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Abstract

Although China’s monetary and financial system differs drastically from its Western counterpart, empir-
ical studies covering this vast economy have often been simple reestimations or recalibrations of models
originally designed to describe US or European monetary policy. In this paper, we aim to assess Chinese
monetary policy and, in particular, monetary policy transmission through yield curves into the real econ-
omy. Our study takes into account the peculiarities of the Chinese economy: Namely, our model includes
both China’s modern attempts at a market-based monetary policy as well as the “authority-based” one
that is a relic of the original banking system. Besides, it considers the special nature of the Chinese treasury
bond market, which is separated into two independent ones with very limited direct arbitrage oppor-
tunities between almost identical assets. Finally, it incorporates the role of real estate, which played an
essential role in China during the last decade. Our results show that different monetary policy shocks
cause asymmetric effects on macroeconomic and financial variables.

Keywords: Monetary policy; yield curve; market segmentation

1. Introduction

In this paper, we reassess monetary policy transmission in China. We argue that the Chinese insti-
tutional setup warrants more detailed consideration than merely reestimating models designed for
the US (or other Western countries) with Chinese data.

The People’s Bank of China (PBoC) never fully adopted the idea of a single intermediate inter-
est rate target, such as the Federal fund rate in the US monetary system. Contrarily, the PBoC
employs multiple tools with very different intentions and to different ends.! While the PBoC has
gradually been adopting a “Western-style” market-based monetary policy, that is, open market
operation, it still uses benchmark deposit and loan rates at the same time, which function as de
facto regulation. In a theoretical paper, Chen et al. (2013) argue that the impact of those policies
might differ vastly. Another noteworthy strand of empirical literature also acknowledges this issue
but—unlike our approach that tries to identify different effects of different shocks—aims to gen-
erate “compound indicators” for the monetary policy stance that encompass the full set of tools at
the PBoC’s disposal, see in particular Sun (2013) and Sun (2015). Both approaches have their own
advantages and disadvantages. The compound indicator approach allows accounting for an even
broader scope of indicators, while our approach necessarily has to focus on a few major tools to
allow identification. However, this focus allows differentiating between the effect of different indi-
cators, which is impossible when defining a unique compound indicator of monetary policy. Our
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paper is most closely related to He and Wang (2012), who—as we do—also explicitly distinguish
between market-based and regulation-based policies.>

This variety of tools is aimed at a range of objectives. Apart from guaranteeing price stability,
the PBoC is currently highly concerned about potential exuberance in the real estate market, and
controls the yield curve as a whole rather than focusing on the short end to have tighter control
over the capital market and financial stability.> One of the few other papers, which relate the yield
curve to monetary policy in China, are Fan and Johansson (2010) and Porter and Cassola (2011).
However, they only focus on the impact of monetary policy (which they measure through changes
in the benchmark deposit rate) on the yield curve. Moreover, since their paper, the Chinese finan-
cial market and monetary policy have been developing dramatically. Contrarily, we are mostly
interested in the yield curve to better understand the transmission mechanism and thus embed
both market-based and regulation-based policy decisions and the yield curve into a fully-fledged
monetary macro model.

Even the very question of how to assess this yield curve for China is not uncontroversial.
The Chinese treasury bond market—where most of the open market operations of the PBoC are
conducted—has a quite unique structure. Rather than one market, there are indeed two fairly
strictly separated bond markets: The interbank market, where mostly major banks and the PBoC
can buy or sell, and the much more liquid exchange market, where other financial institutions
trade. Although the bonds traded on both markets are close substitutes in terms of their func-
tion, individual bonds are—with very few exceptions—traded on one of those two markets only.
Whether the yield curves in two markets respond symmetrically to monetary policy is crucial,
as many market participants can merely access one of the two markets, which implies a differ-
ent impact of monetary policy on financing costs in different sectors of the market. Additionally,
since the Chinese bond market only recently developed, data on both markets are highly sparse,
creating additional estimation problems, as discussed by Loechel et al. (2016) in their analysis of
the yield curves on the exchange market and the Hong Kong offshore market.

We propose a two-step approach. First, we use a state space model using weekly data to estimate
the yield curve dynamics, which allows a fairly precise identification of the end-of-month yield
curves (on both markets) despite very sparse data. Second, we incorporate the level, slope, and
curvature factors of the yield curve obtained by the first step in a standard monetary structural
VAR that includes two primary indicators of Chinese monetary policy and other macroeconomic
variables.

Our contribution to the literature is threefold: First, we add to the thriving studies on the
quickly developing Chinese bond market by providing a model for yield curve estimation that can
cope with sparse data. Second,—and this is our key objective—we provide an analysis of Chinese
monetary policy transmission, that accounts for the institutional peculiarities of China, in partic-
ular the dual bond market—where monetary policy is conducted on the less liquid one—and the
specific tool set used by the PBoC. Third, we contribute to the growing literature on how monetary
policy affects the long end of the yield curve, which gained importance with short-term interest
rates hitting the zero lower bound in many advanced economies.

2. Institutional background
2.1 Monetary policy instruments of the PBoC

During the past decade, the PBoC has been going through a transition from quantity management
(focusing on M2) to price management style monetary policy comparable to the Fed. China made
a great effort to liberalize financial markets, particularly interest rates, in multiple dimensions.
Fernald et al. (2014) and Chen et al. (2017) find that Chinese monetary transmission is more
similar to that of advanced western economies.

However, the Chinese monetary system is still distinctively different from most of its western
counterparts. First, quantities still play a much more important role, as opposed to the US, where
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Figure 1. Cumulative open market operations around a benchmark rate change.

Note: The shaded fan chart shows the density of the distribution of cumulative open market operations in a window of the
corresponding length without a monetary policy shock. The solid black lines represent the development of cumulative open
market operations after a benchmark loan rate decreases. The dotted black lines represent the development of cumulative
open market operations after the benchmark loan rate increases.

monetary aggregates essentially lost their importance after the monetarist experiment [Bernanke
(2006)]. Second, the PBoC still exerts much closer control over China’s major state-owned
commercial banks. These two facts have been emphasized in Chen et al., 2018. Third, while the
PBoC regulates several interest rates and targets others through its open market operations, there
is no unique monetary policy target rate.

Currently, the PBoC’s policy rests on three pillars. First, the PBoC conducts market-based
“Western-style” monetary policy using a battery of tools at its disposal. Through open market
operations, issuing central bank bills, and several liquidity facilities, they provide or reduce liquid-
ity in the banking sector. Those instruments have in common that the PBoC directly intervenes
in the market. There is no single official measure of this policy. In the long run, the PBoC aims
to establish a short-term interest rate, for example, SHIBOR, as the target rate. However, since
the transition to this system has not yet progressed far enough, we consider the policy instrument
itself, namely the interbank 7-day repo rate.* Either way, previous evidence suggests that the cor-
relation between the repo rate and the SHIBOR became much stronger over time (see Porter and
Xu (2009)).> However, as a robustness test, we replace the repo rate with SHIBOR in an alternative
specification.’

Second, there is a range of benchmark interest rates, most notably the benchmark loan and
deposit rates, but also the mortgage target rate. Because of the semantic similarity due to their
nature as “target” rates, the benchmark rates are frequently used as the Chinese counterpart of the
Federal funds rate in empirical studies (see e.g., Fan and Johansson (2010)). However, the term
benchmark or target obfuscates that China’s major banks treat it as de facto regulation. Thus, the
benchmark rates are enforced through the PBoC’s authority rather than backed up by correspond-
ing market interventions. Indeed, when looking at open market operations after a change in the
benchmark rate, there is no indication of any liquidity injections (or liquidity withdrawals) after a
policy change. (see Figure 1) This is in line with the results of our VAR study that show that there is
basically no contemporaneous correlation between monetary policy shocks measured through the
repo rate and the benchmark rate. The correlation of residuals in the two corresponding equations
is entirely explained by macroeconomic shocks that impact on both interest rates (see Section 4.2
for details).
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Table 1. The interest rate policy change by PBoC 2008-2016

Date Deposit Loan Housing loans 5-year 5-year Other rates
2008/09/16 - —-0.27 —0.18 —0.09 -
2008/11/27 e e em U em reserve_027,relendmg_lo& pri——r
2008/12/23 ~ —027  —027  —018 018 reserve —, re-lending —0.27" discount -1.17
2010/12/26 e +025 s +025 e reserve__’ re[end|ng+052,d|scount+o45

2011/02/09 +0.25 +0.25 = = o
2011/04/06 +0.25 +0.25 = = =
2011/07/07 +0.25 +0.25 - - -

2012/06/07  —025  —0.25 - -  rdp=11rlp,=08
T i
1
e 7y i et
T
7y
T s e e o s v

2015/08/26 —0.25 —0.25 = - rd1—year,up=+00, Miow=0
2015/10/24 —0.25 —0.25 = - rdattup=-+00, Miow=0

Note: Deposit and Loan, respectively, stand for benchmark deposit rate and benchmark loan rate; Housing loans shows the interest rate of housing
provident fund loan in below 5-year and above or equal to 5-year categories. In the “Other rates” column, the change of interest rate of reserve,
excess reserve, re-lending, and discount can be found. We also track the interest rate liberalization, rd,, represents for the upper-bound limit on
deposit rate, and rlj,,, represents for the lower-bound limit on loan rate.

Since the deposit rate essentially moves together with the loan rate and the mortgage rates are
adjusted separately only very infrequently, see Table 1, we use the benchmark loan rate as a single
proxy for this “authoritarian” policy component. Similarly, benchmark rates for different maturity
loans change simultaneously by the same number of basis points during our sample, making them
informationally equivalent. The regressions are run with the shortest maturity.

In addition to controlling the price, the PBoC has occasionally implemented some window
guidance to directly control the volume of loans (and its growth rate). Because the officers of both
state-owned and private commercial banks are in the promotion or recruiting pool of the PBoC
system, regulation agencies, and state-owned financial companies, anecdotal evidence suggests
that they are very cautious and self-disciplined in their compliance to window guidance out of
long-run career concerns.” Although there are no systematic data available on this aspect of the
policy, Chen et al. (2018) confirm this fact and takes it as the main reason for shadow banking
booms and monetary ineffectiveness since 2008

Finally, regulation, especially the required reserve ratio, still plays a more important role in
China than in most Western countries, where required reserves are rarely a binding constraint.
However, during our sample, the required reserve ratio does not change frequently enough
to allow robust identification of a regulatory shock. Additionally, during most of our sample,
Chinese law strictly limited the loan to deposits ratio to at most 75%, which was typically the
binding restraint. The increasing role of the required reserve ratio is a fairly new phenomenon.
Therefore, for the remainder of the paper, we will abstract from this component of monetary

policy.
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2.2 Chinese government bond yields

The central government of the People’s Republic of China began to issue government bonds back
in the 1950s, but the issuance was suspended for 13 years until 1981. However, central government
bonds played an important role in supporting expansionary fiscal policy and facilitating central
bank open market operations ever since the government bond market was fairly small. Only in
2008, financing its expansionary fiscal policy and aiming to create a more complete yield curve,
China’s bond market expanded drastically. As of today, there are different categories of central
government bonds in China: certificate central government bonds for individual investors, book
entry electronic central government bonds for individual investors (saving central government
bonds), and book-entry central government bonds for institutional investors. The coupon rate
can be either fixed or floating, and the time to maturity (at issuance) is 3-month, 6-month, 1-year,
3year, 7-year, 10-year, 15-year, 20-year, and 30-year. Since the initial expansion, the Chinese
Ministry of Finance has recently started to continuously issue treasury bonds at all maturities
up to 10 years on a fixed schedule and also implemented outstanding volume management rather
than issuance volume management.

However, the issuance of Chinese central government bonds is still far less frequent than US
Treasury bonds. Correspondingly, the yield curve is still far from complete.

In this paper, we focus on the yield curves implied by the book-entry central government bonds
with fixed coupon rates active in either the interbank or exchange markets from January 2008 to
December 2016. Our yield data series for term structure estimation uses daily closing prices and
the cash flow schedule of each individual bond. To estimate a yield curve, we use a quarterly grid
with maturities of up to 10 years. If there are no bonds available with matching maturity, the yield
is interpolated using maturities within 45 days. Despite this interpolation, there are still plenty of
missing observations in the earlier part of our sample when the bond market was still developing.

We use time series based on the Wednesday yield curves for our econometric analysis. With the
PBoC conducting all its major monetary policy interventions on Fridays, this gives the markets
enough time to absorb any information.®

2.3 The dual Chinese bond market

The Chinese bond market has been developing for more than 30 years since bond trading was
reinstalled in 1981. The current bond market system in China consists of three parts: the interbank
market, where mostly large financial institutions and the PBoC trade, the exchange market(s),
where individuals and small and medium-size institutions trade, and the over-the-counter market
of commercial banks. The former two form the core of the Chinese bond market and are also the
objects of interest in this paper. The over-the-counter market primarily grants less sophisticated
investors access to the bond market.”

Only being established in 1997, the interbank market is now the dominant market for Chinese
bond transactions. Almost all bonds can only be traded in one of the two markets, and by now,
the interbank market accounts for almost 90% of outstanding stocks and correspondingly trading
volume. The market is organized as a quote-driven over-the-counter market. The PBoC not only
supervises and regulates the interbank market but also is responsible for a large share of those
transactions (on average about 15%) with its open market operations which are conducted on this
market. While a range of financial institutions, including investment banks, security companies,
insurance corporations, etc. are allowed to operate on the interbank market, its other name-giving
feature is that commercial banks are required to trade bonds on the interbank market exclusively.
Most participants in the interbank market are only permitted to trade bonds for their own
accounts. Only 30 large banks and security companies are recognized by the National Association
of Financial Market Institutional Investors as market makers and settlement agents. They can
trade on behalf of others who do not have direct access to the interbank market and the bonds
traded there otherwise and provide settlement service for the other self-traders in the market.
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While those investors who are granted indirect access may play a minor role quantitatively, they
provide an important link to the rest of the financial market and the real economy.

The exchange market is operated through China’s two stock exchanges in Shanghai and
Shenzhen, which were established mainly for stock transactions. Bonds have been traded in both
markets since the early 1990s. However, the exchange market lost its monopoly on bond trading
in China after a serious speculative attack on the Chinese central government repo. This caused
the PBoC to intervene and require (commercial) banks and credit unions to trade under its closer
supervision on the newly founded interbank market ever since. The bonds traded in exchange
markets include some Chinese treasury and corporate bonds.

There are two parallel trading mechanisms for investors to choose from freely. The traditional
approach was continuous auction trading, which is now mainly used for small-volume retail-
style transactions and works like stock trading mechanism. However, in 2007, both Shanghai
and Shenzhen introduced quote-driven over-the-counter style trading which is used for wholesale
transactions.

At first glance, it might seem odd to pay the same attention to the (older) exchange market as
to the younger but an order of magnitude larger interbank market. The reasons making this mar-
ket so relevant for our analysis are twofold. First, the exchange bond market reflects the current
market situation better than the interbank one due to the absence of PBoC. Second, the small- and
medium-sized agents active in this market provide a major direct link to the real economy and are
thus essential in understanding monetary policy transmission.

The separation between the interbank and exchange markets is less strict for treasury bonds
than for corporate bonds. Although most treasury bonds can only be traded within the market
where they are issued, close substitutes are available in both markets. Additionally, some trea-
sury bonds can even be traded across markets. Therefore, although monetary policy is primarily
conducted in the interbank market, it is necessary to account for the exchange market to fully
understand monetary policy transmission to the real economy.

Yet, despite their interaction, there are few arbitrage opportunities between the markets, mostly
due to vastly different regulations. While the interbank market is closely monitored and super-
vised by the PBoC, the exchange market is regulated by the CSRC that focuses foremost on the
primary market—that is, bond issuing—rather than on the secondary market, that is, bond sales.
A detailed analysis of why and when the rates differ is provided by Fan and Zhang (2007). The
comparison of the two markets is shown in Table 2, and the interaction of the two markets is
summarized in Figure 2.

3. Method and model

3.1 Yield curve estimation

3.1.1 The two market yield curve model

Like most of the literature, our model is built upon the seminal work by Nelson and Siegel (1987)
who model the yield curve as a function of three underlying parameters, usually dubbed level (L),
slope (S), and curvature (C) of the yield curve.!?

Lt
r(t) = [1 lfgh 17:;” — e_“‘] Si | +eén (1)
C

where r¢(7) is the spot rate of a treasury bond of maturity t at time ¢, & is the residual vector and
A is a shape parameter. Rather than estimating this equation for every point in time, Diebold et al.
(2006) propose to assume an autoregressive process for the underlying parameters, thus explicitly
modeling them as latent factors. That is, they interpret equation (1) as measurement equation of
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Table 2. The comparison of interbank market and exchange market

Interbank Market Exchange Market
Participants Large institutions with banks Small and Medium institutions with no banks
Regulators PeoplesBankofChma ChmaSecuntyRegulatoryComm|ttee
Tradngules L
[ govemmentbonds e govemmentbonds S —
iferentBonds T e Corporatebonds
openMarketoperat|ons L

Ministry of
Finance

PBoC

Interbank market

Market makers
M | |H
OMO dealers Settlement Agents

Second tier traders
(speculate on own account)

Primary market

[PUR | N

Awouod3 |eay

Exchange market 'ﬁ'

Figure 2. Structure of the Chinese bond market.

a state space model with the corresponding state equation:

L; ML ainl  ap a3 L, Ly,
St |=| ms |+ | axn axn ax Si—1 | tm=pn+A]| S |+ (2)
Ct 1% a1 az  ds3 Ci1 Ci—1

Since the relationship between observed interest rates of different horizons is meant to be cap-
tured through the yield curve parameters, in this line of research the covariance matrix of ¢ is
usually assumed to be diagonal, while shocks to the latent factors can be contemporaneously
related. For the optimality of the Kalman filter, we also have to assume that there is no correlation
between the shocks to the latent factors and the shocks to the measurement equation. Denoting
the number of different maturities considered by M we can thus write:
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Yet, the Chinese situation is slightly different. At every point in time, we do not have one but
two yields for every maturity, the first one obtained from the interbank market the second one
from the exchange market. Correspondingly, we have two highly related, yet potentially different
yield curves. This gives a slightly more complex model taking the shape, with the measurement

equation:
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fivt _ o | S .
Tl=n+A ’ + (7)
|:fex,t :| a |:fex,t—1 i| "

where Aj;, A2, Az and Ay are (3 x 3) coefficient matrices corresponding to the matrix A in
equation (2), f;; and f, are the latent state vectors and variables marked with a tilde are the coun-
terparts of the corresponding variables in equations (1) and (2) for this two market model. The
purpose of this model extension is twofold. First, it allows us to test whether the two markets
interact, by testing Granger causality between the latent variables, that is, testing Hp 4:A12 = 0 and
Hy p:A21 =0 (see Section 4.1 for details). Second, if there exists some kind of relationship, we can
obtain a more efficient estimate of the yield curve parameters by fully accounting for the relevant
information. This is particularly relevant due to the sparse Chinese yield curve. This approach
differs from Diebold et al. (2008) who model several countries simultaneously thereby essentially
also modeling several markets. However, contrary to us they model a global factor and market
(country) specific factors that can load on the global factors but not vice versa. The reason that we
chose a different approach is our interest in the bilateral causality.

and

3.1.2 Dealing with missing observations
As mentioned before, the Chinese government bond market has only fully developed quite
recently. For a large part of our sample, the market was not very deep, and correspondingly, we
have a lot of missing observations for specific maturities at varying points in time. Generally, the
Kalman filter is well suited to deal with missing observations. If all data are missing for a specific
observation, the extension is fairly straightforward and boils down to simply omitting the update
step in the corresponding periods (since there is no information to base the update on). This
method is fairly widespread for example when the Kalman filter is used in imputation (see e.g.
Monch and Uhlig (2004)). Yet, things are slightly more complex in our case, where the missing
data are scattered across observations. That is, we would like to update, but base the update merely
on the data that is observable. Liu and Goldsmith (2004) suggest to manipulate the covariance
of the measurement equation Q, by setting the variance of the missing observations to infinity.
This guarantees that the corresponding residual has no impact on the estimation and can thus
be treated as if it did not exist (simply treating it as zero without the appropriate correction in
the covariance matrix would cause too much confidence in the Kalman forecast that seemingly
produced a very low residual).

Applying this method allows us to employ the model we propose using weekly data starting in
2008.

3.2 The monthly structural VAR model

3.2.1. Model setup and structural identification

We estimate a 13-variable VAR including macroeconomic indicators, monetary policy, and finan-
cial market indicators, in particular the states obtained in Subsection 3.1 describing the yield
curves on interbank and exchange markets. The macroeconomic block includes industrial output
(ip), consumer prices (cpi), and—due to the special importance of real estate in China—housing
sales (hsales) (see e.g. Chen and Wen (2017) and Chen et al. (2017)). In 2008, the Chinese gov-
ernment launched its famous 4 trillion RMB stimulus plan, that mainly focused on infrastructure
and housing construction. We use housing sales instead of housing prices in our estimation for
two reasons. First, there is no reliable house price index covering the entire nation for our sample
period. Second, and more importantly, this does also allow to capture the increased housing sales,
in particular of houses that are yet under construction, that is, not covered by current production.
Monetary policy is included through the loan benchmark rate (brate)!! and the repo rate (repo)'?,
the two core policy rates of the PBoC.
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Table 3. Data and sources

Variable Description Source
ip Industrlalvalue added quantltylndex Seasonally adJusted (by authors) NBS
coi - Consumer prlcelndex natlonalaverage Seasonally adJusted (by authors), - NBS '
| hsales B ..Housmg e 1710000 RME, e NBs
[oans R ”0ut5tand|ng [oans ofallfmanc.a[|n5t|tut|ons e e e PBoc
P > e e e VPBoc i
i DM3 - >‘D|V|5|a M3 DIVISIa welghted monetary aggregate W|th the PBoC s M3 components BT (2016)
"orate” - ”benchmark loan rate for loans from 6to 12 months PBoC
repo : 7- daylnterbank repo rate - - : PBoC v

Yield curve* Y|eld curve factors, authors estlmatlon

Note: * The yield curve factors Lex, Sex, Cex, Lib, Sib, and Cj, for the last week of each month as estimated through equation (5).
NBS = National Bureau of Statistics. BT(2016) = Barnett and Tang (2016).

Finally, the financial market impact is captured through two quantity indicators—namely loans
and money—and the yield curve. We consider money and loans separately, mostly due to the
importance of loans in Chinese monetary policy. Since there is policy that directly affects the credit
market (i.e. loan benchmark rate changes), and policy that works through liquidity provision to
banks, one might easily imagine a situation where loans and money are not affected in the same
way. In the baseline specification, money is measured as M2 (m2) due to its prominence in PBoC
communications. In a robustness test, we use Divisia M3 (dm3) as reported by Barnett and Tang
(2016). Finally, using the estimated end of month states from our weekly model is equivalent to
including the interest rates from the estimated yield curves at specific maturities. Given the high
volatility of individual bond prices in the Chinese market, and the corresponding volatility of the
observed (non-smoothed/ non-estimated) interest rates at specific horizons, this seems to better
capture the underlying financial market conditions. Contrarily, using observed bond yields would
not only substantially reduce our sample due to missing observations, but also import unnecessary
uncertainty into the macroeconomic model. A list of all variable used in the model including their
source is found in Table 3.!® Except interest rates and the underlying factors, all variables are used
in natural logarithms. Since cointegration between the non-stationary I(1) variables included in
the model is confirmed by a Johansen test, we estimate the VAR in levels.

To identify monetary policy shocks and assess monetary policy transmission, we build on the
seminal blockwise recursive framework introduced by Christiano et al. (1999).

They have shown that in a recursive identification, where the order is given by [A x B] and
A=lay, a,... |, B=1[by, by,... ] and X =[x3, x2, ... ], neither the sorting of variables within
block A, nor within block B matters for the identification of the shocks to X. That is, there is no
need for a specific recursive structure to be true for correct identification, as long as there are
blocks of variables that definitely react slower or faster than monetary policy, which is our shock
of interest.

Following the literature, we assume that variables in the monetary policy block are affected
by the state of the macroeconomy (ip, cpi, and hsales), but cannot contemporarily affect those
rather sluggish variables. Contrarily, the financial market indicators (loans, m2, and the yield curve
states) can respond immediately (i.e. within the month) to monetary policy, but monetary policy
cannot respond to those very volatile markets immediately due to the necessary decision process.
In other words, what matters for identification of the two monetary policy shocks is merely the
order of those two. In our baseline specification, we allow the benchmark rate to affect the repo
rate, reasoning that the repo rate is a market rate, which could theoretically respond to a regu-
latory change. Yet, we find a contemporaneous effect that is quantitatively small and statistically
insignificant. We test the reverse order in a robustness check, finding almost identical results, that
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is, even when allowing the repo to immediately affect the benchmark rate, the estimated effect is
very close to zero. That is, as predicted, the two monetary policy shocks are mostly orthogonal.
Although relevant theoretically, the order of the two is thus inconsequential in our specific setup.
The results we report below are obtained from our baseline specification. However, all results
roughly hold for the reverse order.

That is our baseline model takes the form:

macro macro
brate brate
repo P repo
liqufdity N ; b liqufdity e ®
fiv fiv
L e t [ fe t—1

where macro = [ip cpi hsales]” and liquidity = [m2, loans]”, &; is a vector of orthogonal stan-

dard normal structural shocks, and C is a block triangular matrix that maps structural shocks on
reduced form shocks.

3.2.2. Small sample issues and parameter proliferation
Due to the limited availability of Chinese treasury bonds before 2008, our sample is limited to
merely 108 monthly observations from January 2008 to December 2016.

Even when considering at most three lags, the number of parameters we would have to esti-
mate in our system of 13 equations is considerable. Therefore, following El-Shagi and Kelly (2017)
we run a Least Absolute Shrinkage and Selection Operator (LASSO)-based lag selection. That is,
rather than selecting a fixed number of lags for each variable and each equation, every individual
coefficient is assessed, whether it contributes sufficiently to the model or not. This implies that
the equations no longer use identical regressors, which is necessary for a VAR to be consistently
estimated by (blockwise) OLS (Sims, 1980). Therefore, we reestimate the model with the param-
eters selected by LASSO using a seemingly unrelated regressions (SUR) approach. Our LASSO
approach allows to reduce the number of estimated coefficients from 520 to merely 164.

In the more common quarterly studies, 108 observations per equation would be a fairly reason-
able sample size. However, El-Shagi (2017) shows that finite sample bias can still be considerable
with this sample size when using monthly data, because—despite the number of observations—
only one or at most two business cycles are covered.!® Following his suggestion, we thus apply a
small sample correction bootstrap to our estimator. We use the indirect inference bootstrap pro-
posed by Bauer et al. (2012). Contrary to most previously used bootstrap-based bias corrections,
this method does not assume the bias to be linear. Using SUR makes the bootstrap computa-
tionally substantially more demanding. Therefore, rather than using a bootstrap after bootstrap
approach in the spirit of Kilian (1998) (which is extended to an indirect inference after indirect
inference bootstrap by El-Shagi and Zhang, 2020)), we use a simple parametric bootstrap based
on the results obtained with the bias-corrected estimator.!®

4. Results and interpretation
4.1 Weekly yield curve estimation

In a fully efficient capital market with no restrictions, a week is plenty of time to exploit any
arbitrage opportunities and close any wedge between two markets where assets that are perfect
substitutes are traded. Given the weekly frequency of our data, we would hence rather expect the

https://doi.org/10.1017/51365100522000669 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000669

2240 M. El-Shagi and L. Jiang

Table 4. Correlation matrix of residuals

Lex Sex Cex Lip Sib Cip
Lex 1.00 0.01 —0.90 0.55 —0.23 —0.58
T e e e e e
i
le e T e
e
| C,b T T

Note: Correlation matrix of residuals (as implied by the estimate of Q). Double entries are in gray for ease of reading. Pairwise
correlation between corresponding factors on the exchange market (ex) and interbank market (ib) are in italics.

markets to move together than markets moving towards each other, with future expectations for
both markets being the identical. In other words, we would expect the correlation of shocks to
the yield curve factors to be close to one (representing the joint movement); and A;; and Aj; to
be almost identical and A, and Aj; to be insignificant (implying identical future expectations).
Contrarily, in completely separate markets that are not even indirectly linked and not affected by
joint shocks, we would expect the correlation between residuals to the factors to be zero, and A,
and Aj; to be (again) insignificant. Our results regarding the Chinese interbank and exchange
markets, however, exhibit a substantial but still imperfect correlation between the markets. Table 4
shows the correlation matrix of residuals in the state equation based on our estimate of Q. While
there is a clear co-movement between the two markets (as implied by a correlation between 0.35
and 0.45), the no-arbitrage condition clearly does not hold at the weekly frequency. To provide a
more intuitive visualization, we also translate the estimated correlations between residuals in the
state equation to the corresponding correlations in the yield curve.!” The result is summarized in
Figure 3. Over the entire yield curve, the correlation is clearly above 0.5, peaking at the long end
where it reaches roughly 0.8.18

At the same time, a Granger causality test clearly rejects the exclusion of either of the oft-
diagonal blocks of A (from equation (2)), strongly indicating that the interbank and the exchange
market mutually Granger cause each other. Since our estimation implies stationary yield curves,
we can identify equilibrium yield curves for both markets in the sense of yield curves that the
two markets converge to.!° In equilibrium we find the expected results. The yield curve on both
markets is almost coinciding (see Figure 4), moderately positively sloped with an equilibrium
short rate around 2.6% and an equilibrium long rate around 3.5%. There is a very small difference
in the point estimates at the very short end; However, this difference is statistically insignificant.
In other words, our estimate of A strongly suggests that a gap between markets that is driven by
asymmetric shocks is closed over time, reflecting the limited market integration that is created
through indirect channels, although there is no direct arbitrage because of the institutional setup.

However, when comparing the state estimates obtained from a model where the two markets
are considered individually and our two-market model in Figure 5, we find that it is mostly the
estimates regarding the exchange market that are changed. In contrast, those for the interbank
market are almost indistinguishable between the two models.

4.2 Monthly SVAR model

In this section, we report the results of the SVAR in our baseline specification, including indus-
trial production, consumer prices, housing sales, the repo rate (as an indicator for market-based
policy), the benchmark loan rate (as a proxy for regulation/authority-based policy), M2, loans,
and the factors obtained from our yield curve estimation. We run several robustness checks. First,
we replace the repo rate with SHIBOR. Second, we replace M2 with Divisia M2. The results are
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Figure 3. Correlation between yield changes implied by 0.

qualitatively identical. The full results for the SHIBOR-based model can be found in the online
appendix. In a further robustness test discussed later in this section, we change our identification
strategy for monetary policy shocks to rely on the quantity of money.

4.2.1. Market-based policy shock (repo shock)

The impact of market-based monetary policy shocks on the macroeconomy is shown in Figure 6.
At first glance, the results look unusual. We find some evidence for both price and output puz-
zles. While output quickly turns around and moves into the expected (negative) direction after
an interest rate increase, the price response becomes insignificant after a short period of high
volatility. This is stunning insofar, as we observe the expected clearly negative effect on both
money and loans. The main effect of the changed monetary conditions seems to be in the housing
sector. Unlike the counter-intuitive results for prices and (to some extent) industrial produc-
tion, we observe a clear and significant decline in housing sales that remains robust for a few
years.

https://doi.org/10.1017/51365100522000669 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000669

2242 M. El-Shagi and L. Jiang

© |
o™
<
(a2}
N
i) ™
Q0
> o |
o
|
N
< — Interbank
— Exchange

0 1 2 3 4 5 6 7 8 9 10
maturity

Figure 4. Yield curve(s) in equilibrium.

To analyze the impact of the yield curve, we translate the latent states back to obtain the
implied yield curves through multiplication with H, see equation (6), to allow a more straightfor-
ward interpretation. While we could technically present yield curves for any maturity, we focus
on the very short end (1-year), the medium term (3-year), and the long end (10-year) for the
sake of clarity and brevity. The impact of market-based monetary policy shocks on the yields at
selected maturities of two markets is shown in Figure 7. In the online appendix, we show the
impact over the entire yield curve in 3D plots. On both the interbank and exchange markets,
it seems that the impact on the yield curve is mostly a parallel shift, that is, all yields (in one
market) move in the same direction with a similar order of magnitude. There is only very mod-
erate evidence of a slightly flattening yield curve. There is, however, a very clear difference in
the response of the interbank market and the exchange market. Unsurprisingly, the interbank
market—where the monetary policy is actually conducted—responds immediately. The impact
gradually declines over the coming years, while the yield curve slowly returns to equilibrium.
Contrarily, the exchange market takes much longer to fully respond. The initial effect is extremely
small (although generally going into the right direction). The interest rates on the exchange mar-
ket peak after roughly two years, when they have almost converged to the rates on the interbank
market at this time. After that, they slowly decline in line with the rates on the interbank market.
While this generally supports that there is some interaction between the markets, it also highlights
the substantial frictions within the Chinese financial sector that slow down the direct monetary
transmission in financial markets immensely. It seems, that the bond market segmentation only
allows an adjustment through the “real economy,” see Figure 2, that is, the firms and other agents
who can transact with the dealers on both the interbank and the exchange market.

4.2.2. Authority-based policy shock (Benchmark rate shock)
Figure 8 shows the impact of authority-based monetary policy shocks on the macroeconomy.
Although a (positive) benchmark shock is similar to a (positive) repo in the sense that it works as
an overall contractionary shock, the details could not be more different. Its impact on consumer
prices is insignificant and more moderate on (industrial) production. However, as expected, given
the importance of loans for housing, housing sales react much more sharply and quickly. The
effect is not very long lived, but neither is the interest rate change.

One very interesting feature is the “loan” puzzle on impact. The initial impact of a bench-
mark rate change on loans is positive (and highly significantly so) before it quickly turns strongly
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Figure 5. State estimates (Level, slope, and curvature) for both markets.

Note: The first two letters of each lines name represent the market (EX for the exchange market and /B for the interbank
market), and the last three represent the estimation method, where sep is individual estimation of both yield curves and full
is estimation of the full system of equations including both yield curves.

negative. However, this can easily be explained by the regulatory nature of the benchmark rate.
As discussed above, while being labeled a target, there is no evidence for immediate monetary
accommodation of the new interest rate. However, banks seemingly immediately comply. If the
interest rate is kept below its long-term equilibrium (which seems plausible given the interest rate
of China is fairly low for an emerging market), there might be credit rationing because banks aim
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Figure 6. Impact of the market-based shock (Repo) on the macroeconomy.
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Figure 7. Impact of the market-based shock (Repo) on the yield curve.
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to limit loans. When the interest rate increases and this constraint is alleviated, banks initially
supply more loans. As mentioned before, the PBoC has been known to back up its loan rate policy
with more specific guidance, if the desired quantity effects are not achieved, which explains the
quick turnaround into the expected direction.

The impact of authority-based monetary policy shocks on the yield curves is in Figure 9, which
also covers the yields at selected maturities of two markets. Like the shock itself, the impact on
the yield curve is fairly short-lived. But, most interestingly, the effects now show immediately in
both markets. While the exchange market’s response is slightly more moderate, both the inter-
bank and exchange markets respond clearly within the same order of magnitude. Since the direct
effect of the repo change (enacted through open market operations on the interbank market) is
missing, and both markets are only indirectly affected through the portfolio rebalancing of market
participants, this matches our theoretical prediction.

4.3 The role of money

Traditionally, the PBoC put much more emphasis on money than the Federal Reserve after the
monetarist experiment under Chairman Volcker. Although official communication suggests that
the PBoC has been moving toward targeting interest rates, there is a distinct possibility that it is
still money rather than an interest rate that is the primary intermediate target. This section shows
how our results change if we assume this is true. Money (M2), in this case, has to be treated as part
of the monetary policy block, while the repo rate—much like the other interest rates included in
the model—would be a financial market indicator. The results are summarized in Figures 10 and
11. Note that we always report positive shocks, that is, contrary to the interest-based identification
where we looked at a contractionary shock, we now assess an expansionary monetary policy shock.
While largely consistent with the results presented in the previous section, there are some clear
differences. The strong price puzzle and the counter-intuitive response of industrial production
in the first period that we found for a monetary policy shock identified through the repo rate dis-
appear. M2 and production quickly increase after a liquidity injection and then gradually decline.
M2 itself, loans, and repo rate all move in the expected direction. Again, we find that the response
of the yield curve on interbank and exchange markets differs strongly, as can be expected for a
market-based shock if the intervention happens on one market only. However, while the inter-
bank rates decrease as expected, there is a small but statistically significant increase in the exchange
market yields. While the effect on the repo rate and short-term rates on the interbank market is
consistent with a money supply shock, this is much more in line with a money demand-driven
shock, which causes financial institutions to substitute government bond holdings for loans.
These findings give some credibility to our assumption that the PBoC has by now mostly moved to
interest rate-based policy, thus making the repo the better tool to identify monetary policy shocks.
Alternatively, we look at the “M2” shock in our standard framework, where the policy block
only consists of the loan benchmark and repo rates. For the Cholesky decomposition, we sort
M2 right after the policy shock, allowing it to affect the financial market immediately, but being
more rigid than the financial market itself. The results are summarized in Figures 12 and 13.
While mostly similar to the previously reported results, the impact on all interest rates is now
clearly positive. In other words, the findings for M2 now completely match the general narrative
associated with money demand shocks, giving some more credibility to the chosen ordering.

5. Conclusions

Our results highlight that China’s monetary system is still very different from its Western equiv-
alents, despite many reforms over the last few decades. There is clear evidence that there are
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currently two distinct and mostly orthogonal monetary policy shocks: A “Western type” market-
based shock, that is enacted through open market operations on the interbank market, and an
“authority-based” shock, that is relying on the traditional compliance of the big state-owned
banks with the PBoC’s wishes. The transmission of the market-based shocks goes from the
financial sector (or rather one part of it, namely the interbank market) into the real econ-
omy and, lastly, back into the financial sector, whereas that of the authority-based shocks goes
through regulation-driven loans into the real economy and then feeds back into the financial
market.

The existence of separate tools for the different objectives of the PBoC—such as stabilizing
consumer price inflation and avoiding an overheating real estate sector—is not necessarily
detrimental, and indeed—and contrary to the Fed’s and the ECB’s policy—in line with the
Tinbergen rule, which suggests one instrument per objective. However, those complexities need
to be kept in mind, when assessing Chinese monetary policy.

Notes

1 See the Michel Candessus Central Banking Lecture by the former president of People’s Bank of China, Xiaochuan Zhou,
on June 24th 2016. A comment on the PBoC’s most recent practice can be found in the public speech by Yongding Yu, an
Academician from the Chinese Academy of Social Sciences at http://finance.ifeng.com/c/7hTcqOIgFsG.

2 They use the central bank bill issuing rate as the market-based policy rate in China. We cannot follow their practice
because PBoC suspended issuance of central bank bills since mid-2013, which leaves that choice impossible in our sample
period. However, the repo rate, which we employ in this paper, are positively correlated with central bank bill issuing rate.

3 In China, the original reason for the PBoC to address the shape rather than the level of the yield curve was quite different.
To combat capital flight caused by the depreciation of the RMB relative to the US dollar, the PBoC tried to increase short-term
rates while simultaneously flattening the yield curve. This policy was meant to push down the price of short-term liquid assets
and thus increase the cost of capital outflows.

4 Ma et al. (2016) raise the possibility to make 7-day repo rate as the short-term intermediate target and construct the interest
transmission corridor. The leading author Jun Ma is currently on the monetary policy board of PBoC, which makes such a
conjecture plausible.

5 The liquidity facilities have been introduced only recently in 2014, including SLE, SLO, MLE, and PSL. Regardless of their
importance, there are very few observations for rate changes and thus treating them separately is not possible within our
econometric framework.

6 Other indicators have been discussed as policy instruments of the PBoC. However, they are either not available for a
sufficiently long period or do not fluctuate enough during our period of interest to allow identification of monetary policy
shocks. Figures for those rates are provided in the online appendix.

7 Additionally, the PBoC occasionally imposes higher reserve ratio on the banks that do not cooperate.

8 Weekly average are available from the authors on request.

9 A detailed introduction to reform and development of Chinese bond markets can be found in Shen and Cao (2014) which
is written in Chinese. Moreover, the differences and segmentation between interbank and exchange markets have also been
briefly documented and discussed in Porter and Cassola (2011) and Bai et al. (2013).

10 There are notable exceptions such as Dahlquist and Svensson (1996) who use a four-factor model that allows for a richer
term structure with two humps, and Diebold et al. (2008) who use two factors (level and slope) per country in their panel
approach to estimate the yield curve.

11 Particularly, we use the 6 months to 1-year benchmark loan rates. However, the PBoC almost always adjusts their bench-
mark rates on deposits and loans simultaneously and equally. The choice of the proper indicator among the different
benchmark rate is therefore mostly inconsequential to our analysis.

12 The repo rate in this paper refers to 7-day treasury bond repo rate in interbank market.

13 The existing literature on Chinese bond yields occasionally uses averages of all bonds with the same maturity at issuance,
rather than aggregating over bonds with the same actual time to maturity. However, this makes it difficult to interpret the
results since the interpretation of a single time series is changing quite substantially over time.

14 A recent noteworthy application in the context of monetary policy includes Keating et al. (2014).

15 In fact, this plagues a lot of studies on the Chinese economy, because of data quality and availability issues.

16 When using a residual bootstrap to generate the coefficient distribution, the bias that has been previously corrected
would be reintroduced again. This is why residual bootstrap-based IRFs require bootstrap after bootstrap methods for bias
correction.

17 The correlations can be obtained by looking at the correlations implied by the covariance matrix HQH "
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18 The correlations can be obtained by looking at the correlations implied by the covariance matrix HQH "
19 This can be achieved by solving equation (5) under the assumption that [fl;: 4 f; ) = ,.Z ; feL]T. The two yield curves

(in stacked form) are then given by HI-A)q.
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