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1. Introduction

Since the economic reform programme started in the late 1970s, the economy of Mainland China (the
“Mainland” hereafter) has experienced a number of episodes of pronounced economic growth, interrupted
by generally sharp but short-lived periods of slowdown. These macroeconomic cycles have been
associated with large movements in inflation. Most recently, the deceleration of economic growth in the
period 1995-2002 led to a decline of inflation and, indeed, to the development of deflationary pressures.
Specifically, the retail price index declined at an average rate of 1.4% per annum in 1997-2002, compared
with an average rise of 8.7% in 1982-96, while annual real GDP growth slowed to 7.7% from 9.4%
during the same periods." Growth subsequently rebounded, exceeding 9% on a year-on-year rate basis
in 2003 and 2004. Inflation also rose to almost 4% year-on-year in 2004.

These developments have led analysts to wonder whether the Mainland economy has entered an
overheating phase, and whether and to what extent macroeconomic policies should be tightened to
stabilise the economy. The increase in inflation also raises the issues of the nature of the inflation
process in the Mainland and, in particular, whether traditional Phillips-curve models, in which inflation is
determined by past inflation and the output gap, are useful for analysing inflation in the Mainland. This
is the central question we focus on in this paper.

The paper is structured as follows. In Section 2 we briefly review the limited literature on the role of the
output gap in the determination of inflation in the Mainland and in Section 3 we turn to the behaviour of
inflation, using four different price indices. While the various measures of inflation differ at times sharply,
they are dominated by a few cyclical peaks. In Section 4 we construct measures of the output gap using
three different statistical approaches. We show that the resulting estimates are similar, which casts
some doubt on the proposition that it is difficult to estimate the output gap in the Mainland because of
large structural changes in the economy. In Section 5 we discuss a number of Phillips-curve models
and provide econometric estimates, using data for the period 1982-2003. We first show that traditional
Phillips curves do not fit the data well and that a generalised Phillips curve, which imposes less structure
on the dynamic relationship between the output gap and inflation, fits the data better but leads to
parameter estimates that are difficult to interpret. To explore whether these results can be explained by
omitted variables, we develop a modified Phillips-curve model which includes an unobserved variable
that obeys a second-order autoregressive process. We estimate the model using two methods and find
that it can explain the parameter estimates of the generalised Phillips curve. Section 6 concludes.

2. Output gaps and inflation in the Mainland

There are a number of studies on the estimation of potential output in the Mainland, including Chow
(1993), Borensztein and Ostry (1996), Hu and Khan (1996), Woo (1998), Chow and Li (2002), Heytens
and Zebregs (2003), and Scheibe (2003). However, the link between inflation and the output gap remains

1 The consumer price index, which is available only from 1985 onwards, shows a slight rise of 0.2% per year in 1997-2002 with
falls in 1998-99 and 2002, compared with much higher rates of inflation in the earlier years.
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under-studied.? Oppers (1997) employs a Phillips-curve model and finds that inflationary episodes have
generally been associated with increases in aggregate demand. He argues that the factors behind the
upswings in activity, and the relative importance of the components of aggregate demand, differed
across cycles. In particular, the expansion in the first part of the 1990s was supported mainly by a surge
in investment spending which raised production capacity and helped achieve a marked disinflation with
a relatively moderate slowdown in growth. Imai (1997) studies short-run output-inflation tradeoffs using
a small macroeconomic model and finds that large fluctuations in fixed investment were the main force
driving the rate of inflation in the reform period. More recently, Woo (2003) examines the experience of
the period 1997-2002 and argues that inadequate financial intermediation contributed to slower growth
of aggregate demand than aggregate supply, which imparted a deflationary tendency to the economy.
However, the paper does not include a formal study of the impact of the output gap on inflation. Chang
(2003) estimates an optimal rate of inflation that is consistent with sustainable economic growth in the
Mainland. Xie and Lu (2002) study the relationship between output gaps and inflation in a Taylor-rule
framework and finds that the conduct of monetary policy in the Mainland could be explained quite well
by this approach.

Two factors explain the paucity of studies on the relationship between inflation and the output gap in the
Mainland. First, potential output is difficult to estimate, and measures of the output gap are therefore
likely to be poor, reducing their information content for future inflation. The source of these difficulties is
in part related to the availability and reliability of statistics.? It also reflects the tremendous structural
changes in the economy in recent decades, as the Mainland has gone through a period associated with
a gradual opening of the economy, industrialisation, and transition from a centrally planned to an
increasingly market-based economy. Second, the Mainland has experienced a number of economic
shocks and disturbances, some of which were related to policy measures to liberalise the economy,
which impacted on prices. Thus, deregulation and liberalisation led initially to sharp increases in inflation
as prices rose towards market-clearing levels, but to price declines over time as the greater scope for
market forces reduced profit margins. The difficulty of finding empirical proxies capturing such influences
complicates the study of the inflation process.

While these considerations are certainly important, they apply to varying degrees to most economies,
and their significance in the case of the Mainland is thus an important, but unsettled, issue. For example,
do they preclude any meaningful econometric study of the relationship between inflation and the output
gap in the Mainland? If not, are there ways to specify the Phillips curve that increase its ability to
account for movements in inflation?

This paper presents empirical work that bears on these two questions. First, it considers three different
estimates of the output gap in the Mainland and shows that these are strikingly similar. This finding

2 Another strand of research focuses on the role of monetary factors in inflation in China. In particular, Chen (1997) estimates a
long-run demand function for money and examines its implications for controlling inflation. Hasan (1999) finds a feedback
relationship between inflation and money growth.

3 There is considerable debate about the accuracy of official output statistics in the Mainland, and data required for estimating
potential output using the production function approach, such as capital accumulation and labour force growth, are subject
to significant measurement errors. Chow and Li (2002) discuss data issues that arise in estimating production functions for
the Mainland.
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casts doubt on the view that it is more difficult to estimate the output gap in the Mainland than elsewhere
because of the sharp structural changes in the economy since the process of economic reform started
in the late 1970s. Next, it proposes an empirical Phillips-curve model that is appropriate in the case of
an omitted, serially correlated variable (or a linear combination of variables). This framework is particularly
useful in the present case, since the omitted variable can be thought of as capturing the effects on
inflation of price deregulation, import tariff reduction, foreign exchange market reforms and other
liberalisation measures that have been introduced in the Mainland. These factors are difficult to quantify
but have indisputably impacted on inflation in the past two decades. By treating them as an unobserved
variable in the econometric analysis, it becomes possible to incorporate them in the Phillips-curve
model despite the lack of data on this variable.

3. Inflation

We start by considering the measurement of inflation. We have data on four price indices: the GDP
deflator from 1978; a consumer price index (CPI) from 1985; a retail price index (RPI) from 1978; and a
producer price index (PPI) from 1979.4 Figure 1 shows inflation calculated using these four measures of
prices. The graph indicates that while most of the fluctuations in inflation are due to a few, sharp cyclical
peaks, inflation rates have occasionally diverged. Table 1 contains estimated correlation coefficients as
a more formal measure of the similarities of the different time series. These coefficients are uniformly
high, ranging from 0.92 to almost unity.

Much attention has been attached to the decline in inflation between 1995 and 2000. Indeed, this
period of sharp disinflation was followed by an episode of declining prices which started in late 1997
and raised concerns about deflation (defined as a period of sustained falls in prices). Subsequently, the
rate of price change remained close to zero but started to rise in the later part of 2003. As economic
growth accelerated, CPI inflation rose to about 3% by the end of 2003 and peaked at above 5% in the
summer of 2004 before slowing. The quick turnaround from price declines to increases, coupled with
sharp growth in broad money and bank credit, has put a premium on understanding the determination
of inflation. An analysis of the output gap, that is, the difference between actual and potential output,
which plays an important role in traditional inflation analysis, is warranted.

4. Output gaps

There are two broad approaches to estimating potential output and thus the output gap. One is the
production function approach, which makes use of information regarding the sources of growth, that is,
factor accumulation and the state of total factor productivity (see Hu and Khan (1996), Chow and Li
(1999) and Heytens and Zebregs (2003)). A main advantage of this approach is that it provides an
understanding of the sources of growth. Such information is of independent value as it may help guide
policies to raise productivity. The main disadvantage arises from the need for high quality data on the

4 The data are from CEIC.
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capital stock and the labour force. In many economies, in particular in the Mainland, such data are
subject to considerable measurement errors and lack credibility.®

Another approach is to identify the trend in real GDP with potential output and to use time series techniques
to estimate it. A frequently used tool is the Hodrick-Prescott (HP) filter, which decomposes actual output
into a long-run trend and cyclical components. This statistical method does not use any information
regarding the determinants of each of the components, but provides a useful approximation of potential
output growth. More refined approaches include the unobservable-components (UC) models proposed
by Watson (1986) and Clark (1989) for US data. Gerlach and Yiu (2004) estimate output gaps for eight
Asian economies using four different time series methods and conclude that both the HP filter and the
UC approach generate plausible estimates of the output gap. However, they do not provide estimates
for the Mainland.

While the time series approach is easy to implement, it suffers from the drawback that it provides no
economic understanding of the sources of growth. Thus, it is arguably best seen as a complement to
the more rigorous production function approach. With this caveat in mind, we employ it below to construct
three measures of the output gap. First, we use the HP filter to construct a measure of potential output
from the logarithm of real GDP.? Second, we regress the logarithm of real GDP on a cubic polynomial in
time and use the residuals as a measure of the output gap. Third, we estimate the output gap using the
UC model employed by Gerlach and Yiu (2004). One attractive feature of this model is that it provides an
explicit estimate of the degree of uncertainty of the resulting measure of the output gap. Since the first
two methods are straightforward and familiar to most macroeconomists, we do not discuss them further
but instead briefly review the UC approach, which is less well known.

4.1 Unobservable components estimates of output gaps

Letting y,, yj’ and g, denote the logarithms of actual and potential output and the output gap, we have
by definition:

Y. =yl+g,, 1)

which says that actual output equals the sum of potential output and the output gap. The task we face
is to decompose the single observed time series on real GDP into these two components. To do so, we
need to make assumptions about the time-series behaviour of these factors. Potential output is assumed
to follow a random walk with drift:

yl=p_ +yl +¢’. @

Equation (2) states that the rate of growth of potential output depends on temporary shocks, which are

captured by £,'V~ N(O, 0}2), and more persistent growth factors, f,. We allow i, to vary over the

5 Chow (1993) and Chow and Li (1999) provide detailed discussions about measurement issues. Most of the other studies such
as Heytens and Zebregs (2003) use data on the capital stock constructed by Chow and his co-author.

6 In doing so we set the smoothing parameter A = 100, which is the default for annual data in EViews.
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sample period as suggested by Clark (1989):

My =H, +E, ©)

where g ~ N(0,0‘;) denotes a permanent shock to the rate of growth of potential. Finally, the output
gap, g, , is assumed to obey an AR(2) process:

£ =08.10,8,+&, )
where g ~ N(0,0'; ). Thus, the output gap depends on its past two values.

As is discussed by Gerlach and Yiu (2004) in detail, the model — which consists of the autoregressive
parameters for the output gap (¢, and ¢, ) and the three variances ( o/‘/2 , o;/z and o;,z ) — can be
estimated by sequentially evaluating the likelihood function using Kalman filtering. The estimation results,
which are obtained using annual data on real GDP for the full period (1978-2003), are provided in Table
2.7 Two findings are of interest. First, the autoregressive coefficients for the gap are highly significant
and obey ¢,>1,¢,<0,and 0 < ¢, + ¢, < 1. This implies that a shock to the output gap leads to “hump-
shaped” responses in the sense that the gap first grows over time before returning to zero in an oscillatory
manner. Second, 0;,2 is estimated to equal zero, implying that there are no temporary shocks to the
growth rate of potehtial.

Before discussing our estimates of the output gaps, we plot in Figure 2 the growth rate of potential, (,,
together with a 95 percent confidence band.8 The figure shows that i, declined over time, from (a point
estimate of) 9.6% in 1978 to about 8.8% in 2003. However, the confidence band is quite broad, so the
growth rate of potential is not precisely estimated. Note also that the confidence bands are larger at the
end and the beginning of the sample, which reflects the fact that more is known about ¢, in the middle
of the sample.

4.2 Comparing the output gaps

In Figure 3 we plot the output gap resulting from the UC model (UCGAP) together with a 95 percent
confidence band. Since the growth rate of potential is not very precisely estimated, the confidence
band is quite broad, which suggests that it is difficult to know exactly the state of the business cycle,
even ex post. That does not indicate, however, that this measure is “worse” than other estimates of the
gap. All measures of potential output and the output gap should be interpreted as point estimates and
ought to be provided with confidence bands. Since these are rarely computed, one may assume that
they have been estimated quite precisely when in fact they have not. One major advantage of the UC
approach is that it renders this uncertainty explicit.

7 We are grateful to Matthew Yiu for estimating the model.

8  More precisely, as follows from equation (2), we plot the estimated lagged growth rate of potential.
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For comparison purposes, in Figure 4 we plot both the output gap as measured by the HP filter (HPGAP)
and constructed using the residuals from a regression of real output on a polynomial in time (TGAP). It
is striking how similar these estimated gaps are. In fact, the HPGAP and the TGAP are typically well
within the 95 percent confidence band for the UCGAP. The correlation coefficients for the different
measures of the gaps in Table 2 range from 0.89 to 0.98. The finding that different methods give rise to
strikingly similar estimates of the output gap suggests that these alternative measures will have roughly
the same explanatory power for inflation. The similarity of the estimates moreover calls into question the
common view that it is difficult to estimate the output gap in the Mainland. Furthermore, the estimated
cycles in the output gap are broadly in line with estimates presented in other studies that use the
production function approach, such as Heytens and Zebregs (2003).

As a prelude to the econometric work below, it is interesting to note that the estimated output gaps
evolve over time in line with movements of inflation and other indicators of macroeconomic conditions.
Specifically, the three downturns in economic activity in 1981-83, 1989-91, and 1998-2003 were
accompanied by sharp falls in inflation and the upturns around the mid-1980s and the early 1990s saw
a marked acceleration in inflation rates. As noted by Oppers (1997), these findings are compatible with
the notion that movements in inflation and real activity in the Mainland are largely due movements in
aggregate demand.

5. The output gap and inflation
5.1 Preliminary econometric work

Next we explore the information content of the different measures of the output gap. Since applied
econometric work on the determination of inflation is frequently based on backward-looking Phillips
curves, as a preliminary we estimate a traditional Phillips curve of the form:

= OH'ﬁl Ty + 50gz = ©)

where 1, denotes inflation, g, the output gap and €, a regression residual. Equation (5) should be interpreted
as saying that inflation evolves gradually over time in response to aggregate demand factors, which are
captured by the output gap, and aggregate supply shocks which are captured by the residuals. While
standard Phillips-curve analysis highlights the importance of bottlenecks in labour markets, in the case
of the Mainland these constraints are more naturally thought of as arising in the economy more broadly,
including in the transport and energy sectors.

The parameter of interest in equation (5) is 6, which captures the impact of the output gap on inflation.
Since we have data on four price indices and three measures of the output gap, we could estimate
twelve versions of this equation. To reduce the dimensions of the empirical work, we only estimate
equations for inflation as measured by the RPI and the GDP deflator since these are available from 1978
onwards, when the GDP data starts. Furthermore, we focus on the UCGAR, which has the advantage
that it is possible to estimate a confidence band for it, and the HPGAP, since this is the approach to
constructing output gaps adopted in much applied econometric work. This reduces the number of
combinations of price indices and output gaps to four.
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In Table 4 we present the results. Before discussing these, it should be noted that estimates of Phillips
curves in which the contemporaneous output gap enters among the regressors may be subject to
simultaneity bias. Since the purpose of the empirical work here is merely to motivate our inflation model
presented in the next subsection, we do not discuss this issue further here. We do, however, test for
simultaneity bias in our preferred model, as is discussed below.

The results in the first column of Table 4 indicate that, depending on the exact choice of price index and
measure of the output gap, the parameter on lagged inflation is about 0.6-0.7 and highly significant. The
parameter on the output gap, by contrast, is about 0.2 and insignificant when the deflator is used, but
about 0.5-0.6 and significant at the 10% level when the RPI is used. The DW statistics are low, about 1.2,
and unreported Q-tests show that there is statistically significant correlation of the residuals, implying
that this simple model fails to capture the dynamics of the data.

These estimates do not suggest that a standard Phillips-curve model is helpful for understanding the
determination of inflation in the Mainland. We therefore re-estimate a more general model that allows for
a second lag of inflation and the output gap:

ro=atpn,_ +P,7,_,+0,8 +6,8,_, & ©)

As can be seen in column 2 of Table 4, this specification fits the data much better. The estimates ﬂl and
0, both rise in numerical value and are highly significant, as are the additional lags. Furthermore, the
adjusted R-squared rises quite sharply and the DW statistics approach 2, indicating a reduction in the
degree of serial correlation in the residuals.

One striking aspect of these results is that the estimates 3, and &, are both negative. Indeed, the data
appear to imply that it is the change in the output gap, Ag, =g, —g, ,, that drives inflation.® This
observation warrants two comments. First, the fact that it is the change rather than the level of the
output gap that enters the equation implies that a hypothetical permanent increase of the output gap
has at most a temporary impact on inflation.'® It does not mean that the output gap does not impact on
inflation. Second, while it may be that it is the change (rather than the level) of the output gap that truly
determines inflation, the question arises if this finding could be spurious. We show below that it could
result from economically important variables having incorrectly been omitted from the analysis.

Before exploring this hypothesis in detail, we add an additional lag of both inflation and the output gap
and estimate:

m=a+PBm  +BT B+ 0,8 0,8, 0,8, 18, 7

The results in column 3 of Table 4 are clearly worse in the sense that the adjusted R-squareds are lower."!

9  This is sometimes referred to as a “speed limit version” of the Phillips curve.
10 Of course, the output gap is by construction stationary.

1 As noted by a referee, while the data set contains 22 observations, the model in equation (7) comprises seven parameters,
raising the issue of whether the number of degrees-of-freedom is too low. One advantage of the model presented in the next
section, which is restricted version of equation (7), is that it involves fewer parameters and thus conserves degrees-of-
freedom.
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In particular, with the exception of ﬂl, the parameters are all insignificant, which probably reflects
multicollinearity arising from the fact that the regressors display considerable serial correlation and the
fact that we estimate a relatively large number of parameters given the sample size. The parameters
have the same sign patterns as in the case of equation (6).

Overall, this analysis leads us to conclude that equation (7) overfits the data and that equation (6), which
fits the data much better, leads to parameter estimates that are difficult to interpret.

5.2 A model of inflation in the Mainland

In this section, we explore whether omitted variables may explain the fact that 3, and &, are significant
but have negative signs in equation (6). Such omitted variables could capture one or a number of
factors, for instance, the effects of external shocks, price deregulation or expected inflation. To include
them into the analysis, consider the following version of equation (5):

T, =a+pr,  +8g+yz,+¢, )

where z, denotes an omitted variable (or a linear combination of omitted variables) and where we have
deleted the subscripts on 3 and 0 since there is only one of each. Of course, equation (8) could be
estimated directly if we had data on z, or if we could construct a plausible proxy for it. However, here we
assume that this is not feasible. Suppose, however, that we are willing to assume the following time
series representation for the omitted variable:

z, =0z +0,z,_,+v, ©)

Thus, we assume that z, follows an AR(2) process. Next the issue arises whether we can use equation
(9) to obviate the need for data on z, to estimate equation (8). Combining equations (8) and (9) and
multiplying both sides by (1-6,L -6, Lz), where L denotes the lag operator, we have that:

n,—60n_ —-6,r_,=a(l-60,-0,)+p(r,_,-0\x,_,—0,7,_,)
+6(8g, —0,8., —0.8.,)+y(z -6z -6,z_,) (10)
+& —0&, -0, ,

Defining & =a(1-6,—6,)and ¢, = yv, +5, —60,¢,_, —0,¢,_,, we can then write that:
mo=a+(P+0)m_ +(0,-pO)r,_, —pO,m,_+5(g — 0.8, —0,8.,)+9, (1)
or more compactly

r=a +Bmr + ﬂzﬁﬂr—z + B+ 5<;g1 + 51igr—1 +6,8,.,+ 9, (1)

%

whereq’ =G, B/ =p+0, . fi=0,-0, . fI=-00, , 6,=5 , 5 =-60,a0 5, =50,
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Three aspects of equation (11) are of interest. First, suppose 6, is close to unity and that @, is close to
zero, so that the unobserved variable is highly autocorrelated. If so, the omission of z, will spuriously
lead to the impression that it is the change in the output gap that impacts on inflation. Moreover, the
specification error could also lead the rate of inflation at £ -2 spuriously to have a negative coefficient.
These results suggest that the omission of a relevant, autocorrelated variable might be able to explain
the surprising features of the estimates of equation (6) discussed above. Second, letting o‘f denote the
variance of &, (and, for future reference, o-f, the variance of v,), note that E(¢l ,¢[_] )= 01 (92 — 1)052 and
that E(¢t , ¢1_2) = "920}2’ that is, the residuals should obey negative second-order serial correlation. Of
course, whether they do so in practice depends on the relative variances of the structural shocks (v, and
€,) and the parameters y, 6, and 6,. In particular, if 682 (or|6,]) is sufficiently small, the residuals may
appear serially uncorrelated. The importance of any serial correlation is thus an empirical question,
which we return to below. Third, the model implies that inflation is driven by three factors: (a) aggregate
demand, as captured by the output gap; (b) supply shocks, as captured by &,; and (c) shocks to the
unobserved variable, as captured by v,. Past output gaps and supply shocks enter because of the
dynamics of the omitted variable.

5.3 Estimates

Next we estimate the model. We first do so by fitting equation (11°) using non-linear least squares (NLS).
This approach is simple and therefore attractive, but disregards the fact that the error term may display
serial correlation.'? We therefore also estimate the model using Kalman filtering by interpreting equation
(8) as an observation equation and equation (9) as a state equation. While more computationally
burdensome, this approach allows us to estimate the variances of v, and ¢, and makes it possible to
construct estimates of the realisation of the unobserved variable, z, .

Before turning to the estimates, note that since it is not possible to identify j, we set it equal to unity.'®
Furthermore, since the results in Table 4 indicate that the HPGAP fits the data best and the adjusted
R-squareds are somewhat higher when inflation is measured by the deflator rather than the RPI, in what
follows we use these variables in the interest of brevity.'*

5.3.1 NLS estimates

Column 1 in Table 5 reports estimates of the parameters in equation (11), using non-linear least squares.
The estimate of @, is 1.3 and highly significant. By contrast, 6, is estimated to be -0.4, but is not
significant at the 10% level.'® The impact of the output gap on inflation, which is captured by §, is
somewhat greater than unity and thus larger than before, and is significant at the 10% level. The impact
of the lagged inflation rate, captured by f3, is negative but insignificant. This finding is perhaps somewhat
surprising and we discuss it further below.

2 This is the main difference between the NLS and Kalman filtering estimates. A smalller difference is that while the NLS estimates
minimises the sum of squared errors, the Kalman estimates are obtained by maximizing the value of the likelihood function.

To understand the lack of identification, define a new variable z* = 7z, where T is an arbitrary non-zero constant, and denote
the associated parameter y*. Note that a model in which y*z* enters equation (8) will fit the exactly as well as a model in

which z enters (since y* = y/1). Thus, we can not estimate separately the volatility of z and y.
4

The results are quite similar if the other price indices and measures of the output gap are used.

5 Analogously to the case of the output gap, these parameter estimates imply that the omitted variable follows a humped-
shaped pattern in response to v-shocks.
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Next we assume that = ( and reestimate the model. The results in column 2 of the same table are
much better. In particular, 9] and 6?2 are both significant at the 5% level and are estimated to be around
1.2 and -0.5, respectively. The intercept, c, and the parameter on the output gap, ¢, are both positive
and significant. Furthermore, the equation appears to fit the data quite well, as evidenced by a Q-test
for second-order autocorrelation of the residuals (p = 85.5%), a Jarque-Bera test for normality (p = 76.7 %)
and a White test for heteroscedasticity (p = 55.0%). Finally, a likelihood ratio test of the restrictions
implicitly imposed by equation (11) on (7) yields p = 43.3%, which implies that they are not rejected by
the data. Thus, the hypothesis that the rather surprising sign patterns of the parameters arising from
estimates of equation (6) stem from an omitted variable that obeys an AR(2) specification seems
compatible with the data. It should be emphasised that the model is quite parsimonious in that it only
involves four parameters (a, &, 6, and 8,).

5.3.2 Kalman-filter estimates

Next we re-estimate the model by applying Kalman filtering to the observation equation (8) and the
transition equation (9).'® The results are provided in Table 6. Not surprisingly, these are very similar to
those reported in Table 5 and we therefore do not comment on them in detail. Instead we focus on the
estimates of of and o-f, which we are able to estimate and which are the main novelties in Table 6, and
on f. The results in column 1 show that the variance of &, which determines the degree of serial
correlation in the residuals, is (rounded to) zero, which explains the absence of autocorrelation in the
errors in the equations estimated in Table 5. Note also that the estimate of [ is close to zero and
insignificant. This finding is in contrast to the existing literature on Phillips curves, which typically finds
a positive and significant . However, it should be kept in mind that little is known about the omitted
variable and that there is no reason why it could not be closely related to inflation. In particular, it might
capture inflation expectations, in addition to the effects of liberalisation. Thus, the finding that past
inflation is insignificant does not, on its own, invalidate the model. Assuming that O'L,2 = f =0, we obtain
the estimates the in the second column. The fact that the value of the likelihood function is essentially
unaffected by these two restrictions indicates that they are valid.

Next we plot the estimate of z, together with the rate of inflation in Figure 5.7 Interestingly, the two
series evolve in a strikingly similar way from 1992 onwards. In the first part of the sample, however, the
unobserved variable only rises from 1989 onwards while actual inflation starts to increase already in
1984. Overall the graph suggests that the reason [ is estimated to be insignificantly different from zero
is that the unobserved variable and lagged inflation contain much the same information.

One possible reaction to the finding that the omitted variable is more important than lagged inflation in
explaining current inflation might be that the model is of little use for analysing inflation. That conclusion,
however, is unwarranted. As demonstrated by equation (11) the omitted variable merely imposes a tight
relationship between current and past inflation rates and output gaps, which are observed. Thus, the

16 This section was added in response to comments from seminar participants at the BIS. Harvey (1993) contains an introduction
to Kalman filtering.

17 This estimate is “two-sided” or “smoothed”, that is, it is based on the full sample of data. See Harvey (1993) for a discussion.
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model can be used in the same way as any standard Phillips curve model. The benefit of the omitted-
variables approach is that it provides an explanation for why the lagged output gap and the twice-
lagged inflation rate enter with negative signs in the unrestricted Phillips curve in equation (6).

5.3.3 Discussion

While the empirical results are supportive of the model, several aspects of the equation deserve further
attention.® First, since there have been several inflation cycles in the Mainland, it is plausible that the
structure of the inflation process has evolved over time. We therefore divide the sample into three
episodes: a first cycle between 1982 and 1991, a second cycle between 1992 and 1998, and a stable
period between 1999 and 2003. Next we perform Chow tests for structural breaks between the different
episodes, using the equation presented in column 2 of Table 5. Perhaps surprisingly, we do not reject
the hypothesis of no structural breaks.'® While these results suggest that the equation is stable, it
should be noted that there are few observations in each period and that the parameters may therefore
be estimated with too much uncertainty for the structural break tests to have much power.

Second, the estimate of the parameter on the current output gap may be subject to simultaneity bias.
We therefore reestimate the equation, using lagged inflation rates and lagged output gaps as instruments,
and report the results in column 3 of Table 5 to facilitate a comparison with the NLS estimates discussed
above. The estimated impact of the output gap on inflation is now larger than before but somewhat less
significant (p = 6.3%). Given the estimated standard error, the difference does not, however, appear
statistically significant.??

Third, it may be that the estimates of the output gap are subject to measurement errors. We therefore
reestimate the model using the current and two lagged growth rates of real GDP as instruments for the
output gap. The results in column 4 are virtually identical to those in column 2 in Table 5. We therefore
conclude that the results do not suggest that any mismeasurement of potential GDP impacts importantly
on the results.

6. Conclusions

This paper studies the relationship between inflation and the output gap in Mainland China by fitting
Phillips-curve models for the period 1982-2003. A number of time-series techniques are employed to
estimate potential output and to construct measures of the output gap. These are strikingly similar, and
movements in them appear associated with swings of inflation. They are also broadly similar to estimates
in the literature that make use of a production function approach.

We then turn to the question whether the determination of inflation in the Mainland can be understood
using a Phillips-curve framework. The estimates suggest that a simple application of the Phillips curve

We are grateful to the referees for suggesting the work reported here. All estimates in this section are based on the NLS
estimates reported in Table 5.

The p-value for a test of the hypothesis that the parameters are the same before and after 1992 is 84.1%, and before and after
1999 94.0%. The p-value for a joint test of these hypothesis is 55.8%.

20 This is confirmed by a formal Hausman test.
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does not fit data well and that this may reflect an omission of some important variables. Given the
tremendous structural change and policy shifts in the Mainland in the estimation period, this hypothesis
appears plausible. In particular, price deregulation, trade liberalisation and changes in the exchange-
rate regime over time have likely impacted on inflation. Since it is difficult to capture or measure the
influence of these forces empirically, we model them as an unobserved variable. The results suggest
that once a serially correlated omitted variable is allowed for, the model fits the data much better. Thus,
movements in inflation are at least partially due to movements in aggregate demand as captured by the
output gap. The introduction of the omitted variable also explains what at first glance appear to be
surprising features of the simple Phillips-curve estimates.

12



Hong Kong Institute for Monetary Research

References

Borensztein, E. and J.D. Ostry (1996), “Accounting for China’s Growth Performance,” American Economic
Review Papers and Proceedings, 86: 224-28.

Chang G. (2003), “China’s Optimal Inflation Rate: Model and Bayesian Estimates,” China Journal of
Finance, (in Chinese), September.

Chen B. (1997), “Long-Run Money Demand and Inflation in China,” Journal of Macroeconomics, 19: 609-
17.

Chow G.C. (1993), “Capital Formation and Economic Growth in China,” Quarterly Journal of Economics,
108: 809-42.

Chow G.C. and K.W. Li (2002), “China’s Economic Growth: 1952-2010,” Economic Development and
Cultural Change, 51: 247-56.

Clark, P. (1989), “Trend Reversion in Real Output and Unemployment,” Journal of Econometrics, 40: 15-32.

Gerlach, S. and M. Yiu (2004), “Estimating Output Gaps in Asia: A Cross-Country Study,” Journal of the
Japanese and International Economies, 18: 115-36.

Harvey, A.C. (1993), Time Series Models, 2"9 ed., New York: Harvester Wheatsheaf.

Hasan, M.S. (1999), “Monetary Growth and Inflation in China: A Reexamination,” Journal of Comparative
Economics, 27: 669-85.

Heytens, P. and H. Zebregs (2003), How Fast Can China Grow? China: Competing in the Global Economy,
Washington D.C.: International Monetary Fund.

Hu Z. and M. Khan (1996), “Why is China Growing So Fast?” IMF Working Paper No. 96/75,
Washington D.C.: International Monetary Fund.

Imai, H. (1997), “Output-Inflation Tradeoff in China,” The Developing Economies, XXXV-2: 111-41.

Oppers, S.E. (1997), “Macroeconomic Cycles in China,” IMF Working Paper No. 97/135, Washington D.
C.: International Monetary Fund.

Scheibe, J. (2003), “The Chinese Output Gap During the Reform Period 1978-2002,” Department of
Economics Discussion Paper No. 179, University of Oxford, 2003.

Watson, M. (1989), “Univariate Detrending Methods with Stochastic Trends,” Journal of Monetary
Economics, 18: 49-75.

13



Working Paper No.20/2005

Woo W.T. (2003), “The Travails of Current Macroeconomic and Exchange Rate Management in China:
The Complications of Switching to a New Growth Engine,” Economics Department, University of
California at Davis.

Xie P. and X. Luo (2002), “Taylor-Rule and its Relevance to China’s Monetary Policy,” Economic Research
Journal, (in Chinese) 3.

14



Hong Kong Institute for Monetary Research

Table 1. Correlation of Alternative Measures of Inflation

Annual Data, 1979-2003

CPI Deflator RPI PPI
CPI 1
Deflator 0.928 1
RPI 0.995 0.923 1
PPI 0.919 0.924 0.924 1.000

Notes: Inflation is measured using the consumer price index (CPI; from 1985), the GDP deflator (Deflator; from 1979), the retail
price index (RPI; from 1979) and the producer price index (PPI; from 1980). The exact sample periods vary depending on data
availability. The correlations are computed using all available data.

Table 2. Estimates of the Unobservable-Components Model for the Output Gap

Annual Data, 1978-2003
2
¢1: 1.291 (5.113) o, x 1000 = 0.008

¢,=-0.749 (9.311) cl=0 o2 x1000 = 0.346

Table 3. Correlations of Alternative Measures of the Output Gap

Annual Data, 1978-2003

HPGAP UCGAP TGAP
HPGAP 1
UCGAP 0.979 1
TGAP 0.959 0.891 1

Notes: The output gaps are computed using the Hodrick-Prescott filter (HPGAP), the unobservable-components method of
Gerlach and Yiu (2004) (UCGAP) and a cubic time trend (TGAP).
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Table 5. NLS Estimates of a Phillips-Curve Model with Omitted Variables

Annual Data, 1982-2003

Hong Kong Institute for Monetary Research

Regression

Method

[2

o

Adj. R-sq.
DW

1
NLS

0.126
(0.441)

1.314*
(5.159)

-0.435
(1.721)

-0.184
(0.687)

0.985*
(2.094)

0.697
1.831

2
NLS

0.050**
(2.183)

1.219%
(5.673)

-0.495*
(2.170)

1.136*
(2.641)

0.702
1.891

3
v

0.049**
(2.156)

1.288
(6.352)

-0.582*
(2.477)

1.624
(1.988)

0.679
1.888

4
\Y

0.050**
(2.313)

1.204*
(5.680)

-0.500**
2.101)

1.254
(2.545)

0.700
1.825

Notes: Absolute value of t-statistics in parentheses, */**/*** denotes significance at 10/5/1% level. The instruments used the
regression in column 3 are inflation lagged one and two years, and the output gap lagged one, two and three years. In the
regression in column 4, the instruments are inflation lagged one and two years, and the current and two lags of real GDP growth.

Table 6. Kalman-Filter Estimates of a Phillips-Curve Model with Omitted Variables

Annual Data, 1982-2003

Model

Log likelihood

1

0.052
(1.420)

1,173
(3.192)

-0.456
(1.157)

0.040
(0.108)

1.125*
(1.895)

0.000
0.001

48.139

2

0.053**
(2.381)

1.210™
(5.239))

-0.497*
(2.177)

1.137*
2.112)

0.001

48.121

Notes: Absolute value of t-statistics in parentheses, */**/*** denotes significance at 10/5/1% level.
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Figure 1
Alternative Measures of Inflation
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Figure 3
Estimates of UCGAP
(together with 95 percent confidence band)
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HPGAP and TGAP
(together with 95 percent confidence band from UCGAP)
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Figure 5
Inflation and Unobserved Variable
(Using deflator)
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