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ABSTRACT

The time profile of inflation in China resemblesetlone experienced in major
industrial countries. Given the uncertainty surming the sources of economic shocks, this
paper compares results from three sets of altemadientification conditions, namely the
standard Blanchard-Quah approach, the approachoeérCEnders, and Hueng (2006), as
well as the model considered by Bordo, Landon-Land Redish (2004)Our principal
finding is that inflation in China has been prinhadriven by monetary factors. While aggregate
supply factors may have pushed inflation to créesthreshold leading to deflation, monetary
policy is primarily responsible for Chinese inflaiary outcomes.
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1. Introduction

The time profile of inflation in China over the gtal5 years resembles the one
experienced in major industrial countries over aydér period. Figure 1 makes the point
graphically by comparing the US inflation experieraver the past 40 years against China’s
inflation since 1990. Negative aggregate supplckbaluring the 1970s, combined with an
inappropriate monetary policy response, are bdligeeexplain the spike in inflation in the
early 1980s in the US. In contrast, the low andlstanflation rates since the 1990s in the
U.S. are the product of the emphasis on price Igtgbcombined with good aggregate
demand management (e.g., see Orphanides 2003hira,Ghe deregulation of prices in the
early 1990s may well have contributed to the raps# of inflation together with an
accommodative monetary policy. Some observers, (Barnanke 2002, Cargill and Parker
2004) claim that the deflation in China, in parlésy may have been driven primarily by
aggregate supply factors, especially strong pradtcigrowth. Others (e.g., Burdekin and
Siklos 2007) are more skeptical. There is a suttifference of opinion about whether the
deflation in China was primarily driven by aggregdemand (AD) or supply (AS) factors.

Figure 1 about here

Whether inflation in China is explained by aggtegdemand or supply factors have
important broader implications for our understagdiof the role of monetary policy.
Moreover, if the disinflation and deflation arevdmn primarily by aggregate supply factors,
this suggests that the recent Chinese macroeconexpierience stands in contrast with
Japan’s deflation induced slurhieflation is associated with economic contractién.
alternative view suggests that productivity anchtexdogical changes lead to an expansion

of aggregate supply relative to aggregate demarnctlly leading to lower prices while



economic activity expands. Bernanke (2002), thegoweernor of the US Federal Reserve,
remarked: “I don't know of any unambiguous exangdl@ supply-side deflation, although
China in recent years is a possible case.” Gegeratlwever, most observers associate
deflation with negative economic outcomes (Burdekmu Siklos 2004, Bordo and Filardo
2004).

One way to explore the forces driving inflation@hina is to examine the relative
importance of aggregate demand versus aggregaptydaptors via the estimation of small
order vector autoregressions (VARs). However, paiper departs from the usual approach
by comparing results from the application of threets of alternative identification
conditions, namely the standard Blanchard-Quahagmby, an approach recently proposed
by Cover, Enders, and Hueng (2006), as well as¢hef identifying restrictions considered
by Bordo, Landon-Lane and Redish (2004). The latso use structural VARs to study
economies from a longer run historical perspectWer estimated models are bivariate,
consisting of real GDP and inflation, or trivariatonsisting of real GDP, inflation, and
money or credit growth. Money or credit growth arged to proxy the direct effects of
monetary policy since institutional considerationgly that an interest rate instrument is
unsuitable in China’s case.

Our principal finding is that inflation in China iabeen primarily driven by
aggregate demand factors. Given that the Peoplaik Bf China (PBC) has a history of
announcing monetary targets (generally in termasnodggregate such as M2), our results are
consistent with the view that monetary policy isitcal to understanding the behavior of
inflation, disinflation, and deflation in China. \Il&n aggregate supply factors may have

pushed inflation low enough to cross the threshiald deflation, monetary policy is



primarily responsible for Chinese macroeconomiccontes. More importantly, one can
only interpret China’s deflation as being supplien if AS and AD disturbances are
assumed to be uncorrelated, an assumption impglicithe oft-used Blanchard-Quah
decomposition, but one that is unappealing in Chioase.

Lately, monetary aggregates have taken a backs@aerest rates in models used to
evaluate monetary policy. Estimation of a Taylderwould not be sensible in China’s case
as the PBC does not have an interest rate targeseveral other key interest rates are
largely administratively determined. Fatas, MihomdaRose (2007) provide evidence
suggesting that central banks with a monetary taggeerate, on average, lower inflation.
China’s experience adds additional evidence forviees that central banks which neglect
monetary factors, in understanding the evolutiomfi&tion do so at their own peril.

The paper is organized as follows. First, we prevah overview of economic
performance and the role of monetary policy in @hifihe econometric techniques used in
the paper are discussed in Section 3. Section vida® a description of the data together
with model estimates and their interpretation. i®ach concludes.

2. Inflation and Deflation in China: An Overview

Over the past decade or more, the Chinese econascdnsistently maintained
rapid economic growth. The results are reflectetherather remarkable levels of growth in
both real GDP and industrial production, shown igufe 2. While there is controversy
about the accuracy of Chinese macroeconomic daga &=e Rawski 2002, Prasad 2004)
few would disagree that overall economic growthrotree period in question has been

impressive. Annual growth rates in real GDP areat@. However, when the basis of



comparison is an emerging market economy, Chirees GDP growth performance does
not appear atypical.
Figure 2 about here

In the econometric analysis to follow, both outgeties were also converted into
output gap type proxies, the usual practice inrtlevant literature. A variety of filters,
including cubic trends, HP filters and broken tremwdere examined. The series plotted in
Figure 3 are representative of the various outcontesined. Broadly speaking, the type of
filter does not seem to matter greatly except tovthe end of the sample when the HP filter
and cubic trends suggest that both real GDP andstridl production are below trefid.
When the output gap is measured in terms of indligtroduction, economic activity is
above trend toward the end of the sample. Duriegdisinflation and deflation portions of
the sample (1995 to 2004), the output gap baseddwstrial production is typically positive
whereas the real GDP version is closer to trendnafithe time.

Figure 3 about here

As recent monetary policy and exchange rate dewatops in China have been ably
described elsewhere (e.g., Frankel and Wei 2007gilCand Parker 2004, Dai 2002) we
simply point out that, over the sample considetieel PBC relied primarily on the control of
monetary aggregates, less so on an interest rateunment, to send signals about its
intentions" Figure 4 plots narrow and broad money growth messand the benchmark
interest rate level in China since 1991. Thereoissterably more variation in the monetary
aggregates than in interest rates over the saropkadered while the money growth proxies
reveal somewhat different time profiles. The sunyrsdatistics in Table 1 suggest a clear

demarcation in economic performance between the efainflation (1990-1994) and



disinflation or deflation (1995-20021’).The data also suggest that economic growth slowed
considerably during the second half of the samplesiclered. Interestingly, the average
output gap based on industrial production is cepositive during the inflation sample, and
negative when only the disinflation and deflatiatadare considered. Almost two-thirds of
the sample considered in this study consists ofnfthsion and deflation while over a third
of the data cover a period of deflation, defineckles negative inflation.
Figure 4 about here
Table 1 about here

The disinflation/deflation experience in China diff from that of Japan in that
low inflation is accompanied by increasing outftte stable or slightly falling prices,
low nominal interest rates and high valuation aihéstic assets are largely supported by
China’s strong long-term foreign direct investmifiiows, abundant foreign currency
liquidity and a favorable position of a net intefonal creditor. However, large foreign
capital inflows and the pegged exchange rate regiswefeature potential high inflation,
high local currency interest rates and lower agseés in China. (see Icard 2003)

China has been maintaining tight capital contrath @& fixed exchange rate
regime for years and the increasing revaluatioreetgtions of the Chinese currency have
triggered large capital inflows. Whether these exg@ons are justified remains
controversial (e.g, see Cheung, Chinn, and Fufii7Z20As Prasad and Wei (2005) point
out the vast majority of this inflows are in therfoof FDI fueled by tax and other
government incentives as well as by the resorbtoastic Chinese firms forming joint
ventures with foreign firms to avoid domestic lemgland other administrative

restrictions. With limited scope for Renminbi (RM&jchange rate fluctuations (e.g., see



Frankel and Wei 2007), interest rates to diffenfrimne US dollar rate and the fixed
exchange rate, the price level in China becomesefidual (Liang 2003). In order to
restrain recent inflationary pressures stemmingnfoapital inflows, the PBC has been
sterilizing foreign exchange intervention by sejlinonds to domestic banks, and thereby
reducing the amount of available liquidity in thanket. The massive interventions on
the foreign exchange market required to maintagnpidg between the RMB and the US
dollar imply a huge money supply growth in Chinaif@ng, Rajan, and Willett 2007).

In spite of the substantial sterilization of capitdlows, there is a sign that the
PBC'’s capacity has reached its limit. Accordinghg PBC has lately raised interest rates
or used alternative administrative measures to ghewgrowth of liquidity in the
economy so as to curb inflationary pressures asreed since 2006. The PBC thus faces
a dilemma since a more restrictive monetary pohaginly an interest rate hike, could
trigger financial problems for some state-owne@gntses that already have to cope
with relatively high debt burden. As a result, theould be an increase in the level of
non-performing loans (NPL) in the already fragilats-owned banking sectbithe asset
price inflation resulted from unchecked rapid ctegowth further leads to deflationary
pressure accompanied by more serious NPL probleitieibanking sector and a
possible reduction of economic growth.

Yu (1997) outlines the background of China’s macoo®mic policy and assesses
the effectiveness of monetary and fiscal policytomrin particular. He examines the long-
term relationship between a number of macroeconorai@bles and economic activity
from 1983:12-1994:05. Employing a variety of vectror-correction models (VECMSs)

that include variables such as money aggregates beedit, output and prices in the



empirical estimation, he argues that tight monetagnagement in the early transition
period played an important role in influencing teeonomic cycle. However, monetary
policy showed no significant impact on fixed-assgestment, retail sales to institutions and
merchandise imports. The reasons are that theyhiggntralized bank-credit controlling
system, the lack of independence of the centrak lieom government, showed up in the
high deposit costs and huge non-performing loaas éine on the books of the banking
sector”

Woo (2003) provides an overview of the various algnof macroeconomic
“overheating” and deflation experienced during gm®nomic transition to a more market-
driven economy. He argues that the roots of deftairessure in China are the inadequate
market-based macroeconomic reforms, and the cadinunbalanced credit structure
between the government or public sector vis-4&-Vie tdomestic private sector.
Consequently, existing savings are inefficientlfermediated through the monopoly state
banks.

Cargill and Parker (2004) is one of the few stud@$ave specifically examined
China’s deflation. They argue that the recent deftain China may have been supply-led.
They interpret the high rates of real GDP growtilusk monetary and fiscal policies, and
ongoing structural changes in the economy as maymportant roles in explaining the
deflation. As a result, China’s deflation was natrhful to the economy. They estimate a
money demand function using quarterly data sind@0,1@nd their empirical results show
that the deflation had no measurable impact on sndeenand. Such a result is inconsistent

with the People’s Bank of China’s (PBC) view thia recent aggressive monetary policy is



the key reason China has overcome the slowdowherAsian economic zone, beginning
with the Asian crisis of the late 1990s (also saedBkin and Siklos 2007).
3. ldentifying Aggregate Demand and Supply Shockis China

The Blanchard-Quah (1989; BQ) approach has arguabgn the most popular
method used to examine the dynamic effects of eoemmnovations” In a recent survey,
Fidrmuc and Korhonen (2004) identified 13 of 27 etopl studies of emerging markets
that relied on this approach to study businessecgolrelations in Europe. Applications to
China and other Asian economies are also plentdid., Zhang 2005). Nevertheless, all
such applications have focused on output develomnehile the primary focus of this
paper is on the course of inflation in China sit®80. The technique consists in estimating
a VAR system that includes at least two endogen@rgables, imposes the necessary
restrictions to identify two types of disturbancst are then interpreted as aggregate
demand and aggregate supply shocks. By imposirigreiift identification restrictions, the
permanent or temporary effects of these two shaokistheir economic interpretation can be
estimated. Other research has extended BQ metlgydaboexamine the contribution of
either type of shock by employing a different detestrictions.

The normalization restrictions in Cover, Enders dludng (2006) differ from BQ’s
methodology in important ways. They argue thatsitnbt necessary to assume that the
structural shocks are mutually uncorrelated. Irsteggregate demand and supply are seen
as moving together through time. The impact of uppocks on output will then depend
on the relationship between aggregate demand gopdysshifts.

The bivariate approach is, arguably, a restrictovee. For example, Bordo and

Redish (2004), using annual data, estimate aggresgyguply, monetary policy and aggregate



demand shocks, and impose three different setsstrfigtions to identify these. In this paper
we adopt a similar methodology to theirs to expltre Chinese inflationary experience
(also see Bordo, Landon-Lane and Redish 2004).

3.1 Identification methodology I: The Benchmark BQ model

Two types of disturbances affect output and irdlatiAggregate supply disturbances
have a long run effect on either inflation and otpoit. Aggregate demand disturbances are
assumed to have no long run effect on inflatiort,rhay have a long run effect on output.
Finally, these two disturbances are uncorrelatedllaeads and lags. To derive the joint
process, we lefA\P andAY, respectively, denote price and output level thave been
differenced in the log levels once to achieve stetiity’" The resulting bivariate VAR is

written:

AR | €
+ 1)
AY] |
where e, and e, are the random disturbances in the price and blgpel equations and

they reflect a linear combination of the underlystguctural shocks that are responsible for

variations inP andY,. Following earlier studies, one of these strualtshocks is assumed

to be a supply shocks,, while the other is demand shock,, so that residuals vector is

{ept}:{cn 012}[%} @
€yt | [C21 C22]| &

Following the BQ methodology, the first three riesions are on the four elements of A (0),

defined as:

where for any matrix A (0) such that A (0) A (0)&. Since the two disturbances, and
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.., are assumed to be uncorrelated in the standardnB@el, the variance covariance

matrix is diagonal and covariance matrix is idenfitherefore, we can write:
{ var@,)  cov(e, &, )}:{cn clz}{ ol o, ;d}{cu czl} -
covle,e,) var(e,) C, C,||o.. 0. ¢, ¢,
According to the above description, the restricu'tzn:afd =1 ensures that the variance of
the demand and supply shocks are equal, while dheition o, . =0 implies that the two

types of shocks are uncorrelated. Finally, therim'sthT:Oau(j) =0means that demand

shocks,&,, have no permanent effect on output.

3.2 ldentification methodology Il: Modified BQ Model

The assumption that demand and supply shocks a@refated is implausible for
the Chinese case because the monetary and fistarities acted in tandem in setting
national targets for economic growth. A methodolqgpposed by Cover, Enders and
Hueng (2006) relaxes such restriction that AD a&Ishocks are uncorrelated. Instead, they
specify short-run restrictions implied by an aggtegdemand and supply model which,
when combined with the BQ restrictions, permitsgtractural shocks to be correlated.

These restrictions cannot be accommodated in thetBeark BQ model. Therefore,
the responses of output and the price level nebé te-estimated, allowing the disturbances

to be correlated. LeY, andR denote the logarithm of output and the logarittfmpreace level
respectively during period t, while)y, and,_, P, represent the level of expected output and

price level given the information at the end ofipért. A simple AD-AS model can be

written as:
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Yts = t—lYt+a( E_ t-1 Pt) T &
(Y, +R) = L (Y+ D +¢g, (4)
Yi=ye

As identified in the benchmark BQ mode, is the aggregate supply shock afd
is the aggregate demand shock. However, the resdtip between these shocks is no longer
assumed to be uncorrelated. Therefarg,. , # 0 and there is one less restriction than in
the BQ decomposition. Two alternatives for the shan restrictions are possible. We can
assume that an AS shock has an immediate impa&bashocks in the following manner:
E4 = PEsTE 5)
where &, is the linear combination of pure AD shockg and the induced change from the

AS shocks igs,; B is the weight of temporary AS shocks that canlteéswa contemporary

change in aggregate demand. Covers, Enders, andgH(2)06), show that the BQ
decomposition amounts to assuming that a shift $hléads to a shift in AD. A plausible
scenario is one where the monetary authoritieebelthere has been an aggregate supply
shock, and they react to it within the same quattEnce, AD shocks are seen to be a
response to shocks that originate from the AS sidbe economy. The reaction need not, of
course, be such th&t=1. As noted earlier, some observers of the Chinesaany argue
that short-run causality has effectively run frdre AS to the AD side of the economy.

A second possibility is that the short-run link suinom AD shocks to AS shocks in

which case the relationship is written:
E = VE TE, (6)
For example, the paramejercan depend on the degree of price rigidity in ésenomy.

Firms do not fully adjust price in response to samexpected demands shock and continue

11



to oversupply the output demanded. There is a gasé to be made that China’s policies
are consistent with this possibility as well. Aftalf, China is not a full-fledged market
economy, and there is substantial government imroént in the economy in the form of
aggressive aggregate demand management. Consgquenty mistakes in the
implementation of monetary policy in China couldegrise to the relationship embodied in
equation (6). Additionally, the well documented lpems with the banking sector,
dominated by state-owned banks and, consequenitbngdy influenced by PBC policies,
may also contribute to a short-run link going fr&m to AS.

As in the BQ model, it is still assumed that stowal demand and supply shocks are
orthogonal in this bivariate VAR system. Howevéie wariances of AD and AS shocks are
no longer restricted to unity. Therefore, the eation of the VAR yields the following
variance-covariance representation:

1 a 1 -1

2 _— 2 - =

Var(eyt ) COV(Q'I e ) - |:C.Ll C.L2:| ass T |: Cy C21:| - 1+a 1+a a-zs Isi || 14+a 1+a (7)
COV(eyt Gt ) Var(qnt ) Gy Cpuf| Oy 02 G, Cpn -1 _1 O afzd _a —1
l+a 1l+a +a It+a

where af is the variance of the structural supply shock argdﬂ is the variance of pure AD

shocks, which is independent of AS shocks.
Following Cover, Enders and Hueng (2006), threeepmshdent restrictions are

imposed. They arec,=a c,, ¢,=-C,, and ¢,=c,,, as well as the long run neutrality

restriction that AD shocks have no long run impacbutput. The structural parameters

obtained from such restrictions will be used to lexp the slope of aggregate supply
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curvea ; the effect of the structural AD shocks on out%uf,— and the effect of AS shocks
a

1
on output,——.
1+a

3.3 Identification methodology Ill: Separate Identification of Monetary Policy
Shocks

A potential drawback with the methodologies disedsabove is that they do not
permit the separate identification of monetary gokhocks. Hence, we also consider the
joint behavior of the price, output and money stde AP again denote inflation)AY the
growth of real GDP, and\M is growth in the money stock. Three stochasticudigtnces

are estimated, namely a money supply shagk, an aggregate supply shock,and
demand shockg,. Next, we impose long-run restrictions on the igtpaf the shocks on

prices and output. The resulting VAR consists aotg®, output and money stock and is

written as follows:
p
Ay, =Da+Y BAY_ +g (8)
i=1

where y,=(RY, M,)’and D,is a matrix of deterministic variables. Followinget BQ

approach, a set of structural innovations, that are orthogonal to each other can be
obtained from this reduced VAR specification from:
£ =Cy (9)
We identify C by imposing three alternative longrrrestrictions on the structural

impulse response functions implied by the reduocech VAR to examine the impact of each

shock that drives the joint behavior of prices potitand the money stock.
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A first set of restrictions assumes that an aggpee demand shock is the sum of
money demand shocks and temporary spending shibak&idve a zero long-run impact on
output and prices. The money supply shock is dédfitmebe non-neutral, implying that a
positive monetary shock will increase output in kbveg run. Fluctuations in the price level
are attributed to the change in money supply shbokghe temporary or permanent impact
of these shocks on price, output, and the monegksie not restricted. Aggregate supply
shocks are expected to lower the price level antease the output in the short run but a
rise in aggregate demand will then raise the paeel until it returns to its original level.

Therefore, assuming the structural innovation weicordered asy, = (€,.,£4&,) , the

long run restriction can be written

AP c,@ O 0 |l¢

ms

AY |=16,(D) (@) 0 | & (10)
AM Cu(1) cp) cu(D)]] &

Under this series of restrictions, aggregate supipbcks have no long-run impact on
the price level. As previously discussed, this & a view shared by most observers of
Chinese economic developments during the 1990seS3rere are three zero restrictions the
system is exactly identified.

Another long-run restriction consists in assumthgt money is neutral, which
implies that the long-run impact of a money supdigpck on output is zero. In other words,
AD shocks are neutral. Those who favor the vieva #fBC that ‘did no harm’ to inflation
would prefer this set of restrictions. Alternatieif the PBC, and AD policies more
generally, were important factors in China’s infiat rate then the following restrictions

ought to be rejected by the data. The relevanticéshs are written:
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AP c,® O 0 |l¢&

ms

AY [=| 0 ¢, O | ¢ (11)

S

AM | ¢ c,() c()]] &
In this case there are four zero restrictions amslitnplies that the system is over identified.
Consequently, we can test whether the hypothesimarietary neutrality describes the
Chinese experience.
Finally, we also consider the case where aggeegapply shocks are permitted to
have a long-run impact on inflation while monetagutrality is maintained. This is the case

of a supply-side driven inflation. The relevanttriesions are written:

AP C11 (1) C12 (1) O ‘Ems
AY |=| 0 ¢, O || &

S

AM | [ey(1) C(D)  ciu@)]] &

(12)

This system is also exactly identified.

If (11) is rejected then we are unable to formdilcriminate between (10) and (12).
In the case of (10) inflation would be interpretsia monetary phenomenon, while in the
case of (12) the results are consistent with a Igtgd@e induced inflation. Therefore, in
order to discriminate between the two hypothesesla@ estimate the relevant VARs for a
sub-sample beginning in 1995 when the behavionftdtion clearly changes (see Figure 1).
If the results are similar across the two sub-samphen there is little evidence that the
episodes of disinflation and deflation were driv®ndifferent shocks than ones explaining
the period of rising inflation.
4. Empirical Results

4.1 Data

15



All models are estimated with quarterly data over period 1990:1 to 2003:3. The
data are collected from National Bureau of Stass{NBS, formerly known as the State
Statistics Bureau), the China Statistical Yearbdbk, People’s Bank of China website, and
the International Financial Statistics CD-ROM. Besma the statistical administration in
China is still developing, only nominal GBRvas available on a quarterly series while CPI
did not become an official economic indicator ug6I00. No CPI index is published. Only a
measure of inflation, in percent at annual ratesavailable. Therefore, real output was
estimated by deriving a price index from publisheftation figures and dividing nominal
GDP by the resulting price index. The year 1989 w&en as the base ye&rAdditional
seasonal adjustment is performed to remove sedtsoinaleal GDP levels and price ind&x.
Next, the log first difference of the estimated ey real GDP figure is evaluated to
obtain output growth. In addition, several proxiesthe output gap, described earlier, are
also considered. To investigate the sensitivitypwoif results, we repeat all our estimations
using industrial production. The money stock is soead either as narrow money or Quasi-
money, using the IMF definitions.

4.2 Estimates of Structural Shocks

Figures 5a and 5b plot the impulse response fomg({iIRFs) based on the standard BQ
decomposition. Both full sample (top two figure990-2003) and sub-sample (bottom two
figures; 1995-2003) results are shotfmn the case of inflation AS shocks elicit the kst
response in the full sample while AD shocks produeeger responses in the
disinflation/deflation sample. Turning to the impa€ AD and AS shocks on output we find
that whereas AD shocks temporarily reduce real @@vth in either sample, AS shocks

have a positive, albeit temporary impact on growdbain in both samples considered.
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Clearly, the response of inflation is sensitivethe chosen sample while the impact of
shocks on output growth is less sample sensitigeur€ 5b shows that the impact of AD and
AS shocks is also sensitive to the choice of ouasuee of output. When a proxy for the gap
in industrial production is used we now find thab Ahocks generate a relatively larger
inflationary response. However, in this case, #wilt is not sample sensitive. In the case of
output responses to AD and AS shocks, both typeshotks produce positive, but only
temporary, responses on industrial production Wighshocks producing the largest impulse
responses of the two. While the results are cleaiked there is considerable scope for
interpreting China’s inflation and output as pobsibeing primarily being driven by AD
shocks.
Figure 5 about here

The IRFs in the case where short-run restrictgpeified in equation (5) are imposed
are shown in Figure 6. We note that the IRFs ardonger sensitive to the definition of
output. In particular, AD shocks produce the bigge8ationary response in both samples
and for both output definitions. In the case of $RBr output, output responds positively,
but temporarily, to AD and AS shocks. To the extiat consistency across output proxies
makes for a more robust set of results, this sugdkat inflation in China responds to AD
shocks and not exclusively to AS shocks.

Figure 6 about here

Figure 7 provides IRFs for the trivariate VAR. &rthe results for the 1995-2003 sub-
sample are similar to ones obtained for the futhgl@ (not shown), only the full sample
estimates are presented. As discussed previolmyrestriction that AD shocks have no

long-run effects, produces an over-identified mddek (11)). The validity of this restriction
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can therefore be tested. The likelihood ratio t&sttistic is found to be 27.93 (.00).

Consequently, the null is soundly rejected. IRFEssdmown in the middle portion of Figure 7

for completeness but are not discussed furthers THaves two alternatives, namely, either
AS shocks are neutral (top portion of Figure 7),noonetary policy shocks are neutral
(bottom portion of Figure 7) while AS shocks areamstrained in the long run. When AS
shocks have no long-run impact on inflation (toptipoa of the Figure) money supply

shocks elicit a positive inflationary response whilD and AS shocks lead to a negative
response. Moreover, money growth responds straogtgonetary policy shocks and to AD

shocks but not to AS shocks. Finally, output grovasponds positively to monetary policy
shocks while AS shocks generate a temporary butiyEmsesponse on real GDP growth.

The situation is rather different when AS shocks @aot restricted in the long-run
while money supply shocks are neutral in the lamg-as shown in the bottom portion of
Figure 7. Inflation now elicits a positive resporisen AS shocks more so than from money
supply shocks, while AD shocks lead to a negatesponse in inflation. Similarly, money
supply shocks generate a temporary negative impaciutput growth, as do AD shocks,
while AS shocks generate a positive output growdbponse. Finally, monetary policy
responds positively to all sources of shocks bpeeiglly to AS shocks.

Taken together the case depicted in the top pomioFigure 7, or the alternative
identification strategy suggested by Cover, Ende Hueng (see Figure 6) appear to be the
most plausible candidates to explain the sourcesho€ks driving inflation in particular in
China. Finally, as shown in Table 2, additionatdesveal that variables such as inflation in
commodity prices are exogenous. Consequently,dt@ian of such variables did not affect

the impulse responses shown in Figure 7. The sargerierally true for export growth and
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for the growth in the nominal effective exchangesaalthough one is able to reject the null
that the exchange rate is exogenous in the inflaggquation. Yet, the IRFs (not shown) are
largely unaffected.

Figure 7 about here

Table 2 about here

While impulse responses are useful, variance dpositions (VD) can help us
determine the relative importance of shocks. TaBlesand 3b present VDs for the full
sample case only rely on the BQ and Cover, EndmiisHueng methodologies. Table 3a is
the case for the standard AD-AS model (with thedaion of short-run causality running
from AS to AD shocks), while Table 3b provides ttese where the short-run restriction
defined by equation (6) is imposed. In the BQ dguosition, output growth is largely
explained by AS shocks, although AD shocks alsy @la important role. Turning to
inflation, it is overwhelmingly explained by AS stis.

Consider next the alternative specification pregoky Cover, Enders and Hueng. AD
shocks now explain almost all of the variation iatput growth. Under this scenario,
independent AS shocks cannot explain Chinese ogtoutth. In the case of inflation, AS
shocks also explain much of the variation in inflatin the short-term. However, at longer
horizons, AD shocks become increasingly importdhe point estimates of the correlation
between AD and AS shocks is 0.45, implying thathbAD and AS shocks are indeed
positively correlated, as hypothesized eatfleiTables 4a and 4b show the VDs for the
trivariate VARS™ Since we reject the case where AS shocks havemwprlin impact on
output or inflation, these VDs are not shown. Ralgms whether AS shocks are restricted to

have no long-run impact on inflation, money suppglyocks overwhelmingly explain
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inflation, as well as a large fraction of outpubwth. AS shocks, however, are important
determinants of output growth in the case of eife@narios hypothesized in (10) or (12) but
also play an relatively minor role in determinimdjation.
Tables 3 and 4 about here
5. Conclusions

In light of the recent debate over the role of mangepolicy and aggregate supply
factors in explaining the recent Chinese inflatignaxperience, this paper asks whether the
monetary transmission process of a highly cengdlizconomy such as China’s can
adequately be described by estimating structuraR¥AFor this purpose, different models
were estimated using Chinese data for the perimeh ft990 to 2004, together with a sub-
sample running from 1995-2003. The structural shag&re identified by a mixture of long
run and short-run restrictions, following the Blaaod-Quah decomposition methodology,
and two variants of this approach.

Money supply shocks largely explain inflation vehdggregate supply shocks play a
secondary role. Therefore, our results do not suppe “supply-driven” view of China’s
deflation in particular. One can only conclude tktz@ Chinese deflation was driven by
aggregate supply factors if it is assumed that A& AD shocks are uncorrelated, and this
appears highly unlikely in the Chinese case.

The results also reveal how China was able topesdaflation. An aggressive
loosening of monetary policy permitted the end effation. However, the results also point
to a role for AS factors. Nevertheless, since diffcult to precisely identify the sources of

AS shocks, the PBC should not automatically relyudare productivity improvements to
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prevent an excessively loose monetary policy freadpcing once again excessively high

inflation.
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Table 1. Summary Statistics for the Chinese Econgym1990-2003

Full sample Inflation only Disinflation-Deflation only

Real GDP 8.86 11.34 7.74
Industrial Productior 14.82 22.03 12.10
Inflation 5.68 10.34 3.02

Output Gap i i

(Real GDP) 0.004 0.002

Output Gap

(Industrial Productio i 0.82 0.317

Note: See appendix and Figures 1 to 3 for additionail$etThe output gap figures are
based on the HP filtered measures of the output@apdisinflation-deflation sample
consists of data for the 1995-2003 periods only.
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Table 2. Tests of Exogeneity

Test Statistic (p-value)

Independent Commaodity Commodity Export Nominal Effective

Variable Price Inflation Price Inflatior Growth Exchange Rate
Non Fuel

Inflation .75 (.86) 355 (.31)  2.74 (43) 8.97 (.03)

Real GDP growth .96 (.81) 4.40 (.22) 4.49 (|21) 3.42 (.33)

Money Supply growth 2.67 (.44) 1.35(.72)] 10.38 (.0z 5.90 (.18)

Note: Based on the three variable VAR described indseestimated over the full sample.
The test statistic is the test for block exogeneity with p-values given imgahesis.
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Table 3. Variance Decompositions: Full Sample, Bivate VAR

a. Standard or BQ Decomposition AD-AS Model (ASsesiAD)

Output Growth Inflation

Horizon Due to AS Due to AD Due to AS Due to AD
1.000 0.524 0.476 0.761 0.239
2.000 0.507 0.493 0.790 0.210
3.000 0.535 0.465 0.788 0.212
4.000 0.654 0.346 0.800 0.200
5.000 0.613 0.387 0.827 0.173
6.000 0.585 0.415 0.818 0.182
7.000 0.585 0.415 0.826 0.174
8.000 0.597 0.403 0.829 0.171
9.000 0.595 0.405 0.832 0.168
10.000 0.596 0.404 0.832 0.168
11.000 0.597 0.403 0.833 0.167

b. AD-AS Model (AD causes AS) or Cover, Enders, Blugng Variation
Horizon Due to AS Due to AD Due to AS Due to AD

1.000 0.025 0.975 0.804 0.196
2.000 0.031 0.969 0.772 0.228
3.000 0.103 0.897 0.776 0.224
4.000 0.283 0.717 0.763 0.237
5.000 0.361 0.639 0.727 0.273
6.000 0.373 0.627 0.737 0.263
7.000 0.373 0.627 0.728 0.272
8.000 0.358 0.642 0.726 0.274
9.000 0.356 0.644 0.721 0.279
10.000 0.358 0.642 0.721 0.279
11.000 0.369 0.631 0.720 0.280

Notes: Output growth is the real GDP. Inflatiorthis rate of change in CPI. See Figures
1 and 2. Multiply by 100 to convert into percent.



Table 4a Variance Decompositions: Three-Variable VR

Variance Decomposition of Inflation (%)

Aggregate Aggregate
Period S.E. Money Supply Supply demand
Source of Shocks
1 0.938 100.0 0.000 0.000
2 1.431 97.70 1.135 1.162
3 1.913 98.62 0.709 0.666
4 2.285 98.95 0.522 0.529
5 2.496 98.84 0.714 0.444
6 2.658 98.53 1.045 0.425
7 2.747 98.01 1.593 0.401
8 2.816 97.37 2.228 0.399
9 2.859 97.14 2.455 0.400
10 2.891 96.95 2.639 0.411
11 2.919 96.91 2.679 0.415
Variance Decomposition of Real GDP Growth (%)
Aggregate Aggregate
Period S.E. Money Supply Supply demand
Source of Shocks
1 5.734 4.427 95.57 0.000
2 5.850 4.270 95.43 0.300
3 0.471 21.74 78.02 0.246
4 7.002 30.88 68.46 0.6601
5 7.107 30.18 67.32 2.500
6 7.189 30.64 65.80 3.560
7 7.253 31.28 65.20 3.520
8 7.262 31.22 65.11 3.673
9 7.318 32.02 064.11 3.868
10 7.322 32.00 64.08 3.923
11 7.333 32.04 64.05 3.912

Note: Restrictions imposed as in (10).



Table 4b Variance Decompositions: Three-Variable VR

Variance Decomposition of Inflation (%)

Aggregate Aggregate
Period S.E. Money Supply Supply Demand
Source of Shocks
1 0.938 95.57 4.427 0.000
2 1.431 96.67 2.168 1.162
3 1.913 96.85 2.486 0.666
4 2.285 96.74 2.731 0.529
5 2.496 95.44 4.121 0.444
6 2.658 94.15 5.430 0.425
7 2.747 92.90 06.699 0.401
8 2.816 91.66 7.944 0.399
9 2.859 91.13 8.468 0.400
10 2.891 90.71 8.877 0.411
11 2.919 90.54 9.041 0.415
Variance Decomposition of Real GDP Growth (%)
Aggregate Aggregate
Period S.E. Money Supply Supply Demand
Soutrce of Shocks

1 5.734 0.000 100.0 0.000
2 5.850 0.073 99.63 0.300
3 0.471 17.35 82.40 0.246
4 7.002 24.72 74.62 0.6601
5 7.107 24.06 73.44 2.500
6 7.189 24.54 71.90 3.560
7 7.253 25.58 70.90 3.520
8 7.262 25.56 70.77 3.673
9 7.318 26.41 69.72 3.868
10 7.322 26.41 09.67 3.923
11 7.333 26.41 09.68 3.912

Note: Restrictions imposed as in (12).
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Figure 1 Comparing China’s and the US’s Inflation Rate
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Figure 2 Alternative Estimates of Output Growth in China

China: Growth in real GDP and Industrial Production, 1990-2003
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Note: Real GDP growth is the annual rate of change irséasonally adjusted real GDP
(fourth order log difference). Seasonal adjustnveat obtained using X11 (additive
method). Industrial production growth is from tk&SICD-ROM (IMF: Washington, D.C.).
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Figure 3 Proxies for the Output Gap
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Figure 4 Monetary Variables for China
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Figure 5a Impulse Response Functions: BQ Decompasih
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Figure 5b Impulse Response Functions: BQ Decompaisih

BQ Decomposition: Full Sample, 1990-2003
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Figure 6a Impulse Response Functions: Alternativedentification Assumption
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Figure 7 Impulse Response Functions: Trivariate VARwith Alternative Policy Restrictions, 1990-2003
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Appendix

CPI calculation: Before 2000, there was no economic indicator ofSDarer Price Index in
China and the available official index for pricedémeasure from 1985 to 2000 is annual or
monthly change of consumer price. Year 2000 wasenaadhe base period of the first round

of compile fix-based monthly price index (Year 26Q00).

(1) Grouping of CPI. The consumer price index inim@hconsists of 8 major categories:
food, alcoholic beverages and tobacco productghiolp, household equipment and service,
health and personal care, transportation and coneation, entertainment, education and
culture, shelter, etc.

(2) Selection of representative items. In the mresiseries, 289 kinds of goods and 36 kings
of services have been selected for China’s CPI.clineent CPI is based on a basket comprised
of 500-600 goods and services, which are aggregate@®82 subgroup, then into 80 groups and
finally into 8 sections. Those goods and servicesevguided by certain criteria and based on the
accounting material of about 30,000 urban househarid 60,000 rural households.

3) Selection of surveying area and outlets. Traree about citied and countries used for
China CPI survey up to now. In each area, shomdu@dmg country fairs and service sites)are
selected based on their sales volume and abundégoeds, and they must be representative of
price trends. There are nearly 10000 outlets iredud China CPI.

4) Price collection. Prices are collected diredily professional staff at certain time and
outlets, which are: (a) Those actually paid by pasers rather than the amounts listed in the
counter. (b) Items have close relation to peopléés and their prices change frequently are
priced at least every five days; Others are calb@-3 times each month; where prices are
controlled by government or price movement aretikadly stable, information is collected
monthly or quarterly.

(5) Source of the weights. The weights of CPI alewated according to the expenditure
structure in household survey annually, while wtdgfor fresh vegetables and foods are
adjusted monthly.

(6) Release of the Index. Index is released thramghthly economic reports of NBS on

12" of following month and quarterly news release eoarfice of NBS.

GDP calculation: GDP in China ighe sum of the gross value added by all residerdymers in

the economy plus any taxes and minus any subsidiesicluded in the value of the products. It



is calculated without making deductions for depagon of fabricated assets or for depletion and
degradation of natural resources. Transfer paynmemetexcluded from the calculation of GDP.
Value added is the net output of an industry a#éidding up all outputs and subtracting
intermediate inputs. The industrial origin of valadded is determined by the International

Standard Industrial Classification (ISIC) revision.

Data source description NBS is the abbreviation of National Bureau ddttsticsof China. Its
responsibility include: Drafting and implementindatsstics and regulations; Overseeing
statistical and national accounting activities afdl governments and ministries. Improving the
systems of national accounts and statistical itdisa formulating the national statistical
standards; Collecting national statistics and cotidg statistical analysis of economic, social,
and technological development; Improving the autechatatistical information system and the
national statistical database.

It was set up in 1952 and until March 1999 the N&®ched the China Statistical

Information Network Wwww.stats.gov.cn, an online resource that makes information from NBS

databases available to a wider audience, includigtgiled statistics on economic and social
development, information from various censuses thedNBS’s monthly statistics on national
economic performance. The statistical data bef@®91is only available from the annual

publication of NBS, the China Statistical Yearbook.

China Statistical Yearbook: It is an annual statistics publication, which e very

comprehensive data in every year and some seldet@adseries in historically important years
and the most recent twenty years at national lewel local levels of province, autonomous
region, and municipalities directly under contrdl the central government and therefore,

reflects various aspects of China’s social and econ development



* Earlier versions were presented at an invitedksisesof the Hong Kong Economic
Association/Western Economic Association InterrmaloConference, Hong Kong, the
Bank of Finland, the WEAI conference in San Diegogd the Hong Kong Institute of
Monetary Research. Comments on a previous drafKing Banaian, Andy Filardo,
Elliott Parker and the Editor, are gratefully acwtedged, as is the GAUSS program
from Walt Enders used in Cover, Enders and Hue@ggp

' There is, of course, a vast literature on the deg@ experience with deflation. A partial
list would include, for example, Hutchison (2004yttner and Posen (2004), Okina and
Shiratsuka (2004), Hetzel (1999), and Krugman (1998

" A well-known problem with the HP filter is its ssitivity to the end-points of the
sample. See, for example, Dupasquier, Guay andrSant (1999).

I See, for exampleyww.pbc.gov.cn/english/huobizhengce/instruments.asg

People’s Bank of China (2003, 2004).

" Negative inflation rates were actually recorded998-99 and 2001-02. However, even
when positive inflation rates were recorded in 2880 2001, these were well below 1%
(except in 2001Q2 when the inflation rate was 1.109€nce, it is not inaccurate to state
that China experienced deflation during the 199822feriod.

¥ Chinese state-owned banks are the most imporayempof the Chinese financial
system. In 2004, bank loans represented 83 peotdéimé¢ funds raised by the non-
financial sector, while stocks were only 5 percam bonds 12 percent (11 percent for
government bonds and 1 percent corporate onegheAsain financier of non-profitable

state-owned enterprises (SOES), state-owned ba@kermance have a direct impact on



SOEs and systemic consequences on the economyoBerample, Garcia-Herrero,
Gavilad and Santabéarbara (2006).

"' Reforms of the Chinese banking sector has notghiiogizeable benefits so far except
for improving asset quality, and doubts remain alaopossible build-up of new NPLs by
low profitable state-owned banks given the fastitgrowth and overheating in real
estate recently

Vi See, for example, a simulated out-of-sample fatang study for Finnish CPI inflation
by Billmeier (2004). Cheung and Yuen (2004) alse B approach to assess the level
of integration of the three Greater China econorf@sna, Hong Kong and Taiwan) and
examines the suitability of a Greater China curyan@on. A variant of the BQ

technique is also applied on evaluating the highdyspread as a predictor of real
economic activity in supportive of the financiataterator mechanism for the U.S. See
Mody and Taylor (2003).

Vil |n the case of output an alternative that is oftexferred is to use a proxy for the
output gap. This approach is also followed below.

X Estimates of GDP are made independently from tioelyction side (sum of value
added) and the expenditure side (sum of final ediperes). Different estimates are
obtained by the two methods. The NBS considersithastimates from the production
side are more reliable and the statistical diserepas therefore shown in the estimates
of GDP from the expenditure side. The quarterlyngsties of GDP from the production
side distinguish 13 separate activities for th&agr sector, but there is no breakdown of
the primary sector (agriculture, animal husbantbwestry and fishing) and the secondary

sector is broken down into only "industry" and "staction”. The discrepancies are not



large and are about 1% of GDP on average. Quar@&li data are provided in Press
Releases issued at regular press conferences mdgril, July, October and January
(Chinese). Source: IMF, general data disseminatigsiem site, data category and
indicators of China, from

http://dsbb.imf.org/Applications/web/gdds/gddscavcdtegorydcreport/?strcode=CHN

&strcat=NGDPO

X The official year-to-year change of consumer piscavailable from 1990 only.

X The ARIMA X-12 (additive) procedure was used tdaii seasonally adjusted
estimates.

X It has been suggested to us that splitting theplmaround 1997, to account for the
Asian crisis, might be preferable. Doing so, howewsuld leave too few usable
observations to perform the kind of econometranigstnvisaged here. Nevertheless, as
our full and sub-sample estimates both confirmcr@ral role played by monetary
factors we can only presume that this result wailsdd hold for a sub-sample since the
Asian crisis (also see Burdekin and Siklos 2007).

X The estimate is slightly lower than the pointrestie of 0.64 reported in Cover, Enders
and Hueng (2006). Given the short span of the samople cannot claim that these point
estimates are precisely estimated.

XV To conserve space, the VDs for money growth atsimawn but are available on

request.



