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a b s t r a c t

There is a bitter controversy over what drives the housing price in China in the existing
literature. In this paper, we investigate the underlying driving force behind housing price
fluctuations in China, especially focusing on the role of housing demand shock with that
of money supply shock in explaining housing price movements, by a new Keynesian dy-
namic stochastic general equilibrium model. Empirical results suggest that it is housing
demand, instead of money supply, that mainly drives China’s housing price movements.
Relevant policy implication is further discussed, namely, whether to consider the housing
price fluctuations in the conduct of monetary policy. By means of the policy simulations,
we find that a real house price-augmented money supply rule is a better monetary policy
for China’s economy stabilization.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In the past decades, many scholars have observed that movements in housing market are not just the consequences of
wider macroeconomic developments, but also the driving forces of business cycles [1,2]. Iacoviello and Neri [2] point out
that researches on the housing market has finally become one of the mainstream studies in economics. Leung [3] provides
a survey of the interactive nexus between housing market and the macroeconomy. The importance of housing market in
explaining the macroeconomy fluctuations is not only acknowledged by the academia, but also by the policy makers, since
it is crucially important for both researchers and policy makers to better understand the issue so that appropriate policy
adjustments or policy suggestions can be made or proposed to stabilize the housing market and macroeconomy. Taylor [4]
examines the relationship between monetary policy and housing markets/housing finance. In the existing literature, the
housing market is found to be highly correlated with the macroeconomy and even a key source of the macroeconomy
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fluctuations. As the housing markets fluctuate remarkably in the short term and have boom–bust cycle in the long run, the
macroeconomy would suffer a lot from housing market fluctuations [1]. Besides, in order to conduct the economic policy
effectively, onemust suit the policy to the situation. It is thereby of critical importance to find out the underlying driving force
behind housing market volatilities before making policy to stabilize effectively the housing market and the macroeconomy.

However, there is no consensus on the foresaid problem in existing literatures. Clayton [5] derives a forward-looking
rational expectation house price model to explain short-run fluctuations in real house prices, and suggests that prices
may temporarily deviate from fundamental values in real estate price cycles. Ortalo-Magné and Rady [6] propose a life-
cycle model with income heterogeneity and credit constraints to explain the observed co-movements of housing prices and
owner occupancy rates in the UK. Capozza et al. [7] explore the determiner of the housing price dynamics, and find house
prices react differently to economic shocks depending on such factors as growth rates, area sizes and construction costs.
Ortalo-Magné and Rady [8] identify the ability of young households to afford the down payment on a starter home, and
in particular their income as a powerful driving force of the housing market by a life-cycle model of the housing market
with a property ladder and a credit constraint. Mankiw and Weil [9], however, focus for the first time on the demographic
influences on housing demand and real housing prices. From an urbanization perspective, early urban economists, including
Alonso [10] and Muth [11], attempt to investigate the interactions between housing markets and urban expansion. Beltratti
and Morana [12] concentrate on the linkages between general macroeconomic conditions and the housing markets for the
G-7 countries, and find that the US is an important source of global housing price fluctuations for real housing prices.

Unfortunately, it appears to be evenmore controversial on themain driving force of housingmarket fluctuations in China
in the existing literature. Variousmodels and theories are proposed, trying to explain house pricemovements in China; some
focus on demand driven, while others consider growth of money supply.

The demand driven theory attributes house price movements to changes in housing demand, which are mostly fueled
by changes in household income [13], competition amongmen in the marriage market [14], and rural–urban migration and
urbanization [15]. Wei et al. [14] assume that housing is a status good in China’s marriage market and examine the conse-
quences for house prices. The authors find empirical evidence to support this hypothesis and further a rise in the sex ratio
accounted for 30%–48% of the rise in urban house prices in China during 2003–2009. Chen et al. [15] explore the possible
effects of rural–urban migration and urbanization on China’s urban housing prices, and conclude that the different urban-
ization levels and the migration situations have significant effects on urban house prices in China. In summary, the demand
driven theory believes that housing demand is caused by household income, marriage and migration/urbanization is one of
important determining factors in explaining the housing price movements in China.

With respect to the role of money supply growth, many other scholars believe that China’s monetary policies act as the
key driving force behind the severe fluctuations of housing price in China. Using a nonlinear modeling approach, Zhang
et al. [16] investigate determinants of housing prices in China over the period from January 1999 to June 2010, and show
that monetary policies and price variables are the key factors influencing house prices in China, while other aggregate eco-
nomic variables have relatively less significant impacts. Xu and Chen [17] examine empirically the impact of key monetary
policy variables, including long-term benchmark bank loan rate, money supply growth, and mortgage credit policy indica-
tor, on the real estate price growth dynamics in China, and find that faster money supply growth tends to accelerate the
subsequent home price growth, and vice versa. By a standard multivariate dynamic model, Zhang [18] explores the causal
relationship among monetary growth, house price inflation and consumer price inflation in China since 1998, and suggests
that the recent real estate market boom is mainly driven by excessive monetary growth in China.

Inspired by the existing literatures [19–21], we endeavor to find out the answer to the foresaid problem, and to better
understand the underlying driving force the housing price fluctuation in China. The main contributions of our work can
thereby be summarized as follows: we answer the question in this paper by quantitatively investigating the contributions
of housing demand and money supply shocks to housing price fluctuations within an integrated Keynesian DSGE frame-
work; and based on our quantitative results from the empirical analyses and policy simulations, we find that a real house
price-augmented money supply rule is a better monetary policy for China’s economy stabilization. To do that, inspired by
Burdekin and Siklos [20] and Zhang [21], we consider a money supply rule in this new Keynesian DSGE model. Using quar-
terly data from 2001:Q1 to 2012:Q4, we further estimate the model with Bayesian methods. Impulse response analysis and
variance decomposition are applied to identify the relative importance of housing demand shock and money supply shock
to housing price movements. Based on empirical results, relevant policy implication is also discussed, to better address this
issue in the Chinese economy. In this regard, our model and findings pertinently address and attempt to solve the ongo-
ing China’s economic puzzle, and have potential applications to both theoretical housing market researches and practical
monetary policy making in China (and possibly other emerging markets).

The rest of the paper is structured as follows. In Section 2 we describe the baseline model and estimate the parameters
in Section 3. Section 4 represents the main results, including the main source of housing price fluctuations and implications
for monetary policy. Section 5 concludes.

2. The model

In this section,we propose a newKeynesianDSGEmodelwithmoney supply rule and credit constraint in order to capture
some features of the Chinese economy. We consider a discrete time, infinite horizon economy, populated by households,
entrepreneurs and retailers infinitely lived and of measure one. Households supply labor to entrepreneurs, demand housing
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and money, and consume the final goods. Entrepreneurs produce a homogeneous intermediate good by combining labor,
capital and housing. Apart from money, bond is the other financial asset, which can be traded between households and
entrepreneurs. Retailers purchase intermediate goods from entrepreneurs in a competitive market, and differentiate them
into final goods. The central bank conducts monetary policy by controlling the growth of money supply.

2.1. Households

Assume the households maximize the intertemporal objective function

Et
∞
i=0

β iUt+i (1)

with

Ut = ln ct + jt ln ht + χt ln

Mt

Pt


−

1
1 + η

n1+η
t (2)

where Et is the expectation formed at period t , and β ∈ (0, 1) is the discount factor. The households derive utility from
consumption (ct), housing (ht), real money balances (Mt/Pt) and disutility from labor supply (nt). The parameter η denotes
the inverse of the elasticity of work time with respect to real wage. The terms jt and χt represent shocks to housing demand
and money holding preference, respectively. The shocks follow AR(1) processes:

ln jt = (1 − ρj) ln j + ρj ln jt−1 + ejt; lnχt = (1 − ρχ ) lnχ + ρχ lnχt−1 + eχt

where ejt and eχt are i.i.d. processes with variances σ 2
j and σ 2

χ . The households maximize the above utility subject to:

ct + qh,tht + bt +
Mt − Mt−1

Pt
= wtnt +

Rt−1bt−1

πt
+ qh,tht−1 + Ft (3)

where qh,t is the real housing price, wt is the real wage, and Ft are lump-sum profits received from retailers. πt = Pt/Pt−1
denotes the gross inflation rate. The left-hand side of this budget constraint (in real terms) contains the outflow of funds:
consumption, purchases of housing stock, loans lending to entrepreneurs and changes in real money balances. The right-
hand side includes the inflow of funds: real wage income, the value of the housing stock, gross returns from lending and the
lump-sum profits. The households choose ct , ht ,Mt , nt and bt to maximize (1) subject to (3). Thus, the first order conditions
for solving this problem are

qh,t
ct

=
jt
ht

+ Et


βqh,t+1

ct+1


(4)

χt

mt
=

1
ct

− Et


β

πt+1ct+1


(5)

nηt =
wt

ct
(6)

1
ct

= Et


βRt

ct+1πt+1


. (7)

Eq. (4) is first order condition for housing holdings. Eq. (5) represents a standard money demand equation. Eq. (6) is the
optimal condition for labor supply. Eq. (7) is the households Euler condition for consumption.

2.2. Entrepreneurs

The representative entrepreneur derives utility from consumption and maximizes the following objective function:

Et
∞
i=0


β ′
i ln c ′

t+i (8)

where β ′ < β . The budget set is described as

Yt

Xt
+ b′

t = c ′

t + qh,t

h′

t − h′

t−1


+

Rt−1b′

t−1

πt
+ wtnt + qk,t It (9)

where Xt = Pt/Pwt denotes the markup of final over intermediate goods and qk,t is the shadow price of capital in terms of
consumption goods. The left hand side of this budget constraint is the inflow of funds to the entrepreneur, which includes
output (Yt) and borrowed funds from the households (b′

t). The right hand side is the outflow of funds to the entrepreneur,
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which consists of consumption (c ′
t), real estate investment (qh,t(h′

t − h′

t−1)), debt repayment (Rt−1b′

t−1/πt), wage payment
(wtnt) and capital investment (qk,t It). Entrepreneurs use a Cobb–Douglas constant returns to scale technology that combines
capital (kt−1), real estate (h′

t−1) and labor (nt).

Yt = Atk
µk
t−1h

′µh
t−1n

1−µk−µh
t . (10)

The aggregate technology shock At follows the AR(1) process

ln At = (1 − ρA) ln A + ρA ln At−1 + eAt (11)

where eAt is i.i.d. N

0, σ 2

A


. To produce intermediate goods, we assume that entrepreneurs need to accumulate capital. The

law of motion for capital is given by

kt = (1 − δ) kt−1 + φt


1 − S


It

It−1


It (12)

where δ is the depreciation rate. The function S( It
It−1
) represents the adjustment costs in investment. We set S


It

It−1


=

1
2ψ


It

It−1
− 1

2
, which satisfies the conditions that in steady state S = S ′

= 0 and S ′′
= ψ > 0. The term φt represents

shocks to the marginal productivity of investment and follows the AR(1) process

lnφt =

1 − ρφ


lnφ + ρφ lnφt−1 + eφt (13)

where eφt is i.i.d. N(0, σ 2
φ ). When entrepreneurs borrow from households, we assume that they face a borrowing constraint.

Following Miao and Peng [22], we impose the borrowing constraint as

b′

t ≤ γ Et

qh,t+1h′

tπt+1/Rt + qk,tkt−1


(14)

where γ is the loan-to-value ratio. The entrepreneur’s problem is choosing the amount of labor, capital stock, capital
investment, real estate investment, the amount of borrowing and consumption to maximize the objective function (8)
subject to the technology constraint (10), the budget constraint (9), the borrowing constraint (14), and the capital stock
accumulation equation (12). Defineλ1,t , λ2,t andλ3,t as the Lagrangianmultipliers associatedwith the budget constraint, the
borrowing constraint and the capital stock accumulation equation, respectively. Finally, we derive the first order conditions.

∂h′

t :
qh,t
c ′
t

=
β ′

c ′

t+1


qh,t +

µhYt+1

Xt+1h′
t


+
λ2,tγ qh,t+1πt+1

Rt
(15)

∂b′

t :
1
c ′
t

= λ2,t +
β ′Rt

c ′

t+1πt+1
(16)

∂kt :
qk,t
c ′
t

=
β ′µkYt+1

c ′

t+1Xt+1kt
+ λ2,t+1γ qk,t+1 +

qk,t+1

c ′

t+1
(1 − δ) (17)

∂nt : wt =
(1 − µk − µh) Yt

Xtnt
(18)

∂ It :
qk,t
c ′
t

=
qk,t
c ′
t
φt


1 −

1
2
ψ


It

It−1
− 1

2


−
qk,t
c ′
t
φtψ

It
It−1


It

It−1
− 1


+
β ′qk,t+1

c ′

t+1
φt+1


It

It−1

2  It
It−1

− 1


(19)

where qk,t =
λ3,t
λ1,t

implying λ3,t =
qk,t
c′t

.

2.3. Retailers

A continuum of retailers of unit 1, indexed by j, buy intermediate goods Yt from entrepreneurs at the price Pwt in a
competitive market, differentiate the goods at no cost into Yt(j), and sell them at a markup Xt = Pt/Pwt over the marginal
cost. Final goods are composites of the differentiated goods according to the CES function. Consumers minimize the cost of
the bundle of differentiated goods for a given level of composite consumption. Then the demand for good j is described as

Yt(j) =


Pt (j)
Pt

−
1+θ
θ

Y f
t . Each period, a fraction 1 − ω of retailers set prices optimally, while a fraction ω cannot do so, and

index prices to the previous period inflation ratewith an elasticity equal to δp. As in Smets andWouters [23], we can augment
the Calvo model by assuming that retailers who cannot reset prices optimally adjust their prices according to an indexation
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rule Pt+k(j) =


Pt+k−1
Pt−1

δp
Pt(j). The retailers that can adjust their prices at time t re-optimize price P∗

t (j) to maximize the
expected discounted value of their real profits. The optimal price then reads

Et
∞
k=0

ωkΛt+kYt+k (j)


P∗
t (j)
Pt+k


Pt+k−1

Pt−1

δp
− (1 + θ)

1
Xt+k


= 0 (20)

whereΛt+k = βk(ct/ct+k) is the stochastic discount factor, and Xt = Pt/Pwt . One can drop the index j in P∗
t (j) as the optimal

price is the same for each retailer j. The aggregate price index is an average of the price charged by the fraction (1 − ω) of
retailers resetting their prices optimally in period t and the average of the remaining fraction ω of all retailers that do not
adjust their prices optimally in period t . Thus, we know that the aggregate price at t is

Pt =


(1 − ω)


P∗

t

1−θ
+ ω (Pt−1Vt−1)

1−θ
 1

1−θ
(21)

where Vt−1 = (
Pt−1
Pt−2

)δp . Log-linearizing Eqs. (20) and (21), and dropping P∗
t , we can derive the following Phillips curve:

π̂t =
β

1 + βδp
Et π̂t+1 +

δp

1 + βδp
π̂t−1 +

(1 − ω) (1 − ωβ)

ω

1 + βδp

 
−X̂t


. (22)

2.4. Monetary policy

The demand for real money is defined by Eq. (5). As showed in Burdekin and Siklos [20], the monetary policy in China
appears to be an augmented McCallum rule that takes into account the rate of money supply growth. We follow Zhang [21]
to specify the rule as follows:

m̂t = m̂t−1 − π̂t + vt (23)

vt = µvvt−1 − µπEt π̂t+1 − µY Ŷt + χv,t (24)

where vt denotes the deviation of nominal money growth from its value in steady state. Yt represents the total output. χv,t
is assumed to be an AR(1) process

χv,t = ρvχv,t−1 + evt , 0 < ρv < 1.

In this paper,we explore towhat extendmodifications of themoney supply rule can bemore beneficial in terms of stabilizing
economic fluctuations. To this end, assuming that the People’s Bank should set nominal money growth in response to real
house prices, we therefore suggest the following real house price-augmented money supply rule:

vt = µvvt−1 − µπEt π̂t+1 − µY Ŷt − µqq̂t + χv,t . (25)

2.5. Equilibrium

In order to clear the two markets, the conditions must be satisfied as:

ct + c ′

t + qk,t It = Yt . (26)

In addition, the loan market clears (bt = b′
t), the housing market clears (ht + h′

t = 1) and the relevant transversality
conditions.

3. Parameters estimation

Following the work of Iacoviello [19], we parameterize the model by calibration and Bayesian estimation using data
during the period 2001Q1: 2012Q4 to quantitatively analyze the model. The estimated parameters are divided into two
groups: calibrated parameters and parameters estimated by Bayesian approach. The calibrated parameters are depreciation
rate (δ), capital and housing shares in the production functions (µk and µh), the household’s preference parameters (j and
η), the mark-up (X) and loan-to-value ratio (γ ) in the steady state, the degree of price rigidity (ω), and the discount factors
(β and β ′). With these parameters, we calculate the consumptions, investment, capital, loan, real estate stocks to output
ratios in the steady state. Except for the calibrated parameters, other parameters are estimated using the real data in China
by the Bayesian estimation approach.
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Table 1
Calibrated parameters.

Parameter Value Description

β 0.99 Household’s discount factor
β ′ 0.97 Entrepreneur’s discount factor
µk 0.46 Capital share in production function
µh 0.04 Entrepreneurial housing share in production function
γ 0.85 Loan to value ratio
δ 0.025 Depreciation rate
ω 0.67 Degree of price rigidity
4R − 1 5.87% Annual lending rate
X 1.15 Steady state markup
j 0.06 Housing’s weight in the utility function
m/(4×Y ) 1.55 Real money balance/output

3.1. Calibration

In the steady state Rβ = 1. During the period of our study, the average annual lending rate is 5.87%, which implies a
quarterly rate of 1.015%. This gives us β = 0.99. Following Iacoviello [19], we fix the discount factor of the entrepreneurs β ′

at 0.97, which implies three times as big as the equilibrium interest rate.We fix X = 1.15, implying a steady-statemarkup of
15%. As in Chen andGong [24], we setω at 0.67, implying that in each period, about two thirds of entrepreneurs do not adjust
their prices. The depreciation rate δ is set equal to 0.025 meaning an annual depreciation rate of 10%. To be aligned with the
literature on Chinese economy [22,25,26], we set µk = 0.46 and µh = 0.04. The weight on housing in the utility function
is set at 0.06, as in Iacoviello [19]. Following Iacoviello and Neri [2], we set the loan to value ratio γ = 0.85. The steady
state ratio of real money balances to output is 6.2 over the range of our data set. Other ratio parameters can be obtained by
solving the model in steady state. The calibrated parameters are summarized in Table 1.

3.2. Bayesian estimation

The parameters that characterize the shock processes, the structural parameters (η,ψ , and δp) and the parameters
to describe behaviors of monetary policy (µv, µπ , and µY ) are estimated by the Bayesian method. We impose prior
distributions on the parameters so that the prior distributions can cover reasonable values taken by the parameters. The
prior distributions are chosen according to the existing literature. The prior distribution of ψ is gamma with mean 4 and
standard deviation 0.1 [27]. The prior distributions of δp and η are N(0.5, 0.1) and N(1.6, 0.1), respectively [23]. We set the
prior distributions and initial values of the parameters that determine the monetary policy according to Zhang [21]. The
prior distributions for the shock processes are given as commonly applied in the literature.

We use five time series as observable variables: the demeaned inflation rate, and the demeaned log forms of real GDP,
real broad money supply, real housing price and real investment. All the data are seasonally adjusted. We use the HP filter
to get the variables’ percentage deviations from steady state and log-linearize the equilibrium conditions, to match the
transformed data and the model’s variables.

Table 2 reports the key statistics of prior and posterior distributions. The posterior distributions of structural parameters
are close to the priors. The parameters that determine the monetary policy dynamics are similar to those in Zhang [21].
Money and housing demand shocks are very persistent, while the persistency of investment shocks is moderate. Compared
to other shocks, money demand shocks contain the most volatile disturbances.

4. Results

In this section, we use the estimated DSGE model, trying to address two questions. One, what is the main driving force
of fluctuations in the housing market for China? Two, can a real house price-augmented money supply rule help to stabilize
economic fluctuations? We investigate the first question by reporting the relative importance of different shocks according
to the results of impulse response analysis and variance decomposition. Policy simulations are carried out to answer the
second question.

4.1. Source of housing price fluctuations in China

Fig. 1 displays the impulse responses of housing price to different shocks. Positive housing demand and money supply
shocks lead to increments in housing prices, which are easy to understand. In response to themoney demand or investment
shock, the housing price decreases rapidly in the first few periods and then returns to its steady state (slowly for housing
demand shock and quickly for investment shock). A negative response of housing price to a positive money demand shock
occurs because housing and real money balances are substituted in the utility. The housing price responses negatively to
a positive investment shock results from that the investment shock causes rising in housing stock and then reduces the
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Table 2
Prior distributions and posterior estimates.

Parameters Prior mean Posterior mean Confidence interval Prior distribution Standard deviation

ρj 0.8000 0.9978 0.9960 0.9994 beta 0.1000
ρχ 0.8000 0.9173 0.8624 0.9825 beta 0.1000
ρA 0.8000 0.6614 0.5910 0.7287 beta 0.1000
ρφ 0.8000 0.2588 0.1643 0.3371 beta 0.1000
ρv 0.8000 0.4972 0.3789 0.6189 beta 0.1000
η 0.6000 0.6510 0.5312 0.7789 normal 0.1000
ψ 4.0000 3.9854 3.8248 4.1212 normal 0.1000
δp 0.5000 0.5742 0.4619 0.7183 normal 0.1000
µv 0.8000 0.8852 0.7861 0.9793 gamma 0.1000
µπ 1.0000 0.8601 0.7439 1.0039 gamma 0.1000
µY 0.5000 0.7037 0.5554 0.8543 gamma 0.1000
σm 0.3000 0.0488 0.0392 0.0610 inverse gamma infinite
σj 0.3000 0.2764 0.2172 0.3400 inverse gamma infinite
σχ 0.3000 1.2246 0.6957 1.6067 inverse gamma infinite
σA 0.3000 0.0791 0.0653 0.0898 inverse gamma infinite
σφ 0.3000 0.5403 0.4392 0.6393 inverse gamma infinite

Fig. 1. Impulse responses of housing price to different shocks.

housing price. A positive technology shock increases the housing price in the first period and then subsequently decreases
below its trend and finally returns to its steady state slowly. The housing price suddenly rises because of the direct effect
of the technology shock through increasing household’s profits from firms. But then the technology shock decreases the
marginal product of factor inputs and thus the demand for factor inputs, and after that reduces the labor income of
household, and finally decreases the housing price. The different speed of shocked housing prices return to the steady state
corresponds with the estimated persistency of the shocks as in Table 2. In levels, housing demand shock causes the biggest
volatility of housing price compared with other shocks.

To quantitatively assess the relative importance of the shocks in explaining the fluctuations of housing price, we conduct
the variance decomposition. Table 3 shows the variance decomposition results, which gives out the contribution of each
shock to the variance of housing price at different horizons (one-quarter, one-year, three-years, five-years and ten-years).
In every horizon, housing price fluctuations are mainly driven by housing demand shocks, with a contribution above 90%
(highest 95%). This result indicates that demand shocks have immediate impact on the housing price in China, which is also
supported by other works [14,15]. With the results from Table 2, high persistency of housing demand shocks may be the
reason for the huge contribution of housing demand shocks. In our opinion, highly persistent shocks to housing demand
can be explained by unmodeled demand factors that have been considered in the empirical literature as important deter-
minants of China’s house prices [13–15]. Compared with housing demand shock, themoney supply shock contributes much
less to the housing price fluctuations. However, some studies suggest that money supply growth is the main driving force of
housing price in China [16–18]. A reasonable explanation for this result is that shock to housing demand is not considered
and compared with the money supply growth shock in one framework in these works. As we know, it is hard to represent
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Table 3
Variance decomposition of aggregate variables (in %).

Shocks
Housing demand Money supply Investment Technology Money demand

Period 1
Output 0.21 30.21 11.82 6.36 51.40
Inflation 49.53 2.55 34.47 6.67 6.79
Housing price 92.91 0.03 0.68 6.08 0.30
Investment 0.03 0.23 99.02 0.52 0.20
Capital 26.39 7.50 29.35 28.59 8.16
Period 4
Output 18.72 21.23 10.64 28.26 21.16
Inflation 38.01 4.67 26.52 14.78 16.01
Housing price 89.93 1.06 6.71 1.28 1.02
Investment 0.39 0.11 93.16 6.29 0.05
Capital 30.41 8.79 19.10 32.18 9.52
Period 12
Output 20.93 24.36 6.35 25.81 22.56
Inflation 33.13 5.15 23.97 16.30 21.44
Housing price 91.63 1.09 3.68 2.49 1.11
Investment 5.04 0.12 81.92 12.67 0.25
Capital 33.47 10.34 12.28 32.94 10.96
Period 20
Output 16.87 24.43 5.39 30.76 22.55
Inflation 31.13 6.22 22.35 17.40 22.91
Housing price 93.12 1.00 2.46 2.41 1.02
Investment 11.54 0.29 74.56 13.07 0.54
Capital 33.7 11.23 10.31 33.06 11.71
Period 40
Output 18.13 23.24 4.61 32.56 21.45
Inflation 33.34 6.98 19.54 18.21 21.93
Housing price 95.13 0.78 1.47 1.84 0.79
Investment 22.05 0.53 64.53 12.10 0.80
Capital 31.92 12.32 9.15 33.99 12.61

housing demand by an economic variable. However, by a Bayesian DSGE approach we are able to take into account the
housing demand shock easily (a shock to household’s preference on housing in utility) and estimate the model through real
economic data to figure out the relative importance of each shock. In this paper, a significant effect of money supply growth
on housing price is also found (see Fig. 1), but low persistency and volatility of money supply shocks lead to the minor role
money supply played in explaining the housing price fluctuations when compared with housing demand shocks.

As for other macroeconomic variables, in the very short run (one-quarter horizon), output fluctuations are mainly driven
by money demand shocks, money supply shocks and investment shocks. They explain 51.4%, 30.21% and 11.82% of output
fluctuations, respectively. The Chinese people prefer to holding real money balances, so a shock to this preference can be
used to stimulate the output in the short run. At the one-year horizon, the contribution of technology shocks to output
fluctuations increases to 28.26%, while the contributions of money demand shocks and money supply shocks reduce to
21.16% and 21.23%, respectively. Over the medium to the long run, the contribution of technology shocks increases further,
and up to the ten-years horizon, technology shocks become the major source explaining one third of output movements.
The volatility of investment is mainly driven by investment shocks, which is a reasonable result. Investment shocks explain
93.16% of investment movements in the short run and 64.53% of investment fluctuations in the long run.

4.2. Implication for monetary policy

In this subsection, we explore to what extent modifications of the money supply rule can be more beneficial in terms
of stabilizing economic fluctuations. He et al. [28] reveal that using asset prices to formulate monetary policy would not
help to improvemonetary authorities’ performance in lowering the volatilities of output growth and inflation, however, the
asset prices therein are referring to stock prices. In fact, the Law of the People’s Bank of China (PBC) states that the objective
of China’s monetary policy is to maintain price stability so as to promote economic growth, while the objective to maintain
asset price stability is presently not included in the statement. A counter-factual scenario is thereby intriguing:will the PBC’s
performance be improved in stabilizing the economy, if the objective to maintain asset price stability (in our case, the real
housing price) is considered?

Here, we propose that the central bank should set nominal money growth in response to real house prices and therefore
suggest the real house price-augmentedmoney supply rule as in Eq. (25). To explore the benefits of the augmentedmonetary
policy relative to a standardmoney supply rule, we report how standard deviations of real output and inflation changewhen
we alter the real house price coefficient µq, while all other parameters are fixed at their baseline values. Additionally, we
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Fig. 2. The house price-augmented money supply rule under µq = [0 : 0.3] (left column) and µq = [0 : 1] (right column). The black solid lines refer to
the baseline values for µY and µπ . The blue solid lines denote {µY , µπ } = {1, 0.5}, and the blue dashed lines stand for {µY , µπ } = {0.5, 0.5}. For the red
solid lines it means that {µY , µπ } = {1, 1}, and the red dashed lines present the combination {µY , µπ } = {0.5, 1}. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

report the corresponding statistics for changing the output coefficient µY , or the inflation coefficient µπ , relative to their
baseline values. We test the values µY = {0.5; 1} for the output coefficient and the values µπ = {0.5; 1} for the inflation
coefficient. To give a more meaningful analysis in terms of monetary policy evaluation, we summarize the evidence by
comparing the monetary policy rules against a prespecified objective function based on the assumption that the ultimate
goal of monetary policy is to reduce real output and inflation variabilities. The objective function can be written as

Loss = λσ 2

Ŷt


+ (1 − λ) σ 2 π̂t


where the parameter λ governs the policymakers’ relative preferences. We choose to set λ = 0.5 such that policymakers
attach an equal weight to minimizing output and inflation volatilities.

Fig. 2 summarizes the policy simulation results. Starting from the case µq = [0 : 0.3] (see the left column of Fig. 2),
we observe declines in the volatilities of output and inflation when the real house price coefficient µq rises, however, the
volatility of inflation increases as soon asµq reaches a critical threshold. The curves in terms of the central bank’s loss show
shapes of ‘U’, which are similar with those for the volatility of inflation. This result indicates that a proper response to real
housing price might be a promising strategy to reduce the central bank’s loss. To see these results in a bigger horizon, we
expand the range of µq and plot the results in the right column of Fig. 2. The change in the volatility of output is moderate
whenµq rises, and we still can find the U curves. However, the loss and volatility of inflation increase rapidly in cases where
µq exceeds 0.3. In conclusion, we find that by properly reacting to real house price the central bank is able to reduce the
economic fluctuations, and the proper value of real house price coefficient is correlated with the values of µY and µπ . It
might be a good choice for the central bank to set the growth of money supply in response to real housing price movements,
but not a promising strategy to over react (i.e., µq should be small).

5. Conclusions

In this paper,we identify the impacts ofmajor sources of housing price fluctuations in Chinawithin one integrated Keyne-
sian DSGE framework, and propose a policy implication for money supply rule implemented by the Chinese government to
stabilize the economy. First, we find that housing demand shocks are the major driving forces of housing price fluctuations
in China. Compared with housing demand shocks, shocks to growth of money supply contribute much less to housing price
movements. In our opinion, high persistency of housing demand shocks accounts for the dominant role housing demand
played in explaining the housing price fluctuations, while low persistency and volatility of money supply growth shocks
cause its minor contribution to housing price volatility. Second, we suggest that it is a promising strategy to incorporate
the real housing price into monetary policy making. Our policy simulations reveal that there is a U shape curve relation-
ship between central bank’s loss and the real housing price coefficient in small values. The central bank is able to improve
its performance in lowering the economic fluctuations by properly responding to the real housing price fluctuations. We
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thereby conclude that a combination of real housing price and money supply rule (i.e. the PBC should set growth of money
supply moderately in response to real housing price movements) can improve the role of the central bank in stabilizing
China’s economy. Our findings and policy suggestion may have potential applications to both theoretical housing market
researches and practical monetary policy making in China and possibly other emerging markets.
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Appendix A. Data description

Variables Period Data source

Output 2001Q1–2012Q4 National Bureau of Statistics of China
CPI 2001Q1–2012Q4 National Bureau of Statistics of China
Investment 2001Q1–2012Q4 National Bureau of Statistics of China
Housing price 2001Q1–2012Q4 National Bureau of Statistics of China
M2 2001Q1–2012Q4 National Bureau of Statistics of China

Notes:
1. Investment refers to fixed capital investment.
2. Housing price refers to national average housing price. Quarterly data on
housing price during the period of ourwork are not directly available. However,
monthly data of the value of sales on housing and sale volume on housing can
be directly obtained from National Bureau of Statistics of China. We add up the
monthly data and calculate one quarter’s housing price by dividing the value of
housing sales by its sale volume in one quarter.
3. M2 means the broad money supply in China.

Appendix B. Steady state

Assuming qk = 1, A = 1 and π = 1 (so that βR = 1), the steady state will be described by:

qh
c
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j
h

+
βqh
c

(B.1)
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b = γ

qhh′

π

R
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Y = Akµkh
′µhn1−µk−µh (B.13)

k = (1 − δ)k + φI (B.14)

h + h′
= 1 (B.15)
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+ qkI = Y . (B.16)

By (B.10), we have φ = 1. By (B.7), we obtain λ2 =
1
c′ (1 −

β ′R
π
), and with (B.8), we then have
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 .
With (B.14), we obtain
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By (B.9), then
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Rewriting (B.6), we have

qhh′

Y
=

β ′µh
1 − β ′ −

γπ

R + β ′γ

X
.

The ratios of other variables to output in steady state are determined by the above equations.
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The rest of the steady state can be easily solved.
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