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Abstract: Although a large number of scholars have studied the policy preferences and monetary
policy rules of China’s central bank, most have found no evidence that China’s central bank has
adjusted the nominal interest rates against the output gap. By constructing the pseudo output gap
defined by the deviation of the real output growth rate and the target growth rate, this paper finds
that China’s central bank prefers to adjust the nominal interest rates against the pseudo output gap.
The monetary policy preferences and rules of China’s central bank in different interest rate regimes
are investigated based on the threshold Taylor rule model. It is found that, in the high-interest-rate
regime, the central bank adjusts the nominal interest against the inflation gap and the pseudo output
gap, while in the low-interest-rate regime, there is no evidence that the central bank adjusts the
nominal interest rates against the pseudo output gap. The lower bound of interest rate reduction and
the weakening of interest rate policy effects caused by the liquidity trap of the interest rate are the
possible reasons for China’s central bank not to adjust the nominal interest rates against the pseudo
output gap.

Keywords: pseudo output gap; monetary policy rules; interest rate regimes; threshold effect

1. Introduction

The purposes of monetary policy are to keep the price, output, and finance stable [1] and to
promote sustainable economic growth [2], so the government needs to adjust the monetary policy in
accordance with economic development to achieve the above policy targets. In response to the US
subprime mortgage crisis, the central bank of Japan implemented an expansionary monetary policy
that caused the call rate on overnight loans to fall to 0%. However, the excessively expansionary
monetary policy has not yielded the expected results. The prospects for economic recovery still face
many uncertainties. Especially in the presence of zero lower bound on nominal interest rates, the
price-based monetary policy aimed at lowering interest rates and stimulating the economy seems
to be ineffective; thus, the central bank of Japan has pinned its hopes of economic recovery on a
quantity-based monetary policy that increases the base currency or other ways to conduct quantitative
easing [3]. Similarly, in response to the crisis, the Federal Reserve implemented a more aggressive
expansionary monetary policy than the central bank of Japan did. The federal funds rate was reduced
from 5.02% in August 2007 to 0.97% in October 2008 in just over one year. The federal funds rate had
remained below 0.5% from 2009 to 2015, which means that the Federal Reserve Bank was also facing
the zero lower bound of the nominal interest rates.

When nominal interest rates are at a low level, especially near the zero lower bound, investment
preferences of residents and enterprises change. The transactional and speculative monetary
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demand decreases, and preventive monetary demand increases, which means that residents and
enterprises are more willing to hold cash compared with real estate and equity investment. Thus,
quantitative easing monetary policy that aims at increasing liquidity by, for example, expanding base
currency and lowering interest rates is ineffective. Namely, there is a liquidity trap [4,5]. Thus, the
transmission mechanism of monetary policy may face the possibility of weakening and invalidation in
a low-interest-rate environment.

The above analysis shows that the zero lower bound on nominal interest rates and the existence of
the liquidity trap may lead to a weakening of monetary policy effects, and it is difficult to achieve the
desired goal of monetary policy in a low-interest-rate environment [6]. Belke and Klose [7] used the
threshold Taylor rule model with the time of crisis occurrence as a threshold value to show that, before
and after the financial crisis, the monetary policy rules and preferences of the European Union (EU)
and the Federal Reserve had changed significantly. Accordingly, monetary policy rules and preferences
of the central bank are likely to be adjusted according to the different interest rate environments.
Although China’s nominal interest rates still have a certain space from the zero lower bound, China’s
central bank has repeatedly lowered the benchmark interest rate of commercial bank deposits and
loans since the US subprime mortgage crisis, so China’s central bank now has a low probability of
continually decreasing interest rates. Thus, our purpose is to identify whether monetary policy rules
and preferences of China’s central bank are adjusted according to different interest rate regimes.

The majority of scholars analyzed the monetary rules based on linear Taylor rule models [8]
and modified Taylor rules models, which considered forward-looking effects [9-11] or included asset
prices [12-17]. Recently, many more scholars have begun to focus on the nonlinear monetary policy
rules. For example, Kesriyeli and Osborn [18] used a smooth transition regression model to test the
nonlinearity and parameter stability of monetary policy rules in the U.S., the U.K., and Germany, and
the results showed that the monetary policy reaction functions in the U.S. and U K. suffered an obvious
structural break in the 1980s. Cukierman and Muscatelli [19] theoretically analyzed the relationships
between asymmetric preferences of the central bank and nonlinear Taylor rules under the standard
new Keynesian framework, and then examined the relationships between preferences of the central
bank and monetary policy rules in the U.S. and U.K,, finding that there is a significant nonlinearity of
monetary policy rules and that the nonlinear types of monetary policy rules change with different
sample ranges. Klose [20] divided macroeconomic conditions into four states according to the positive
and negative deviation of the inflation (real output) and the target inflation (potential output) and
then added the quadratic term of the inflation gap and the output gap to the Taylor rule model, which
was used to capture the nonlinearity and asymmetry of the monetary policy rule under different
economic states. In addition, Kim and Piger [21], Taylor and Davradakis [22], Boinet and Martin [23],
Koo et al. [24], Klingelhofer and Sun [25], and Caporale et al. [26] also found evidence of nonlinear
monetary policy rules.

Although many Chinese scholars have conducted empirical research based on the linear Taylor
rule, the majority of the literature [27-31] shows no evidence that China’s central bank adjusted
the nominal interest against the output gap. Zhang and Liu [32] tried to explain the reason for this
phenomenon, and they argued that China’s central bank does not measure and publish the data of the
output gap; thus, due to a lack of data, it cannot adjust the nominal interest against the output gap.
They stated that the Chinese central government needs to determine the expectation targets, including
the output growth rate and the price level for the next year in yearly National People’s Congress and
report these targets’ completion status in the National People’s Congress of the next year. China’s
central bank pays a great deal of attention to the deviation of the real output growth rate and the target
output growth rate rather than the output gap. Therefore, these researchers used the pseudo output
gap instead of the output gap in the Taylor rule equation and found that China’s central bank adjusts
the nominal interest against the pseudo output gap in terms of look-backward and look-forward Taylor
rule models. The bank does not adjust the nominal interest against the output gap regardless of the
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measurement methods including the HP filter (Hodrick-Prescott filter) [33], the Watson model [34],
the Clark model [35] and the Kuttner model [36].

To our knowledge, there are no studies focusing on the dependence of the monetary policy
rules on interest rate regimes, so studying the dependence of monetary policy rules on interest
rate regimes is novel. Moreover, most scholars, when they study nonlinear monetary policy rules,
have focused on developed counties, such as the U.S., the EU, and Japan. However, China, as the
second largest economy and the first largest trading nation according to the data of the World Bank
(https://data.worldbank.org/), has a much more important influence on the development of the world
economy, so considering China as a case to study the dependence of monetary policy rules on interest
rate regimes is worth researching. The Taylor rule model is proposed based on developed countries,
such as the U.S., and China, as an emerging market, does not measure or publish the output gap. Is the
traditional Taylor rule model suitable for capturing the characteristics of China’s monetary policy
rules? Is there a more suitable model for describing the monetary policy rules of China’s central bank?
Thus, our study might be a significant reference for studying the monetary policy rules of countries not
publishing output gap data. We follow the method of Zhang and Liu [32] to estimate a modified Taylor
rule model that accounts for the pseudo output gap and various output gaps measured by different
methods to find suitable monetary policy rules for China’s central bank. However, unlike the study of
Zhang and Liu [32], who focus on the linear Taylor rule model, we study the nonlinear dependence of
China’s central bank monetary policy rules on the interest rate regimes.

The remainder of this paper proceeds as follows. In Section 2, we describe the threshold Taylor
rule model and data. The empirical results are analyzed in Section 3. Section 4 examines the robustness
of the empirical results. Section 5 presents a discussion on the results, and Section 6 concludes.

2. Threshold Taylor Rule Model and Data

2.1. Threshold Taylor Rule Model

The existence of a liquidity trap may weaken monetary policy effects in an environment of low
interest rates, so central banks may adjust and optimize their monetary policy rules and preferences.
To confirm the above theory, this paper constructs an empirical model to investigate the different
characteristics of monetary policy rules between low-interest-rate and high-interest-rate regimes. The
specification of the threshold regression model, parameter estimation, and nonlinearity test are more
sophisticated and mature compared with other nonlinear models, such as the Markov regime switching
model. Moreover, the threshold regression model has a more intuitive economic explanation, so it is
often used to capture threshold effects and nonlinear relationships among economic variables [37].
Due to the above advantages of the threshold regression model, this paper intends to construct a
two-regime threshold Taylor rule model to examine the regime characteristics of monetary policy rules
between the low-interest-rate and high-interest-rate regimes.

Given that the Phillips curve is linear and the preferences of the central bank are symmetric, which
means that the welfare loss function of the central bank is characterized by a quadratic loss function,
the central bank will adjust the nominal interest rates linearly against inflation gaps or/and output
gaps to minimize welfare losses, so the optimal monetary policy rule in this situation is a linear Taylor
rule [38]. The specification of the Taylor rule model is as follows:

R} =a+p(m1 —7") + Ay 1)

where R} denotes the target nominal rate (or policy rate), 7i;_; is the inflation rate, 7" represents the
target inflation rate, m;_1 — " indicates the inflation gap, y;_; is the output gap, and a denotes long-run
equilibrium nominal interest rate. If the central bank adjusts the nominal interest rates according to
the above Taylor rule, both slope parameters f and A of the nominal interest rates adjusted against the
inflation gap and the output gap are positive. If the output gap is negative, the real output is lower
than the potential output, showing the risk that economic growth decreases. In this situation, if the
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monetary policy is effective, the central bank usually implements an expansionary monetary policy to
stimulate aggregate demand by decreasing the nominal interest rates. The real output then increases,
thus reducing the output gap, and the central bank finally achieves the policy’s goal of stabilizing
economic growth.

Although the linear Taylor rule is an optimal monetary policy rule, assuming that the preferences
of the central bank are symmetric and the Phillips curve is linear, Clarida, Gali, and Gertler [9] argued
that, if the central bank adjusts the interest rates fully according to Equation (1), the interest rates may
change dramatically and frequently, ignoring the central bank’s tendency to smooth changes in interest
rates. Moreover, the central bank cannot change interest rates over time, reflecting the central bank’s
systematic response to economic conditions due to misforecasts of the economy, and does not have
perfect control over interest rates to keep them at the desired level. Thus, Equation (1) can be extended
in a straightforward way by specifying the following relationship for nominal interest rates, R;:

Ry = pRi—1 + (1 - p)R} + 1t )

where R; is the nominal interest rates, and p € [0, 1] is the interest-smoothing parameter. The larger
the p value is, the smoother the interest rate R; is and the smaller the rule-based component of the
monetary policy is. i is a random error term.

However, Cukierman and Muscatelli [19] argue that, when the preferences of the central bank are
asymmetric, the linear Taylor rule will not be an optimal monetary policy rule. Under this situation,
the optimal monetary policy of the central bank should be nonlinear. In fact, the liquidity trap affects
not only the preferences of the central bank but also the monetary policy rules. Especially, in an
environment of low interest rates, the motivation of adopting the expansionary monetary policy for
the central bank to stimulate the real economy will be greatly weakened due to the invalidation of
monetary policy. Therefore, the monetary policy rules and preferences of the central bank will present
significant differences between the low-interest-rate and the high-interest-rate regimes. This paper
intends to construct a two-regime threshold Taylor rule model. The specifications of the model are
as follows:

R = {p1Re-1 + (1= p1)[ar + pr (1 = ) + Ay [ (s < )
Hp2Re-1 + (1= p2)[az + Ba(mte-1 = 70°) + Agy-a M (s > ) +pe

where s; is a threshold variable, and y is a threshold value. I( ) is an indicator function. In the
low-interest-rate regime (s; < ), I(s<y) = 1and I(ss>)) = 0, so f1 and A; are the slope
parameters of the normal interest rates against independent variables m;_; — " and y;_; respectively;
in the high-interest-rate regime (s; > ), I(st >y) = 1 and I(s; <y) = 0, so Bz and A; are the slope
parameters of the normal interest rates against independent variables m;_1 — 7" and y;_1, respectively.
a1 and a present long-run equilibrium nominal interest rates, and p; and p, are interest-smoothing
parameters in low-interest-rate and high-interest-rate regimes.

®)

2.2. Variables and Sample Selection

The samples in the paper are the quarterly time series data from 1992 to 2015 and selected variables
include nominal interest rates, the output gap, the pseudo output gap, and the inflation gap, which are
calculated as follows.

First, we chose the overnight interbank offered rate as the proxy variable of the nominal interest
rates. Overnight interbank lending transactions have accounted for 50% of the total lending transactions
in 2007 and then increased gradually, maintaining at about 80% for a long time, so the overnight
interbank offered rate, compared with other interbank offered rates, can better reflect the policy
intentions of the central bank. The national unified interbank market was not established in China
until 3 January 1996, so there are no interbank offered rate data before 1996. In this paper, we follow
the practice of Xie and Luo [27], who used the interbank offered rate of Shanghai Financing Center to
represent the overnight interbank offered rate data from 1992 to 1995. The overnight interbank offered
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rate from 1996 to 2015 is calculated by the weighted averages of the monthly overnight interbank
offered rate, with a percentage of monthly trade volume accounting for the quarterly trade volume
as weight. The monthly interbank offered rate and the monthly trade volume data are from the
People’s Bank of China Quarterly Statistical Bulletin and the website of the People’s Bank of China
(http://www.pbc.gov.cn).

Second, we calculate the output gap using the deviation of the logarithmic real gross domestic
production (GDP) and the logarithmic potential GDP. As the Chinese government does not publish
the real quarterly GDP but publishes the nominal quarterly GDP and real quarterly GDP growth rate,
the real quarterly GDP can be calculated by the nominal quarterly GDP in 2000 and the real quarterly
GDP growth rate in two steps. First, we chose 2000 as the base year, so the nominal quarterly GDP in
2000 is the real quarterly GDP in 2000; second, the real quarterly GDP for other years can be calculated
by the real quarterly GDP in 2000 and the real quarterly GDP growth rate. The real GDP data are
then seasonally adjusted to eliminate the seasonal components by the X-12 method. After that, we
use linear trend filter, quadratic trend filter, HP filter, band-pass (BP) filter [39], and Baxter—King (BK)
filter [40] methods to measure the potential GDP, respectively. First, we use the logarithmic real GDP
to regress on the linear and quadratic trend terms to obtain the linear trend filter and the quadratic
trend filter, respectively. Second, an HP filter is used on the real GDP to obtain the trend component.
Considering the quarterly data used in this paper, the smoothing parameter is set at 1600, and the
difference between the logarithm real GDP and the logarithm trend component is used to represent the
output gap. Third, BP and BK filters are calculated based on the logarithmic real GDP by setting the
minimum and maximum periods of oscillation of the desired component of quarterly GDP data at 6
and 32, respectively, according to the recommendation of Christiano and Fitzgerald [39]. In addition,
the filtering form given by the BK filter [40] is a symmetric moving average, which fails to obtain the
filtering values of the initial and tail samples, so we use the full sample asymmetric filtering form given
by Christiano and Fitzgerald [39] to solve this issue. Both the nominal GDP and the real GDP growth
rate data are from the website of the Chinese National Bureau of Statistics (http://www.stats.gov.cn/).

Third, the pseudo output gap is measured by the deviation of the real output growth rate and
the target output growth rate. The target output growth rate is from the control objectives data of
China’s central bank in the Yearly Report on the Implementation of National Economic and Social
Development Plan and the Draft National Economic and Social Development Plan for the Next Year
(hereinafter referred to as “the Reports”).

Fourth, the inflation gap is measured by the deviation of the inflation rate and the target inflation
rate. The quarterly inflation rate is calculated by the averages of the monthly inflation rates measured
by the growth rate of the consumer price index (CPI) in every quarter, and the monthly CPI data are
from the China Economic Database. The target inflation rate is measured according to the CPI’s control
objectives data in the Reports.

2.3. Unit Root Test

To avoid the pseudo-regression problem caused by the non-stationary variables, this paper
conducts a unit root test on the nominal interest rates, the inflation gap, and the various kinds of output
gaps measured by different methods. The test results are shown in Table 1.

In Table 1, yi.1, yor, YHP, YBK, YBP, and ypo represent the linear trend filter, the quadratic trend
filter, the HP filter, the BK filter, the BP filter, and the pseudo output gap, respectively. R4, Ry4, Ri54,
Rim, and R3,, stand for overnight, 7-day, 15-20-day, 1-month, and 3-month interbank offered rates. The
ADF and PP test do not contain trend and intercept terms, and the KPSS test contains an intercept
term. The lag length in the ADF test is selected according to the SIC. The bandwidths in the PP
and the KPSS test are automatically selected based on the newey-west bandwidth selection method.
The corresponding p-values of the ADF and PP test statistics are one-sided p-values calculated by
MacKinnon [41]. The p-values of the KPSS test are estimated by comparison of the test statistics, and
asymptotic critical values provided by Kwiakowski-Phillips—Schindt-Shin [42].
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Table 1. Test results of a unit root.

. ADF Test PP Test KPSS Test
Variables
Statistics p-Value Statistics p-Value Statistics p-Value
m—T* —2.7748 0.0059 —2.5470 0.0112 0.2059 >0.10
YLT —2.0224 0.0419 —2.0417 0.0401 0.1046 >0.10
yor —2.0641 0.0380 —2.0089 0.0432 0.1101 >0.10
YHP —-3.8573 0.0002 —-3.9782 0.0001 0.1392 >0.10
YBK —2.1938 0.0279 —2.9344 0.0037 0.0756 >0.10
yBP —2.5795 0.0103 —3.6435 0.0004 0.0347 >0.10
ypo —2.4022 0.0165 —2.3696 0.0180 0.4001 >0.05
Ry -1.2706 0.1866 —-1.2386 0.1967 0.8312 <0.01
Ry —-1.1885 0.2132 -1.1825 0.2153 0.7362 <0.05
Risq -1.1127 0.2398 -1.1371 0.2310 0.6871 <0.05
Rim -1.1137 0.2395 -1.1424 0.2292 0.6821 <0.05
Ray, —-1.0343 0.2693 —-1.0653 0.2574 0.7231 <0.05

The test results in Table 1 show that, as regards the inflation gap, the pseudo-output gap, the
output gap calculated by different methods, both the ADF and the PP tests can reject the null hypothesis
that the time series contains the unit root at the significance level of 5%. Unlike the null hypothesis of
the ADF and PP test, the null hypothesis of the KPSS test is that the time series is stationary, so the
KPSS test results show that the inflation gap, the pseudo output gap, and the output gap calculated by
different methods are stationary at the significance level of 5%, which is consistent with the results
of the ADF and PP tests. For the nominal interest rates with different maturity structures, both the
ADF and PP tests allow for the acceptance of the null hypothesis that the original series contains the
unit root, and the KPSS test allows for the rejection of the null hypothesis that the original series is
stationary at the significance level of 5%. That is to say, the nominal interest rates have unit roots. Due
to the reform of interest rate marketization in China during the sample period, the preferences and
interest rate policy of China’s central bank have changed from discretion to regularity, so there may
be structural changes in the nominal interest rates. According to the above analysis, we adopted the
breakpoint unit root test method to conduct a unit root test for the nominal interest rates, and the test
results are shown in Table 2.

Table 2. The test results of the breakpoint unit root.

R4 R74 Ry54 Rym R3m
t-statistic —5.8877 —6.2459 -5.0330 -5.0729 —4.6775
p-value <0.01 <0.01 <0.01 <0.01 <0.05
break date 1997Q3 1997Q3 1997Q3 1997Q3 1997Q2

Note: p-values are estimated by comparison of the test statistics and asymptotic critical values. The lag length in the
breakpoint test is selected by SIC. The breakpoint is identified by minimizing the Dickey—Fuller t-statistic.

The test results in Table 2 show that there are significant structural breakpoints in the nominal
interest rates with different maturity structures, and the breakpoints in each time series are relatively
consistent. While the breakpoint in the 3-month interbank offered rate is 1997Q2, the breakpoint in the
other maturity interbank offered rates is 1997Q3. The t-statistic of the unit root test of the corresponding
breakpoint allows for the rejection of the null hypothesis that the unit root is at the significance level
of 5%, showing that the nominal interest rates with different maturities are stationary time series
containing structural breakpoints. In fact, the breakpoint unit root test results are consistent with the
threshold effect test results (see Table 3 below) to a certain extent. As shown in Table 3, the value of the
threshold variable (Ry,) is 2.8738%, and all the data of the interest rates before 1997Q3 are located only
in the high-interest-rate regime (Ry; > 2.8738%).
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Table 3. The estimation results of the linear Taylor rule model.

Parameter LT QT HP BK BP PO
0.9558 ***  (0.9555 ***  (0.9545**  (0.9541 ***  (0.9545***  (.9536 ***

P (0.0192) (0.0194) (0.0193) (0.0176) (0.0174) (0.0164)
R 3.5544 **% 35587 %%+  35753%%*  34935**  356]5**  _(0.5858
(1.2418) (1.2334) (1.1768) (1.0961) (1.2968) (2.0527)
5 13967*  1.3873*  1.3536*  14003*  1.3263*  0.9144 **
(0.6469) (0.6481) (0.5999) (0.5914) (0.5697) (0.3279)
A —0.1480 ~0.1107 ~0.0908 —0.6740 0.6696 1.6869 **

(0.4621) (0.4453) (1.3301) (1.5245) (4.2675) (0.6860)

Note: LT, QT, HP, BK, BP, and PO represent linear Taylor rule models based on the linear trend filter, the quadratic
trend filter, the HP filter, the BK filter, the BP filter, and the pseudo output gap, respectively. The numbers in
parentheses are the robust Newey—West standard error considering heteroscedasticity and time series correlation.
-** and *** represent that the coefficients are significant at the 5%, and 1% significance level.

3. Empirical Results

3.1. The Linear Taylor Rule

To test the influence of different measurements of the output gap on the fitness of the Taylor rule
model, we estimate the linear Taylor rule model based on the linear trend filter, the quadratic trend
filter, the HP filter, the BK filter, the BP filter, and the pseudo output gap. The results are shown in
Table 3.

The results in Table 3 show that the estimation results based on the linear trend filter, the quadratic
trend filter, the HP filter, the BK filter, and the BP filter methods are almost the same. The nominal
interest rates change with the inflation gap significantly but do not change with the output gap, which
is consistent with previous research on China’s central bank monetary policy rule [27-31]. The above
test results contradict the five monetary policy objectives of China’s central bank, namely price stability,
full employment, economic growth, a balance of payments, and financial stability. However, the
estimated results of the linear Taylor rule model based on the pseudo output gap indicate that China’s
central bank significantly adjusts nominal interest rates against both the inflation gap and the pseudo
output gap. This shows that the pseudo output gap calculated by the deviation between the real GDP
growth rate and the target growth rate can better identify the monetary policy preferences of China’s
central bank. Thus, we use the pseudo output gap as the proxy variable of the output gap to test the
dependence of monetary policy rules on the interest rate regimes.

3.2. The Threshold Taylor Rule

To investigate whether the monetary policy rules and preferences of China’s central bank have
significant differences between the low-interest-rate and high-interest-rate regimes, this paper carries
out the threshold effect tests on the Taylor rule model. We selected overnight, 7-day, 15-20 day, 1-month,
and 3-month interbank offered rates as threshold variables and calculated standard Lagrangian
multiplier (LM) statistics, including SupLMs statistics provided by Davies [43] and Hansen [44] and
ExpLMs and AveLMs statistics constructed by Andrews and Ploberger [45].

Table 4 shows the test results of the threshold effect. According to the SupLMs, ExpLMs, and
AvelMs statistics, all threshold variables allow for the rejection of the null hypothesis that the Taylor
rule model does not have a threshold effect at the significance level of 5%. To avoid the inaccuracy of
the standard LM test statistics due to the heteroscedasticity of the model, the robust LM test method
is used to test the threshold effect of the Taylor rule model, and the SupLM, ExpLM, and AveLM
test statistics are calculated [44]. The results show that, considering the overnight interbank rate as a
threshold variable, the null hypothesis that the Taylor rule model has no threshold effect can be rejected
in light of robust test statistics at the significance level of 5%. As regards the remaining threshold
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variables, the null hypothesis can be rejected at the 10% significance level. These results indicate
that the overnight interbank rate is much more suitable as a threshold variable, so we estimate the
two-regime threshold Taylor rule model below using this rate as a threshold variable.

Table 4. The threshold effects test of the Taylor rule model.

Threshold Standard LM Test Robust LM Test

Variable SupLMs  ExpLMs  AveLMs  SupLM ExpLM AveLM
R 26.5406 10.0782 14.5479 14.7199 5.9243 10.3930
1d (0.0006) (0.0006) (0.0002) (0.0478) (0.0241) (0.0119)

R 22.5982 9.0688 11.1589 13.5997 5.0786 9.0765
7d (0.0020) (0.0009) (0.0056) (0.0854) (0.0562) (0.0201)

R 20.3779 6.8994 9.2684 13.1424 4.6263 8.1991
15d (0.0074) (0.0125) (0.0174) (0.0903) (0.0761) (0.0362)

R 19.6236 7.8718 12.2957 13.2672 4.8844 8.9039
Lm (0.0100) (0.0044) (0.0032) (0.0941) (0.0671) (0.0261)

R 27.4177 10.4102 12.7367 13.0514 4.8826 8.3457
Sm (0.0001) (0.0002) (0.0019) (0.0998) (0.0650) (0.0352)

Note: Ry4, Ry4, Ri54, R1n and Rs,, represent the overnight, 7-day, 15-20-day, 1-month, and 3-month interbank offered
rates, respectively. The values in parentheses are the corresponding p-values calculated by bootstrapping the test
statistics 10,000 times.

The estimated value of the threshold variable is 2.8738%. According to the estimated value
(2.8738%) of the threshold variable, the threshold Taylor rule model is divided into two regimes, namely,
the low-interest-rate regime (R1; < 2.8738%) and the high-interest-rate regime (Ry4 > 2.8738%). The
estimation results of the threshold Taylor rule model are then given in Table 5.

Table 5. The estimation results of the threshold Taylor rule model.

Low-Interest-Rate Regime (R, < 2.8738%) High-Interest-Rate Regime (R > 2.8738%)
Parameter Estimate HAC Standard Error Parameter Estimate HAC Standard Error

p1 0.5178 *** 0.0968 P2 0.8982 *** 0.0257

aq 1.9552 *** 0.2819 ay 4.9875 *** 0.8713

B1 0.0815 ** 0.0406 B2 0.4479 *** 0.1574

M 0.0388 0.0747 A 1.0332 *** 0.3785

Note: ** and *** represent that the coefficients are significant at the 5%, and 1% significance level.

In the low-interest-rate regime, the slope parameter A; is not significant. This indicates that the
central bank has not adjusted the nominal interest rates against the pseudo output gap. Considering
the possible liquidity trap in the lower-interest-rate environment, the effect of interest rate policy will
be greatly weakened in this regime, so the willingness of the central bank to implement an interest
policy is reduced.

However, in the high-interest-rate regime, the slope parameters ; and A, of the nominal interest
rates adjusted against the inflation gap and the output gap are significant at the 1% significance level.
This shows that the central bank adjusts the normal interest rates against the inflation gap and the
output gap. Because the slope coefficient of the nominal interest rates determined according to the
output gap is greater than 0, the monetary policy rule determined according to the output gap is
stable in the high-interest-rate regime. Specifically, assuming that the inflation rate is equal to the
target inflation rate when a positive output gap occurs, the central bank will raise the nominal interest
rates, which in turn will lead to an increase in real interest rates. The increasing real interest rates will
decrease aggregate demand and narrow the output gap. Similarly, when there is a negative output gap,
the central bank will lower real interest rates by decreasing nominal interest rates, which will stimulate
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aggregate demand and finally decrease the output gap. The above monetary policy operations will
keep the real output growth rate to change around the target growth rate within a narrow range, which
ensures no significant deviation between the real output growth rate and the target growth rate.

The above analyses show that the monetary policy operations of the central bank can achieve
the goal of stabilizing the output in a high-interest-rate regime, while the effect of monetary policy is
weakened due to the liquidity trap in the low-interest-rate regime. For these reasons, the effects of the
monetary policy in the high-interest-rate regime are more significant than those in the low-interest-rate
regime. Thus, monetary policy should be the preferred choice for the government to carry out
macro-control in the presence of high interest rates. However, in a period of low interest rates, the
macro-control should depend on the comprehensive effects of fiscal policy and monetary policy rather
than on a single effect of monetary policy.

4. Robust Test of the Threshold Taylor Rule Model

4.1. The Proxy Variable Selection of the Nominal Interest Rates

Considering that 7-day interbank offered rates are the main trading products, i.e., the trading
volume that accounts for a relatively large proportion of the total trading volume of the Chinese
interbank market in its early stages, the 7-day interbank offered rate can reflect the policy intentions of
China’s central bank. This is why early literature on China’s monetary policy adopts a 7-day interbank
offered rate as a proxy variable of nominal interest rates. Thus, to investigate the robustness of the
results in this paper, we also use the 7-day interbank offered rate as a proxy variable of the nominal
interest rates to estimate the parameters of the threshold Taylor rule model. The results are shown in
Table 6.

Table 6. The estimation results of the threshold Taylor rule model using the 7-day interbank offered rate.

Low Interest Rate (R < 2.8738%) High Interest Rate (R1; > 2.8738%)
Parameter Estimate HAC Standard Error Parameter Estimate HAC Standard Error

p1 0.6704 *** 0.0860 P2 0.9057 *** 0.0357

a 2.1968 *** 0.4725 a 4.8930 ** 2.0637

B1 0.1208 * 0.0707 B2 0.5371 ** 0.2109

A 0.1324 0.1462 Ay 1.0145* 0.5352

Note: *, **, and *** represent that the coefficients are significant at the 10%, 5%, and 1% significance level.

The results in Table 6 are not significantly different from the estimation results of the threshold
Taylor rule model when the overnight interbank offered rate is considered as a proxy variable of the
nominal interest rates. The adjustment parameter of the interest rate to the pseudo output gap is still
not significant in the low-interest-rate regime but is significant in the high-interest-rate regime at the
10% significance level.

4.2. Threshold Variable Selection

Like the threshold effect test mentioned before, 7-day, 15-20 day, 1 month, and 3-month interbank
offered rates are taken as threshold variables, and standard LM test statistics allow for the rejection of
the null hypothesis that there is no threshold effect at the significance level of 5%, so the robust results
of the threshold Taylor models were examined based on different threshold variables. We consider
7-day, 15-20 day, 1 month, and 3-month interbank offered rates as threshold variables, respectively, to
estimate the threshold Taylor rule model, in which the dependent variable is the overnight interest rate
and the proxy variable of the output gap is the pseudo output gap. The results are shown in Table 7.
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Table 7. The estimation results of the threshold Taylor rule models based on different threshold variables.

Threshold Variable Ry, R 54 Ry, Rs,,
Threshold Value 3.8802 3.2792 3.3959 5.734
Regime Low High Low High Low High Low High
Reg. Reg. Reg. Reg. Reg. Reg. Reg. Reg.
Sample Size 59 36 46 49 44 51 66 29
1 0.5553 ***  0.8978 ***  0.5120 ***  0.9306 ***  0.5036 ***  0.9375***  0.6315 ***  (0.8775 ***

(0.1111)  (0.0310)  (0.1008)  (0.0189)  (0.1079)  (0.0202)  (0.0674)  (0.0364)
21060 **  4.7832%%* 16132 26817  15615%* 23850  2.2626** 7.1445**

M (02907)  (1.4624)  (0.3237)  (1.3076)  (0.3574)  (1.8954)  (0.3398)  (0.9293)
P 0.1147*  04590*  0.0289  0.5683*  0.0091  0.6376*  0.1244*  0.3645*

! (0.0495)  (0.1808)  (0.0395)  (0.2565)  (0.0647)  (0.2510)  (0.0596)  (0.1142)
A 0.0074  1.0814* 01132  14581** 01149  14410*  -0.0192  0.6338**

(0.0827)  (0.4699)  (0.0783)  (0.4897)  (0.0903)  (0.5660)  (0.0934)  (0.2840)

Note: The numbers in parentheses are robust New-West standard errors considering heteroscedasticity and series
correlation. ** and *** represent that the coefficients are significant at the 5%, and 1% significance level.

The estimation results in Table 7 show that monetary policy preferences and rules are consistent
with results of the model using the overnight interbank offered rate as the threshold variable (shown in
Table 5), although there are some differences in estimated values of parameters and in the sample sizes
of different regimes. That is, in the low-interest-rate regime, the adjustment of the nominal interest
rates against the pseudo output gap is not significant, while in the high-interest-rate regime the central
bank obviously prefers to adjust the nominal interest rates positively against the inflation gap and the
output gap.

Moreover, we also estimate the threshold Taylor rule model with the 7-day interbank offered rate
as a dependent variable and the different interbank offered rates as threshold variables. The estimation
results indicate that the monetary policy preferences and rules are consistent with the results of the
threshold Taylor rule model considering the overnight interbank offered rate as a dependent variable
(these results are not listed in the paper to save the space. If needed, the authors can provide them).

4.3. Real-Time and Final Output Gap Data Selection

The People’s Republic of China established the annual and quarterly accounting systems for GDP
in 1985 and 1992, respectively. In 2003, the National Accounts Department of the National Bureau of
Statistics compiled and published Historical Data on China Quarterly GDP Estimate 1992-2001, in
which quarterly GDP data were revised to match the annual data from 1992 to 2001. In the same year,
the National Bureau of Statistics released the document entitled “Reform on China GDP Estimate and
Data Publish System,” which divided the quarterly and annual GDP data into three steps: preliminary
accounting, preliminary verification, and final verification. The revisions of China’s GDP data have
become relatively frequent since then. As China’s central bank conducts monetary policy primarily
based on real-time data, but not on final-revision data, monetary policy rules estimated based on
final-revision GDP data may lead to wrong judgment on the central bank’s preferences and interest
rate adjustment rules. Thus, this paper estimates the linear and threshold Taylor rule models based on
real-time data to test the robustness of the estimation results.

We use the deviation of the real-time GDP growth rate and the target GDP growth rate to calculate
the real-time pseudo output gap. The real-time GDP growth rate data are obtained from China Monthly
Economic Indicators. The estimation results of the linear and threshold Taylor rule models using the
real-time pseudo output gap are shown in Table 8.

As shown in Table 8, the results of the Taylor rule model based on the real-time pseudo output
gap are consistent with those based on the final pseudo output gap regardless of the linear model or
the threshold regression model. Specifically, in the low-interest-rate regime, we find evidence that
China’s central bank does not adjust the nominal interest rates against the pseudo output gap; in
the high-interest-rate regime, the central bank significantly adjusts nominal interest rates against the
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inflation gap and the pseudo output gap. This shows that there are no obvious deviations between
the model based on the real-time output gap and that based on the final pseudo output gap, so the
Taylor rule model estimated using the final pseudo output gap can also reflect the monetary policy
preferences and rules of China’s central bank.

Table 8. The estimation results of the Taylor rule models based on real-time pseudo output gap data.

Threshold Model
Linear Model resho ode
Low-Interest-Rate Regime High-Interest-Rate Regime
Parameter Estimate HAC Standard Parameter Estimate HAC Standard Parameter Estimate HAC Standard
Error Error Error
P 0.9476 *** 0.0170 p1 0.5092 *** 0.0868 P2 0.8994 *** 0.0265
a 0.1252 1.8271 o 1.9802 *** 0.2450 a 5.0913 *** 0.7880
B 0.7767 *** 0.2247 B1 0.0795 * 0.0472 B2 0.4643 *** 0.1484
A 1.9728 ** 0.8852 M 0.0444 0.0946 Aoy 1.1606 ** 0.4790

Note: The dependent and threshold variables are the overnight interbank offered rate in the threshold Taylor rule
model. The estimation of the threshold value is 2.8738%, which is the same as the threshold value estimated in
Table 5.

5. Discussion

Since Taylor [46] put forward the interest rate control rule of the Federal Reserve, many scholars
have conducted a large number of empirical studies on it and have found evidence that the Federal
Reserve adjusts nominal interest rates against the inflation gap and the output gap. However, when
this rule is applied to the monetary policy operation of China’s central bank, the fitting outputs of the
Taylor rule model are not optimistic; that is, many empirical studies have found that China’s central
bank does not adjust the nominal interest rates against the output gap. There are two reasons to explain
these empirical results. The first reason is that the measurement methods of the output gap are quite
different. Although many scholars have studied China’s potential output and output gap, results of the
empirical studies were quite different from each other and therefore inconclusive. Chinese scholars still
have not found consistent results regarding the division of China’s economic cycle. The second reason
is that, unlike the Federal Reserve, China’s central bank does not measure and publish the official
potential output and output gap, so it is not surprising that it does not adjust the nominal interest rates
against the output gap when conducting monetary policy. Although the target GDP growth rate does
not necessarily achieve full employment in the economic sense, it is an important indicator for the
annual work assessment of China’s central government. Thus, the monetary policy of China’s central
bank aiming at the deviation of the real and target GDP growth rates have certain political motives.

Moreover, Mavroeidis [47] argued that the identification of coefficients in the Taylor rule model will
also become problematic when p is close to 1. To test whether our results have the above identification
issue, we conducted an identification-robust test with reference to Mavroeidis [47]. Based on the
prototypical new Keynesian sticky price model, the condition of determinacy in the Taylor rule given
by Clarida et al. [9] is as follows:

B+A(1-B4)/As—=120 4)

where f; and A; are discount factors and slope parameters in the Phillips curve. We fixed ; at 0.99 and
As at 0.3, which are recommended by Clarida et al. [9], we find that the point estimation of (B, A) lies in
the indeterminacy region whether in high or low interest rate regimes. We also show the result more
formally by constructing two-dimensional confidence sets on the parameters (B, 1) based on inverting
the Wald test in the low and high-interest-rate regimes. The 90 percent level confidence ellipses are
shown in Figure 1, and the confidence sets in the low and high interest rate regimes all lie within the
indeterminacy region. Mavroeidis [47] argued that the Wald test is not robust when the parameters
p and A are weakly identifiable, and constructed an identification-robust statistic, denoted K-LM.
We also draw the 90 percent level confidence sets for the parameters (f, A) based on the inverting
the K-LM test in Figure 1. In the low interest rate regime, the identification-robust confidence set



Sustainability 2019, 11, 2557 12 of 15

for the parameters (B, A) still lies in the indeterminacy region. In the high-interest-rate regime, the
identification-robust confidence set lies mostly in the indeterminacy region, though it contains some
values of the parameters in the determinacy region. It indicates that the results of identification-robust
K-LM and the nonrobust Wald test are consistent.

o Low interest rate regime o Hige interest rate regime
~ i
N N3
. —— indeterminacy region -
of
7
o)
i
of
o =
1 1 L 1 | RS ISR Ian 1 1 L 1 |
0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
p P

Figure 1. Identification-robust confidence sets and Wald confidence ellipses for  and A.
6. Conclusions

The effects of monetary policy are weakened and even invalid due to the liquidity trap in a
low-interest-rate regime, so monetary policy rules in low- and high-interest-rate regimes may have
different characteristics. After the threshold effects of China’s central bank’s monetary rules were tested,
we constructed a two-regime threshold Taylor rule model to investigate the differences in monetary
policy rules between low- and high-interest-rate regimes. The main conclusions are as follows:

First, China’s central bank prefers to adjust nominal interest rates against the pseudo output gap.
In this paper, we construct a pseudo output gap defined by the deviation of the GDP growth rate from
the target GDP growth rate published in government documents, and we then use this output gap as
the target variable of China’s central bank to estimate a linear monetary rule model. We found that
the nominal interest rates are adjusted against the final pseudo output gap and the real-time pseudo
output gap at the significance level of 5%. However, the estimation results of linear monetary rule
models based on the output gap measured by a linear trend filter, a quadratic trend filter, an HP filter,
a BK filter, and a BP filter show that the adjustment of the nominal interest rate against the output
gap is not significant at the 10% significance level. This suggests that China’s central bank adjusts the
nominal interest rates against the pseudo output gap rather than the output gap in the economic sense.

Second, China’s monetary policy rules significantly depend on interest-rate regimes. In this paper,
the nominal interest rates with different maturity structures are taken as threshold variables, and
the linearity test of the threshold Taylor rule model is carried out to show that there are significant
threshold effects in the monetary policy rules of China’s central bank. In other words, there are
significant differences between the central bank’s preferences and the monetary policy rules in the
low- and high-interest-rate regimes. In the low-interest-rate regime, China’s central bank does not
consider the output gap as a policy control objective; in the high-interest-rate regime, we find that
the central bank obviously prefers to adjust the nominal interest rates against the pseudo output gap.
In the high-interest-rate regime, the countercyclical regulation of the central bank of China can achieve
the sustainable and stable economic growth, while in the low-interest-rate regime, the inert response of
the nominal interest rate to the pseudo output gap (namely, the nominal interest rate is not adjusted
against the pseudo output gap) makes it difficult for the interest rate policy to maintain the sustainable
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medium or high growth of real output. China’s interest rate is at a relatively low level at present, so to
maintain the sustainable and stable economic growth, the central bank of China can learn from central
banks of developed countries, such as the United States and Japan, to conduct the quantitative easing
monetary policy and supplement it with fiscal policies when necessary.

Finally, the empirical results of this paper are robust to a large extent. We selected different types
of nominal interest rates, threshold variables, and output gaps to estimate a threshold Taylor rule
model, but no significant differences were found in these results. It was found that the monetary
policy rules of China’s central bank have threshold effects. There are significant differences between
the low- and high-interest-rate regimes. The liquidity trap of the interest rate that may exist in the
low-interest-rate regime leads to a weakening of interest rate policy effects, and finally decreases the
central bank’s motivation of adjusting nominal interest rates against the output gap.

Our paper focuses on the monetary policy rules of China, but it can be extended in several
directions: First, it would be useful to study the monetary policy rules of other countries that do not
measure or publish output gap data. Second, a censored model may be suitable for our study, so we
can use this model to study China’s monetary policy rules in the future, which can be a robust test for
our study.
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