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1996Q1-2005Q4. Our principal findings are following: (1) China’s high growth
shall be associated more with greatly improved supply capability, especially after
its WTO entrance. The expansionary aggregate demand policies may have
limited effects to raise the growth rate in the post-1996 in China. This result
suggests that we need a more pro-growth policy stance in order to maintain a
high and stable growth. (2) The low inflation in that period is driven primarily by
weak aggregate demand rather than supply factors.
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1 Introduction

Since 1996, the Chinese macroeconomic performance has been characterized by
some different features along with the adjustment of the internal economic
structure and the change in the external economic conditions. According to the
updated official statistical data,' the growth rate of real GDP has been remained
at the average of 9.05 percent annually, and the inflation rate (GDP
deflator-based) has been around as low as 2.38 percent year-to-year since the late
1990s. The main feature of the Chinese macroeconomic performance recently is
described as high growth with low inflation level.

As Fischer and Sahay (2000) argued, economic performance in transition
economies depended importantly on both structural reforms and stabilization
demand policies. Generally speaking, structural reforms typically involve the
supply side of the economy while stabilization measures largely land on the
demand side. So, one question is that whether China’s high growth and low
inflation shall be attributed more to the improvement in its supply capacity or
more related with the improvement in its efficiency of macroeconomic policies.
Should an increase in productivity account for high growth and low inflation, the
undergoing disinflation or deflation could be “good.”

On the one hand, there is no doubt that the significant structural change caused
by economic transition to a market economy has significantly improved China’s
supply capability and altered the inflation mechanism since the second half of the
90s. On the other hand, macroeconomic stability is attributed to government’s
good aggregate demand management and increasing effectiveness of stabilization
policies (Liu, 2003; Yu, 2005). The literature mainly focuses on qualitatively
discussions of the role of aggregate supply and aggregate demand in output
fluctuation in China. Little has done based on empirical research.

The answer to the question—whether are output fluctuation and inflation in
China explained by factors from aggregate demand side or that from aggregate
supply side, has important implications for our understanding of the role of
monetary policy (macroeconomic demand management). Moreover, if
disinflation or deflation is driven primarily by aggregate supply factors, this
suggests that China’s deflation could not be harmful to the economy. More
importantly, research on inflation and output fluctuations in such a large
transition economy as China would provide a useful evaluation about

' GDP in China is the sum of the gross value added by all resident producers. National Bureau
of Statistics of China (NBSas revised the yearly GDP data in the end of 2005 based on the
fourth industrial census.
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applicability of alternative macroeconomic theories and views in the context of
fast-changing economic and social institutions.

To assess different roles of demand-side disturbances and supply-side shocks
in China’s macroeconomic fluctuation, it is desirable to use a structural bivariate
VAR model within the aggregate-demand-aggregate-supply framework. Data on
output and price index on quarterly base is available from 1995 to 2005. So we
select the period of 1996Q1-2005Q4 as the sample period, and use data series of
real GDP and industrial production as the proxy of output, together with GDP
deflator and CPI, to build a structural bivariate VAR model to investigate output
and inflation dynamics in China. . Our study will shed light on to the understanding
of different roles of aggregate supply and aggregate demand.

The remainder of the paper is organized as follows. In Section 2, we reviews
briefly output and deflation development in the post-1996 in China, and provide
a survey of the related literature on macroeconomic fluctuation with an emphasis
on the Chinese economy. As detailed in Section 3, we introduce the theoretical
framework of AD-AS model and lay out the analytical background of the
econometric model. Then, we provide a description of the data. Section 4 carries
out unit root and cointegration tests, investigates the dynamic properties of the
models, and chooses the benchmark model to conduct the decomposition of
macroeconomic fluctuation. Section 5 offers a summary and some conclusions.

2 Review of China’s Macroeconomic Performance and
Literature Survey

Although the Chinese economy has experienced drastically cyclical
fluctuations in growth and inflation in the 1980s and the first half of 1990s, the
Chinese government has successfully avoided inflation as well as a recession
and made a “soft landing” in 1996. The Chinese economy stands out from
transition economies in terms of macroeconomic stability. As showed in Fig. 1,
the main features of the macroeconomic performance of China in the post-1996
period are that, on the one hand, the real GDP growth rate has remained at the
average of 10 percent (per year) since 1997; on the other hand, prices have
been following a downward trend. In order to stabilize the price level, the
Chinese government shifted its macroeconomic policy stance away from the
controlling of inflation before 1996 into the avoidance of deflation or
disinflation after 1996. However, the Chinese economy has experienced two
episodes of deflation. Negative annual changes in the consumer price index
(CPI) as well as the retail price index (RPI) occurred between 1998 and 1999
and from the end of 2001 to the beginning of 2003. Even when positive
inflation rates were recorded in 2000 and 2001, these were well below 1
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percent (except in 2001Q2 when the inflation rate was 1.1 percent).
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Fig. 1 GDP Growth Rate (year-to-year) and GDP Deflator
Source: National Bureau of Statistics of China (NBS).

China has experienced impressive economic growth since 2003. The high
growth rate was driven by the expansion of fixed asset investment and net
exports. The growth rate of GDP has been more than 10 percent (per year). The
CPI reached its recent peak of 5.3% in July and August 2004, which is low
historically in the context of high-growth periods. The RPI-based inflation rate
went down to 1.1% in 2003—-2005 compared to an annual average of 1.4% in
1997-2002. In 2005, China experienced the favorable combination of high
growth (an annual growth rate of real GDP of 9.9 percent) and low inflation
(given an annual CPI inflation rate of 3.9 percent and GDP deflator of 3.8
percent).

As Fischer and Sahay (2000) argued, economic performance in transition
economies depends importantly on both structural reforms and stabilization
policies. Generally speaking, structural reforms typically involve the supply side
of the economy while stabilization measures largely land on the demand side. So,
one question is that whether or not China’s high growth shall be associated more
with its gradualist approach to transition or more with its efficiency of
macroeconomic policy in the deflation era. Another question is that either
productivity improvement, or good aggregate demand management, or both,
have been advanced as arguments to explain the rapid disinflation and deflation
since the second half of the 1990s.

For the Chinese economy, consistency views exist on the role of supply and
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demand in output growth. Based on observations on the development of the
Chinese economy, there is no doubt that the significant structural changes caused
by the transition to a market economy have greatly improved its supply
capability and altered its inflation mechanism in the post-1996. With the reform
for State-owned enterprises strengthened in the late of 1996, the share of the
private enterprises in the gross output has been obviously increased. With the
inflow of foreign direct investment into China and the strong world demand,
and more importantly, China’s entry to WTO in Nov., 2001, China’s exports and
imports has expanded rapidly in line with its comparative advantage of relatively
low wages, and a highly competitive exchange rate. All of these positive supply
shocks can contribute to productivity gains thereby the level of potential output.
Lardy (1998), Sachs and Woo (2000), and Project Group on Economic Growth
(2003, 2004) indicate that China’s high growth has been driven not only by a
high saving rate that has financed capital accumulation, even if much of it is not
well invested, but also by improvements in average productivity, and the
reallocation of labor force from rural area to urban area, as well as an
increasingly competitive market-oriented, export-led economy. Meanwhile,
macroeconomic stability is attributed to the government’s good aggregate
demand management and its increasing effectiveness of stabilization policies
(Liu, 2003; Yu, 2005). However, the current literature qualitatively discusses the
role of aggregate supply and aggregate demand in output fluctuation in China.
Little empirical studies shed light on the output dynamics.

By contrast, more research works put emphases on the inflation dynamics in
China. Different hypotheses have been advanced about the causes and
mechanisms of the price fluctuations. There is a subtle difference of opinion
about whether the deflation in China was primarily driven by aggregate demand
or by supply factors. Some claim that the structural changes in the transition
period have led a faster increase in aggregate supply than the expansion in
aggregate demand. The deflation in China may have been driven primarily by
aggregate supply factors, especially strong productivity growth and technological
changes. Among them, Fan (2003) insists that the capital crunch (banks’
reluctance to grant or expand loans) reduced aggregate demand growth and
caused deflation at the end o 1990s. But with regard to the deflation from the end
of 2001 to 2002, Fan (2003) and Feyzioglu (2004) both argue that the deflation
comes from improvements in economic efficiency and the rise in factor
productivity. Besides that, Feyzioglu (2004) also points out that the decline in
raw-material prices and the reduction in tariff rates contribute to the two
deflationary periods. Kojima, Nakamura, and Ohyama (2005) estimates the
growth rate of labor productivity in term of per capita real output, and points out,
the rise in the growth rate of GDP since 1998 indicates the existence of positive
supply shocks.
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Lin (2000) argues that deflation in China has been the product of overcapacity
rather than a shortage of aggregate demand. Reforms in the 1990s have generated
significant increases in productivity in China, thus contributing to both
increasing real GDP and declining prices. Woo (2003) examines the experience
of the period 1997-2002 and argues that underdeveloped financial intermediation
contributed to slower growth of aggregate demand, which imparted a
deflationary tendency to the economy. With regards to a weak relationship
between the change in monetary supply and the change in price index, Gong and
Li (2006) hold that disinflation in China has been primarily driven by aggregate
supply factors in recent years. Cargill and Parker (2004) associate the high rate of
real GDP growth, loose monetary and fiscal policies, and ongoing structural
changes in the economy as playing important roles in explaining the deflation,
and argue that the recent deflation in China may have been supply-led.

Research on inflation and output fluctuations in such a large transition
economy as China can provide the occasion to examine alternative
macroeconomic theories and views in the context of fast-changing economic and
social institutions. Moreover, whether output as well as inflation in China is
explained by AD or AS factors has important broader implications for our
understanding of the role of macroeconomic demand management. In particular,
if the disinflation and deflation are driven primarily by aggregate supply factors,
this suggests that the recent Chinese macroeconomic experience stands in
contrast with Japan’s recent deflation that induced economic slump. In this view,
China’s deflation could be no harmful to the economy.

To assess the extent of different roles of demand-side disturbances and
supply-side shocks in such fluctuations, it is desirable to use a structural bivariate
VAR model. Blanchard and Quah (1989) used a bivariate VAR consisting of real
output growth and the unemployment rate to decompose movements in real
output into its temporary and permanent components. The existing literature on
the empirical application of structural VARs has mainly focused on output
fluctuations and examined the relative importance of different types of shocks.
Spencer (1996), Quah and Vahey (1995) proposed applying this method to the
case of output and the price level. Some studies have followed their method to
achieve the understanding of causes of fluctuations in price level for China. But
little research focused on the issue of output fluctuations.

Zhang and Wan (2005) specifically examined China’s macroeconomic
fluctuations. Following Blanchard and Quah (1989), they used quarterly data for
the period of 1985-2000 to estimate the structural VAR model of real output and
inflation, and argued that demand shocks were the dominant source of output and
inflation fluctuations. Siklos and Zhang (2005) used quarterly data for the sample
period from 1990Q1 to 2003Q3 to estimate the structural VAR model of real
output and inflation, and found that inflation has been primarily driven by
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aggregate demand factors, but the results can be sensitive to the identification
restriction.

To sum up, it can be said that the existing empirical studies fail to provide a
comprehensive evaluation about the role of aggregate demand and supply shocks
in China’s macroeconomic variation. Some of the limitations associated with
data’s availability are partly responsible for the failure. Besides that, some
aspects may have not been investigated so far: (1) the need to investigate the
compatibility of the empirical results from the VAR applications with major
historical episodes such as the East Asia crises and WTO entrance; (2) the need
to check the robustness of alternative choices for the output and price variable.
Since these are important for the evaluation of the empirical validity, we
investigate these aspects carefully in this paper.

This study intends to go some way towards. In doing so, we select the period
of 1996Q1-2005Q4 as the sample period, use real GDP and industrial production
as the proxy of output, together with GDP deflator and CPI, to build a structural
bivariate VAR. By that, we try to investigate the major factors causing
fluctuations in output and price level within the aggregate-demand-aggregate-
supply framework. As quarterly data for output and price index are relatively
available between 1995 to 2005, changes in output and price should be
monitored by structural VAR and support the empirical evidence to
understanding the role of aggregate supply and aggregate demand, and fed into
fiscal, income, interest rate and exchange rate policies.

3 Methodology and Data

In this section, we first introduce the theoretical framework of AD-AS model,
then lay out the analytical background of the econometric model for
decomposing the output and inflation time-series into aggregate supply and
aggregate demand components along with for identifying the structural aggregate
supply and aggregate demand shocks. Then, we provide a description of the data.

3.1 Theoretical Framework and Econometric Background

The theoretical framework of our analysis is the textbook AD-AS model (e.g.,
Mankiw, 2000; Zhang and Wan, 2005), where the short-run equilibrium output y
(expressed in logarithm) in period ¢ can be represented by

vi=y (1)

where y,* is the log level of long-run equilibrium output and y,d is the deviation of

y, from its long-run value in the short-run. Assume that the level of potential
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outputis 7 (1) processz, that is:
Vi =Y+ g (Dug 2

where u, represents aggregate supply shocks (hereafter AS shocks) and is
white noise, a(L) is the lag polynomial. The short-run deviation ytd is

induced by aggregate demand shocks (hereafter AD shocks) u,d :

v = Bu Ly (3)
Combining equations (1)—(3) yields
Ay, =ay (L +(1=L)By (L] @)

where Ay, denotes their first-difference from the previous period, and is
approximately equal to the rate of change from the previous period.

With regard to the change in price level, the augmented Phillips curve can be
expressed as follows:

Ap, = y(D)Ap, . +O(L)(y, = y,*) + p(L)w; )

where Ap, is the first difference of the log level of price index in period t,
(L), O(L) and ¢(L) are again lag polynomials. The first term on the right-hand
side of equation (5) reflects inflation inertia. The second term is the output gap,
which measures the effect of excess demand on inflation. The third term is
supply shocks. Substituting equations (1) and (3):

Ap, =a, (L)} + B, (L)) (6)

Thus, a dynamic system consisting of equations (4) and (6) can decompose the
various factors potentially for the fluctuations in output and price level into two
types that are interpreted as aggregate demand and aggregate supply shocks. AS
shocks are determined solely by real factors such as technology, institutions and
factor endowments, and so on, and has perpetual influence on total output. AD
shocks are demand disturbances stemming from macroeconomic policy stance,
with temporary effects on output.

In this dynamic model, output and price fluctuation at time ¢ is assumed to be
solely explained by the cumulative impact of AS and AD shocks from the infinite
past up to time ¢. They are the two underlying structural shocks responsible for
variations in Ay, and Ap, . The first term on the right-hand side of equation (4)
and equation (6) above respectively represents the output growth rate and
inflation rate explained by AS shocks, and the second term of these equations

2 This assumption can be compatibility with Real Business Cycle theory.
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respectively represents the output growth rate and inflation rate explained by AD
shocks.

In fact, equation (4) and (6) compose a bivariabe output-price structural VAR
in terms of VMA. Under the assumption that AS shock u’and AD shock u’
are orthonormal, i.e. mean-zero serially uncorrelated and uncorrelated with each
other, or the covariance matrix of these two shocks is a 2 x 2 diagonal matrix, we
can rewrite it in matrix form as follows:

AX = A(L)u, (7

where A is the first-difference operator, X is the vector of two variables: output
growth rate and inflation rate, A(L) is a matrix polynomial in the lag operator L,
and u is the vector of two structural shocks, u°, and demand shock, u?.
Turning this structural VAR into its reduced VAR gives its reduced VAR in terms

of VMA as follows:
AX = C(L)e, ®)

where g, = By, , is the vector of the two random disturbances in the price and

output level equations: £, and ¢ ,,, which are assumed to follow i.i.d. Given A(L)

pt>
=C(L)B and Bis 2x2 non-singular matrix, the parameters in structural model
can be obtained by estimating the reduced VAR of Eq. (8).

To recover the structural parameters from its reduced-form counterparts,
Blanchard and Quah (1989) proposed an alternative identification method based
on a long-run relationship between endogenous variables and shocks. For the
identification of the model, we assume that AS shocks have a long run effect on
either inflation or output, whereas AD shocks merely have transitory effects, no
perpetual effect on output. This restriction, together with orthogonalization and
normalization of the structural shocks, is sufficient to exactly identify the
parameters in the structural VAR model. Since the structural VAR allows the
dynamic responses of endogenous variables to be examined quantitatively, the
information obtained from the estimation is utilized to decompose the observed
output and inflation rate into the component explained by AS shocks and the
component explained by AD shocks, respectively. Meanwhile, the permanent or
temporary effects of these two shocks and their economic interpretation can be
estimated.

Although the Blanchard-Quah approach has been used to examine the dynamic
effect of economic innovations, Cover, Endres and Hueng (2006) criticize its
three identification restrictions. They argue that there are sound economic
reasons for presuming that structural AD and AS shocks are correlated, and put
forward an alternative set of identification restrictions. Then, they also show that
if the structural shocks are contemporaneously correlated, the BQ decomposition
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is equivalent to assuming that causality runs from shifts in AS to shifts in AD. As
mentioned above, there is a reason to assume that aggregate supply shocks are
causal in China, which may be attributed to the rapid productivity growth in the
post-1996. Thus, we argue that Blanchard-Quah decompose is still the suitable
identification restriction for the Chinese economy in the post-1996.

3.2 Data Description

Our VAR model involves tow variables: output and inflation rate. The data are
collected from National Bureau of Statistics, the China Statistical Yearbook, the
People’s Bank of China website, and the Chinese Economic Information
Network.

The level of real output is represented by real GDP or real industrial
production. Real industrial production is obtained by converting the monthly data
reported in China Monthly Statistics into seasonally adjusted quarterly
observations for the period of 1995Q1-2005Q4. The old nominal GDP on a
quarterly series is available from 1993 to 2005. While NBSC revised the
annually GDP series from 1993 to 2004 in 2005, the quarterly series of new GDP
data is still not available. Considering real GDP would be seen a more
appropriate choice for the Chinese output, we process the related data series as
follows.

First, we use data on GDP at the current price and GDP at the constant price
(year-to-year) to calculate the annually GDP deflator. Second, we use the
quarterly data of CPI as the introductory series to interpolate the quarterly data of
GDP deflator. In order to obtain the quarterly series of new GDP data, we
calculate the deviation of the old quarterly time series from the old annually time
series, and use these differences to estimate the deviation of the new quarterly
data series from the new annually data series. Finally, we calculate real output by
dividing quarterly GDP (and industrial production) by the GDP deflator. Data on
real GDP, real industrial output, and the GDP deflator are obtained for the period
1995Q1-2005Q4.

The seasonal adjustment is performed to remove seasonality in real GDP
levels using X12 (multiple methods). Next, the log first difference of the
estimated quarterly real GDP figure is evaluated to obtain output growth. The log
levels and growth rates of real GDP are shown at the top of Fig. 2 while the log
levels and growth rates of real industrial production are plotted at the bottom of
the same figure.

For the price, the inflation rate is measured by changes in GDP deflator as well
as the consumer price index (CPI). NBSC provides two data series on CPI. One
is a monthly percentage change compared with the same period of last year for
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Fig.2 Log Levels and Growth Rates of Real GDP and Real Industrial Production

the period of 1994M1 to 2005M12. After 2000, the CPI Chained Index (last
month=100) from 2000M1 to 2005:12 is available. We first use CPI chained
Index and monthly CPI (year-to-year) to transfer CPI series into indices with the
same base period. Then, we obtained quarterly CPI series which is simply the
three-month averages. The second quarter of 2000 was made as the base period
of compile fix-based quarterly price index (2000Q2=100). Fig. 3 presents the log
levels and inflation rate based on GDP deflator and CPI. All variables are in log
transformed and are seasonally adjusted except for PGDP (since no clearly
seasonality is observed for PGDP). Seasonal adjustment was obtained using X12
(multiple methods).

As mentioned in Section 2, the devaluation of RMB since 2001 due to the US
dollar depreciation may contribute to the rapid export growth thereby the high
economic growth rate. Therefore, we need to take into account the change in
RMB exchange rate when we try to analysis the causes of output and price
fluctuation. We will include NEER of RMB into VAR model as an exogeneous
variable in the next Section. Data on nominal effective exchange rate is quarterly
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series from the IMF International Financial Statistics (see Fig. 4). We can see the
rapidly revaluation of RMB measured by real effective exchange rate due to the
East Asia crisis, followed by rapidly devaluation due to the US dollar
depreciation.
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4 Empirical Analysis

This section presents empirical outcome of output and inflation dynamics in
China. Vector autoregression (VAR) analysis has been a useful tool for analyzing
the dynamic properties of economic system since Sims’s (1980) influential work.
The estimation of structural VARs can make possible the identification of
unobservable structural shocks and an examination of the dynamic effects of
these shocks on observable data. Decomposition of output and price fluctuation
based on a structural VAR can help one to investigate the driven forces behind
output and inflation in China.

We estimate a bivariate SVAR for the growth rate of real output and the
inflation rate. Two output and two price variables are used for the test. The two
output variables are real gross domestic product (GDP) and real industrial
production (IP), respectively. The two price variables are GDP deflator (PGDP)
and CPI, respectively.

4.1 Unit Root and Cointegration Tests

We first conduct unit root test and cointegration test between output variables
and price variables in order to confirm that all of these time series follow I(1)
processes, i.e., they are first-difference stationary, and they do not cointegrate
with each other.

Table 1 summarizes the results of ADF and P-P test statistics. For most of the

Table 1 Unit Root Tests

Series ADF tests P-P
No constant With constant
Level —0.688 6 (C, T, 3)° -1.067 6
abp First difference ~7.0046"(C,0,2)° -3.2273" -22.9052°
Industrial Level —0.755 1 (C, T, 0) 41945
production First difference -3.95147(C,0,0) -2.6241 -3.9514"
Level 0.340 2 (C, 0, 4) 0.806 4
GDP deflator  First difference —2.73657(C,0,3) —2.1509" 23313
Second difference 7393 7" -6.907 1"
Level ~1.640 8 (C, 0, 0) -1.9522
crl First difference -3.3300°(C,0,0)  —3.0668" 31697

Notes: The sample period is 1995: Q1-2005:Q4. * indicates that the null hypothesis is rejected at the
5% significance level, and ** at the 10%.
* The test incorporates a constant and a time trend. Figures in the parentheses are the number
of lags included in the regressions.
® The regression does not include any deterministic components.
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cases, the null hypothesis of the unit root in the first difference of the variable is
rejected at the 5 percent level. This implies the assumption that each variable has
a unit root is plausible. One exception is the GDP deflator. It had to be
differenced twice to become stationary. As Cover (20006), variables have to be
differenced sufficiently to achieve stationarity. Hence, the variables employed in
the VAR are the log-first difference of real GDP, real industrial production, and
CPI, but the log-second difference of the GDP deflator.

In addition, a trace test and max-eigenvalue test are applied, indicating that the
null hypothesis of no cointegration among the series cannot be rejected at the 5%
significance level, except the combination of industrial production and the price
variables. Results for industrial output are mixed. Trace test indicates there exists
cointegrating equation at the 0.05 level, while max-eigenvalue test shows no
cointegration.

4.2 Estimation and Selection of the Benchmark Model

Our analysis focuses on the period of 1996-2005. Due to the shortage of data, we
cannot divide full sample (1996-2005) into sub-samples, like the period of
before and after WTO entrance). All models including CPI inflation are
estimated with the sample period 1995Q2 to 2005Q4, the other models including
GDP deflator inflation are estimated with the sample period 1995Q3 to 2005Q4.
We identify the parameters of the SVAR by imposing the long-run restriction that
aggregate demand shocks have no long-run impact on output levels.

Before proceeding to estimate the VAR model, we conduct the diagnostic test
to confirm whether VAR model satisfies the stability condition, whether
endogenous variable can be treated as exogenous, and to set the lag length of the
system. In order to check the sensitive of the estimation results to the choice of
output proxy and price proxy, we repeat the estimation for the alternative
combination of output and price variables.

Dynamic properties of the estimated model are summarized in Table 2. Table
indicates predicted short-run and long-run accumulated impulse responses of
output and price due to AS and AD shocks based on the AS-AD framework. The
model in which dynamic properties are consistent with the predictions of the
conventional AS-AD framework could be taken as the benchmark model.

Clearly, the response of inflation is sensitive to the chosen output variables,
while the impact of shocks on output growth is relatively less variable sensitive
to the choice of the measure of output and price. In the case of output responses,
AS shocks impact output most using either measure of output and price proxy.
AD shocks have temporary but negative short-run effects and negligible
long-term effects on output regardless of the chosen price variable. In the case of
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Table 2 Identified Accumulated Responses and the Predictions
Combination Short-run rong-run
(up to four quarters)  (after 12 quarters)
GDP, CPI Output response  AS shock 0.3232 0.555 6
to positive AD shock 0.0106 -0.0115
Price response to ~ AS shock 0.810 1 12227
positive AD shock 0.732 4 1.126 1
SII?IP Output response  AS shock 0.3817 0.620 6
NEER® to positive ADshock  —0.0215 —0.0189
Price response to  AS shock 0.898 1 14155
positive AD shock 0.648 7 1.048 7
Indusrial Output response  ASshock  4.600 1 54790
Iérlglducmn’ to positive AD shock 13123 0.2717
Price response to  AS shock —0.026 6 0.0073
positive AD shock 13652 1.8518
Industrial Output response  AS shock 4.008 1 4.478 8
lérf?lductm’ to positive ADshock 03386 0.070 5
NEER Price response to  AS shock 0.127 2(—+++) 0.197 1
positive AD shock 1.167 4 1.8351
GDP, Output response  AS shock 0.662 5 0.636 4
GDP deflator to pgsitive ’ AD shock -0.109 5(+ +--) 0.0022
Price response to  AS shock -0.1030 ~0.0945
positive AD shock 0.3859 0.386 3
GDP, Output response  AS shock 0.647 1 0.589 2
Sgg geﬂamr to pl:)sitive ’ ADshock  ~0.158 7(++—-) 0.004 7
Price response to  AS shock —0.1855 ~0.1877
positive AD shock 0.3270 0.3412
Industrial Output response  AS shock 4.6370 6.833 4
production to positive ADshock  —0.3860 -0.0359
GDP deflator
Price response to  AS shock 0.1816 0.2300
positive AD shock 0.351 4 0.3859
Industrial Output response  AS shock 3.901 4 5.0775
g]‘;‘li,uggf(l’:mr to positive ADshock  —0.279 5(+——-) -0.013 4
NEER Price response to  AS shock 0.0947 0.1041
positive AD shock 03521 03815

Note: * The model is estimated with nominal effective exchange rate as an exogenous variable.
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price, a positive supply and demand shock both causes increase in inflation when
industrial production is used, while the inflationary effects of the demand shock
are stronger than that of the supply shock. The case of GDP-PGDP combination
appears to be the most plausible among the 8 combinations. These results suggest
that AS shocks were deflationary. Hence, we select this combination as a
benchmark model in the following analysis.

Parameter estimation of the reduced-form model is not reported as they are not
economically interpretable. Attention is focused on innovation accounting of the
structural model. Our goal is to investigate which and what extent AS shocks and
AD shocks can play a predominant role in real GDP fluctuations and price level
movements.

4.3 The Dynamics of Output and Inflation

The impulse response functions trace out the impact on the levels of output and
inflation fluctuation of supply and demand shocks. Fig. 5 depicts identified
cumulative impulse responses for real GDP and inflation to each of the two
structural shocks. The solid lines in Fig. 5 are the impulse response functions of
output and inflation for the structural AS, and the dashed lines are the functions
of the two variables for AD shocks.
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Fig. 5 Accumulated Impulse Response Function

The left panel displays the responses of output. It shows that one unit (i.e., one
standard deviation) positive supply shock raises output by about 0.66% in the
long run. The adjustment is completed within two to three years. Both impulse
responses for real GDP are compatible with the signs expected from economic
theory. However, while economic theory predicts a positive short-run response of
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output to aggregate demand shocks, the impulse response changes from positive
to negative two quarters after the shock, then turns from negative to positive after
5 quarters, and remains slightly negative. Output eventually returns to its original
level after about two or three years.

The right panel of Fig. 5 presents the responses of inflation. As expected, a
positive supply shock causes a slight dip in inflation, while a positive demand
shock leads to a sharp increase in inflation. The dynamic response of inflation
due to AD shock peaks after 2 quarters, followed by a period of over-adjustment
(i.e., deflation), and persists for two or three quarters. The whole process takes
about three years to complete. By contrast, one percentage point of supply shock
causes inflation to decrease by about 0.1 percentage point in the long run.

Several observations follow from the above description. First, a positive
supply shock raises output and cause deflation effects, not only in the short run
but also in the long run. In contrast, a positive demand shock induces slight
decreases in output and raise inflation in the long run. Second, output and
inflation seem to be sensitive to demand shocks. In particular, a positive demand
shock has over-adjustment (i.e., deflation) effect. AD shocks prove to be
deflationary—a reflection perhaps of the impact of China’s relatively high
savings rate. Third, the speed of adjusting to equilibrium appears to be same for
the two shocks. The transition from the old equilibrium to the new one attains in
two years. To sum up, we argue that the AD curve is flat enough for the structural
supply shock to have important shot-run and long-run effects on output, and the
AS curve is steep enough for the structural demand shock to have important
shot-run and long-run effects on price level.’

4.4 Relative Importance of Supply and Demand Shocks

While impulse responses are useful, a more helpful perspective perhaps comes
from an examination of forecast error variance decomposition (FEVD), which
can be used to gauge the relative importance of supply and demand shocks for
explaining the fluctuations in real output and inflation over different forecast
horizons. The decomposition results are presented in Table 3.

As can be seen there, variance decomposition of output shows that the
contribution of AS shocks to output fluctuation is larger than that of AD shocks.
Supply shocks are more important in driving cyclical fluctuations in real output,
explaining 67.8 percent of output fluctuations throughout the first year. About
32.2 percent of output fluctuations can be attributed to AD shocks. Hence,
variation in output is primarily explained by AS shocks, although AD shocks also

3 Clearly, the finding is related to the identified restrictions. Based on the B-Q methodology,
one can find that AD shocks play only a small role in explaining fluctuations in real economic
activity (output).
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play an important role.

Table 3 Forecast Error Variance Decomposition

. Real GDP . GDP deflator inflation
Period Period
(Quarters) SE Supply Demand  (Quarters) SE Supply ~ Demand
o Shock Shock o Shock Shock

—
—_

0978542  77.71420  22.285 80 0.340 380 3.929 516 96.070 48

2 1.118 948  68.86222  31.13778 2 0.403 926 4.111438 95.888 56
3 1.141478 67.86701  32.13299 3 0.405 860 4.147955 95.85205
4 1.141 639  67.84997  32.150 03 4 0.424 426 4.063 626 95.936 37
5 1.146 586  67.29044  32.709 56 5 0.428 472 4.143 813 95.856 19
6 1.147980 67.14302  32.856 98 6 0.429 164 4.130464 95.869 54
7 1.148 120  67.126 85  32.873 15 7 0431252 4.125853 95.874 15
8 1.148 723 67.060 07  32.939 93 8 0.431492 4.134234 95.86577
9 1.148 813  67.051 08  32.948 92 9 0.431 651 4.131 627 95.868 37
10 1.148 850  67.04679  32.953 21 10 0.431 873 4.131870 95.868 13

In the case of inflation, inflation overwhelmingly explained by AS shocks.
Demand shocks account for over 90 percent of the variability of the inflation rate
at all forecast horizons while the role of supply shocks is minimal. They just
explain about 5 percent of price variations.

To sum up, the real permanent shock is the relative important factor in
determining the evolution of output, while the demand shock is the most
important factor in determining the evolution of inflation, which explains the
dominant proportion of price fluctuations. However, we find that variance
decomposition results are sensitive to selection of output and price variables.
When real GDP and CPI are used, AD shocks can explain a larger proportion of
output fluctuations, and AS shocks can cause a larger ratio of price fluctuations.
This result implies that even if AS shocks can only explain a relative negligible
proportion of price fluctuations, we cannot infer that independent AS shocks
cannot explain the Chinese inflation rate. It should be cautious to evaluate the
results and make conclusions in the context of the historical decomposition.

4.5 Historical Decomposition (HD)

It is instructive to distil the demand components and supply components of each
series, which represent the part of each series due to demand shocks and due to
supply shocks, respectively.

Fig. 6 depicts identified the output fluctuation explained by AS shocks (or, AS
component of output) and the output fluctuation explained by AD shocks (or, AD
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component of output). The most striking feature of the historical decomposition
is the procyclical swing of the AS component of output. The coincidence of
larger and negative AS and AD shocks explains output stagnation during
two-deflation period. The positive AS component is observed after China’s WTO
entrance. We suspect that the high growth rate in 2003—-2004 subperiod is the
result of positive aggregate supply shocks combined with lager positive
aggregate demand shocks.

2

=
T
D

-1

Supply component
——- Demand component
1 N T N M N M N v |

_96:] 97:1 98:1 99:1 00:1 01:1 02:1 03:1 04:1 05:1
real GDP

Fig. 6 Historical Decomposition of Output

In the case of inflation, although AD shocks explain the dominant proportion
of price fluctuations in China, as discussed above, we still need to investigate
whether the driving forces behind the two deflationary episodes are different
from each other (Fan 2003; Feyzioglu, 2004).

As shown in Fig. 7, AD component of inflation is negative for both periods,
reflecting the deflation effect of negative aggregate demand shocks. This finding
is partly consistent with the argument by Fan (2003). He argues that the deflation
in 1998-1999 was due to capital crunch (the banks’ reluctance to grant or
increase loan) and the fall in household income due to the reform of SOEs.
However, we strongly doubt that the increase in supply capacity were main
contributors to the deflation that occurred between the end of 2001 and the end of
2002, as argued by Fan (2003) and Feyzioglu (2004). The decomposition results
show that the same driving forces, i.e., negative aggregate demand shocks, led to
deflation in the period of 1998—1999, as well as between the end of 2001 and the
end of 2002 in China. By contrast, the negative supply shock drove the inflation
rate above zero in the second deflationary period, from the end of 2001 to the
beginning of 2003. Furthermore, the fall in exports resulted from dramatic
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revaluation of RMB in the period of the East Asia crisis was the main contributor
to the deflation.
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Fig. 7 Historical Decomposition of Inflation

Turning to the period after 2002, AS component of inflation turns from
positive to negative, indicating that productivity and technological changes lead
to a lower price, i.e., the deflationary effect of positive aggregate supply shocks.
We hold that positive aggregate supply shocks are the main factors to the price
stability in recent years.

Clearly, in the period of 2003 to 2004, an expansion of aggregate demand
relative to aggregate supply cause high price. The inflationary effect of positive
aggregate demand shocks stemming by the expansionary fiscal and monetary
policies persisted until the end of 2004 (Gong and Li, 2006). We think that the
inflation in 2003—-2004 subperiod means that the increase in aggregate demand
growth was greater than the increase in supply-side growth. Notably, the
deflationary effect of negative aggregate demand shocks again appears from the
end of 2004, which is partly the result of tighten macroeconomic control started
in the early of 2004. More importantly, the slower growth of price level in 2005
and 2006 is attributable to the negative aggregate demand shocks and positive
aggregate supply shocks. This finding is yet partly consistent with Cargill and
Parker (2004).

4.6 The Identified Structural Shocks

The time plots of the identified structural shocks (AS shocks u; and AD shocks
utd ) also provide an account of how the forces (innovations) driving inflation and
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output have evolved”.

It is not appropriate to use the derived structural shocks directly. The derived
shocks are white noises by construction. However, quarterly data are themselves
average observations on the underlying data generating processes which may be
of higher frequencies. The true structural shocks sampled on a quarterly basis
will thus be serially correlated. Applying four-term moving average to the
derived shocks is a convenient, though not the only, way to render the shocks
more interpretable. (Zhang and Wan, 2005, footnote 3, page 10; Gerlach and
Peng, 2006). Fig. 8 plots the four-term moving averages of the structural shocks
recovered from the residuals of the estimated VAR model.
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Fig. 8 Identified Structural Shocks

Three features are notable: first, the years before 2001 are clearly
characterized by a large and persistence negative AS shocks due to the East Asia
crisis, while the years after 2002 are characterized by positive aggregate supply
shocks, which suggests that China’s WTO entrance in Nov. 2001 may be a
turning point for the Chinese economy. Second, a negative AD shock is observed
during two deflation episodes, and a large and rapidly increasing AD shocks
contribute to the surge in inflation rate for the period of 2003 to 2004. Third, as a
result of contracted policies aimed to control investment by the end of 2004, AD
shocks turned from positive to negative. The coincidence of positive AS shocks

*Serial correlation of the identified shocks: I test higher-order serial correlation of the
identified AS and AD shocks by Ljung and Box’s Q (12) statistics. The null hypotheses for no
serial correlation in two shocks cannot be rejected at the 5 percent level. This implies that the
assumption for no serial correlation in the identified shocks is plausible.
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and negative AD shocks explains the combination of rapid growth rate and price
stability in recent years.

5 Conclusion and Policy Implication

The starting point for this paper was to ask how to interpret high growth rate of
real GDP associated with deflation in China in the post-1996, and whether the
dynamic mechanism of macroeconomic fluctuations can be described by
estimating structural VARs. For this purpose, we estimate output and price
structural VAR model using the Chinese data for the period form 1996 to 2005
within the aggregate-demand-aggregate-supply framework. In order to obtain
robust results, different models with the alternatives of output and price variables
are estimated. The benchmark model is picked out according to the compatibility
with the theoretical model. The structural shocks were identified based on long
run restrictions which follow the Blanchard-Quah decomposition methodology.
Our approach seems to have succeeded in explaining the qualitative features of
the Chinese output and price evaluation in the post-1996.

The finding from impulse response function is that the AD curve is flat enough
for the structural supply shocks to have important shot-run and long-run effects
on output, and the AS curve is steep enough for the structural demand shocks to
have important shot-run and long-run effects on price level in the post-1996.

Based on the decomposition of output, we conclude that the real permanent
shock is the relative important factor in determining the evolution of output,
while the demand shock is the most important factor in determining the evolution
of inflation, which explains the dominant proportion of price fluctuations.
However, we find that variance decomposition results are sensitive to the
selection of output and price variables. This result implies that even if AS shocks
can only explain a relative negligible proportion of price fluctuations, we cannot
infer that independent AS shocks cannot explain China’s inflation rate. It should
be cautious to evaluate the results and make conclusions in the context of the
historical decomposition.

In light of the recent debate over the role of aggregate supply factors in
explaining the recent Chinese deflationary experience, our finding is partly
consistence with the current literature. We agree with the view that deflation in
1998—-1999 was due to negative aggregate demand factors. However, we strongly
doubt that the increase in supply capacity were the main contributor
to deflation that occurred between the end 2001 and the end of 2002, as argued
by Fan (2003) and Feyzioglu (2004). We think that a rapid fall in exports resulted
from dramatically revaluation of RMB in the period of the East Asia crisis was
the main contributor to deflation. We hold that positive aggregate supply shocks
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are main factors to the price stability in recent years. However, a slower growth
of price level in recent years is a result of combination of negative AD factors
and positive supply shocks, rather than exclusively, or even primarily, due to an
AD factor or due to an AS factors (Cargill and Parker, 2004). Therefore, the
Chinese experience until now cannot suggest that deflation need not be of bad
variety.

Three features of the structural shocks are notable: first, the years before 2001
are clearly characterized by a large and persistence negative AS shocks due to the
East Asia crisis, while the years after 2002 are characterized by positive
aggregate supply shocks, which suggests that China’s WTO entrance in Now.
2001 may be a turning point for the Chinese economy. Second, a negative AD
shock is observed during two deflation episodes, and a large and rapidly
increasing AD shocks contribute to surge in inflation rate for the period of 2003
to 2004. Third, as a result of constrictive policies aimed to control investment by
the end of 2004, AD shocks turned from positive to negative. The combination of
positive AS shocks and negative AD shocks explains the rapid growth rate and
price variation in recent years.

An important purpose of macroeconomic fluctuation research is to provide
advice for the formulation of counter-cyclical demand management policies. As
we mentioned in Section 2, the Chinese government shifted macroeconomic
policy stance from the controlling of inflation before 1996 into the avoidance of
deflation or disinflation after 1996. Moreover, since the second half of 1998, the
government has shifted the emphasis of macroeconomic policy from monetary
policy to active fiscal policy. Based on the results from the historical
decomposition, it is found that except the inflation period of 2003-2004, the
negative AD component of output and inflation is observed in the post-1996. In
particular, the negative AD component of output lasts from the end of 2004. We
hold that the expansionary aggregate demand policies may have limited effects to
raise the growth rate in the post-1996 in China, which suggests the need for a
more pro-growth policy stance in order to maintain high and stable growth. The
Chinese economy faces continuous weak domestic demand and an appreciation
in the currency. If the Chinese deflation is mainly driven by aggregate demand
shocks, the expansionary aggregate demand policy since 1997 can be explained
as an attempt to stabilize the price level and prevent deflation, rather than to
increase output.
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