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Abstract. This paper presents a longitudinal analysis of the relationship between housing prices and inflation by employing 
new housing price indices from 29 large Chinese cities over the 2003–2013 period. Based on the Autoregressive Distribu-
tive Lag (ARDL) model and bounds test, we find no long-run co-integration relationship between housing prices and infla-
tion. This result is robust for different types of inflation (actual, expected, unexpected inflation). Furthermore, it is found 
that the housing prices in China grow spectacularly in the sample period owing to the dramatic development of the Chi-
nese economy, while inflation grows in a more modest way. Although the study is conducted in the context of China, the 
results can provide useful evidence to the debate on the relationship between housing prices and inflation.

Keywords: housing price index, inflation, consumer price index, unit root tests, ARDL model, bounds test.

Introduction

In China, with the acceleration of the market economy 
development, the past two decades have witnessed rapid 
growth of the real estate industry, which is characterized 
by a long-term increase in housing prices. Specifically, 
the market value of the residential real estate in 2016 was 
estimated at $31.41 trillion1, 2.81 times the 2016 GDP 
of $11.19 trillion2, while in 2000, it is estimated at $1.11 
trillion, 0.92 times the 2000 GDP of $1.21 trillion. The 
ratio of residential property value to GDP increased by 
1.89 times, suggesting that real estate has become an es-
sential part of China’s economy and an important sector 
in maintaining stable economic growth. Accordingly, real 
estate, especially housing property, is the most popular 
form of China’s household wealth. Due to the apprecia-
tion of property and the need to secure returns on invest-
ment, private capital tends to flow into real estate markets. 
Such a tendency continues to push up housing prices. As 
Figure 1 shows, the average annual increase in real estate 

1 The data come from the National Bureau of Statistics of China 
(NBSC). The market value of residential real estate is estimated 
based on the average residential building area, the urban pop-
ulation and the average price of residential real estate.

2 The data come from the NBSC.

prices3 in China was 7.83% from 1998 to 20164. With the 
growth of the whole economy, household income, saving, 
and consumption in China have been steadily ascending, 
which resulted in a modest increase in inflation. The aver-
age growth of inflation is around 1.94% per annum.

The upturn development of housing prices has caused 
citizens to pay closer attention to housing price move-
ments, development trends, and the capacity to maintain 
and increase the market value of properties. Meanwhile, 
inflation risk is regarded as one of the major concerns for 
most property investors to reduce the real value of re-
turns (Larsen & Sommervoll, 2004). Under the currently 
increasing pressure on all product prices, a comprehensive 
and accurate understanding of the relationship between 
real estate and inflation, including the ability of real es-
tate to resist inflation, will help improve urban residents’ 
household financial management decision-making. Re-
versely, if this relationship is poorly comprehended, they 
might fail to know where housing prices will go next and 
why the prices should go that way. Therefore, a rigorous 
perception of the relationship between housing prices and 

3 The data are average housing prices and are retrieved from the 
NBSC.

4 Inflation is represented by CPI.
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inflation has become a matter of concern for investors, 
consumers, and researchers.

Many empirical studies have attempted to answer the 
questions of whether housing prices are cointegrated with 
inflation and whether real estate provides a good hedge 
against inflation since the study of Fama and Schwert 
(1977). However, empirical results are mixed. Some stud-
ies (see Ibbotson & Siegel, 1984; Anari & Kolari, 2002; 
Ma & Liu, 2008) have found that housing prices are 
closely related to inflation, and real estate offers a stable 
inflation hedge. Additionally, evidence of the close cor-
relation is also supported by other studies (see Amonhae-
manon, De Ceuster, Annaert, & Le Long, 2013; Bond & 
Seiler, 1998; Christou, Gupta, Nyakabawo, & Wohar, 2018; 
Hoesli, 1994; Sing & Low, 2000) when actual inflation is 
divided into expected and unexpected inflation. Hoesli, 
MacGregor, Matysiak, and Nanthakumaran (1997) found 
that real estate might act as somewhat of a hedge against 
expected inflation and might not offer protection against 
unexpected inflation in the short term. More recently, 
Christou et al. (2018) examined the long-run relationship 
between housing prices and non-housing CPI over the 
monthly period 1953–2016 in the US using quantile coin-
tegration analysis. The results suggested a co-integration 
relationship between CPI and HPI series at lower quan-
tiles and no long-run relationship at middle and upper 
quantiles.

Other research show that there is no cointegrated re-
lationship between housing prices and inflation. For in-
stance, Li and Ge (2008) insisted there was no relationship 
between real estate and inflation. Glascock, Feng, Fan, and 
Bao (2010) found that the Hong Kong housing property 
market did not provide a hedge against actual, expected 
and unexpected inflation during the period of 1997–2005 
by using the OLS model.

The empirical results in the Chinese real estate mar-
ket are also mixed. For instance, Kuang and Liu (2015) 
found housing prices were related to inflation in a positive 

way based on the panel data of 35 major cities from 1996 
to 2010. However, Qiu (2011) found evidence of positive 
correlation between housing prices and inflation only in 
the short term, but not in the long run. Some studies fo-
cus on the hedging effectiveness of different regions. For 
example, Wu and Tidwell (2015) explored inflation hedg-
ing effectiveness of Chinese eastern, middle, and western 
real estate markets based on PVAR models. They found 
very limited hedging effectiveness of the Chinese real es-
tate markets for inflation and among the three regions, 
the middle real estate market offered comparatively better 
hedge. Yu and Huang (2016) concluded that the central 
and western cities in China responded to the change of 
HPI more obviously than eastern cities or a particular 
first-tier city.5

Thus, clearly the conclusions drawn from prior re-
search on the relationship between housing prices and 
inflation are inconsistent with each other. One of the pri-
mary reasons is the use of different methods. For instance, 
some researchers employ the traditional approach of time 
series analysis, which may lead to biased conclusions. 
Some use traditional cointegration methods (e.g., E-G 
two-step method, J-J Test based on VAR multiple vari-
ables, etc.), which may give low reliability and have a weak 
statistical relationship in a situation where a small num-
ber of samples are examined. In light of these problems, 
the present study differs from previous ones by employing 
the ARDL model and bounds test that is more robust to 
the study on the relationship between housing prices and 
inflation.

Also, the inconsistent findings from the existing litera-
ture in the Chinese housing market are due to unreliable 
data. The Chinese HPI data used in previous research were 
estimated and released by the National Bureau of Statistics 
of China (NBSC). The two official HPIs are the Average 
Selling Price of New Residential Units (the Average Price 
Index) and the real estate price indices of 70 large- and 
medium-size cities (70-City Index). Unfortunately, both 
indices are widely criticized for two reasons. First, these 
two indicators, though published by the same govern-
ment agency, conflict with each other (Ahuja, Cheung, 
Han, Porter, & Zhang, 2010). Second, as shown in Wu, 
Gyourko, and Joseph (2016), these indices tend to under-
estimate the magnitude of the market growth. According 
to Wu et al. (2016), the Average Price Index is calculated 
without quality adjustment, and the “70-City Index” em-
ploys an over-simplified form of the matching approach. 
Both have some problems with methodologies.

To overcome the deficiency of the weighted average 
formula of “Average Price Index” and “70-City Index”, 
Fang, Gu, Xiong, and Zhou (2016) proposed a hybrid 

5 A referee commented that the research on the connection 
between housing prices and inflation is not limited to the 
residential real estate sector. Some studies have examined the 
relationship of inflation to commercial, retail and industrial 
property (for example, Barber, Robertson, & Donald, 1997; 
Huang & Hudson-Wilson, 2007; Leung, 2010).
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Figure 1. Average annual growth rate of housing and consumer 
price in China

Note: Rates are calculated based on statistics published by the National 
Bureau of Statistics of China.
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method of constructing HPIs for 120 major cities in China 
over the period 2003–2013. This method takes advantage 
of the strengths of two standard methods, namely, hedonic 
regression method and the repeat-sales method. Further-
more, it takes into account some key characteristics of 
the Chinese real estate market. Firstly, there are a large 
number of new home sales in the form of apartments. 
Secondly, they are frequently sold in a sequential man-
ner in the same housing developments. Finally, they might 
share similar unobserved amenities as they are in the same 
housing developments. Based on these features, the hybrid 
approach employs a pseudo-repeat sales method by using 
pair sale prices at an individual development level rather 
than at an individual house level. In so doing, it can avoid 
the loss of information that might occur if the hedonic 
approach alone is used. At the same time, the hybrid ap-
proach ensures a representative sample by encompassing 
a large number of new home sales.

Based on the HPIs of 29 first-tier and second-tier cit-
ies constructed by Fang et al. (2016), this paper is the first 
attempt to use these newly built indices to examine the re-
lationship between housing prices and inflation. Further-
more, most of the previous studies on Chinese HPIs are 
mainly focused on the whole country while they give less 
attention to the sharp variation of real estate markets at the 
regional levels. The works by Kuang and Liu (2015), Wu 
and Tidwell (2015), and Yu and Huang (2016) examined 
35 Chinese cities to reveal the relationship between housing 
prices and inflation. Nevertheless, these studies have limi-
tations of using HPI data published by the NBSC and the 
methods they adopt are less robust than the ARDL method.

To fill this gap, this paper attempts to re-analyze the re-
lationship of Chinese housing prices and inflation, using, 
for the first time, new housing price indices of 29 first-tier 
and second-tier Chinese cities constructed by Fang et al. 
(2016), and employing the ARDL model and bounds test. 
The empirical results indicate that there is no long-run 
cointegration relationship between the HPI and CPI of 28 
cities out of the 29 at a significant level of 5%, and there 
is no long-run co-integration between the HPI and CPI 
of the remaining cities at a significant level of 2.5%. These 
results lead to the conclusion that there is no long-run co-
integration relationship between housing prices and infla-
tion. Besides, we find that while the housing price indices 
of 29 cities increase rapidly, the consumer price indices 
grow relatively slowly. Therefore, the cumulative growth 
rate of HPI well outpaces that of CPI.

The remainder of the paper is organized as follows: 
Section 1 reviews the theoretical framework, followed by 
a discussion of the econometric model of the study in Sec-
tion 2. Section 3 addresses the data and empirical analysis 
while Section 4 presents further robustness check. The last 
section concludes the paper.

1. Theoretical framework

This section presents a theoretical framework on the rela-
tionship between housing prices and inflation. According 

to Anari and Kolari (2002), housing expenditure is mainly 
characterized by its investment and consumption. Infla-
tion can raise the construction costs of new houses with 
higher building material costs and with higher payments 
made to construction workers. The rise of construction 
costs of new houses will be transmitted to house prices, 
thus increasing the price of new houses. Since existing 
houses are substitutes for new ones, the higher the price 
of new houses, the higher the cost of replacing existing 
houses will be. Thus, existing house prices will increase 
accordingly.

There must be a certain relationship between house 
prices and service prices (i.e., net rent). In the competitive 
market, house prices should be equal to the value of future 
expected net rents (gross rental income minus operating 
expenses such as maintenance costs). If there are no taxes 
on incomes and capital gains, the present value model for 
the stream of expected rents can be specified as:
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where: PV means the present value of house price (equiva-
lent to house price or HP); n is the lifespan of the house; 
Et (Rt+k) denotes the annual net rent in period t + k, that 
is expected in period t, and r is the discount rate. Net an-
nual rent is the gross rent minus maintenance expenses. 
The accumulated depreciation charges at the end of the 
lifespan of the house amount to the present value. As the 
Property Law of the People’s Republic of China stipulates 
that the land of the residential real estate shall be auto-
matically renewed upon expiration, the flow of net rent is 
assumed to be permanent (i.e., n = ∞) in this paper. If rent 
and discount rates are constant, assuming the annual rent 
is a constant, Equation (1) can be rewritten as:

.RHP PV
r

= =  (2)

According to Fisher’s (1930) theory of a long-run re-
lationship between real interest rates and nominal inter-
est rates, real estate investors (or property owners) must 
consider the real level of rents to maintain and increase 
the value of their properties. This will inevitably link the 
rent to the inflation of non-housing goods and take into 
consideration the expected inflation in determining the 
rent. A natural way to estimate inflation is to use growth 
rates of consumer price indices (Arnold & Auer, 2015).

Therefore, Equation (2) can be developed into:
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where: Et (CPIt + 1) is the consumer price index value of 
a known period t, and the expected value of the period t 
+ 1, CPIb is the base value of the consumer price index.

Assume that R and r are constants and CPIb = 1, taking 
the logarithms of both sides of Equation (3), we obtain:

( ) ( )( )1 ,t t tLOG HP C LOG E CPI += + θ⋅  (4)
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where: θ = 1; constant C = LOG(R) – LOG(r). Equation 
(4) is consistent with the so-called “Fisher effect” in the 
absence of taxes, and house prices are expected to change 
as consumer price elasticity (i.e., inflation) changes. 
Namely, house price and inflation have a certain relation-
ship theoretically.

Following Bodie (1976) and Arnold and Auer (2015), 
when the long-run relationship Equation (4) exists, if 

0θ ≥ , housing prices can hedge against inflation; if 1θ ≥ , 
this can be called a perfect hedge because the increase of 
housing prices can fully offset the price rise; if 0 1< θ < , 
this indicates a stable positive relationship, which can be 
called an effective hedge.

2. Econometric model

The theoretical analysis in the previous section indicates 
that if we want to determine whether house price can 
hedge against inflation and the magnitude of the hedging, 
we need to first test the existence of the long-run relation-
ship between house price and inflation. If there is evidence 
of a long-run relationship between the two variables, we 
can estimate θ to determine the magnitude of hedging.

Following Pesaran and Shin (1999), the ARDL model 
is employed to examine the relationship between hous-
ing prices and consumer prices in the long run. It is a 
co-integration method for simultaneously identifying the 
long and short-term relationships between time series 
variables.

There are three advantages to using this dynamic mod-
el. First, the ARDL test can overcome the limitation of 
non-stationary variables because it does not require vari-
ables to have the same order of integration. No matter if 
data are I (1) or I (0), or a mixture of I (0) and I (1), they 
can be included in the co-integration test, while all other 
methods require that the variables in a time-series regres-
sion are integrated of order one, i.e., the variables are I 
(1). Second, endogeneity problems can be avoided because 
some of the independent variables in the ARDL model 
are assumed to be endogenous. Third, the ARDL model 
performs well in small samples. In contrast, the traditional 
co-integration method (E-G two-step method, etc.) may 
have problems with small samples, and the conclusion 
may not be reliable.

Equation (4) is the static model, which does not ex-
plain the dynamic feature of the relationship between HPI 
and CPI. According to the previous economic theory of 
Equation (4), an ARDL representation of Equation (5) is 
established below:

1 0
,

p q

t i t i i t i t
i i

HPI HPI CPI u− −
= =

= α + γ + β +∑ ∑   (5)

where: α is the intercept; γi and βi are the parameters of 
independent variables; p is the lag of HPI; q is the lag of 
CPI; ut is the error term.

Equation (5) is estimated mainly through identifying 
the optimal numbers of lags by the AIC criterion or the 
SC criterion, and then tests the equation.

Equation (5) can be reformulated as Equation (6):

1 1 2 1 t t tHPI HPI CPI− −Δ = α + δ + δ +
11

* *
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where: α is the intercept; –δ2 / δ1 is the long-run multiplier, 
and *

iγ  and *
iβ  are short-term dynamic coefficients.

Based on Equation (6), this paper uses the bounds test 
(Pesaran & Shin, 1999) to test the long-run relationship 
between HPI and CPI. We test whether the long-run rela-
tionship coefficients 1δ  and 2δ  are significantly different 
from 0.

The null hypothesis is that no long-term effect exists, 
namely, H0: 1 2 0δ = δ = ;

The alternative hypothesis is that a long-term effect ex-
ists, namely, H1: 1 20,  0orδ ≠ δ ≠ ;

The bounds test is used to calculate an F-statistic to de-
termine whether there is a significant coefficient between 
HPI and CPI, thus showing whether there is a long-run 
relationship between them. The F-statistic used for the 
test is calculated by Equation (6) and is compared with 
the corresponding critical values given by Pesaran, Shin, 
and Smith (2001). If the F-statistic is less than the critical 
value, the null hypothesis can be accepted. That is, there 
is no long-run effect. On the contrary, if the F-statistic is 
greater than the critical value, the null hypothesis can be 
rejected.

If there is a long-run relationship between HPI and 
CPI, we need to find out its long-term influence coeffi-
cient. The long-term impact of CPI on HPI can be calcu-
lated by Equation (7):
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If the long-term effect is estimated, the short-term 
effect can also be calculated by inferring the coefficient 
of different variables. By a simple formula conversion of 
Equation (5), the ARDL model can generate a dynamic 
error correction model (ECM) to help test the short-term 
relationship between HPI and CPI by introducing the er-
ror correction term ECMt–1 and the error correction coef-
ficient λ, which is shown in Equation (8):
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Using the ARDL error correction model, the short-
term relationship can be analyzed for variables with the 
long-term relationship.
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2003–2013 period, while the HPI change was 409.40%. 
The standard deviations clearly show that HPI changes 
are significantly greater than the CPI change.

To further illustrate the relationship between HPI and 
CPI, we have selected four out of the 29 cities including 
Beijing, Shanghai, Chengdu, and Shenyang for analysis. 
Beijing and Shanghai represent the northern and southern 
first-tier cities respectively, while Shenyang and Chengdu 
represent the northern and southern second-tier cities. As 
can be seen from the trend line charts in Figure 3–6, both 
the HPI and CPI show an increasing trend. During the 
sample period, the overall HPI cumulative growth rate in 
all these cities surpasses the CPI cumulative growth rate by 
a great margin. However, the extent to which the aggregate 
growth rate of HPI exceeds that of CPI varies among the 
cities. For example, among the first tier cities, the monthly 
cumulative growth rate of HPI in Beijing is 759.962%, and 
the average HPI growth rate is 1.676%, while its monthly 
cumulative growth rate of CPI is 125.221% and its average 
CPI growth rate is 0.185%. However, the cumulative growth 
rate of HPI in second-tier cities is less than that in first-tier 
cities. For example, in Shenyang, the accumulated growth 
of HPI is 3.13 times that of CPI, while in Beijing, the ac-
cumulated growth of HPI is 6.04 times that of CPI. Despite 
the variation, the HPI growth rate is generally higher than 
that of CPI in all the 29 cities as shown in Table 1.

The higher accumulative growth of HPI than that of 
CPI, and the fluctuations of HPI and CPI lines cannot indi-
cate that HPI and CPI change synchronously (a hedging re-
lationship), although they both have exhibited a long-term 
growth trend. The fluctuating relationship between HPI and 
CPI needs to be determined through further analysis.
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Figure 2. Overall HPI and CPI time plots of 29 cities

3. Empirical results

3.1. Data

The variables in the present study comprise housing prices 
and inflation. The former is represented by the housing 
price index (HPI) and the latter the consumer price index 
(CPI). Data of the CPI are retrieved from the NBSC. The 
CPI in China does not include real estate prices, which 
has been specified in the Chinese CPI by the NBSC. HPI 
constructed by Fang et al. (2016), instead of the HPI is-
sued by NBSC, is utilized. As presented above, the indices 
provided by the NBSC do not exactly reflect the changes 
in housing prices in local cities, while indices built by 
Fang et al. (2016) can more accurately measure the price 
level of residential real estate in local cities (see Fang et al. 
(2016) for detail). Both the CPI and HPI indices used in 
this paper span from January of 2003 to March of 2013, 
covering 11 years and 123 data points.

The real estate market has important local features. To 
ascertain an accurate analysis, representative cities in Chi-
na are embraced rather than the whole country. Among 
the HPI indices for 120 cities constructed by Fang et al. 
(2016), we only chose those for 29 cities. Firstly, of the 
120 cities, only 35 have the corresponding CPI data from 
the NBSC. When we further sort out the HPI data for 
these cities, we find five cities which lack complete data on 
HPI and one city’s (Qingdao) second-order CPI sequence 
data are stationary and thereby this city is excluded for not 
meeting the data requirement for the follow-up model. In 
the end, there are 29 cities with relatively complete HPI 
and CPI data. They are first-tier and second-tier cities in 
China including some major cities such as Beijing, Tian-
jin, Shanghai, Nanjing, Guangzhou, Chongqing, Chengdu, 
Xi’an, Xiamen, Shenzhen, and Hangzhou. The scale of real 
estate development in these cities constitutes a large pro-
portion of the whole country. Specifically, in 2013, the 
residential real estate sales area of the 29 cities comprised 
29.97% of the country, and the number of sales accounted 
for 52.14%.6 Obviously, these cities can be taken as repre-
sentative of China as a whole.

3.2. Analysis of the inflation-hedging ability of 
housing prices

Over the past two decades, China’s real estate market has 
developed dramatically, and inflation has grown modestly. 
The summary statistics of the overall HPI and CPI of the 
29 cities are presented in Table 1 and Figure 2. The month-
ly cumulative growth rate of CPI was 132.96% during the 

6 The data come from the National Bureau of Statistics of China.

Table 1. Summary statistics of the overall HPI and CPI of 29 cities

Descriptive 
variables Mean Median Maximum Minimum Std. Dev.

HPI 2.4203 2.4303 4.0940 0.9951 1.0011
CPI 1.1274 1.1434 1.3296 0.9719 0.1001
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Figure 3. HPI and CPI time plots in Beijing

Note: In the above pictures, the left picture shows HPI and CPI on the same scale on the vertical axis. It can be seen from the figure that HPI 
rises much faster than CPI; the right one shows the fluctuation of HPI and CPI on different vertical axis scales. Clearly, HPI and CPI don’t 
move synchronously.

Figure 4. HPI and CPI time plots in Shanghai
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Figure 5. HPI and CPI time plots in Chengdu
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is I (1). However, for all cities, LOG_HPI is I (1). None 
of the series are integrated of I (2). In other words, vari-
ables are stationary at the level or in the first difference. 
According to the basic conditions of the ARDL model, the 
sequence data in I (0) or I (1) is stationary so that ARDL 
co-integration analysis can be performed.

3.4. ARDL model and bounds test

To identify the relationship between housing prices and 
inflation, an ARDL model is formulated using the loga-
rithm HPI and CPI data, and the specification of this 
model is as follows:

1
 _ _

p

t i t i
i

LOG HPI LOG HPI −
=

= α + γ +∑

0
_ .

q

i t i t
i

LOG CPI u−
=

β +∑  (10)

The lag length of the model is determined by the 
Schwarz criterion, as it is a consistent model selector. Af-
ter the lag length is selected, we use the Breusch-Godfrey 
serial correlation LM test to test whether the residuals are 
serially uncorrelated.7 HAC (Newey-West) is also adopted 
to adjust the possible heteroskedasticity (Table 2).

Subsequently, Equation (6) is converted into Equation 
(11), which can perform a long-term cointegration test 
of ARDL model, bounds test. The null hypothesis is that 
there is no long-term relationship between LOG_HPI  
and  LOG _CPI , H0: 1 2 0δ = δ = .

1 1 2 1_ _ _t t tLOG HPI LOG HPI LOG CPI− −Δ = α + δ + δ +

1 1
* *

1 0
_ _

p q

i t i i t i t
i i

LOG HPI LOG CPI
− −

− −
= =

γ Δ + β Δ +µ∑ ∑ . (11)

7 The LM tests for all cities pass except for Shanghai, Harbin, 
and Shijiazhuang. For these three cities, we add one or two 
more lags for HPI in the estimation to make sure the residuals 
serially uncorrelated.
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Figure 6. HPI and CPI time plots in Shenyang

Note: The trend line charts for CPI and HPI in other 25 cities are similar.

3.3. Unit root tests for variables

We need to make sure all variables are integrated of an 
order smaller than 2 to validate the ARDL methodology. 
To examine the level of integration in the data, we test for 
the presence of the unit root in them. Typically, a unit root 
test entails the Fisher-augmented Dickey-Fuller (ADF) 
tests, based on Equation (9).

1
1

,
m

t t i t i t
i

X t X X− −
=

Δ = α +β + δ + β Δ + ε∑  (9)

where: tε  is the white noise error term, and X is the 
logarithmic value of HPI or CPI respectively. According 
to the SC information criterion, the optimal lag period is 
selected automatically.

The null hypothesis is that the time series can be non-
stationary and has a unit root, 𝐻0:  0δ = ;

The alternative hypothesis is that the time series can be 
stationary and has no unit root, 𝐻1: 0δ < .

The results of the ADF test indicate the t-statistic val-
ues of LOG_CPI of 21 cities including Beijing, Shang-
hai, Changchun, etc. are greater than the critical values. 
Therefore, the null hypothesis is accepted, which indicates 
that the data of LOG_CPI have unit roots, and it is non-
stationary in level.

Furthermore, the data of LOG_CPI of 21 cities are sta-
tionary at 5% level of significance in the first difference. 
In the other eight cities including Shenyang, Jinan, and 
Zhengzhou, the data of LOG_CPI are stationary at a 5% 
level of significance in level. As to the result of the ADF 
test for HPI, the data of LOG_HPI from all 29 cities are 
non-stationary in level at a 5% level of significance, but 
all of the LOG_HPI become stationary after the first dif-
ferencing.

After test for unit root in the first difference, both 
ΔLOG_HPI and ΔLOG_CPI pass the test of a unit root, 
and the null hypothesis is not accepted, so the data of 
ΔLOG_HPI and ΔLOG_CPI are stationary. That is, for 
some cities, LOG_CPI is I (0); for other cities, LOG_CPI 
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Table 2. ARDL estimations

No. City Variable Coefficient Std. Error t-statistic Prob.

1 Bejing LOG_HPI(–1) 1.4905 0.0719 20.7209 0.0000
LOG_HPI(–2) −0.5446 0.0766 –7.1110 0.0000

LOG_CPI −0.1673 0.0853 –1.9617 0.0522
C −0.0054 0.0050 –1.0923 0.2769

@TREND 0.0013 0.0005 2.8767 0.0048
2 Shanghai LOG_HPI(–1) 1.3646 0.1165 11.7094 0.0000

LOG_HPI(–2) −0.4084 0.1188 –3.4377 0.0008
LOG_HPI(–3) 0.0138 0.0656 0.2095 0.8345

LOG_CPI −0.0976 0.2875 –0.3397 0.7347
LOG_CPI(–1) −0.0794 0.2907 –0.2731 0.7853

C 0.0081 0.0071 1.1408 0.2563
@TREND 0.0006 0.0003 2.0461 0.0431

3 Guangzhou LOG_HPI(–1) 1.5603 0.1005 15.5300 0.0000
LOG_HPI(–2) −0.6164 0.0900 –6.8494 0.0000

LOG_CPI −0.0109 0.1136 –0.0960 0.9237
C 0.0056 0.0065 0.8553 0.3941

@TREND 0.0008 0.0003 2.3430 0.0208
4 Shenzhen LOG_HPI(–1) 1.5606 0.1036 15.0598 0.0000

LOG_HPI(–2) −0.5899 0.1013 –5.8204 0.0000
LOG_CPI 0.1236 0.3063 0.4036 0.6873

LOG_CPI(–1) –0.4755 0.2747 –1.7311 0.0861
C −0.0108 0.0062 –1.7440 0.0838

@TREND 0.0012 0.0003 3.4932 0.0007
5 Changchun LOG_HPI(–1) 1.3900 0.0915 15.1858 0.0000

LOG_HPI(–2) −0.4308 0.0944 –4.5629 0.0000
LOG_CPI −0.0835 0.1787 –0.4675 0.6410

C 0.0162 0.0154 1.0481 0.2968
@TREND 0.0007 0.0003 2.4302 0.0166

6 Changsha LOG_HPI(–1) 1.4774 0.0804 18.3773 0.0000
LOG_HPI(–2) −0.5595 0.1099 –5.0929 0.0000

LOG_CPI 0.0207 0.1434 0.1445 0.8854
C 0.0030 0.0075 0.3965 0.6925

@TREND 0.0009 0.0005 1.8176 0.0717
7 Chengdu LOG_HPI(–1) 1.6089 0.1203 13.3762 0.0000

LOG_HPI(–2) −0.6208 0.1257 –4.9407 0.0000
LOG_CPI –0.1063 0.1144 –0.9289 0.3549

C 0.0042 0.0036 1.1645 0.2466
@TREND 0.0004 0.0003 1.2339 0.2197

8 Chongqing LOG_HPI(–1) 1.5897 0.0577 27.5295 0.0000
LOG_HPI(–2) –0.6403 0.0535 –11.9654 0.0000

LOG_CPI 0.0707 0.1147 0.6164 0.5388
C 0.0097 0.0071 1.3579 0.1771

@TREND 0.0005 0.0002 2.2471 0.0265
9 Dalian LOG_HPI(–1) 1.3856 0.0917 15.1175 0.0000

LOG_HPI(–2) –0.4291 0.0985 –4.3571 0.0000
LOG_CPI –0.1527 0.1251 –1.2210 0.2246

C 0.0150 0.0131 1.1426 0.2556
@TREND 0.0008 0.0003 2.7072 0.0078

10 Fuzhou LOG_HPI(–1) 1.5518 0.0762 20.3639 0.0000
LOG_HPI(–2) –0.5723 0.0788 –7.2644 0.0000

LOG_CPI 0.0437 0.1369 0.3188 0.7504
C 0.0065 0.0048 1.3388 0.1833

@TREND 0.0001 0.0003 0.4084 0.6838
11 Haikou LOG_HPI(–1) 0.9473 0.0331 28.6192 0.0000

LOG_CPI –0.0084 0.1562 –0.0535 0.9574
C 0.0024 0.0084 0.2842 0.7768

@TREND 0.0006 0.0004 1.6968 0.0924
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No. City Variable Coefficient Std. Error t-statistic Prob.

12 Hangzhou LOG_HPI(–1) 1.3636 0.0818 16.6600 0.0000
LOG_HPI(–2) –0.4115 0.0830 –4.9583 0.0000

LOG_CPI –0.0845 0.2665 –0.3171 0.7518
LOG_CPI(–1) 0.7054 0.4030 1.7502 0.0829
LOG_CPI(–2) –0.6714 0.2366 –2.8377 0.0054
LOG_CPI(–3) 0.8844 0.3274 2.7016 0.0080
LOG_CPI(–4) –1.0537 0.2945 –3.5785 0.0005

C –0.0022 0.0059 –0.3803 0.7044
@TREND 0.0009 0.0004 2.4884 0.0143

13 Hefei LOG_HPI(–1) 1.5890 0.1023 15.5304 0.0000
LOG_HPI(–2) –0.6111 0.1513 –4.0386 0.0001
LOG_HPI(–3) –0.1339 0.1672 –0.8010 0.4249
LOG_HPI(–4) 0.4413 0.2811 1.5700 0.1194
LOG_HPI(–5) –0.7242 0.2250 –3.2194 0.0017
LOG_HPI(–6) 0.6179 0.2637 2.3435 0.0210
LOG_HPI(–7) –0.2277 0.1452 –1.5679 0.1199

LOG_CPI –0.0435 0.0682 –0.6381 0.5248
C 0.0042 0.0041 1.0314 0.3047

@TREND 0.0006 0.0004 1.5965 0.1133
14 Harbin LOG_HPI(–1) 1.0924 0.1168 9.3562 0.0000

LOG_HPI(–2) –0.3943 0.1448 –2.7231 0.0075
LOG_HPI(–3) 0.1813 0.1220 1.4863 0.1400

LOG_CPI –0.0006 0.3549 –0.0017 0.9986
LOG_CPI(–1) –0.1359 0.3822 –0.3554 0.7229

C 0.0093 0.0127 0.7319 0.4657
@TREND 0.0016 0.0007 2.1017 0.0378

15 Hohhot LOG_HPI(–1) 1.2782 0.1012 12.6345 0.0000
LOG_HPI(–2) –0.3301 0.1197 –2.7575 0.0068

LOG_CPI –0.1677 0.0951 –1.7630 0.0805
C –0.0029 0.0057 –0.5003 0.6178

@TREND 0.0010 0.0004 2.3777 0.0191
16 Jinan LOG_HPI(–1) 1.1837 0.0940 12.5920 0.0000

LOG_HPI(–2) –0.2579 0.0904 –2.8521 0.0052
LOG_CPI 0.8339 0.7992 1.0434 0.2990

LOG_CPI(–1) –1.9586 1.4996 –1.3061 0.1942
LOG_CPI(–2) 2.5706 1.4966 1.7176 0.0886
LOG_CPI(–3) –1.7563 0.7605 –2.3094 0.0228

C 0.0198 0.0136 1.4540 0.1488
@TREND 0.0013 0.0007 1.8942 0.0608

17 Kunming LOG_HPI(–1) 1.2131 0.1218 9.9584 0.0000
LOG_HPI(–2) –0.2933 0.1254 –2.3386 0.0211

LOG_CPI 0.0818 0.1897 0.4313 0.6671
C 0.0175 0.0090 1.9421 0.0545

@TREND 0.0005 0.0005 0.9506 0.3438
18 Nanchang LOG_HPI(–1) 1.1721 0.1455 8.0575 0.0000

LOG_HPI(–2) –0.2679 0.1166 –2.2980 0.0234
LOG_CPI –0.1217 0.1702 –0.7151 0.4760

C –0.0026 0.0077 –0.3433 0.7320
@TREND 0.0014 0.0007 2.0647 0.0412

19 Nanjing LOG_HPI(–1) 1.4365 0.0886 16.2054 0.0000
LOG_HPI(–2) –0.4669 0.0988 –4.7245 0.0000

LOG_CPI –0.1758 0.1645 –1.0684 0.2875
C 0.0124 0.0132 0.9394 0.3495

@TREND 0.0009 0.0003 3.0145 0.0032
20 Nanning LOG_HPI(–1) 1.3543 0.0932 14.5327 0.0000

LOG_HPI(–2) –0.5424 0.1572 –3.4502 0.0008
LOG_HPI(–3) –0.0807 0.1391 –0.5800 0.5631
LOG_HPI(–4) 0.4863 0.1254 3.8793 0.0002
LOG_HPI(–5) –0.2334 0.0820 –2.8463 0.0053

Continued Table 2
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No. City Variable Coefficient Std. Error t-statistic Prob.

LOG_CPI 0.0075 0.0770 0.0969 0.9230
C 0.0137 0.0054 2.5276 0.0129

@TREND 0.0001 0.0004 0.2239 0.8233
21 Ningbo LOG_HPI(–1) 1.4467 0.1847 7.8304 0.0000

LOG_HPI(–2) –0.6328 0.3471 –1.8232 0.0709
LOG_HPI(–3) 0.1719 0.1559 1.1028 0.2724

LOG_CPI –0.1445 0.1477 –0.9783 0.3300
C 0.0158 0.0101 1.5644 0.1205

@TREND 0.0004 0.0005 0.8159 0.4163
22 Shenyang LOG_HPI(–1) 1.5307 0.0962 15.9046 0.0000

LOG_HPI(–2) –0.7869 0.2027 –3.8819 0.0002
LOG_HPI(–3) 0.1853 0.0918 2.0192 0.0458

LOG_CPI 0.0915 0.0778 1.1764 0.2419
C 0.0299 0.0134 2.2224 0.0282

@TREND 0.0004 0.0003 1.7222 0.0878
23 Shijiazhuang LOG_HPI(–1) 1.3656 0.1199 11.3910 0.0000

LOG_HPI(–2) –0.4059 0.1224 –3.3159 0.0012
LOG_HPI(–3) 0.0154 0.0663 0.2330 0.8162

LOG_CPI –0.0164 0.1456 –0.1125 0.9107
LOG_CPI(–1) –0.0988 0.1652 –0.5979 0.5511

C 0.0099 0.0072 1.3690 0.1737
@TREND 0.0005 0.0003 1.8232 0.0709

24 Tianjin LOG_HPI(–1) 1.4721 0.1230 11.9704 0.0000
LOG_HPI(–2) –0.4971 0.1299 –3.8279 0.0002

LOG_CPI –0.2939 0.1003 –2.9288 0.0041
C 0.0034 0.0087 0.3898 0.6974

@TREND 0.0009 0.0003 2.8352 0.0054
25 Urumqi LOG_HPI(–1) 1.3863 0.0683 20.2936 0.0000

LOG_HPI(–2) –0.6679 0.1236 –5.4054 0.0000
LOG_HPI(–3) 0.2251 0.0828 2.7195 0.0076

LOG_CPI 0.0435 0.0696 0.6250 0.5332
C 0.0027 0.0069 0.3903 0.6971

@TREND 0.0007 0.0003 2.4533 0.0157
26 Xiamen LOG_HPI(–1) 1.1537 0.1176 9.8106 0.0000

LOG_HPI(–2) –0.1814 0.1173 –1.5467 0.1247
LOG_CPI 0.1279 0.3207 0.3987 0.6908

LOG_CPI(–1) 0.3457 0.4434 0.7797 0.4372
LOG_CPI(–2) –0.9786 0.3275 –2.9880 0.0034

C 0.0008 0.0061 0.1355 0.8924
@TREND 0.0012 0.0003 3.4146 0.0009

27 Xi’an LOG_HPI(–1) 1.3729 0.0827 16.5986 0.0000
LOG_HPI(–2) –0.4390 0.0981 –4.4761 0.0000

LOG_CPI –0.1056 0.0805 –1.3125 0.1920
C 0.0002 0.0054 0.0438 0.9651

@TREND 0.0010 0.0005 1.8663 0.0645
28 Xining LOG_HPI(–1) 1.1749 0.1001 11.7360 0.0000

LOG_HPI(–2) –0.2280 0.1029 –2.2162 0.0286
LOG_CPI 0.0020 0.0930 0.0220 0.9825

C –0.0148 0.0116 –1.2731 0.2055
@TREND 0.0008 0.0004 1.8641 0.0648

29 Zhengzhou LOG_HPI(–1) 1.3275 0.0946 14.0361 0.0000
LOG_HPI(–2) –0.4320 0.1022 –4.2268 0.0000

LOG_CPI 0.0619 0.1451 0.4262 0.6708
C 0.0101 0.0060 1.6746 0.0967

@TREND 0.0013 0.0006 2.1056 0.0374

Note: The lag length of the model is determined by the Schwarz criterion and HAC (Newy-West) is used for adjusting the heteroskedasticity.

End of Table 2
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For different cities, the F-statistic values in the bounds 
test of the ARDL model are estimated separately and are 
compared with the critical values (see Table 4) specified by 
Pesaran and Shin (1999) and Pesaran et al. (2001). If the 
calculated F-statistic is less than the critical value, the null 
hypothesis is accepted. If the calculated F-statistic exceeds 
the critical value, the null hypothesis can be rejected.

The bounds test results are shown in Table 3. Table 4 
presents the critical value where the lower bound if all var-
iables are stationary and the upper bound applies when all 
of them are integrated of order 1. The F-statistic of most 
cities (28 cities) are below the critical value at the signifi-
cance level of 5%, and the null hypothesis that there is no 
long-term relationship between HPI and CPI in most cit-
ies is accepted. Meanwhile, the F-statistic of the city, Shen-
zhen, exceeds the critical value at the significance level of 
5%. Hence, the null hypothesis is rejected, suggesting that 
there is a connection between HPI and CPI. However, if 
the statistical significance level is at 2.5%, the F-statistic 
values of all cities’ ARDL models are less than the critical 
values, and the null hypothesis is accepted. Based on the 
above results, we can conclude that there is no long-run 
relationship between housing prices and inflation in the 
first-tier and second-tier cities in China in the sample pe-
riod. According to the definition of inflation-hedging, our 
results indicate housing prices in China is not an effective 
hedge against inflation.

Table 3. Bounds tests of 29 cities when actual inflation is used

No. City F-statistic No. City F-statistic

1 Beijing 4.9703 16 Jinan 3.1755
2 Shanghai 1.8876 17 Kunming 3.4515
3 Guangzhou 4.3341 18 Nanchang 4.5841
4 Shenzhen 7.5537 19 Nanjing 2.8034
5 Changchun 2.5123 20 Nanning 0.1756
6 Changsha 5.2034 21 Ningbo 0.4855
7 Chengdu 2.0783 22 Shenyang 6.1625
8 Chongqing 3.7862 23 Shijiazhuang 1.6031
9 Dalian 3.0382 24 Tianjin 2.5472

10 Fuzhou 0.7249 25 Urumqi 2.1105
11 Haikou 1.7144 26 Xiamen 6.7324
12 Hangzhou 4.7965 27 Xi’an 3.3871
13 Hefei 3.1541 28 Xining 3.6833
14 Harbin 3.8969 29 Zhengzhou 4.4468
15 Hohhot 3.2800

Table 4. Bound at different significance levels

Bound (Significance is 5%) Bound (Significance is 2.5%)

I (0) Bound I (1) Bound I (0) Bound I (1) Bound

6.56 7.30 7.46 8.27

Note: The critical values are provided by Eviews 10.0 dynamic simulation.

4. Robustness check

In some existing studies (Christou et al., 2018; Kuang & Liu, 
2015, etc.), actual inflation (AI) is used to test the relation-
ship between housing prices and inflation. However, other 
studies (Bond & Seiler, 1998; and Wu & Tidwell, 2015) first 
decompose the actual inflation into expected and unex-
pected components and then examine the relationship of 
housing prices with expected inflation (EI) and unexpected 
inflation (UI) respectively. In this section, we follow the lit-
erature to divide actual inflation into expected and unex-
pected components and test their relationship with housing 
prices as a robustness check of our previous results.

Expected inflation (EI), due to the paucity of its data, 
is estimated based on actual inflation using an Autoregres-
sive Integrated Moving Average (ARIMA)8 model (Gatzlaff,

8 We use the Akaike Information Criterion (AIC) and Schwarz 
Criterion (SC) to determine the ARIMA model orders in EI. 
Different cities have different orders of ARIMA. For exam-
ple, the mode of Changsha is ARIMA(2,1,2), and Shenyang is 
ARIMA(2,0,3).

Table 5. Bounds test of 29 cities when expected and  
unexpected inflations are used

No. City
F-statistic

HPI-EI HPI-UI

1 Bejing 8.1699 5.2067
2 Shanghai 1.4199 1.9349
3 Guangzhou 5.9982 5.4198
4 Shenzhen 7.2407 6.7576
5 Changchun 6.3715 5.4550
6 Changsha 6.7702 5.2074
7 Chengdu 1.2408 3.9417
8 Chongqing 3.4601 3.0739
9 Dalian 2.3269 2.9655

10 Fuzhou 0.6763 0.5834
11 Haikou 7.0814 1.7749
12 Hangzhou 4.1638 3.6342
13 Hefei 3.0032 3.1691
14 Herbin 3.9301 6.1178
15 Hohhot 3.8602 2.0298
16 Jinan 3.5228 4.0582
17 Kunming 5.5992 3.3173
18 Nanchang 4.4331 4.5307
19 Nanjin 1.7734 2.7127
20 Nanning 4.8280 0.4699
21 Ningbo 2.6388 0.8185
22 Shenyang 5.3802 6.6270
23 Shijiazhuang 1.9582 1.2775
24 Tianjin 3.7088 1.8164
25 Urumqi 3.1028 2.9504
26 Xiamen 1.1509 4.0083
27 Xi’an 2.8219 3.7291
28 Xining 4.5082 3.8677
29 Zhengzhou 4.3456 4.4234
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1994; Hoesli, Lizieri, & MacGregor, 2008; Lee, 2014), and 
unexpected inflation (UI) is computed by subtracting EI 
from AI (Bond & Seiler, 1998; Gatzlaff, 1994). All indices 
are set at 1.00 for the first month of 2003 to eliminate scal-
ing effects (Hoesli et al., 2008).

To determine if there is a co-integration relationship 
between HPI and EI, and between HPI and UI respec-
tively, we apply the same ARDL/bound testing methodol-
ogy as in the previous section. The F-statistics are reported 
in Table  5 and are compared with the critical values in 
Table 4.

The results are consistent with our previous findings, 
that is, there is no cointegration relationship between 
housing prices and different types of inflation. It is found 
that only the F-statistic of HPI and EI of one city (Beijing) 
exceeds the critical value at the significance level of 5%. 
However, at the significance level of 2.5%, the F-statistic 
values of all cities are less than the critical values.

Conclusions

In view of the regional variation of the real estate mar-
ket in China, this paper uses the data on HPIs recently 
constructed by Fang et al. (2016), which are substantially 
different from other HPI indices in the prior literature ex-
amining Chinese real estate market, and data on inflation 
(represented by the consumer price index) in the 29 first-
tier and second-tier Chinese cities for the 2003–2013 peri-
od to re-examine the long run relationship between house 
prices and inflation. Empirical analysis of unit root tests 
and the ARDL model bounds test in this study shows that 
there is no long-run relationship between housing prices 
and inflation in almost all of the 29 Chinese cities. Name-
ly, there is no significant long-run transmission between 
housing prices and inflation. To check the robustness of 
our results, we divide actual inflation into expected and 
unexpected inflation. Further analysis on the relationship 
of housing prices with expected and unexpected inflations 
in 29 cities yields the similar results.

This finding is contrary to the conclusions of previ-
ous studies (i.e., Kuang & Liu, 2015; Wu & Tidwell, 2015; 
Yu & Huang, 2016). This might be due to different data 
sources and methodologies. Furthermore, although hous-
ing prices cannot hedge inflation, our analysis shows that 
the aggregate growth rate of HPI is far higher than that of 
inflation. Thereby, the disproportionate growth of hous-
ing prices to CPI may be an indicator of a housing bubble 
(Christou et al., 2018).

Why is there no co-integration relationship between 
housing prices and inflation in China? The first reason is 
the composition of the CPI in China. Differing from that 
of other countries, the CPI of China doesn’t include house 
prices in its construction, because investment in houses is 
regarded as an investment instead of consumption. Ac-
cording to Lu (2016), the cost of living represented 17.8% 
of the CPI. It involves the cost of materials used in con-
struction and decoration, rent, housing maintenance fees, 
property fees, interest on non-investment housing loans, 

utilities, and other housing-related services, etc. Among 
the list, the proportion of building costs does not exceed 
50% of the living cost. That is, the cost of building con-
struction in the CPI is expected to be no higher than 8.9%. 
Meanwhile, the proportion of building cost does not ex-
ceed 40% of housing prices. The higher the housing prices, 
the smaller this proportion. As a result, the connection 
between house prices and inflation turns out to be weak.

Besides, investment in housing markets does not nec-
essarily stimulate consumption as a whole. Most home-
buyers use mortgage loans either because of limited pur-
chasing power or because of the desire to use financial 
leverage to make investments. For some wealthy people, 
although it might seem that the rise in housing prices 
and the corresponding increase in disposable wealth can 
stimulate consumption, the impact on their consump-
tion may be limited due to the low-income elasticity. For 
people who buy houses to live in, the wealth effect may 
not be significant partly because of the need to repay their 
loans and partly because of the underlying traditional 
Chinese consumption habits which makes them reluctant 
to borrow for spending (except for home purchases) de-
spite their increased property wealth. For those who do 
not own a house, the housing price increases suggest that 
they will bear a heavier debt burden in the future because 
unlike people in Western countries, most Chinese would 
prefer to spend what they earn for most of their life in 
purchasing a home rather than renting a house. As a re-
sult, the obvious substitution effect of wealth may generate 
a crowding-out effect on their consumption. Overall, the 
wealth effect of rising housing prices on different groups 
of people in China may not be evident.

The conclusion made in this study has several implica-
tions for academicians and practitioners. Future research-
ers, when investigating residential real estate and inflation, 
should be more cautious in claiming the relationship be-
tween housing prices and inflation. For consumers and 
investors, they should understand that, although there is 
no co-integration relationship between housing prices and 
inflation, the aggregate growth rate of HPI is far higher 
than that of inflation, which imply that they could still 
make a fortune by investing in the real estate market when 
the market grows rapidly.

For policy-makers, the results of this study provide 
some implications. Given that there is no long-run rela-
tionship between housing prices and inflation, govern-
ments should adopt different monetary policies when 
adjusting inflation and housing prices. Second, in light of 
the surging growth of housing prices relative to inflation, 
governments should guard against possible bubbles in the 
real estate market. Third, the dramatic surge in China’s 
housing prices for these years may have drawn a large 
amount of capital into the real estate industry, thereby re-
ducing the inflow of funds into other industries, seriously 
weakening the development of the real economy. There-
fore, governments should design relevant policies to ra-
tionally channel funds into the real economy and prevent 
excessive capital inflow into real estate market.
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Due to the lack of data, the relationship between in-
flation and the prices of other forms of real estate is not 
investigated. As price indices of the commercial real estate 
and industrial real estate may have different properties, 
whether they provide a good hedge against inflation and 
whether they are related to inflation still merit future re-
search.
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