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a b s t r a c t

This paper investigates the responsiveness of the Chinese government’s monetary policies
in terms of the money supply and interest rates to economic conditions and the effective-
ness of these policies in achieving the goals of stimulating economic growth and control-
ling inflation. We analyze the responsiveness and effectiveness by estimating the Taylor
rule, the McCallum rule, and a vector autoregressive model using quarterly data in the per-
iod of 1992–2009. The results show that, overall, the monetary policy variables respond to
economic growth and the inflation rate, but the magnitudes of the responses are much
weaker than those observed in market economies. Money supply responded actively to
both the inflation rate and the real output and had certain effects on the future inflation
rates and real output. The official interest rates, on the other hand, responded passively
to the inflation rate and did not respond to the real output. They do not have any effect
on future inflation rates and real output either.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Once a centrally planned economy, China has now implemented economic reforms to transform itself into a market-ori-
ented economy and it has enjoyed an average annual real growth rate of about 10% for more than 20 years. After a few years
of experimenting, the central bank of China announced in 1998 that it abandoned the traditional central-planning system of
allocating funding to state-owned enterprises. Following the model in developed market economies, the central bank has
been using the money supply and official interest rates as its main tools to implement its monetary policies. What was
the role played by the central bank in the recent years of rapid growth? How effective were the monetary policies in pro-
moting growth while maintaining stability? This paper sets out to answer these questions. Just as real economic variables
and the inflation rate fluctuated over the last 20 years, so did the monetary variables. Such fluctuations in both economic
variables and policy variables make it possible to conduct an empirical evaluation of the responsiveness and effectiveness
of the government’s monetary policies. The time is ripe for such an evaluation as we now have enough data for a reasonable
analysis.

We address issues of how the money supply and official interest rates respond to macroeconomic variables such as the
output, the inflation rate, and the real effective exchange rate. We explore which of the two monetary policy tools, money
supply or official interest rates, play a more important role. We also examine how effective these monetary policies are in
influencing future outputs and inflation rates. Regarding the former question of how responsive the monetary tools are, we
adopt the frameworks of the Taylor rule and the MaCallum rule used widely in the literature to estimate the responses of the
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short-term official interest rate and the growth rate of the money supply to the real output and the inflation rate. We use
time-varying-coefficient models as well as fixed-coefficient models to estimate the response coefficients in the Taylor rule
and the MaCallum rule. For the latter task of analyzing the effectiveness of the policy variables, we adopt the standard vector
autoregressive (VAR) model, examine the impulse response functions of the economic variables to the policy variables, and
analyze the variance decomposition of the forecasting errors of the VAR model.

Our results indicate that, overall, the monetary policy variables do respond to and have some effect on the economic
growth, the inflation rate, and the real effective exchange rate as in Western market economies. However, the relationships
among monetary policy variables and macroeconomic activities tend to be weaker than those in Western market economies.
More importantly, unlike what’s been found in the Western economies, it is the growth rate of money supply that played a
more crucial role in fine-tuning the economy, while the official interest rates played a very passive role. In the first 2 years of
the sample period of 1992–2009, the money supply was too large and can be blamed for the ensuing high inflation in 1993–
1994. The sharp decline in the money supply in 1994 was effective in bringing down inflation. For the remaining years of the
sample period, the money supply had clear negative responses to both the inflation rate and the real output, in line with the
MaCallum rule. The official interest rates passively responded to the inflation rate with a delay in the first half of the sample
period and changed little in the second half of the sample period. Overall, the official interest rates had little effect on both
the inflation rate and real output.

The rest of this paper is organized as follows. Section 2 begins with a brief review of the literature on the evaluation of
monetary policies. It then provides a brief account of China’s macroeconomic background, the government’s emphasis on
different goals in various periods, and the literature on China’s monetary policies. This is followed by summary statistics
and graphic illustrations of key macroeconomic variables for the sample period of 1992–2009. Section 3 investigates the
responsiveness of the monetary policy variables to the economic conditions by estimating the Taylor rule and the McCallum
rule equations. Section 4 presents an econometric analysis of the effectiveness of the monetary policy variables, using im-
pulse response functions and variance decomposition of forecast errors, which characterize the importance of each variable
in predicting future values of its own and other variables in the VAR system. Section 5 interprets the econometric results
from a historical perspective. The last section concludes the paper.

2. Literature, economic background, and data

2.1. A brief review of related literature

Monetary policy evaluation has been an active research area in economics because of its immense importance. The liter-
ature is dominated by research on developed economies, especially the US. We briefly review the most relevant studies be-
low and mention other related work in the following sections as the discussion proceeds.

After a relatively quiet period following Sargent and Wallace (1975) who argue that monetary policy can be ineffective
under rational expectations and Lucas (1976) who critiques the naive predictions of non-structural models estimated with
historical data, research on policy evaluation resumed in the late 1980s and 1990s. One of the active strands in the literature
begins with Taylor (1993) who proposes a rule for central banks to set a nominal target interest rate that is increasing in the
expected inflation-rate gap and the output gap. The rule describes how central banks raise (reduce) the target interest rate
when the expected inflation is higher (lower) than the desired target inflation rate and when the actual output is greater
(smaller) than the natural output. The Taylor rule and its variations have been estimated empirically for the US and other
countries by economists around the world. Taylor (1993) first estimates the Taylor rule equation for the US. Clarida et al.
(1998) provide international evidence. Taylor (2001) extends the rule to include exchange rate as one of the economic vari-
ables the official interest rate responds to. Kuzin (2006) uses the framework to analyze the inflation battling experience of
the German central bank. Esanov et al. (2005) evaluate Russia’s monetary policy. Kim and Nelson (2006) use a model with
time-varying coefficients to estimate forward-looking monetary policy rules. Xie and Luo (2002) is the first study of China’s
monetary policy that used the Taylor rule.1

Similar to the Taylor rule for the official interest rate targeting, the McCallum (1988) rule describes the growth rate of
the money supply. The original McCallum rule describes the growth rate of the money supply as a function of the growth
rates of GDP and money velocity. More recent studies revise the McCallum rule so that the money supply growth targets
the expected inflation-rate gap and the output gap, parallel to the Taylor rule. An example is Esanov et al. (2005). The
revised McCallum rule describes how central banks reduce (increase) the money supply when the expected inflation is
higher (lower) than the desired target inflation rate and when the actual output is greater (smaller) than the natural
output.

There is also a body of literature on monetary policy rules based on vector autoregressive (VAR) models. Important stud-
ies include Sims (1992), Bernanke and Blinder (1992), Cristiano et al. (1999). They conclude that the federal funds target rate
and the non-borrowed reserves are typical monetary policy variables in the US, while innovations to money supply are not
ideal variables to represent monetary policy shocks.

1 There have been a flurry of studies, mostly in Chinese journals, following Xie and Luo on the Taylor rule in China with extended sample periods. All these
papers estimate fixed-coefficient Taylor rule models and conclude that the Taylor rule does not describe China’s monetary policy well.
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2.2. A brief history of china’s recent economic development

China began its economic reforms in the early 1980s. Through its open-door policy, it attracted a large amount of foreign
direct investments which propelled its high economic growth. The People’s Bank of China became the central bank in 1984
and started to play an important role in fine-tuning economic activities. Between 1984 and 1994, the central bank’s main
objectives were to stimulate economic growth and to maintain stability in commodity prices. Balancing the two objectives,
however, proved to be difficult. The real economy experienced a dramatic, albeit turbulent growth. Up to 2009, the highest
growth occurred in 1984 with a real GDP growth rate of 15.2% and the lowest occurred in 1990 with just 3.8%. Overall, the
real GDP growth averaged around 10% per year. In the meantime, there were three major high inflation episodes before
2009: one in 1985, one in 1989, and one in 1994. The last one saw an inflation rate of around 25%. These high inflation epi-
sodes were all caused by the easy credit provided to state-owned enterprises by government-controlled commercial banks
and over-investments in hot industries and regions at the time. In the midst of each high inflation episode, the government
scrambled to tighten the money supply and to raise the official interest rates. In 1995, after the highest inflation since the
economic reform, the central bank revised its policy goals and set inflation fighting as its priority. Various measures were
adopted to cool off the economy. These measures eventually proved to be effective. Both real economic growth rates and
inflation rates fell considerably. The 1997 Asian Financial Crisis resulted in a serious decline in demand. The GDP growth rate
dropped to below 8%, the inflation rate fell sharply, and the interest rates followed suit. In 1998, the inflation rate became
negative for the first time and interest rates reached their lowest level since the start of the economic reform. They remained
at low levels until 2006.

From 1988 to 1994, China ran a complicated dual-track system of exchange rates in which the official exchange rate and a
market-determined exchange rate coexist. From 1994 to July 2005, the Chinese currency, known as the Renminbi, was
pegged to the US dollar. Under the pressure of China’s trading partners, the Renminbi has appreciated more than 20% against
the US dollar since July 2005. The global financial crisis in the fall of 2008 caused a sharp downturn in China’s export growth
and the monetary authority of China repegged the Renminbi to the US dollar until May 2010. While the nominal exchange
rate between the Renminbi and the US dollar was invariant for most of the sample period in this study, the exchange rate
between the Renminbi and a basket of currencies of China’s trading partners varied as those other currencies varied with the
US dollar. In addition, since the inflation rates in China and all its trading partners fluctuated and the weights of trading vol-
ume with its partners changed over time, China’s real effective exchange rate also fluctuated.

From the brief description above and the plots of data below, we see that the economy in China since the reforms is
as cyclical as many Western economies in the Pre-Keynesian era. The large fluctuations of various economic variables in
the last 20 years provide a good opportunity to study the responsiveness and effectiveness of the monetary policies in
China.

2.3. Data

We use quarterly observations of macroeconomic variables in this study. The official interest rate, rt, is the average of
the 1-year deposit rate and the 1-year commercial lending rate where t indicates a quarter. Both rates are set by the central
bank as the most important benchmark rates in China and are extremely highly correlated, with a roughly 3% spread be-
tween the commercial lending rate and the deposit rate. The inflation rate, pt, is the quarterly observation of the annual
Consumer Price Index (CPI) based inflation rate.2 The real money growth rate, mt, is the quarterly observation of the annual
growth rate of the money supply (M1), minus the annual inflation rate.3 In the literature on Western economies, some
authors argue that money supply variables are not ideal monetary policy variables because money supply contains demand
shocks. In China, however, the central bank claims that its main monetary tool is money supply, while other instruments
and methods, such as the official interest rates, open market operations, and issuance of central bank notes, are supple-
mentary tools to prevent the actual growth rate of money supply from deviating from its target too much. Money supply
is, therefore, the most important monetary policy variable in China, as we verify in this paper. The real effective exchange
rate (REER), compiled by the International Monetary Fund (IMF), is the index value of Renminbi in terms of a
trade-weighted average of foreign currencies, adjusted for inflation rates of the involved countries.4 We use et = 100
log(REERt/100) in the paper and simply refer to it as the real effective exchange rate. The quarterly observations of the an-
nual growth rate of Gross Domestic Products (GDP) is denoted as Yt. In the analysis of the Taylor rule and the McCallum
rule, the output gap, defined to be the actual log GDP minus its ‘‘natural’’ value, is used. The construction of the output gap
is as follows. First, at the end of each quarter, t, we calculate the fourth-order moving average of the log quarterly real GDP,

log GDPt ¼ 1
4

P3
j¼0 log GDPt�j. We then follow the literature to construct the output gap using the standard filtering proce-

dure initiated by Hodrick and Prescott (1997).

2 China reports the annual inflation rate on a monthly basis. The exact monthly and quarterly inflation rates are not available.
3 Real money supply, rather than the nominal one, better reflects the true economic situation, unmasked by inflation. McCallum (2000), Esanov et al. (2005)

both use similar measures of real money supply in their analyses.
4 The REER of China compiled by IMF is based on sixteen foreign currencies and weighted by the total import-export of the sixteen countries. The Bank for

International Settlements compiles a similar series of REER for China, which is highly correlated with that of IMF.
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Fig. 1 shows the time-series plots of these macroeconomic variables in percentages. The macroeconomic conditions in
China during the sample period experienced substantial fluctuations as described in the previous subsection. The most nota-
ble features are the low output growth during 1998–2000 and high inflation rates centered around 1994. The pattern of the
output gap, yt, shown in the figure confirms the intuition of what the economy experienced during the sample period. The
very negative output gap in 1992 follows the low GDP around 1990. Another prolonged period of a negative output gap start-
ing sometime in 1998 corresponds to the low-growth period following the Asian Financial Crisis in 1997. The real effective
exchange rate fluctuates over the sample period, despite the fact the nominal exchange rate is pegged to the US dollar before
the second quarter of 2005 and after the third quarter of 2008.

The figure provides a first glimpse at how monetary policy variables correspond to macroeconomic variables. The official
interest rate roughly follows the real output gap and the inflation rate. It underwent large fluctuations over the entire sample
period, though the fluctuation in the second half of the sample period is much smaller. The real money growth rate also ap-
pears to be responsive to output and inflation. The period of the lowest real money supply growth in 1994 follows that of
high growth in output and high inflation rate.

Panel A of Table 1 presents the descriptive statistics of these macroeconomic variables, including the mean, standard
deviation, skewness, kurtosis, and several autocorrelation coefficients. The sample period is from the first quarter of 1992
to the last quarter of 2009 (1992.I–2009.IV), both inclusive, except for the real effective exchange rate which begins in
1994.I. The average of the growth rate of the real money supply is very high. The standard deviations of the inflation rate
and the money supply growth rate are both high. The skewness and kurtosis of each variable do not show large violation
of the normality. The autocorrelations of the variables are high for lags of one to three quarters because many of these vari-
ables are quarterly observations of annual growth rates. The autocorrelations of the four-quarter lag remain high except for
the growth rate of the real money supply.

Panel B of Table 1 supplements the descriptive statistics in Panel A by reporting the correlations between pairs of mac-
roeconomic variables with the log GDP replaced by the output gap. The lagged value of these variables are also included
because they will be used in the later analyses of the Taylor rule and the McCallum rule. The official interest rate has a
high correlation with the inflation rate and a very high correlation with its own lagged value. The growth rate of the real
money supply is modestly and negatively correlated with the output gap and the inflation rate. It is negatively correlated
with the official interest rate and positively correlated with its own lagged value. The correlation between the real effec-
tive exchange rate and the inflation rate is negative and large in magnitude. This reflects the fact that most variation in the
real effective exchange rate is driven by the inflation rates, rather than by the exchange rate itself, for most of the sample
period.
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Fig. 1. Time series of macroeconomic variables. The six panels show quarterly observations (in percentage) of the official interest rate, rt, the annual growth
rate of real money supply, mt, the annual inflation rate, pt, the real effective exchange rate, et, the annual growth rate of GDP, Yt, and the output gap, yt,
calculated with the Hodrick–Prescott filter.
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3. The responsiveness of monetary policies

3.1. The fixed-coefficient models

The original Taylor rule specifies that the target interest rate of the central bank, r�t , is determined by

r�t ¼ a�c þ a�p½Eðptþ1jItÞ � p�� þ ayyt ; ð1Þ

where pt is the realized annual inflation rate at t, p� is the desired target inflation rate, It is the information set at t, and yt is
the output gap. In the absence of the so-called inflation bias and the output bias, the parameter a�c is the long-run equilibrium
nominal interest rate. The parameters a�p > 0 and ay > 0 are the measures of responsiveness of the target interest rate to-
wards the inflation gap, E(pt+1jIt) � p�, and the output gap, yt. In this equation, an a�p > 1 represents an active interest rate
policy and an a�p 6 1 represents a passive interest rate policy. Similarly, a higher value of ay represents a more active response
of the interest rate policy towards output gap. Since the inflation rate is highly persistent, E(pt+1jIt) = pt is adopted by Taylor
and many other authors. In general, we assume E(pt+1jIt) = cpt for c 6 1. By denoting ap ¼ ca�p, and ac ¼ a�c � a�pp�, (1) can be
rewritten as

r�t ¼ ac þ appt þ ayyt: ð2Þ

A more general Taylor rule also considers the response of the official interest rate to the real effective exchange rate, as in
Taylor (2001),

r�t ¼ ac þ appt þ ayyt þ aeet: ð3Þ

As argued by Taylor (2001), the sign of ae is supposed to be negative when the exchange rate is the value of the domestic
currency in terms of (a weighted average of) foreign currencies.

In practice, central banks tend to maintain smoothness in the actual rate. Alternatively, central banks may sometimes
compromise the market forces reflected in the existing interest rate. In the literature, it is commonly assumed that the actual
interest rate, rt, is a weighted average of the target rate, r�t , and the existing interest rate, rt�1, plus a noise term, et, due to
other random factors at the time. This smoothing behavior is represented by

rt ¼ ð1� qÞr�t þ qrt�1 þ et; ð4Þ

where 0 6 q < 1. The case of q = 0 corresponds to the original Taylor rule without smoothing. By combining (3) and (4), we
obtain the following fixed-coefficient Taylor rule equation for the actual official interest rate.

rt ¼ ð1� qÞðac þ appt þ ayyt þ aeetÞ þ qrt�1 þ et : ð5Þ

Table 1
Descriptive statistics of the macroeconomic variables. Panel A of this table presents descriptive statistics of the macroeconomic variables and interest rates.
Panel B of the table presents the pairwise correlation coefficients between these variables. The macroeconomic variables are quarterly observations of the
official interest rate, rt, the annual growth rate of real money supply, mt, the annual CPI inflation rate, pt, the annual GDP growth rate, Yt, the output gap, yt, and
the log of the real effective exchange rate, et. The official interest rate is the average of the 1-year deposit rate and commercial lending rate. All these rates are
given in percentages. Besides the mean and standard deviation (st.dev) in percentage, the table also reports skewness, kurtosis (without subtracting 3), and
autocorrelation coefficient, qi, of lag i quarters for i = 1, 2, 3, 4, 6. The sample period is 1992.I–2009.IV, except for quantities involving et which begins at 1994.I.

Variable Mean St.dev Skew Kurt q1 q2 q3 q4 q5 q6

A. Descriptive statistics
rt 6.11 2.78 0.80 2.08 0.97 0.94 0.90 0.86 0.81 0.77
mt 12.10 6.52 �0.38 4.07 0.74 0.47 0.25 0.05 �0.02 �0.09
pt 4.63 6.43 1.44 4.27 0.97 0.90 0.81 0.70 0.61 0.51
Yt 9.83 1.97 0.44 2.66 0.83 0.72 0.62 0.57 0.47 0.37
yt 0.00 0.89 �0.05 2.72 0.89 0.71 0.51 0.33 0.19 0.08
et 5.05 9.62 �1.08 4.39 0.84 0.71 0.60 0.51 0.36 0.23

rt mt pt yt et rt�1 mt�1 pt�1 yt�1 et�1

B. Correlations between the variables
rt 1
mt �0.50 1
pt 0.83 �0.62 1
yt 0.50 �0.55 0.43 1
et �0.57 0.59 �0.79 �0.29 1
rt�1 0.98 �0.51 0.78 0.52 �0.52 1
mt�1 �0.45 0.77 �0.52 �0.50 0.60 �0.48 1
pt�1 0.86 �0.66 0.97 0.51 �0.76 0.83 �0.62 1
yt�1 0.40 �0.54 0.29 0.94 �0.15 0.44 �0.53 0.41 1
et�1 �0.66 0.65 �0.85 �0.40 0.93 �0.60 0.66 �0.82 �0.27 1
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The generalized McCallum rule in this paper for the target growth rate of the real money supply is also a function of the infla-
tion gap, the output gap, and for symmetry consideration, the real effective exchange rate,

m�t ¼ bc þ bppt þ byyt þ beet: ð6Þ

We also consider a model in which the actual growth rate of the real money supply depends on its lagged value as an addi-
tional explanatory variable, plus a noise term,

mt ¼ ð1� /Þm�t þ /mt�1 þ gt ; ð7Þ

where mt is the annual growth rate of the real money supply at the end of quarter t and gt is a random noise term. The model
to be estimated is then

mt ¼ ð1� /Þðbc þ bppt þ byyt þ beetÞ þ /mt�1 þ gt: ð8Þ

A stabilizing rule for the money supply is supposed to be counter-cyclical. Therefore, the maintained hypothesis is that bp < 0
and by < 0. Unlike the Taylor rule, however, the lagged value of the growth rate of the real money supply can be added for
reasons other than the smoothing consideration. While the central bank can set its official interest rates precisely, the real-
ized growth rate of the real money supply is not entirely determined by the central bank. First, there is an unexpected infla-
tion component in the real money supply that is beyond the control of the central bank. More importantly, there are
numerous factors on the demand side that can affect the recorded actual money supply. A monetary policy may specify that
the current money supply should correct any deviation in the past money supply from its target. As a result, the sign of /
cannot be easily determined a priori.

Table 2
The Taylor rule and McCallum rule. This table presents the estimated Taylor rule and McCallum rule with fixed coefficients,

rt ¼ ð1� qÞ½ac þ appt þ ayyt þ aeet � þ qrt�1 þ Dt ð1� q0Þ a0c þ a0ppt þ a0yyt þ a0eet

� �
þ q0rt�1

h i
þ et ; mt ¼ ð1� /Þ½bc þ bppt þ byyt þ beet �þ

/mt�1 þ Dt ð1� /0Þ b0c þ b0ppt þ b0yyt þ b0eet

� �
þ

h
/0mt�1 � þ gt ; where rt is the official interest rate, mt is the annual growth rate of real money

supply, pt is the annual inflation rate, yt is the output gap, et is the real effective exchange rate, and Dt � 0 in Panel A and is the dummy
variable for 2000.I–2009.IV in Panel B. The Newey-West t-ratios in parentheses are adjusted for a 4-quarter lag. The sample period is 1992.I–
2009.IV, except for the equations involving et which begins at 1994.I.

ac ap ay ae q R2

A. Dt � 0
3.24 0.53 �0.53 0.88 0.98
(5.53) (4.93) (�0.89) (29.07)
4.65 0.24 0.52 �0.12 0.87 0.98
(6.91) (2.36) (0.76) (�1.56) (25.37)

bc bp by be / R2

15.14 �0.61 �2.90 0.57 0.67
(11.70) (�3.03) (�1.99) (7.83)
13.58 �0.30 �2.79 0.10 0.56 0.72
(5.40) (�0.71) (�1.09) (0.40) (6.53)

ac ap ay ae q R2

B. Dt equals the dummy for 2000.I–2009.IV
4.14 0.46 �0.57 0.86 0.98
(2.50) (3.37) (�0.80) (11.15)
5.50 0.06 2.53 �0.16 0.80 0.98
(4.18) (0.45) (3.48) (�1.46) (5.67)

a0c a0p a0y a0e q
0

1.20 �0.01 0.27 �0.42
(2.39) (�0.28) (2.48) (�1.86)
0.92 0.03 �0.13 0.03 �0.39
(1.16) (0.56) (�0.38) (1.49) (�1.25)

bc bp by be / R2

15.80 �0.58 �3.25 0.45 0.70
(8.49) (�2.93) (�2.16) (5.48)
13.34 �0.70 1.76 �0.06 0.20 0.78
(3.67) (�1.42) (0.65) (�0.17) (1.12)

b0c b0p b0y b0e /
0

�4.85 �1.09 4.08 0.32
(�1.30) (�2.23) (2.39) (2.30)
�12.12 �1.15 �0.97 0.11 0.57
(�1.17) (�0.99) (�0.18) (0.17) (2.66)
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Table 2 reports the regression results of the Taylor rule Eq. (5) and the McCallum rule Eq. (8) for the sample period 1992.I–
2009.IV using the nonlinear least squares (NLS) estimation. Panel A is for the entire sample period, while Panel B shows the
results that allow parameters to be different across the subperiod 1992.I–2000.IV and the subperiod 2000.I–2009.IV. The

parameters a0c; a
0
p; a

0
y; a

0
e

� �
and b0c; b

0
p; b

0
y; b

0
e

� �
are the changes in the second subperiod. Since the data are quarterly observa-

tions of annual growth rates, the error terms of the two equations are likely autocorrelated. The numbers in parentheses un-
der the coefficient estimates in the table are Newey-West t-ratios, adjusted for a four-quarter lag.

During the entire sample period, the official interest rate responds positively to the inflation rate. The response, however,
appears to be passive: ap < 1.5 In addition, the official interest rate exhibits an insignificant response to the output gap. The
sign of ae is negative, as the theory predicts, but its significance is low, both economically and statistically. As the McCallum
rule describes, the growth rate of the real money supply is significantly negatively related to the output gap and significantly
negatively related to the inflation rate. Its response to the real effective exchange rate is small and insignificant. The inclusion
of the real effective exchange rate weakens the role of the inflation rate, as they are highly negatively correlated.

The results in Panel B reveal a substantial difference between the two subperiods, as some of the parameters of

a0c; a
0
p; a

0
y; a

0
e

� �
and b0c; b

0
p; b

0
y; b

0
e

� �
are significantly different from zero. The most meaningful result is that the real money sup-

ply in the second subperiod is more responsive to the inflation rate and is insensitive to the output gap (as by þ b0y is slightly
positive).

Table 3
The Taylor rule and McCallum rule: lagged dependent variables. This table presents the estimated Taylor rule and McCallum rule

with fixed coefficients, rt ¼ ð1� qÞ½ac þ appt�1 þ ayyt�1 þ aeet�1 � þ qrt�1 þ Dt ð1� q0Þ a0c þ a0ppt�1 þ a0yyt�1 þ a0eet�1

� �
þ q0rt�1

h i
þ et ;

mt ¼ ð1� /Þ½bc þ bppt�1 þ byyt�1 þ beet�1 � þ /mt�1 þ Dt ½ð1� /0Þ b0c þ b0ppt�1 þ b0yyt�1 þ b0eet�1

� �
þ /0mt�1 � þ gt ; where rt is the offi-

cial interest rate, mt is the annual growth rate of real money supply, pt is the annual inflation rate, yt is the annual output gap, et is
the real effective exchange rate, and Dt � 0 in Panel A and is the dummy variable for 2000.I–2009.IV in Panel B. The Newey-West t-
ratios in parentheses are adjusted for a 4-quarter lag. The sample period is 1992.I–2009.IV, except for the equations involving et

which begins at 1994.I.

ac ap ay ae q R2

A. Dt � 0
3.12 0.54 �1.23 0.88 0.98
(5.00) (4.59) (�1.64) (21.63)
4.78 0.21 0.09 �0.14 0.87 0.98
(5.83) (1.90) (0.12) (�1.57) (23.15)

bc bp by be / R2

15.05 �0.60 �2.35 0.53 0.66
(12.09) (�2.78) (�1.86) (6.27)
11.52 0.03 �3.12 0.30 0.55 0.72
(4.80) (0.06) (�1.60) (1.09) (6.22)

ac ap ay ae q R2

B. Dt equals the dummy for 2000.I–2009.IV
4.44 0.44 �0.91 0.83 0.98
(3.81) (5.11) (�1.53) (10.59)
5.18 0.13 1.92 �0.12 0.76 0.98
(8.11) (1.74) (3.43) (�1.73) (7.12)

a0c a0p a0y a0e q
0

0.69 �0.04 0.26 �0.22
(1.15) (�0.85) (1.96) (�1.12)
0.34 �0.05 �0.17 0.01 �0.09
(0.40) (�1.49) (�0.51) (0.50) (�0.47)

bc bp by be / R2

15.63 �0.57 �2.87 0.41 0.69
(9.63) (�3.10) (�2.46) (5.91)
15.31 �0.76 0.90 �0.18 0.37 0.77
(4.63) (�1.74) (0.37) (�0.56) (2.12)

b0c b0p b0y b0e /
0

�1.33 �1.06 3.90 0.18
(�0.42) (�1.58) (1.91) (1.28)
�5.17 �0.30 �0.44 0.37 0.23
(�1.07) (�0.42) (�0.16) (1.22) (1.16)

5 The time-series model of the inflation rate gives E(pt+1jpt) = 0.10 + 0.97pt, so a�p < 1 remains true.
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Since the actual data on the inflation rate and output are reported with a delay, at the time of policy making, the required
information may not be entirely available. As a result, the model may be mis-specified. To accommodate such a possibility,
we re-estimate the model with the lagged variables, pt�1, yt�1, and et�1 for both the Taylor rule and the MaCallum rule. The
results are reported in Table 3.

The results in Table 3 are consistent with those in Table 2. The signs and the magnitudes of the parameter estimates are
roughly the same as the corresponding ones in Table 2. The t-ratios of the estimates are also similar in general. As such, the
basic conclusions using contemporaneous variables remain the same. Overall, the official interest rate responds passively to
the inflation gap, but it does not respond to the output gap, while the real money supply responds negatively to both the
inflation gap and the output gap.

3.2. The time-varying-coefficient models

While the Taylor rule and the McCallum rule with fixed coefficients have shown to be useful in describing the monetary
policies adopted by the central banks of various countries, the literature has also documented evidence that central banks
tend to maintain a great deal of discretion rather than mechanically follow any given rule. For example, Clarida et al.,
2000 find that the estimated Taylor rule for the US Federal Reserve changes remarkably after the Volcker disinflation period.
Demers and Rodriguez (2001) investigate the stability of the Taylor rule for the Canadian central bank in the period 1963–
1999 and show that the monetary rule cannot be evaluated over this period without taking into account parameter insta-
bility and structural changes. One reason for time-varying coefficients is the persistency of the inflation rate. There are peri-
ods of high inflation rates and periods of low inflation rates. The target inflation rate, p�, may change from time to time as a
result. Extensions to the original Taylor rule that accommodate structural flexibility of model parameters abound in the lit-
erature. Kim and Nelson (2006) analyze a model with time-varying coefficients in the Taylor rule, while Sims and Zha (2006)
argue for the importance of time-varying variance of shocks in modeling monetary policy rules.

The subperiod results presented in the last subsection indicate that it is worthwhile to consider models of the Taylor rule
and the McCallum rule with time-varying coefficients. While there can be various specifications of the models of this nature,
one criterion we have is to maintain simplicity and avoid over-parametrization. For that reason, we begin with the models
with all the parameters varying over time, similar to those used by Kim and Nelson (2006). We then examine the variability
of each estimated time-varying parameters and set the parameters that do not show significant variation as constants. The
final models are

rt ¼ ð1� qÞðact þ aptpt þ ayyt þ aeetÞ þ qrt�1 þ et ; ð9Þ
mt ¼ ð1� /Þðbct þ bptpt þ byyt þ beetÞ þ /mt�1 þ gt : ð10Þ

We assume ait = ai,t�1 + uit, uit � Nð0;r2
uiÞ for i = c, p and et � N 0;r2

e
� �

. Similarly, we assume bit = bi,t�1 + vit, v it � N 0;r2
vi

� �
for

i = c, p and gt � N 0;r2
g

� �
, All the shocks, et, gt, uat, upt, vat, and vpt are assumed to be independent. The time-varying coeffi-

cients are treated as unobserved state variables. The models are estimated with the Markov Chain Monte Carlo (MCMC)
method using the Kalman filter as the initial estimate. The estimated parameters, ay, ae, re, rua, rup, q, by, be, rg, rva, rvp,
and / are reported in Table 5. The sign and significance of ay and by are consistent with those in Tables 2 and 3. So are
the sign and significance of ae and be. The standard deviations of the error terms of the time-varying coefficients reported
in Table 4 are all significant. The significance of rua, rup, rva, and rvp justifies the use of models with time-varying
coefficients.

The time-series of the estimated time-varying coefficients, act, apt, bct, and bpt are plotted in Fig. 2. It confirms that there
are considerable variations in these coefficients if they are allowed to vary. For some parameters, estimates from the models
with fixed coefficients reflect the average values of the time-varying ones. Exceptions, however, do exist. The estimated act

gradually increases over time, which is not seen from Tables 2 and 3. The reason for an increased act is that the inflation rate
was very high in the first few years of the sample period and low afterwards. It is possible that the target inflation rate of the

Table 4
Estimates of the time-varying-coefficient Taylor rule and McCallum rule. This table presents the estimated parameters of the
Taylor rule and the McCallum rule with time-varying coefficients, rt ¼ ð1� qÞðact þ aptpt þ ayyt þ aeetÞ þ qrt�1 þ et ; mt ¼
ð1� /Þðbct þ bptpt þ byyt þ beetÞ þ /mt�1 þ gt ; with ait = ai,t�1 + uit, uit � N 0;r2

ui

� �
for i = c, p, et � N 0;r2

e
� �

, bit = bi,t�1 + vit,
v it � N 0;r2

vi

� �
for i = c, p. All the shocks et, uat, upt gt, vat, and vpt are independent. The model is estimated with the Markov

Chain Monte Carlo (MCMC) method. The numbers below the parameter estimates are the t-ratios. The sample period is 1994.I–
2009.IV.

ay ae q re ruc rup

0.32 �0.13 0.91 0.33 0.32 0.22
(1.33) (�0.17) (26.21) (21.26) (19.97) (28.35)

by be / rg rvc rvp

�2.43 �0.01 0.49 1.22 0.27 0.23
(�7.49) (�0.20) (10.21) (18.08) (23.84) (26.47)

L. Fan et al. / Journal of Macroeconomics 33 (2011) 358–371 365



Author's personal copy

0 4 8 12 16 20
−2

−1

0

1

2

3

0 4 8 12 16 20
−0.2

−0.1

0

0.1

0.2

0.3

0 4 8 12 16 20
−0.2
−0.1
0

0.1
0.2
0.3
0.4

0 4 8 12 16 20
−0.02

0

0.02

0.04

0.06

0.08

0 4 8 12 16 20
−2
−1
0
1
2
3
4

0 4 8 12 16 20
−0.4
−0.2
0

0.2
0.4
0.6
0.8

Fig. 3. The orthogonalized impulse response functions: xt = (pt,yt,et,rt,mt)
0
. This figure plots the impulse response functions of the economic variables, pt+k,

yt+k, and et+k to the shock of monetary policy variables, rt and mt, where k = 1, . . ., 20 quarters. The order of the variables in the VAR is xt = (pt,yt,et,rt,mt)
0
. The

dashed lines indicate the 90% confidence interval.
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Fig. 2. Time-varying coefficients of the Taylor and McCallum rules. This figure plots the estimated time-varying coefficients of the Taylor rule, act and apt,
and of the McCallum rule, bct and bpt. The dashed lines indicate the 90% confidence interval.
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central bank, p�, follows the same pattern. As a result, act ¼ a�0 � a�ptp�t increased over time, as p�t decreased over time, while
apt fluctuated around 0.5. For the time-varying features of the McCallum rule, the responsiveness of the growth rate of the
real money supply to the inflation rate, bpt, is initially near zero, and is briefly positive in 1997, which is undetected in the
fixed-coefficient models. After that, it basically stays in the negative region just as the results in Tables 2 and 3 indicate. Some
of the interesting phenomena are not obvious from the models with fixed coefficients.

4. The effectiveness of monetary policies

4.1. The impulse response functions from VAR model

Following the recent literature, we use a vector autoregressive (VAR) model to analyze the relationships among the offi-
cial interest rate, the growth rate of the real money supply, the inflation rate, and the output gap. We denote xt as a vector
with components yt, pt, et, rt, and mt. The VAR equation for xt takes the form

xt ¼ a0 þ
Xp

i¼1

Aixt�i þ et; ð11Þ

where a0 is a constant 4-vector, Ai’s are constant 5 � 5 matrices, and et is the error term. While the VAR model can be used to
analyze the interactions among all the components of xt, our purpose in this section is to analyze the effectiveness of the
monetary policy variables (rt,mt) on current and future economic variables (yt,pt,et). For that purpose, a constant coefficient
model appears appropriate because what we are trying to capture here is the aggregate reaction of the economy as a whole
to the policy variables, unlike the Taylor rule and the McCallum rule which describe central bankers’ discretion. We use qua-
si-maximum likelihood to estimate the parameters. The VAR order, p = 1, is determined by the likelihood ratio test.

In Figs. 3 and 4, we plot the orthogonalized impulse response functions of the inflation rate, the output gap, and the real
effective exchange rate with respect to the official interest rate and the growth rate of the real money supply. The impulse
response functions are the expected increases in one component of xt+k in percentage for a one-percent increase in another
component of xt. Let’s take for example, the expected increase in the inflation rate at t + 4 for a one-percent increase in the
real money supply at t. Fig. 3 is based on xt = (pt,yt,et,rt,mt)

0
while Fig. 4 is based on xt = (pt,yt,et,mt,rt)

0
. We present the results

for two different orders of xt to show the robustness of the results because the order may matter. The solid line is the
estimated impulse response function. The dashed line above the solid line is the 95th-percentile of the distribution of the
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Fig. 4. The orthogonalized impulse response functions: xt = (pt,yt,et,mt,rt)
0
. This figure plots the impulse response functions of the economic variables, pt+k,

yt+k, and et+k to the shock of monetary policy variables, rt and mt, where k = 1, . . ., 20 quarters. The order of the variables in the VAR is xt = (pt,yt,et,mt,rt)
0
. The

dashed lines indicate the 90% confidence interval.
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estimator and the dashed line below the solid line is the fifth-percentile of the distribution. We use bootstrapping with 5000
replications to calculate the distributions of the estimated parameters, without relying on the normality assumption about
the error term. As a result, the parameter estimate may not be at the center of the 90% confidence interval due to potential
asymmetry of the distribution.

The top-left panel in Fig. 3 shows that the impulse response of the inflation rate to the official interest rate is near zero for
all the horizons. In the middle-left panel, the impulse response of the output gap to the official interest rate is also flat around
zero for all the horizons, meaning that the changes in the official interest rate have no effects on the future output gap
either.6 The bottom-left panel shows that the real effective exchange rate does not respond to the official interest rate either.
In sum, the graph basically indicates that the official interest rate has no effect on the future economic activities.

The top-right panel shows that the response of the inflation rate to the growth rate of real money supply is positive for
about 20 quarters. The curve is also humped and the maximum of about 0.18 is reached somewhere near three quarters. The
response is significant only for short horizons. The middle-right panel shows that the response of the output gap to the real
money supply is positive and marginally significant. The magnitude of the response is quite small. A one-percent decrease in
the real money supply causes the output gap to reduce by less than 0.02 in the next quarter. The impact reaches its maxi-
mum in less than four quarters and then decays over time. In the bottom-right panel, the impulse response of the real effec-
tive exchange rate to the real money supply is insignificant.

In Fig. 4 where the order of the two monetary policy variables is swapped, all the impulse response functions resemble
those in Fig. 3. The similarity between Figs. 3 and 4 goes to show that the results are quite robust to the order of the VAR
vector.

Table 5
Variance decompositions of prediction errors: xt = (pt, yt,et, rt,mt)

0
. This table presents the variance decompositions of the

prediction errors of the inflation rate, pt, the output gap, yt, the real effective exchange rate, et, the official interest rate, rt, and the
growth rate of the money supply, mt. The prediction horizons are zero quarters, four quarters, and 20 quarters. The numbers (in
percentage) indicate the variation over a future date of a variable indicated on the left attributed to the variable indicated at the
top of the column. The numbers in parentheses are t-ratios. The sample period is 1994.I–2009.IV.

pt yt et rt mt

pt

0 quarter 100 0.0 0.0 0.0 0.0
(–) (–) (–) (–) (–)

4 quarters 74.8 4.4 9.6 0.3 11.0
(6.3) (0.6) (1.0) (0.1) (1.7)

20 quarters 38.8 42.6 10.2 1.5 6.9
(2.6) (2.8) (1.2) (0.3) (1.3)

yt

0 quarter 5.5 94.5 0.0 0.0 0.0
(1.1) (19.4) (–) (–) (–)

4 quarters 3.7 69.6 14.9 1.0 10.8
(0.5) (6.2) (1.6) (0.2) (1.4)

20 quarters 6.9 56.1 22.7 1.3 13.0
(0.8) (5.0) (2.0) (0.2) (1.6)

et

0 quarter 0.2 1.1 98.8 0.0 0.0
(0.0) (0.4) (21.3) (–) (–)

4 quarters 2.8 10.4 86.4 0.2 0.2
(0.4) (1.0) (7.3) (0.1) (0.1)

20 quarters 4.0 36.1 54.5 1.7 3.7
(0.6) (2.7) (3.8) (0.4) (0.7)

rt

0 quarter 0.0 1.2 0.0 98.7 0.0
(0.0) (0.4) (0.0) (23.6) (–)

4 quarters 5.5 0.9 8.9 79.3 5.4
(0.7) (0.2) (1.0) (7.0) (1.2)

20 quarters 15.8 40.8 8.6 30.5 4.4
(1.3) (2.8) (0.8) (2.3) (0.9)

mt

0 quarter 3.8 0.2 0.0 8.7 87.3
(1.0) (0.1) (0.0) (1.7) (13.3)

4 quarters 6.7 7.3 10.4 8.6 66.9
(1.0) (1.1) (1.5) (1.9) (6.6)

20 quarters 8.7 12.9 17.3 7.6 53.6
(1.2) (1.8) (2.3) (1.8) (5.3)

6 It should be noted that the conclusion is made for the effects of the official interest rate on the output gap, yt, rather than on the growth rate of output, Yt.
Our results (not reported here) show that the responses of output itself to the official interest rate are slightly negative.
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The results of the impulse response functions are consistent with the earlier results on how the monetary policy variables
respond to the economic variables. The official interest rate is passive to the variation in the inflation rate. In addition, the
official interest rate does not respond to the output gap. As a result, future inflation rates and output gap are not influenced
by the current official interest rate either. On the other hand, the growth rate of the real money supply does respond to both
the inflation rate and the output gap. The current money supply also has some effect on the inflation rate and the output gap
in the near future.

4.2. Variance decompositions

Tables 5 and 6 report the variance decompositions of the VAR analysis for three prediction horizons: zero quarter (i.e., the
immediate effects), four quarters and 20 quarters. Table 5 is the result for xt = (pt,yt,et,rt,mt)

0
and Table 6 is the result for

xt = (pt,yt,et,mt,rt)
0
. Each table contains variance ratios in five panels and their t-ratios in parentheses. A variance ratio num-

ber in column j of panel i indicates the proportion of the variation over certain quarters in the future of xi,t+k contributed by
xj,t+s for s = 0, 1, . . ., k � 1. For example, the last variance ratio number in the first column, 8.7, means that 8.7% of the variation
in mt+20 is attributed to pt+s for s between 0 and 19. The numbers of greatest interest are the variations of pt, yt, and et attrib-
uted to rt and mt. These numbers (in boldface) measure the effects of the monetary policy variables on future economic vari-
ables. We also look at the variations of rt and mt attributed to pt, yt, and et for comparison. These numbers (in italics) measure
the responses of the monetary policy variables to the past economic variables.

The boldfaced numbers in Table 5 indicate that the much of variation in the future inflation rate and output gap can be
attributed to the real money supply, but not to the official interest rate. As much as 11.0% of the variation in the inflation rate
four quarters later and 6.9% of the variation in the inflation rate 20 quarters later are attributed to the real money supply. As
much as 10.8% of the variation in the output gap four quarters later and 13.0% of the variation in the output gap 20 quarters
later are attributed to the real money supply. The associated t-ratios, however, indicate that they are not significant. In con-
trast, less than 2% of the variation in either future inflation or output gap can be attributed to the official interest rate. The
variation in the future real exchange rate can neither be explained by the official interest rate, nor by the real money supply.

The proportions of future variations in the official interest rate and money supply attributed to the current inflation rate
and the output gap, reported in italics in Table 5, tend to be much greater and more significant. There is an obvious asym-
metry between the impacts of the economic variables on the policy variables and the impacts of the policy variables on the
economic variables. This asymmetry is a reflection of the passiveness of the policy variables in response to the economic
variables.

In Table 6, the order of the variables is changed to xt = (pt,yt,et,mt,rt). The numbers are somewhat different from those in
Table 5. The patterns, however, remain the same.
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Fig. 5. The deposit rate, the lending rate, and the expected inflation rate. This figure plots the 1-year deposit rate, rd
t , the 1-year commercial lending rate, rl

t ,
and the expected annual inflation rate, Et(pt+1).
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5. Historical perspectives

The results of the econometric analyses conducted in the last two sections can be interpreted from historical perspectives.
We summarize the main features of the monetary policy variables below by referring to the major events that occurred dur-
ing the sample period.

One important feature in the behavior of the monetary policy variables is their passiveness. This is more evident in the
official interest rates. Before the economic reforms, the official interest rates barely moved. After the inception of the eco-
nomic reforms, the behavior of the official interest rates changed dramatically. The government learned to use the official
interest rates, in conjunction with the money supply, to fine-tune the economy. The sharp decline in the official interest rates
in the 1996–1999 period, as seen from Fig. 1, is the reaction of the government to the declining inflation rate and the neg-
ative demand shock in the wake of the Asian Financial Crisis. However, the changes in the official interest rates lagged sig-
nificantly behind those of the inflation rate and other real variables. From Fig. 1, we see that the annual inflation rate went
down to zero in early 1998. In fact, the monthly inflation rate was already negative in most months of 1997. The official de-
posit rate and the lending rate, however, stayed high at 7.47% and 10.08%, respectively, at the beginning of 1997, fell only
gradually for the next 2 years, and remained at 4.77% and 6.93%, respectively, until December 1998. The slow adjustments
of the interest rates during that period may have contributed to the slow recovery of the real economy. It took a long time
before the economic activities got back on track. The actual output growth was the lowest during the 1998–2001 period in
the whole sample period and the output gap was below zero during the 1998–2003 period, as seen in Fig. 1. Fig. 5 plots the
official 1-year deposit rate, the official 1-year commercial lending rate, and the expected 1-year inflation rate according to
the VAR model. The inertness of the official interest rates during the 1996–1999 period is evident. The magnitude of their
changes over time is far smaller than that of the expected inflation in the whole sample period. After 1999, the inflation rate
fluctuated from time to time, but the official interest rates did not budge much until the end of the sample period. The

Table 6
Variance decompositions of prediction errors: xt = (pt, yt,et, mt,rt)

0
. This table presents the variance decompositions of the

prediction errors of the inflation rate, pt, the output gap, yt, the real effective exchange rate, et, the official interest rate, rt, and the
growth rate of the money supply, mt. The prediction horizons are zero quarters, four quarters, and 20 quarters. The numbers (in
percentage) indicate the variation over a future date of a variable indicated on the left attributed to the variable indicated at the
top of the column. The numbers in parentheses are t-ratios. The sample period is 1994.I–2009.IV.

pt yt et mt rt

pt

0 quarter 100 0.0 0.0 0.0 0.0
(–) (–) (–) (–) (–)

4 quarters 74.8 4.4 9.6 10.9 0.4
(6.2) (0.6) (1.0) (1.5) (0.3)

20 quarters 38.8 42.6 10.2 7.5 0.9
(2.5) (2.8) (1.2) (1.2) (0.2)

yt

0 quarter 5.5 94.5 0.0 0.0 0.0
(1.2) (19.6) (–) (–) (–)

4 quarters 3.7 69.6 14.9 11.8 0.0
(0.5) (6.2) (1.6) (1.3) (0.0)

20 quarters 6.9 56.1 22.7 14.2 0.1
(0.8) (5.0) (2.1) (1.5) (0.0)

et

0 quarter 0.2 1.1 98.8 0.0 0.0
(0.0) (0.4) (21.4) (–) (–)

4 quarters 2.8 10.4 86.4 0.4 0.1
(0.4) (1.0) (7.2) (0.1) (0.0)

20 quarters 4.0 36.1 54.5 5.0 0.4
(0.5) (2.7) (3.8) (0.8) (0.1)

mt

0 quarter 4.2 0.2 0.0 95.6 0.0
(1.0) (0.1) (0.0) (18.2) (–)

4 quarters 7.1 7.7 10.9 73.7 0.5
(1.0) (1.2) (1.5) (7.0) (0.5)

20 quarters 9.0 13.4 18.0 58.3 1.3
(1.2) (1.9) (2.3) (5.3) (0.6)

rt

0 quarter 0.0 1.1 0.0 9.5 89.3
(0.0) (0.4) (0.0) (1.6) (14.9)

4 quarters 5.3 0.9 8.7 22.3 62.8
(0.7) (0.2) (1.0) (2.2) (5.3)

20 quarters 15.7 40.5 8.5 12.4 23.0
(1.3) (2.8) (0.9) (1.6) (2.0)
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inflation rate moved up to more than 5% in mid-2007, while the 1-year deposit rate was only slightly above 3%, causing a
negative real deposit rate, even though the central bank had raised the official rates four times in one year. The consequence
of the negative real interest rates is yet to be seen.

6. Conclusion

In this paper, we address issues regarding the responsiveness and effectiveness of monetary policies in China in recent
years. The large fluctuations in both economic variables and monetary policy variables provide an opportunity for this task.
The empirical evidence we present in this paper shows that the two monetary policy variables, the growth rate of the real
money supply and the official interest rates, do respond to the inflation rate and the output gap. The way these two policy
variables respond to economic variables is better described by the models of the Taylor rule and the McCallum rule with
time-varying coefficients than by the original models with fixed coefficients. The emphasis on stimulating growth in
1992–1993, the early years of the sample period, led to the high inflation rate later around 1994. The increase in the official
interest rate and the sharp cut in the money supply in 1993–1995 were belated, but eventually worked to bring the inflation
rate down. The delayed cut in the official interest rate after the Asian Financial Crisis in 1997–1998 partially caused sluggish
recovery afterwards. Overall, we find that money supply was a more effective instrument used in China, responding to both
the inflation rate and the real economy more actively, while the official interest rate responded to the inflation rate only
passively.
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