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Abstract
This paper investigates the equilibrium adjustment mechanism of new housing construc-
tion in urban China after the 1998 housing market reform. This analysis is based on a panel 
of 35 metropolitan areas over the period 2001–2015. The new housing supply function is 
specified in terms of changes rather than levels to capture the disequilibrium state of the 
Chinese housing market. In addition, current, one-year and two-year lags of the controls 
are used to capture the impact of the state control of construction land permits (Land Regu-
lation Act). The main outcome is that new housing construction in the metropolitan areas 
under study responded to market signals but with relatively long time lags. In particular, 
during the period 2007–2015, new housing construction positively responded to the one-
year and two-year lagged changes in housing prices and construction land supply, nega-
tively responded to the current, one-year and two-year lagged changes in the interest rate, 
and negatively responded to the one-year lagged changes in construction material costs. 
The main conclusion is that China’s housing marketization has started to work, although it 
is still subject to its historical footprints and typical Chinese characteristics, notably state 
control of the construction land supply.
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1 Introduction

New housing construction plays an important role in a country’s macroeconomic and 
socioeconomic development. As argued by Mayer and Somerville (2000a), new housing 
construction significantly influences overall output, both directly and indirectly. This is 
particularly the case in so-called construction-driven economies such as Spain (Bielsa 
& Duarte, 2011) and China (Ren et al., 2014). Furthermore, new housing construction 
has a strong impact on the business cycle of a (regional) economy (Davis & Heathcote, 
2005; Glaeser et al., 2008). For instance, the excess construction of new housing dur-
ing a housing price bubble can lead to a sharp decline in (regional) housing prices and 
induce or strengthen a (regional) economic recession (Johnson, 1998; Kuethe & Pede, 
2011).

The response of new housing construction to market signals has drawn widespread 
attention, particularly in mature market economies such as the USA, the UK and the 
Netherlands (see, among others, Mayer & Somerville, 2000a; Vermeulen & Van Omme-
ren, 2009). More specifically, new housing construction has been found to positively 
respond to house prices and negatively to construction material costs and builders’ 
financial costs. In addition, land use regulation has been identified as a main determi-
nant of new housing construction (see, among others, Bramley, 1999; Caldera & Johans-
son, 2013; Green et  al., 2016; Mayer & Somerville, 2000b; Mayo & Sheppard, 1996; 
Monkkonen, 2013; Vermeulen & Rouwendal, 2007).

Although the response of new housing construction to market signals has been inten-
sively studied in market economies, less is known about it in socialist and post-socialist 
economies. In the former, housing construction and housing allocation to consumers are 
controlled by state institutions (Gentile & Sjöberg, 2010). In the latter, particularly in 
China, state involvement in housing construction has declined sharply, and private hous-
ing development companies began to emerge rapidly after the breakdown of the cen-
tral planning system (Herbst & Muziol-Weclawowicz, 1993; Petrović, 2001; Sunega & 
Lux, 2007). However, housing construction is still affected by the legacy of the social-
ist era (Gentile & Sjöberg, 2010). For instance, post-socialist countries tend to have 
more restrictive land use regulations, which have led to shortages in the housing sup-
ply (Mayo & Stein, 1995). Although the developments of house prices in post-socialist 
countries have been extensively addressed (see, e.g., Égert & Mihaljek, 2007; Posedel 
& Vizek, 2009; Stepanyan et  al., 2010), the response of new housing construction to 
market signals after the transition in general is an under researched topic and therefore 
still unclear.

This paper examines new housing construction in urban China where construction 
land for new development is still owned by the national government and regulated by 
the national and provincial governments (Chen & Wen, 2017; He et al., 2014; Yan et al., 
2014). In particular, via the Land Regulation Act, the national and provincial govern-
ments indirectly affect where when and how much farmland will be converted into con-
struction land and put on the market. As farmland in China is scarce, the national and 
provincial governments face the trade-off of supplying construction land versus preserv-
ing farmland (Wu et al., 2011; Ding & Lichtenber, 2011; see Sect. 2 for details). The 
involvement of the government in construction land supply has led to lengthy and com-
plicated procedures to obtain construction permits (Tian & Ma, 2009). Consequently, 
lagged and current market signals that can explain new housing construction in China 
need to be identified. For instance, Deng and Chen (2019), Wang et al. (2012) and Wang 
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and Liu (2009) indicated that housing construction responds to current and one-year 
lagged house prices rather than only current house prices. However, they ignored longer 
lags. They also ignored longer lags for the other housing market signals.

China has experienced massive rural–urban migration since 1978. In particular, dur-
ing the 1998–2015 period, the population of the 35 major metropolitan areas under study 
increased by 63.01 million (27.86%) (China City Statistical Yearbook, 1999–2016). This 
massive rural–urban migration led to a considerable increase in the demand for housing 
in the major metropolitan areas. In addition, the demand for more spacious dwellings 
increased because of growth in both employment and disposable income. Per capita dis-
posable income in urban China increased from RMB 5,425 (Euro 683.53) in 1998 to RMB 
31,195 (Euro 3,930.48) in 2015, that is, by 575.02%. As a result, per capita living space 
in metropolitan China increased from 18.7 square meters in 1998 to 36.0 square meters 
in 2015. As rural–urban migration and disposable income were growing, China’s hous-
ing market was all but in equilibrium. For instance, the average real house price increased 
from RMB 1,854 per square meter in 1998 to RMB 6,473 in 2015, i.e., by almost 249.14% 
(China Statistical Yearbook, 2016). To accommodate the disequilibrium state of the hous-
ing market, a model specifying new housing construction in China should consider changes 
rather than levels (see Caldera & Johansson, 2013; Hwang & Quigley, 2006; Mayer & 
Somerville, 2000a).

China’s new housing construction during the period 2001–2015 bears other typical Chi-
nese characteristics. In particular, the national government invested heavily in the develop-
ment of public housing and intervened in housing construction plans. The government’s 
investment in public housing shifted the housing supply curve up, and its intervention 
narrowed the gap between the supply of and demand for this type of housing. Thus, the 
response of new housing construction to housing market signals in China has tended to dif-
fer from that in developed countries.

Due to its Land Regulation Act, China offers a unique opportunity for analyzing the 
equilibrium adjustment mechanism of new housing construction in the presence of con-
trolled construction land supply. The construction boom and the absorption of marketed 
housing since the housing reform in 1998 indicate that the Chinese housing market has 
responded positively to housing demand. Nevertheless, little is known about the specific 
responses to market fundamentals such as house prices, the costs of construction material 
and builders’ financial costs. The purpose of this paper is to further address the responses 
to market fundamentals and to quantify them.

In this paper, data on 35 main metropolitan areas in China during the 2001–2015 
period are analyzed. The focus is on metropolitan areas because the housing market 
reform was implemented in urban housing markets only. The urban housing markets 
thus structurally differ from other housing markets, notably rural markets (Hanink 
et  al., 2012). The 35 major metropolitan areas include four municipalities, 26 pro-
vincial capitals and five prefecture-level cities. Because of greater land scarcity, their 
size and political and economic importance, the four municipalities (Beijing, Tian-
jin, Shanghai and Chongqing) are directly under the national government. The five 
prefecture-level cities (Dalian, Tsingtao, Ningbo, Xiamen and Shenzhen) have devel-
oped rapidly, govern surrounding counties and have a specific development status in 
the National Plan. All the 35 metropolitan areas are subject to the same institutional 
setting, i.e., construction land regulation and housing policy, but they are allowed 
to impose additional own regulations (see Sects.  2, 4.1 and 4.3 for further details). 
Because the population of the 35 main metropolitan areas is approximately 21% of 
the total Chinese urban population and these areas are the main drivers of the Chinese 
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economy (Dhakal, 2009), insight into the working of the main metropolitan housing 
markets is a major step toward a more comprehensive understanding of the response of 
the Chinese housing market to market signals.

The remainder of the paper is organized as follows. Section 2 presents a synopsis 
of the Chinese metropolitan housing market, including the construction land supply. 
The empirical model and the data are described in Sect.  3, and the empirical results 
are presented in Sect. 4. Section 5 presents a discussion of the results and Sect. 6 con-
cludes and discusses policy implications.

2  Features of the Chinese housing market

China started reforming its metropolitan housing supply system in 1982. Before 1982, 
the provision of housing in metropolitan areas was part of the socialist welfare system 
(Chen et  al., 2011). In this system, typically, the rent did not cover the construction 
costs and basic maintenance outlays. Hence, it was a heavy burden for state-owned 
enterprises to construct sufficient new housing and maintain the existing housing 
stock. The housing supply in metropolitan China was quantitatively and qualitatively 
insufficient and failed to meet demand (Lee, 2000; Wu, 1996; Zhao & Bourassa, 2003). 
As a result, China experienced continuously deteriorating urban living conditions and 
widespread housing shortages (Lee, 2000).

To improve the living conditions of urban residents and supply sufficient housing 
for immigrants from rural areas, the Chinese government launched its housing market 
reform. In 1982, real estate trade was introduced, and the housing market was started 
through pilots in selected metropolitan areas. Based on successful experiments, the 
National Council abolished the collective housing allocation system and implemented 
measures to commercialize the provision of urban housing in the entire country in 
1998 (Wang & Murie, 1996; Zhu, 2002). Public housing was sold to urban residents 
who obtained user rights for a maximum of 70 years. Furthermore, private real estate 
enterprises were allowed to construct new houses that were allowed to be traded on 
the market (Wang & Murie, 1999). Median and high-income households had to buy 
houses, whereas public housing was provided to low-income households by the munic-
ipal government.

The urban housing reform turned the socialist housing system into a market-oriented 
system (Yi & Huang, 2014). The reform created considerable demand for housing, and 
house prices rapidly increased, boosting new housing construction. Due to rapid eco-
nomic growth, large numbers of people found jobs in urban areas, resulting in a massive 
rural–urban migration (Yang & Dunford, 2017). The housing reform offered households 
the chance to obtain more comfortable houses. The demand for more comfortable housing 
pushed up house prices further, which attracted more investment in new housing construc-
tion, and so on. As a result, more new real estate enterprises were established, and numer-
ous new housing construction projects were started in urban China.

The present urban housing system in the 35 metropolitan areas still bears historical foot-
print and typical Chinese characteristics (Deng et al., 2011), affecting the responsiveness 
of new housing construction to market signals. These characteristics include (i) regulations 
for the new construction of public housing for low-income households, (ii) the marketiza-
tion of housing for medium-income households and (iii) construction land regulation.
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2.1  Public housing for low‑income households

One of the main principles of the housing market reform was that municipal governments 
were obliged to supply low-rent housing to low-income households, while median- and 
high-income households were required to purchase houses at market prices. Because sup-
ply did not catch up with demand, house prices started increasing dramatically in 2005 
and 2006. In addition, the number of median-income households that were not able to 
obtain housing through the housing market started increasing sharply. These households 
started buying affordable low-rent houses, which led to the crowding out of low-income 
households. In response to this unwanted development, the central government initiated 
a low-rent housing construction plan and started providing rent subsidies to low-income 
households. Municipal governments provided most of the development subsidies and made 
construction land for low-rent housing available for free or at a low cost. The implemen-
tation of the public housing program further boosted new housing construction (Murray, 
1999; Sinai & Waldfogel, 2005). By the end of 2006, 512 cities, including all 35 metropoli-
tan areas, had public housing and rent subsidies programs in place. In addition, the national 
government invested 7.08 billion RMB in public housing construction, and 547 thousand 
households obtained low-rent housing (MOHURD, 2007). After 2006, the national govern-
ment continued the rent subsidy programs and continued to invest in developing public 
housing for low-income households.

2.2  Housing for medium‑income households

The central government also regulated the construction plans of real estate companies in a 
bid to increase new housing construction for medium-income households and rural–urban 
migrants.1 As house prices increased, these groups of consumers could not obtain afford-
able housing. To meet their housing demand, the central government issued construction 
plans aimed at increasing the supply of relatively small houses in 2006. The regulation 
implied that housing of less than 90 square meters should account for at least 70 percent of 
each new housing construction project.

The regulation benefitted medium-income households in two ways. First, the regulation 
made it possible for medium-income households to make the necessary down payment. 
Second, more medium-income houses were developed even when the construction land 
supply remained unchanged.

2.3  Construction land control

Land in China is owned by the national government. Stringent regulations have been 
imposed on land use, especially farmland, to secure sufficient food for China’s popu-
lation of 1.3 billion, which is expected to reach a maximum of 1.396 billion in 2026 
(United Nations Population Divisions, 2013). For this purpose, the national government 

1 To control its rural–urban migration system, the provincial government applies the Hukou system, i.e., a 
residence permit system. The Hukou system specifies the conditions that prospective migrants should meet 
to convert their rural Hukou to an urban Hukou (Zhang and Treiman, 2013). Individuals who fail to obtain 
an urban Hukou can stay in the city but have limited access to affordable housing, public schools, health 
care and insurance.
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has preserved 120 million hectares of high-quality farmland. Farmland is only allowed 
to be converted to construction land under the following conditions. First, based on its 
regional socioeconomic development, each municipal government is obliged to develop 
a ten-year land use plan every tenth year and a one-year-ahead plan every year. These 
plans inter alia specify how much farmland the municipal government plans to convert 
to construction land. Ten-year land use plans that determine where when and how much 
farmland is to be converted need to be submitted to the central government for approval. 
After the plan has been approved, the municipal government expropriates the farmland 
designated for housing construction and leases the land use rights to real estate develop-
ment companies by auction or tender (Lichtenberg & Ding, 2009).

Because of more than two decades of extensive urban growth, substantial land use 
conversions have taken place in metropolitan China (Ding, 2007). Construction land has 
become scarce, and more intensive use of this land has become necessary (c.f. Wheeler 
(2009)). The availability of construction land is regulated by regulations such as the 
‘Regulation of Construction Land Contraction’ and the ‘Land Market Regulation’ and 
the’Enhancement of Land Management’ issued by the Shenzhen municipal author-
ity in 2001 and 2004, respectively, and the ‘Regulation of State-owned Construction 
Land Supply’ issued by the Beijing government in 2005. As new housing construction 
depends on the availability of construction land, new housing construction is indirectly 
controlled by the municipal and central governments.

As a consequence of the planning structure involving both municipal and central 
governments in the supply of construction land, housing development companies have 
faced considerable time lags in obtaining construction land. According to The World 
Bank (2015), in China, it took on average 266 workdays in 2015 to obtain a construction 
permit, whereas in a market economy such as the USA, it took 78.6 workdays. Hence, 
we hypothesize that new housing construction in China responded to market signals 
with longer delays and responded to the land supply more intensively than in a market 
economy such as the USA.

3  Model and data

The empirical model employed to analyze the responsiveness of new housing construc-
tion is the stock-flow model, which captures residential investment as a function of 
housing prices and the interaction between housing prices and the housing supply. The 
first versions of the model were developed in the 1960s (see Huang, 1966; Smith, 1969). 
Since then, various additional determinants of housing construction have been added. 
Specifically, construction material cost and construction financing cost were added as 
factors with negative impacts on housing construction (Mayer & Somerville, 2000a), 
and construction land supply was added as a variable with a positive impact (DiPas-
quale & Wheaton, 1994; Harter-Dreiman, 2004; Riddel, 2004; Van der Vlist et  al., 
2011). In addition, DiPasquale (1999) and Follain et al. (1993) enlarged the model by 
adding housing policy as a determinant.

The stock-flow model specifies that when a housing market is in equilibrium, new hous-
ing construction in area i at time t (Cit) is a function of the house price (Pit), construction 
material cost (MCit), construction financing cost (KCit), construction land supply (LSit) and 
housing policy (HPt) (with the expected sign under every coefficient). That is,
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The above model (1) fails to consider the typical features of China’s housing market 
discussed in Sect. 2 in two ways. First, the model considers levels and thus is unsuitable 
for capturing the state of disequilibrium of the Chinese housing market due to massive 
rural–urban migration and increasing per capita disposable income (see, e.g., Hanweck, 
2018; Riddel, 2004; Velupillai, 2006). To consider this disequilibrium, we specify 
the model in terms of changes rather than levels (see inter alia Caldera and Johans-
son (2013), Gonzalez and Ortega (2013) and Hwang and Quigley (2006)). Second, as 
explained in the previous section, construction land supply is controlled by the national 
and municipal governments. As a consequence, it takes on average 266 workdays to 
acquire construction permits to convert farmland into construction land (The World 
Bank, 2015). Therefore, we consider both lagged changes and current changes. We use 
one-term and two-term lags of the explanatory variables given the short observation 
time period. In summary, the empirical model is calculated as follows (expected sign 
under every coefficient):

where Starts denotes new housing construction, △ denotes the first difference operator, � ′

0
 

is the intercept, � ′

j
 (j = 1,2,…,13) is the coefficient of explanatory variable j (defined above), 

and uit is the error term.
Since the stock-flow model captures the interaction between house prices and the hous-

ing supply, house prices are likely to be endogenous in model (2). See, among others, Gon-
zalez and Ortega (2013), Hwang and Quigley (2006), Mayer and Somerville (2000a) and 
Riddel (2004). To account for this, we follow Gonzalez and Ortega (2013) and Hwang and 
Quigley (2006) and apply an instrumental variable (IV) approach with the following vari-
ables as instruments for △Pit: change in the population (△POPit), change in the per capita 
disposable income (△INCit), change in the mortgage interest rate (△Mit), change in non-
construction employment (△EMit), and change in the energy price (△EPit). Note that the 
one-term lagged variable △Pit-1 is determined prior to Startit and is exogenous.

Another possible endogenous variable is land supply. As discussed in Sects. 1 and 2, the 
municipal government is the monopoly supplier of construction land in urban China; thus, 
this context is basically different from a standard competitive land market. Particularly, in 
the Chinese situation, the municipal government determines the construction land supply 
and land price, which are based on the need to preserve agricultural land, a municipality’s 
socioeconomic development and the incentive to increase revenue. Guo (2013) pointed 
out that the conversion of agricultural land to construction land accounted for more than 
40% of the total revenues of municipality governments during the research period. Hence, 
construction land demand has little impact on the construction land supply and its price. 
Therefore, the paper employs land supply as an exogenous variable. Further econometric 
aspects are discussed in Sect. 4.2.
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The analysis presented below is based on observations for China’s 35 major metropoli-
tan areas over the period 2001–2015.2 This information is presented in Fig. 1.

Data were collected from public sources. Data on housing starts, construction land sup-
ply and average real house price per square meter for each metropolitan area were col-
lected from the China Real Estate Statistics Yearbooks 2002–2016. Monetary values were 
deflated by the consumer price index for each metropolitan area and obtained from each 
metropolitan area’s statistics yearbook. Changes in the construction material cost were 
proxied by changes in the construction material price index collected from each metropoli-
tan area’s statistics yearbook. The construction financing cost was measured as the inter-
est rate of commercial bank loans, and this information was obtained from the People’s 
Bank of China.3 Data on the urban population were obtained from the China City Statistics 

Fig. 1  35 metropolitan areas in China

2 The Chinese housing reform started in 1998. However, for the period 1998 to 2000 not all 35 major met-
ropolitan areas published data on housing prices and new housing construction. Thus, the paper considers 
only the period 2001–2015.
3 Following Grimes and Aitken (2010), the analysis is based on the interest rate of commercial bank loans 
for 0.5 year. We also conducted a sensitivity analysis by estimating model (2) with the interest rate of com-
mercial bank loans for 0.5–1 year, 1–3 years, 3–5 years and more than 5 years.
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Yearbooks 2002–2016. Data on the per capita disposable income, deflated by the consumer 
price index, were collected from each metropolitan area’s statistics yearbook. We employed 
changes in the interest rate of the Housing Providence Fund, set by the People’s Bank of 
China, as a proxy for changes in the mortgage cost. Although only a limited proportion 
of borrowers apply for loans from this fund and there is competition from commercial 
banks, the two institutions compete by way of the interest rate, and this proxy is acceptable 
because changes in the interest rates of the various institutions are closely linked (Yeung 
& Howes, 2006). We obtained nonconstruction employment data by subtracting construc-
tion employment from total employment. Data on construction employment and on total 
employment were collected from the China City Statistics Yearbooks 2002–2016. Data on 
the energy price index were obtained from each metropolitan area’s statistics yearbook.

4  Empirical results

4.1  Descriptive statistics

We estimate model (2) for the 35 major metropolitan areas for (i) the period 2001–2006 
and (ii) the period 2007–2015. The rationale for the two separate regressions is to capture 
the structural changes in the market signals due to the introduction of the public housing 
policy aimed at stimulating the construction of houses less than 90 square meters in 2006 
(see Sect. 2). Note that All 35 metropolitan areas had introduced this policy by 2006.

Table 1 displays the descriptive statistics of all the variables used in the empirical analy-
sis. The table shows that during the periods 2001–2006 and 2007–2015, the average num-
ber of new housing starts across the metropolitan areas reached 6.10 and 11.18 million 
square meters per year, respectively. New housing starts strongly varied across the met-
ropolitan areas, ranging from 0.49 million square meters in Haikou in 2002 to 53.88 mil-
lion square meters in Chongqing in 2013. Housing prices, construction land and incomes 
increased substantially in both periods. The increase in construction land from 2001–2006 
was greater than that from 2007 to 2015. The construction material price index and the 
energy price index increased during the 2001–2006 period but declined from 2007 to 2015. 
The interest rate of commercial bank loans and the interest rate of long-term loans from the 
housing providence fund were virtually constant during the 2001–2006 period but declined 
from 2007 to 2015. The change in the urban population was the same in both periods. Non-
construction employment increased in both periods.

The change in construction land across the metropolitan areas averaged 4.34 and 3.42 
million square meters per year from 2001 to 2006 and 2007–2015, respectively. Although 
all metropolitan areas in China were subject to land use regulations implemented by the 
national government, the stringency of the regulations imposed varied. Land use regulation 
in the four mega areas (Beijing, Shanghai, Guangzhou and Shenzhen) was more stringent 
than in the other metropolitan areas because of greater land scarcity (Hou, 2010). Under 
their strict land use regulations, the change (growth rate) in construction land declined 
while the construction land price increased (see “Appendix A”). In the other 31 metropoli-
tan areas, the construction land supply and prices fluctuated. Since the land market in the 
mega areas differed from the land markets in the other 31 metropolitan areas, we estimated 
a model for all 35 metropolitan areas and one for the metropolitan areas without the four 
mega areas.
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4.2  Estimation results

Before going into detail, we observe that the interest rate of commercial bank loans (KC), 
which was employed as a proxy for the financial costs of housing construction, was absent 
in the 2001–2006 model because the interest rate of bank loans was strictly controlled 
by the monetary authorities and hardly changed during this period. This rate changed in 
2002, 2004 and 2006 only. Moreover, the changes were very small: − 0.54%, 0.18% and 
0.36%, respectively. Hence, this interest was a very weak market signal and deleted from 
the analysis.

As a first step, we tested the time series for stationarity to avoid inconsistent estimators 
(Wooldridge, 2016). As the panels are balanced and the size of the panels is small, we used 
the Harris–Tzavalis (HT) panel unit-root test. Table 2 shows that the hypothesis of a unit 
root is rejected for the dependent and independent variables at the 1% level.

Next, we estimated the prediction of △Pit to control for its endogeneity. The IV model 
was calculated as follows:

The estimated models are reported in “Appendix B.”
The third step involved testing for fixed effects (FE) versus random effects (RE) 

to control for unobserved heterogeneity by means of the Hausman test.4 For the period 
2001–2006, χ2 equals 289.33 with degrees of freedom (df) = 9, and p-value = 0.00. For 
the period 2007–2015, χ2 is 257.39 with df = 12, and p-value = 0.00. Hence, we rejected 
the random effects hypothesis and continued the analysis based on the results of the FE 
specification.

ΔPit = �0 + �1ΔPOPit + �2ΔINCit + �3ΔMit + �4ΔEMit + �5ΔEPit + vit

Table 2  The Harris–Tzavalis 
(HT) panel unit-root test

Periods 2001–2006 2007–2015

Statistics Z p-Value Z p-Value

Dependent variable
Startsit − 3.38 0.00 − 5.80 0.00
Independent variable
△Pit − 3.60 0.00 − 18.70 0.00
△MCit − 12.50 0.00 − 23.85 0.00
△KCit − 4.05 0.00 − 18.14 0.00
△LSit − 5.07 0.00 − 9.12 0.00
△POPit − 5.93 0.00 − 5.10 0.00
△INCit − 3.67 0.00 − 11.13 0.00
△Mit − 6.34 0.00 − 16.17 0.00
△EMit − 4.91 0.00 − 11.99 0.00
△EPit − 2.99 0.00 − 15.85 0.00

4 The RE estimator has smaller variance than the FE estimator, provided that the unobserved heterogeneity 
is exogenous. If this assumption does not hold, the FE estimator should be used (see Wooldridge (2010) for 
a detailed discussion).
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The hypothesized full model (2) for the period 2007–2015 and the reduced model 2 
(without the KC variables) for 2001–2006 were estimated by FE ordinary least squares. 
Column 2, “Appendix C,” shows that for the period 2001–2006, the coefficients of △Pit 
and △MCit-1 have unexpected signs but are not significant at the 10% level. Hence, these 
variables were deleted from the model. For the period 2007–2015, the coefficients of △Pit 
and △MCit have unexpected signs and are highly statistically insignificant. Hence, they 
were deleted. The results are presented in Appendix C columns 3 and 5.

Next, we tested both reduced models for serial correlation and heteroskedasticity. For 
the period 2001–2006, the Wooldridge test (F = 4.30, df = (1, 34), p-value = 0.04) led 
to the rejection of the hypothesis of no serial correlation, while the modified Wald test 
(χ2 = 1877.11, df = 35, p-value = 0.00) led to the rejection of the hypothesis of homoskedas-
ticity. Similar results were obtained for the period 2007–2015: Wooldridge test F = 61.10, 
df = (1, 34), p-value = 0.00, and modified Wald test χ2 = 934.68, df = 35, p-value = 0.00. 
Thus, we reestimated the models using feasible generalized least squares (F-GLS) and 
deleted the variables with insignificant coefficients one by one (backward stepwise elimi-
nation) (see Tang et al., 2016). The results are reported in Table 3.

Table 3  Response of new 
housing starts to market signals 
in the 35 major metropolitan 
areas

See Table  1 for definitions. Standard errors appear in parentheses. 
*, ** and *** indicate significance at the 10%, 5%, and 1% levels, 
respectively. The estimates are based on the 0–0.5  year interest rate. 
Feasible generalized least squares estimates

Dependent variable: Startsit

Independent variables

Periods 2001–2006 2007–2015

△Pit-1 3.06*** 0.36*
(0.47) (0.19)

△Pit-2 1.04** 0.41**
(0.52) (0.19)

△MCit − 0.02** –
(0.01) –

△MCit-1 – − 0.04***
– (0.01)

△KCit – − 0.33**
– (0.15)

△KCit-1 – − 0.63***
– (0.16)

△KCit-2 – − 0.64***
– (0.17)

△LSit 0.34*** 0.76***
(0.05) (0.09)

△LSit-1 0.46*** 0.46***
(0.04) (0.09)

△LSit-2 0.43*** 0.42***
(0.04) (0.09)

Constant 0.32* 3.39***
(0.18) (0.46)
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The results in Table  3 show that one-year lagged and two-year lagged house price 
changes had significant, positive impacts on housing starts in both periods. The impacts 
during the 2001–2006 period were substantially larger than those in the 2007–2015 period. 
In particular, a one RMB increase in the real house price per square meter at t−1 had a 
contemporaneous effect on housing starts of 3,060 square meters5 during the first period 
and 360 square meters during the second. For house prices at t−2, the impacts were 1040 
and 410, respectively. There are differences between both periods because the national 
government gradually reduced the construction land supply after 2006. As a consequence, 
there were fewer opportunities for building new houses such that housing starts could not 
grow as much as before despite the higher price. Yan et al. (2014) attributed the lower price 
elasticity of housing construction after 2006 to a decrease in the construction land supply. 
See also Caldera and Johansson (2013), who pointed out that a limited land supply leads 
to lower price elasticity. In addition, the low-rent and affordable housing programs imple-
mented by the national government in 2006 further reduced the availability of construction 
land for houses to be sold at market prices, which further reduced the price elasticity of 
housing construction (Chen & Nong, 2016; Yuan & Hamori, 2014).

The response of new housing construction to changes in house prices in China 
is stronger than that in the USA. In the USA, a one dollar increase in real house price 
increases housing starts by 57 houses which accounts for approximately 0.06‰ of annual 
starts (Mayer & Somerville, 2000a).6 In China, however, a one RMB increase in real house 
prices drove housing construction up by 4100 (3060 + 1,040) square meters during the 
2001–2006 period, which accounts for 0.67‰ of the average annual starts. From 2007 to 
2015, the increase was 770 (360 + 410) square meters, accounting for 0.09‰ of the aver-
age annual starts.

Table 3 shows that the current change in construction material costs had a significant 
negative impact on housing starts during the 2001–2006 period. A one percentage point 
increase in △MCit reduced total new housing starts by 0.02 million square meters. For 
the second period, △MCit had an unexpected sign and was statistically insignificant; thus, 
it was deleted. For the period 2001–2006, the impact of △MCit-1 had an unexpected sign 
and was statistically insignificant. For the second period, the impact of △MCit-1 was 0.04 
million square meters. For both periods, △MCit-2 had the correct sign but was statistically 
insignificant and deleted.

In contrast to Hwang and Quigley (2006), we find that for the second period, the 
impacts of the change in capital costs measured by the change in the commercial interest 
rate for all lags are significant. Specifically, a one percentage point increase in the interest 
rate of bank loans at t, t−1 and t−2 decreased total new housing starts by 0.33, 0.63 and 
0.64 million square meters, respectively. The impacts of current, one-year lagged and two-
year lagged construction land supply are positive and significant for both periods. A one 
million square meter increase in the construction land supply increased total new housing 
starts by 1.23 (0.34 + 0.46 + 0.43) million square meters from 2001 to 2006 and by 1.64 
(0.76 + 0.46 + 0.42) million square meters from 2007 to 2015. The impact from 2007 to 

5 This is calculated as Startsit = 1 × 3.06 × (1,000,000/1,000). Note that the house price change is reported in 
1000 RMB.
6 Information on new housing construction in the US is measured by the number of houses rather than 
square meters. Since the number of houses is more heterogeneous than square meters, the comparison is 
crude.
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2015 is larger than that from 2001 to 2006 since intensive construction land use was pro-
moted by the national government such that the floor area ratio increased after 2006.

We note that new housing construction significantly responded to changes in housing 
prices and the construction land supply from 2001 to 2006 and to all market signals from 
2007 to 2015 except for the current and two-year lagged changes in construction mate-
rial costs. Compared with the Western housing market, in urban China’s market, the price 
elasticity of new housing construction was larger. Meanwhile, new housing construction 
was still restrained by government-controlled construction land supply in urban China. Due 
to the government’s regulation on construction land supply, new housing construction in 
urban China responded to market signals with longer lags.

4.3  Robustness

In this section, we examine the robustness of our main results. First, we examine whether 
our results are robust to different interest rates. Next, we analyze the extent to which our 
results hold for the 31 metropolitan areas, with the mega areas excluded.

Table 4  Responsiveness of new housing starts at varying interest rates, 2007–2015

Notes: See Table 1 for definitions. Standard errors appear in parentheses. *, ** and *** indicate signifi-
cance at the 10%, 5%, and 1% levels, respectively. Feasible generalized least squares estimates

Dependent variable: Startsit

Independent variable

Interest rate 0–0.5 year 0.5–1 year 1–3 years 3–5 years  > 5 years

△Pit-1 0.39** 0.36* 0.37** 0.38** 0.36*
(0.19) (0.19) (0.19) (0.19) (0.18)

△Pit-2 0.45** 0.41** 0.42** 0.43** 0.43**
(0.19) (0.19) (0.19) (0.19) (0.19)

△MCit-1 − 0.03*** − 0.04*** − 0.04*** − 0.03*** − 0.03***
(0.01) (0.01) (0.01) (0.01) (0.01)

△KCit − 0.32* − 0.33** − 0.28* − 0.27* − 0.27*
(0.18) (0.15) (0.15) (0.16) (0.16)

△KCit-1 − 0.78*** − 0.63*** − 0.65*** − 0.72*** − 0.74***
(0.20) (0.16) (0.16) (0.17) (0.18)

△KCit-2 − 0.62*** − 0.64*** − 0.58*** − 0.61*** − 0.62***
(0.20) (0.17) (0.17) (0.17) (0.17)

△LSit 0.75*** 0.76*** 0.75*** 0.76*** 0.75***
(0.10) (0.09) (0.09) (0.09) (0.09)

△LSit-1 0.46*** 0.46*** 0.46*** 0.47*** 0.47***
(0.09) (0.09) (0.09) (0.09) (0.09)

△LSit-2 0.41*** 0.42*** 0.42*** 0.43*** 0.42***
(0.09) (0.09) (0.09) (0.09) (0.09)

Constant 3.48*** 3.39*** 3.46*** 3.40*** 3.43***
(0.47) (0.46) (0.46) (0.46) (0.46)
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Regarding sensitivity to interest rates, we reestimated the model only for the period 
2007–2015 and the interest rates of commercial bank loans for 0.5–1  year, 1–3  years, 
3–5 years and more than 5 years. The results are presented in Table 4. The different interest 
rates have only minor impacts on the responsiveness of new housing starting to market sig-
nals. The signs of the coefficients do not change. Moreover, the magnitudes vary slightly. 
The largest change is △KCit-1, which ranges from − 0.78 to − 0.63.

Regarding the 31 metropolitan areas, Table 5, column 2 shows that for the 2001–2006 
period, the responses in the 31 metropolitan areas to the one-year lagged change in hous-
ing prices is weaker than in the 35 metropolitan areas. A possible explanation is that, the 
demand for housing in the full sample was stronger than in the restricted sample because 
of the strong in-migration and income growth, especially in the megacities. For the period 
2007–2015, the impacts of the changes in housing prices between the two samples are 
approximately equal because in-migration into megacities declined because of tighter 
hukou restrictions while the 31 metropolitan areas eased their hukou restrictions to attract 

Table 5  Responsiveness of new 
housing starts to market signals 
in the 31 metropolitan areas

See Table 1 for definitions. Standard errors appear in parentheses. *, 
** and *** indicate significance at the 10%, 5% and 1% levels, respec-
tively. The estimates are based on the 0–0.5 year interest rate. Feasible 
generalized least squares estimates

Dependent variable: Startsit

Independent variable

Periods 2001–2006 2007–2015

Metropolitan areas 35 31 35 31

△Pit-1 3.06*** 1.70*** 0.36* 0.44*
(0.47) (0.30) (0.19) (0.24)

△Pit-2 1.04** 1.41*** 0.41** 0.43*
(0.52) (0.37) (0.19) (0.24)

△MCit − 0.02** − 0.04*** – –
(0.01) (0.01) – –

△MCit-1 – – − 0.04*** − 0.04***
– – (0.01) (0.01)

△KCit – – − 0.33** − 0.41***
– – (0.15) (0.15)

△KCit-1 – – − 0.63*** − 0.64***
– – (0.16) (0.16)

△KCit-2 – – − 0.64*** − 0.61***
– – (0.17) (0.17)

△LSit 0.34*** 0.40*** 0.76*** 0.77***
(0.05) (0.05) (0.09) (0.10)

△LSit-1 0.46*** 0.32*** 0.46*** 0.46***
(0.04) (0.05) (0.09) (0.10)

△LSit-2 0.43*** 0.31*** 0.42*** 0.40***
(0.04) (0.05) (0.09) (0.10)

Constant 0.32* 0.91*** 3.39*** 3.16***
(0.18) (0.20) (0.46) (0.45)
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more migrants (Zhan, 2017). Second, for the first period, the impact of the change in the 
current land supply for the 31 sample is larger than in the 35 sample while for the one- and 
two-year lagged changes, the reverse holds. For the second period, the impacts are virtu-
ally equal for the two groups of areas. These results indicate that the national government 
gradually implemented more stringent land use regulations nationwide.

5  Discussion

The above results, especially those after 2006, are partly in line with the findings obtained 
by inter alia Caldera and Johansson (2013), DiPasquale and Wheaton (1994), Gonzalez and 
Ortega (2013), Hwang and Quigley (2006), Mayer and Somerville (2000a) for the USA, 
UK and EU countries. However, there are also substantial differences which are related 
China’s historical footprints and housing policy.

First, as discussed in Sect. 2, the Chinese national government implemented stringent 
land use regulation to preserve 120 million hectares of high-quality farmland. To this end, 
it controls construction land supply. As a consequence, it takes on average 266 work days 
to obtain a construction permit to convert farmland into construction land. Hence, housing 
development companies face considerable time lags in obtaining construction land. Since 
housing price varies along with construction land availability (Yan et al., 2014), its impact 
on housing construction in China lasts longer than in mature market economies such as the 
USA (Caldera & Johansson, 2013). Specifically, the one-year and two-year lagged change 
in housing price have significant positive impacts on new housing construction in China 
whereas in the USA the impact lasts no longer than one year (Kuethe & Pede, 2011).

Second, the public housing program and medium-income housing policy have stimu-
lated new housing construction in China. Specifically, municipal governments provided 
development subsidies and low-cost construction land for the public housing program 
(Sinai & Waldfogel, 2005). Meanwhile, to meet the demand of medium-income house-
holds and rural–urban migrants the national government regulated the construction plans 
of housing development companies to stimulate the construction of houses that are less 
than 90 square meters. As a consequence of the stimulation programs, the price elasticity 
of new housing construction in China is larger than in a market economy such as the USA. 
For details, we refer to Sect. 4.2.

Third, the abolishment of the collective housing allocation system in 1998 brought about 
a sudden demand shock which boosted housing construction and increased the prices of 
inputs, including construction material costs and financing costs. In contrast to Hwang and 
Quigley (2006), who found that the impact of the construction material cost and financing 
is statistically insignificant, the present study shows that the one-year lagged change in the 
construction material cost and the current and lagged change in the financing cost had sig-
nificant negative impacts on housing starts in the 35 metropolitan areas after 2006.

6  Summary and conclusions

This paper explores the equilibrium adjustment mechanism of new housing construction 
in urban China after the 1998 housing market reform based on a panel of the 35 major 
metropolitan areas over the period 2001–2015. We analyzed the periods 2001–2006 and 
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2007–2015 separately to address the impact of the 2006 housing policy, which aimed to 
stimulate the construction of houses smaller than 90 square meters.

The empirical model was estimated as a regional fixed effects model employing new 
housing construction as the dependent variable and changes in housing prices, the con-
struction material cost, the construction financing cost and the construction land supply 
as determinants. Since house prices are endogenous, we applied an instrumental vari-
able approach that employed changes in the population, per capita disposable income, 
mortgage interest rate, nonconstruction employment and energy price as instruments of 
the change in house prices.

The main result shows that from 2001 to 2006, new housing construction signifi-
cantly responded to one-year and two-year lagged changes in housing prices, changes 
in construction material costs and current and lagged changes in the construction land 
supply. From 2007 to 2015, new housing construction significantly responded to one-
year and two-year lagged changes in housing prices, current and lagged changes in the 
construction financial cost and construction land supply and one-year lagged changes 
in construction material costs. The different responses between the two periods indi-
cate that the market-oriented housing supply system responded increasingly to market 
signals.

The comparison between China’s newly established housing market and more mature 
western housing markets indicates that the Chinese housing market has started to work 
in the 35 metropolitan areas during the study period. However, because of its historical 
footprints and typical housing policy, the response of the Chinese housing market to 
market signals needs further improvement. This applies particularly to the land market, 
which responds more slowly than in mature housing markets. This reform is urgently 
needed because of the continued high demand created by rural–urban migration and the 
rising per capita income.

This paper gauges the equilibrium adjustment mechanism of new housing construc-
tion and sheds light on how the Chinese housing market works. However, it is subject to 
limitations. The analysis in the paper is based on data collected from 2001 to 2015, and 
thus provides no information on how the equilibrium adjustment mechanism has worked 
after 2015. Although construction land supply is still controlled by national government 
and public housing programs have continued after 2015, the housing market conditions 
have changed. Particularly, the outbreak of Covid-19 has led to delays of housing con-
struction. In addition, it has become more difficult to raise capital for housing compa-
nies as the People’s Bank of China implemented a new policy in which a housing loan is 
not allowed to exceed 40% of a borrower’s total bank loan. Further studies are needed to 
address how these factors affect new housing construction in urban China.

Appendix A

See Fig. 2.
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Fig. 2  The change in construction land and land prices in the four mega metropolitan areas and in the 31 
major metropolitan areas in China (2001–2015). Source: The China Real Estate Statistics Yearbook (2002–
2016) and Land Value Monitor (http:// www. landv alue. com. cn/ lvmon itor, Accessed 26 June 2018)

http://www.landvalue.com.cn/lvmonitor
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Appendix B

See Table 6.

Appendix C

See Table 7.

Table 6  The estimated IV 
models

See Table 1 for definitions. Standard errors appear in parentheses. *, 
** and *** indicate significance at the 10%, 5% and 1% levels, respec-
tively

Dependent variable: △Pit

Independent variables

Periods 2001–2006 2007–2015

Model FE RE FE RE

△POPit 1.06*** 0.44** 1.14*** 1.04***
(0.40) (0.20) (0.46) (0.29)

△INCit 0.07* 0.19*** 0.02* 0.08**
(0.04) (0.05) (0.01) (0.04)

△Mit − 0.15** − 0.11* − 0.23** − 0.22**
(0.07) (0.07) (0.09) (0.09)

△EMit 0.24 0.64*** 0.63 0.41
(0.28) (0.23) (0.45) (0.35)

△EPit − 0.59* − 0.51* − 0.03 − 0.01
(0.30) (0.30) (0.40) (0.40)

Constant 0.07 0.02 0.13 0.08
(0.07) (0.05) (0.15) (0.07)

R2 0.34 0.56 0.32 0.35
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