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The Direction and Intensity of China’s Monetary
Policy: A Dynamic Factor Modelling Approach*

MICHAEL FUNKE

Department of Economics, Hamburg University,
Hamburg, Germany and Department of Economics
and Finance, Tallinn University of Technology,

Tallinn, Estonia

ANDREW TSANG

Department of Economics, Hamburg University,
Hamburg, Germany

The recent update of the People’s Bank of China’s monetary
policy framework establishes a corridor system of interest rates. We
employ a dynamic factor modelling approach to derive an indicator
of China’s monetary policy stance. The approach is based on the
notion that co-movements in several monetary policy instruments
have a common element that can be captured by a single underlying,
unobserved component. To clarify and interpret the derived index,
we employ a baseline dynamic stochastic general equilibrium
(DSGE) model that can be solved analytically and allows tracing of
the expansionary and contractionary on-and-off phases of Chinese
monetary policy.

Highlights

� We construct an indicator of China’s monetary
policy stance

� The indicator is estimated by dynamic factor
modelling approach

� We trace the monetary policy stance by using a
DSGE model and the indicator

I. Introduction
Since the People’s Bank of China (PBoC)

began to function exclusively as a Central Bank
in 1984, numerous changes to its approach to
monetary policy have taken place. China’s mon-
etary policy framework has gradually moved
away from a financial system resting on preset
deposit and lending rates, as well as ‘window
guidance’ lending quotas, to a more market-based
regime with money growth as the main interme-
diate target. As part of this transition, short-term
interest rates, open-market operations (OMO),
short-term liquidity operations (SLO) and med-
ium-term lending facilities have gained increas-
ing importance in the monetary policy toolbox.1

Understanding the objectives and formulation
of PBoC monetary policy is complicated by the
fact that China’s monetary policy is in a state of
flux as the PBoC struggles with its conflicted
objectives of cutting back risky lending while
ensuring that money keeps flowing into the
economy. Moreover, the PBoC is not indepen-
dent, but institutionally subordinate to the State
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Council, Beijing’s equivalent of a cabinet, and
ultimately the Communist Party of China (CPC).
The State Council signs off on all important
PBoC measures, occasionally going so far as to
approve the wording of Central Bank announce-
ments.
Before the full liberalisation of interest rates,

the PBoC directly controlled the funding costs of
bank borrowers and saving returns of depositors
by adjusting benchmark interest rates. Pricing
power today is in the hands of commercial banks.
While the PBoC renamed benchmark interest rates
as ‘reference rates’ to guide public expectations,
their real influence on lending and deposit rates
has weakened and officials downplay their signif-
icance.2 Instead, the PBoC has recently shifted to
a multi-instrument mix of liquidity tools and
pricing signals to achieve its competing policy
goals. This hybrid monetary policy framework
forces PBoC watchers and market participants,
including international investors, to monitor sev-
eral fronts simultaneously as they try to discern
the stance of Chinese monetary policy.
Given China’s multi-instrument monetary pol-

icy toolkit, this paper presents a new method to
measure China’s monetary policy stance. While
there has been a great deal of literature chroni-
cling individual tools, less attention has been paid
to estimating an overall indicator for the monetary
policy stance. An exception is Girardin et al.
(2014, 2017). Building on the instrument-set
approach of He and Pauwels (2008), Xiong
(2012) and Sun (2015), they construct a
weighted-average measure of the PBoC’s mone-
tary policy stance using price, quantitative and
administrative measures. However, the above-
mentioned recent reorientation of China’s mone-
tary policy is not included in the analysis. Shu and
Ng (2010) and Sun (2013, 2018) have employed
the narrative approach propounded by Romer and
Romer (1989). It entails a mapping of the qual-
itative discussions in policy records to a quanti-
tative scale by assigning a number indicating the
degree of easing or tightening of policy stance.
With this approach, the quantitative interpreta-
tions of policy statements in terms of such indices
are subjective, and therefore debatable.
Against this background, we measure Chinese

monetary policy using a dynamic factor model

(DFM) from May 2012 to December 2018 on a
monthly basis, taking account of the PBoC’s
current multiple instrument toolkit. This is a
novel way to construct a tractable and timely
measure of China’s monetary policy stance. As a
second contribution, we study the monetary
transmission via the dynamic effects of monetary
policy shocks on the aggregate economy. To this
end we adopt a dynamic stochastic general
equilibrium (DSGE) modelling approach.
The paper is structured as follows. Section II

describes how the PBoC influences money market
conditions. Section III describes our dataset,
presents our DFM and discusses the empirical
result. Subsequently, we assess our derived mon-
etary stance indicator against various bench-
marks. Section IV presents an estimated
baseline DSGE model using the derived monetary
stance indicator. A graphical evaluation of the
DSGE model allows us to evaluate the stance of
monetary policy over time and the various
macroeconomic impacts. Finally, section V con-
cludes with a summary of the main messages,
policy issues and future directions for research.

II. The Evolution of China’s Multiple Instrument
Monetary Framework

In this section we provide the relevant institu-
tional background that helps understand the key
elements of how the PBoC’s monetary policy is
conducted. After wrapping up its decades-long
process of interest rate liberalisation in late 2015,
the PBoC updated its monetary policy framework
to include a corridor system of interest rates. The
basic principle of the corridor system is as
follows: the Central Bank provides a lending
facility tool (the upper bound of the corridor) and
a deposit facility tool (the lower bound of the
corridor) to form an interbank interest rate
corridor, while the PBoC’s interest rate target is
somewhere within the corridor. The interest rate
target is a new anchor in China’s financial system
much such as benchmark short-term interest rates
in North America and Europe. Under this system,
the new policy target is the pledged seven-day
interbank market rate. The rates of the standing
lending facility (SLF) constitute the upper bound
of the corridor.3 The pledged seven-day interbank

2 See https://www.bloomberg.com/news/articles/
2018-06-14/china-s-evolving-toolkit-to-manage-mone
tary-policy-quicktake.

3 The new policy has not been completely successful.
Part of the reason is that the SLF is only available for
larger lenders. The seven-day repo rate has surged
beyond the SLF lending rate with the same maturity on
several occasions.
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market rate applies to all financial institutions
(including the non-bank financial institutions
authorised to trade) in the interbank market
without restrictions on the bond securities used
as collateral for the repo. The medium-term
lending facility (MLF), launched in 2014, allows
the PBoC to provide funds with longer maturities
and stabilise market expectations with maturities
ranging from three months to a year. The range of
acceptable collateral includes government bonds
and notes, local government debt and highly rated
loans of small companies. As Chinese financial
markets still lack depth, MLFs also help improve
rate transmission by setting borrowing costs at the
long end of the curve.
The PBoC has created tools similar to the MLF

to offer funding to various banks in different
scenarios. Besides the tools of SLO and contin-
gent reserve allowance (CRA), China recently
introduced the pledged supplementary lending
(PSL) program to fund investment by the nation’s
three policy banks. The PSL was introduced to
guide long-term interest rates and money supply.
Selected policy banks are injected with funds so
that they can provide loans to specific sectors.
Until now only the China Development Bank, the
Agricultural Development Bank of China and the
Export–Import Bank of China have received this
facility. The SLO, introduced in 2013, was aimed
at relaxing the market pressure in the event of
sudden tightening of money market conditions.
The SLO tool has not been used since 2016. The
CRA is a new tool for providing temporary
liquidity to banks during the Chinese New Year,
when there is usually a cash shortage. It was used
once in 2018, and it could be used again if
needed. Finally, by setting the interest rate it pays
on excess reserves, the PBoC effectively marks
the lower bound of the interbank interest rate
corridor.
The PBoC uses various instruments to steer the

corridor system. In practice, it conducts monetary
policy by scaling the size of its OMO or adjusting
the SLF and MLF rates. OMO mostly involve
repurchase or reverse repurchase agreements.
Repurchase operations remove liquidity from
the system as the PBoC sells short-term bonds
to commercial banks. The opposite is the reverse
repurchase agreement, that is, buying up the
repurchase contracts. These operations give the
PBoC control over the money supply and inter-
est rates on a short-term basis. For this reason,
short-term interest rate signals have gained
importance.

Figure 1 shows the development of the interest
rate corridor system. The corridor is currently
asymmetric and the PBoC is gradually narrowing
the range of the interest rate corridor.
Although the described policy shifts are works

in progress, a growing body of literature (e.g.,
Fernald et al., 2014; Chen et al., 2017) suggests
that monetary policy transmission in China has
started to resemble that of advanced economies.
There has been a reorientation of monetary policy
away from the use of quantity targets to one
where the PBoC manages a key short-term
interest rate. The IMF (2017, p. 34) arrived in
2017 at the tentative verdict that ‘the conduct of
[China’s] monetary policy increasingly resembles
a standard interest-rate-based framework’. Kam-
ber and Mohanty (2018) confirm this in their
examination of movements in one-year interest
rate swap (IRS) contracts based on the interbank
seven-day repo rate to measure market expecta-
tions of the PBoC’s future monetary policy.
The reserve requirement ratio is a quantity-

based monetary policy instrument used actively
by the PBoC. While the reserve requirement ratio
is usually considered a prudential measure to
ensure lenders can handle customer withdrawals,
its importance in China lies with money supply
management, especially in dealing with the
country’s persistent current account surpluses.4

The adjustment of the reserve requirement ratio
can unleash or lock up huge amounts of liquidity.
Thus, this traditional monetary policy tool has
become a powerful weapon in the PBoC’s arse-
nal. In particular, the authorities can resort to the
reserve requirement ratio tool in times of market
stress to give a clear and strong policy signal to
the market. It is worth noting that the reserve
requirement ratio has actively been used as a

4 Although China has introduced a managed floating
exchange rate regime in July 2005, the PBoC has
intervened nonetheless in the foreign exchange mar-
kets. To neutralise ensuing fluctuations of the domestic
money supply caused by changes in foreign reserves,
the PBoC has implemented various sterilisation poli-
cies. Important elements of this policy are Central Bank
bills absorbing changes of bank reserves caused by the
PBoC’s interventions and adjustments of the reserve
requirement ratio. Various studies have shed a light on
the sterilisation effectiveness in China. While these
studies employ diverse methodologies, there is a
consensus that the PBoC has kept control of domestic
monetary policy objectives (e.g., Yang, 2016; Wang
et al., 2019).
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macro-prudential policy instrument (Wang and
Sun, 2013).
Finally, the PBoC occasionally still provides

window guidance to commercial banks. The
quantity-based window guidance tool relies on
moral suasion rather than hard rules to pressure
banks to adjust the amount and pace of credit
supply until a set credit growth target is met.
Window guidance may also be used to optimise
the credit structure by moderating banks’ alloca-
tion of credit to sectors and regions in line with
policy objectives.5

Whether one describes China’s current monetary
policy framework as hybrid or hodgepodge, it is clear
that the market-based reforms described above have
brought Chinese monetary policy closer to the norms
in developed markets. But it is also clear that the
multiple-instrument monetary policy framework in
its current state remains opaque and hinders assess-
ment of the prevailing policy stance.

III. Set-up of the Dynamic Factor Model
We propose a two-step approach to measure and

evaluate China’s monetary policy stance. In this
section, we set up a DFM to estimate an indicator of
China’s monetary policy stance. Section IV below
will employ the derived indicator to estimate a
baseline DSGE model to evaluate the impacts of
Chinese monetary policy over time.

(i) Methodology
DFMs are used in applied econometrics to quantify

unobserved variables. Such models are particularly
valuable in business-cycle analyses (e.g., Forni &
Reichlin, 1998; Eickmeier, 2007; Ritschl, Sarferaz &
Uebele, 2016), forecasting (e.g., Stock & Watson,
2002a, 2002b) and nowcasting the state of an economy
(e.g., Banbura et al., 2013). The numerical procedures
used in such models smooth over missing values, and
therefore deal with the ragged or jagged edge problem.
The procedure is helpful when individual indicators
have different signs.
The unobserved monetary policy stance is based on

the notion that the co-movements in different monetary
policy instruments have a common element that can be
captured by a single underlying, unobservable variable.

FIGURE 1
Implementation of China’s Interest Rate Corridor System. [Colour figure can be viewed at wileyonlinelibrary.com]
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5 The IMF (2016, p. 14) has proposed terminating
credit targets through window guidance, unless they are
used to achieve macroprudential policy objectives.
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We have verified the number of factors underlying the
variables that is one by standard procedures undertaken
in explorative factor analysis. Among these are the test
procedures in Bai and Ng (2002), Onatski (2010) and
AhnandHorenstein(2013).TheDFMinfirstdifferences
is specified as follows:

ΔIi,t ¼ βiΔMtþ ei,t (1)

ΔMt ¼φ1ΔMt�1þφ2ΔMt�2þut (2)

ei,t ¼ ρi,1ei,t�1þρi,2ei,t�2þ vi,t (3)

where Δ is the first-difference operator; Mt is the
unobserved common component at time t; Ii
(i = 1,. . .,5) are the five monetary policy instru-
ments; βi are the factor loadings; ut ~ i.i.d.
Nð0,σ2uÞ; and νi,t ~ i.i.d. Nð0,σ2i Þ.6
It is well known that the dynamic properties of

time-series models may depend on the AR lag
order of the model fitted to the data. Therefore, an
important preliminary step in empirical studies is
to select the order of the autoregression. A
common strategy in empirical studies is to deter-
mine the optimal lag-order by means of informa-
tion criteria. The Akaike information criterion
(AIC), the Bayesian information criterion (or
Schwarz criterion, BIC) and the likelihood ratio
test were used to choose among alternative
specifications of the model.
The estimation results in Table 1 illustrate that

the two information criteria give different
answers. Given these conflicting results, an AR
(2) specification was chosen based on the Ljung–
Box Q test for autocorrelation to check the i.i.d.
assumption for the estimated residuals of each
observable variable in the measurement equation.7

The diagnostic tests indicate that the AR(2) spec-
ification is adequate for all equations.
The common factor Mt is referred to as the

dynamic factor. An essential feature of the factor
model is that the common factor and the factor
loadings are unobservable. Despite the resem-
blance, equations (1) – (3) do not correspond to
a multivariate regression model. We assume that
every monetary policy indicator Ii,t is a weakly
stationary process that has at least finite second-
order moments, and perform unit root tests to
support this. On top of this, as suggested by
Stock and Watson (1991), the differenced series
are also demeaned. The state-space representa-
tion contains a measurement equation (signal
equation), which links observed variables to
latent states, and a state equation, which
describes how the states evolve over time. In
the state-space model, the measurement equa-
tion is written as:

ΔI1,t
ΔI2,t
ΔI3,t
ΔI4,t
ΔI5,t

2
6666664

3
7777775
¼

β1 0 1 0 0 0 0 0 0 0 0 0

β2 0 0 0 1 0 0 0 0 0 0 0

β3 0 0 0 0 0 1 0 0 0 0 0

β4 0 0 0 0 0 0 0 1 0 0 0

β5 0 0 0 0 0 0 0 0 0 1 0

2
6666664

3
7777775

ΔMt

ΔMt�1

e1,t

e1,t�1

e2,t

e2,t�1

e3,t

e3,t�1

e4,t

e4,t�1

e5,t

e5,t�1

2
666666666666666666666664

3
777777777777777777777775

, (4)

and the state equation is:

ΔMt

ΔMt�1

e1,t

e1,t�1

e2,t

e2,t�1

e3,t

e3,t�1

e4,t
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2
6666666666666666666666664

3
7777777777777777777777775

¼

φ1 φ2 0 0 0 0

1 0 0 0 0 0

0 0 ρ1,1 ρ1,2 . . . 0 0

0 0 1 0 0 0

..

.
⋱ ..

.

0 0 0 0 ⋯ ρ5,1 ρ5,1
0 0 0 0 1 0

2
666666666664

3
777777777775

ΔMt�1

ΔMt�2

e1,t�1
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e5,t�2

2
6666666666666666666666664

3
7777777777777777777777775

þ

ut

0

v1,t

0

v2,t

0

v3,t

0

v4,t

0

v5,t

0

2
6666666666666666666666664

3
7777777777777777777777775

(5)

A fast, versatile estimation procedure involves
four steps. First, the parameters of the DFM in
equations (4) and (5) are estimated using the
maximum likelihood estimation (MLE) method

6 The model used is an exact first-generation DFM.
This means that the idiosyncratic components are
assumed to be cross-sectionally and serially uncorre-
lated. In contrast, in approximate DFMs, the idiosyn-
cratic components are allowed to be weakly correlated
in both the cross-section and time domains. See Stock
and Watson (2016) for more details on the various
generations of DFMs.

7 The AR order itself typically is of no economic
interest. It matters only to the extent that it affects the
shape of the derived indicator. Appendix S2 in the
additional supporting information we therefore address
the sensitivity of our monetary stance indicator to the
chosen AR lag order. The estimation results for the
alternative AR(1) specification of the factor model
show that the extracted factor is almost identical to the
AR(2) specification when using the same Ii,t variables.
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based on the predicted error decomposition.8

Following Stock and Watson (1991), the normal-
isation is applied as the variance of the residuals
for the factor (ΔMt), that is, var utð Þ, is set to be 1
in the estimation. Second, the current state of the
unobserved common factor, that is, the change in
monetary policy stance index (ΔMt), is obtained
by applying a Kalman filter to the estimated
DFM.9 Third, the monetary policy stance (Mt) is
calculated by accumulating the estimated series
of ΔMt, assuming the initial value of Mt is zero at
t¼ 0.10 Finally, the monetary policy stance is
scaled, such that all the index values are between
–2 and 2. By construction, we obtain:

Mt�MmaxþMmin

2

Mmax�Mmin

 !
�4 (6)

This min–max scaling facilitates comparison
with other indicators in the literature (e.g., Sun,
2018; McMahon et al., 2018).11

Overall, the advantages of the DFM approach
are its intuitiveness and the incorporation of
dimension reduction and variable selection into a
single model. Given the idiosyncratic compo-
nents are assumed to be orthogonal to the
factors, the noise in a given variable that is not
part of systematic monetary policy could be
eliminated. Moreover, the framework can indi-
cate the respective weights of the input vari-
ables, thereby enabling an understanding of the
algorithmically determined input–output rela-
tionship.

(ii) Data Description and Results
A five-variable DFM on monthly frequency is

used to extract the monetary policy stance. These
five variables summarise the monetary policy
tools used by the PBoC: the seven-day pledged
repo rate (DR007); the required reserve ratio
(RRR); the PBoC’s OMO, including the SLF,
rediscount and relending, etc.; the MLF; and the
PSL. The data for the seven-day pledged repo
rate are taken from the National Interbank
Funding Center. All other data have been
released by the PBoC. Table 2 summarises these
five variables.
The seven-day pledged repo rate for depository

institutions in the interbank market (DR007) is
used for the interest-rate variable in the model, as
this is the PBoC’s likely policy target.12

Although the PBoC has yet to introduce an
official policy interest rate in China, the seven-
day repo rate is the main indicator for PBoC’s
target interest rate in its OMO. Since 2012, the
PBoC has injected liquidity through its OMO
with reverse repos. It introduced the seven-day

TABLE 1
Model Selection

Lag

Akaike
information
criterion (AIC)

Bayesian
information
criterion (BIC)

Likelihood
ratio test

0 –1.081 –0.783 –
1 –1.435 –0.959* 40.322*
2 –1.440 –0.785 12.403
3 –1.545 –0.712 20.430
4 –1.559 –0.546 13.066
5 –1.486 –0.295 6.195
6 –1.606* –0.236 21.571
7 –1.420 0.128 2.829
8 –1.123 0.604 11.768
9 –1.396 0.510 33.792

10 –1.246 0.838 0.044

Note: Values shown in bold and asterisked indicate the optimal
lag length selected by the respective criterion.

8 As an alternative, Doz et al. (2012) demonstrate
that the space spanned by the factors may be directly
and consistently estimated by quasi-maximum likeli-
hood using the Kalman filter. If the procedure is
iterated, it is equivalent to the expectation-maximisa-
tion (EM) algorithm.

9 Harvey (1989) shows that for a stationary transition
equation, the Kalman gain approaches a steady-state
Kalman gain as t!∞ Se. e Harvey (1989) and Durbin
and Koopman (2012) for thorough treatments.

10 An alternative method would to to estimate Mt

long. with ΔMt as part of the state space model
(Chauvet, 1998). For the revised state-space model, as
suggested by Chauvet (1998), see Appendix S3 in the
additional supporting information. The indicator is
consistent with the existing one.

11 The level of the index indicates the relative
strength over the sample period. If the index is zero
in a given month, it does not imply necessarily that the
PBoC has assumed a neutral policy stance.

12 The DR007 interest rate only encompasses sover-
eign bonds, which includes government bonds, Central
Bank bills and the bonds issued by policy banks as
collateral. In the case of R007 operations, collateral is
not restricted to sovereign bonds.
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reverse repo in May 2012. In parallel, the PBoC
started to relax its control on the lending and
deposit lending rate of commercial banks in June
2012. All controls were lifted in October 2015.
This fits in with PBoC’s roll-out of the pledged
seven-day interbank market rate as its new
monetary policy target.13 The DR007 series are
available from 15 December 2014. To extend the
estimation period, we have employed the similar,
but longer, series of seven-day pledged repo rate
for all financial institutions authorised to trade in
the interbank market (R007) between May 2012
and December 2014.
Why were these five instruments chosen? And

why are some other instruments not taken into
account in the index construction? For example,
the standing lending facilities (SLF), CRA, SLO,
the targeted medium-term lending facility
(TMLF), the temporary lending facility (TLF),

and relending and rediscounting would be con-
ceivable indicators of monetary policy. Table 3
provides an additional rationale for choosing the
five monetary policy instruments to construct the
index from a different angle.
Among the five different the loan facilities in

Figure 3, OMO, MLF and PSL were the three
most important facilities in terms of the amount.
Table 3 further shows that these facilities were
the most frequently used instruments during the
sample period. Further information can be
obtained by comparing instruments with compa-
rable characteristics. For example, both OMO and
SLF are similar short-term facilities, but the use
of the latter operations was only 6% of the
former. In addition, relending and rediscounting
and some ‘new’ or ‘temporary’ tools such as SLO,
CRA and TMLF were not frequently used (the
first TMLF operation was made in January 2019).
Against this background, the effects of these
rarely used instruments have been included in the
calculation of the variable OMO.

TABLE 2
Variables Included in the Dynamic Factor Model

Variable Data description

Changes in the seven-
day pledged repo rate

Change in the monthly average of the seven-day pledged repo rate for depository
institutions in the interbank market (DR007). Since this rate was first published on 5
December 2014, changes in the seven-day pledged repo rate for financial institutions
authorised to trade in the interbank market (R007) are used for the period before 2015

Changes in the required
reserve ratio (RRR)

Changes in the required reserve ratio (RRR, within the month). Since a different RRR
has been applied to different sizes of banks since September 2008, the overall RRR
for the banking sector is estimated as:

75%*RRR for large banks + 25%*RRR for small and medium-sized banks
This formula is also used by the CEIC

Net open-market
operations (OMO)
withdrawal/total loans
t�1ð Þ

Net amount of funds reduced through the PBoC’s OMO from the banking sector (net
amount during the month). The net amount of funds withdrawn in other items in the
Central Bank’s claims on the banking sector, such as standing lending facility (SLF),
rediscount, relending, etc., is also included. The variable is calculated by subtracting
the monthly change in the Central Bank’s claims on the banking sector by the net
medium-term lending facility (MLF) withdrawal and the net pledged supplemental
lending (PSL) during the month. The variable is normalised by lagged total loans and
seasonally adjusted.

Net medium-term
lending facility (MLF)
withdrawal/total loans
t�1ð Þ

Net amount of funds withdrawn through the PBoC’s MLF from the banking sector (net
amount during the month). Before the introduction of the MLF in September 2014, the
value is zero for this variable. The variable is normalised by lagged total loans and
seasonally adjusted

Net pledged
supplemental lending
(PSL) withdrawal/total
loans t�1ð Þ

Net amount of funds withdrawn through the PBoC’s PSL from the banking sector (net
amount during the month). Before the introduction of the PSL in April 2014, the value
is zero for this variable. The variable is normalised by lagged total loans and
seasonally adjusted

13 The same assessment is also conveyed by McMa-
hon et al. (2018).
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Figure 2 compares these interest rates to the
Shanghai interbank offered rate (SHIBOR). All
time series are aligned.14

The RRR and PBoC’s fund injection/with-
drawal tools are the PBoC’s quantitative policy
instruments. Positive (negative) changes in the
PBoC’s claims on commercial banks (in the
balance sheet of the PBoC) can be treated as the
PBoC’s fund injection into (withdrawal from) the
banking sector. The OMO, MLF and PSL are
fairly important fund injection/withdrawal tools
for the PBoC, so all three measures are included
as factors in our DFM. All fund withdrawal series
are normalised by the level of total loans at the
end of the previous month to ensure the station-
arity of the series. Furthermore, because the
PBoC always injects funds before the Chinese
New Year and withdraws funds thereafter, all
indicators are seasonally adjusted. The temporal
profiles and the interaction of the different
quantitative instruments are shown in Figures 3
and 4, respectively.
Figure 5 shows the indicator, based on our

DFM, with discernible turning points in the
monetary policy strategy marked with red cir-
cles.15 Higher (lower) values of the indicator

represent a monetary policy tightening (easing).
The levels indicate the relative strength.16

From Figure 5, we can comfortably divide
monetary policy stance into four subperiods,
two tightening periods (May 2012–January 2015
and April 2016–March 2018) and two easing
periods (February 2015–March 2016 and April
2018–December 2018). During the tightening
periods, the bid rate for the seven-day reverse
repo increased, the RRR remained unchanged and
the average monthly fund injections by the PBoC
were reduced. During the easing periods, the repo
rate and the RRR fell, and the average monthly
fund injections by the PBoC increased to over
0.4% of total loans (see Table 4 for details). The
turning points of the indicator capture the major
policy changes quite precisely.

(iii) Assessment of the Monetary Policy Stance
Indicator against Various Benchmarks
As there is no unanimity in the literature on the

best way to construct an indicator of China’s
multiple instrument monetary policy stance, we
compare our derived comprehensive indicator
against other indices proposed in the literature.

TABLE 3
Frequency of Use of Different Monetary Policy Instruments

Monetary policy instruments
Number of operations between
May 2012 and December 2018

Changes in the seven-day repo rate in the People’s Bank of China’s (PBoC)
reverse repo operations

25

Changes in the required reserve ratio (RRR) 9
Open-market operations (OMO) 819
Standing lending facility (SLF) 49
Relending and rediscounting 27
Medium-term lending facility (MLF) 63
Pledged supplementary lending (PSL) 52

14 Figure 2 might raise suspicions that the interest
rate series exhibit a structural break in the mean. This
would affect the estimation of the factor when using the
Kalman filtering algorithm. Therefore, we have tested
for structural breaks by employing structural break tests
with a known and unknown break date. The null
hypothesis of no structural break cannot be rejected.
For the corresponding test results, see Appendix S4 in
the additional supporting information.

15 For the complete factor model estimation results,
see Appendix S1 in the additional supporting informa-
tion.

16 As mentioned above, the PBoC introduced a corridor
system of interest rates in the monetary policy framework in
autumn 2015. This ultimately means that the relative
importance of different monetary policy instruments has
changed over time. This raises the question of how robust the
methodology is when applied to the subsample as of October
2015. The estimation shown in Appendix S5 in the additional
supporting information illustrate that the subsample estimates
as of October 2015 are almost congruent with the full sample
estimates. In addition, the comparison of individual series
used to estimate the changes of monetary policy and the
changes in the indicator is shown in Appendix S6 in the
additional supporting information.
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FIGURE 2
Chinese Policy Interest Rates Relevant to Monetary Policy. [Colour figure can be viewed at wileyonlinelibrary.com]

Sources: People’s Bank of China (PBoC) and National Interbank Funding Center.

FIGURE 3
People’s Bank of China (PBoC) Fund Injection and Monetary Policy Tool Selection. [Colour figure can be viewed at

wileyonlinelibrary.com]

Note: Positive (negative) values represent PBoC fund injections (withdrawals). Values are RMB billions. Source: PBoC
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Special attention is paid to the Chinese monetary
shock indicator recently developed by Kamber
and Mohanty (2018), as well as the narrative
indicators suggested by McMahon et al. (2018)
and Sun (2018).
We start by addressing important methodological

differences. Our indicator and the alternative indicators
ofMcMahon et al. (2018) and Sun (2018) aremonetary
stance measures. Monetary policy stance should not be
conflated with monetary policy shocks. The PBoC can
respond to incoming news about output and inflation by
changing its policy stance, but shifts in its policy stance
can also affect agent expectations about future trends in
the economy. To separate the surprise component from
the expected component, we must control for the
variation in economic fundamentals to which the
monetary policy endogenously responds. A simple
way to obtain unexpected changes is to fit aVARmodel
to the variables, with the residuals representing the
unexpectedmonetary policy shock. This clarification is
important because the indicator of Kamber and
Mohanty (2018) is a monetary surprise indicator.
In Kamber and Mohanty (2018) the impact of

monetary policy surprise is measured by the daily
change in the nearest closing price of one-year IRS for
the seven-day pledged repo rate (R007) after the time
of policy announcement. To compare the monthly
DFM-based monetary policy stance indicator with the

cumulative effects of the monetary policy surprises,
the monthly average of the one-year IRS for the
seven-day pledged repo rate is used to proxy the
cumulative effects of the monetary policy surprise
during the month. To this end, the one-year IRS time
series for the seven-day pledged repo rate is down-
loaded from Bloomberg.17

Figure 6 compares the DFM-based indicator
with the movement of the monthly average of the
one-year IRS for the seven-day pledged repo rate.
Overall, the movements of the two series are very
similar despite the methodological differences.
The only significant discrepancy occurred
between June 2013 and April 2014, where a
sharp jump appears in the series of one-year IRS
for the seven-day pledged repo rate. Although the
one-year IRS for the seven-day pledged repo rate
largely reflects the cumulative effects of the
monetary policy surprise, it also reflects the
market expectation and sentiment to the liquidity
condition in the market. The sharp jump in the

FIGURE 4
Quantitative Monetary Policy Tools: Required Reserve Ratio (RRR) and People’s Bank of China (PBoC) Fund Injections.

[Colour figure can be viewed at wileyonlinelibrary.com]

Source: PBoC.

17 Both the data in Kamber and Mohanty (2018) and
our data for the one-year IRS for the seven-day pledged
repo rate are downloaded from Bloomberg. The repli-
cation exercise yields minor differences for about one-
third of the observations. For details, see Appendix S7
in the additional supporting information.
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series of one-year IRS for the seven-day pledged
repo rate in June 2013 was partly due to a special
situation in the interbank liquidity market.
Although monetary policy remained unchanged
during this period (no changes in benchmark
lending interest rate and RRR), liquidity in the
interbank market dried up in June 2013. The
PBoC asserts that the shortage of liquidity in the
interbank market was triggered by several special
factors at the time. These included stronger
market expectations of an unconventional mone-
tary policy unwinding in the US, a slowdown of
foreign exchange inflows and large cash with-
drawals ahead of the holidays, and anticipated
corporate tax payments (PBoC, Quarterly Mone-
tary Policy Report 2013 Q4, p.7). In the first half
of 2014, interbank liquidity market improved
significantly and the effects from these special
factors evaporated.18

Figure 7 compares our DFM-based indicator
with the two quarterly narrative indicators of

McMahon et al. (2018) and Sun (2018) and the
monthly instrument-based indicator of Sun (2015).
Since the narrative indices only include a few
values, we see little variation in monetary policy.
Another low-plausibility impression conveyed is
that the direction and intensity of Chinese mone-
tary policy has remained unchanged for years. This
applies particularly to the narrative indicator of
McMahon et al. (2018), which employs informa-
tion in the quarterly PBoC’s monetary policy
reports to capture policy changes. Unfortunately,
wording used in the Central Bank’s published
statements often suggest an unchanged policy.
During the sample period, the only variation of the
narrative indicator of McMahon et al. (2018) is
seen in the PBoC’s characterisation of the interest
rates hikes in 2017Q1.
Sun (2018) uses more information in the quarterly

PBoC’s monetary policy reports to construct her
narrative indicators. The immediate consequence is
that the indicator has somewhat greater variability.
Sun’s indicator differs from our DFM indicator in two
ways. First, there is a different turning point for the
monetary policy change in 2014–15. Between April
2014 and January 2015, both the repo rate and RRR did

FIGURE 5
Dynamic factor model (DFM)-Based Indicator of the Chinese Monetary Policy Stance. [Colour figure can be viewed

at wileyonlinelibrary.com]

–2.5

–2.0

–1.5

–1.0

–0.5

0.0

0.5

1.0

1.5

2.0

2.5

–2.5

–2.0

–1.5

–1.0

–0.5

0.0

0.5

1.0

1.5

2.0

2.5

2102-ya
M N

ov
-2

01
2

M
ay

-2
01

3

N
ov

-2
01

3

M
ay

-2
01

4

N
ov

-2
01

4

M
ay

-2
01

5

N
ov

-2
01

5

M
ay

-2
01

6

N
ov

-2
01

6

M
ay

-2
01

7

N
ov

-2
01

7

M
ay

-2
01

8

N
ov

-2
01

8

Monetary Policy Stance Indicator (rescaled)
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18 For an analysis of the interest rate fall in the first
half of 2014, see the PBOC’s Quarterly Monetary
Policy Report 2014 Q2, pp. 21–22.

© 2020 The Authors. Economic Record published by John Wiley & Sons Australia, Ltd on behalf of
Economic Society of Australia

110 ECONOMIC RECORD MARCH



T
A
B
L
E
4

P
eo

p
le
’s

B
a
n
k
o
f
C
h
in
a
(P

B
o
C
)
M
o
n
et
a
ry

P
o
li
cy

A
ct
io
n
s,

M
o
n
et
a
ry

P
o
li
cy

T
u
rn
in
g
P
o
in
ts

b
a
se
d
o
n
th
e
D
yn

a
m
ic

F
a
ct
o
r
M
o
d
el

(D
F
M
)
a
n
d
O
th
er

In
d
ic
a
to
rs

P
e
ri
o
d

P
B
o
C

p
o
li
c
y
a
c
ti
o
n
s

D
F
M
-b
a
se
d

tu
rn
in
g
p
o
in
ts

C
o
m
m
e
n
ts

o
n
D
F
M
-

b
a
se
d
tu
rn
in
g
p
o
in
ts

S
ta
rt
in
g
p
o
in
ts

in
M
c
M
a
h
o
n

e
t
a
l.
(2
0
1
8
)

S
ta
rt
in
g
p
o
in
ts

in
S
u
n
(2
0
1
8
)

M
a
y
2
0
1
2
–J
a
n
u
a
ry

2
0
1
5
(t
ig
h
te
n
in
g
)

B
e
tw

e
e
n
M
a
y
2
0
1
2
a
n
d
la
te

Ja
n
u
a
ry

2
0
1
5
,
th
e

b
id

ra
te

fo
r
th
e
se
v
e
n
-d
a
y
re
v
e
rs
e
re
p
o

in
c
re
a
se
d
b
y
8
0
b
a
si
s
p
o
in
ts
,
a
lt
h
o
u
g
h
th
e

P
B
o
C

lo
w
e
re
d
th
e
b
e
n
c
h
m
a
rk

le
n
d
in
g
in
te
re
st

ra
te

th
re
e
ti
m
e
s
b
y
9
6
b
a
si
s
p
o
in
ts

b
e
tw

e
e
n

Ju
n
e
2
0
1
2
a
n
d
N
o
v
e
m
b
e
r
2
0
1
4
.

A
ft
e
r
lo
w
e
ri
n
g
th
e
re
q
u
ir
e
d
re
se
rv
e
ra
ti
o
(R

R
R
)

in
m
id
-M

a
y
2
0
1
2
,
th
e
P
B
o
C
d
id

n
o
t
c
h
a
n
g
e
th
e

R
R
R

a
t
a
ll
d
u
ri
n
g
th
is

p
e
ri
o
d
.

A
ve
ra
g
e
m
o
n
th
ly

fu
n
d
in
je
ct
io
n
:
0
.0
8
%

o
f
to
ta
l

lo
a
n
s

Ja
n
u
a
ry

2
0
1
5

T
h
e
tu
rn
in
g
p
o
in
t

w
a
s
ju
st

a
t
th
e
fi
rs
t

fa
ll
in

th
e
b
id

ra
te

fo
r
th
e
se
v
e
n
-d
a
y

re
v
e
rs
e
re
p
o
,
a
n
d

ju
st

b
e
fo
re

th
e
n
e
x
t

fa
ll
in

th
e
R
R
R
.
It

c
a
p
tu
re
s
th
e
e
n
d
o
f

th
e
ti
g
h
te
n
in
g

p
e
ri
o
d
q
u
it
e
w
e
ll

A
p
ri
l
2
0
1
1

(t
ig
h
te
r)

A
p
ri
l
2
0
1
2
(e
a
si
e
r)

Ja
n
u
a
ry

2
0
1
3
(t
ig
h
te
r)

A
p
ri
l
2
0
1
4
(e
a
si
e
r)

F
e
b
ru
a
ry

2
0
1
5
–M

a
rc
h
2
0
1
6

(e
a
si
n
g
)

B
e
tw

e
e
n
la
te

Ja
n
u
a
ry

2
0
1
5
a
n
d
M
a
rc
h
2
0
1
6
,
th
e

b
id

ra
te

fo
r
th
e
se
v
e
n
-d
a
y
re
v
e
rs
e
re
p
o
d
ro
p
p
e
d

b
y
1
8
5
b
a
si
s
p
o
in
ts
.

M
e
a
n
w
h
il
e
,
b
e
tw

e
e
n
M
a
rc
h
2
0
1
5
a
n
d
O
c
to
b
e
r

2
0
1
5
,
th
e
P
B
o
C
lo
w
e
re
d
th
e
b
e
n
c
h
m
a
rk

in
te
re
st

ra
te

fi
v
e
ti
m
e
s
b
y
1
2
5
b
a
si
s
p
o
in
ts
.
S
in
c
e

O
c
to
b
e
r
2
0
1
5
,
th
e
P
B
o
C

h
a
s
re
m
o
v
e
d
a
ll
th
e

c
o
n
tr
o
ls

o
n
th
e
in
te
re
st

ra
te
s
o
f
th
e
c
o
m
m
e
rc
ia
l

b
a
n
k
s.

A
ls
o
,
a
ft
e
r
O
c
to
b
e
r
2
0
1
5
,
th
e
P
B
o
C

d
id

n
o
t
re
le
a
se

th
e
b
e
n
c
h
m
a
rk

le
n
d
in
g
in
te
re
st

ra
te

a
g
a
in
.

B
e
tw

e
e
n
F
e
b
ru
a
ry

2
0
1
5
a
n
d
M
a
rc
h
2
0
1
6
,
th
e

P
B
o
C

lo
w
e
re
d
th
e
R
R
R

fi
v
e
ti
m
e
s
b
y
3

p
e
rc
e
n
ta
g
e
p
o
in
ts
.

A
ve
ra
g
e
m
o
n
th
ly

fu
n
d
in
je
ct
io
n
:
0
.4
5
%

o
f
to
ta
l

lo
a
n
s

M
a
rc
h
2
0
1
6

T
h
e
tu
rn
in
g
p
o
in
t

m
a
tc
h
e
d
w
it
h
th
e

fi
n
a
l
fa
ll
in

th
e

R
R
R
,
a
n
d
c
a
p
tu
re
s

th
e
e
n
d
o
f
th
e

e
a
si
n
g
p
e
ri
o
d
q
u
it
e

w
e
ll

A
p
ri
l
2
0
1
6
–M

a
rc
h

2
0
1
8
(t
ig
h
te
n
in
g
)

B
e
tw

e
e
n
F
e
b
ru
a
ry

2
0
1
7
a
n
d
M
a
rc
h
2
0
1
8
,
th
e
b
id

ra
te

fo
r
th
e
se
v
e
n
-d
a
y
re
v
e
rs
e
re
p
o
in
c
re
a
se
d
b
y

3
0
b
a
si
s
p
o
in
ts
.

T
h
e
R
R
R

d
id

n
o
t
c
h
a
n
g
e
d
u
ri
n
g
th
is

p
e
ri
o
d
.

A
ve
ra
g
e
m
o
n
th
ly

fu
n
d
in
je
ct
io
n
:
0
.2
2
%

o
f
to
ta
l

lo
a
n
s

M
a
rc
h
2
0
1
8

T
h
e
tu
rn
in
g
p
o
in
t

w
a
s
ju
st

b
e
fo
re

th
e

n
e
x
t
fa
ll
in

th
e

R
R
R
,
a
n
d
c
a
p
tu
re
s

th
e
e
n
d
o
f
th
e

ti
g
h
te
n
in
g
p
e
ri
o
d

q
u
it
e
w
e
ll

Ja
n
u
a
ry

2
0
1
7

(t
ig
h
te
r)

Ja
n
u
a
ry

2
0
1
7

(t
ig
h
te
r)

© 2020 The Authors. Economic Record published by John Wiley & Sons Australia, Ltd on behalf of
Economic Society of Australia

2021 CHINA’S DFM-BASED MONETARY POLICY INDEX 111



not fall until February 2015. Also, the seven-day
pledged repo rate rose in late 2014. Sun’s indicator
therefore provides a leading signal for easing. The
second difference appears in 2017Q1. Sun’s indicator
puts the arrival of tightening in 2017Q1, while the
turning point in our DFM-based indicator was already
inMarch 2016. The RRR fell inMarch 2016, and there
was no change in the RRR from April 2016 to March
2018. Although the bid rate for the seven-day reverse
repo started to increase in February 2017, the PBoC’s
policy target, seven-day pledged repo rate (DR007),
had increased since April 2016. In other words, the
turning point of the DFM-based indicator aligns with
the final drop in theRRRand the beginning of the rise in
the seven-day pledged repo rate.
The Sun (2015) indicator is broadly in line with

the DFM indicator. However, an outlier exists in
June 2013. This has been generated by the decline
in liquidity in the interbank market in June 2013.
Since the overnight Chibor interest rate is one of
the components in Sun’s index, this abnormal
one-off situation is strongly reflected in the
indicator. The drop in the Sun index in spring
2014 represents the subsequent countermovement
and therefore again is a special effect.
In the next section we will explore the useful-

ness of the data-rich DFM measure of the Chinese
monetary policy stance using a DSGE model.

IV. Temporal Evolution of Monetary Policy
through the Lens of a Small-Scale DSGE Model
Pushing our analysis further, we employ the

derived monetary stance indicator in an estimated
standard DSGE model to examine what might
prompt the PBoC to change or hold its monetary
policy stance, as well as to clarify the effects of
monetary policy impulses on such things as the
outputgapandconsumerprice index(CPI) inflation.
For evaluation, we employ the simple, analyt-

ically tractable DSGE model of Ireland (2004,
2011) and Jones and Kulish (2016) derived via
explicit aggregation of the micro-level behaviour
of individuals and firms.19 A distinctive feature is
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19 Of course, several features of the highly stylised
DSGE framework are open to dispute and controversy.
For example, some complexity in the real world, such
as the special role of bank credit and various admin-
istrative instruments (e.g., window guidance), as well
as the complex link between banks and the shadow
banking system, will be missed. For DSGE-based
analyses of China’s window guidance policy and the
shadow banking–monetary policy nexus, see Chen et al.
(2020) and Chen et al. (2018), respectively.
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the mapping of non-stationary macroeconomic
time series into a stationary model. Rather than
assuming the actual data follow stationary devi-
ations around deterministic trends, the data are
modelled as containing drifting random walks.
The implication is that stationarity is induced via
differencing rather than detrending.
We start with a brief sketch of the theoretical

DSGE model, the central paradigm of New
Keynesian economics, and then transform the
model into a supply and demand curve, relating
inflation to output growth. The graphical repre-
sentation of the estimated workhorse model
illustrates how the underlying structural shocks
have moved Chinese aggregate demand and
supply simultaneously over time. This graphi-
cal device facilitates tracking of changes in
monetary policy highlighted in Figure 5 in the
inflation-output growth space. The ingredi-
ents that characterise this linearised DSGE model
are:

x̂t ¼Etx̂tþ1� r̂t�Et π̂tþ1ð Þþ 1�ωð Þ 1�ρað Þât (7)

πt ¼ πþβEt π̂tþ1þψ x̂t� êt (8)

r̂t ¼ r̂t�1þρπ πt�πð Þþρg gt�gð Þþρxx̂tþ er,t (9)

x̂t ¼ ŷt�ωât (10)

gt ¼ gþ ŷt� ŷt�1þ ẑt (11)

ât ¼ ρaât�1þ ɛa,t (12)

êt ¼ ρeêt�1þ ɛe,t (13)

ẑt ¼ ɛz,t (14)

where tildes (‘^’) denote logged deviations of
variables from steady-state values;20 ŷt denotes
the logged deviation of output from its steady
state; x̂t is the deviation of the output gap from its

FIGURE 6
Monetary Policy Surprise versus Monetary Policy Stance. [Colour figure can be viewed at wileyonlinelibrary.com]
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seven-day pledged repo rate (Kamber and Mohanty, 2018). Sources: Bloomberg and authors’ calculation.

20 The modelling approach stays within the realm of
linearised DSGE models. Global solution methods and
higher order expansions have recently gained ground as
the zero lower bound has hit (e.g., Schmitt-Grohé and
Uribe, 2004). In the case of China, the non-linearities
triggered by the zero lower bound are not currently
relevant.
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steady state; r̂t is the deviation of the monetary
policy stance derived above from its steady state;
π̂t is the deviation of the one-period inflation rate
from its steady state; and E is the usual expec-
tation operator.
The model consists of three key equations: an

investment–saving (IS) equation, a New Keynesian
Phillips Curve and a Taylor rule. The IS equation and
the Phillips curve include the one-step-ahead expec-
tations operator are therefore forward-looking. Equa-
tion (7) is derived from the representative
household’s Euler equation. Monetary shocks are
transmitted to the real sector through changes in
monetary policy stance. A tighter monetary policy
stance raises the cost of agents to bring forward future
consumption by borrowing, while increasing the
return on saving. This direct effect drives the impact
of policy. Equation (8) represents the economy’s
Phillips curve, positively relating inflation to the
output gap. The parameter ψ is decreasing in the
output cost that intermediate goods producing firms
face when changing prices. The PBoC’s reaction

function is given by equation (9) with the PBoC
adjusting the stance ofmonetary policy in response to
inflation, output growth and the output gap. The ρi
parameters i¼ π,gð Þ denote elasticities. The inclu-
sion of r̂t�1 as an input into the reaction function
allows for the gradual adjustment of policy to demand
and technology shocks. Equation (10) defines the
output gap; equation (11) defines output growth. The
output gap is the logarithm of the ratio of actual
output to capacity output. Capacity output is defined
as the efficient level of output, which is equivalent to
the level of output chosen by a benevolent social
planner.
Movements in the main macroeconomic vari-

ables are the result of four types of (exogenous)
stochastic disturbances: preference shocks ât,
monetary policy shocks er,t, cost-push shocks êt
and total factor productivity shocks ɛz,t. The
monetary policy shock is assumed to be i.i.d.
N 0,σ2r
� �

. The latter three shocks evolve according
to AR(1) processes. For the AR(1) persistence
parameters of the preference shock (ât) and the

FIGURE 7
Dynamic factor model (DFM)-Based Monetary Policy Indicator versus Various Monetary Policy Stance Indicators.

[Colour figure can be viewed at wileyonlinelibrary.com]
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cost shock (êt) the assumption ρi<1, i¼ ât , êt
applies. In other words, the shocks are stationary.
On the contrary, the total factor productivity
shock is non-stationary and evolves as a drifting
random walk. This induces similar behaviour in
the model’s endogenous variables.
Solving the model can be accomplished by

using a numerical gradient procedure. Deviating
therefrom we employ a more analytically oriented
procedure. The methodology followed here con-
sists of evaluating the implied aggregate demand
and aggregate supply curves in the inflation-
output growth space. Formally, the πt,gtð Þ space
defined with the linear supply curve is given as:

πt ¼ψgtþ ŝtþ π�ψgð Þ, (15)

where:

ŝt ¼ βEtπ̂tþ1þψ ŷt�1�ψ ẑt�ωψ ât� êt: (16)

The slope of the aggregate supply curve (15)
depends on the degree of price stickiness. In the
special case of flexible prices given by ψ !∞,
the supply curve is vertical. Conversely, for
rigid prices given by ψ ! 0, the supply curve
flattens. Rearranging the relationship between
output and inflation gives us the aggregate
demand curve:

πt ¼� 1þρgþρx
ρπ

� �
gtþ d̂tþ πþ1þρgþρx

ρπ
g

� �
,

(17)

where:

d̂t ¼� 1

ρπ
r̂t�1þ 1

ρπ
Etx̂tþ1þ 1

ρπ
Et π̂tþ1

� 1þρx
ρπ

� �
ŷt�1þ

1þρx
ρπ

� �
ẑt

þω 1þρxð Þþ 1�ωð Þ 1�ρað Þ
ρπ

ât� 1

ρπ
er,t: (18)

The slope of the aggregate demand curve (17)
depends upon the parameters of the monetary
policy reaction function. A greater response of
the PBoC to deviations from target, ρπ , flattens
the curve. Stronger responses to output growth,
ρg, and the output gap, ρx, steepen the aggregate

demand curve. The reduced-form representation
of (15) and (17) in terms of the structural
disturbances is given by:

πt

gt

� �
¼ 1

1þρgþψρπ þρx

" #

π 1þρgþψρπ þρx
� �þψρπ d̂tþ 1þρgþρx

� �
ŝt

g 1þρgþψρπ þρx
� �þρπ d̂t�ρπ ŝt

" #
:

(19)

Equation (19) facilitates a clearwayofunderstanding
how πt and gt respond to structural shocks dynamically.
For that reason, the environment presented above
encompasses the essential elements necessary for a
quantitative analysis ofmonetarypolicy.Atanypoint in
time, the economy can be characterised by the intersec-
tion of the aggregate demand curve (17) and the
aggregate supply curve (15) in the inflation–output
growth space πt,gtð Þ. The structural analysis of the
Chinese growth dynamics is a by-product. In other
words, using the estimated shocks allows us to track the
response of the Chinese economy to monetary policy
shocks.
Under the assumption that output and aggregate

prices contain drifting random walks, gt and πt are
stationary; the additional assumption of station-
arity for rt is all that is necessary to proceed with
the empirical analysis. Based on the above model,
we employ seasonally adjusted quarterly data on
real gross domestic product (GDP) growth and
CPI inflation and our derived monetary stance
indicator to estimate the DSGE model and gen-
erate aggregate demand and aggregate supply
curves for China. The estimation sample is
2012Q3–2018Q4. The chosen shapes and param-
eters of the prior distributions are reported in
Table 5.21

Bayesian estimation methods have gained
ground as a highly attractive alternative to
classical methods in the field of DSGE models.
Unlike the frequentist approach, the Bayesian
approach uses both information from the avail-
able data and prior knowledge to provide poste-
rior estimates. Metropolis–Hastings Markov
chain Monte Carlo (MCMC) methods are
employed to generate random samples for the
purpose of numerical evaluation of the posterior

21 Results are robust against more or less diffuse
priors, provided they are independent distributions.
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distributions. What makes MCMC methods so
useful is that they can generate representative
parameter-value combinations from the posterior
distribution without computing the integral in
Bayes’ rule. For a comprehensive treatment of
MCMC techniques, with further references, see
Gelman et al. (2003) and Robert and Case lla
(2004). For a detailed treatment of Bayesian
estimation of DSGE models, see Fernandez-
Villaverde (2010). The estimation of the Baye-
sian DSGE model here was performed with the
Dynare software package (https://www.dynare.
org). Although assured theoretically under mild
assumptions, the convergence of MCMC simula-
tions to the target distribution is not guaranteed
for any finite sample. Monitoring and diagnosing
convergence is therefore necessary to decide
whether the simulations provide sufficiently cor-
rect results. We assess the chains convergence
using methods based on Brooks and Gelman
(1998).
Following Ireland (2004) and Jones and Kulish

(2016), we apply the benchmark values β = 0.99,
ψ = 0.1 and ω = 0.06.22 The Bayesian estimates
for the model parameters are presented in
Table 6.
The posterior probability densities for some of

the important model parameters that are calcu-
lated by updating the prior probabilities using
Bayes’ theorem are available in Appendix S8 in
the additional supporting information. One can
think of the posterior probability as a mixture of
the prior and the data, that is, an adjustment on
prior probability. The graphs indicate that despite
the small sample size, the posterior is by all
means data driven.
As a further model assessment, Figure 8 shows

the estimated Chinese aggregate demand and
aggregate supply curves at the steady state. The
evolution of the economy in the inflation–output
growth space can be described by the intersection
of the aggregate supply and demand schedules at
each point in time. A shock will shift the curves,
which over time revert towards the steady state.
The estimated slopes of the aggregate demand
and the aggregate supply curves are –8.3 and 0.1,
respectively, which implies that the aggregate

supply curve is relatively flat. A direct conse-
quence of this is the importance of demand
shocks for GDP fluctuations.23

While the supply and demand curves at steady
state in Figure 8 characterise the structure of the
economy over the entire sample period, the
performance of the Chinese economy in specific
historical episodes is perhaps of greater interest.
For this purpose, we trace out the underlying
supply and demand curves for selected subperiods
to explore whether the DSGE model simulations
provide any pointer to the usability of the derived
index for the analysis of monetary policy

TABLE 5
Priors for Bayesian Estimates of the Dynamic

Stochastic General Equilibrium (DSGE) Model for
China

Parameter Distribution

ρa Beta (0.85,0.05)
ρe Beta (0.30,0.10)
ρπ Normal (0.40,0.10)
ρg Normal (0.60,0.10)
ρx Normal (0.40,0.05)
σa Inverse Gamma (0.1,0.01)
σe Inverse Gamma (0.1,0.01)
σz Inverse Gamma (0.1,0.01)
σr Inverse Gamma (0.1,0.01)

TABLE 6
Bayesian Estimates of the Baseline Dynamic Stochastic

General Equilibrium (DSGE) Model for China

Parameter Estimate SE

ρa 0.9798 0.0049
ρe 0.1030 0.0427
ρπ 0.2721 0.0840
ρg 1.0049 0.0797
ρx 0.2599 0.0345
σa 0.0919 0.0084
σe 0.0819 0.0066
σz 0.0919 0.0082
σr 0.0813 0.0065

Note: Estimates for the parameters are the posterior modes.

22 As results to be used for policy analysis in
principle should be reasonably robust to a different
prior specification, we also estimate the model with the
prior of a much steeper aggregate supply curves
(ψ = 0.9). We found that there is little difference with
respect to the benchmark prior case.

23 Unlike an aggregate demand and supply model
with backward-looking expectations, a shock in a
model with forward-looking agents shifts both the
aggregate demand and aggregate supply curves by
affecting expectations.
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decisions in real time. As shown in Figure 5, the
DFM yields several turning points in the mone-
tary policy stance (highlighted red circles).
The three panels in Figure 9 present the

movements of the derived aggregate demand
and supply curves for three subperiods:
2012Q3–2015Q1, 2015Q1–2016Q1 and
2016Q1–2018Q1. As a supplement to Figure 9,
the decomposition of the aggregate demand curve
and the aggregate supply curve by various shock
components at the corresponding turning points
are shown in Appendix S9 in the additional
supporting information.
The supply and demand curves at these respec-

tive starting points provide an indication of the
initial economic situation. A comparison of this
initial economic situation with the altered orien-
tation of the PBoC’s monetary policy stance
provides indications of the Chinese monetary
policy reaction function. Shifts in the curves give
clues about the effects of the time-varying mon-
etary policy impulses. How did the supply and
demand curve behave over the sample period? At
quick glance at Figure 9 gives two immediate

impressions. First, the shifts in the two curves
were caused by the coincidence in time of several
shocks of various natures with the corresponding
mix changing substantially over time. Second, the
relative contribution of each shock varies across
the three subperiods. It is impossible to pick two
subperiods with a similar profile.
Several observations deserve note. Subperiod

(i) of Figure 9 shows that the starting position in
2012 was characterised by higher growth rates and
rising inflation rates. Looking at Figure 5, this
prompted the PBoC to impose a tighter monetary
policy stance. The Chinese authorities aimed to
rein in credit growth that had grown at alarming
rates in 2010–14. China also took steps to open up
its financial markets and the capital account.
The second subperiod (ii) in Figure 9 shows a

very different economic situation at the beginning
of 2015. Weakening global demand has caused
Chinese growth to slow, with China’s industrial
growth decelerating significantly from 10% per
annum to around 6% after the second half of
2014. In addition, there is a significant decline in
inflation, driven largely by declining commodity

FIGURE 8
Aggregate Demand and Aggregate Supply Curves at the Steady State. [Colour figure can be viewed at

wileyonlinelibrary.com]
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prices. As shown in Figure 5, the immediate
consequence was a softening in the stance of
monetary policy. In other words, the PBoC
injected a short-term monetary boost to halt the
downward spiral.24

In the third panel (iii) of Figure 9, we see a
turnaround in monetary policy towards a more
restrictive monetary policy that begins in mid-
2016. This is manifested in the increase of the
latent monetary stance index (Figure 5). Some of
this reflects the stabilisation of financial markets
after the turmoil of late 2015 and early 2016.
China again confronts the necessity of delever-
aging to avert the risk of excessive lending.
A different economic situation emerged in

spring 2018. Economists ceased to celebrate the
emergence of a broad synchronised global growth
upsurge on news of a trade war between China
and the US.25 In an era of interconnected markets
and global supply chains, the trade conflict had

(i) 2012Q3–2015Q1

(ii) 2015Q1–2016Q1

(iii) 2016Q1–2018Q1

FIGURE 9
Aggregate Demand and Aggregate Supply Curves for

2012Q3–2018Q4: (i) 2012Q3–2015Q1; (ii)
2015Q1–2016Q1; and (iii) 2016Q1–2018Q1.

Note: In each panel the derived aggregate demand and
supply curves at the beginning and the end of the
subperiod are shown in the inflation-output growth
space. The black points with dotted lines show the

movement of the intersection of the aggregate supply
and demand schedules at each point in time during the

subperiod. [Colour figure can be viewed at
wileyonlinelibrary.com]

24 In addition to monetary policy, expansionary fiscal
policy also contributed to a shift in the aggregate
demand curve. Officially, China’s fiscal deficit
expanded only modestly in 2015 and 2016, but the
government is adept at using off-budget financing
vehicles, primarily at the local government level, to
borrow and direct funds to projects. The IMF (2018, p.
82) estimates that China’s ‘augmented’ budget deficit,
which includes such tactics, rose to around 68% of GDP
in 2017, while government debt narrowly defined was
37% of GDP in 2017. This strengthens the view that
Chinese policy objective has been pro-growth.

25 Throughout 2018, the US unleashed a wave of
tariffs against its largest trading partners, including
China, Canada, the European Union and Mexico. Even
India was affected, particularly by tariffs on steel and
aluminium. For an up-to-date tariff guide, see https://
piie.com/blogs/trade-investment-policy-watch/trump-
trade-war-china-date-guide. The policy has triggered
retaliation. China raised tariffs by 25 percentage points
on similar amounts of imports from the US on the same
dates that the US tariffs came into force.
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widespread repercussions. Global manufacturing
activity slowed and economies especially reliant
on trade, such as China, suffered. As expected,
the model captures the declining growth momen-
tum apparent in panel (iii) of Figure 9 as a
contractionary supply effect. At the time of
writing, the trade conflict remains unresolved.
The expected monetary easing of the Central
Bank was not long in coming and became
effective at the beginning of 2018.
In summary, the graphical evaluation of the

structural DSGE model in Figure 9 illustrates the
countercyclical orientation of Chinese monetary
policy. Whenever growth has slowed in the past,
the PBoC has reliably responded with expansion-
ary monetary policies and a strong nudge to
commercial banks to increase lending. This
applies at least in the absence of overt inflation-
ary pressures. The significant parameters ρπ and
ρg in the Taylor-type reaction function of the
PBoC confirm this assessment.
Several modelling results are not very surpris-

ing, but the fact that they have been obtained with
a plain-vanilla DSGE model estimated with the
aid of our monetary policy index derived above
allows us to see them as supporting evidence for

the empirical relevance of the dynamic factor
monetary policy stance indicator.
Finally, two more graphical evaluations of the

DSGE model will be presented. As a first step
we evaluate the impact of a contractionary
monetary policy shocks on inflation and output
in the estimated DSGE model and provide a
discussion of relative magnitudes to link the
modelling results to the existing literature on
monetary policy transmission in China. The
impulse responses in Figure 10 are qualitatively
similar to the findings of Zhang (2009, p. 480).
From a quantitative perspective, however, they
differ. More precisely, our estimates show a
larger impact on output growth and a smaller
impact on inflation. This difference is not
entirely unexpected. The growth rates in
Zhang’s sample period of 1993–2007 were
noticeably higher and have been more stable
since then.
Finally, we compare the DSGE implied mon-

etary policy shocks with the one-dimensional
monetary policy surprises from Kamber and
Mohanty (2018). Despite certain differences, a
similarity between the two time series in Fig-
ure 11 based upon different empirical method-
ologies is evident. The differences between the

FIGURE 10
Impulse Responses to Monetary Policy Shocks in the Estimated Dynamic Stochastic General Equilibrium (DSGE)

model. [Colour figure can be viewed at wileyonlinelibrary.com]
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two time series are due to the one-dimensional
consideration of a single interest rate shock
versus the unexpected component of the multidi-
mensional DFM index.

V. Conclusions
Given China’s growing importance to the

global economy, understanding the Chinese mon-
etary policy toolkit and how the PBoC conducts
monetary policy has attracted growing interest.
The financial markets, in particular, eagerly seek
timely information on Chinese monetary policy.
The problem is not the information about mon-
etary policy measures per se, but difficulty in
interpreting China’s monetary objectives. A par-
ticular difficulty lies in the fact that China’s
current multi-instrument policy design compli-
cates reading of the PBoC’s signals. Against this
background, our monthly index offers a practical
yet rigorous measure of the Chinese monetary
policy stance. It strikes a balance between broad-
based complexity and transparent simplicity. We
hope this dataset and the periodically performed
updates can be useful for monitoring and evalu-
ating the PBoC’s monetary policy in future. We
also hope this dataset and future updates will

enable a deeper understanding of the mechanisms
related to China’s macroeconomic policies.
The PBoC recently began to sell short-term

securities in Hong Kong, signalling the creation
of a separate ‘offshore’ monetary policy. This
reform measure could pave the way for a regular
programme allowing the PBoC to better manage
RMB liquidity outside mainland China and to
keep the on- and offshore exchange rates in a
narrow range. Given the offshore focus of these
OMO, we have not included this tool in our
onshore index and leave a more detailed analysis
of this innovation for future research.
Looking ahead, the further opening of the capital

account is an important issue that could have
consequences for Chinese monetary policy. The
idea of having monetary policy autonomy,
exchange rate stability and financial market open-
ness all at once would be attractive to any policy-
maker, but it is also an elusive goal. According to
the trilemma facing Central Banks, no monetary
authority can obtain all three at once.26 China is no

FIGURE 11
Comparison of Alternative Monetary Policy Shock Measures. [Colour figure can be viewed at

wileyonlinelibrary.com]

Note: Changes in the quarterly average of the one-year interest rate swap (IRS) for the seven-day pledged repo rate is used as a
proxy for the monetary policy shocks (Kamber and Mohanty, 2018). Sources: Bloomberg and authors’ calculation.

26 See Rey (2016) for a comprehensive analysis of
the trilemma.
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exception. Indeed, with growing international
capital flows, this impossible trinity will become
increasingly relevant for China. While it is
possible to achieve desired levels of two out of
the three attributes, it is impossible to achieve
simultaneously the desired levels for all three.
Consequently, the choice of exchange rate regime
must be made in conjunction with the choices on
monetary policy autonomy and financial market
openness. It can be presumed that for China,
maintaining monetary policy management appro-
priate for its specific cyclical and structural con-
ditions is an important policy goal. It remains to be
seen how the Chinese institutional set-up, the
policy objectives and the instrument mix evolve.
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