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Abstract. Based on the monthly data of 35 cities during the period 2006−2017, this study adopts a recursive forward look-
ing method to detect the presence of housing bubbles and investigate their potential cyclical patterns in China’s large and 
medium sized cities. Empirical results show that the number of cities reporting housing bubbles has been increasing since 
2013, before it declined in 2017. Regarding regional disparities of housing bubbles, 1st-tier and 1.5-tier cities have higher 
probability than 2nd-tier cities for housing bubbles. In general, eastern region cities have more housing bubbles than cen-
tral and western region cities, which may indicate the problem of shrinking cities China is facing nowadays. Bubble signals 
for market correction in major cities and municipalities seemed alarming in particular for the period 2013−2016, however 
it is difficult to conclude if the market adjustment in 2017 indicates a cyclical pattern.
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Introduction

Since 1998, particularly during the period from 2003 to 
2017, China experienced an extensive, fast, and continu-
ous boom of housing prices (see Figure 1). The rise of 
housing price is more significant in first-tier metropolises 
than other cities. The overheated real estate market has 
aroused substantial public concerns (e.g. Wei, Huang, Li, 
& Xie, 2016). On the one hand, comments and forecast 
on the presence of housing bubbles in China have pro-
liferated in the last decade. On the other hand, there is 
increasing debate whether the market is facing a turning 
point for cyclical adjustment, due to the obvious surge of 
housing prices within such a short period of time. In 1999, 
the average housing prices was only 2053 RMB Per Square 
meter, whilst it increased to 6792.55 RMB Per Square me-
ter in 2015 with an annual growth rate of over 10% in 
real terms (Wind Database, 2016). However, the growth 
of housing price is much faster than individual income, 
with an enlarging price-to-income ratio. Based on price to 
income as a gauge of frothiness, Chinese housing seems 
expensive when compared to people’s incomes.

The euphoria of Chinese real estate sector has made 
immense contributions to the real economy (Hui, Liang, 
Wang, Song, & Gu, 2012; Lang, Chen, Chan, Yung, & 
Lee, 2019), and also draws exceptional wealth effects for 
a variety of investment (Hui, Ng, & Lau, 2011). This view 
can be fully illustrated by several official datasets. First, 
in 2015, China’s real estate investment accounted for over 
one fourth of social fixed assets investment (Ren, 2016). 
Second, the market value of China real estate assets ap-
proximates to 250 trillion RMB in 2015, which is 4 times 
its Gross Domestic Product (GDP) and 6 times the market 
value of China’s stock market (Ren, 2016). Third, estimates 
from different sources indicate that housing accounts for as 
much as 70~85 percent of urban household’s total wealth 
in China (Huang, 2013; Xie & Jin, 2015). Fourth, the con-
tribution of real estate to employment is also enormous. 
For example, during 2013-2014, Chinese developers built 
1000 billion square feet of floor space, which supported 29 
million employees in the construction industry account-
ing for 16% of urban employment (Glaeser, Huang, Ma, 
& Shleifer, 2016). Fifth, according to the People’s Bank 
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of China, total real estate-related loan, including devel-
opment loan and consumer mortgage debt, amounted to 
2.1 trillion RMB in 2015, accounting for 22.36% of the 
total loan. Moreover, the incremental real estate-related 
loan contributed to 30.6% of the overall increase of China’s 
loan balance (The People’s Bank of China [PBC], 2016). 
It indicates a high-risk business since “real estate invest-
ment can leave a gaping hole in bank balance sheets when 
things go sour” (Glaeser, 2013, p. 39). Last but not least, 
the fiscal status of Chinese government at different levels 
generally shows a heavy reliance on the revenues from 
the real estate industry. According to statistics, there have 
been more than over 40 types of taxes and fees imposed 
on commercial housing developers (Wei, Lam, Chiang, 
Leung, & Seabrooke, 2014), such as stamp duty, urban 
construction and education surcharge etc. (Tang, Wong, & 
Liu, 2011). In various years, revenues from land transac-
tions contribute to over 40% of the fiscal revenue of some 
local governments (Wu, 2015; Lang, Long, & Chen, 2018; 
Zhu, Li, Wei, Zheng, & Xie, 2019).

Variations on housing prices are of great importance 
for not only the wealth of families and corporations, but 
also for the economy as a whole. Fluctuations in housing 
prices would cause or reinforce the changes in the econo-
my. The busts of housing bubbles in Japan in 1990s and in 
U.S. in 2008 have resulted in property price collapse and 
their economies were badly hit (Hui & Yue, 2006; Wei, 
Lam, Chiang, & Leung, 2014; Lang, Radke, Chen, & Chan, 
2016). The incidences illustrate the close relationship be-
tween housing market and the macro-economy.

This paper is motivated to detect the presence of 
housing bubbles in the past years in China, in order to: 
(1) investigate the patterns and characteristics of bub-
bles if they occur; (2) measure the regional differences of 
bubble performance across the national housing market; 
(3) distinguish rational and irrational bubbles; (4) explore 
if the housing market will experience cyclical adjustments.

The rest of paper is arranged in the following manner. 
Section 1 provides an extensive literature review on housing 
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Figure 1. China’s CPI, national average housing price and per capita monthly income 1999−2013 
(source: Wind Database, 2016)

bubble research. Section 2 describes the data and method. 
In Section 3, empirical results are presented and discussed. 
The major findings are summarized in the last section.

1. Literature review

What is definition of a bubble? Under what situations are 
price anomalies recognized as a bubble? How are the char-
acteristics or formulation pattern of a price bubble meas-
ured? This section provides an extensive literature reviews 
on these key issues.

1.1. Definition of bubbles

Kindleberger (1978) defined a price bubble as “a non-
sustainable pattern of price changes or cash-flows (p. 25)”. 
Market observations that surges in asset prices are often 
significantly higher than changes in dividends has drawn 
the attention of Shiller (1981). Since then, a growing num-
ber of studies have argued that fluctuations of asset prices 
are jointly determined by irrational exuberance and mar-
ket fundamentals (e.g. Barberis, Huang, & Santos, 2001). 
However, asset-pricing literature has reiterated the great 
difficulties of confirming the occurrence of bubbles (e.g. 
Flood & Hodrick, 1990).

A key research question of these papers refers to the 
high transaction costs and short-selling limits, which 
adds the likelihood of price diverging from fundamentals 
(Glaeser, Gyourko, & Saiz, 2008). Housing often consti-
tutes a large weight for most households’ asset portfolio 
(Tasi & Peng, 2011), and its characteristics are greatly dis-
tinct to what prevails in financial markets (Black, Fraser, & 
Hoesli, 2006). Housing bubbles have been a hot theme for 
academia and investors, since forecasting housing price 
trend (Case & Shiller, 1989) and seemingly great diver-
gence between housing prices and fundamentals indicate 
potential arbitrage opportunities.

 “Bubbles refer to asset prices that exceed an asset’s 
fundamental value because current owners believe they 
can resell the asset at an even higher price” (Brunner-
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meier, 2008, p. 578). Housing bubble is also defined as 
discrepancies between market real and expected housing 
price with reference market fundamentals (Hui & Shen, 
2006). According to these definitions, the emergence of 
housing bubbles can be identified when the market price 
levels virtually deviate from the housing fundamental val-
ues (Mikhed & Zemčík, 2009). In real life, housing pric-
es, like many other assets, show relatively high volatility 
compared with changes in market fundamentals (Glaeser 
et al., 2008). Though such definitions of housing bubbles 
seem clear and explicable, it is not as straightforward as 
it appears primary because “fundamentals” is a vague and 
controversy concept (Lind, 2009). The key consideration 
for asset pricing is whether asset prices move towards and 
reflect their intrinsic value (Hui, Wang, & Wong, 2014). 
However, the substantial literature regarding China’s 
housing bubbles blurs the housing bubble definition, by 
treating strong and quick upward movements of housing 
prices, high vacancies rates, large real estate investment 
as the signals of housing bubbles. These practices ignore 
measuring the fundamental housing values (Yu, 2011).

1.2. Theoretical underpinnings of housing bubbles

Three main concepts are available for assets bubbles i.e. 
explosive, intrinsic, and momentum (Black et al., 2006). 
They form the theoretical underpinnings for asset bubble 
research. Momentum denotes the irrational bubble the-
ory, and the other two constitute rational bubble theory. 
In terms of the varied features of each housing bubble 
episode, historical episodes can be grouped to two “ideal 
types” of bubbles, i.e. rational bubbles and irrational bub-
bles, where specific mechanism dominates (Yu, 2011).

Rational bubble theory is based on the efficient market 
hypothesis, which implies the use of the expected present-
value model to estimate the fundamental value. It holds 
that even if investors have been conscious of the over-
valued assets price, they are reluctant to leave the market 
since they expect that bubble components will grow and 
compensate them appropriately (Pitros & Arayici, 2016). 
Explosive and intrinsic rational bubbles constitute evi-
dence of rationality. The difference between them is illus-
trated as follows. First, with an explosive rational bubble, 
price deviations from fundamentals are caused by factors 
extraneous to asset fundamental value; whereas with an 
intrinsic rational bubble, all variability is triggered by en-
dogenous factors rather than exogenous factors. Second, 
explosive rational bubble usually shows continuous diver-
gence and cannot be negative because otherwise it would 
suggest a negative asset value (Diba & Grossman, 1988), 
whilst intrinsic ones do not continuously diverge but pe-
riodically revert to their fundamental value (Black et al., 
2006). In other words, intrinsic bubbles usually end up as 
property cycles.

Statistical methods are the main measures for detect-
ing rational bubbles, including the unit root test, coin-
tegration test, the qualitative test, the duration test and 

the regime-switching test (Yu, 2011). Cointegration test is 
used to check the existence of bubble by probing whether 
there exist a stable and long-run equilibrium relationship 
between housing price and key fundamental variables 
(Hui & Wang, 2014). However, statistic tests show several 
limitations. First, they remain ineffective for diagnosing 
irrational bubbles. Second, they cannot provide insights to 
the size of bubbles. Third, Evans (1991) pointed out a key 
defect of the use of unit root test and cointegration test 
in detecting housing bubbles. By means of Monte Carlo 
simulation, he found that these two methods are only suit-
able for detecting long-term bubbles, but might generate 
misleading conclusion for the short-dated and cyclical 
bubbles. In addition, these two methods are also unable 
to quantify the housing bubbles (Hui et al., 2014).

Irrational bubble theory does not emphasize the use 
of present-value model to track bubbles. Irrational bubble 
theory holds that investors do not pay sufficient concerns 
on fundamental values, but follow adaptive expectations 
when they estimate future price. Shiller (2013) argued 
that an irrational bubble is the result of social psychology 
(a peculiar kind of overoptimistic or epidemic) coupled 
with imperfect news media and information channels. It 
reveals some characteristics of irrational bubbles: First, 
the absence of complete information is usually found in 
the marketplace. Second, there is a degree of herd behav-
ior that investors are more inclined to behaviors of other 
market participants to make decision. Third, irrational 
expectations are important determinant for arbitrage 
mechanisms since the effects of irrational transactions 
often exists mainly due to high transaction costs, infor-
mation asymmetry, and risks (Shleifer & Vishny, 1997). 
Most investors are of bounded rationality. In addition, ar-
bitrage mechanism is not always effective to weed out the 
influence of irrational transactions. Thus, irrational bub-
bles theories dedicate a special emphasis on momentum 
trading behavior. Momentum investment behavior is at-
tracted by price fluctuation alone, following the pattern of 
buying after price increase and selling after price decrease 
(Barberis, Shleifer, & Vishny, 1998). The opportunity of 
momentum occurs when the marketplace is expecting the 
future market price will maintain current price change tra-
jectory (either increase or decrease). For housing market, 
irrational expectation may take larger effects for rational 
arbitrage, mainly due to the higher transaction costs and 
information asymmetry than equity or other assets market 
(Meese & Wallace, 1994). Therefore, to distinguish the ir-
rational and rational bubbles are of significant theoretical 
and practical meanings.

1.3. Methods for bubble studies

Many scholars have reinstated the difficulty of detecting 
housing bubbles. For example, Gurkaynak (2008) argued 
that it is hardly possible to use a small sample to differ-
entiate asset price bubbles from “time varying or regime-
switching fundamentals”. Regression-based fundamental 
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value model is a main approach to detect housing bub-
ble phenomenon (Pitros & Arayici, 2016). The underly-
ing rationale is to compare housing market price with 
its fundamental price, which is determined by an array 
of market explanatory variables. The increase of housing 
prices is rooted in the improvements of fundamentals. If 
the increase of housing prices is not in line with market 
fundamentals, the existence of bubbles is detected. This 
strand of study probing the Chinese market is popular. 
By investigating the interactions between housing price 
with market fundamental variables, Hui and Shen (2006) 
measured the housing bubbles in Hong Kong during 1990 
and 2003, since Hong Kong has experienced the burst of 
a huge housing bubble in 1997. By means of a regression 
model on housing price determinants, the magnitude of 
bubble is quantified with reference to the discrepancies 
between the real and predicted prices. By means of vector 
error correction model (VECM), Hui and Wang (2014) 
tested the housing prices of two popular metropolises, 
Beijing and Shanghai, during 1998−2012. While price 
anomalies occasionally happened, housing price in these 
two cities generally maintained reasonable levels based 
on market fundamentals. In addition, some recent studies 
have introduced both supply- and demand- side variables 
to investigate how the different combination of housing 
variables will affect the price levels, such as Goodman 
and Thibodeau (2008) and Coleman IV, LaCour-Little, 
and Vandell (2008) for the US market. The error terms 
of each regression test is defined as the bubbles. For ex-
ample, building on the view that supply inelasticity is a 
key determining factor for the magnitude and duration 
of bubbles, Glaeser et al. (2008) constructed a detection 
model of housing bubbles in U.S., by incorporating hous-
ing supply into measurement. The novel model is adequate 
to distinguish bubble characteristics from the places with 
elastic and inelastic housing supply. The findings reveal 
that regional markets with larger elasticity of housing sup-
ply experienced shorter and smaller bubbles.

From the perspective of a policy-maker, the most im-
portant value of bubble study refers to the predictability of 
bubbles. A bubble indicator system collects a set of bubble 
characteristics to indicate the probability of a period that a 
bubble exists or is going to bust (Li, 2007). The common-
ly selected indicators include interest rate as measure of 
housing expenditure (McCarthy & Peach, 2004), housing 
supply (Glaeser et al., 2008), price/income ratio (see Case 
& Shiller, 2003; Himmelberg, Mayer, & Sinai, 2005), rent-
price ratio (Taipalus, 2006), construction costs, and popu-
lation. With hindsight, explanatory variables for housing 
bubble measurement should be numerous. As argued by 
Shiller (1992), housing price determinants are far more 
complicated and unknown than they are for other asset, 
which raises great difficulties for using a regression-based 
fundamental value model. The major defects of this meth-
od are serious. First, each regression analysis is based on 
unique assumptions of market explanatory variables such 
as mortgage rates, income etc., which might lead to er-

rors in residuals and misguiding results (Hui et al., 2012). 
Second, the key variable of price-to-income ratio is much 
likely to be collinear with other variables in the regions.

Another popular method is the use of present value 
i.e. to discount future cash flows, such as dividend, rental 
revenue, to test whether the market price is equal to the 
flow of future earning by owning the house. High hous-
ing price relative to earning indicates candidate bub-
bles. See e.g. Campbell and Shiller (1988) and Bourassa, 
Hoesli, and Oikarinen (2019). However, there are three 
serious drawbacks: First, it is hard to accurately forecast 
future rental revenues, since they may change over time 
due to the effects by macro conditions, such as GDP, de-
mographic growth. Second, it is also difficult to select a 
proper discounting rate for housing assets (Ren, Xiong, 
& Yuan, 2012). Third, data limitation of measuring rents 
is another challenge. Case and Shiller (1989) stated, “we 
see no way of obtaining an accurate historical time series 
on implicit rents of owner-occupied homes”. Most stud-
ies have collected housing rent data by using their own 
calculations-transformations, from unofficial or unreliable 
sources (i.e. housing agents), or with small sample (Pitros 
& Arayici, 2016).

Some studies employ statistical means to test whether 
bubble exist, avoiding directly measuring the housing 
bubbles (e.g. Hong, Xi, & Gao, 2007). Cointegration test 
is a popular method. Diba and Grossman (1988) argued 
that if several time series with a unit root are cointegrated, 
a linear combination of these series are stationary, which 
suggests all series converge to an equilibrium relationship. 
Therefore, the existence of a bubble would be revealed by 
the statistic findings of no equilibrium relationship as 
mentioned above. For example, Clark and Coggin (2011) 
used cointegration test to examine the statistical relation-
ship between housing price and fundamental market 
variables in U.S. during 1975−2005. Finding suggests that 
housing price and fundamental market variables are unit 
root series but not cointegrated, even after allowing for 
structural breaks. However, statistical tests are incapable of 
measuring the size of bubbles. That is to say, such streams 
of studies only derived a conclusion on whether there ex-
ists housing bubble. In addition, nearly all the statistical 
analyses assume that bubbles are rational, thus discarding 
the possibility of irrational bubbles (Yu, 2011).

The abovementioned literature traditionally focuses on 
the relationship between real estate prices and key market 
fundamental variables. Recent studies have detected hous-
ing price bubbles by tracking the changed points in real 
estate price series. For this strand of literature, the trajec-
tory of housing price is a major concern. The underlying 
logic is that the jump points in housing price time series 
dataset signify the key changes in trend of price growth. 
Jump points signify structural changes of the market. The 
events often involve important political and economic is-
sues. Abrupt changes and the like refer to the movements 
of system parameters that occur instantly or rapidly in the 
sampling period. Abrupt changes include not only changes 
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with large magnitudes but also small changes. Observed 
measurements often involve a mixture of information re-
garding both structural changes and the perturbations in 
response to the changing environment. Therefore, to track 
abrupt changes is not as evident as expected. As such, this 
philosophy for bubble detection has drawn substantial 
attentions in academia, and various econometric tools 
have been developed for detections in practical applica-
tions. The study of the detection of abrupt changes or 
jump points has drawn much attention from researchers. 
Various approaches have been devised for the detection in 
practical applications. Therefore, to properly identify such 
jump point provides predictive evidence for investors and 
policy-makers. For example, Hui, Carisa, and Ip (2010) 
used a wavelet analysis to detect the jump points in hous-
ing price of Hong Kong. The findings revealed that the 
jump points somehow indicated millstone events or key 
political or economic issues. However, since the number 
of jump points is determined by the threshold value, inap-
propriate selection of threshold value for the wavelet coef-
ficients may lead to misleading findings. Based on GSADF 
test, it is found that from the period of 1998 to 2013 a few 
major Chinese cities had bubble signals (Tsai, Kung, & 
Haga, 2015; Liu, 2016).

1.4. Importance of bubble research

Existing literature reports that the presence of bubbles 
was confirmed in some market (for example, Mikhed 
& Zemčík, 2009 for the US; Zhou & Sornette, 2003 for 
the UK; Fernández-Kranz & Hon, 2006 for Spain; Hui et 
al., 2012 for Hong Kong). Are there housing bubbles in 
China? To what magnitude do the bubbles, if any, exist? 
Researchers have generated a dizzying array of findings 
and views on these key issues. There have been many at-
tempts to detect the presence of housing price bubbles 
in different Chinese cities. However, most of these stud-
ies focus on a limited number of cities, such as Beijing, 
Shanghai, and Hong Kong. For example, Hong Kong is 
an epicenter of housing bubble, which is a popular city 
for studies on China’s housing bubbles. There are certain 
common generative patterns for the formation of housing 
bubbles, including the influx of speculative capital, limited 
channels for investment (Hui & Ng, 2009). Yet, the exist-
ence of housing bubbles in China is far from being certain.

The importance of housing bubble research is war-
ranted for at least four reasons. First, housing has been 
shown greater wealth effects than other assets (Benjamin, 
Chinloy, & Jud, 2004). Second, housing usually contrib-
utes the largest weight for asset portfolio of most fami-
lies (Englund, Hwang, & Quigley, 2002). Third, market 
hindsight indicates that the busts of housing bubbles have 
much larger damages on the economy than stock busts. 
For example, Helbling and Terrones (2003) reported that 
given a less frequent occurrence, the output loss associated 
with housing busts were around twice as large as those as-
sociated with equity price busts, reflecting property mar-
ket’s greater shocks on banking and consumption sectors, 

which are under heavy exposure to housing. Fourth, since 
most housing transactions are conducted for the purposes 
of consumption rather than investment, and also because 
of some unique attributes of housing market such as “high 
transaction costs, heterogeneity, and illiquidity”, opportu-
nities for rational arbitrage is limited and thus the process 
of correcting price towards “real” value is likely to be pro-
longed (Black et al., 2006, p. 1536).

2. Data and method

The data sets employed in this study include 26 provincial 
and autonomous regional capitals, 4 municipalities and 
5 medium-large sized coastal cities. The data is sourced 
from the website of National Bureau of Statistics of China 
(http://data.stats.gov.cn/easyquery.htm?cn=A01). The data 
of the monthly housing price is directly retrieved at the 
city level, based on the primary market transactions. The 
data of monthly housing rent is compiled from the month-
ly composition of consumer price index, which consists 
of housing expenditure in terms of rent. City level price-
to-rent ratio in logarithm is compiled for bubble testing, 
covering the period of January 2006 till December 2017.

Based on the present value model, rational bubble as-
sumption and nonlinear explosive characteristics, Yiu and 
Jin (2012) devised a method to explore the potential bub-
ble existence in asset prices of sub-samples under flexible 
initial observation and window size. The Right-tailed Aug-
mented Dickey-Fuller (RADF) method assumes a random 
walk process as follows:

1t t ty dT y−η
−= + θ + ε , 2( )~ (0, )t iid Nε σ , 1θ =  (1)

where: d is constant; η is a localizing coefficient of the 
sample size T which approaches infinity and ε is the error 
term. The testing strategy of RADF is based on the fol-
lowing equation:

1 1
p

t t i t i ty y y− −= μ +ρ + φ ∆ + ε∑ , (2)

where: y is the variable for question; μ is an intercept; p is 
the maximum number of lags; ε is the error term. The 
RADF test examines the null hypothesis of a unit root and 
the alternative hypothesis of an explosive autoregressive 
coefficient:

Null Hypothesis 0 : 1H ρ = ; (3)

Alternative Hypothesis 1 : 1H ρ > . (4)
Unlike the left-tailed Augmented Dickey-Fuller test 

whose alternative hypothesis is stationary, the RADF test 
in Equation (3) and (4) assume the explosive pattern of 
asset price. The innovation of the RADF test is that its 
Dickey-Fuller statistics is calculated in a forward recursive 
way: the number of observations used in each regression 
expands until full sample data is used. This arrangement 
facilitates the RADF test to proceed in a forward recur-
sive way to identify the origination and collapse dates of a 
bubble, according to the critical value sequence. To begin 
with, the first recursion has 0 0 0, (0,1)nr rτ = ∈   observa-
tions at the initial period. Subsequent recursions employ 

http://data.stats.gov.cn/easyquery.htm?cn=A01
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this initial data set, which is supplemented by successive 
observations with a sample size 0, 1nr r rτ = ≤ ≤   . When 
ρ is equal to or larger than the right side critical value 
of the RADF test the bubble initiates, when the t-statistic 
drops back to or below the critical value the bubble col-
lapses.

The original application of RADF to housing price 
bubble has a limitation (Yiu, Yu, & Jin, 2013): the conclu-
sion of bubble existence becomes ambiguous when both 
housing price and housing rent exhibit presence of ex-
plosive features in the same period. Hence to avoid such 
ambiguity, the price-to-rent ratio is utilized. In the Table 
1 and Figure 2, it displays the bubble detection results of 
all 35 cities from 2007 to 2017. The green curve stands 
for the original price-to-rent ratio in logarithm. The red 
curve stands for 99% critical value sequence as identified 
by recursion. The blue curve stands for rolling Augment-
ed Dickey-Fuller (ADF) statistics. If rolling ADF value is 
above the critical value, it suggests that a housing bubble is 
recorded. When rolling ADF value drops below the criti-
cal value, it suggests that a housing bubble collapses.

A major merit of the RADF method for bubble detec-
tion is that it recursively figures out the irrational element 
of bubble formation. Therefore, to improve the predict-
ability of potential housing bubble collapse as irrational 
bubbles is more crucial than rational bubbles in determin-
ing the time of property price adjustment. In the context 
of our study period, using a method which can detect the 
irrational bubble element is of particular importance, as 
not all of the price increases in China’s housing market 
are regarded as rational in previous studies (Hou, 2010; 
Yu, 2011; Lin & Tsai, 2016). Adopted by the Fed Reserve 
St. Louis too, the RADF method excels in the accurate 
and timely detection of equity bubble collapse in the stock 
and property markets. The method is in contrast with tra-
ditional studies, which computes fundamental values by 
means of an equilibrium model including variables such 
as interest rate, construction cost, and household incomes 
etc. The RADF method is a versatile tool for detecting ir-
rational equity bubbles, derived from stock market em-
pirics but with great potential for real estate research. 
Given a larger number of macro controls that have been 
imposed on China’s housing market in the last decade, 
there is still a paucity of studies on policy effects on the 
market. This study tries to contribute knowledge on this 
field. The RADF method differentiates bubble components 
into long-term and short-terms ones, and accounts for the 
existence of rational and irrational bubbles. An insight 
to the different bubble features and their driving forces 
from fundamental values is particularly valuable for un-
derstanding whether the market will experience cyclical 
pattern, which typically follows a market collapse.

Various previous studies have used panel data regres-
sion to study the determinants of housing prices in China. 
Liu and Shen (2005) investigated the macroeconomic vari-
ables affecting housing prices in China from 1986 to 2002. 
They found that unemployment rate, population, changes 
in construction cost and CPI Granger caused housing 

prices, with feedback effects from vacancy rate, changes in 
household disposable income and CPI. Zhang, Hua, and 
Zhao (2012) adopted non-linear auto-regressive moving 
average with exogenous inputs model to study the deter-
minants of China’s monthly housing prices from January 
1999 to June 2010, and found that influential variables in-
clude mortgage rate, producer price, M2 and real effective 
exchange rate. Wang, Chan, and Xu (2012) studied the 
price elasticity of 35 Chinese cities from 1998 to 2009, and 
indicated national supply elasticity was between 2.8 and 
5.6. Choy and Li (2017) found that 1% increase of popula-
tion share with university education or above will jet up 
the housing prices by 0.873%, based on provincial level 
data from 1998 to 2015. These studies have looked into 
different factors affecting housing prices, however, less is 
known about the existence and disparity of housing bub-
bles in China, as panel data regression usually comes up 
with aggregate results only.

The focus of this study is to reveal the regional dispar-
ity of housing bubbles in large and middle sized cities, 
based on RADF method. The beauty of using price-to-rent 
ratio for testing bubble is that it resembles the price-to-
earnings (P/E) ratio in the stock market which can reflect 
the explosive patterns of bubbling period, which is better 
than simply using the housing price to indicate market 
irregularity. The major reason we chose price-to-rent ra-
tio instead of price-to-income ratio is that income is only 
available on a quarterly basis. To ensure the study period 
to be as long as possible to better capture the effects of 
trends and structural changes, we prefer to use price-to-
rent ratio.

3. Discussion of results

According to Table 1, the price-to-rent ratios of 6 major 
cities and municipalities (Beijing, Shanghai, Guangzhou, 
Shenzhen, Chongqing, and Tianjin: the former four are 
referred to as 1st-tier cities; the latter two together with 
Chengdu, Wuhan, Nanjing and Xi’an are referred to as 
1.5-tier cities; while the rest of the 35 cities are referred to 
as 2nd-tier cities) experienced upward movements from 
2006 to 2009, with Beijing and Shenzhen showing hous-
ing bubbles. Except for Beijing and Guangzhou from 2009 
to 2010, other major cities did not have signs of housing 
bubbles lasting over three months in this period. From 
2010 to 2012, the six major cities and municipalities had 
unanimous price-to-rent ratio adjustment, which may be 
due to the government’s restrictions on home purchase 
and bank lending (Sun, Zheng, Geltner, & Wang, 2017; 
Du & Zhang, 2015; Li & Xu, 2016; Li, Cheng, & Cheong, 
2017). Since 2013, the price-to-rent ratios in these meg-
acities have picked up again probably because the imple-
mentation of home purchase restriction became less strict, 
leading to intense housing bubbles with longer durations.

Several interesting findings arise from Table 1. First, 
the “Four-Trillion RMB Fiscal Stimulus Package” intro-
duced in 2009 seems to have an immediate impact on 
housing bubble creation in Beijing (though not lasting 
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Table 1. Summary of housing bubble periods in all cities

City Beijing Changchun Changsha Chengdu Chongqing Dalian Fuzhou Guangzhou Guiyang

Bubble 
periods

Nov 08–Jan 09
Nov 09–Apr 10
Apr 13–Apr 14
Aug 16–Nov 16
Aug 17–Dec 17

Sept 13–Jan 14
Mar 14–Jun 14
Oct 14–
Jun 15
May 16–Dec 16

Oct 07
Jan 08
Mar 10
Jul 13–Apr 14
Oct 14–Nov 14
Sept 16–Dec 16

Oct 12
Sept 13–Apr 14
Nov 14–Apr 15
Aug 16–Oct 16
Aug 17–Sept 17

Oct 07
Sept 13–Apr 14
Oct 14–May 15
Sept 16–Jan 17

Nov 08–Dec 08
Oct 13–Mar 14
Oct 14–May 15

Jun 13–Mar 14
Nov 14–Apr 15
Aug 16–Feb 17

Sept 08
Dec 09– Feb 10
Mar 13– May 14
Aug 16– Oct 16
Dec 17

Dec 12
Oct 14–Feb 15
Oct 16–Jan 17

City Haikou Hangzhou Harbin Hefei Hohhot Jinan Kunming Lanzhou Nanchang
Bubble 
periods

Jan 10–Jul 10
Jan 13
Oct 14–Dec 14

Oct 07–Jan 08
Apr 12–Oct 12
Oct 14–Mar 15
Oct 17–Dec 17

Aug 13–May 14
Nov 14–Apr 15
Sept 16
Oct 17–Dec 17

Nov 08–May 09
Aug 13–Mar 14
Dec 14
May 16–Nov 16

Oct 13–May 14
Dec 14–Mar 15

Oct 14–Apr 15
Sept 16–Feb 17

Feb 09
Oct 14–Dec 14
Jan 17–Aug 17

Jan 09
Apr 09
Nov 13–Mar 14
Dec 14–May 15

Aug 13–Oct 13
Jan 15–Feb 15
Aug 16–Oct 16

City Nanjing Nanning Ningbo Qingdao Shanghai Shenyang Shenzhen Shijiazhuang Taiyuan
Bubble 
periods

Sept 13–Mar 14
May 16–Nov 16

Jan 14–Apr 14
Feb 15
Oct 16–Dec 16

Jan 08–Feb 08
Nov 09
Apr 12–Nov 12
Nov 14–Mar 15
Apr 16–Sept 16

Dec 08
Apr 12
Dec 13–Mar 14
Nov 14–Apr 15
Sept 16–Feb 17

Dec 09–Feb 10
Aug 12–Oct 12
Jun 13–Mar 14
Dec 14–Jan 15
Sept 16
Oct 17–Dec 17

Jun 13–Mar 14
Aug 17–Dec 17

Jan 08–Feb 08
Oct 08–Mar 09
Jun 13–Apr 14
Oct 15–Apr 16
Jul 17–Nov 17

Jan 08
Aug 13–May 14
Dec 14–Feb 15
Oct 16–Feb 17

Feb 12
Aug 13–Apr 14
Nov 14–Apr 15
Oct 16–Mar 17

City Tianjin Urumqi Wuhan Xiamen Xi’an Xining Yinchuan Zhengzhou
Bubble 
periods

Oct 09–May 10
Dec 13–May 14
Oct 14–Apr 15
Jul 16–Feb 17

Jan 08–May 08
May 10–Jul 10
Mar 13–Feb 14
Jan 15–May 15
Oct 17–Dec 17

Feb 12–Apr 12
Oct 14–Jan 15
Feb 17
Aug 17–Sept 17

Sept 12–Jan 13
Oct 13–May 14
Jul 16–Dec 16

Jan 08
Jan 10
Mar 10–Apr 10
Aug 13–May 14
Jan 15–Mar 15
Nov 16–Apr 17
Jun 16–Aug 16

Jan 14–Feb 14
Oct 14–Nov 14
May 17–Dec 17

Dec 08–May 09
Oct 09–Mar 10
Dec 13–Apr 14
Jan 15–Jul 15
Oct 16–Nov 16

Jan 09
Aug 13–Feb 14
Oct 16–Feb 17

Note: Significant at 95% confidence level.

long due to purchase quota), which may be due to the 
speeding up of infrastructure construction in both cities. 
In fact, Beijing has constructed a dozen of MTR lines since 
mid-2000s in preparation for the 2008 Olympic Games, 
which significantly pushed up its housing prices and ex-
panded its urban boundary. Yet it was not until 2009 when 
the additional fiscal stimulus package was introduced that 
housing bubble signals emerged.

Second, a pilot property tax reform was announced in 
Shanghai and Chongqing in 2011, which aimed at charg-
ing ownership taxes for luxurious housing units. However, 
implementation of pilot property tax reform did not seem 
to contain housing bubble generation in both cities. Ironi-
cally or not, before the announcement of property tax ex-
periment, Shanghai only had 3 months of housing bubbles 
while Chongqing had merely 1 month; afterwards Shang-
hai had 19 months of housing bubbles while Chongqing 
had 13 months.

Third, since 2014 all the six major cities and munici-
palities have exhibited signs of housing bubbles lasting for 
over 3 months, which may be indicative of early warning 
for the market adjustment. Indeed, in 2017 only Beijing, 
Shanghai and Shenzhen still had housing bubbles last-
ing for three months or more, indicating the nationwide 
housing market began to adjust after years of overheated 
market atmosphere.

Fourth, the eastern region is featured by higher popu-
lation density and higher productivity levels and those of 
central and western regions. However, in most eastern 

cities, there are also increasing signs of housing bubbles 
compared with central and western regions, which may 
indicate the problem of shrinking cities China is facing 
nowadays. Some earlier signs were found in Hangzhou, 
Ningbo and Qingdao. Other cities did not show bubble 
signs in this period, except Nanning and Shenyang in 2007. 
Since 2012, increasing signals of bubbles were observed in 
wider range of cities. The increasing total number of cities 
having housing bubbles from 2014 to 2016 may be due to 
the relaxation of home purchase quota in China (Li & Xu, 
2016). Previous studies have demonstrated that cities in 
the eastern region have more housing pressures than those 
in the western regions, due to the demographic clustering 
effect for the coastal regions and the hollowing-out effect 
for the inland regions’ population movement (Li, Xu, & 
Chiang, 2014; Choy & Li, 2017). The findings also echo 
previous literature that eastern regions have more severe 
housing bubbles (Dreger & Zhang, 2013).

Figure 2 has grouped metro areas with similar bub-
ble periods. It is noteworthy that from 2013 to 2014, in-
tense housing bubbles are observed in majority of cities. 
However, the average length of housing bubbles became 
shorter from 2014 to 2016, although the frequency of 
housing bubbles increased. Since 2017 both the length and 
frequency of housing bubbles significantly declined. Such 
change has two important research implications.

On the one hand, more cities tend to have housing 
bubbles since 2013. When compare such trend with the 
performance of China’s stock market, it is interesting to 
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find out that China’s A-share market boom (between mid-
2014 and mid-2015) seemed to follow the property mar-
ket boom (with intense and long-lasting housing bubbles 
between mid-2013 and mid-2014). The logic seemed that 
investors retreated from the housing market after lock-in 
their profits (as housing bubbles had shorter durations 
since then) and shifted their capitals into the stock market.

On the other hand, although the number of housing 
bubbles decreased in 2017, it is difficult to conclude if the 
housing market is facing a property bust. In 2017, 11 out 
of 35 cities still had housing bubbles, including three first-

tier cities: Beijing, Shanghai and Shenzhen. Unlike the 
period 2014−2015, China’s stock market did not perform 
well afterwards, and the exchange rate of RMB to USD 
has been volatile since then. Thus it is difficult to judge 
whether capital is inflowing or outflowing China’s hous-
ing market.

It is noteworthy that there might be connections be-
tween Chinese city housing markets, thus the systematic 
links between these markets which might have impacts 
on housing bubbles in China should not be ignored. Shih, 
Li, and Qin (2014) analyzed the potential contagion and 

Figure 2. Timeline of housing bubbles across cities
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spillover effect of housing bubbles in 28 Chinese provinces 
between 2000 and 2012, and found that most provinces 
had housing bubble and affordability problems while those 
within the same contagious region were cointegrated. Yu 
(2015) adopted the global vector autoregression model to 
study the spillover effect of housing prices in 35 major 
Chinese cities, and found that first-tier cities such as Bei-
jing and Shanghai had relatively larger spillovers of hous-
ing prices. Yu and Huang (2016) further demonstrated 
the positive impact of housing price shocks from first-tier 
cities and eastern cities to housing price increase in cen-
tral and western cities. Weng and Gong (2017) revealed 
strong co-movement and volatility spillover of housing 
prices in regions with similar geographic and economic 
proximities. Yang, Yu, and Deng (2018) studied 69 ma-
jor Chinese cities and observed high interaction among 
city-level housing prices, with systematically important 
cities agglomerating in five concentrated areas. Our find-
ings primarily echo these literatures in that coastal regions 
tend to have higher signs of housing bubbles than inland 
regions, and price correction seemed to be taking place in 
first-tier cities in recent years.

Conclusions

China is now an ideal place for testing whether there is a 
nationwide housing bubble or property cycle. Some pre-
vious studies argue that high homeownership rates, in-
creasing vacancy rates, rapidly growing housing mortgage 
loans, escalating land prices and fast rising housing prices 
are signals of housing bubbles (Yu, 2011; Wu, Gyourko, 
& Deng, 2012; Lin & Tsai, 2016; Zhu, Zhang, Wei, Li, & 
Zhao, 2019). Others claim that robust wage growth, high 
saving rate, rapidly increasing urbanization, low leverage 
of home financing and rising middle income households 
with limited investment vehicles underpin China’s prop-
erty boom (Wei, Lam, Chiang, & Leung, 2010; Ahuja, 
Cheung, Han, Porter, & Zhang, 2010; Deng, Morck, Wu, 
& Yeung, 2011; Li & Chiang, 2012; Ren et al., 2012; Feng 
& Wu, 2015; Lang, Chen, & Li, 2016), and can be buffers 
to deterioration of the property market. While both views 
hold some truth, there is a consensus that the main drivers 
of China’s real estate booms were excessive monetary sup-
ply, aggressive fiscal expenditure, and rapid urbanization 
(Shen, 2012; Zhang et al., 2012; Xu & Chen, 2012; Li, 2013; 
Deng, Morck, Wu, & Yeung, 2015; Chen, Lang, Chan, & 
Phillip, 2018).

History has repeatedly demonstrated that neglect-
ing excess property booms could be disastrous to the 
economy, when bust of housing bubble leads to financial 
market collapse. China’s real estate market development 
heavily depends on the credit channel (Wei et al., 2014), 
the collateral channel (Wu, Gyourko, & Deng, 2015), and 
the informal channel (Lu, Guo, Kao, & Fung, 2015). It is 
therefore essential to evaluate potential housing bubbles 
across major cities of China. Empirical results show that 
housing bubbles were increasing after 2014, particularly 
for the period 2015–2016. Regarding regional dispari-

ties of housing bubbles, coastal region cities seem to have 
higher probability than those in inland regions in meeting 
market adjustments. In general, eastern region cities may 
face more downward pressure for price corrections than 
central and western region cities. And bubble signals for 
market correction in major cities and municipalities seem 
alarming. However, we did not find strong signals of prop-
erty cycles so far, as housing bubbles tend to be repetitive 
and persistent over time.

The disparity of housing bubbles across regions reflects 
important information about China’s economic condi-
tions. China has the long-standing problem of regional 
inequality between coastal and inland regions, as well as 
among large, middle and small sized cities. Fluctuations in 
housing prices would cause or reinforce the changes in the 
regional economy. Higher housing prices typically indicate 
higher land prices, or greater expenses for employers but 
higher income for employees. If the stimulating effect of 
higher wages for employees outweighs the counteracting 
effect of higher costs for employers, then income growth 
tends to be accelerated and sustained. As housing prices 
continue to increase, the benefits from incentivized em-
ployees may be gradually covered by the losses from dis-
interested employers. At some critical turning point, the 
employers may find that their business is no longer profit-
able due to escalating expenses. This may lead to an exit 
from the existing market or an outsourcing of the business 
to other low-cost regions.

To summarize, this paper compares the emergence of 
housing bubbles in 35 major Chinese cities over the peri-
od 2007 to 2017. It is striking that most cities had signs of 
housing bubbles in 2016. In other years the bubbles tend 
to be mild as the forward ADF sequence is only slightly 
above the 95% critical value over time. In 2017 the num-
ber of cities with housing bubbles dropped substantially. 
Will such trend indicate a cyclical turning point? The 
question remains unanswered fully which requires further 
exploration. The RADF method will be adopted with more 
updated data in the future.
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