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Abstract  China’s path to emerging as the world’s second largest economy has 
not been a smooth one. This paper considers whether the volatility of growth has 
had an impact on the trend rate of growth. In doing so it aims to promote a better 
understanding of the determinants of China’s impressive trend rate of growth and 
also shed light on questions such as whether  the trend rate of growth might have 
been even higher had the government and central bank been better able to offset 
volatility. Utilizing a GARCH-M model, the results of the empirical analysis 
suggest that the impact of volatility has been either positive or insignificant, but 
not negative. 
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1  Introduction 

During the reform period, China has experienced an impressive trend (mean) rate 
of growth. However, the country’s path to emerging as the world’s second largest 
economy has not been a smooth one. Fig. 1 shows the growth rate of real GDP 
(in year on year format) at a quarterly frequency over the period 1979Q1– 
2010Q1. While the mean of this series is 9.6 percent, real GDP growth ranges 
from a minimum of 0.2 percent in 1989Q4 to a maximum of 17.3 percent in 
1992Q4. Another way of depicting this volatility is to calculate the real GDP 
output gap. The output gap shows the percentage deviation in real GDP from 
trend. The trend in the real GDP series can be extracted using a variety of 
different data filters, such as the Hodrick-Prescott (H-P) filter (Hodrick and 
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Prescott, 1997) and the Baxter-King (B-K) band-pass filter (Baxter and King, 
1999). China’s output gap calculated using these trend extraction techniques is 
depicted in Fig. 2. According to the H-P filtered series, real GDP has on occasion  

 
Fig. 1  China’s Real GDP Growth, 1979Q1–2010Q1 

Source: Data from 1979Q1 to 1999Q4 are from Abeysinghe and Rajaguru (2004). Data from 
2000Q1 to 2010Q1 are from China’s National Bureau of Statistics. 
Note: (1) In the absence of official data prior to 1995, these are estimated by Abeysinghe and 
Rajaguru (2004) using a modified version of the Chow-Lin procedure. The interested reader should 
refer to this source for details. (2) Growth rates are seasonally unadjusted.  

 

 
Fig. 2  China’s Real GDP Output Gap, 1978Q1–2010Q1 

Source: Authors own calculations based on sources in Fig. 1. 
Note: This means that an output gap series based on the B-K filter is only available over the period 
1981Q1–2007Q1. 
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been as high as 5.6 percent above trend (1988Q3) and as low as –5.1 percent 
below trend (1983Q1). The B-K filtered series paints a similar volatility story 
with the correlation coefficient between the two series being 0.97. 

This paper considers whether the volatility that China has experienced during 
the reform period has had an impact on the trend rate of growth. In doing so it 
aims to promote a better understanding of the determinants of China’s impressive 
trend rate of growth and also shed light on questions such as whether the trend 
rate of growth might have been even higher had the government and central bank 
been better able to offset volatility. Our interest in the topic is also motivated by 
several other considerations. Firstly, the impact of volatility on the trend rate of 
growth cannot simply be inferred on the basis of economic theory. As will be 
discussed in the following section, three different perspectives can be identified 
in the theoretical literature with no consensus being reached on whether volatility 
will have a positive, negative or insignificant impact on the trend rate of growth. 
In light of this theoretical ambiguity, an empirical investigation is in order. 
Secondly, as will also be discussed in the following section, the broader 
international literature that has investigated the impact of volatility on the trend 
rate of growth points to considerable variation from country to country. Thus, not 
only can the impact of volatility in the case of China not be inferred on the basis 
of economic theory, the results of studies done in the context of other countries, 
such as the US, also offered limited guidance. Finally, understanding the impact 
of volatility is of obvious interest to policy makers in China. For example, if  
the impact has been negative, then this would serve to emphasize to the 
authorities that the trend rate of growth could have been even higher had they 
been better able to offset volatility. Looking forward, such a finding would serve 
to bolster the case for adopting aggressive counter-cyclical fiscal and monetary 
policies. 

Section 2 briefly reviews the theoretical and empirical literature that deals with 
the impact of volatility on the trend rate of growth. Section 3 outlines the 
methodology that is used in this paper to measure and assess the impact of 
volatility. Section 4 presents and discusses the results. Section 5 concludes. 

2  Literature Review 

Three different perspectives can be identified in the theoretical literature that 
deals with the impact of volatility on the trend rate of growth. 

The first stems from standard macroeconomic theory in which a dichotomy is 
painted between those supply-side factors that determine the trend rate of growth, 
such as the growth of the labor force, capital stock and total factor productivity, 
and those predominantly demand-side factors that determine volatility, such as 
spending shocks the likes of the recent global financial crisis. As Fang and Miller 
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(2008) observe, given that the drivers of the trend rate of growth and the drivers 
of volatility are distinct, this dichotomy carries the implication that there will be 
no significant relationship between the two. 

The second perspective, exemplified by authors such as Bernanke (1983), 
argues that volatility is likely to have a negative impact on the trend rate of 
growth. The intuition underpinning this view is that because many investment 
decisions are irreversible, volatility makes the payoffs from investment more 
uncertain. Consequently, volatility could lead to lower rates of investment and an 
associated lower trend rate of growth. 

The third perspective argues that the impact of volatility on the trend rate of 
growth may well be positive. This could be for several reasons. Mirman (1971) 
argues that volatility could promote a higher precautionary rate of savings, which 
in turn could be used to fund a higher rate of investment, while Black (1987) 
argues that countries may face a choice between adopting high expected return / 
high variance and low expected return / low variance technologies. 

Given that economic theory is ambiguous in its insights, it is perhaps not 
surprising that the results of existing empirical studies are mixed. Using an 
international dataset, although one that did not include China, Ramey and Ramey 
(1995) finds that volatility is associated with a lower mean rate of growth.  
However, the results of individual country studies show considerable variation. 
Caporale and McKiernan (1996) find that in the case of the UK, volatility and 
mean growth are positively related, while Macri and Sinha (2000) find the 
opposite is true in the case in Australia. In a recent study, Fang and Miller (2008) 
find that in the case of the US there was no significant relationship between the 
two. 

In light of the above literature review, it is apparent that the impact of 
volatility on the trend rate of growth is a question that must be settled empirically 
and done so on country-by-country basis. 

3  Methodology 

When attempting to model the impact of volatility on the trend rate of growth, a 
challenge that previous studies have encountered is that output growth series tend 
to exhibit volatility clustering. That is, volatility tends to be concentrated in 
certain periods and not in others. The volatility consequent to the recent Global 
Financial Crisis is a case in point. Volatility clustering violates the assumption of 
homoskedasticity that underpins the efficiency of OLS estimators. Previous 
studies have also found that volatility clustering is more readily detectable in 
measures of output growth that are available at a relatively high frequency. It is 
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for this reason that real industrial output growth, which is available at a monthly 
frequency in many countries, has proven to be a popular measure of output upon 
which to base an empirical analysis. Volatility clustering is less readily detectable 
in measures of output growth that are only available at a lower frequency, such as 
real GDP growth, because volatility occurring over time horizons shorter than the 
sampling frequency may net out. 

The phenomenon of volatility clustering has made GARCH models the 
preferred methodological approach for assessing the impact of volatility on the 
trend rate of growth. GARCH models, originally proposed by Engle (1982) and 
Bollerslev (1986), view heteroskasticity not as a problem to be corrected but 
rather as something to be modeled (Engle, 2001). Whereas most econometric 
investigations focus on modeling the mean of a dependent variable, GARCH 
models focus on modeling its variance. A GARCH model that has proven 
particularly useful in the empirical literature is the GARCH(1, 1) model. This 
takes the following form: 

2 2 2
1 1

t t t

t t t

Y α θ ε

σ ω αε βσ− −

′= + +

= + +

X
 (1) 

The first line refers to the mean equation. This is the usual focus of 
econometric analysis and posits a relationship between a vector of exogenous 
variables, Xt and a dependent variable, Yt. The symbol θ denotes the estimated 
coefficients pertaining to the vector of exogenous variables, Xt, α is the constant 
term and εt is the error term. The second line refers to the variance equation. This 
posits that the one-period ahead forecast variance in Yt, 2

tσ , the conditional 
variance, is a function of a constant term, ω; information about volatility from 
the previous period, 2

1tε − , the ARCH term; and last period’s forecast variance, 
2

1tσ − , the GARCH term.  
A useful extension of this basic GARCH model is the GARCH-M 

specification proposed by Engle et al. (1987). The GARCH-M specification 
introduces the conditional variance, 2

tσ , into the mean equation. That is, the 
conditional variance of Yt is first modelled as a GARCH process and this is then 
included in the mean equation as a measure of volatility.  

2
t t t tY α θ λσ ε′= + + +X  (2) 

In the context of this paper, Yt refers to a measure of output growth. The 
impact of volatility on the trend rate of growth is then given by the sign and 
significance of the coefficient to the conditional variance term, λ. If λ is positive 
(negative) and statistically significant, then this would lend support to the 
theoretical proposition that the impact of volatility is to raise (reduce) the trend 
rate of growth, while if λ is statistically insignificant, then this would suggest 
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that volatility has no discernable impact. 

4  Results 

The first step to implementing the above methodology involves selecting a 
measure of output growth that is available at a relatively high frequency. While 
real GDP is the most appealing measure of output from a conceptual standpoint, 
the fact that it is only available at a quarterly frequency necessitates the selection 
of an alternative. The most obvious proxy is real industrial output. The growth 
rate of real industrial output is available at a monthly frequency (in year on year 
format) over the period 1991M2–2010M6, a total of 233 observations. The 
source is China’s National Bureau of Statistics.1 Real industrial output growth 
appears to be an extremely good proxy for real GDP growth: When taken at a 
quarterly frequency over the sample period, the correlation coefficient between 
China’s real industrial output growth series and its real GDP growth series is 
0.86. 

The next step involves ensuring that the real industrial output growth series is 
stationary. Several different stationarity tests were performed, including the 
Augmented Dickey-Fuller test, the Phillips-Perron test and the Kwiatkowski- 
Phillips-Schmidt-Shin test. All of these tests confirmed that the series was 
stationary, which is not surprising given that the series is already in the form of 
first differences, i.e., growth rates.2 

Next, an ARIMA model (Box and Jenkins, 1976) was used in the mean 
equation to capture the data generating process of real industrial output growth. 
On the basis of the Akaike Information Criterion and the Schwarz Criterion, an 
ARIMA(1, 1) model was selected. An ARIMA(1, 1) model is labelled as such 
because it includes a first order autoregressive term (AR1) and a first order 
moving average term (MA1). The presence of ARCH effects in the estimated 
model was confirmed by Engle’s LM test and therefore a GARCH-M model was 
deemed as appropriate for investigating the impact that volatility has had on the 
trend rate of growth. As is common in the empirical literature, a GARCH(1, 1) 
process was adopted for the variance equation. 

In order to estimate a GARCH model, it is also necessary to make an 
assumption regarding the conditional distribution of the error term. To test the 
sensitivity of the results to different distribution assumptions, we first estimated 
                                                        
1 Data for January 2006, January 2007, January 2008, January 2009 and January 2010 are 
missing from the industrial output growth series published by China’s National Bureau of 
Statistics. However, these values can be inferred. The derivation of these data is available from 
the authors upon request.  
2 The detailed output of all diagnostic tests, such as stationarity tests, is available from the 
authors upon request. 
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the model assuming a conditional normal distribution (Model 1), followed by 
assuming a student’s t-distribution (Model 2) and finally by assuming a 
Generalized Error Distribution (Model 3). 

The results of the mean equation are presented in Table 1. The results of the 
variance equation are presented in Table 2. Statistical significance at the 5 
percent and 1 percent levels are denoted by * and **, respectively.  

Table 1  Mean Equation  

 Model 1 Model 2 Model 3 

α 15.0 641** 14.8 290** 14.9 791** 

AR(1)  0.9 324**  0.9 148** 0.8 915** 

MA(1) –0.5 097** –0.3 087 –0.3 957** 
2
tσ  –0.0 053 0.0 011 0.0 104* 

Table 2  Variance Equation 
 Model 1 Model 2 Model 3 

α    6.4 749** 9.2 349  4.2 917** 
2

1tε −    0.8 640** 3.3 290 0.9 852** 
2

1tσ −  –0.0 399 –0.0 134 –0.0 263** 

 
The result of most interest is the coefficient to the conditional variance term in 

the mean equation. In models 1 and 2 the coefficient is small and statistically 
insignificant. In model 3 the coefficient is considerably larger in magnitude, 
statistically significant at the 5 percent level and positive. Recalling the different 
theoretical perspectives discussed earlier, the results fail to lend support to the 
hypothesis that volatility might have reduced China’s trend rate of growth. 
Accordingly, it would be incorrect to imagine that China’s trend rate of growth 
might have been even higher had the government and central bank been better 
able to offset volatility. Instead the results are more supportive of the view that 
volatility has raised the trend rate of growth, or at least had an insignificant 
impact. 

In terms of the results of existing empirical studies, the above findings place 
China in the company of countries such as the UK (Corporale and McKiernan, 
1996) and the US (Fang and Miller, 2008), but distinct from others, such as 
Australia (Macri and Sinha, 2000). 

In hypothesizing that volatility might have a negative impact on the trend rate 
of growth, the theoretical channel that authors such as Bernanke (1983) draw 
attention to is the potential for volatility to reduce the rate of investment. Fig. 3 
plots the conditional variance obtained from the GARCH(1, 1) model, 2

tσ , 
which shows periods of heightened volatility, alongside the growth rate of fixed 
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asset investment. As can be seen, there is no obvious fall in the growth rate of 
fixed asset investment following periods of heightened volatility. Consistent with 
the results presented in Table 1, the correlation coefficient between these two 
series is mildly positive at 0.17. In terms of why volatility might have had the 
impact of raising the trend rate of growth, the theoretical channel highlighted by 
Mirman (1971) is an attractive starting point, namely that volatility can boost the 
pool of savings available to fund capital accumulation through a precautionary 
motive. Ma and Yi (2010) document the high national savings rate in China 
during the reform period, including the extraordinary increase in recent years that 
saw the savings rate reach 54 percent of GDP in 2008. Growth accounting 
studies have also demonstrated that more than half of China’s real GDP growth 
during the reform period can be attributed to capital accumulation (Kuijs and 
Wang, 2006). Having said that, there is some debate regarding just how much of 
China’s savings rate reflects precautionary motives (He and Cao, 2007). 

 

 
Fig. 3  Growth of Fixed Asset Investment and 

2
tσ  

Source: Fixed asset investment data is from China’s National Bureau of Statistics. 
Note: (1) China’s National Bureau of Statistics presents the growth rate of fixed asset investment in 
accumulated format, e.g., January to April this year compared with January to April last year.     
(2) The growth rate of fixed asset investment is not available in January each year. (3) In the absence 
of a suitable fixed asset investment price deflator, growth rates are presented in nominal terms. To 
the extent that the CPI can be taken as a guide, price changes in China have been modest since 1997.  

 
A caveat associated with the above results is that the data set used only covers 

the 1990s and the 2000s. Suitable high frequency data was unavailable for the 
1980s. Fig. 1 and Fig. 2 suggest that volatility was at its greatest during the first 
decade of the reform period. Whether the results would remain the same if data 
from the 1980s were available remains an open question. 
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5  Conclusion 

This paper considered the impact that volatility has had on the trend rate of 
output growth in China. The results of the empirical analysis failed to offer 
support for one perspective found in the theoretical literature that the likely 
impact of volatility is to reduce the trend rate of growth. Rather, two of the three 
GARCH-M models estimated found that volatility had an insignificant impact 
while a third found a significant and positive impact. Such findings serve to deep 
our understanding of the determinants of China’s trend rate of growth and its 
path to emerging as the world’s second largest economy. 
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