


 2

become less effective to the price level in the deflation era started from 

1998. This conclusion is consistent with the recent development of the neo-

Keynesian macroeconomic model which predicts that the monetary 

expansion is less effective in an environment of deflation. It also provides 

some empirical evidence to support the Chinese government to adopt 

alternative policies such as an active fiscal policy for the purpose of 

demand management in the era of deflation. 
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1. Introduction 

 

This paper tests the Granger causality from money (m) to price (p) in 

China since 1990s. This period is chosen for a number of reasons. The 

Chinese economy experienced both a historical double-digit inflation in 

the mid-90s and unprecedented deflation in the late 1990s and early 2000s 

(cf. Fig 1). The People's Bank of China, which was given the status of the 

Central Bank of China in 1983, has been trying to adopt an active 

monetary policy to reduce inflation and contain deflation. However, there 

remains an open issue whether its policy is effective (Sun and Ma, 2003; 

Sun and Ma, 2005).  

[Fig 1 to be inserted here] 

In this paper, we formally investigate the effectiveness monetary variables 

in the two regimes of inflation and deflation, respectively. We apply the 

Granger causality test based on vector auto-regressive (VAR) models to 

achieve this objective. If the Granger causality is found from money to 

price, then we conclude that monetary variable has significant impact on 

the price level. However, if there is no Granger causality from money to 

price, then money is ineffective and money supply may not be chosen as a 

monetary policy instrument for the central bank. 

 

One of the biggest challenges to our research is the frequent structural 

changes in the Chinese monetary system. This implies that both the lags 

and the parameters of the VAR model are not constant over time. 

Therefore we apply a rolling estimation approach on the VAR models to 

conduct our Granger causality tests from money to price.  
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The main findings of the paper are that the monetary variables have 

become impotent to the price level in the deflation era started from 1998. 

This conclusion is consistent with the recent development of the neo-

Keynesian macroeconomic model which predicts that the monetary 

expansion is less effective in an environment of deflation (e.g., Svensson, 

2003). 

 

Since the seminal paper by Lucas (1972) and its further development by 

Sargent and Wallace (1976), the neoclassical doctrine holds the view that 

the anticipated monetary changes are impotent. Only the monetary shocks 

may generate significant impact on the economic variables such as GDP 

and prices. This view was initially supported with empirical evidence by 

Barro (1977). However, it was subsequently challenged by neo-Keynesian 

economists both theoretically and empirically. 

 

For example, Mishkin (1982) was the first to challenge the monetary 

neutrality hypothesis based on his empirical evidence. Mankiw and Romer 

(1991) collected some representative theoretical work that provide 

microeconomic foundations for wage and price rigidity that violate the 

conditions under which the money neutrality holds. Latest development in 

this area can be found in, for example, Clarida, Gali and Gertler (2002).   

 

The money neutrality hypothesis is also under much debate in China. The 

debate is especially important after the witness of the recent Asian 

financial crisis (Tsang and Ma, 2002) and China's accession to the WTO 

(Ma, 2001). Li and Ma (1996) and Zhao, Ma, Kueh, Tsang, Yiu, and Liu 

(2002) showed that the gradual economic reform and price stickiness 
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provide the microfoundation of money non-neutrality in China. Liu (2001) 

found significant effect of monetary supply over the period of 1987-2000. 

Tsang and Ma (1997, 2000) found that there was significant monetary 

impact on the economy of mainland China based on a simulation model. 

However, Sun (2000) explained theoretically why money supply is 

decreasingly effective under deflationary period. It is due to the 

inefficiency of the monetary transmission mechanism in China. This 

conclusion was supported by empirical evidence by Lu and Shu (2002). 

Nevertheless, all of the empirical works reviewed above are based on a 

conventional constant-parameter-constant-structure econometric approach 

that is subject to model misspecification due to the frequent structural 

changes in China (Ma, et al, 2002; Ma, et al, 2003). Another drawback of 

these researches is that they all based on Johansen’s (1991) maximum 

likelihood estimation (MLE) and therefore are subject to the pre-test bias. 

To overcome both problems of structural changes and pre-test bias, this 

paper adopts the surplus lag VAR (Lutkepohl and Burda, 1997) rolling 

estimation method (Swanson, 1998) to examine the effectiveness of the 

monetary policy in China.  

 

The remainder of the paper is organized as follows. Section 2 discusses in 

details our procedure to test Granger causality in a system with frequent 

structural changes. Section 3 implements this procedure to investigate the 

effectiveness of the monetary variables in China. Finally, Section 4 

concludes. 
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The details of the window definitions are given as follows. The 1st 

regression window uses the observations from Jan. 1990 to Dec. 1994 (the 

window size is 60). Then we roll the regression window forward by 

simultaneously adding one new observation of Jan. 1995 and dropping one 

last observation of Jan. 1990 from the 1st window. Hence the new 

window’s size remains being fixed at 60 observations. Repeat this until we 

reach the 91st regression window for the period of July 1997 to June 2002. 

 

The lag length is chosen by the SIC in each regression. This indicates that 

the number of lags of the VAR model is also allowed to be time-varying to 

fully capture the structural changes due to the major monetary reforms in 

China.  

 

3. Estimation results 

 

We have three VAR systems corresponding to M0, M1 and M2 

respectively. Each VAR has three variables: Lp, Ly, and Lmj (j=0,1,2), 

which represent log of price, real GDP and Mj, respectively, as discussed 

in Section 2. 

 

3.1. Empirical evidence on the instability of the Chinese monetary system 

Fig 2 presents the time-varying lag lengths of the three VAR models of 

(Lmj, Lp, Ly) (j=0,1,2) under the rolling regressions discussed in Section 

2.4. These lags are estimated by the 91 windows illustrated in Section 2.4. 

The vertical axis of Fig 2 shows the lag length estimated in a 

corresponding window given by the date on the horizontal axis. The 

horizontal axis defines the 5-year windows of fixed size that finishes at the 
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date given at the horizontal axis, and starts 5 years earlier1.  For example, 

in Fig 2a, the first date of December 1994 with an estimated lag three 

indicates that the optimal lag length of the VAR model (Lm0, Lp, Ly) in 

the first window is lag three according to the SIC. It also tells us that this 

window starts from January 1990 and finishes in December 1994, given 

the fact that the window size is fixed to 5 years. Similarly, the date of June 

2002 corresponds to the last window, i.e., the 91st window. This window 

starts from July 1997 and finishes at June 2002.  The optimal lag for the 

VAR model (Lm0, Lp, Ly) is one in this window. 

[Fig 2 to be inserted here] 

The lag lengths are chosen to minimize the SIC in each window. Fig 2 

shows that frequent structural changes occurred during the period of 

December 1994 to December 1998 in all three VAR models. However, all 

estimated lag lengths eventually stabilized at lag one since January 1999. 

 

Fig 3 displays the p-values of the augmented Dicky-Fuller (ADF) and 

Phillips-Perron (PP) unit root tests for the five time series of Lmj (j=0,1,2), 

Lp and Ly. The tests are based on the fixed window rolling regressions 

again. The null hypothesis of both ADF and PP tests is that a time series is 

nonstationary. A straight solid line of 5% significance level is drawn in 

each of the figures. If a p-value of the test statistic is below the 5% 

significance line, it indicates that the time series is stationary in the 

corresponding estimation window. However, if a p-value is above the 5% 

line, then it implies that the time series is nonstationary for that 

corresponding period. 

[Fig 3 to be inserted here] 
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It is shown from Fig 3 that all five time series exhibited structural breaks. 

Nonstationarity could be found in the early estimation periods whilst 

stationarity could be accepted in the later estimation windows. 

Furthermore, the ADF and PP tests also generate conflicting results 

regarding the stationarity of some of the time series from time to time. For 

example, in the figure for the log of price (Lp), the ADF test indicated that 

Lp became stationary in the later estimation periods, whilst the PP test 

indicated that Lp remained nonstationary throughout all the regression 

windows. This creates uncertainty on the statistical inference for the 

subsequent Granger causality tests that may generate pre-test bias for the 

final conclusion about the effectiveness of the monetary variables. 

 

Fig 4 shows that the number of cointegration vectors, i.e., the number of 

long-run relationships, among the three VAR models for (Lmj, Lp, Ly) 

(j=0,1,2), respectively. It is estimated by the Johansen maximum 

likelihood estimation (MLE) (Johansen, 1991) by the rolling windows 

again. All three VAR models have experienced frequent long-run 

structural breaks. These breaks are indicated by the changes of the number 

of cointegration vectors (r) in different estimation windows, ranging from 

no cointegration (r=0), to one (r=1) or two (r=2) cointegration vectors. 

These structural breaks may also generate pre-test bias for the subsequent 

Granger causality, as explained in Section 2.2.  

[Fig 4 to be inserted here] 

To conclude, all of the findings from Fig 2, 3, and 4 show that the Chinese 

monetary system has experienced significant structural breaks and 

uncertain statistical properties over the period of January 1990 to June 

2002. As a result, this paper adopts a different estimation strategy to 
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bypass the potential pre-test bias and uncertainty in statistical inference 

from unit root tests and Johansen MLE. We utilize the surplus lag 

estimation approach developed by Lutkepohl and Burda (1997) recursively, 

as explained in Section 2.3 and 2.4, to examine the effectiveness of the 

monetary variables in China. 

 

3.2. Empirical results of effectiveness of monetary variables  

Fig 5 presents the p-values of the Granger causality tests from Lmj to Lp 

(j=0,1,2) based on rolling window regressions defined in Section 2.4. The 

test is conducted by the surplus lag estimation approach developed by 

Lutkepohl and Burda (1997). A straight line of 5% significance level is 

also drawn in these figures. If a p-value of the test statistic is below the 5% 

significance line, it indicates that there is evidence of Granger causality 

from money to price in the corresponding estimation window. However, if 

a p-value is above the 5% line, then it implies that there is no evidence of 

Granger causality from money to price in that window, which means 

money is ineffective for that corresponding period. 

[Fig 5 to be inserted here] 

Fig 5a displays the p-values of the Granger causality tests from Lm0 to Lp. 

It shows that Lm0 has been significantly Granger causing Lp for the entire 

inflation period until January 1998. However, it started to Granger cause 

Lp insignificantly since Feb. 1998. Since the deflation era started from 

February 1998 (see Fig 1), this indicates that the M0 became impotent 

during the deflation period in China. 

 

Fig 5b exhibits that Lm1 does not Granger cause Lp until February 1997. 

Since then, it starts to Granger cause Lp significantly in most of the 
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regressions. This indicates that the monetary variable is effective in these 

estimation periods. However, we found that the effectiveness of M1 has 

been declining. This conclusion is supported by regressing the log of 

coefficients of lagged Lm1, mp
1tβ  [cf. eq. (4)], on a constant and a linear 

time trend. This regression result is given as follows: 

Ln( mp
1tβ ) =  -1.56   - 0.0072*(time trend) + u1t ,  

     (18.97)  (6.26) 

Estimation  period: January 1999 to June 2002, Adjust. R2 = 0.48, 

σu1 = 0.09, where t-values are given in the parentheses2. 

 

This shows that the effectiveness of M1 measured by the coefficient of 
mp

1tβ  is declining at the speed of 0.72% each month. 

 

Fig 5c reveals that Lm2 does not Granger cause Lp for most of regression 

windows until March 1998. Since then, Lm2 Granger causes Lp up to 

December 2000. After that, there is no Granger causality again from Lm2 

to Lp. We also found that the effectiveness of M2 has been decreasing. 

This evidence is discovered by regressing the log of coefficients of lagged 

Lm2, mp
2tβ  [cf. eq. (4)], on a constant and a linear time trend. This 

regression result is given as follows: 

Ln( mp
2tβ ) = 2.24   - 0.050*(time trend) + u2t ,  

    (10.25) (16.29) 

Estimation  period: January 1999 to June 2002, Adjust. R2 = 0.87, 

σu2 = 0.24, where t-values are given in the parentheses3. 
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This regression implies that the effect of M2 measured by the coefficient 

of mp
2tβ  is falling at the speed of 5% per month. Since the deflation in China 

began from February 1998 (see Fig 1), the results of M1 and M2 both 

indicate that the money is getting weaker and weaker impact on the price 

level in the deflation period. 

 

The policy implication of our findings is that alternative policy such as the 

fiscal policy may be more useful in the deflation period due to the 

declining effectiveness of the monetary variables. This is consistent with 

the recent practice of the Chinese government emphasizing on an active 

fiscal policy to maintain the economy on a high growth track. 

 

4. Conclusion 

 

This paper formally investigates the effectiveness monetary variables in 

the two regimes of inflation and deflation, respectively. We applied the 

Granger causality test on the vector auto-regressive (VAR) models to 

achieve this objective. One of the biggest challenges in our research is 

frequent structural changes in the Chinese monetary system. This implies 

that both the lags and the parameters of the VAR model are not constant 

over time. Therefore we apply the surplus lag estimation recursively to 

conduct our Granger causality tests from money to price. The main 

findings of the paper are that money has become less effective to the price 

level in the deflation era started from 1998.4 This conclusion is consistent 

with the recent development of the neo-Keynesian macroeconomic model 

which predicts that the monetary expansion is less effective in an 

environment of deflation. The policy implication is that money supply 
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should not be considered as an effective monetary policy instrument to 

stabilize price level during the deflation periods in China. It provides some 

empirical evidence to support the Chinese government to adopt an 

alternative policy such as an active fiscal policy in the era of deflation. 

 

Notes 

 

1.  Similar interpretation applies to the horizontal axis in all of the 

subsequent figures. 

2.  We chose the starting date of estimation as Jan. 1999 because the 

orders of all three VAR models (Lmj, Lp, Ly) (j=0,1,2) have been 

stabilized to one lag. This simplifies the measure of M1 to only the 

coefficient on the lag one of Lm1, i.e., mp
1tβ  [cf. eq.(4)]. 

3.  See note 2. 

4.  For the reverse Granger causality from inflation to money supply, see 

Sun and Ma (2004). 
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