growth volatility in the same direction with

the benchmark results, although they vary in terms of significance level.

Moreover, we also conduct the robustness tests of our benchmark results to
other different estimation specifications of policy volatility. The first
specification includes both the lagged value of investment growth and the
lagged value of rcal investment in the estimation specification of undesired

investment growth shown in Equation 10. The second onc uses OLS rather
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than 1V and 2SLS methods to estimate the undesired investment growth.™
Furthermore, two different treatments of government size and investment
share arc considered. One uses their mean values and includes them into the
regression cither as pre-determined or endogenous variables. The other one

includes their initial values either as exogenous or pre-determined variables.

The results of all robustness tests lead to virtually consistent qualitative
conclusion that the investment policy volatility significantly amplifies growth
volatility. On the other hand, fiscal policy volatility has no significant effect on
growth volatility. For brevity, the details of the results are not reported here.

However, they can be made available upon request.
8 Conclusions

This study documents a significant decline in the growth volatility of Chinese
provinces over the last three decades. The key conclusion of this essay is thén;
investment policy volatility accounts for a significant part of the volatility of
China’s cconomic growth. A province with higher investment policy volatility,
which is measured as the standard deviation of undesired investment growth, is
likely to suffer higher growth volatility. The less aggressive use of investment
policies to promete undesired investment growth as well as a more effective
and market-driven macro-control policics can lead to the increasing stability of

the economic growth of Chinese provinces in the reform period.

The discretionary policy is the policy component, which deviates from the
current macroeconomic conditions and represents the cyclically adjusted policy
stance of local governments (or local economies). Policy volatility is defined as

the standard deviation of discretionary policy, and is considered a measure of

2 We also re-estimate the discretionary fiscal policy using the simnilar specification as that used in the
discretionary investment policy.
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the aggressiveness of using discretionary policy. Cross-country studies have
shown that the discretion in fiscal policy can harm macrocconomic stability
(Fatas and Mihov, 2003a). In the context of the Chinese economy, we
introduce investment policy volatility, following the definitions of discretionary
fiscal policy and fiscal policy volatility. Investment policy volatility is measured
as the standard deviation of undesired investment growth, which is calculated
as the difference between the actual and desired investment growth. We find
that both the fiscal policy volatility and investment policy volatility have

declined substantially in recent decades.

OLS regressions reveal a significant and positive relationship between
investment policy volatility and growth volatility. However, the discretionary
fiscal policy and undesired investment growth may be simultaneously
determined by the same factors, together with economic growth, or they
cannot fully remove the influence of current macroeconomic conditions.
Therefore, endogeneity and simultaneity bias may emerge. In this essay, we usc
the GMM approaches to cstimate the effect of policy volatility on output
volatility, so that the dynamic cffects and endogeneity problem can be solved
as much as possible. The estimation results show that, in China, only
investment policy volatility significantly and positively affects growth volatility,
whereas the effect of fiscal policy volatility is insignificant. This finding is
robust to the inclusion of additional control variables, substitution of initial
conditions for mean values of standard controls, and alternative specifications
of policy volatility. Aside from the prominent positive effects of investment
policy volatility, we also discover the stabilizing role of government
expenditure and the positive effect of investment share on growth volatility,
although they arc not always significant in different specifications. This study

concludes that a better institutional environment, stemming from stable and
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predictable policies of local governments and benign inter-actions between the
government and market, is crucial in ensuring the macroeconomic stability of

the Chinese economy.

Woe find a significant role of investment policy volatility in accounting for the
aggregate output volatility. It suggests that the distortions of investment
policies arising from the investment hunger of local governments and imperfect
macro control implementations of the central government are detrimental to
the macro stability of the Chinese cconomy. Along with the shift of
devclopmhont strategy of the Chincse government from focusing on high growth
rate to cmphasizing growth sustainability, and more market-driven
macroeconomic policy instruments being employed, the Chinese cconomy has
become more stable after the carly 1990s. However, il is noteworthy that the
investment share in GDP is increasing in recent years, and local governments
are recommencing their investment cnthusiasm in the aftermath of recent
global financial crisis. How to contain the investment hunger and enhance the
growth sustainability without increasing fluctuation of undesired investment
growth should be paid serious attention since investment policy volatility could

damper the stability of the macro economy.
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Tables and Figures

Table 1. Volaltility Comparison of Twou Sub-periads

1978-1992  1993-2008 Change 1978-1992 19932008  Change
Buijing 1.75 1.56 -3.10 Hubei 5.14 2.18 -2.0G ***
Tianjin 4.31 213 -2.18 * Hunan 2,563 1.8 -0.73
Hebui 1.55 2.43 =211 *¥* Gunugdong 4.78 3.59 -1.19*
Shanxi 5.75 2.28 -34G *r* Guangxi 4.3 31 -1.21
tuner Mongolia 4.93 4.59 -0.38 Huinan 9.74 3.89 -5.85 **
Lisoning 5.46 2.5 -2.06 *** Chiongqging 3.42 2.39 -1.03
Jilin 6.43 2.64 S3.79 A Sichuan 3.13 2 -1.13 *
{leilongjiang 2.4 1.63 -0.77 Guizhou 4.52 1.63 -2.90 ***
Shanghoi 35 1.77 -L73 Yunnan 4.12 1.89 -2.29 *¥*
Jiangsu 6.2 2.64 -3.06 ** Tibet 10.31 1.98 -8.32 ***
Zhujiang G.34 3.52 282t Shaanxi 5.35 1.78 -3.56 **»
Anhui 6.0 2.82 -3.57 ¥ Gansu G.04 1.06 -4.99 ¥*¥
I*ujian 5.26 3.8 -1.45 ** Qinghai 6.75 1.BG -4.80 ***
Jiangxi 4.23 247 -1.76 ** Ningxia 4.43 1.61 -2.82 %4
Shandong 4.46 2.8 -1.G6 ** Xinjiung 3.02 181 -121*
[ienan 5.61 2.6 -3.01 **

Note: Significance levels of standard devistion change are {rom Levene's robust test for the equality of

vatiances of the two sub-periods. ***, ** and * represent significance at the 1%, 5% and 10% level
respectively.
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Tuble 2: Cross-provinee QLS Estimation Results

() (2) (3) 7 (5) ()
VARIADBLES OLS1 OL52 QOLS3 OLS4 OLSS OLSG
Fiscal Policy Volatility 0.00981 -0.00765 -0.000565 -0.0305
(0.0455) (0.0446) (0.0347) (0.0436)
Investuent Policy Voladility 0.0337F%* 0.0350** 0.0376** 0.0470%*
(0.0101) {0.0163) (0.0150) (0.0172)
Tufiation Volatility 0.421 0.381 0.408 0.376
(0.148) (0.476) (0.352) (0.504)
Initind GDIP per eapita -0.567* -0.187
(0.275) (0.249)
Guverninent. Size -0.164%*
(0.0598)
Investiment Share (0.0855%*
(0.0332)
Initial Government Size -{1.0857*
(0.0474)
Tnitial Tovestinent Share 0.0163
(0.0197)
Constant 3.630% 3.270%%* 1.112 0.957 J.176 2.635
(0.474) (0.217) (2.780) (3.033) (2.994) {4.084)
Observations 29 29 29 29 20 29
R-squared 0.003 0.121 0.071 1188 0.428 0.267

Note: Dependent variable is growth volatility measured as Lhe stundard deviation of GDP growth over a

period. Robust standard errors are in parentheses, *** p<0.01, ** p<0.05, * p<0.]

186



Table 3: Panel OLS Estimation Resulis

(1} (2) (3) (4) {5) (6)
VARIABLES (JL51 QOLS52 OLS53 0OLS4 OLSSs OLSG6
FFiscal Policy Volatility 00106 -0.0086G8 -0.0153 -0.0210
(0.0268) (0.0237) ((:.0221) (0.0230)
Investment Policy Volatility 0.0409*** 0.0456%**  (.0493%** 0.0518%**
(0.0123) (0.0134) (0.0127) (0.0125)
Iuflation Volatility 0.330%* 0.371** 0.376%** 0.372%*
(0.165) (0.153) {0.136) {(0.140)
Initial GDP per capita -0.0973 -0.0545
{0.183) (0.174)
Guvernment Size -0.102%%*
(0.0380)
Investiment Share 0.0406**
{0.0200)
Initia]l Government Size -0.102***
(0.0365)
Initisl Investiment Share 0.0316*
(0.0172)
Constant 4.822%»* 4.126%** 4.194%* 3.204 44+ 3.662%* 3.495%*
{0.512) (0.388) (0.57G) {0.579) (1.608) (1.645)
Observations 174 174 174 174 174 174
R-squared 0.548 0.582 0.573 0.614 0.G41 0.638

Note: Dependent variable is growth volatility measured as the standerd deviation of GDP growth over a
period. Period dummies are coutrolled in regression. Robust standard errors are in parentheses, *** **
and * represent. p<0.01, p<0.05 and p<0.1, respectively.
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Tabsle 4: Robustness Tests of Panel OLS Estimation Results

(1) (2) (3) {4 (6) (6) (N (8)
VARIABLES VL8] OLS2 WTI1 WT2 Quantilel  Quantile2 FE1 FE2
Fiseal Palicy Volntility -0.00868 -0.0153 -0.0128 179 -0.0135 -0.0199 0.0163 0.0142

(0.0237) (0.0221) (0.0208) (0.0198) (0.0122) {0.0134) (0.0266) {0.0280)
fuvestinent Policy Volatility  0.0456***  0.04937**  D.OA3I**Y  (0.0460%**  (0.0475%%*  Q.0510%**  0.0502**%  0.0477%%*
(0.0131) (0.0327) {0.0118) (0.0114)  (0.00771)  (0.00810)  (0.0205) (0.0170)

nflation Volntility 0.371** 0.376%+* (h.332** 0.348%** (0.268%** 0.276%** 0.254 0.239
{0.153) {0.136) (133) {0.129) {0.0699) {0.0719) (0.161} (0.145)
Initinl GDP per capita -(1.0073 -0.0457 00781 0.869
(0.183) {0.167) (0.172) (0.719)
Government. Size -0.102%** -0.0903%* -0.0540** (.00958
(0.0380) {0.0350} (0.0262) {0.0512)
lnvestinent Share 0.0406** 0.0336** 0.00322 0.0479*
(0.02%)) {0.0166) {0.0115) (0.0244)
Constant 3.20.4** 3.662%* 33520 J.451%* 2.021%%* 2.878*" 3.098%** -1.526
{0.579) {1.608) {0.510) (1.430) {0.341) {1.314) (0.547) (5.555)
Obsurvalions 174 174 174 174 174 174 174 174
HK-sqquare] 0.614 0.G41 0.633 (3.655 0.659 0.675
Number ol Provinces 29 29

Nute: Dependent varinble is growth volatility incasured as the standard devistion of GDP growth over a
periocl. Period dumnimies nre coutrolled in regression. Robust stundard errors are in porentheses, *** **
atil * represent p<0.01, p<0.05 and p<i.1, respoectively.
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T'able 5: Panel GMM Estimation Resules

(1 (2) (3) {1 {5} (6) (n (8)
VARIADLES QLS FE D-GMAM S-GMMI1 5-GMM2 D-GMM S-GMN1 S-GMM2
Fiscal Policy Volntility -0.0153 1.0142 -0.000585 -(.0282 -.0440 -0.0113 -0.0442* -0.0317
(0.0221) {6.0280) (0.0473) {0.0259) {0.0415) (1.0381) {0.0240) {0.0520)
Investinent Policy Volatility 0.0:493*%* 0.0477%** 0.0487* 0.0547** 0.0516** 0.0565*** 0.0641*%** 0.0511*
(0.0127) {0.0170) (0.0242) {0.0234) (0.0208}) (1.0173) {0.0187) {0.0250)
Inflation Volatility 0.376*** 0.239 0.600*** 0.479*** 0.681* .575** 0.643%** 0.743*
(0.136) (0.145) (0.206) {(0.155) (0.376) (0.221) (0.169) {0.389)
Initinl GDP per capita -0.0973 0.869 2.872 -0.0260 0.255 (1.548 0.0478 0.290
{0.183) (0.719) (1.903) (0.222) (0.491) (1922) .+ (0.223) (0.987)
Government Size -0.102%** 0.00958 -1.0542 -0.100** -0.0636 -0.0253 0. 108%** (. 154%**
(0.0380) (0.0512) (0.0738) (0.0417) {0.0726) (0.0579) (0.0354)  (0.0468)
Investmnont Share 0.0406%* 0.0479* 0.0557* 0.0419** 0.0228 0.0529 0.0365* 0.0446
(0.0200)  (0.0244) (0.0307)  (0.0187) (0.0375)  (0.0349)  (0.0191)  (0.0437)
Constan 3.662%* -4.526 2.940* 0.855 2.325 0.703
(1.608) (5.555) (1.645) (3.966) (1.524) (6.882)
Observations 174 174 145 174 174 145 174 174
R-squared ) 0.641 0.675
Number of Provinees 29 29 29 29 29 29 29
Arcllano-Bond AR(1) Test 0.0122 0.0144 00179 0.003796 0.00775 0.0122
Arcllano-Bomd AR{2) Test 0.764 .339 . 0.835 0.695 0.740 0.740
Surgan Over-ID Test .969 0.845 0.845 0.942 0.987 0.987
Hunsen Over-ID Test 1.000 1.000 1.000 0.952 1.000 1.000

Note: Dependent variable is growth volatility measured as Lhe standard deviation of GDFP growth over &
period. Period dummics are controlled in regression. Robust standard errors are in parentheses. ***, **
and * represent p<0.01, p<0.05 and p<0.1, respectively.
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Table 6: Robustness Tests of Panel CMM Estimation Results with Additional Controls

(1} (2) (3) {4} (5) {6) {7) {8}
VARIABLIES S-GhiM2 5-GMM2 S-GMM2 S-GMM2 S-GMM2 S-GMM2 5-GMM2 5-GMM2
Fiscal Tolicy Volatility -0.0317 0.0362° - . -D.00309 0.0100 -3.0336 -0.0427 -0.0114 -0.0449
{0.0520) {0.0520) {0.0595) (0.0101} {0.0504) {0.0551) (0.0583) (0.0600)
Investment Pohey Volatibity 0.0511" 0.0108* {.0404* 0.6393%*~ 0.0476* 0.0465 (3.0450* 0:0606
{0.0250) {0.0279) {0.0233) (0.0151) (0.0259) {0.0367) {0.0265) (00463}
Inflation Volatility 0.743* 0.574** 0.627 0.442* 0.695 0.556 0.700* 0.751%*
(0.389) {0.266) (0.408) (0.237) {0.415) {0.382) {0.362} {0.351)
lnitial GIDP per capita 0.260 0.369 0.307 0.678 0.268 (3.265 1.432 -0.0929
{0.987) {0.937) {0.548) {0.681) {0.554) (0.701) {1.551) (1.010)
Government Size -(2.154%** -0.0821 -0.0403 0.00460 -(1139* 01617 -0.0652 -0.145
{0.0468) (0.0762) (0.100) (0.100) (00707} (0.0558)  (0.0949)  (0.152)
Investment Share 0.0446 0.0425 0.0135 0.0379 0.0570 0.0454 0.0247 0.0138
(0.0437) (0.0372) {0 0255) (0.0314) (00631}  (0.0482) (00449}  (0.0440)
Trade/GDP 0.060382
. (0.00689)
Lonn/GDP -1.00241
(6.00575}
Saving/GDP 0.000454
(0.0601)
GDP Size 0.351
(0.834)
Education N -0.200
(0.454)
SOE TIFA Share -0.00836
' (0.0223)
Stable Population Share 0.00538
{0.0745)
Constant 0.703 -0.598 0.296 -3.248 -2.022 2.698 -8.818 3878
{G.582) {7.373) {4.552) (5.668) {7.302} {5.111) {13.25) (10.93)
Observations 174 172 174 170 174 174 174 174
Number of Provinces 29 29 29 29 29 29 29 29
Arellano-Bond AR(1) Test 0.0122 0.0540 0.0396 0.0588 0.0167 0.0190 0.0541 0.0146
Arellano-Bond AR(2) Test 0.740 (0.486 0.363 0.213 0.838 0.527 0.967 0.685
Sargan Over-1D Test 0.987 0.941 0.998 0.996 0.999 0.969 0.993 0.962
Hansen Over-1D Test 1.000 1.000 1.000 1.000 1000 1.008 1.000 1.000

Note: Dependent variable is growth volatility measured as the standard deviation of GDP growth over a
period. Period dummies are controlled in regression. Robust standard errors are in parcntheses. **#, **
and * represent p<0.01, p<0.05 and p<@.1, respectively. .
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Figure !: GDP Growth aud Rolling Volatility
Note: Sample period covers 1978 to 2008. GDP growth and Volatility of GDP Growth correspond to left
scale and right scale, respectively. A rolling window of 5 years is used.
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Figure 2: Rolling Growth Volatility and Fiscal Policy Volatility
Note: Sample period covers 1978 to 2008. A rolling window of 5 years is used.
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Figure 3. Growth Volalility and Fiscal Policy Volatility
Note: Sample period covers 1978 to 2008. Numbers in the figure refer to the codes of Chinese provinces:
Beijing (1), Tianjin (2), Hebei (3), Shanxi (4), Inner Mongolia {5), Lizoning (G), Jlin (7), Heilongjiang
(8), Shanghai (9), Jiangsu (10), Zhejiang {11}, Arnhui {12}, Fujian {13}, Jiangxi {14), Shandong (15),
Henan {16), Hubei (17}, and Hunan (18), Guangdong (19}, Guangxi (20), Hainan {21), Chongqing {22},
Sichuan {23), Guizhou (24), Yunnan (25}, Tibet (26), Shaanxi {27}, Gansu (28), Qinghai {29), Ningxia
(30}, aud Xinjiang (31). In this study, Chongqing and Tibet are excluded‘from the sample.
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IFigure 4: Business Cycles and Macro-Control
Note: Sample period covers 1978 to 2008. The verlical solid lines indicate the timing of imposing macro-
control policies.

194



“ z’\ Grovath Volaulity
A Invesiment Volalilily
';‘ 1 |—=—— Invastment Policy Volaiikty
1
o !
!
‘\
\
LI
-
1580 1890

2010
Figure 5: Rolling Growth Volatility and Investment Policy Volatility
Nute: Sample period covers 1978 to 2008, A rolling window of 5 years is used.
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Figure 6: Growth Volatility and Investment Policy Volatility

Note: Sample period covers 1978 to 2008. Numbers in the figure refer to the codes of Chinese provinces:
Beijing (1), Tianjin (2), Hebei (3), Shanxi (4), Inner Mongolia (5), Lisoning (6), Jilin (7), Heilongiiang
(8), Shanghai (9), Jiangsu (10), Zhejiang (11), Anhui {12), Fujian (13}, Yiangxi (14), Shandong (15),
Henan (16), Hubei (17), and Hunan (18), Guangdong (19}, Guangxi (20), Hainan (21), Chongging (22},

Sichuan (23), Guichou (24), Yunnan (25), Tibet (26), Shaanxi (27}, Gansu (28), Qinghai (20), Ningxia
(30), and Xinjiang (31). In this study, Chongqing and Tibeét are excluded from the sample.
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Figure 7: Growth Volatility and Inflatien Volatility
Note: Sample pericd covers 1978 to 2008. -‘Numbers in the figure refer to the codes of Chinese provinces:
Reijing (1), Tianjin (2), Hebei (3}, Shanxi (4), Inner Mongolia (5), Liaoning (6}, Jilin (7), Heilongjiang
(8), Shanghai (9), Jiangsu {10), Zhejiang (11}, Anbui {12}, Fujian (13), Jiangxi (14), Shandong (15},
Henan (16), Hubei (17), and Hunan (18), Guangdong (19), Guangxi (20), Hainan (21), Chongqing (22),
Sichuan (23), Guizhou (24), Yunnan (25), Tibet (26}, Shaanxi (27), Gansu (28), Qinghai (29}, Ningxia
{30}, and Xinjiang (31). In this study, Chongqing and Tibet are exciuded from the sample.
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Figure 8: SOEs Shares in Aggregate Economy
Note: Sminple period covers 1978 to 2008, Output, Employment and Investment represent the SOEs’
shares in industrial cutput, urban employment, and investment in fixed assets, respectively.
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Figure 9: Rolling Velatility of Economic Growth and Changes of Age Structure of Labor Forces
Note: Sample periotd covers 1978 to 2008, Sd(GDP-G) represents the rofling standard deviation of GDP
growth with a window of 5 years, and corresponds to left scale. Volatile Age, Age(15-29) and Age(55+4)
represent the employment shares of volatile age (age 15-29 and 55 above), age 15-29, and age 55 above,
respeclively, Volatile Age, Age(15-29) and Age(55+) correspond 1o right scale.
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On the Link between Growth and Volatility:

Evidence from China

Abstract

Unlike the conventional wisdom that growth and volatility correlate negatively
across countrics, this essay finds a significant and positive growth-volatility
link across Chinese provinces in the reform period. This positive link remains
significant using both cross-sectional and panel samples, and using both OLS
and GMM ecstimates. The results are robust to considering the cffects of some
potential misspecifications, additional control variables, alternative volatility
measures, and altcrnative period division methods. More discussions at the
disaggregate level are further conducted. From the demand side, the aggregate
volatility is negatively correlated with rural consumption growth, but
positively and significantly correlated with urban consumption growth. At the
sectoral level, more volatile sectors command higher investment rate and
higher value-added growth. This cssay also finds that the expected volatility
has positive effect on growth, while both fiscal and investment policy
volatilities are significantly harmful to growth. However, the significances of
policy volatilities vanish once expected volatility is included in the analysis. It
partly confirms the analytical argument that the growth-volatility link in
China is mainly driven by the positive volatility component. Moreover, a stable
policy environment is vital to the economic growth of Chiﬁa despite a positive

aggregate growth-volatility link.
JEL: E32; 040; O53; R11

Keywords: Growth; Volatility; Busincss Cycles; Chinese Economy
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1 Introduction

The relationship hetween growth and volatility has reccived increasing research
atlention in recent years. In theory, the growth-volatility link can arisc from
cither the joint determination of volatility and growth as endogenous variables,
or a causal effect from one variable to the other. The growth-volatility link
may be cither positive or negative depending on the mechanisms driving the
relationship. For example, when both variables are jointly determined, this link
could be positive with the consideration of precautionary saving, risk-return
nexus, creative destruction during recessions, etc. The growth-volatility link
could also be negative if recessions hamper or destroy human capital
developing by decreasing learning-by-doing. In the case bf causal cffcct from
one to the other, the growth-volatility link could be negative if the volatility

reflects political uncertainty and weak institutional environment.

L)

Tcl) study the empirical growth-volatility link is an important research topic
since it may suggest that policies and exogenous shocks that affect volatility
can also influence economic growth. Even if volatility is considered a second-
order issue, its link with growth indicates that volatility could have indircct

first-order welfare implications.

On the one hand, even if growth and volatility are determined endogencusly,
the discussion of growth-volatility link is valuable for verifying the inferences of
some specific theories. For instance, if the growth-volatility link is estimated to
be positive, is su‘ggests that theories leading to a negative link cannot bc the
whole picture of the real economy, and some other factors, i.c. precautionary
saving or creative destruction, may account for significant part of the growth

mechanisin, vice versa.



On the other hand, in situations where volatility arising from the exogenous
factors, i.c. institutional weakness, volatility may have a causal effect (mostly
negative) on growth if the relationship is estimated properly, and the study on
this link offers policy implications for the importance of improving institutional

and policy environment and implementing macro policies to tame volatility.

The seminal empirical work of Ramey and Ramey (1995) concludes that
growth and volatility are negatively correlated. This conclusion is regarded as a
conventional wisdom in cross-country studics and is later confirmed by Martin
and Rogers (2000), and Kose, Prasad,. and Terrones (2006). However, recent
studies also find that trade and financial integration have weakened this
negative relationship during the 1990s (Kose, Prasad and Terrones, 2006), and
that the growth-volatility link is debatable for developing countries (Martin
and Rogers, 2000; Turnovsky and Chattopadhyay, 2003). Moreover, some
argue that the significant negative growth-volatility link in cross-country
studics may be caused by measurement error and low data quality (Dawson et
al., 2001). They further employ regional data within a country to examine the

link, e.g. for US states and Canadian provinces, and fail to find a significant

negative link (Dawson and Stephenson, 1997; Dejuan and Gurr, 2004).

This essay empirically studies the relationship between growth and volatility
for China using its provincial panel data over the last three decades (1978-

2008). The Chinese case is of great interest for several reasons.

First, as the largest developing country in the world, China exhibits an
interesting stylized fact that high economic growth is accompanied by cyclical
growth pattern. Over the last three decades, China has achicved impressive
economic performance, with mean growth of GDP per capita reaching 8.7%.

Mcanwhile, the cyclical growth pattern of the Chinese economy is
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pronounced. ¥ This fact can also be observed in some other developing
countries.™ Investigating the Chinese case can add some new evidence to the
existing discussion of growth-volatility link for developing countrics

(Turnovsky and Chattopadhyay, 2003; Loayza et al., 2007).

Second, Chin‘é\ke—prc)vinces show noticeable variances in both cconomic growth
and volatility. Over the last three decades, the highest and lowest mean
growth rates of provincial GDP per capita are 7.3% (Ningxia) and 11.5%
(Zhejiang), whereas the highest and lowest standard deviation of cconomic
growth are 2.3% (Xinjiang) and 6.5% (Hainan), respectively. We also find a
significant and positive unconditional rclationship between growth and
volatility for Chinese provinces.®® This observation is remarkably different from

the negative link found in cross-country studies.

Lastly, as Hess and Shin (1997; 1998) argue, the sample of regional economies
within & country can provide a natural experiment for understanding
international cconomic issues. Morcover, using the cross-provincial data within
a country to a large cxtent can avoid the international compatibility problems

of data (Barro, 1991; Li and Zhang, 2007).

-

The main findings of this study are summarized as follows. A significant and
positive link between growth and volatility is evident among Chinese provinces
both in cross-sectional and pancl samples, and it is robust to both OLS and

GMM estimates. Further robustness tests confirm this positive link after taking

®If wo define a business cycle as a period from a trough to a peak of cconomic growth or vice versa,
Chine has experienced five simple cycles since 1978. The output volalility, measured as the standard
deviation of per capita GDP growth, is 2.8%, with 2.3% and 13.7% as the lowest and highest growth
rates, respeclively.
“ For instance, the mean and standard deviation of GDP per capita growth of India over the lasl three
decades vre 4.4% and 2.4%, respectively.
% In the reform period (1978-2008), the unconditional relationship between average rate of GDP per
capita growth and ils standard deviation for 30 Chinese provinces (Tibet is excluded) is 0.587, and it is
significant at the 1% significance level.
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into account the ecffects of several potcntial' misspecifications (including
.'"\ '

provincial size, sajuple outliers, province fixed-effect, and endogeneity issue)

and additional control variables. The benchmark results are also robust to

alternative volatility measures and .alternative period division methods.

We further discuss the - growth-volatility link from several disaggregate
perspectives. Interestingly, volatility is negatively associated with the growth of
rural household consumption, but positively and significantly associated with
that of urban household consumption. Moreover, similar to the cross-country
results in Imbs (2007), we also uncover a significant and positive growth-
volatility link at the sectoral level across Chinese provinces, and it shows that
a more volatile sector commands higher investment rates and higher value-
added growth. Lastly, we find that rather than the aggregate investment, the
non-state-owned cnterprise  (non-SOE)  investment and foreign direct
investment (FDI) are the important channels through which volatility

positively correlates with economic growth.

A simple analytical framework is proposed to explain the distinct growth-
volatility link in China. The aggregate volatility is considered to consist of a
positive and a negative component. The negative volatility component of
China, which mainly stems from the roughly identical basic institutional
factors across Chinese provinces, is much less important than the positive
volatility component in the variance of aggregate volatility. Therefore, the
aggregate growth-volatility link mainly reflects the role of positive volatility
component, maybe through the channels of non-SOE investment and FDI. In
addition, we illustrate that the expected volatility, which rcflects part of
positive volatility component, has positive effect on growth, while both the

fiscal and investment policy volatilities significantly hamper economic growth.
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Once both cxpected volatility and policy volatility are considered, the former
remains significant and positive, whereas the ls;Ltter loses its significance. It
provides some support to the analytical conclusion that the positive volatility
component dominates the growth-volatility link. Moreover, it also suggests
that a better institutional environment, stemming from stable and predictable
policies of far-sighted local governments and benign interactions between the

government and market, is crucial to the long-term economic growth of China.

Qur study ecxtends the existing literature on the Chinese economy and
empirical growth-volatility link in several dimensions. First, to our best
knowledge, this study is the first attempt to investigate the relationship
. between growth and volatility in China at both the aggregate and disaggregate
levels. This essay can provide additional evidence to the empirical discussion
on growth-volatility link in the context of the developing countries. Second, we
examine whether some theoretical considerations can explain the positive
growth-volatility link in China. We also prOpose an analytical framework to
explain the difference in growth-volatility link between cross-country and
Chinese provincial samples. Lastly, our discussions provide .several interesting
results, which may deserve more attention in future studiés on Chinese
business cycles. For instance, there is a pronounced difference between the link

of output volatility with the consumption growth of rural residents and that

with the consumption growth of urban residents.

The remainder of this essay is organized as follows. Section 2 gives a literature
survey of studies on the relationship between growth and volatility, and
Chinese business cycle. Section 3 provides the data description and several
styliied facts on the link between growth and volatility. Section 4 reports the

empirical results. Robustness tests are conducted in Section 5. More discussions

L]
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at the disaggregate level are made in Section 6. Lastly, Section 7 provides the

conclusion.

2 Literature Review

The rclationship between growth and volatility has been attracted intense
attention in recent years. Traditionally, volatility and growth are separaf;ely
treated in different fields of economic research. Studies on business cycles take

for granted that the distinction between growth trend and business cycles is an
artificial one, and both growth and volatility are determined by the same set of
shocks. On the other hand, long-term growth theories assume that short-term

shocks have no impact on long-term growth and focus on the existence and

stability of a long-term deterministic growth path.

Several studies argue that the benefits of understanding fluctuations are trivial
compared with those of understanding -growth, and the weifare costs of the
volatility of aggregate consumption and output are negligible (Lucas, 1987,
Otrok, 2001; Lucas, 2003).% However, several researchers hav_e changed the
assumptions of Lucas on preferences and find that the welfare gain from
consumption volatility reduction is potentially fairly large, especially for
developing countries {Pallage and Robe, 2003; Barlevy, 2004)." Chen and Zhou

(2006) find that the welfare cost of the business cycle of China is 22 times

larger than that of the U.S.

% Otrok (2001) develops a model that allows for potential time-non-separabilities in preference, and finds
that the welfare cost of business cycles is on the same order as that in the study by Lucas (1987). Lucas
(2003) argues that the potential benefits from stabilization policies are on the order of hundredths of a
percent of consumption, maybe two orders of magnitude smaller than the potential gains of fiscal reforms.
% PBarlevy (2004) argues that volatility can reduce growth starting from a given initial consumption, and
it can imply substantial welfare effects. He also shows empirical evidence that the welfare cost in the
United Siates is substantial, that is, two orders of magnitude greater than the estimation by Lucas (1987).
Pallage and Robe (2003) find thet the magnitude of macroeconomic fluctuations is much severer in
developing countries, and the welfare cost of consumption volatility is far from trivial. Even in several
poor countries, the welfare gains from reducing volatility may exceed those from an additional percentage
of economic growth (Pallage and Robe, 2003).
204



Theoretically, the rclationship between economic growth and volatility is
ambiguous. Both positive and negative links can be inferred in terms of

different model settings and growth mechanisms.

One theoretical strand focuses on the responses of the investors to the
uncertainty about the future, policy, and so on. The effect of uncertairnty on
investment and growth can be either positive or néegative. With the presence of
irreversibility investment (Bernanke, 1983; Pindyck, 1991; Aizenman and
Marion, 1993), or imperfect competition and decreasing return to scale in
production (Caballero, 1991), higher volatility, which means higher 11.ncertainty,
can lead to lower investment and lower economic growth. However, when an
economy is facing a choice between technologies with high variance and high
expected returns and those with low variance and Jow expected returns, the
link between growth and volatility may be positive (Black, 1987, 2009).
Morcover, with the concern of precautionary saving (Mirman, 1971), or perfect
competition and constant return to scale in production (Caballero, 1991), the

relationship between uncertainty and investment (hence growth) may be

positive.

Another strand considers the structural interaction between growth and
business cycle fluctuations as the major explanation. Recessions may reduce
the opportunity cost of productivity improvement (Aghion and Howitt, 1992;
Caballero and Hammour, 1996). The sign of the relationship between growth
and volatility depends on whether the activity generating productivity growth
is a complement or a substitute to production (Aghion and Saint-Paul, 1998a;
b). Aghion and Saint-Paul (1998a; b) show that in the case of
complementarities and the case of substitutions, the business cycle volatility

has both negative and positive effects on long-term productivity growth.
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Moreover, some studics attribute the link between growth and volatility to the
role of trade and financial liberalization. The decpening globalization and
financial liberalization make an economy more vulnerable to exterx:al shocks,
and lead to financial fragility and greater incidence of crises. At the same time,
they also bring about high economic growth. Therefore, the countries with
higher economic growth are typically those that have experienced significant
business cycles (Tornell, Westermann and Martinez, 2004). A positive link
between cconomic growth and negative skewness of credit growth across
countries can be inferred (Ranciere, Tornell and Westermann, 2003),
suggesting a positive relationship bet{veen systemic risk and economic growth
since the financial liberalization leads to higher growth but also greater

incidence of crises (Ranciere, Tornell and Westermann, 2008).

A large number of empirical studies have contributed to the issue of the
relationship between growth and volatility. Most of them, for example, Ramey
and Ramey (1995), Martin and Rogers (2000), Kose, Prasad and Terrones
(2006), among others, focus on the link at the ageregate level using cross-
country datasets.. Recent studies employ industry data or firm data to
investigate the relationship between volatility and growth at the disaggregate

level (Imbs, 2002; 2007; Chong and Gradstein, 2009).

Most cross-country empirical studies regress long-term economic growth on the
volatility measure and a set of standard control variables suggested by Levine
and Renelt (1992). They find that there is a significant and negative
relationship between long-term growth and volatility, no matter the volatility
is measured as an economic growth fluctuation (Ramey and Ramey, 1995
Martin and Rogers, 2000; Kose, Prasad and Terrones, 2006; Burnside and

Tabova, 2009), or policy uncertainty (Aizenman and Marion, 1993; Fatds and
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Mihov, 2005). The influential work of Ramey and Ramey (1995) finds that
counties with higher volatility have lower growth, and the negative relationship
is strengthened after controlling standard contrel variables using both sample
of 92 countries and a sub-sample of OECD countries. This negative link has
been confirmed by Martin and Rogers (2000} using a sample of industrial
countries and European regions. Kose, Prasad, and Terrones (2006) employ a
more comprchensive dataset covering 85 countries over the period 1960-2000,%

and Fatds and Mihov (2005) using policy uncertainty as volatility measure.

Moreover, Dawson et al. (2001) argue that the significant negative growth-
volatility relationship in Ramey and Ramey (1995} may have been caused by
measurement error in cross-country data. They include data quality dummy
variables in the estimation and then fail to find a significant growth-volatility
link. To avoid data quality problem, Dawson et al. (1997) and Dejuan and
Gurr (2004) employ data from US states and Canadian provinces to examine
the growth-volatility link. They find there is no significant link and a weak

positive link for US states and Canadian provinces, respectively.

However, there is no consensus on the channel through which volatility affects
growth. Ramcy and Ramey (1995) argue that the negative growth-volatility
link mainly comes from the effect of innovation volatility and uncertainty on
growth rather than the investment channel.® Martin and Rogers (2000}
suggest that the negative relationship can come neither from uncertainty nor
from the investment instability, but from a labor channel. In contrast,

Aizenman and Marion (1999) find a significant negative relationship betwecn

% Kose, Prasad and Terrones (2006) investigate the link in the context of globalization, and further find
that globalization (trade and financial integration) weakens this negative relationship.
% Ramey and Ramey (1995) also find a negative impact of government spending volstility on growth,
which is a complementary result to Alesina et al. (1996), who argue that more political instability leads
to lower economic growth. -
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volatility and private investment. Morcover, the negative link is exacerbated in
countrics with underdeveloped institutions or less advanced financial

development (Hnatkovska and Loayza, 2005; Aghion et al., 2010).

When using data at the disaggregate level, several studies find interesting
results, which are different from those revealed in the aggregate investigations.
Although the link between growth and volatility at the aggregate level remains
significant negative, Imbs (2007) unfolds a significant positive relationship at
the sectoral level.™ He argues that the negative relationship at the aggregate
ievel only reflects that the country-specific component of aggregate variance is
detrimental to aggregate growth. Whereas the analysis at the sectoral level
isolates the component specific to each sector from aggregate volatility, and
shows that the volatile activities within countries grow fast and command high
investment rates. However, using a cross-country, firm-level dataset, Chong

and Gradstein (2009) reveal a significant and negative rclationship between

volatility and firm growth.®

Despite the fruitful studies on the relationship between growth and volatility
using the cross-country samples and the samples from the developed countries,
the link for the developing countries are less investigated and even
controversial in existing literature. For example, Martin and Rogers (2000) find
that the significant negative link found in developed countries does not hold in
developing countries. However, Turnovsky and Chattopadhyay (2003) show
that in developing countries, facing an imperfect world capital market,
volatilities of terms of trade, government expenditure, and monetary policy

have significant and negative effects on the equilibrium growth rate.

% The dataset covers manufacturing activities at the three-digit level in 47 countries.
@ Chong and Gradstein (2009) use a dataset covering more than 5,600 firms across over 80 countries.
They further find that weak institutions magnify the negative growth effect of volatility.
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Furthermore, Kose, Prasad, and Terrones (2008) find a necgative relationship

among developing countries, and that globalization and financial integration

weaken the negative link.%

To better understand the relationship between growth and volatility in the
context of developing countrics, we usc provincial level data of China to
investigate this debatable issue. Using cross-regional data within a country can
make the problems of data comparability less severe (Barro, 1991; Levine and
Zervos, 1996; Dawson ct al., 2001; Li and Zhang, 2007). More importantly, as
the largest developing country, China has experienced both outstanding
cconomic growth and significant cyclical growth pattern over the past three
decades, and the cyclical “stop-go” pattern of economic growth is considered

the major feature of Chinese business cycle (Yusuf, 1994; Naughton, 1995a; b;
Yu, 1997).

The studies on the growth volatility and business cycles of the Chinese
economy mainly focus on the characteristics of the business cycles of China
(Ho and Tsui, 2004; Laurenceson and Rodgers, 2010), co-movement of output
and inflation (Oppers, 1997, Gong and Lin, 2008), and economic
synchronization within China (Xu, 2002; Xu and Voon, 2003). However, to the
knowledge of the author, they have not discussed the growth-volatility link.
Given the noticeable features of Chinese business cycles, some studies devote
their efforts to discuss the underlying explanations for the cyclical pattern of
the Chinese economy. Several complementary explanations are considered. The
first one focuses on the commitment of the Chinese government to SOEs and

decentralization, and argues that due to the imperfect control of credit

62 UUsing a panel dataset, Kose, Prasad, and Terrones (2006} show that a more open and more financially
developed country can tolerate higher volatility without detrimental effects on long-term economic
growth. They also find ihat thore is a significant positive link between growth and Wility AIMONE
industria) countries rather than a significant negative one in Ramey and Ramey {1995).
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allocation by the Chinese government, the shift from flexible credit plan to
administrative credit plan and vice versa result in a cyclical pattern of the
cconomic growth of China (Brandt and Zhu, 2000; 2001). The second one
associates the cyclical growth pattern with the implementations of macro-
control policics (Yu, 1997, Michael, 2004). The third one employs different
accounting methods to gauge the dominant factors of Chinese business cycle,

such as Gao (2007), He, Chong and $hi (2009), and Hsu and Zhao {2009).

Although both the positive and ncgative links between growth and volatility
can be inferred from theoretical analyses, the finding that volatility is
negatively associated with growth among countries, especially industrial
economies, is still considered a conventional wisdom. However, as far as
developing countries are concerned, the empirical studies have controversial
conclusions on this link. Using the provincial data of China to investigate the
volatility-growth link, this study can contribute to the literature in two ways.
One is by providing empirical evidence of this debatable link in the context of
the largest developing country. The other is by filling the research gap in the

literature on Chinese business cycles.
3 Data and Stylized Facts

We examine the relationship between growth and volatility using 2 provincial
panel dataset that covers 30 provinces® over the past three decades (1978-
2008). This dataset is mainly collected from the recently published China
Compendium of Statistics 1949-2009 and various issues of Chinese Statistical
Yearbook. In addition, several supplementary data sources arc employed,

including the Data of Gross Domestic Product of China 1952-1995, the Data

@ Tibet is excluded in the dataset because it is very different from other provinces, and the quality of
data on it is low,
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of Gross Domestic Product of China 1996-2002, and the Date of Gross
Domestic Product of Chine 1952-2004. The fact that the national account
data for the period 1993-2004 on China and all provinces differ in various
statistical publications is noteworthy since the 2004 Economic Census
remarkably re-estimates the national account data for this period.® The data

in recently released publication are used and carefully cross-checked among

different sources.

Following the empirical studies on economic growth and the relationship
between growth and volatility (Levine and Renelt, 1992; Ramey and Ramey,
1995; Martin and Rogers, 2000; Kose, Prasad and Terrones, 2006), we examine
the case of China using its provincial data. Both the cross-sectional and panel
data samples of China are constructed in this study. The cross-sectional sample
considers the past three decades (1978-2008) as a whole. Therefore, the long-
term economic growth and volatility are the mean value and the standard
deviation of real per capita GDP growth over the period 1978-2008. Other
variables employed in this essay are also calculated over the whole period. The
provincial panel sample divides the whole period into six five-year consecutive
non-overlapping sub-periods.® Hence, the average economic growth, volatility,
and other variables are all estimated over each of the six sub-periods.
Therefore, we have a provincial panel sample for 30 provinces over six

consecutive sub-periods.

The basic growth regression with volatility is specified as follows:

# The main data source is the China Compendium of Statistics 1949-2009. The nationa! account data for
16932004 of sll provinces are based on the Date of Gross Demestic Product of China 1952-2004 and
Data of Gross Domestic Product of China 1996-2002. The data for 1978-1992 are from the Data of
Cross Domestic Product of China 19521995, and those after 2004 are from the China Compendium of
Statistics 1949-2009 and various issues of Chinese Statistical Yearbook
% "T'he year 2008 is included in the last sub-period.

211



g7 :a+ﬂo-l‘.7'+yyl.]‘+5X1,T+£i.T‘ (1)

where g, ., 0,;, ¥, and X,; are the average real per capita GDP growth,
volatility of rcal per capita GDP growth, initial value of real per capita GDP,
and other control variables for the period T, respectively. Here, GDP is
converted to he at constant 2000 price, and the economic growth is estimated

as the log difference of real per capita GDP.

A standard set of control varisbles in a growth regression is suggested by
Levine and Renelt (1992) and other authors of related studics. We should
control the effects of the following variables: initial income level, initial human

capital, investment share, population growth, and other potential explanatory

factors.®

Human capital is measured as the average schooling years of population aged 6
and above. We only have population census data in 1982, 1990, and 2000, and
population survey data in 1987, 1993, 1995-1999, and 2001-2008.% The
schooling years for the person holding primary school, junior high school,
senior high school, and college and above as their final degree are calculated as
6, 9, 12, and 16 ycars. The schooling years of illiterate population are 0. We
then calculate the average schooling years using the shares of population with

different cducation attainments as weights. Lastly, to fill the human capital

& Other variables may include government expenditure share, GDP share of agriculture sector, the aize of
an economy, and financial development, among others.
§7 The data sources for human capital estimation include the data of the Third, Fourth, and Fifth China
Population Census, China Stalistical Yearbook (1988-2008), China Population Statistical Yearbook
(1988-2006), and China Population and Employment Statistical Yearbook (2007-2008).
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data for the unavailable years, we get the human capital panel data for the

years 1978-2008 through linear interpolation.®

We use the share of gross fixed capital formation (GFCF) in GDP as the proxy
of investment share. Of course, an alternative measure of investment share is
the ratio of the total fixed asset investment over GDP. The sccond measure
can be employed to conduct robustncss tests. The measure of population
growth is the natural growth rate of population. Other variables, such as
private sector, government size, and financial development, can be introduced

in the corresponding sections.

Next, we discuss some stylized facts about the dynamics of the relationship
between growth and volatility over time and across different regions in the
reform period. In the beginning, Chinesec provinces are divided into three
groups: eastern, central, and western regions.” Table 1 reports the mean value

of average growth and volatility for different regions over time.
[TABLE 1 HERE]
[FIGURE 1 HERE]

The first column of Table 1 describes the mean value of growth and volatility
for all provinces and threc regions over the whole period 1978-2008. The table

shows that during the reform period, mean growth of the eastern region is the

® We can get the human capital data for the years 1982-2008 tbrough linear interpolation. We then
apply the growth rate of average schooling years for the period 1982-1987 to the years 1978-1982, and
finally we can obtain the human capital data for the whole reform period.

® [astern region includes 11 provinces: Beijing (1), Tianjin (2), Hebei (3), Lisoning {4), Shanghai (9),
Jisngsu (10), Zhejiang (11}, Fujian (13), Shandong (15}, Guangdong (19), and Hainan (21}. Central
region includes 8 provinces: Shanxi {4), Jilin (7), Heilongjiang (8), Anhui (12), Jiangxi {14), Henan (16),
Hubei (17), and Hunan (18). Western region includes 12 provinces: Inner Mongolie (5), Guangxi (20),
Chongqing (22), Sichuan (23), Guizhou (24}, Yunnan (25), Tibet (26), Shaanxi (27), Gansu (28), Qinghai
(29), Ningxin (30), and Xinjiang (31). The number in the parentheses is the index of the province. In this
study, Tibet is excluded from the sample.

213



highest, followed by the central region and western region. The magnitudes of
volatility are in the same order as those of mean growth, very roughly implying
an unconditional positive link between economic growth and volatility. This
unconditional positive link is also illustrated in Figure 1, which simply shows
that cross-provincial link between economic growth and volatility turns out to
be positive rather than negative for developing countries, according to Ramcy

and Ramey (1995), and Kose, Prasad, and Terrones (2006).

From Table 1, we can also find that China has experienced a slightly higher
but remarkably less volatile cconomic growth in the second half of the reform
period. The volatilities over the first 15 years for all regions remain relatively
stable and high (around 4%), whereas in the second half of reform period,
almost all provinces have experienced a drastic drop in output volatility (less
than 2%). Before 1992, a region with higher growth is likely to suffer higher
volatility. However, this relationship seems less prominent after 1992 not only
hecause of the narrowing growth gap among regions but also because of the

noticeable decline in volatility in the previously more volatile regions.
[FIGURE 2 HERE]

Here, the unconditional cross-provincial relationship between growth and
volatility is positive, whereas the time-variant, growth-volatility link seems to
be negative.® We further plot the growth and volatility of the panel sample
after controlling the effects of period dummies in Figure 2. We find that there
is also a positive link in the provincial panel sample, suggesting that the

period-specific factor plays an important role in the growth-volatility link.

™ When we pool the panel data together, there is u significant negative link hetween growth and
volatility.
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The above mentioned descriptive analysis presents an unconditional positive
relationship between growth and volatility in China, but maybe the
relationship varies over time according to Figure 1 and Figure 2. Furthermore,
the economic growth is considered to be determined by some important
variables, such as initial income level, and initial human capital, among others.
To investigate the real relationship between growth and volatility, we conduct

a more formal regression analysis in the following sections.
4 Specifications and Results

This section examines the relationship between growth and volatility using
both cross-sectional and panel regressions, and incorporating various control
variables. First, a cross-sectional analysis is conducted using the provincial
data over the whole period 1978-2008. A pancl dataset for 30 provinces over

six consecutive five-year sub-periods is then employed for panel regressions.
4.1 Cross-Sectional Analysis

We first begin with a cross-sectional analysis on the growth-volatility link,
discussing the rclationship between long-term growth and volatility over the
last three decades for Chinese provinces. The seminal work of Ramey and
Ramey (1995) shows a significant negative link between growth and volatility
in a 92-country sample over the period 1962-1985. Kose, Prasad, and Terrones
(2006) also provide a significant negative link in an 85-country sample over the
period 1960-2000, a significant positive one for industrial countries, and a
significant negative one for the developing countries. In contrast with the
previous studics, we find an unconditionally significant (at the 1% level) and
positive link of 0.59 between growth and volatility among Chinese provinces

(see column 1 of Table 2).
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Further attention is given to the relationship within different regions. Columns
2 to 4 of Table 2 report the unconditional link within eastern, central, and
wostern regions, respectively. A positive but insignificant growth-volatility link
is observed within all three regions. We then introduce the interaction of
volatility with hregional dummies in column 5. The interactions show a
significant positive relationship between growth and volatility within eastern
region, but an insignificant and weaker relationship within the other two
regions. Therefore, an unconditional positive link between growth and
volatility is observed in Chinese provincial sample, whereas the significance

levels vary across different regions.
[TABLE 2 HERE]

In the studies of Ramey and Ramey (1995), Martin and Rogers (2000), and
Kose, Prasad and Terrones (2006), some important factors are considered to
determine growth. Based on Levine and Renelt (1992), a sct of standard
control variables are chosen. They are the initial per capita GDP, initial
human capital, average share of investment in GDP, and the average
population growth rate. In the previous cross-country studies, the initial per
capita GDP always has a significant negative sign, indicating a conditional
convergence. First, the initial human capital has a significant positive sign,
indicating the importance of the human capital to economic growth. Second,
the investment share has a positive sign, implying the important association of
investment with growth. Lastly, the population growth has a negative sign. We
simplify the Equatiore 1 into a cross-sectional specification by letting the period
T be the whole reform era, and include the abovementioned four standard
control variables in the regression specification. The results of cross-sectional

regressions are reported in Table 3.
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[TABLE 3 HERE]

Column 2 and 3 show that the initial income level, initial human capital, and
population growth are associated with the economic growth, despite the fact
that si‘gnifica.nce levels vary. Initial per capita GDP has a highly significant
relationship with ‘the economic growth at the 1% significance level, indicating a
noticeable conditional convergence among Chinese provinces in the reform
period. The initial human capital is positively linked with the economic growth,
but its magnitude and significance level drop once other control variables are
included. As expected, the population growth has a significant and negative
li'nk with growth. However, the average investment rate is insignificant in both’
specifications, an observation that may be inconsistent with the conventional

view that investment is the driving force of the economic growth of China

(Young, 1995).

We can find that after the accounting for the impact of standard control
variables in growth literature, the link between growth and volatility still stays
positive and -significant. The coefficient decreases in columns 2 and 3 compared
with the unconditional one. Taking column 3 for example, after controlling the
four standard independent variables, ‘the link between growth and volatility is
‘)sitive and significant at the 1% significance level, teaching 0.468. Column 4
" considers an alternative specification to column 3 using the initial values of
/investment rate and population growth rather than the average values. This -
sp(;cification takes into account the er{dogeneity concerns of using average
values instead of the initial values. The growth-volatility link remains positive
and significant at the 5% significance level. The conditional convergence,

positive link of human capital, and negative link of population growth still hold,

but their significance levels differ.
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4.2 Panel Analysis

Since China has experienced a slight increase in economic growth and a
significant drop in volatility in the second half of the reform period, a panel
analysis of the relationship between growth and volatility is necessary to better
~understand the dynamics of this link. This section uses a provincial panel
datasct -for 30 provinces over six consecutive non-overlapping sub-periods. As
stated in the data section, initial value, average value, and standard deviation

are all calculated over each sub-period for each province.
[TABLE 4 HERE]

Similar to the cross-sectional analysis, we first look at the unconditional link
between growth and wvolatility in the panel dataset. Table 4 shows the
unconditional relationship for all provinces and within three regions.
Controlling the effect of period dummies, we find a significant positive growth-
volatility link among all provinces and a positive but insignificant one within
each region. The column 5 of Table 4 introduces the interaction term of
volatility and region dummies to the simple regression, and shows a similar
result to that in cross-sectional analysis, a significant positive link within
eastern region. The fact that the coefficient on volatility in the panel analysis

is smaller than that in the cross-sectional analysis is noteworthy.

[TABLE 5 HERE]

The results of specifications with standard controls following Equation 1 are
summarized in Table 5. In all specifications, the relationship between growth
and volatility remasins positive and significant. In addition, the coefficients are
stable, at 0.39, when different sets of control variables are considered. However,
some standard controls become insignificant, and even the coefficient signs are
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in contrast with the expected ones and with the cocfficients in cross-sectional
regressions. The initial income level remains negative but less significant.
Initial human capital has a negative and insignificant link with economic
growth in the panel regression, an observation that is also reported by Hao
(2006), who likewise employs the average schooling years as the measure of
human capital. When using alternative human capital measure, for instance,
the second school enrollment rate, the human capital shows a significant
positive link with economic growth (Hasan, Wachtel and Zhou, 2009). Taking
column 3 as the benchmark specification, the investment rate is positive but
insignificant, whereas the population growth is significantly and negatively
associated with economic growth. Lastly, we use the initial conditions of
investment rate and population growth to substitute for the corresponding

mean values in column 4. The volatility remains positive and significant, and

the coefficient is fairly stable.

Notal,bly, the OLS estimates in the panel regression of Table 5 can be biased
and inconsistent with the presence of dynamic effects and simultaneities. Since
economic growth and volatility may be simultaneously determined by the same
factors and shocks, the dynamic effects should be considered. Arellano and
Bond (1991), Arellano and Bover (1995), and Blundell and Bond (1998)
develop the first-differenced GMM approach and system GMM techniques to
solve these problems. Furthermore, Blundell and Bond (2000), and Bond (2002}
argue that the first-differenced GMM approach can be biased in the case of
weak instruments and finite samples, an observation that is the very case of
our study. The cross-provincial panel sample has a finite sample with more

provinces and less periods. Therefore, we use the system GMM approach to
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account for the simultanecity problem of our OLS regressions.” Moreover, cither
the one-step or two-step approach of system GMM estimation can be used.
Usually, both of them are reported since there is a downward bias in the
computed standard errors in the two-step estimation. However, with the finite
sample correction of Windmeijer (2005), the standard errors in the two-step
estimation are quite accurate, and the two-step estimation with correction
scems modestly superior to one-step estimation. In this study, the two-step
system GMM estimation with the correction of Windmeijer (2005) is our main

focus, and the results of one-step approach are also reported as a reference.

In the system GMM estimation, two tests are employed to verify the validity
of instruments. The first one is the Hansen test of over-identifying, which tests
the overall validity of instruments. The second one is the autoregressive {AR)

test, which tests the presence of second-order serial correlation in the first-

differenced error term.”

[TABLE 6 HERE)

The estimation results using the system GMM approach are shown in Table 6.
Column 1 reproduces the benchmark result in Table 5, and columns 2 to 5
summarize the GMM estimations. First, we treat the volatility as an
endogenous variable, the standard controls to be pre-determined, and the
period dummies as exogenous. Since the investment rate and population
growth in standard controls are measured by their period average values,

endogeneity issues may emerge. Therefore, we also substitute the period

' In the system GMM approach, the instruments for regression in levels are the lagged differences of the
corresponding variables, whereas the instruments for regression in differences are the lagged levels.
7 The AR tests allow the differenced error term to be first-order serislly correlated, but the second-order
serial correlation violates the basic assumption of GMM approach.
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average by their initial values in the GMM estimations. These results are

shown in columns 2 to 5.

Morcover, we also take into account the consideration that the standard
deviation of high economic growth may be naturally large. We introduce a
lagged value of average economic growth into the regression models to control
the consideration above. The OLS and system GMM estimations are reported
in columns 6 to 10. The basic specification settings of columns 6 to 10 are the

same with those of columns 1 to 5.

All estimations satisfy the basic test of the system GMM specifications. The
Hanscn tests suggest no sign of over-identification, while AR tests indicate the
there is no evidence of second-order serial correlations. All GMM estimations in
Table 6 show a significant positive relationship between growth and volatility
with a relatively stable coefficient. When lagged average economic growth is
included in the specifications, the volatility remsains more positive and
significant than that in the 1% significance level, indicating a pronounced
improvement in significance level compared with the results without lagged
average cconomic growth. Moreover, the magnitude of coefficient on volatility

slightly decreases, from more than 0.60 to less than 0.55.

In this section, we use the system GMM approach to deal with the endogeneity
and simultaneity issues of volatility, and find a statistically significant and
positive growth-volatility link, suggesting that the positive effect of aggregate

volatility on average economic growth is evident for Chinese provinces.

5 Robustness of the Results

In this section, we examine the robustness of our main finding about a

significant positive link between growth and volatility among Chinese
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provinces, First, several alternative regression frameworks are considered to
take into account some potential misspecification problems that may be
associated with our main results in the previous section. Subsequently, several
additional control variables are included in the regression to check whether the
benchmark results are robust. Moreover, two alternative measures of vola.t,ility
are employed to reexamine the growth-volatility link. Lastly, two alternative
methods of provincial panel sample construction, namely, dividing the reform

period either into two sub-periods or into three sub-periods, are considered.

5.1 Alternative Regression Frameworks

In this section, we turn to consider some problems associated with several
potential misspecifications. The problems we are concerned here include the
effects of provincial size, the effects of sample outliers, the omission of
provincial fixed-effects, and the endogeneity problem. Tables 7 and 8 show the
robustness regressions for cross-sectional and panel samples, respectively.
Column 1 of both tables reprodué:es our benchmark results in the previous

sections. Other columns show the results of robustness tests with alternative

regression frameworks.

[TABLE 7 HERE]
[TABLE 8 HERE]

First, we take into account the effect of provincial size. Since both economy
and population size of Chinese provinces notably vary, we should incorporate
the provincial size effect using weighted regression models to verify whether
our results are driven by large provinces. Columns 2 and 3 of both tables
represent the results of weighted regression models, with GDP and population
as the weight, respectively. The significant positive link between growth ard
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volatility still holds in both cross-sectional and pancl regressions. In cross-
sectional regressions, all coefficients arc relatively stable, whereas in the panel
regressions, the initial human capital becomes negatively related with economic

growth, and the investment turns to be positive but insignificant.

We also want to know whether our results are affected by sample outliers.
Therefore, we employ the Quantile regression model, which uses median as a
measure of central tendency. The column 4 of Tables 7 and 8 summarizes the
results of Quantile regressions. The results of both cross-sectional and panel
regressions indicate that the significant positive growth-volatility link persists

and the coefficient is relativcly stable compared with the benchmark

specification.

Province-specific and time-invariant characteristics may not be captured by
our control variables in benchmark specifications. As a result, we apply
provincial fixed-effect model to the panel sample. The column 5 of Table 8
reports the result of provincial fixed-effect regression, which shows that the
link between growth and wvolatility is still positive. However, both the
significance level and coefficient magnitude drop, suggesting that the
significant positive growth-volatility link may be associated with the provincial
fixed-effect to some extent. After controlling the provincial fixed-effect, we find
that the conditional convergence becomes much stronger and the investment

share turns to be positively and significantly associated with economic growth.

Finally, we turn to the potential problem of endogeneity. In our benchmark
specification of panel regressions, the volatility of economic growth may be
endogenous, an observation that has been discussed in the system GMM
estimations. In this section, we attempt to use instrumental variables (IV) to

address this problem. The instruments for the volatility are the lagged
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volatility and the initial government size of the current period (Fatds and
Mihov, 2001; Andres, Domenech and Fatds, 2008).” The column 6 of Table 8
shows the result of the Two-Stage Least Squares (25LS) regression using the
IV discussed above. The IV regression satisfies the over-identification
restriction and the positive link between growth and volatility, which still
significantly holds despite a slight decrease in its significance level. The

magnitude of the cocfficient on volatility is as large as those cstimated in the

system GMM estimations.

This section incorporates the effects of provincial size, sample outliers,
province-specific characteristics, and potential endogeneity on our benchmark
results. Our main finding of the positive growth-volatility link is robust to the

potential misspecifications discussed in this section.
5.2 Additional Control Variables

The standard controls used in the benchmark specifications are based on
previous cross-country studies, and maybe several important control variables
are ignored in the case of China. This section considers several additional
control variables that potentially affect the link between growth and volatility
such as the initial values of provincial size (real GDP and population),
government size (the share of government ecxpenditure over GDP), and
primary sector size (the GDP share of primary sector), as well as period
average of financial depth (the share of total loan over GDP), privatization
(the investment share of non-SOEs), trade openness (the share of total trade

over GDP), and FDI (the share of FDI over GDP). Tables 9 and 10 summarize

B Fatds and Mihov (2001) show that the larger the government size, the less volatile Lhe economy is.
Moreover, Andres, Domenech, and Fatds (2008) establish & model that generates a negative link between
volatility and government size. In this section, the government size is measured in terms of the share of
government expenditure in GDP.
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the results of cross-sectional and panel regressions, respectively. The first
column of both tables reproduces the benchmark results, and the other

colurmns show the regressions results, considering different additional control

variables.
[TABLE 9 HERE]
[TABLE 10 HERE]

In Table 9, we find that the initial province size, privatization level, and trade
openness are positively and significantly corrclated with the long-term
cconomic growth of Chinese provinces. Table 9 shows that the cross-sectional
positive link between growth and volatility is robust with the inclusion of
additional control variables, although the magnitude of coefficient on volatility
varies in some cases. For instance, when the initial population size is
considered, the growth-volatility link becomes noticeably larger (column 3 of
Table 9). This may be attributed to a significant and linear correlation
between initial per capita GDP and the initial population size. Significantly,
once the openness variable is controlled, the link between growth and volatility
hecomes insignificant although still positive. The magnitude of the coefficient
on volatility also drops. We may suspect that the significant positive growth-

volatility link is associated with the role of openness in the economic growth.

The panel regressions in Table 10 confirm show results similar to that of cross-
sectional investigations. The initial province size, SOE reform, trade openness,
and FDI are positively and significantly associated with economic growth. We
also find a relatively stable and significant positive relationship between
growth and volatility when considering additional control variables. Similar to
Table 9, after controlling the variable of trade openness, the growth-volatility

link turns to be less significant with a smaller coefficient, suggesting that trade
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openness may be one of the conduits for the significant link between growth

and volatility. The issue is discussed in the next sections.
5.3 Alternative Volatility Measure

Our benchmark specifications employ the standard deviation of economic
growth as the measure of volatility. Meanwhile, other mecasures are also
considered to represent important features of macroeconomic volatility for a
country or a region. For instance, Martin and Rogers (2000) use the standard
deviation of the unemployment rate as an alternative measure of volatility.™ In
this section, two alternative volatility measures are used. The first one is
inflation volatility representing another important aspect of macroeconomic
instability, and it is measured as the standard deviation of Consumer Price
Index (CPI). The second one is innovation volatility, which captures the
volatility of technological progress, and it is measured as the standard
deviation of TFP growth under the growth accounting framework. We discuss

the growth accounting procedure briefly as follows.

Using the Cobb-Douglas production function, we suppose that the output Y is
produced by the labor input L and capital services X, and the production
function is constant return to scale with Hicks-neutral augmented technology

A. The growth accounting procedure is described as:

Y = Af(L,K)= AL'K'™ (2)

Y =4 +al +(1-a)K,, (3)

" For Chinese data, the employment and unemployment stutistics are fairly incomplete and have poor
quality. Particularly, the statistical unemployment, which apparently underestimates the real
unemployment, is only the registered unemployment in urban areas.
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where ¥, L, K,, and 4, indicate the growth rates of GDP, labor, capital, and
TFP, respectively. For provincial panel data, the labor input is measured as
the total employment,™ the capital input is estimated according to the
Perpetual Inventory Methods by the authors,™ and the output elasticity of

labor « is calculated as the share of labor compensation in GDP.
[TABLE 11 HERE]

Table 11 shows the results of cross-sectional regressions using alternative
volatility mecasures. Column 1 reproduces the benchmark results, while columns
2 to 4 and columns 5 to 7 summarize the regression results using the standard
deviation of CPl and that of TFP growth as the measure of volatility,
respectively. A positive relationship between growth and both alternative
volatility measures are found, although the link is insignificant in most
specifications. The regressions with standard control variables (columns 4 and
7) suggest a weakly significant and positive growth-volatility link, with
conditional convergence and negative relationship between population growth
and economic growth. Therefore, we cannot conclude a positive growth-

volatility link in cross-sectional regressions with alternative volatility measures.
[TABLE 12 HERE]

[TABLE 13 HERE]

Tables 12 and 13 produce the results of panel regression using alternative

volatility measures. Columns 1 to 3 of both tables duplicate the benchmark

™ We adjust the employment data for Jiangsu, Shandong, Hubei, and Qinghai because there i a
significant statistical break in their employment data series in 1990, 1995, 1990, and 1990, respectively.
The adjustment method is based on the approach used by Holz (2009) to adjust the national employment
data.
™ ‘T'he base year of capits) estimation is 1952. We use the gross fixed capital formation as the investment
series, and lel the depreciation rate be 0.09.
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specifications, including the results of fixed-effect (column 2) and two-step
system GMM regressions (column 3). Other columns show the regression
results using alternative volatility measures. From Table 12, we can sec a
significant positive relationship between growth and inflation volatility,
whether using standard, fixed-effect, or two-step system GMM estimations.
The initial income level has a negative sign but not always significantly.
Investment and population growth have expected signs although significance
levels differ. The results in Table 13 are similar to those in Table 12, indicating
a significant positive link between TFP growth volatility and economic growth,
with a conditional convergence, a positive link of investment, and a negative

link of population growth with cconomic growth (see columns 4 to 7 of Table

13).

Therefore, using alternative measures of volatility, we can get a positive
relationship between growth and volatility. The relationship is not always
significant in cross-sectional regressions, but highly significant in panel
regressions. The results also show a conditional convergence and positive
growth-investment link, but not always significantly. Population growth is
statistically significantly associated with economic growth. The rclationship
between initial human capital and growth is ambiguous, sometimes with a

sig'nifica.nt negative coefficient, just similar to the results found in the study by

Hao (2006).
5.4 Alternative Period Division Methods

In the benchmark specifications, we divide the reform period into six non-
overlapping, five-year sub-periods to construct the provincial panel sample. In
this section, we test the robustness of the benchmark results using different

methods of sub-period division. The first alternative mecthod is to split the
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whole period into two sub-periods, namely, 1978-1992 and 1993-2008. This
division method is meaningful because after Deng Xiaoping addressed his
historic South Tour speech in 1992, China has accelerated its reform toward
the market-oriented economy. Furthermore, the first essay of the author's PhD
dissertation also provides strong evidence that there is a structural break in the
variance of China’s economic growth in the years 1992 and 1993 (Zhang,
2011a). The second method divides the last three decades into three sub-

periods, namely, 1978-19087, 1988-1997, and 1997-2008.

We summarize the main regression results using two-period sample and three-
period sample in Table 14 and Table 15, respectively. In both tables, the
results of regressions with standard controls, weighted regression, Quantile

regression, provincial fixed-effect regression, and regression with instrumental

variables are shown.
[TABLE 14 HERE]
{TABLE 15 HERE]

Using the two-period sample, Table 14 presents a significant positive link
between growth and volatility, except for the fixed-effect specification, in which
a positive link is still observed although said link is insignificant. Moreover, the
coefficient on volatility is noticeably smaller in fixed-effect regression. Column
7 suggests that the positive growth-volatility link in benchmark specifications
partly can be attributed to the province fixed-effects, which are not captured
in our benchmark results. We further separately run the benchmark regressions
for each of the two sub-periods. The positive and significant growth-volatility

link holds in each of the two sub-periods, but the magnitude of the coefficient
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on volatility substantially differs.” We suspect that it may be associated with

the pronounced decline in volatility after 1992 for most provinces.

When considering the three-period panel sample, the results arc more inspiring.
Table 15 illustrates a significant and positive growth-volatility link, and the
coefficient on volatility is relatively stable, except for the fixed-effect and IV
specifications. In the column 7 of fixed-effect specification, the growth-volatility

link is significant while the coefficient remarkably drops.
6 Discussions

Our study presents a significant positive link between growth and volatility
among Chinese provinces for both cross-sectional and panel samples.
Furthermore, the robustness tests confirm this result after taking intc account
the cffects of alternative regression frameworks, additional control variables,
alternative volatility measures, and alternative sub-period division methods.
However, our results are different from those of Ramey and Ramey (1995},
Martin and Rogers (2000), and Kose, Prasad and Terrones (2006). Their
studies show a significant negative relationship between growth and volatility
for the cross-country sample, as well as for the developed countries sample.
Martin and Rogers (2000) find a positive link for the developing countries, but
it is an insignificant one. The significant positive relationship we find for
samples of Chinese provinces may confirm the conclusion made by Martin and
Rogers (2000) that the negative relationship between fluctuation and growth is

robust only for developed countries.

7 In the benchmark regression with standard control variables, the coefficients on the volatility are 0.4%
and 1.12 for the period 1978-1992 and 1993-2008, respectively. Both of them are significant, at jeast at
the 5% level.
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In China, why is volatility positively associated with the economic growth? We
make some preliminary efforts to investigate this issue in this section.
Theoretically, if an economy is facing the choice between technologies with
high variance and high expected returns, and those with low variance and low
expected returns, it results in a positive link between growth and volatility
(Black, 1987). Moreover, in the case of creative destruction, the opportunity
cost of productivity-improving activitics drops in recession, and the business
cycles and volatility may have a positive effect on long-term economic growth
{Aghion and Howitt, 1992; Caballero and Hammour, 1996). Imbs (2007) argues
that a positive relationship between growth and volatility can be found in the
samples at the sectoral level, but when the link is examined at the aggregate

level, it turns out to be negative.

In this section, we attempt to discuss some possible explanations and relevant
issues of the significant positive growth-volatility link in the context of the
Chinese economy. We discuss how the volatility is associated with the growth
rates of demand components of GDP, so that we may find interesting results
about the link between volatility and welfa.re-issu%, e.g. private consumption
growth. We also investigate the growth-volatility link at the sectoral level
using a dataset covering 12 economic sectors of Chinese provinces. A
disaggregate discussion can be an important complement to the aggregate
study as what Imbs (2007) suggests. Analyses are conducted to discuss possible
conduits for the positive growth-volatility link. Lastly we propose an analytical
framework to explain the distinct growth-volatility link in China and further

try to provide some empirical evidence.

6.1 Volatility and Demand Components of GDP
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Some studies argue that the welfare cost of business cycles is fairly large in
developing countries (Pallage and Robe, 2003; Barlevy, 2004), including China
(Chen and Zhou, 2006). In this section, we empirically examine the
relationship between volatility and consumption growth for Chinese provinces.
Particular attention is given to the differences of this link between rural and
urban consumption growth. Certainly, in terms of the demand side of GDP, we

can also investigate the relationship between volatility and investment growth.
[TABLE 16 HERE]

First, we run the regression of the growth rate of investment or consumption
on the aggregate growth volatility and other standard contreol variables. The
results are shown in columns 1, 3, 5, and 7 of Table 16. We then substitute the
aggregate growth volatility by the volatility of corresponding GDP demand
component,™ and conduct the regressions again. The results are presented in
columns 2, 4, 6, and 8 of Table 16. We find that there is no significant link
between investment pgrowth and either aggregate growth volatility or
investment growth volatility (columns 1 and 2 of Table 16),” a finding that is
different from the positive and significant link between capital growth and
volatility. The aggregate private consumption growth also has no significant
relationship with either the output volatility or private consumption volatility

(columns 3 and 4 of Table 16).

Moreover, it is interesting to find noticeable difference in the links of volatility

with urban consumption growth and rural consumption growth. Columns 5 to

™ The volatitity of the corresponding GDP demand compoenent is measured as the standard deviation of
growth rate of corresponding demand component. For instance, the volatility of investment is caleulated
as the standard deviation of investment growth.
" The regression results of investment share in GDP on the same standard control variables are similar
to those of investment growth, showing an insignificant positive link between investment share and
volatility.
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9 show that the volatility variables are negatively and significantly associated
with rural consumption growth, but are positively and significantly associated
with urban consumption growth. Urban houscholds are likely to benefit from a
volatile economy, whereas the rural households are not. This may be associated
with the increasing rural-urban income inequality of China in recent decades.
China is one of the countries with the highest degrees of rural-urban income
inequality, and the inequality is still increasing although the economic growth
remains high {Yang, 1999; 2002). As a result of urban-biased policies and
institutions, urban residents remarkably benefit more than rural residents do
from the economic growth (Yang, 1998), but lose less than their rural
counterparts do during external shocks and economic contractions as they have
relatively well-built welfare system. Since aggregate volatility has positive
effect on economic growth, the urban residents in a province with higher
volatility earn more and consume more. However, because of the less developed
social security system, the rural residents consume less than the urban
residents do with the consideration of precautionary savings. On the other
hand, rural residents benefit less from high growth, but lose more in an
instable economic environment. Therefore, it may lead to a positive
relationship between volatility and urban consumption growth, and a negative

one between volatility and rural consumption growth.
6.2 Volatility and Growth at Sectoral Level

Imbs (2007) uncovers a significant positive growth-volatility link at the
sectoral level across countries, and analytically argues that the sectoral link
between growth and volatility is irrclevant to the aggregate link, which is
determined by the country-specific component of aggregate volatility. Volatile

sectors command high investment rate and hence high value-added growth.
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Given the significant results for cross-country sample and reduced OECD
sample, what would it be for the developing countries, in particular for the
Chinese cconomy? This section investigates the growth-volatility link at the
sectoral level for Chinese provinces, and then discusses the possible channel of

sectoral volatility on growth.

Our sectoral panel data consists of nominal sectoral value-added and real
sectoral value-added growth of 12 economic sectors® for 30 Chinese provinces
over the years 1978-2002 since we only have consistent sectoral data of 12
sectors under the industry classification GB1994 for that period. The industry
classification after 2002 has been substantially changed into the new GB2002.
The sectoral value-added data for the years 2003-2008 are inconsistent with
those for the period 1978-2002. We mainly draw data from the Date of Gross
Domestic Product of China 1952-1995 and Data of Gross Domestic Product of
Chine 1996-2002, and make necessary adjustments to obtain a consistently

defined dataset for 12 economic sectors.

We use the following panel specification to examine the effects of sectoral

volatility on growth:
gur=Poyr+oX,+a,+a,+a, +&,; (4)
where g, is the average growth rate of the sectoral value-added of sector 7 in

province j over period T, o,; is the volatility variable measured as the

standard deviation of sectoral value-added growth of sector 7 in province j over

8 The 12 economic sectors are: one primary sector, two secondary sectors, including {1} industries and (2)
construction, and nine tertiary sectors, including {1) transport, storage, post, and telecommunication; (2}
wholesale and retail trade, and catering; (3) finance and insurance; {4) real estate; (5) health, sports, and
social welfare; (6) education, culture, arts, radio and television broadcasting; (8) scientific research and
technical services; (9) government agencies and social organizations. Tibet is excluded to keep sectoral
analysis consistent with the aggregate one.
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period T, X, , is a vector of control variables, g, is a sector specific intercept

representing sectoral fixed-effect, «, is the timec-invariant province, a, is the

period dummy, and ¢, is the residual term. In this section, the value-added is

converted to be at constant 2000 price, and the value-added growth is

cstimated as the log difference of the real value-added.

As Imbs {2007) argues, the sector grow faster is initially the smaller one due to
diminishing return on capital. The initial sectoral size (logarithm value),
therefore, should be included in the specification. Moreover, due to the
concerns of transition dynamics and comparative advantage, the initial sectoral
value-added share in GDP is also considered a control variable. Therefore, we
run the regression of average sectoral value-added growth on the sectoral
valuc-added volatility, initial sectoral size, initial sectoral value-added share,

sector dummy, province dummy, and period dummy to examine the growth-

volatility link at the sectoral level.
[TABLE 17 HERE]

The regression results are shown in Table 17. The cross-sectional sample, two-
period sample, three-period sample, and six-period sample are all considered.*
We can find that the coefficients on volatility are overwhelmingly positive and
significant for all the samples, no matter what control variables are included.
The coefficient on sectoral volatility is relatively stable in terms of magnitude.
Table 17 provides some evidence of conditional convergence. After the sector,
province, and period fixed-effects are controlled, an initially smaller sector in

terms of absolute size is inclined to grow faster. However, an initially relatively

8 Since we only have the sectoral data for the period 1978-2002, the cross-sectional sample corresponds
to the data for the period 1978-2002, the two-period sample corresponds to 1978-1952 and 1992-2002,
the three-period sample corresponds to 1978-1987, 1988-1997, and 1998-2002, and the six-period sample
actually have five 5-year periods.
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larger sector tends to grow faster than those initially relatively smaller sectors,
an observation that may be attributed to comparative advantage. Our results
suggest that the initial conditions arc important in explaining the sectoral
value-added growth, and confirm the potential importance of transitional
dynamics in explaining the significant positive link between growth and

volatility at the sectoral level.

Qur discussions in the previous sections show that the positive link betwcen
growth and volatility may be associated with the conduit of capital deepening,
but not significantly through investment. The argument above seems
controversial, and in fact it is possible that the investment allocation across
sectors does not coincide with the aggfegate results. Following Martin and
Rogers (2000) and Imbs (2007), we investigate the relationship between
scctoral investment rate and the sectoral volatility of value-added growth by
running the regression of sectoral investment rate, which is measured as the
investment share in sectoral value-added, on sectoral volatility, and other

control variables as well as the standard set of fixed-effect dummies.

The sectoral investment data are only available for the three main economic
scctors (the primary, sccondary, and tertiary sector), bﬁt not for the 12
economic sectors discussed in this section. We consider the sectoral gross fixed
capital formation as the sectoral investment. The sectoral investment data are
available for the period 1978-2002 for the three main sectors of Chinese

provinces.’? Although only the data for the three main economic sectors are

% The Data of Gross Domestic Product of China 1952-1995 provides the data on sectoral gross fixed
capital formation in nominal terms for 30 provinces without Chongging. The Data of Gross Domestic
Product of China 1996-2002 summarizes the nominal sectoral investment data for 31 provinces. The
sectoral investment data after 2002 are not available. The data for Chongging, Hainan, and Guangdong
are incomplete over the last three decades. Therefore, we lost several observations in panel samples.
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available, it can still provide important evidence to the investment-volatility

link at the sectoral level.
[TABLE 18 HERE]

Table 18 summarizes the regression results of the investment-volatility link for
cross-sectional and panel samples. The volatility is significantly and positively
correlated with the sectoral investment share in the three-period and six-period
samples. The investment-volatility links in the cross-sectional sample and two-
period samples are still positive but insignificant,® suggesting that investment
share is higher in volatile sectors. This finding is consistent with the results of
Imbs (2007) showing that the more volatile economic activities command
higher investment ratc and hence higher sectoral growth. Our results in Table
18 also indicate that the investment share of the secondary and tertiary sectors
are significantly and sizably greater than that of the primary sectors, an
observation that is consistent with the positive investment-volatility link given
t,h;a fact that the secondary and tertiary sectors are more volatile than the
primary sector. Moreover, to test the robustness of our results, we also examine
the scctoral growth-volatility relationship using a panel dataset comprised of
value-added data of the three main economic sectors. The results indicate that
the relationship between growth and volatility is significant and positive for
the three-sector samples, consistent with our results in the investigation using

the 12-sector samples.

Our results imply a significant positive growth-volatility link and investment-

volatility link at the sectoral level for Chinese provinces. Among the three

® Since we only have sectoral investment data for the period 1978~2002, the cross-sectional sample
corresponds to the data for the period 1978-2002, the two-period sample corresponds to 1978-1992 and
1992-2002, the Lhree period sample corresponds to 1978~1987, 1988-1997, 1998-2002, and the six-period
sample actually have five 5-year periods.

237



main economic scctors, a more volatile sector is likely to command higher
investment rate, and consequently higher value-added growth. This is
consistent with the results uncovered for the cross-country sample and OECD
sample by Imbs (2007). Imbs (2007) analytically show that the aggregate
growth-volatility relationship is irrclevant to the disaggregate link at the
sectoral level if the number of sectors is large. The growth-volatility link is
only determined by the country specific component of the aggregate volatility
on growth. In our case of the 12-sector sample of Chinese provinces, the
= number of sectors we discussed is large enough for us to ignore the effect of
idiosyncratic component. Therefore, the province-specific component of the
aggregate volatility dominates the aggregate growth-volatility link, and turns

out to be positively correlated with the aggregate growth.
6.3 Conduit for the Growth-Volatility Link

Several theories argue that the volatility affects economic growth through the
channel of investment, either negatively or positively (Caballero, 1991;
Aizenman and Marion, 1993). However, Ramey and Ramey (1995) state that
the significant negative growth-volatility link in cross-country samples does not

come from the investment channel.

In our benchmark specifications in Table 3 and Table 5, the coefficient on
volatility remains stable and significant after the investment share is controlled.
The investment share is insignificantly associated with cconomic growth,
suggesting that the investment share is not empirically important in the
positive link between volatility and economic growth among Chinese provinces.
We should be cautious in making conclusions since China has experienced a
rapid shift from a planned economy to a market ecconomy, and its investment

structurc has dramatically changed. For instance, the average share of SOEs in
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the total investment for Chinese provinces was 90.9% in 1978, whereas it
became 32.7% in 2008. The role of non-SOEs in economic growth becomes
increasingly important and contributes a significant part to the economic
growth of China. Therefore, we should dig deeper to study the investment

channel of growth-volatility link.

This section investigates the relationship between volatility and investment,
including aggregate investment, non-SOE investment, and FDI. First, we
_examine whether the volatility is significantly associated with aggregate
investment by regressing the average aggregate investment share on volatility
and standard control variables. Columns 2 and 3 of Table 19 show the results
of the regression of average share of GFCF in GDP, which was used in our
benchmark specifications to measure the investment share. We also use the
total investment in fixed assets as an alternative measure of investment for the
robustness test. The results are shown in columns 4 and 5 of Table 19. We can
find that both the unconditional and conditional relationship between
aggregate investment share and volatility are positive but insignificant. Thus, ‘
there is little cvidence that the aggregate investment share is associated with
volatility. Therefore, we may say that the positive cffect of volatility on

economic growth cannot be expleined by the aggregate investment channel.
[TABLE 19 HERE]

However, when we look at the relationship between the non-SOE investment
share in GDP and the FDI share in GDP, the results are interesting and
different. Columns 6 and 7 summarize the regression results of non-SOE
investment share, whereas columns 8 and 9 report the regression results of FDI

share. Columns 6 to 9 show that both the non-SQE investment share and FDI
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share are positively and significantly related to the volatility. A more volatile .

province commands a, higher GDP share of non-SOE investment and FDI.

Moreover, Table 10 illustrates that non-SOE investment share and FDI share
play an important role in the economic growth of Chinese provinces. After
either of these two variables is controlled, both the magnitude and significance
level of the coefficient on volatility drop to some degree. Therefore, there is
some e¢vidence that the positive growth-volatility link partly flows through the
non-SOE investment and FDI channels. This result is linked to the risk-return
nexus, indicating that a high risk investment commands a potential higher
rcturn, and the growth-volatility link turns to be positive. A province with
higher volatility is economically attracting non-SOE investment and FDI, and
commands a higher cconomic growth, Only the investments from non-SOE
sectors and foreign capital are the important conduits between volatility and

growth.

Lastly, we discuss the role of trade openness in the growth-volatility link. The
robustness tests in Table 10 indicate that once the trade openness (measured
as the GDP share of total trade) is controlled, the significance level and
magnitude of the coefficient on volatility remarkably decline. Moreover, we
find that the trade openness is positively and significantly correlated with
economic growth, suggesting an important role of trade openness in explaining
cconomic growth. Clearly, the link between volatility and trade openness as the
province with higher trade dependence may be more vulnerable to external
shocks and be more volatile. We regress the volatility on trade openness and
other standard control variables. Regression results show that trade openness is
positively related to volatility at the 10% significance level. In this section, we

find that trade openness is positively correlated with economic growth and
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with volatility. Given the results in Table 10, we may argue that the positive
growth-volatility link among Chinesc provinces may be to some degree
explained by the role of trade openness. A more open province with high level
of trade dependence is prone to enjoy higher economic growth, and is likely to
suffer more external shocks. Therefore, a positive link between growth and

volatility emerges.

6.4 Why China Differs from International Evidence

This study provides robust evidence of a positive link betwecen growth and
volatility, which is measured by the standard deviation of per capita GDP
growth over a period and substantially different from the international
empirical result of a negative one. Why is the result for China distinct from
international evidence? In this section, we propose a simple analytical
framework to explain the different results of growth-volatility link between the
Chinese case and cross-country evidence. According to the studies on the
relationship between growth and volatility, for simplicity, the aggregate growth
volatility can be considered a combination of a positive component and a
negative component. The former is associated with some factors positively
linked with growth, i.e. risk-return and creative destruction (Black, 1987,
Caballero and Hammour, 1996; Imbs, 2007), whereas the latter is associated
with some factors negatively linked with growth, i.e. policy uncertainty and
political instability (Aizenman and Marion, 1993; Alesina et al, 1996;
Acemoglu et al, 2003; Fatis and Mihov, 2003a). We summarize the

abovementioned concepts as follows:
o=a, a0, 0, +E, (5)
g=ﬁ0+ﬂlal +ﬁ20-2 +gg ’ (6)
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where & is the aggregate growth volatility, g is the average economic growth,
o, is the positive volatility component, o, is the negative volatility component,

and &, and ¢, are the iid residual terms.

In terms of our analytical framework, we have &, >0, a,>0, 5,>0, and § <0.
In the regression specification about the growth-volatility link, we regress the
average economic growth on the aggregate volatility measure, mair.lly because
either we cannot perfectly separate the two wvolatility components, or the

aggregate relationship is of great research interest. We have a simple regression

as follows:
E=Yotnoté,. (7)

Therefore, the coefficient on volatility can be simply obtained using the

following equation:

_cov(o,g) cov(a, + 4,0, + 2,0, + £,,8)
=

var(o)  var(a, + 0, + 2,0, +£,) g
_o cov{o,,y)+a,cov(a,,y) _apb, var(o,)+a,p, var(o, ) (8)
;) var(o, )+ a var(o,) a} var(c,)+ a; var(o,)

The negative volatility component, ie. policy uncertainty and political
instability, is mostly stemming from the institutional environment of an
cconomy (Aizenman and Marion, 1993; Fatés and Mihov, 2003a; Mobarak,
2005).The institutional factors are fundamental and dominant in long-term
economic growth across countries, and there are substantial variances in
institutional environment and instability {Acemoglu et al., 2003). We suspect
that in cross-country samples, the usually unobserved variance of the negative
volatility component arising from heterogenous institutional factors is much
more pronounced than that of the positive volatility component, that is,

var(o, )/var(o,)= 0. As a result, we have:
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_ah var(o, ) + a, 3, var(o, ) _ a, B, var(o,)/var(a,) + a, 5, z&<0

' ol var(a,)+af var(a,) alvar(o,)/var(o,)+a; @, (9)
Therefore, with the assumption of the dominant role of the variance of the
negative volatility component and institutional factors in the aggregate
volatility in cross-country samples, we can have a negative relationship
belween growth and volatility as revealed by Ramey and Ramey (1995),

Martin and Rogers (2000}, and Kose, Prasad and Terrones (2006).

However, in the case of Chinese provincial sample, despite the differences in
local governments’ economic policies, the primary institutional factors, i.c.
political system, history and culture ba.ckgroﬁnd, and social structure, are
“basically identical among Chinese provinces. The variance of aggregate
volatility may mainly reflect the variation of positive voiatility component,

such as risk-return nexus. Therefore, we assume that var(o,)/var(o,)~0, and

the growth-volatility link should be:

_a B var(0))+a, B, var(o,) _a,p, +a,p, var(o, )/ var(o,) B S0
"7 alvar(o)+alvar(o,) | af +alvar(oy)/var(c)

(10)

As a result, the reason why the growth-volatility link for China is so distinct
from the cross-country result may be attributed to the relative importance of
the variance of positive volatility component in the variance of aggregate
volatility. Due to roughly homogenous institutional factors among Chinese
provinces, the growth-volatilit{ link may be mainly determined by the
relationship between growth and positive vol&‘x,tility component, for instance,
high risk commanding high investment and hence high economic growth. In

particular, for Chinese provinces, only the channels of non-SOE investment

and FDI matter.

6.5 Growth and Different Volatility Components
| 243



As stated in the previous section, the positive and negative components of
aggregate volatility are considered to have different effects on economic growth.
The negative volatility component arising from institutional factors, such as
policy uncertainty and political instability, has a detrimental influence on long-
term economic growth (Aizenman and Marion, 1993; A{esina et al., 1996,
Acemoglu et al., 2003; Fatds and Mihov, 2003a). Some also argue that only the
unexpected volatility, which is measured as the volatility of the residual from a
growth forecasting equation, has a detrimental effect on growth, while the
expected volatility, which is considered as the predicted volatility, is good for
growth (Ramey and Ramey, 1995; Rafferty, 2005). The unexpectetd and
expected volatility reflect the uncertainty effect and opportunity-cost effect,
respectively. If firms can predicate the demand on their products well, they can
take the advantage of recessions, in which the opportunity-cost of productivity
enhancing activities is low, to increase the long-term growth (Aghion and
Howitl, 1992; Rafferty, 2005). Therefore, the expected volatility is associated

with the opportunity-cost effect and creative destruction consideration.

We cannot perfectly separate and measure the two volatility components, but
at least we can roughly examine the different effects of these two components
and their relative importance from a specific perspective, i.e. the expected

volatility and policy volatility reflecting the positive and negative components,

respectively.

Following some seminal efforts (Ramey and Ramey, 1995; Rafferty, 2005), we
first estimate a growth forecasting equation for éach provinéc to derive
' predicated and residual values of provincial economic growth over the reform

period. Then the expected and unexpecdted volatility is calculated as the

standard deviation of the predicated and residual economic” growth over a
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specific period, respectively. The forecasting equation for the GDP per capita
growth includes a constant, one lag of GDP per capita growth, one lag of CPI,
one lag of log value of GDP per capita, a linear time trend, and the square of
time trend. The forecasting equations for Chinese provinces have adjusted R?
ranging from 0.10 to 0.87. We consider the expected volatility reflects part of

positive volatility component.

In the second essay of the authpr‘s PhD dissertation, fiscal policy volatility
and investment policy volatility are introduced in the context of the Chinese
economy (Zhang, 2011b). Discretionary fiscal policy and undesired investment
policy are the corresponding policy components deviating from the current
macroeconomic conditions (Caballero, Engel and Haltiwanger, 1995; Fatas and
Mihov, 2003a; Qin and Song, 2009; Candelon, Muysken and Vermeulen, 2010).
The aggressiveness in the use of discretionary fiscal policy or undesired
investment policy is considered fiscal policy volatility or investment policy
volatility, respectively. Policy volatility is found to be harmful to economic
growth in the cross-country samples (Aizenman and Marion, 1993; Fatas and
Mihov, 2003a). Here, the policy volatility is considered one kind of negative

volatility component.

In this section, we re-visit the discussion of growth-volatility link for China
incorporating measures of expected volatility and policy volatility. The basic
specification also follows Equation 1, and the estimation results are reported in
Table 20. Apart from OLS estimation, we conduct analyses using the two-step
system GMM method, and consider the volatility measure as an endogenous
variable, and all initial conditions as exogenous variables. Since the system
GMM approach can basically provide unbiased estimates with the presence of

dynamic effect, simultaneity, and endogeneity, the causal effect of volatility
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measurc on cconomic growth is fairly reliable. All GMM estimations pass the
Hansen over-identification tests and Arellano-Bond AR tests for serial
correlation, indicating the validity of our specifications. The policy volatility
variables for Chongging are not available; hence, it is removed from the
dataset. Therefore, we use a provincial panel sample covering 29 provinces over

six consecutive non-overlapping sub-periods.
[TABLE 20 HERE]

We examine the relationship between growth and three categories of volatility
measures. The first category concerns growth volatility, which has been studied
in the previous scctions. We also include two specific growth volatility
measures in the analysis, e.g., the standard deviation of government
expenditure growth and that of investment growth. These two growth
volatility measures probably reflect the combination of a component
responding to current macroeconomic conditions and a component representing
policy instability, given the assumption that the discretionary policy
component is exogenous to the current macroeconomic conditions. Columns 1

to 4 show the estimation results for the first category.

The second category uses the expected volatility, which is the standard
deviation of predicted economic growth, to represent the positive volatility
component. The estimation results are shown in columns 5 and 6. The third
category employs two measures of policy volatilities, e.g., fiscal policy volatility
and investment policy volatility. The fiscal and investment policy volatilities
remove the effect of current macroeconomic conditions and represent the
discretionary or undesired policy components deviating from the aggregate

economic circumstance. The estimation results are summarized in columns 7 to
10.
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The first two columns reproduce the same estimations in the previous sections
using the data without Chongging, and show that the aggregate growth
volatility significantly and positively affects the economic growth.* Columns 3
and 4 report the results using government expenditure growth volatility and
investment growth volatility, respectively. Both the volatility of government
expenditure growth and investment growth positively affect economic growth,
suggesting potentially important channels through which the growth volatility
affects economic growth. Columns 5 and 6 illustrate the estimation results for
expected volatility, and show that the expected volatility has significant
positive cffect on economic growth, consistent with the results revealed in the
cross-country analysis of Rafferty (2005), as well as the theoretical inference of

the opportunity-cost effect of volatility {Aghion and Howitt, 1992),

Columns 7 and 8 present the estimation results for fiscal policy volatility, while
columns 9 and 10 are the estimation results for investment policy volatility.
Columns 7 to 10 provide notably different resuits from those in columns 1 to 6
in terms of growth-volatility link, suggesting a significant detrimental effect of
policy volatilities on economic growth. Both fiscal policy volatility and

investment policy volatility curb the per capita GDP growth in China.

Moreover, we include both the expected volatility and policy volatility in the
specification, and the results are shown in columns 11 to 13. The expected and
policy volatilities are considered to represent part of positive and negative
volatility components, respectively. When both volatility measures are
considered, the expected volatility remains significant and positive. However,
both fiscal policy volatility and investment policy volatility becomes

insignificant, albeit still negative in columns 11 and 12. It indicates that the

8 Since we exclude Chongging from our sample, we get qualitatively similar but not identical results in
the previous sections. .
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volatility component leading to a positive growth-volatility link, the expected
volatility in this case, dominates thc aggregate volatility, although both the
fiscal and investment policy volatilities have an independently detrimental

effect on economic growth, as shown in columns 7 and 10.

The analyses in this section support the argument that the aggressiveness in
the use of discretionary policy has negative consequences on economic growth
(Fatds and Mihov, 2003a). More importantly, even though we find a positive
effect of growth volatility on economic growth across Chinese provinces, it is
still evident that the policy volatilities, which reflect the aggressiveness in the
use of discretionary fiscal policy or in the promotion of undesired investment
growth, are harmful to the economic growth of Chinese provinces. The
aggregate relationship between growth volatility and economic growth may be
determined by the volatility component that positively affects economic growth,
for instance, opportunity-cost effect in creative destruction, the choice between
sectors with high variance and high growth, and sectors with low variance and
low grom;th, risk-return nexus, and unobserved common national shocks. A
better institutional environment, which stems from stable and predictable
policies of far-sighted local governments and benign interactions between

government and market, is crucial to the long-term economic growth of China.

7 Conclusions

Although both positive and negative links between growth and volatility can
be inferred from theoretical analyses, the negative link is still considered a
conventional wisdom in empirical studies. The influential work of Ramey and
Ramey (1995) documents a significant negative relationship between growth
and short-term instability, which is measured by the standard deviation of

cconomic growth rate for both a cross-country sample and industrial-country
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sample. Recent cmpirical studies also confirm this negative link using cross-
country samples (Martin and Rogers, 2000; Kose, Prasad and Terrones, 2006).
However, the growth-volatility link for developing countries is debatable

(Martin and Rogers, 2000; Turnovsky and Chattopadhyay, 2003).

Our study extends the empirical investigation on the growth-volatility link in
the context of a developing country, particularly China. We find a quite
different result from the existing empirical studies on the.relationship between
growth and volatility. Among the Chinese provinces over the last three decades,
a significant positive growth-volatility link is both unconditionally and
conditionally evident with standard control variables. Moreover, the positive

link is significant in both cross-sectional and panel samples, and robust to both

OLS and GMM estimates.

We also conduct several robustness tests to verify whether the positive link
still holds when potential factors affecting this relationship are taken into
account. After considering the effects of provincial size, sample outliers,
provincial fixed-effects, and the endogeneity issue, the growth-volatility link
remains positive and significant in most cases. Furthermore, when several
additional control variables, for instance, the initial values of provincial size,
government size, primary sector size and average level of financial depth,
privatization, and trade openness, are included in the benchmark specification,
the positive link still holds and remains significant. We also employ alternative
volatility measures to verify the robustness of our results. Using inflation
volatility and TFP growth volatility as alternative measures, we obtain a
positive insignificant growth-volatility link in the cross-sectional sample, but
significant in the panel regressions. Lastly, alternative sub-period division

methods are considered. The significant positive link found in the six-sub-
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period sample is also revealed in the two-period and three-period samples. All
the robustness tests suggest a positive significant relationship between growth
and volatility, despite the fact that the significance level and magnitude of the

cocfficient on volatility vary across different specifications.

Imbs (2007) argues that the aggregate investigation may hide important
information at the disaggregate level. He also uncovers a significant positive
relationship between growth and volatility at sectoral level. We follow his idca
to cxamine the growth-volatility link at the disaggregate level from different

perspectives.

First, it is interesting to find a striking feature showing =a substantial
discrepancy in the links of volatility with urban consumption growth and rural
consumption growth. As a result of urban-biased policies and institutions
(Yang, 1999), urban households benefit more in economic growth and lose less
in cconomic instability than their rural counterparts do. Thercfore, urban
households can benefit from a volatile macro economy, which is associated with

high economic growth, but the rural households cannot.

We then investigate the growth-volatility link at the sectoral level in the
context of the Chinese economy, following Imbs (2007). Using a panel data of
12 economic sectors for 30 Chinese provinces over the period 1978-2002, we
find a result on the growth-volatility link at the sectoral level in China similar
to that in the study of Imbs (2007) for cross-country and OECD samples.
There is an overwhelmingly positive and significant link between sectoral
growth and sectoral volatility in China. The initial conditions are statistically
significant at the sectoral level, indicating that the transitional dynz;.mics is of
great importance in understanding this link. Furthermore, we also find a

significant positive link between sectoral investment share and volatility.
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Similar to cross-country studics, a more volatile sector is prone to command

higher investment share and higher sectoral value-added growth.

Moreover, we investigate the conduit for positive growth-volatility link by
examining the relationship between volatility and investment, including
aggregate investment, non-SOE investment, and FDI. There is little cvidence
that aggregate investment is an important channel through which volatility is
positively associated with growth. However, it is evident that, rather than the
aggregate investment, the non-SOE investment and FDI may be the,important

conduits for the positive growth-volatility link.

The positive growth-volatility link can be inferred from several theoretical
considerations, for instance creative destruction during recessions, and the
choice between sectors with high variance and high expected returns, and
sectors with low variance and low expected returns, etc. It is strongly cvident
that growth and volatility are positively correlated at the sectoral level among
Chincse provinces. More volatile sectors command higher investment rate and
consequently higher sectoral growth. However, as Imbs (2002; 2007) argues, the
component of aggregate volatility that is common across sectors and specific to
economies dominates the aggregate link between growth and volatility. Column
6 of Table 8 partially confirms this argument. Once the provincial fixed-effect
is controlled, both the significance level and coefficient magnitude of volatility
decline substantially, although it is still significant at the 10% significance level.
Another concern about the positive link at the aggregate level can Ibe
attributed to transitional dynamics, as Martin and Rogers (2000) suggest,
showing that the volatility is ncgatively but insignificantly associated with the
initial level of per capita GDP (as well as the initisl GDP). Transitional

dynamics may create a positive bias between growth and volatility; hence, we



include the initial per capita GDP in the benchmark regression, but in which

the effect of transitional dynamics may not be fully controlled.

Why is China so distinct from the cross-country samples regarding the
relationship botween growth and volatility? We propose a simple analytical
framework to explain this discrepancy. The aggregate growth volatility can be
considered a combination of a positive component and a negative component.
The former is associated with some factors leading to a positive growth-
volatility link, i.e. risk-return nexus. The latter reflects the role of some factors
associated with a negative growth-volatility link, i.e. policy uncertainty, and
may mainly stem from underlying institutional factors. We argue that in the
cross-country sample, the negative component dominates the variation of
aggregate volatility given the fundamental role and substantial variation of
institutional factors across countries. In contrast, the basic institutional factors
are roughly identical among Chinese provinces, and the variance of negative
component arising from institutional factors is much less prominent than that
of the positive component. Therefore, the aggregate relationship between
growth and volatility mainly comes from the cffect of positive volatility

component, maybe through the channel of non-SOE investment and FDL

To enrich the investigation of the abovementioned growth-volatility link and
the analytical framework, this cssay also examines the cffects of expected
volatility and policy volatility on economic growth. The expected volatility,
which is measured as the standard deviation of predicable cconomic growth in
a forccasting equation, has positive effect on economic growth. However, a
strikingly different result showing that both fiscal policy volatility and

investment policy volatility significantly tame cconomic growth is obtained.

Once both policy volatility and expected volatility are included in the
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regression, the significance of policy volatility vanishes, whereas the cxpected
volatility remains positive and significant. It suggests that the aggregate
relationship between growth and volatility may be dominated by the volatility
component leading to a positive growth-volatility link. More importently, it
also suggests that a predictable and stable policy environment is vital to the

long-term cconomic growth of China.

Lastly, two notes should be mentioned. First, an interesting stylized fact that
almost all provinces have cxpcricnced a significant decrease in volatility,
whereas the average per capita GDP growth modestly increases or remains
stable in the second half of the reform period (Zhang, 2011a}, is observed.® We
attribute this phenomenon to the common factors that affect all provinces and
arc nol captured by the provincial variances. For instance, the morc stable
political cnvironment, the more cffective monetary policies, and other national
macroeconomic determinants lead to lower volatility and long-term high
average economic growth in the second half of the reform period. Moreover, for
Canadian provinces and US states, the growth-volatility link is found to be
cither weakly positive or insiénificant, which is also different from the cross-
country cvidence. It may suggest that the mechanisms of growth-volatility link
across countries and across regions within a country are different. The latter
highlights the importance of regional variances within a country since the
national common factor is controlled. 1t is also discussed in the section 6.4 and

6.5 of this essay.

& For GDP growth, if we compare the provincial mean growth rate and its standard deviation between
the periods 1978-1992 and 1993-2008, we find that all provinces show a decline in their growth volatility,
and the changes in only five provinces are insignificant. On the other hand, all provinces, except
Guangdong, Hainan, and Xinjiang, experience an increase in mean growth rate, while 12 provinces show a
significant change. The basic pattern for the per capita GDP growth is similar.
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Second, although we find a significant and positive relationship between
growth and volatility, it should be noted that volatility and instability are
disproportionally harmful fr the poa;ar pcople becausc the consumption
smoothing opportunities are limited especially for the poor (Ravallion and
Jalan, 1999; Mobarak, 2005). This essay also finds that in China, only the
urban household consumption is positively correlated with growth volatility,
whereas the consumption of rural houschold with lower income is negatively

linked with growth volatility.
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Tables and Figures

Table 1: Mean of Average Growth and Volatility for Different Groups

Full sample Periods
1978-2008 1978-1982 1983-1987 1988-1992 1993-1997 1998-2002 2003-2008

Crowth

All 4.02 7.56 9.50 6.79 10.28 8.27 11.30
East 9.72 8.21 10.26 8.26 11.66 8.56 11.12
Center 8.70 7.02 9.17 5.44 10.21 8.22 11.55
West 8.56 7.31 8.97 6.29 8.95 8.01 11.29
Volatility

All 3.88 4.99 4.01 4.62 2.22 1.07 1.33
East 4.21 5.28 4.00 5.97 3.12 1.10 1.41
Center 3.79 4.42 4.69 4.06 1.49 1.29 1.44
West 3.63 5.10 3.563 3.68 1.86 0.88 1.15

Note: All, East, Center and West represent all provinces, castern province, central province and western
provineces, respectively.
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‘T'able 2: Growlh and Volatility with Group Dummics {(Cross-section)

(1) (2) (3) (4) (5)
All East Center West Dummy
Volatility 0.587** 0.492 0.393 0.391
(0.204) (0.167) (0.259) (0.422)
Volatility*East ' 0.562*
(0.241)
Volatility *Center 0.359
(0.236)
Volatility*West 0.339
(0.267)
Conslant 6.744*%* 7.650%* 7.206** 7.148** 7.342**
{0.7G0) (1.971) (1.043) (1.510) {0.930)
Observations 30 11 8 11 30
Adjusted R-squared 0.171 0.019 0.160 0.004 0.259

Note: Dependent variable is avernge growth rate of GDI? per capite over 1978-2008, All, East, Center and
West represent all provinces, castern province, central province and western provinces, respectively.
Robust standard errors are reported in parentheses. **, * and + indicate significance levels of 1%, 5%,

and 1%, respectively.
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Table 3:

Growth and Volatility with Standard Controls (Cross-section)

(1) (2) (3) (4)
Valatility 0.587** 0.490* 0.468** 0.480*
(0.204) (0.214) (0.158) (0.220)
Initial GDPP -1.o11* -1.396** -0.919**
(0.339) (0.450) (0.313)
Initial human capital 1.951+ 0.742 (.572
. (1.017) {1.334) (1.546)
Invesiment rate 0.653
(1.261)
Population growlh -1.938*
(0.923)
Investiment rate {1) -0.406
{0.605)
Papulation growth () -0.652
(0.515)
Constant 6.744%* 11.20** 15.38** 15.07**
(0.760) (1.575) (2.565) (2.632)
Otservations 30 3n 30 30
Adjusted R-squared 0.171 0.213 0.329 0.233

Note: Dependent variable is average growth rate of GDP per capita over 1978-2008. Robust standard

errurs are reporled in parentheses.

respectively.

*, and 4 indicate significance levels of 1%, 5%, and 10%,
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Table 4: Growth and Volatility with Group Dummies {Panel)

(1) (2) (3) (4} (5)
Al East Center Wost, Dummy
Volatility 0.392** 0.305 0.196 (.295
(0.125) (0.205) (0.146) (0.273)
Volutility* Last 0.452**
(0.108)
Volatility*Center 0.169
(0.127)
Volatility* Wesl 0.207
{0.156)
Constant 5.610** 6.506** 6.151** 5.807+* 6.100*
(0.691) (1.463) (0.795) (1.204) (0.689)
Observations 180 66 48 66 180
Adjusted R-squared 0.455 0.302 0.717 0.433 ().488

Note: Dependent variable is avernge growth rate of GDP per capita over each S-year period. Robust

standard errors are reported in parentheses. , and + indicale significance levels of 1%, 5%, and 10%,

*h ok
»

respectively. All regressions include period dummies.
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Table 5: Growth and Volatility with Standard Controls (Panel)

(1) (2) (3) (4)
Volatility .392** 0.392** 0.400** ().380**
{0.125) (0.126) {0.133) (0.129)
fnitial GRPP -0.0481 -0.611+ -0.220
(0.327) (0.369) (0.358)
Initial human capital -00.247 -1.G86 -1.B66
(1.177) {1.293) (1.340)
Fuvestient rate 0.682
(0.786)
Population growih -2.153**
. (0.513)
Investment rate (1) -0.546
(0.715)
Population growth (1) -1.472%*
{0.453)
Constant H.610%* 6.341** 13.10%* 13.90**
{0.691) (1.791) (3.206} {3.103)
Observalions 180 180 180 180
Adjusted R-squared 0.455 0.449 0.505 0.481

Note: Dependent variable is average growth rale of GDP per capita over each of 5year period. Rohust
stundard errors are reported in parentheses. **, *, and + indicate significance levels of 1%, 5%, and 10%,
respectively. All regressions include period dunmmics.
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Table 7:

Robustness Teat with Allernative Regression Framework {Cross-section)

m @) (3) 0
VARIABLES Benchmark W-GDP W-POP Quantile
Volatility 0.468** 0.496* 0.480%* 0.468*

{0.158) (0.178) (0.172) (0.252)
lanitial CDI’P -1.396** S1411%* -1.402** -1.279
(0.450) (0.474) (0.465) (0.845)
Initis] human capital 0.742 0.707 0.777 -.029%
(1.334) (1.431) (1.373) (2.071)
Investient. rute 0.653 0.722 0.748 0.580
(1.261) (1.305) (1.273) (1.846)
Population growth -1.038* -1.921+ -1.933+ -2.268%*
{0.923) {0.979) (0.948) (1.083)
Constant 15.38%* 15.19%* 14.97%* 16.12*%*#*
(2.565) (2.656) (2.571) (5.087)
Observations 30 30 30 30
Adjusted R-squared 0.329 0.308 0.303 -

Note: Dependent varioble is average growth rate of GDP per capita over 1978-2008. Robust standard
errors are reported in parentheses. **, * and + indicale significance levels of 1%, 5%, and 10%,

respectively.
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Table 8: Robustuess Test with Alternative Rogression "ramework (Panel)

(1) {2) {3) (4) (5) (6)
VARIABLES Benchmark W-GDP W-POP Quantlile I'ixed Effect 1V-25L8
Volatility 0.400** (.379%* 0.378** 0.399%** 0.210+ 0.818*
(0.133) (0.122) (0.127) (0.0940) (0.127) (0.363)
Initial GDPY -0.6114 -0.502 -0.488 -(3.408 -3.676** -0.G98+
(0.369) (0.365) (0.363) (0.411) (0.965) (0.412)
Tnitinl human capital -1.686 -2.368+ -1.947 -2.201* -3.505 -2.523*
(1.203) (1.226) (1.259) (1.244) (2.256) (1.268)
Inveslment rate .682 0.887 0.792 0.785 2.601* 1.069
(0.786) (0.782) (0.785) (0.707) (1.321) (0.857)
Population growth -2,153%* -2.208%* -2.129%* -2.290%* -2.300** -2.602%*
{0.513) {0.185) {0.501) {0.475) (0.675) (0.555)
Constaut 13.10%* 12.91** 12.35%* 12.56%** 32.31%* 19.04**
(3.206) (3.186) (3.198) (3.081) {9.354) (3.920)
Observations 180 180 180 180 180 150
Adjusted Ruquared 0.505 (.527 0.511 - 0.646 0.520

Note: Dependent variable is average growlh rate of GIDP per capila over each of S-year period. Robust
standard errors are reported in parentheses. **, * and + indicate significance levels of 1%, 5%, and 10%,
roespectively. All regressions include peried duminies.
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Table 11: Growlh and Velatility with Allernative Volatility Measure (Cross-section)

(1} (2) (3) {4) (5) (6) (7
VARIABLIES Benchmark CP1 CPI CPI TFP TFP TFP
Volatility 0.4G8** 0.446 0.215 0.691+ 0.178 0.221 0.232+
(0.158) {0.363) (0.348) (0.382) (0.163) (0.161) (0.120)
Initial GDPP -1.396%* -1.193%*  -1.716%* -1.356**  -1.765%"*
(0.450} (0.334) {0.513) (0.371) (0.478)
Initial hwiman capitl 0.742 2.066* .315 2.432* 1.168
(1.334) (0.949)  (1.232) (1.003)  (1.245)
Investinent rate 0.653 1.982 0.746
(1.261) (1.266) (1.282)
Population growth -1.938* -2.645* -2.046+
(0.923) {0.975) - {1.011)
Constant 15.38%* 6.243* 12.87** 11.58* 8.383%*  13.99**  18.05%*
(2.565) (2.202) (2.707) (4.319) (0.579) (1.685) (3.100)
Observations 30 Jo 30 30 30 30 30
Adjusted R-squared 0.329 0.011 0.078 11.282 -0.007 0.115 0.243

Note: Dependent variable is average growlh rate of GDIP® per capita over 1978-2008. Robust standard
errors are reported in parentheses. TFP and CPl indicate the volatility is meusured vs standard deviation
of TFP growth and CPIl, respectively. **, *, and + indicate significance levels of 1%, 5%, and 10%,
respcctivcly:
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Table 12: Growth and Volatility with Alternative Volatility Measure (CPI, Panel)

(1) (2) (3) (4) (5) (6} (7)
VARIABLES Benchmark Benchmark Benchmark CPI CP1 CPI-FE CPI-GMM
-FE -GMM
Volatility 0.400** 0.210+ 0.607+ 0.433* D.622** 0.392** 0.788**
{0.133) (0.127) {0.308) (0.173) (0.175) (0.145) {0.237)
lnitial GDI'1? -0611+ -3.676** -0.597 0.202 -0.483 -3.0658** -0.291
{0.369) (0.965) {(1.040) (0.360) (0.370) (1.010) {0.664)
Initial human capital -1.686 -3.505 -2.822 -0.905 -2.746* -5.028* -4.696
{1.293) (2.25G) (2.989) (1.241} (1.240) (2.341) {3.500)
Investinent rate 0.682 2.631* 1.028 1.181 2.426+ 1.194
(0.780) (1.321) {1.112) {0.892) (1.424) (1.265)
Population growth -2.153** -2.390%* -2.382* -2.691** -2.727%% -3.128*%*
(0.513) (0.675) (1.031) (0.542) (0.679) (0.916)
Constant 13.10%* 32.31** 12.73 6.551%* 13.42%* 31.62% 15.36*
(3.206) (9.354) (8.206) (1.920) (3.392) (10.26) (G.170)
Obhservations 180 180 180 180 180 180 180
Adjusted R-squared 0.505 0.646 0.428 0.514 0.656
AR{1) Test 0.001 0.002
AR(2) Test 0.296 0.340
Hansen Teut 1.000 1.000

Note: Dependent variable is average growth rate of GDP per capita over each of S-year period. Robust
standard errors are reported in parentheses. CPIl indicates the volalility is measured as standard

deviation of CPL. ** * and 4 indicate significance levels of 1%, 5%, and 10%, respectively. All
regressions include period dummies.
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Table 13: Growth and Volatility with Alternative Volatility Measure (TFP, Panel)

{1) 2) {3} (4} (5) (6) (7)
VARIABLES Benchmark Benchmark Benchmark TFP TFP TFP-FE TFP-GMM
-FE -GMM
Volatility 0.400** 0.210+ 0.607+ 0.391** 0.369** 0.312%* 0.720*
{0.133) (0.127) {0.308) {0.117) (0.120) {(0.106} (0.287)
Initial GDPP -0.611+ -3.676** -0.597 -0.113 -0.651+ -3.710** -11.664
(0.369) (0.965) (1.040) " (0.342) (0.388) (0.903) (0.708)
Initial human
capital -1.686 -3.505 -2.822 -0.172 -1.516 -3.171 -1.964
(1.293) {2.256) (2.989) (1.206) (1.308) (2.317) {(3.101)
Investment rate 0.682 2.631* 1.028 0.180 1.893 -1.083
(0.786) (1.321) {1.112) (0.869) (1.342) (1.508)
Population growth -2.153%* -2.390** -2.382* -2.055%* -2.442%* -2.133*
{0.513) (0.675) (1.031) (0.57N {0.677) (0.877)
Constant 13.10** 32.31** 12.73 6.810%* 14.97** 34.27%* 18.39**
(3.206) (9.354) (8.206) (1.712) (3.161) (9.391) (5.265)
Ohservalions 180 180 180 177 177 177 177
Adjusted R-squared 0.505 0.646 0.454 0.500 0.669
AR(1) Test 0.001 0.005
AR(2) Test 0.296 0.927
Hansen Test 1.000 1.000

Note: Dependent variable is average growth rate of GDP per capita over each of 5-year period. Robust
standard errors are reported in parentheses. TFP indicates the volatility is measured as standard
deviation of TFP growth. **, *, and + indicate significance levels of 1%, 5%, and 10%, respectively. All
regressions include period dummies.
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Table 14: Growth and Volatility with Alternative Sample Periods (2-Perivd)

(1} (2) (3) (4) (5 (6) (N (8}
VARIABLES Standard Standard Standard W-GDP Ww-POP Quantile  Fixed Effect v
Volatility 0.630** 0.623** 0.630** 0.6A6** 0.624** 0.792%** 0.221 0.87H+
(0.194) (0.193) (0.195) (0.187) (0.192) (0.194) (0.305) (0.453)
Initial GIDPP -1.012¢ -0.646+ -0.965% -0.952* -1.498** -4.332%* -1.336*
(0.444) (0.380) (0.427) (0.441) (0.604) (1.045) (0.585)
lnitial human capitat 0.000339 -0.0591 -0.301 -0.0412 0.397 -0.565 -1.733
(1.443) (1.680) (1.459) (1.476) (1.682) (2.789) (1.626)
Investment rate 0.220 0.337 0.315 0.887 3.847 1.056
(1.204) (1.15%) (1.203) {1.304) (2.327) {1.285)
Population growth -1.956* -2.052%* -1.931* -2.5797 % -2.287+ -3.805**
(0.740) (0.729) (0.743) (0.770) (1.211) (0.758)
lnvestment rate (1) -0.599
(0.762)
Papulation growth {1} -0.851+
(0.475)
Coustant 4,974 13.86** 12.89** 13.64%* 13.15** 14.32%** 27.71* 20.80**
(0.871) (3.724) (3.781) (3.887) (3.854) {4.874) (10.77) (4.975)
Cbservations 60 60 i4] 60 GO 60 60 30
Adbjustedt R-squared 0.4G5 0.531 (0.4950 0.543 0.529 0.728 0.543

Noute: Dependent variable is average growth rate of GDP per capits over each of 15-year period. Robust
standard errors are reported in parentheses. **, *, and + indicale significance levels of 1%, 5%, and 10%,
respectively. All regressions include period dummies.
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Table 15 Growth and Volatility with Alternative Sample Periods (3-Period)

{1} (2) (3) (4) (8) (6) (7) (8)
VARIABLIES Standard Standard Standurd W-GDP W-PQP Quantile Fixed Effect v
Volatility 0.6047* 0.578** 1.5B8** 0.604** 0.575"" (1.524%** 0.381%* 0.743%*
{0 145) (0.133) (0.143) (0.136) (0.136) (0.141) (0.140) (0.216)
Initial GDPP -0.506 -0.0718 -0.409 -0.427 -0.570 -3.382%* -0.23
(0.402) (0.390) (0.403) (0.405) (0.568) (0.819) (0.549)
Initial husnan eaptal -1.393 -1.681 -1.812 -1.532 -2.185 -3.427 -2.500+
(1.272) {1.395) (1.278) {1.282) (1.635) {2.09G) {1.515)
Investment Tate -0.312 -0.207 -0.219 -0.395 0.787 -0.334
(0.776) {0.759) {0.784) (1.060) {1.165) (0.936)
Population growth -1.762%* -1.741** -1.748** -1.978%** -1.757* -1.882**
(0.544) (0.551) (0.557) (0.693) (0.730) (0.716)
Fnvestinent rate (13 -1.082
(D.683)
Popuiation  growth
N 0771+
(0.152)
(lunstant 5.712%* 11.95%+ 13.79** 14.44%* 14.30** 17.36%** 35.60** 17.71%*
(0.712) (2.791) (2.714) (2.915) (2.035) {1.311) (6.968) (3.754)
Observations H) S0 90 4] g0 90 90 60
Adjusted R-squared 0.330 0.394 0.358 0.397 0.379 0.686 0.491

Note: Dependent variabie is average growth rate of GDP per capita over cach of 1)-year perivd. Robust
standard errors are reported in parcntheses. **, *, and -+ indicate significance levels of 1%, 5%, and 10%,
respeciively. All regressions include period dummies.



_ Table 16. Volatduy and Growth of Demand Components of GDP

Investment Cunsunption Rural Consumption Urban Consumption
) (2) (3) () (5) 6L\ 47D (8)
Component A olatility A 0113 0.12% {178 0.276**
(0 311) W0 120) (0.0752) (0 104)
Growth Volauhity (222 -1} (938 -) 192 0 475%*
(0 331} ((1.135) (0 181) (0.158)
Imtial GDPPP -0 554 -0.527 0645 u.640 075l 1).638 -0.802 -0.383
(1.491) {1.451) {0477) (0.473) {0.758) (0.709}) (0 64G} (0.634)
Tnitial huiman capital 2851 2.724 -2.427 -2.656G+ -2 494 -1.958 00925 -0.578
(4738) (4760} (1.580)  (1580)  {2106)  (2126)  (2.079) (2117}
Investment rato 0 448 0.486G 0 4381 -0.109 -1.276 -1.034 -1.121 -1.206
{2 154} {2.509) 1 1.095) (1.082) (1.311} {1.272) {1 266) {1.253)
Populatin growth -1.561 -1 547 -1.369* -1 423* .125 1.267 -1 180 -1.350
{1 963) {1.938) {0 605) {0614} {0 790) {0).708) {0.974) {0984
Constant G 286 10.44 11.14*" 10.68* 14.73** 14.017~ 16.79** 16.11*
113.13) {12 80) {4 062) {4.330) {5.111}) {4.829} (5.639) {6.496)
Observations 180 180 180 180 176 176 176 176
Adjusted R-squared 0.235 0.233 0.530 0.535 0.942 0.558 0.328 0.346

Note: Robust standard errors are reported in parentheses. **, %, and 4 indicate significance levels of 1%,

5% . and 10%. respectively. All regressions inejude period dummics.



Table 17 Volathity and Growth st Sectora] Level

Cross-Section 2- Period 3-Penod 6-Puriod
Y @) 3) () (5) (6) () (8)
Volathts 0 1TH*" O 1ug** U 180** 0.130** (.255%* .226** 0 278** 0. 270**

NS g {0 0414) {0 1442) {1 0380 {(10391) {(} ©1344) {0 044(0) {0.0410)

Inttial Value Adeded -L.488* -yl -2.5H87** -2.563%*

101049} 10450 ({1 397) {0.440}

[mitial Sector Share -0 199 00197 181 -0.340

{0 312) {0 428) {U.383) {0.499)

Constanl d118** 1% 19%* 381> 17 19%* 4 157%* 14.56%* 3.140** 14.86**

4020 (1A6R)  (0454)  (1812)  (B423)  (1486)  (0.493)  (1.590)
Pernnl Fixed Effect - - Yes Yes Yos Yes Yes Yes
Provinee Fixed Elfect Yoo Yes You Yos Yon Yin Yes Yoy
Sectar Fixed Effect Yus Yon Yen Yes Yes Yos Yin Yos
Ohset vations 360 340 713 081 073 1023 1779 1708
_Adjusted R squared 11.558 0723 0.337 0.512 (1332 0.426 0.251 0.315

Note Rubust standard crrors are reported m parenthesos. **, %, and + indicate significance levels of 1%,

B¢ and 0%, respectively
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,l able 1 Volatility and Investiment Shire at Sectoral Level ('l'hll-l- Main Sectors)

Cross-Section 2-Poeruxl 3-Peruad G- eriond
(1) (2) (3) (1) (5) (6) (7) (8)
Volstibty WATT 1.788 0.253 1.497 13,5044 0.613+ 0.415* 0.424*
(0.608) {0.718) (0.162) (0.499) (0.305) (0.328) (0. 18G) {0.191)
Tt Value Adibl 2.135 0.974 1.201 1.275
(2.1497) (1.830) (1.469) (1.186)
Initial Sevtor Share -3.042 2.260 1.880( -0.199
(3.517) {2.799) (2.112) (1.764)
Secondary Dhmimy 2. I Pk 24.04* 22.08** 23.95% 20.55"* 2622 23.33*%*
(1.912) (1.219) {1.651) (2.734) (1.312) (2.662) (1.150) (2.034)
Tertiary Pamy 40.77** 45.82¢* 11.36*" 40.76** 41.84** 40.51%* 39,39+ JRAT**
(2.312) (3.412) (2.165) (2.319) {1.684) (2.016) (1.443)  (1.730)
Chonstant 3.0 3.083 4.826 -9.181 3.679 -0.352 2.856 -3.630
(3.775) (11.32) (3.828) (10.42) (2.632) (7.846) (1.996) (6.551)
Period I"ixed Elfect - - Yes Yes Yes Yes Yos Yos
Province Fixed
Effect Yes Yes Yos Yes Yes Yes Yos Yes
Observations 90 950 174 174 261 261 . 426 426
Adjusted R-squared 0.800 0.795 0.734 0.735 0.733 0.735 © 0.682 0.682

Note: Robust standard errors are reported in parentheses. **, *, and + indicate significance levels of 1%,
5%, and 10%, respectively.
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Figme 1: Growth and Volatility {Cross-Sectional)

Note: CGrowth and Volatility represent the mesn and standard devintion of GDY per eapita growth for
* Chinese provinces over the period 1978-2008, respectively.

~-

*5

LR i
*13

CF‘E ﬁ.;1

1

&2

Figure 2: Growth and Volatility (Panel, with Period Dummies)
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Volatility-R

10

Note: Growth-R and Volatility-R represent the mean and standard deviation of GDP per capita growth
for Chinese provinces over six 5-year intervals after controlling the effects of period dummies, respectively.
The six intervals are 1978-1982, 1983-1987, 1988-1992, 1993-1997, 1998-2002, and 2003-2008.
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