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As China has the features of both a large transition economy and an emerging
market economy, the central bank of China and its monetary policy are yet

to be well understood by the outside world.

Xiaochuan Zhou
Governor

People’s Bank of China
June 24, 2016

I. INTRODUCTION

China’s economic growth represents a remarkable and unique process driven by three ma-
jor factors: technological improvement, market liberalization, and central planning. In this
paper, we focus on the aspect of central planning and especially on the role of monetary
policy in supporting the government’s planned GDP growth. Since the late 1990s, the cen-
tral strategic plan approved by the Eighth National People’s Congress has laid long-lasting
foundations for actively promoting investment in heavy industries supported by credit ex-
pansions. In this investment-driven economy, monetary policy and the bank lending channel
play an indispensable role. The top pannel of Figure 1 shows that growth in bank loans
has moved in tandem with M2 growth in the past 16 years with a 0.86 contemporaneous
correlation. The close dynamic relationship indicates the ability of the People’s Bank of
China (PBC) in controlling the banking system through M2 growth as a policy instrument.

Despite the importance of China as the second largest economy in the world, monetary
policy and its quantitative impact on the economy are largely unknown to the research com-
munity and the policy circle. And there has been relatively scarce research on this important
topic. In this paper we provide an empirical analysis of China monetary policy and make
several contributions. First, we establish a formal and evaluable framework that captures the
essence of China monetary policy. For the complexity of the Chinese economy, analysis could
easily become bogged down with details that make it impracticable to develop a tractable
framework. In the spirit of Taylor (1993) and Taylor (2000), however, our framework con-
sists of a simple rule that helps understand the unique Chinese characteristics of monetary
policy that differ from the simple interest rate rule widely used for other economies. Under
such a simple rule, M2 growth is the policy instrument and the endogenous component of
M2 growth tracks actual M2 growth surprisingly well.! This suggests that our identified
monetary policy rule is capable of representing the central bank’s systematic reaction to the

state of the economy.

IFor emerging market economies, it is not uncommon that a monetary aggregate instead of the interest

rate serves as the policy instrument (Taylor, 2000).
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A good policy rule should respond to changes in output and inflation, the two key in-
dicators that have been used in policy discussions. Our policy rule involves a systematic
response of M2 growth to real GDP growth and CPI inflation.? The derivation of this rule
is based on unique institutional arrangements in China. The tractability and usefulness of
simple rules for policy analysis have been illustrated in the burgeoning literature on dynamic
stochastic general equilibrium (DSGE) and structural vector autoregressions (SVAR) models
(Del Negro and Schortheide, 2004; Lubik and Schorfheide, 2004; Christiano, Eichenbaum,
and Evans, 2005; Smets and Wouters, 2007; Justiniano and Primiceri, 2008; Cogley and
Sbordone, 2008). In the context of the existing literature, the chief advantage is that our
simple feedback rule can be incorporated in DSGE or SVAR models. Rigorous and informa-
tive policy analysis often relies on model simulations to gauge the magnitude and duration
of policy effects on the economy. “Hence, it is important to preserve the concept of a policy
rule even in an environment where it is practically impossible to follow mechanically the
algebraic formulas economists write down to describe their preferred policy rules” (Taylor,
1993, p.197).

As a second contribution, the paper argues that China monetary policy has been primarily
pro-growth. The central government of China, on an annual basis, specifies a GDP growth
target for the next calendar year. This target is not suggestive but rather an overarching
objective for all government units (including the PBC) to achieve, while everything else is a
means. To this end, the National Development and Reform Commission (NDRC) under the
State Council, in consultations with other government units, hammers out the detailed mini
plans for carrying out this grand target. Thus, the target is not potential growth of GDP
but rather represents a lower bound for economic growth.

For the monetary authority, the bottom line of its policy is to support the central gov-
ernment’s preference for promoting GDP growth beyond its annual target. We approximate
this preference by a loss function to capture the idea that the loss is a decreasing function
of the growth rate of GDP and that the marginal loss for the government when actual GDP
growth misses the target is higher than when it is already above the target. Such a loss func-
tion implies asymmetric monetary policy that differs from other conventional policy rules
applicable to developed economies but is consistent with our descriptive monetary policy
rule.

Our empirical results provide a strong support of both descriptive and theoretical argu-
ments. The bottom panel of Figure 1 exhibits the relationship between GDP growth and
M2 growth since 2000 and their quarterly contemporaneous correlation is 0.5 (and as high

as 0.87 since 2009 after the global financial crisis). Our formal econometric estimation of

2Henceforward, by GDP we mean real GDP unless we add the word “real” to emphasize that it is not
nominal GDP.
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the monetary policy rule reveals that M2 growth responds positively to GDP growth when
it is above the target (the normal state), but when actual GDP growth is below the target
(the shortfall state), M2 growth takes an unusually aggressive response to stem the shortfall.
This asymmetric response to GDP growth in different states of the economy is a unique fea-
ture of China pro-growth monetary policy. Despite its pro-growth nature, however, China
monetary policy is anti-inflationary. M2 growth tends to fall significantly in response to a
rise of inflation.

Our third contribution proposes a new estimation method and uses it to quantify the
asymmetric monetary transmission within the nonlinear SVAR framework. In this SVAR
system, the monetary policy rule is nonlinear and its output coefficient switches endogenously
to the state of GDP growth and the rest of the system is unrestricted to avoid potentially
“incredible restrictions” on the structure of the Chinese economy (Sims, 1980). We show
that the monetary policy equation and its shock are identified without having to impose
restrictions on other equations or identify other shocks. Because the monetary policy rule is
nonlinear, the system becomes nonlinear as well and impulse responses to a monetary policy
shock are functions of endogenously-switching coefficients in the monetary policy rule. The
cross-equation nonlinear restrictions make solving and estimating the SVAR system a very
difficult task. We develop a new estimation method that enables us to estimate the nonlinear
monetary policy rule independently of estimation of the rest of the system. The rest of the
system can be estimated with the standard method applied for linear VARs. Because our
new method is straightforward to implement, it can be adapted by the general researcher to
tackle similar problems.

The estimated results confirm several common findings of the effect of monetary policy
in the existing literature. The response of output to a monetary policy shock is hump-
shaped, the response of investment is also hump-shaped, excess reserves in the banking
system decline, so does the interest rate while foreign exchange reserves rise, and there is no
price puzzle (i.e., an expansionary monetary policy shock does not generate a decline in the
general price level). In addition to these common features, we find five stylized facts special

to the Chinese economy:

e The influence of monetary policy’s stimulus on investment and output in the shortfall
state is less effective than in the normal state. In particular, an initial increase of
monetary supply in the shortfall state twice as large as that in the normal state is
needed to achieve the same quantitative effect on the real economy.

e The importance of the monetary policy shock, relative to other shocks, in explaining
the output fluctuation differs across states. The monetary policy shock contributes
to as high as 40% of the output fluctuation in the shortfall state, in contrast to one
fifth in the normal state.
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e The effect of monetary policy on output is supported more by medium and long term
(MLT) bank loans than by short term (ST) bank loans. This is especially true for
the shortfall state, in which an increase of M2 is channelled disproportionally into
MLT loans.

e The response of output produced from heavy industries is much stronger than the
response of output produced from light industries. Together with the stylized fact on
MLT and ST loans, this finding is consistent with the central government’s strategic
development plan by promoting heavy industries that require long term financing.?

e The response of investment is economically strong and statistically significant, con-
sistent with the government’s investment-driven growth strategy. The response of
consumption is weak and the statistical significance is marginal at best. The weak
consumption response is consistent with Nakamura, Steinsson, and Liu (2016), who
use micro data to document a consumption slump during the period of a massive

monetary stimulus after the 2008 financial crisis.

Our empirical analysis bears important implications about monetary policy reforms dis-
cussed in various Chinese government documents. The discussions center on how quantity-
based monetary policy such as controlling M2 growth can be gradually replaced by price-
based monetary policy that mimics closely the interest rate rule in other economies with
fully functional financial markets. Institutional rigidities must be taken into account when
researchers and policy makers discuss the design and implementation of a new policy rule
involving policy interest rates. The most conspicuous institutional constraint on monetary
policy is the PBC’s obligation to help achieve and surpass an annual GDP growth target set
by the central government. As long as GDP growth target is a national priority, a switch
from M2 growth to some policy interest rate as a primary instrument must take into account
this constraint in designing a transition path.

During this transition period, researchers should not simply assume that rational agents
understand how a new policy works when agents’ behaviors and beliefs are based on how
the existing policy works. Our estimated M2 growth rule and subsequent SVAR analysis
demonstrate that quantity-based monetary policy has been influential in accommodating
GDP growth over the past 17 years under the current institutional environment. Such an
environment is unlikely to change abruptly and discontinuously. It is therefore a first but
critical step to understand the policy rule that has already been in place for more than a
decade before one can assess the benefits and costs of a regime switch to a different policy

rule.

3Heavy industries consist of large and often capital-intensive firms specialized in real estate, infrastruc-
ture, transportation, telecommunication, and basic industries such as electricity, chemical products, coal,

petroleum processing, and natural gas.
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The rest of the paper is organized as follows. Section II describes the institutional back-
ground relevant to the existing monetary policy. Section III establishes a nonlinear but
tractable rule that represents the essence of existing monetary policy, provides a theoretical
justification of the monetary policy rule, and obtains maximum likelihood estimation of the
rule. Section IV discusses the estimated monetary policy shock series. Section V develops
a new estimation method and presents the empirical results of monetary transmission. Sec-
tion VI offers further discussions of the unique features of existing monetary policy in China.

Section VII concludes.

II. INSTITUTIONAL BACKGROUND

In this section we provide the relevant institutional background that helps understand
the essential elements of how China monetary policy is made and conducted in practice.
According to the “Law on the People’s Bank of China” passed by the National People’s
Congress (NPC) in 1995, the objective of monetary policy is to maintain the stability of the
currency value and promote economic growth. A further breakdown of this grand objective
has four specific parts: maintaining price stability, boosting economic growth, promoting
employment, and broadly maintaining balance of payment (Zhou, 2016). As pointed out by
Zhou (2016), the objective of employment overlaps with the objective of economic growth.
The stability of the currency is also for the purpose of promoting growth. Among all parts
of the policy objective, therefore, pro-growth (promoting economic growth) has been a top

priority.

I1.1. GDP growth target. Since 1988 a GDP growth target has been specified in the
State Council’s Report on the Work of Government (RWG). The Central Economic Work
Conference organized jointly by the State Council and the Central Committee of Communist
Party of China (CPC), typically held in December of each year, decides on a particular target
value of GDP growth for the coming year. Once the target is decided, it will be formally
announced by the Premier of the State Council as part of the RWG to be presented to the
NPC’s annual session during the next spring.?

In practice, it is well understood that the central government’s GDP growth target for a
particular year is regarded as a lower bound of GDP growth for that year. Because of its
strongest desire of maintaining social stability, the government views such a lower bound as
a crucial factor in keeping unemployment low by means of economic growth. In explaining
the 2009 GDP growth target of 8%, for instance, the 2009 RWG states

4See the link http://www.gov.cn/test/2006-02/16 /content_200875.htm for the State Council’s RWG since
1954.
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It is important to note here a GDP growth target of 8% is taking into consid-
eration the development needs and potential. In a developing country with
a population of 1.3 billion, to expand urban and rural employment, increase

income and maintain social stability, we must maintain a certain growth rate.

Another example is the GDP growth target of at least 6.5% for 2016. In explaining why 6.5%
was a targeted lower bound for GDP growth during a press conference for the NPC’s 2016
annual assembly, Xu Shaoshi, Head of NDRC, remarked that “The floor is employment, the
floor has another implication, which is economic growth. Therefore, we set this lower bound.”
Clearly, the central government’s GDP growth target as a lower bound is an overarching
national priority for every government unit, especially the PBC which is under the leadership
of the State Council.

I1.2. Practice of monetary policy. The PBC Monetary Policy Committee (MPC), unlike
the Federal Open Market Committee in the U.S.] is a consultative body for the making of
monetary policy.® Nonetheless, the MPC plays an integral part of the policymaking process.
The committee performs its advisory functions through regular quarterly meetings, which
are typically held at the end of the last quarter or the beginning of the current quarter when a
particular policy action is chosen and implemented. The committee provides various analyses
of past economic performance and makes suggestions of policy actions for the upcoming
quarter.

The only official release of how the PBC conducts monetary policy each quarter is a
published quarterly Monetary Policy Report (MPR). The first publication of MPR was
issued in 2001Q1. Opinions expressed in the MPC’s meetings are recorded in the form
of “meeting minutes.” The minutes, if approved by more than two thirds of the MPC
members, are attached as an annex to the PBC’s proposals on money supply, interest rates,
exchange rates, and other monetary variables. This report is then sent to the State Council
for approval. Once approved, the MPR provides an executive summary of the state of the
economy along with additional descriptions of how the PBC adjusts its monetary policy
actions in response to the state of the economy. Inflation and GDP growth are the two most
important and reliable indicators in the report. In Section III and Section IV we utilize
various MPRs for understanding our estimated policy rule and the sources of identified

monetary policy shocks.

5The MPC is composed of the PBC Governor and two PBC Deputy Governors, a Deputy Secretary-
General of the State Council, a Deputy Minister of the NDRC, a Deputy Finance Minister, the Administrator
of the State Administration of Foreign Exchange, the Chairman of China Banking Regulatory Commission,
the Chairman of China Securities Regulatory Commission, the Chairman of China Insurance Regulatory
Commission, the Commissioner of National Bureau of Statistics (NBS), the President of the China Associ-

ation of Banks, and experts from academia (three academic experts in the current MPC).
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I1.3. Monetary policy and PBC’s relationship to the central government. Before
1993, the PBC directly controlled the total volume of bank credit supply and its allocations.
In 1993, for the first time, it announced to the public the index of monetary supply; in
1996, it began to use money supply as an instrument for monetary policy. In 1998 the PBC
abolished direct control of bank credit supply and announced that M2 supply was the only
policy target. Subsequently, open market operations were resumed in May of that year.

In conjunction with controlling money supply, the PBC uses additional policy instruments,
such as “window guidance,” to force commercial banks to increase or decrease lending vol-
umes or activities and to direct loans to certain sectors, regardless of prevailing interest rates.
Moreover, the PBC controls credit volumes by planning the aggregate credit supply for the
coming year and then by negotiating with individual commercial banks for credit allocations
(Sheng and Wu, 2008). These instruments make commercial banks’ demand for money com-
patible with changes in money supply, which explains the close relationship between bank
credit growth and M2 growth as shown in Figure 1.

According to the Chinese law, the PBC must formulate and implement monetary policy
under the leadership of the State Council. Consistent with the GDP growth target, the PBC
adjusts M2 growth on a quarterly basis in response to the state of the economy. Decisions on
switching an overall monetary policy stance, however, are made by the Politburo consisting
of General Secretary of CPC, Premier of the State Council, and other top central government
officials. In the 2010 Politburo meeting, for instance, monetary policy stance was switched
from “modestly loose” to “prudent.”® Unlike the Federal Reserve System in the U.S., there-
fore, the PBC is not independent of other central government units and its decision on
quarterly changes of monetary policy is severely constrained by its obligation of meeting
the ultimate goal of surpassing targeted GDP growth and by the central government’s view

about how monetary policy should be conducted.”

III. A TRACTABLE RULE DESCRIBING CHINA MONETARY POLICY

We begin with development of a tractable rule that characterizes the essence of the oth-

erwise intractably complex operations of China monetary policy, then provide a theoretical

7 113 7 113

6China monetary policy stance is classified into “loose”, “appropriately loose”, “prudent”, “appropriately
tight”, and “tight” with much room for flexibility on a particular classification. In this paper, we streamline
these nuances into three categories of policy changes: loosening, prudent, and tightening. See Section IV for

detailed discussions.
"As an example, the 2009Q1 MPR states: “In line with the overall arrangements of the CPC Central

Committee and the State Council, and in order to serve the overall objective of supporting economic growth,
expanding domestic demand, and restructuring the economy, the PBC implemented a moderately loose
monetary policy, adopted flexible and effective measures to step up financial support for economic growth,

and ensured that aggregate money and credit supply satisfy the needs of economic development.”
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justification for our descriptive policy rule, and close the section with maximum likelihood

estimation of the policy rule.

II1.1. Description of the monetary policy rule. Because financial markets have not
been fully developed in China and the concept of potential GDP is much less defined than in
countries with well functioning financial markets, the original interest rule of Taylor (1993),
called the Taylor rule, is inapplicable to the Chinese policymaking environment.® The main
function of China monetary policy is to control M2 growth in support of rapid economic
growth. In March 1996, the Eighth National People’s Congress passed the National Economic
and Social Development and Ninth Five-Year Program called “Vision and Goals for 2010,”
prepared by the State Council. This program was the first long term plan that set up a
policy goal to gradually concentrate medium and long term bank loans on heavy industries
for the next 15 years. To support this national policy goal, the PBC made M2 growth an
explicit policy instrument in 1999-2000 and began in 2001 to publish quarterly MPRs.

The PBC is able to control M2 growth because it has tight control of commercial banks
in the nation. The five largest commercial banks are state owned and other large commer-
cial banks are heavily regulated by the government. At the end of each year, the central
government outlines overall M2 growth consistent with targeted GDP growth for the next
year. Within each year, the MPC meets at the end of each quarter ¢ (or the beginning
of the next quarter) to decide on a policy action for the next quarter (i.e., quarterly M2
growth g, ++1 = AM;11) in response to CPI inflation m; = AP, and to whether GDP growth
(9ot = T4 — m4—1) in the current quarter meets the GDP growth target (g;,). Note that all
the three variables, M;, P, and x;, are expressed in natural log. As discussed in Section II,
the GDP growth target set by the State Council serves as a lower bound for monetary policy.
When actual GDP growth in each quarter is above the target, therefore, M2 growth increases
to accommodate such output growth as long as inflation is not a serious threat.

The RWGs discuss other macroeconomic targets such as inflation, employment, trade
balance, currency stability, household income growth, and environmental protection. All
these targets are more suggestive than mandatory and are in fact subordinate to the GDP
growth target. Among all these variables, inflation is the crucial indicator for monetary
policy. As our estimate in the latter part of this section shows, the government contracts
M2 growth when inflation rises. The bottom panel of Figure 1 displays the time series of M2
growth and GDP growth and Figure 2 displays the time series of GDP growth less its target
and CPI inflation. One can see from these two figures that when inflation rose between late
2003 and the middle of 2004, M2 growth declined sharply during the same period. When
both GDP growth and CPI inflation rose sharply in 2007 and early 2008, M2 growth was held

8See Section VI for further discussions and also Taylor (2000).
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steady as an outcome of two opposing effects: anti-inflation monetary policy and pro-growth
monetary policy.
To provide a formal econometric analysis on these two opposing effects, we characterize

China monetary policy rule as

Imt = Y0 T YmGmt—1 + Ya (M1 — T°) + Yo (gx,t—l - g;,tfl) + OmtEmit, (1)

where €, is a serially independent random shock that has a standard normal distribution.
Every quarter the PBC adjusts M2 growth in response to inflation and output growth in the
previous quarter, a practice consistent with the decision making process of the PBC monetary
policy committee. The inflation coefficient v, is expected to be negative if monetary policy is
anti-inflationary.? To capture the pro-growth aspect of monetary policy, we allow the output

coefficient to be time-varying with the form

Yoo I Grp-1— Gy =0
Yzt = )

Veb i Gopo1 — g;,t—l <0
where the subscript “a” stands for “above the target” and “b” for “below the target”. These
coefficients represent two states for policy response to output growth: the normal state when
actual GDP growth meets the target as a lower bound and the shortfall state when actual
GDP growth falls short of the government’s target. During the period of robust economic
growth, GDP growth is driven largely by an increase in bank loans to investment. Adequate
M2 growth provides commercial banks the needed liquidity for expansions of bank credit
to support economic growth. After we control for inflation, a higher GDP growth rate
is always desirable for China as an emerging market economy. During the normal time,
therefore, we expect the coefficient 7, , to be positive. On the other hand, when actual GDP
growth is below its target, we expecte the coefficient v, ; to be negative. This is particularly
true for the post financial crisis period from late 2008 to early 2009 but also true for other
shortfall periods (Figure 2). This asymmetric response reflects the central government’s
determination in making economic growth an overriding priority, which we term pro-growth
monetary policy. We allow heteroskedasticity between the two states when estimating the

policy rule so that

: *
Om,a if Jat—1 — gm,tfl Z 0
Om,t =

Um,b lf gx,tfl - g;t—l < O

Lagged quarterly M2 growth enters the policy rule to reflect the PBC’s commitment to pro-
viding liquidity to the banking system through money supply, especially MLT bank loans

9Discussions in the MPRs indicate that the annual CPI inflation target is around 3% — 4%. We set 7* at
3.5% (a quarterly rate).
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to sustain investment in heavy industries. We show that the asymmetric form of the mon-
etary rule (1) has both theoretical justification (Section II1.2) and empirical support via

econometric testing (Section II1.3).

II1.2. Theoretical justification. The purpose of this section is to show the existence of a
loss function for output growth that leads to optimal monetary policy consistent with the
systematic component of our descriptive nonlinear monetary policy rule in both functional

form and coefficient sign. The conventional loss function for output growth is quadratic:
L} = 6 (gay = Gea)” (2)

where g, ; often represents the potential GDP growth but can also represent the GDP growth

target g ,. The overall loss function is
Ly = (1= @) ALf + OA (m = 1) + (g — 97)" - (3)

In Appendix A, we minimize the loss function (3) subject to three generic structural equa-
tions to derive optimal monetary policy. These equations are the standard money demand
function, the standard IS curve, and an inflation dynamics equation based on Gilchrist,
Schoenle, Sim, and Zakrajsek (2016). The derived optimal monetary policy, consistent with

the systematic part of the conventional monetary policy rule

Gmt = Y0 + YmGmi—1 + Vo (Tee1 — ) + Y (got-1 — Gut—1) + OmEmt, (4)

implies that 7, < 0 (anti-inflation) and 7, < 0 (stabilization). When we estimate the
conventional rule (4) with g, ;1 = Grt—1 OF Gz t—1 = Ty—1 — T4 in which Z;_; is the potential
GDP approximated by the HP filter or log-linear trend, the estimate of v, is always negative
and highly significant as reported in Appendix B, implying that monetary policy is firmly
anti-inflationary. But the estimate -, is always positive (Appendix B), implying that the
government has been de-stabilizing the economy.!® The positive estimate is contradictory to
the fact that the Chinese government has not just stabilized the economy populated by 1.38
billion people but made a miracle of economic growth in the past decades.

The problematic result stems from two sources. First, for transitional economies like
China, the concept of potential GDP is not well defined. The transition path for the Chinese
economy is characterized by steady increases of the share of investment in GDP, the share
of MLT loans in total loans, and the share of revenues in heavy industries in total output
since the late 1990s (Chang, Chen, Waggoner, and Zha, 2016). All these features still exist
in China today. In such a policy environment, it is practically difficult, if not impossible,
to define what constitutes potential or trend output growth. Second, even if we avoid the

issue related to the concept of potential GDP by setting g.; = g; ,, the quadratic output loss

10This estimate, however, is not always statistically significant.



CHINA PRO-GROWTH MONETARY POLICY AND ITS ASYMMETRIC TRANSMISSION 11

function (2) fails to represent the Chinese government’s preference for growth to be above
the target (that is, more growth is preferred by the Chinese government).

If we set g,; to g5, and generalize the loss function (2) to be

. £ 2
LY =6, (g:c,t — gm) + (5)
with
op if gor — 95, <0
5t == —5(1 lf 0 S gz,t — g;,t < b* 3
5 b < g — gt
and
0 if gor — 95, <0
Ct = 0 if 0 S Gzt — g;,t < b* )

— (0o + )02 i < guy — gty

where 0, > 9§, > 0, this loss function becomes asymmetric. We assume that b* is a growth
rate sufficiently large to be irrelevant for our observed sample.!! For the observed region
Gut — gy < U, the parametric constraint, o, > d, > 0, implies that the marginal loss for
the government when actual GDP growth misses the target is larger than the marginal gain
when actual GDP growth is already above the target. The negative sign for the weight on
(Gut — gg>,*;,7t)2 is necessary to ensure that the loss declines as GDP growth continues to rise in
the growth region 0 < g, — g5, < b*; and the piecewise quadratic form of loss function (5)
is necessary for obtaining a closed-form solution to optimal monetary policy as shown in
Appendix A.

In short, there exists a loss function, represented by the piecewise quadratic form (5),
that makes our analytical derivation tractable and at the same time captures the Chinese
government’s taste for more rapid growth. Such preference is reflected in the government’s
ambitious long term goal for economic growth beyond its annual (short term) lower bound
target.'? It is consistent with Li and Zhou (2005)’s empirical findings of the Chinese leader-
ship’s strong desire and incentive to promote economic growth beyond short term targets.

The purpose of this paper is not to derive the generalized loss function (5), especially
for the growth region g,; — g5, < 0", from a micro foundation. The Chinese government’s
objective function is unlikely to be the same as the objective function of the representative

agent for an economy with a 1.38 billion population. Among others, political and social

HThe conventional loss function represented by (2) is a special case of the general form represented by
(5) when g, ¢ is set to g ,, 0y is set to §, and J, is set to —6.

12For example, in the thirteenth Five-Year (2016-2020) Plan on National Economic and Social Develop-
ment, the government emphasizes maintaining economic growth at a medium level with the aim to double
the 2010 GDP level as well as the 2010 per capita income by 2020.
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stability is a top priority of the government; maintaining control of the communist party
over economic and social activities is another. Building a micro foundation of the Chinese
government’s loss function is a complex issue and a challenging task and thus merits a
separate research paper.'?

Given the generalized loss function (5), however, we achieve two relevant results. One is
that the derived optimal monetary policy has the same functional form as the systematic
component of our descriptive monetary policy rule (1). The other result is that the coeffi-
cient signs for optimal monetary policy are the same as those for our monetary policy rule,
especially for the asymmetric coefficient 7, ; of output growth. That is, 7, > 0 when actual

GDP growth is above the target and 7,, < 0 when it is below the target.

II1.3. The estimated monetary policy rule. We now estimate the monetary policy
rule (1) to quantify the coefficients and test whether they are statistically significant. The
sample period for estimation is from 2000Q1 to 2016Q2. This is a period in which the PBC
has made M2 growth as an explicit instrument and the MPRs have been available to the pub-
lic since 2001Q1. The endogenous-switching rule is estimated with the maximum likelihood
approach of Hamilton (1994). The data used for estimation are described in Appendix C.
Table 1 reports the results, which show that all the estimates are statistically significant.
The coefficient for lagged M2 growth is estimated to be 0.39%, implying that monetary pol-
icy is somewhat inertial. According to the estimates, when GDP growth is above the target,
annualized M2 growth is estimated to rise by 0.72% (0.18 x 4) in support of a 1% annualized
GDP growth rate above its target. Such a pro-growth nature of monetary policy is evident
in various issues of MPR. In explaining the fast M2 growth since the beginning of 2005, for
example, the 2005Q2 MPR states: “Since the beginning of 2005, the central bank has con-
ducted open market operations in a flexible manner, providing a relatively accommodating
liquidity environment for commercial banks to maintain an appropriate growth of lending.
At the end of June, M2 grew by 15.7% year over year, basically consistent with economic
growth.”

In the shortfall state, the estimate of 7,; shows that annualized M2 growth rises by
5.20% (= 1.30 x 4) in response to a 1% annualized GDP growth short of its target. Thus,
the negative sign of 7,; and its estimated magnitude reveal that monetary policy takes

an unusually aggressive response in order to stem a shortfall in meeting the GDP growth

138ee Li and Zhou (2005) for a description of Chinese leaders’ own preferences and incentives as well as

Backus, Routledge, and Zin (2005) for a survey of exotic preferences in the theoretical literature.
4 Another example is 2002Q4 MPR, which states “since the beginning of 2002, the growth rates of M2

and M1 have been increasing each month, which reflects the need for money growth to accommodate to the
recovery of the economy, the enhanced support of commercial banks for economic growth, and the consistency

between banking credit supply and the speed and outlook of economic growth.”
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target. During and after the 2008 global financial crisis, China’s GDP growth descended
precipitously to a rate below the government’s target (the top panel of Figure 2). M2
growth remained stable even though GDP growth fell sharply during the 2008 crisis, but as
soon as GDP growth was below the target, M2 growth shot up to an unprecedented level
since 2000 (Figure 1).

The asymmetry in China monetary policy is also reflected in the volatility of its policy
shocks. The shock volatility in the shortfall state is twice as large as its counterpart in the
normal state (0.10 vs 0.005). Together with the asymmetric response of monetary policy,
the finding of different shock volatilities between the two states supports our argument that
the central government of China views the GDP growth target as a lower bound and acts
more aggressively when actual GDP growth falls below this threshold.

Good monetary policy must respond to inflation pressures. China monetary policy is no
exception. The estimate of the inflation coefficient in the monetary policy rule is negative
and highly significant. The negative inflation coefficient v, reveals anti-inflationary monetary
policy: annualized M2 growth contracts 1.6% (0.40% x 4) in response to a 1% increase of
annual inflation. This strong anti-inflation policy can be clearly seen in the data. After
the stimulus of unprecedented M2 growth, inflation rose rapidly in 2010-2011 to a level
of 6% (the bottom panel of Figure 2). In response, M2 growth contracted rapidly during
the same period (Figure 1). Even though China’s rapid GDP growth path has surpassed
most economists’ expectations, our estimation shows that monetary policy has remained
systematically anti-inflationary throughout the sample.

We test the endogenous-switching policy rule, represented by (1), against other alterna-
tives. One alternative is the same rule without any of the time-varying features (i.e., vz+ = vz
and o, = 0,). The log maximum likelihood value for the constant-parameter rule is 192.42.
We then allow 7, to depend on the two different states of the economy (the normal and
shortfall states). The log maximum likelihood value for this rule is 198.49. The log maximum
likelihood value for our endogenous-switching rule (i.e., allowing ,, to be time varying in
addition to 7, ) is 203.78. The likelihood ratio test for a comparison between the rule with
time-varying -, only and the constant-parameter rule rejects the constant-parameter rule
at a 0.05% level of statistical significance, implying that the data strongly favor the time-
varying parameter v, The likelihood ratio test for a comparison between the rule with
both time-varying v, and o,,; and the rule with time-varying v, only rejects the latter
rule at a 0.11% level of statistical significance, implying that the data strongly favor addi-
tional time-varying volatility.!® These econometric testing rationalizes the statistical results

of high significance reported in Table 1.

5The two tests are supported by both the Bayesian information criterion (BIC) and the Akaike informa-
tion criterion (AIC).
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As stated in the introduction section, the goal of this paper is to provide a monetary policy
rule that is simple and transparent enough for researchers and policymakers to understand
the essence of China monetary policy. One aspect of monetary policy under discussion is
to maintain “balance of payments in stable conditions” (Chang, Liu, and Spiegel, 2015).
This detail is abstracted from our policy rule. The systematic component of our estimated
monetary policy may be “sufficiently encompassing” to the extent that the response of money
growth to GDP growth captures the response of money growth to changes in trade surpluses
and the RMB exchange rate (Taylor, 1993, 2000). To test this hypothesis, we regress the
estimated systematic component of monetary policy on the RMB exchange rate and net
exports and find the coefficients statistically significant. On the other hand, when we regress
the estimated exogenous policy shock series on the same variables, we find the coefficients
statistically insignificant (see Appendix D for a detailed report). These results indicate that
our estimated systematic component of monetary policy has already encompassed possible
responses to the movements of the exchange rate and net exports and that our estimated

series of monetary policy shocks is not contaminated by the same variables.

IV. MONETARY POLICY SHOCKS

A policy shock, although modelled as a random variable, does not mean that policymakers
decide on monetary policy actions by flipping a coin. It means that part of policy choice is
unpredictable by the public or even by an individual policymaker within the policymaking
group.’® The emphasis on “group” is the key. A policy choice considered to be a systematical
response by one person within the group is likely to be unpredictable by others in the same
group. In the U.S. and other developed economies, economists and advisors working for
policymakers use the same economic information but come up with a wide range of economic
forecasts. Each policymaker in the policy committee weighs these different forecast outcomes
differently, subject to her or his own economic concerns, and an outcome of these interactions
among policymakers is as random as any economic behavior.

In China, dynamic interactions among policymakers are even more unpredictable. Unlike
many other central banks, there are no publicly available forecasts of economic variables
from the PBC and we are unaware of systematically produced forecasts by the staff within
the government during the routine monetary policymaking process.!” Decision makers for
monetary policy are not restricted to the PBC and its monetary policy committee. The

decision process involves other parts of the central government as well, notably the State

16T eeper, Sims, and Zha (1996) provide detailed discussions of various factors in the policymaking process

that can be interpreted as shocks to monetary policy.
I"Moreover we cannot find information in the MPRs that contains quarterly-based quantitative forecasts

of future economic conditions.
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Council and the Politburo. This process reflects changes in preferences, political concerns,
economic priorities of different policymakers. Such a complex and dynamic interplay among
different entities of the central government, impossible to formulate systematically, makes it
reasonable to be approximated by random shocks.

Figure 3 reports the decompositions of M2 growth into the endogenous (systematic) com-
ponent and the exogenous (shock) component according to the estimated monetary policy
rule.!® We see that systematic monetary policy tracks the series of actual M2 growth rates
very closely. This suggests that a large fraction of the variation in M2 growth can be attrib-
uted to the systematic reaction of policy authorities to the state of the economy, which is
what one would expect of good monetary policy.

The monetary policy shock series is the gap between actual M2 growth and the systematic
component. By reading through the MPRs and deciphering the nuances in Chinese language,
we classify monetary policy shocks into three regimes: loosening, prudent, and tightening.
The three regimes we classify are marked in Figure 3. The two darker bars mark loosening
regime, the lighter bar marks tightening regime, and prudent regime is unmarked."?

The purpose of this paper is to formulate and estimate a monetary policy rule that can
be used for SVAR or DSGE studies; it is not to use the MPR narrative to identify monetary
policy shocks. In particular, we do not intend to use the three classified policy regimes
to justify our estimated policy shocks, but rather to show that these shocks are broadly
consistent with the MPR statements. In the 2002Q3 MPR, for instance, a shift of priority
for monetary policy is described as “enhancing the support to economic growth.” Therefore,
a loosening regime begins in 2002Q4. In the 2004Q1 report, the language is shifted to an
“orientation of prudent monetary policy in the next stage: moderately tightening,” which
marks an ending of the loosening regime since 2002Q4. The 2008Q4 and subsequent MPRs
indicate a loosening stance of monetary policy since 2008Q4, consistent with decision of the
Politburo on a shift of monetary policy stance to “modestly loosening” since 2008Q4.*° An
announcement of shifting policy stance reflects, to a large extent, an exogenous change not
captured by the usual policy response to recent economic fluctuations. The shift of monetary
policy stance in 2008Q4 is motivated by the central government’s belief in the “intensified
downward pressures on economic growth due to the global financial crisis” (the 2008Q4
MPR). The loosening regime ends in 2011Q1, consistent with the Politburo’s decision to

shift monetary policy stance to “prudent” since the beginning of 2011. The reason for this

18Gince all the series in the figure are converted to year-over-year changes, the persistence value of the

monetary policy shocks is about 0.75, even if the quarterly shocks we identified are i.i.d.
9Prudent monetary policy often reflects the stance of monetary policy that does not pursue either tight-

ening or loosening in a persistent manner.

20The stance of monetary policy is routinely announced by the Politburo.
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change of stance, as described in the 2011Q2 MPR, is a shift of preference toward “giving
top priority to maintaining stability of the general price level with a prudent approach”.

The most interesting episode is the period since 2013Q3. This is a period when actual GDP
growth has slowed down so persistently that it has often fallen short of the growth target.
Systematic monetary policy would call for a steady increase of M2 growth (the thin solid
line in the top panel of Figure 3), but actual M2 growth has instead declined. The decline
was driven largely by contractionary policy shocks that are consistent with policymakers’
determined switch toward establishing a “new normal” economy. Such a policy switch is
highlighted in the 2013Q3 MPR, which requires monetary policy to deviate from the usual
policy response.

In sum, monetary policy shocks for China are consistent with the three possible sources
outside of the model: (1) changes in policymakers’ preference or taste (e.g., the beginning
of a loosening policy in 2002Q4 and the beginning of a tightening policy in 2011Q1); (2)
changes in policymakers’ belief in strengths or weaknesses of the underlying economy (e.g.,
a loosening policy in 2008Q4); (3) changes in policymakers’ goal that are not captured by

the systematic policy (i.e., contractionary monetary policy shocks since 2013Q3).

V. QUANTIFYING THE MONETARY TRANSMISSION

The preceding analysis establishes and estimates a simple and evaluable rule for China
monetary policy. In this section we study the monetary transmission via the dynamic effects
of a monetary policy shock on the aggregate economy. To this end we adopt the SVAR
approach as pioneered by Sims (1980) and championed by Christiano, Eichenbaum, and
Evans (2005).

As output and inflation may respond to other financial and policy variables, it is necessary
to control for these variables when assessing how a monetary policy shock is transmitted to
the real economy. Thus, our benchmark model includes 10 variables in addition to M2
supply: GDP, CPI, the excess reserve ratio (EER), the actual reserve ratio (ARR), the MLT
bank loans, the ST bank loans, the 7-day repo rate (Repo), the bank lending rate (LR), the
bank deposit rate (DR), and foreign exchange reserves (FXR).>* We denote these variables
by an n x 1 vector y;, where n = 10. As in the SVAR literature, we express all the variables
in natural log level except for interest rates and ratio variables, which are expressed in level
as percent. We follow Bianchi and Bigio (2014) and include both EER and ARR in the
system to isolate the effect on EER by controlling for ARR. Similarly, we control for LR
and DR to isolate the effect on the market interest rate Repo. The variables other than M2,

GDP, and CPI are potentially essential to understanding the monetary transmission.

21See Appendix C for a detailed description of the data.
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One may question the quality of China’s official macroeconomic data, especially the GDP
and CPI series. For example, Nakamura, Steinsson, and Liu (2016) argue that the official
CPI data underestimate the volatility of CPI inflation since 1995.22 Despite the unsettled
debates on this issue, the official CPI series is still the headline price series the PBC and
other central government units pay attention to when making monetary policy decisions.
For this reason we use the official series to estimate the monetary policy rule. In regard to
the GDP series, our view is that one should not abandon the official GDP figures because
they are precisely the most important series targeted by the central government.?

Our objective is to assess the dynamic impact of a monetary policy shock on the vector
y¢. For robustness analysis, we explore which variables are most important to the monetary
transmission in Appendix D. Because the monetary policy rule is nonlinear, estimation of the
whole system (including the monetary policy rule) poses conceptual and computational chal-
lenges. We develop a new methodology for estimating this nonlinear endogenous-switching
SVAR system.

V.1. New estimation methodology. The money supply variable (M;) and the other n =
10 variables form a medium-sized SVAR. One key equation in this SVAR model is the
monetary policy equation, which involves the three variables: M2, output, and prices. These
variables also enter the other equations in the system. We postulate the dynamics of y; in a

general subsystem of simultaneous equations

4 4

Aoyt +boM; = ¢ + Z Agys—o + Z beMy—¢ + &, (6)

=1 =1

where 1;_, is an n x 1 vector of endogenous variables, ¢ is an n x 1 vector of constant term, the
n x 1 vector of shocks &, orthogonal to the monetary policy shock €,,;, has mean zero and
covariance identity matrix, ¢ and b, are n x 1 coefficient vectors, and A, is an n x n coefficient
matrix. This is a subsystem because the monetary policy equation is not included here. We
impose no restrictions on A, and b, (including the contemporaneous coefficient vector by and
the contemporaneous coefficient matrix Ag) to avoid “incredible restrictions” and maintain
the principle of minimal restrictions on identification (Sims, 1980). This principle is especially
relevant to establishing basic stylized facts about the effects of China monetary policy on

the aggregate economy as these facts remain largely unknown to academic researchers.

221deally we would like to use their series to verify the robustness of our results, but unfortunately their
series is only available at annual frequency. Nonetheless, their CPI series is likely to make the CPI response

to a monetary policy shock stronger.
23In a very recent paper, Nie (2016) argues that “official GDP figures remain a useful and valid measure

of Chinese economic growth.”
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The first practical issue confronting researchers is identification. Since the transformed

subsystem

4
(QAo)y: + (Qbo)M; = (Qc) + > (QAy—¢ + Z Qbe) My + Q&
=1 =1
by any orthogonal matrix () generates the same dynamics of y; as does the original sub-
system, the unrestricted subsystem (6) is unidentified.?* Because the policy variable M, is
contemporaneously correlated with the rest of the variables (y;), the identification question
arises as to whether the monetary policy equation (1) is identified and whether the effect
of ,,+ on y; depends on the ordering of the elements of y;, when equation (1) is estimated
jointly with subsystem (6). The following proposition establishes the identification of mon-

etary policy.

Proposition 1. When the system represented by (1) and (6) is simultaneously estimated, the

following two results hold.

e The monetary policy rule (1) is identified, even though the subsystem (6) is uniden-
tified.
e Impulse responses of y; to €,,; are invariant to the rotation matrix () or the ordering

of elements in ;.
Proof. See Appendix E. O

The intuition for identification of the monetary policy rule is that M; is determined before
all other variables at time ¢ are determined. In the conventional setup, it is often required
that the rest of the system has a recursive structure as well—a very strong assumption.
What is new in Proposition 1 is to show that this additional assumption is unnecessary and
in fact the rest of the system can be simultaneously determined. This simultaneity allows
the interest rate to respond to money supply, output, and prices contemporaneously, while
at the same time the monetary policy rule (1) is still identified.

To compute impulse responses to a monetary policy shock, one needs to study the complete

system composed of (1) and (6), which can be written in the SVAR form of

* * 1+’YM
1 M. YO~ Vm T Yzt =17y P v (’Ym,tq? Um,t)
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24Note that Q& and &; have exactly the same probability distribution: a normal probability distribution

with mean zero and variance identity matrix.
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YM
— L M,_ 0 O M, 0 O M,_ Em
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where we take the government’s targets 7* and z} as given. Note that v (Vi t—1,0m¢) is a
1 x n vector of functions of 7,1 and o,,;. For example, if m, and z; are the first two

elements of the vector y;, then

Y Yz, t—1 0 ({|
—_— gy .

v 1,0 = o o
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The impulse responses to the monetary policy shock €, are computed from the conventional

form
M - ~ | M,_ ~ | M,_ ~ M,_ ~ | M,_ ~ Em
[ t] =b, + By, -l + By - + Bs, - + By - + A(Itl ! . (8)
Yt Yt—1 Yt—2 Yt—3 Yt—1a t

where by = A%, B = Agl Ay, Bay — ArlAse Boy — AgiAs, and Buy — A7'AL
The coefficient matrix E&t (¢ = 1,...,4) is state dependent and involves cross-equation
restrictions (i.e., restrictions across the first equation and other equations). For example,
the second block of §1,t that corresponds to y; (the last n variables) is a function of not
only o,,, but also 7,,—1. Consequently, impulse responses in the shortfall state are different
from those in the normal state, as indeed demonstrated in Section V.2. The state-dependent
nonlinearity and cross-equation restrictions also make it impossible to calculate impulse
responses to monetary policy shocks by simply running linear regressions of various variables
on estimated monetary policy shocks as in the linear SVAR case.

Because of the state-dependent complexity, there are two additional issues with regard to
estimation of the monetary policy rule as well as impulse responses to a monetary policy
shock. First, both output coefficient and shock volatility in the monetary policy equation (1)
depend on the state of the economy. These endogenous-switching parameters make it com-
putationally challenging to directly estimate this large nonlinear system (8) and the dynamic
responses to a monetary policy shock. Second, although the first equation in system (8) is
exactly the same as the monetary policy rule represented by (1), parameters in the rest of
the equations in system (8) are functions of o,,; and ~, ;1. Hence, estimating the monetary
policy rule jointly with the rest of the system (8) may not necessarily yield the same results
as those based only on equation (1) in Section III. To address these issues, we propose a

new estimation method stated in the following proposition.

Proposition 2. Statistical estimation and inference of the nonlinear system (8) are equivalent

to two separate estimation procedures: the nonlinear monetary policy rule (1) and the linear
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subsystem (6) can be estimated independently. That is, estimation and inference of the

subsystem (6) do not depend on the coefficients of equation (1).
Proof. See Appendix F. O

The customary representation in the SVAR literature is system (8), because it facilitates a
clear way of understanding how variables respond to a structural shock dynamically. A direct
estimation of this nonlinear system, however, is computationally costly and conceptually
difficult for the general researcher to handle. Working with the alternative structural form
represented by (1) and (6) or by (7) enables one to avoid the needless cost of dealing with
the nonlinear system represented by (8). It is for this and other computational (as well as
conceptual) advantages that the Bayesian prior of Sims and Zha (1998) is imposed on the
structural form represented by (7), not on the form represented by (8) as in the stantard
literature. Because system (7) is the structural form of system (8), the estimated results
from (7) are the same as those from (8).

Propositions 1 and 2 provide powerful tools for the general researcher. It shows that
monetary policy is identified within the framework of a relatively large system and estimation
of this nonlinear system can be reduced to two separate estimation procedures. Although
the single policy equation (1) is nonlinear, its estimation entails little computational cost.
The rest of the system, represented by (6), consists of a linear simultaneous-equation system.
Moreover, one can proceed to estimate, equation by equation, system (6) under the prior
of Sims and Zha (1998) once the contemporaneous coefficient matrix Ay is estimated (see
Appendix F for the proof). For the most part, therefore, estimation and inference of the
entire nonlinear system (7) can be executed equation by equation, making the computation

inexpensive.

V.2. Empirical results. Our benchmark model consists of 11 variables. The sample for
estimation is from 2000Q1 to 2016Q2, excluding four lags. The Bayesian prior of Sims and
Zha (1998) is applied to system (6).2° The sample length for our quarterly data is over 17
years when lags are included. Although the sample is relatively short, it is comparable to
the sample length often used for studying U.S. monetary policy during its inflation-targeting
period of 16 years prior to the 2008 financial crisis (1992-2007). We first discuss the estimated

impulse responses in the normal state and then explore those in the shortfall state.

25The hyperparameters for the prior, in the notation of Sims and Zha (1998), are \; = 1 for i = 0,1, 2, 4,
A3 = 3, us = pg = 1. Except for the hyperparameter A3, the prior setting is standard. The large decay value
for A3 is necessary for the Chinese data as it helps produce a superior out-of-sample forecasting performance
documented by Higgins, Zha, and Zhong (2016) and Li (2016).
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V.2.1. Normal state. Figure 4 displays the corresponding impulse response of GDP with
probability bands. Impulse responses of other macroeconomic variables are displayed in Fig-
ure 5. From Figures 4 and 5 one can see that a positive one-standard-deviation shock to
monetary policy raises M2 by 0.9% and GDP by 0.35% at their peak values. The output
response is hump-shaped, while the money response is much more persistent. Both responses
are highly significant both economically and statistically. The CPI response displays little
price puzzle, further supporting our earlier conclusion that the estimated monetary policy
shock does not contain endogenous responses to other macroeconomic variables.?® The cor-
rect sign of a price response is one of the building foundations for the SVAR literature (Sims,
1992; Uhlig, 2005). In response to an expansionary monetary policy shock, the excess reserve
ratio and the Repo rate decline while foreign exchange reserves rises. These responses are
consistent with most theoretical predictions of the effect of a monetary policy shock.?”

What is new is the response of the ratio of MLT to ST bank loans, which rises signif-
icantly for many quarters. The response pattern indicates that monetary expansions to
increase output are through the channel of directly increasing medium and long term bank
loans. The normal interest-rate channel plays little role in the monetary transmission for
several institutional reasons. First, bond markets in China are not fully developed so that
long-term interest rates for investment are largely insulated from changes in short-term in-
terest rates. Second, lending and deposit rates in the banking system have not been fully
liberalized to reflect loan risks. Third, heavy-industry firms, protected by the government
from bankruptcy, are insensitive to changes in interest rates. Indeed, when we remove all
three interest rates from the list of variables in the benchmark SVAR, the estimated response
of GDP to a monetary policy shock is almost identical to its benchmark counterpart (Fig-
ure 4). This result supports the argument the bank lending channel functions more through
credit volumes than through interest rates.

To quantify the potential asymmetric effect on different sectors of an expansionary mone-
tary policy shock, we decompose the real GDP series into value-added output in heavy indus-
tries and value-added output in light industries and add these two series to the benchmark
model. Figure 6 shows the impulse responses of heavy-industry output and light-industry
output along with those of MLT bank loans and ST bank loans. While MLT loans jump up

immediately and remain significantly above zero for five quarters in response to a positive

267 price puzzle emerges if the identified monetary shock is contaminated by the endogenous component
such that prices do not fall in response to contractionary monetary policy. This point is made forcibly by
Sims (1992).

2TThe lending and deposit rates respond in a similar fashion. One channel of transmitting monetary policy
shocks to the real economy is through bank reserves. This finding is consistent with Fernald, Spiegel, and
Swanson (2014)’s emphasis on the role of reserve requirements in influencing macroeconomic fluctuations in

China.
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monetary policy shock, the short-term loan starts to decrease right after the impact period.
Because MLT bank loans respond much more strongly than ST bank loans, heavy-industry
output responds much more strongly than light-industry output. This bank lending chan-
nel, working through asymmetric effects on different sectors and different types of loans, is
a special characteristic of China monetary policy.

Evidence from Figure 7 further shows that investment, not consumption, is a driving
engine for the output fluctuation in response to a monetary policy shock. In this figure,
we add the investment and consumption series to the benchmark model.?® As one can see,
investment responds strongly to an expansionary monetary policy shock (the response is
hump-shaped) while the response of consumption (not hump-shaped) is small in magnitude
and, according to the probability bands, its statistical significance is weak. This result is
in sharp contrast to the findings for the U.S. economy, where the response of consumption
to an expansionary monetary policy shock is hump-shaped, strong, and sizable (Christiano,
Eichenbaum, and Evans, 2005).

Our finding is also confirmed by the estimated variance decompositions attributable to
monetary policy shocks relative to other shocks. As reported in Table 2, monetary policy
shocks explain about one fifth of the GDP variation. This result is robust across various
model specifications. The contribution to the investment fluctuation is about 16%. By
contrast, the contribution to the price fluctuation is small (5 — 8%) and the contribution
to the consumption fluctuation is even smaller (under 3% for first 3 years). These results
reinforce the previous finding that monetary policy affects the real economy mainly through

investment.

V.2.2. Shortfall state. Figures 8 and 9 display the estimated impulse responses in the short-
fall state.?? The responses differ from those in the normal state in both timing and mag-
nitude. As a direct result of an asymmetric response of monetary policy to the shortfall
of GDP growth, the M2 response peaks within 2 quarters, quicker than that in the normal
state, and the GDP response peaks in 3 quarters as compared to a much delayed peak (8
quarters) in the normal state. A similar pattern holds for the responses of investment and

heavy-industry output, which peak in 2 and 4 quarters respectively, while the responses of

28The data on many components of GDP is available but with a delay. In our case, the sample is available
only up to 2015Q4 for investment and consumption and 2015Q3 for heavy-industry output and light-industry

output.
29We assume that the shortfall state would last for 5 years. This assumption is of course counterfactual.

One may in principle generate nonlinear impulse responses by studying a scenario in which the state switches,
but none of our conclusions about asymmetric impacts between the two states would be affected by this

complicated exercise.
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investment and heavy-industry output peak in 4 and 7 quarters respectively in the normal
state.

By contrast, the response of consumption is almost the same in both peak timing and
magnitude for both states. This result shows the Chinese government’s reliance on invest-
ment to stimulate the aggregate economy, especially when GDP growth is below the target.
The channel for transmitting a monetary policy shock to a stimulation of investment, as the
bottom panel of Figure 8 shows, is again through MLT bank loans. The estimation obtained
in Section III reveals that the volatility of monetary policy shocks in the shortfall state is
twice that in the normal state, which leads to a stronger response of M2 supply on impact (a
1% increase in the shortfall state versus a 0.5% increase in the normal state). The response
is immediately translated to the banking system with the initial response of MLT loans to a
monetary policy shock in the shortfall state almost twice the initial response in the normal
state. On the other hand, the response of ST bank loans turns more negative for the next 2
quarters in the shortfall state than the response in the normal state. Clearly, an increase of
M2 supply is channelled disproportionally into MLT bank loans in the shortfall state.

The magnitude of GDP response at its peak in the shortfall state, however, is quantita-
tively similar to that in the normal state. The peak responses of investment and heavy-
industry output have a similar magnitude for both states as well. This result implies that
firms in the shortfall state refuse to invest as much as in the normal state even though
they have twice the amount of loan volume. As a result, a much larger monetary expansion
is needed in the shortfall state to achieve the same quantitative effects on investment and
output as in the normal state.

The asymmetric responses between the two states are reinforced by the asymmetric im-
portance of monetary policy shocks relative to other shocks in driving GDP variations. In
the shortfall state, the GDP fluctuation attributed to monetary policy shocks is about 40%,
more than twice the counterpart in the normal state (Table 2). Relative to other shocks in
the economy, monetary policy plays a far more important role in stimulating the aggregate

economy in the shortfall state than in the normal state.

VI QUANTITY—BASED MONETARY POLICY AND INSTITUTIONAL RIGIDITIES

Recent discussions of China monetary policy entertain a major reform of moving gradually
away from control of M2 growth as a major policy tool toward control of short-term nominal
interest rates as in the U.S. and other developed economies. The reform contains three main
issues: liberalizing financial markets, experimenting with multiple policy interest rates, and

assessing how those policy rates affect the real economy.>® While most discussions focus on

30For a long time, China has adopted a dual-track interest rate system (Yi, 2009). As early as 1996, China

removed control of interbank lending rates (i.e., Chibor and Repo rates), while the deposit and lending rates
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the first two issues (see various articles contained in Ma and Ji (2016)), the third issue has
not been fully explored. It is this issue that remains most important in our view. We address
the challenges related to this issue in the context of our empirical findings.

One argument for switching towards interest rate-based policy rules is the perceived in-
creasing ineffectiveness of M2 growth in recent years as the major policy instrument. As
argued in previous sections, the existing policy environment consists of various market and
administrative tools used by the government. In particular, the heavy hand of government
in influencing how commercial banks make loans to different sectors allows M2 growth to be
an effective tool for monetary policy in the past, as demonstrated by our SVAR evidence.
In contrast to the common perception that current monetary policy has become increasingly
less effective, we find that the slowdown of GDP growth in recent years results largely from
contractionary monetary policy shocks.

On the other hand, interest rates have been ineffective in transmitting monetary policy
into China’s real economy. Our SVAR analysis provides evidence that the interest-rate
channel of monetary policy has been muted in the past. When we remove all the three
interest rates from the list of variables in the benchmark SVAR, the estimated response of
GDP (the plus line) is little different from either the response marked by the circle line or
the response marked by the star line (Figure 4). Intuitively, heavy-industry firms and state-
owned enterprises (SOEs) are insensitive to interest rates and as a result, monetary policy
has worked more through credit volumes than interest rates.?!

In the current policy environment, GDP growth target remains the foremost goal of mon-
etary policy. According to the central government’s Thirteenth Five-Year Plan (2016-2020),
GDP growth target as a lower bound will continue for the next five years. Premier Keqiang
Li of the State Council, when asked by the press at the closing of the 2016 NPC assembly
whether his administration would deliver 6.5% of GDP growth, responded firmly that “If
you are asking me whether China’s economy won’t meet the main economic [growth] target
that has already been established, that is impossible.” High GDP growth vigorously pursued
by the central government as the foremost policy target, therefore, puts a severe constraint
on how the PBC conducts its monetary policy.

Continuation of these institutional constraints represents what we call institutional rigi-
dies, which must be taken into account when researchers and policymakers discuss the im-
plementation of a new policy rule involving multiple policy interest rates. To remove the

institutional rigidies, the government must be willing to cease preferential credit policy to

were still under strict control of the government. Liberalization of the overall financial market has been slow

in China even up to today.
31This finding is consistent with the existing empirical result that variations in neither policy nor market

interest rates can explain macroeconomic fluctuations (Sheng and Wu, 2008).
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promote and protect heavy-industry firms such as those in real estate, SOEs, and large in-
efficient firms. Given the government’s primary concern about social stability, however, it
is unclear whether the government is willing to go far with radical reforms in both financial
markets and heavy-industry firms.

The Thirteenth Five-Year Plan for “Economic and Social Development,” approved by the
NPC, pronounces one important element of China’s macroeconomic reforms: transform the
monetary policy framework “from quantity-based management to price-based management”
by gradually changing the intermediate target of monetary policy from M2 supply to policy
interest rates.3?> The issue of transitioning from one policy rule to another is even more
challenging because it requires, at the minimum, an understanding of existing monetary
policy and its transmission. As Taylor (1993) argues, people’s expectations about the effects
of future policy along the transitional path depend on their understanding of how exist-
ing policy responds to the state of the economy and in turn influences the real economy.
Such expectations matter precisely because of the general implications of the Lucas critique.
Therefore, understanding how existing monetary policy works serves as a necessary bench-
mark to discuss the design of a new policy framework and the transitional path toward that

objective.

VII. CONCLUSION

As remarked by Governor Zhou of the PBC, China monetary policy is yet to be understood
by the outside world. To this end, we establish a monetary policy rule that is tractable for
practical analysis and at the same time representative to capture key institutional charac-
teristics. We find that for a long time the central bank of China has been using M2 growth
as the major tool to support output growth and control inflation. The systematic response
of the estimated rule to the state of the economy is successful in tracking the actual M2
growth path over the sample period. The effect on the economy of this pro-growth policy is
transmitted through an increase of investment in heavy industries financed by medium and
long term bank credit.

The most distinctive characteristic of China monetary policy rule is its asymmetric re-
sponse to the state of the economy. When actual GDP growth falls short of the government’s
target, monetary policy reacts more aggressively than in normal times. Consequently, mon-
etary policy shocks in the shortfall state contribute twice as much to the GDP fluctuation

as those in the normal state.

32The Central Committee of CPC typically approves a plan proposal in the fall of the year before the
plan’s five-year span begins. The plan outlines its content in broad terms and then NDRC hammers out the

details before the annual session of the NPC, typically held in March, votes to approve the plan.
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Recent discussions in the policy circle center on how China monetary policy would move
away from M2 growth to policy interest rates as a primary policy instrument. Our empir-
ical findings about the policy rule, policy shocks, and asymmetric monetary transmission
lay foundations for designing and implementing transitional paths toward a new monetary
policy framework. Specifically, future research should focus on how policy interest rates
influence the real economy in a manner that is compatible with the central government’s
overriding priority to target real GDP growth against a backdrop of China’s institutional
rigidities. We hope that our empirical analysis serves as a first step toward stimulating a

more comprehensive study on China monetary policy.
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quarterly frequency. The contemporaneous correlation between M2 growth
and bank loan growth is 0.86 (0.89 since 2009). The contemporaneous corre-
lation between M2 growth and real GDP growth is 0.50 (0.87 since 2009).
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FIGURE 3. Annual M2 growth rates and the estimated systematic (endoge-
nous) response of monetary policy. The gap between the actual M2 growth
path and the systematic response path represents the series of monetary pol-
icy shocks. The two darker bars mark periods of loosening monetary policy
and the lighter bar marks a period of tightening monetary policy. Periods

associated with prudent monetary policy are unmarked.
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FIGURE 5. Dynamic responses of various key policy variables to a one-

standard-deviation positive monetary policy shock. Asterisk lines represent

the estimated responses and dashed lines represent the corresponding .68 prob-

ability bands. “ERR” stands for the excess reserves ratio in the banking sys-

tem, “FXR” stands for foreign exchange reserves held by the People’s Bank of

China, “Repo” is the 7-day rate for national interbank bond repurchases, and

“BLR” is an abbreviation of “bank loan ratio,” which is the ratio of newly-
originated MLT bank loans to ST bank loans.
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TABLE 1. Estimated monetary policy

Coefficient FEstimate SE  p-value

Ym 0.391** 0.101  0.000
Vor —-0.397 0.121  0.001
Vza 0.183** 0.060 0.002
Vb —1.299"* 0.499 0.009
Om.a 0.005** 0.001  0.000
Om.b 0.010** 0.002  0.000

Note. “SE” stands for standard error. The three-star superscript indicates a 1%

significance level.

TABLE 2. Variance decompositions attributed to a monetary policy shock (percent)

Quarter 4 8 12 16 20
GDP (normal state)
Benchmark model 13.5 18.6 18.7 17.1 15.0
Benchmark model excl Rs 12,5 17.7 19.1 18.9 17.5
Benchmark model excl FXR 14.7 20.1 20.6 19.2 17.2

Benchmark model excl Rs and FXR 13.8 19.1 20.7 20.6 19.5
GDP (shortfall state)

Benchmark model 35.9 429 42.8 40.5 37.3
Benchmark model
Price (normal state) 06 29 54 74 88
Investment (normal state) 14.2 16.8 164 154 14.5
Consumption (normal state) 04 14 25 31 35

for foreign exchange reserves.

36

Note. The abbreviation “excl” stands for excluding, “Rs” for all interest rates, and “FXR”
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APPENDIX A. OPTIMAL MONETARY POLICY

In this section we derive optimal monetary policy under two alternative loss functions.
We first consider the pro-growth loss function composed of (3) and (5). Optimal policy is

to choose {gp.t; T, gyt } oo t0 minimize the loss function

Ey Y B'Ly, (A1)
t=0
subject to the three structural equations
9mit — Tt = NxGzt — TR (Rt - Rt,l) ) (A-2)
Eigri11 = 0p9ur + 01 By (R — Tig1) + 02 (Ry — ) + €4, (A.3)
By = kamy + 61Ey (gogsr — Q;,tﬂ) + k2 (G — g;,t) + &t (A.4)

where R; is the net nominal interest rate, Grt = T} — Ty-1, and g,; = ; — ;1. As a result,
Gzt — 9y = Tt — x;. Note that 6, > 0 and r, > 0.

Equation (A.2) comes from the standard money demand function (e.g., Blanchard and
Fischer (1989)). Equation (A.3) is obtained from the consumer’s Euler equation. Both
equations are expressed in first difference to allow g, to be an explicit choice variable.

Equation (A.4) is a variant of the Philips curve.?® It is intuitive that an inflation rate is
positively related to GDP growth in the current quarter, as implied by the upward sloping
aggregate supply curve. Different from the standard Philips curve, however, equation (A.4)
implies that current inflation is also related to future GDP growth, which reflects firms’
pricing strategies in customer markets (Gilchrist, Schoenle, Sim, and Zakrajsek, 2016). The
intuition is as follows: if a firm expects greater benefits from the future customer base (or
consumption habit), it is more willing to lower the current price to build the customer base.

We now show that optimal monetary policy under a certain parameter configuration de-
livers a functional form that is the same as the systematic component of our descriptive

monetary policy rule:
Yo + YmImt—1 + VaTe—1 + Vau (gac,tfl - g;,tfl) )

33We derive Equation (A.4) from the inflation dynamics equation
T = QB + o (@ — @)) + 2By (Te41 — @y y1) + €nye

Reordering the above equation and using 1 — z} = gut — g5 ;, we have

1

1
22 (gx,t - gi,t) - ;Oﬁw,t~

aq

*

Emypr = —m — —Ey (Gop41 — Gagg1) — —
Qq (&%) g

Defining k. = O%O, K1 = —%3, Ko = —3—;, and €5 = _a%@ntv we obtain Equation (A.4).
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where the output coefficient is time-varying as

Ya,a = 0 if Jzt—1 — g;ﬂf—l >0
Yzt = .
Yoo <O if o1 — 95,1 <0

Note that all right hand variables are lagged one period relative to money growth g, in the
systematic component.
Without loss of generality, we follow the convention and solve for optimal monetary policy

under perfect foresight.

Proposition A.1. Under the parameter configuration such that 6; = —fy and z—f = —FKn
and within the growth region g,; 1 — gy, ; < b*, optimal monetary policy for the planner
problem (A.1) has the form

Imt = "o + Ym9m,t—1 + VrTe—1 + Y t (gx,t—l - g;,t—l) y (A5)
where v, < 0 and the output coefficient is time-varying as

Voa >0 it gpi1 — g;,t—l >0
Yzt = .
Voo <0 if g1 — Gop—1 <0

Proof. Reordering Equation (A.2) and forwarding one period, we have

1 1
Ry — R = —gx t41 — —Gmt+1 + — T (A.6)
NR MR MR
Using the assumption #; = —60,, substituting (A.6) into (A.3) and reordering the terms, we
obtain
0, 0 0 —0 0 -
Jzt+1 = Grt— 1/ Imtr1t 1/ = b1 2 Ti+Ex, (A7)

7T —
L=nabi/nr™" 1 =m0 /nr L—nbi/me " T =m0 /nx
where €, = €,/ (1 — 1.01/nR) .
With the Lagrangian multipliers 1, for (A.4) and po, for (A.7), the planner’s problem

becomes minimizing

3 (1= ) ALE + OA (= 1) + (g — 97)"]
Z ﬁt +p1 s [7Tt+1 — Ry — K (g:c t+1 — 9;,t+1) — R2 (gx,t — 3y t) - Efr,t}

0 01/nr—0
+,U2,t [gx,t-‘rl 1— nxgl/nRgxt + 1_77190/971};,]Rgm,t+1 - 1_1{;“;1/77; T+1 + 1— 779:91/7712 Sxt
The first order conditions with respect to m, ¢+, and g, are
0 _ 91/77R
A — 7)) — Ky e Y1 — 1— =0 AR
O (T — ) — Krptay + 1_%91/771%/12,1&4‘5 fig—1 — B~ 1 —1.0,/1 Rﬂzt 1 , (AS8)
_ 1/77R
i — G A =0, A9
Gt = Gy + 67 1= 0.0, /1 -1 (A.9)
(1—-0)A 0L _ Koplig — —————poy — B Kaptig1 + B a1 = 0, (A.10)
09t Tl —=nb/nr" T ' ’ ’
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where 5
Lr .
ag;t = (St (ga:,t — gz,t) . (All)
Reordering (A.8) and (A.10), we obtain
_ 7  O/nr—0
1 * 2 1 Y1/7IR 1
=Rl = —ON(my — ) — — 2 JAR—A A12
B -1 — Krlbig O (mp — ") 11— 779:91/771%“2’75 + 1_ 779091/771%”2’75 oo ( )
1 KQ 1 aLf (935 —1
— — =— ((1—9)A — —1| - A13
B b1+ PRt [( ¢) Dges 1 —77x91/77R'u2’t+B fi24-1 (A.13)
Because 12 = —f, we combine (A.12) and (A.13) and reorder the terms to obtain
0y 1 0, 1 (1—9¢)\OLY
N S G 2 Kl SO
L nbifon mil—nbijnr)’™ K1 Oy AT
Ov/nr+6 1] 4
Ar* —_— — — 1. (A14
AT+ 1—n.bi/nr K1 F b (A4
Equation (A.9) gives
- 1 — a1 /R
gy g = —— TR (g A15
B 21 01 /im (Gmt = Im) ( )

Substituting (A.15) into (A.14) and reordering the terms, we have

—0y + 0. /K1 (1—¢) X 0Ly

B o i (Gmpr1 — Gm) = — o 09 — ¢+ PATT
n {(1 ~ 779001/771%)‘9//;1 — (61/nr + 91)} (Gms— ). (AL16)
1/MR
or
(1-9)A 01/1r ;
Imt+1 = — k. B(—0s + Gz/m)ét (9w — ga:,t)
_ ONi/nR _— [(1 — 001 /nr) /K1 — (01/nr — 91)] g
B (=02 + 0. /K1) B(—=0z +0,/K1) m’t
. (1 =i /nR) /K1 — (01/nr + 01 o0 /nR .
i (1- a2 ) S ey
Define
Y = (1 —nb1/nr) /51 — (61/nr + 61)
" B(—02 + 0, /K1)
o PA01 [k
T B+ 0 /m)
Yo = (1=Ym)Gn — %7,

Tat = (1=¢)A  61/1r

Yzb = — k1 B(—=0240z/K1)

_ (A=) 61/ ; *
Vo = ) 5(—021-#21;/&1)5“ if Gt = Yot >0 .
(5b lf th — g;k:,t < O

By moving the time script backward one period, we obtain the monetary policy rule as in

(A.5).
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To determine the coefficient signs for the derived optimal policy, note that n, > 0 and ng >
0 for the money demand equation (A.2) because money demand increases with aggregate
output and decreases with the nominal interest rate. For the IS-curve equation (A.3), we
have #; > 0 and 6y < 0 because consumption growth in the current period moves positively
with the real interest rate in the current period and consumption growth in the future and
negatively with the real interest rate in the future. For the inflation dynamics equation (A.4),
k1 > 0 reflects firms’ pricing strategies in customer markets (Gilchrist, Schoenle, Sim, and
Zakrajsek, 2016).>* Accordingly, we have

_ P01 /1R
T Tl )

(1 - Cb))\ ‘91/771%
T.a (5(1 > 0,
e, ki B(=b2+0,/k1)

(1 - Cb) A 91/773

b = — oy < 0.
Yo k1 B(=b2+0,/k1) ’

Moreover, given 0, > d,, we have |7, 5| > |72.4| as found empirically. O

Now consider the conventional function (2) for output loss. We have ggii =9 (gw — g;t).

Substituting this term into (A.16) and reordering the terms, we obtain the conventional form
of optimal monetary policy as
_ {(1 — 11261 /1r) /K1 — (01/18 — 91)}
Imit+1 = m,t
B (=046, /k1)
qb/\‘gl /77R * *
B+ 0wy ") e e )

. (1 = n201/nR) /51 — (01/0R + 01)
i (1- ). (419

)5 . It is straightforward to see that ~, is always negative, even

(1-¢)A 01/nr
k1 B(=02+0z/k1

in the normal state when g,; > g; ;, a result at odds with our empirical finding for China.

where v, = —

APPENDIX B. CONVENTIONAL MONETARY POLICY RULE SPECIFICATIONS

As discussed in the text, there is no applicable concept of potential GDP for emerging-
market economies like China. Nonetheless, if one wishes to estimate conventional monetary
policy rules mechanically with the Chinese data, one could obtain Z; using either the HP
filtered series with the smoothing parameter set at 1600 for the quarterly series or the fitted
log-linear trend. We estimate the conventional monetary policy rule (4) using “output gap”
constructed from one of the these trended series. Table B.1 reports the regression results. As

one can see, the estimated coefficient of “output gap” is statistically insignificant for the HP

34Given kx> 0 and k1 > 0, we have ko < 0, consistent with the original inflation dynamics equation in

footnote 33 in which both ag and a4 are positive.
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TABLE B.1. Estimation of conventional monetary policy rules for M2 growth

HP filtered Log-linear detrended Grt = Gy
Coefficient Estimate SE  p-value Estimate SE  p-value Estimate SE  p-value
Y 0.607** 0.095 0.000 0.514** 0.096  0.000 0.568** 0.093  0.000
Vor —0.551"* 0.191 0.005 —0.628* 0.155 0.000 —0.554*** 0.159  0.000
o 0.131 0.142  0.358 0.085** 0.032  0.009 0.094 0.063 0.138

Note. “SE” stands for standard error. The three-star superscript indicates a 1%

significance level.

filtered approach or carries a wrong sign for the log-linear detrending method. The positive
sign of output coefficient implies destabilizing monetary policy. These results confirm our
argument that the standard concept of output gap is inappropriate for understanding China
monetary policy.

We also estimate the conventional monetary policy rule (4) using g, = Gy.t» Which is
consistent with optimal monetary policy under the output loss function represented by (2).
The estimates are also reported in Table B.1. As seen in the table, their magnitude is
remarkably similar to that when potential GDP is approximated by either HP filter or
log-linear trend. What is common across the three cases (HP filter, log-linear trend, and
Jet = Gy,) is that monetary policy is strongly anti-inflation. But the output coefficient for
the g.; = g;, case has a wrong sign and is statistically insignificant.

Another conventional specification for monetary policy is the widely-used empirical Taylor

rule for many developed economies as described in Rotemberg and Woodford (1997):
Rt = O + OéRRt,1 + (67 (7Tt — 7T*> + Ay (.’L't — .i't) + ER,ty (Bl)

where R, is the (net) nominal interest rate. Table B.2 reports the estimated results with
various short-term market interest rates. As one can see, although the persistence parameter
ap is statistically significant, «, is statistically insignificant at a 10% level for all four cases
while «, is statistically significant only at a 10% level for three out of four interest rates.
These results imply that monetary policy does not care at all about inflation pressures,
contradictory to the MPRs (the central bank’s own reports). Worse than this implication,
these results are unstable as they are sensitive to how potential output is computed. When
log-linear trend is applied to output as potential GDP and the 7-day Repo rate is used,
for example, the output coefficient becomes statistically insignificant at a 49% significance
level but the inflation coefficient is now significant at a 1.6% significance level. When lagged
output gap and inflation are used as regressors instead of the contemporaneous counterparts,

o 18 often statistically significant at a 1% significance level but «, is statistically insignificant
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TABLE B.2. Estimation of the widely-used Taylor rule

1-day Repo 7-day Repo
Coefficient Estimate SE  p-value  Estimate SE  p-value
QR 0.706** 0.078 0.000 0.770** 0.063 0.000
QO 0.007 0.103  0.948 0.144 0.098 0.144
Qg 0.139*  0.078 0.079 0.147* 0.076  0.057
1-day Chibor 7-day Chibor
Coefficient Estimate SE  p-value  Estimate SE  p-value
QR 0.707* 0.078 0.000 0.779** 0.063 0.000
QU —0.010 0.101 0.919 0.149 0.096 0.123
Qg 0.132*  0.076 0.085 0.117 0.074 0.119

Note. “SE” stands for standard error. The one-star superscript indicates a 10% significance

level and the three-star superscript a 1% significance level.

at a 10% significance level, a result similar to the conventional monetary policy rules for M2
growth. Clearly, the results for the interest rate rules are all over the map, depending on
which interest rate, which potential output, or which variable (lagged or contemporaneous)
is used.

Such unstable and contradictory results are not surprising; they only confirm our argument
that Chinese financial markets are yet to be fully developed and that the standard interest
rate rule may be incompatible with the central government’s ultimate target of real GDP
growth. This target is achieved by carefully planning M2 growth to support the central
government’s strategy of allocating medium and long term bank credits to investment in
heavy industries. The standard interest rate rule (B.1) does not take into account these key

institutional factors.

APPENDIX C. DATA

The methodology of collecting and constructing the quarterly data series used in this paper
is based on Higgins and Zha (2015) and Chang, Chen, Waggoner, and Zha (2016). The main
data sources are China National Bureau of Statistics, People’s Bank of China, and CEIC.
The X11 method is used for seasonal adjustments. We do not use the X12 software package

because there are no indenpendent regressors used to seasonally adjust our quarterly data.

35For monthly series, one should use the X12 package by incorporating independent regressors to account
for the Chinese New Year effect that may cause problems for data in January and February. The Census
Bureau’s X13 program removes outliers before seasonal adjustments using TRAMO/SEATS software from

the Bank of Spain. For this paper, the quarterly series since 2000 does not appear to have serious outliers.
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All series bar interest and exchange rates are seasonally adjusted. All interpolated series
are based on the method of Fernandez (1981), as described in Higgins and Zha (2015). One
exception is net exports, which are interpolated with the method of Chow and Lin (1971).

e M2. M2 supply, quarterly average (RMB billion).

e GDP. Real GDP by value added (billions of 2008 RMB).

e GDP growth target. Real GDP growth target set by the central government of
China.

e CPI. Consumer price index.

e Investment price. The price index of fixed assets investment.

e ERR. Excess reserves ratio computed as the ratio of excess reserves to total deposits
in the banking system at the end of the quarter.

e ARR. Actual reserves ratio computed as the ratio of total reserves to total deposits
in the banking system at the end of the quarter.

e Lending rate. One-year benchmark lending rate for commercial banks, set by the
PBC, quarterly average.

e Deposit rate. One-year benchmark deposit rate at commercial banks for enterprises,
set by the PBC, quarterly average.

e Repo rate. The 7-day market rate for national interbank bond repurchases, quar-
terly average.

e Chibor rates. The 1-day and 7-day China interbank offered rates, quarterly average.

e MLT loans. Newly originated medium and long term bank lending volume to non-
financial enterprises (sum of monthly volumes) as percent of GDP.

e ST loans. Newly originated short term bank lending volume to non-financial enter-
prises (sum of monthly volumes) as percent of GDP.

e FXR. Foreign exchange reserves (RMB billion).

e Exchange rate. The spot RMB/US$ exchange rate, quarterly average of the
monthly series from the Federal Reserve Board. This series has a high correlation
(0.99) with the the spot RMB/US$ exchange rate series provided from China Foreign
Exchange Trading Center, which is available only from January 2013 on.

e Net exports. Nominal net exports as percent of nominal GDP. Annual measure
from national domestic products is interpolated by quarterly U.S. dollar series from
General Administration of Customs converted to RMB.

e Investment. Gross capital formation based on the expenditure side of national do-
mestic products interpolated by fixed-asset investment and deflated by the investment
price index. The U.S. counterpart of this series is gross private domestic investment,

except our Chinese series includes government and SOE investment.
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TABLE D.1. Endogenous and exogenous components of monetary policy

p-value Adjusted R?
Shock Systematic Output only  Shock Systematic Output only
Exchange rate 0.361  0.000*** 0.032**
Net exports  0.968  0.000*** 0.000***
Fit 0.015 0.450 0.456
Note. The testing hypothesis is that all coefficients of the exchange rate are zero or that all

coefficients of net exports are zero. The dependent variable is either estimated monetary
policy shock or estimated systematic component of monetary policy. The two-star
superscript indicates a 5% significance level and the three-star superscript indicates a 1%

significance level.

e Consumption. Household consumption based on the expenditure side of national
domestic products, interpolated quarterly by retail sales of consumer goods and de-
flated by the CPI.

e Heavy value-added output. Value-added output produced by heavy industries
(RMB billion), as classified by Chang, Chen, Waggoner, and Zha (2016).

e Light value-added output. Value-added output produced by light industries
(RMB billion), as classified by Chang, Chen, Waggoner, and Zha (2016).

APPENDIX D. SIMPLE BUT SUFFICIENTLY ENCOMPASSING MONETARY POLICY RULE

To study the role of the external sector for the effect of monetary policy, one question is
whether our exogenous monetary policy shocks may contain endogenous movements in the
external sector. To answer this question, we regress the estimated monetary policy shock
series on four lags of the foreign exchange rate and net exports (as percent of GDP). We
also regress the estimated systematic components of monetary policy on the same variables.
Table D.1 reports the regression results. These results indicate that the foreign exchange
rate and net exports have no explanatory power for exogenous monetary policy shocks, while
movements in the external sector are effectively captured by systematic monetary policy.
Our identified monetary policy shocks, therefore, are not contaminated by an endogenous
response to trade surplus in order to keep the RMB exchange rate stable.

Foreign exchange reserves are a combination of the exchange rate and trade surplus and
have thus been an important factor for capital control when China monetary policy is dis-
cussed. How important is this variable for the transmission of monetary policy to domestic
output? We study this issue by removing foreign exchange reserves from the list of variables
in the benchmark SVAR. Figure 4 displays the estimated response of GDP (the circle line)
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for this case. One can see that the result is very close to the response from the benchmark
model. This, again, implies that monetary policy shocks in China work mainly through the
bank lending channel. And the PBC’s sterilization operations associated with higher foreign
exchange reserves, such as selling central bank bills or raising the reserve requirement ratio,
to freeze the excess liquidity in the banking system has a very limited effect on real GDP.
To some extent, the sufficiently encompassing nature of our systematic component of mon-
etary policy is not surprising. As discussed in the text, the central government’s overriding
goal is to target real GDP growth and promote this growth beyond the target. All else
becomes a means to meet this end. The extensive results reported in this section confirm
that the means always remains subordinated to the end and that monetary transmission is

mainly through the banking lending channel facilitated by M2 growth.

APPENDIX E. PROOF OF PROPOSITION 1

For system (7), we first show that the first equation (the monetary policy rule) is identified.
According to Theorem 2 of Rubio-Ramirez, Waggoner, and Zha (2010), this equation is
identified if the following condition is satisfied: for @go,t = A\o,t, where @ is an orthogonal

matrix and A, maintains the form of

1,1 (1,2 71,1

Aé,t ) A(()vt : _ AO,t 19n
~2,1) 722 T |~ ~
AT A AZY AGY

with the superscript of A indicating the location of the submatrix, @ must be of the form

Q(l,l) Q(1,2) _ 1 19n
oy e 0 02

nx1

(E.1)

To show that the above condition is true, note that @ZOJ = A\O’t is equivalent to

Ao

— 1xn

~2,1) (2,2
AZDARD

QUVALY + QUAATY QU ALY
QEVARY + QAT QB ALY

Since /T((ff) is invertible for the SVAR system and @(1’2)11((5;2) = 0, we have Q12 = 0. Be-
cause CNQ is an orthogonal matrix, it must be that @(2’1) = 0. It follows from the orthogonality
of @ that Q1) = 1. These results prove (E.1).

We now show that impulse responses of y; to €,,; are invariant to the rotation matrix () or
the ordering of elements in y;. Note that the rotation matrix ) in subsystem (6) is the same
as @(2’2). Because the first equation of system (8) is identified and the rotation matrix @ for
the whole system satisfies (E.1), the rotation matrix ¢ would affect the impulse responses

of y; to & but not those to ;.
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The ordering of elements in y; relates to a permutation, not a rotation. Since the first
equation of system (8) is identified, the invariance of impulse responses of y; to &, to any
ordering follows directly from Theorem 4 of Zha (1999).

APrPENDIX F. PROOF OF PROPOSITION 2

To show the first equation in system (7) can be estimated independently of the rest of
the system, it is sufficient to show that the likelihood function (or the posterior probability
density function when a proper prior is introduced) for the first equation can be maximized

without affecting the likelihood or the posterior probability density for the rest of the system.

M,
2t = )
(14+n)x1 Yy

the i™™ row of Ay, by ay,, and the i element of & by &, where i = 1,...,1 + n and
¢ =0,...,4. The likelihood (LH) function for system (7) is

1 T 14n 4 2
~ ~i ~q
exp —3 E g2t — Cp — E Qg 12t—0
=1

t=1 i=1

Denote

LH o ‘det (o)

T 4 2
> [agvtzt —a->y a;vtzt_gl . (F.1)

=1

The first part of the right hand side of (F.1) is the likelihood for the first equation and the
second part is the likelihood for the rest of the system. Clearly, the maximum likelihood
estimation (MLE) of the first equation can be performed independently of the MLE of the

second equation. Moreover, it follows from system (7) that the second part of the right hand
side of (F.1) is

| Lan T 4 2
‘ ~i
‘det Ot exp —— E E aOtzt - g Ay 20
=1

=2 t=1
| L T 4 2
. 2 » p »
‘det (Ay ‘ exp{ ——= E E agz — ¢ — E Ay2—y ,
i=2 t=1 =1
. ~29 . ;i . .
where the coefficients Ay;, a;,, and ¢ are constant across time for ¢ = 2,...,1 4+ n. Hence,

estimation of this second block is equivalent to estimation of linear VAR system.
Sims and Zha (1998)’s Bayesian prior is designed for the structural form (7), not for the

conventional form (8). This important feature ensures that when the prior is applied to the
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second part of system (7), the posterior probability density function has exactly the same
form as the second part of the right hand side of (F.1). Thus, the posterior estimation of
the rest of the system can be performed independently of estimation of the first equation.
Conditional on the estimated value of 21333 = Ay, moreover, each equation in the second

block of system (F.1) can be estimated independently of other equations.
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