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ABSTRACT

In the last decades, housing prices in China ezpeed a rapid increase putting on
considerable pressure on home buyers, which broalgbtit a big concern on the
housing affordability problem. While there has beertarge body of literature on
housing demand, limited process has been madeeisttily area of housing supply.
The objective of this dissertation, which consistssix chapters, is to explore the
housing affordability problem, to estimate the hongssupply elasticity and its
determinants, and to examine whether the housippglgwaries by region and type in
China. A reduced-form model is used to estimate hbeasing supply elasticity
nationwide, while the urban growth model is use@xamine the variation in housing
supply across regions and by housing type. Datd usthis study mainly come from
31 provinces and 35 large and medium cities in &lower the period 1998-2010. The
main findings are as follows:

1) Inspite of the remarkable family income growthe majority of the Chinese
households are still suffering from the housingafébility problem.

2) Housing supply in China is less elastic comparedther countries and land
regulation plays an important role in affecting kiog supply.

3) The elasticity of housing supply not only varl®g region, but also differs by
housing type to type significantly.

This dissertation links the housing affordabilitypplem to the elasticity of housing
supply. The result supports that the current hauaifordability problem in China is
somewhat caused by the less elastic housing mavkete housing supply cannot rise
quickly in response to demand increases. This da&gm also examines differences
in housing supply across regions and by type, whiah be referenced in the
establishment and implementation of housing pdieied programs toward growth in

the housing supply.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Sudy

The Chinese government officially launched the hayseform in order to improve
the inferior living conditions in the beginning tfe 1980s. From this point, onward
housing reform has led to heated debates amonge&hischolars and later attracted
attention to academic communities and financialaoizations in the world (Shaw,
1997). Before the reform, the majority of housesrenvallocated directly by the
government and the state-owned work units. Du@gafficient financial support, such
welfare-oriented housing provision sysfemannot offer sufficient houses and thus
resulted in a housing shortage problem. A reforrthefhousing system was considered
because the government recognized serious probfethe state provision of housing,
including shortages, poor management, and cornuptiothe distribution (Wang and
Murie, 1999). In 1998, the Chinese State Counsilésl the 28 decree, which marked
the housing allocation transforming from a welfgmvision to a market-oriented
system, was acknowledged as a milestone duringitheess of the housing reform.
Since then, the era of housing distribution wasednd hereafter, work units were no
longer allowed to develop new houses for their @yges. Instead, they had to integrate
implicit housing benefits into employees’ salangdahe households had to buy or rent
their residential housing units in the private hngsnarket (Wu et al., 2012). Under the
new housing provision system, low-income househo#dseither rent low cost units or
purchase special affordable units at highly sukediprices from the local governments.

Moderate-income households can obtain subsidiegerb public rental units or to

1 Before housing reform, China adopted a welfare mausystem under which the production, allocatiovl a
maintenance of housing has been the responsibflitye work unit (Danwei).



purchase price controlled units, while other higbeime households are required to rent
or buy commercial housing at market price. Meangyhiulti-level housing funds come
from housing public accumulation, mortgages, arekifile repayment terms were
established to pool income from various sourcefitmrsing construction (Shaw, 1997).
Housing reform has transformed China into a couniith one of the highest rates of
home ownership in the world (Wang, 2011). Accomedmwith the housing reform, the
rates of home ownership in urban areas increased &ound 55 percent in the early

1990s to 88.1 percent in 2012

Land-use policy was simultaneously changing througising reform. Whereas land
is concentrated in the hands of the state and Igoakrnments at different levels,
land-use right has economic value and can be trabeelTemporary Regulations for
State-Owned Urban Land Use Right Conveyances aadsfgrsin 1990 formally
authorized that use of state-owned urban land wetependent economic rights. In
addition, these rights could be sold, exchangestoled as a gift, leased, and or used
for mortgages within a specified time limit of 5@ars for industrial use, 40 years for
commercial use, and 70 years for residential usedet subsequent tax reforms
implemented in 1995, the transfer of these propediyts becomes subject to a land
value-added tax with rates ranging from 30% to 60#ak, et al., 2007). The land
revenue has become the most important revenueeséarthe local governments who
monopolize the grant of rights of land-use. SinG82 the state required that all urban
land for residential and commercial use should dr@ytransacted by public auction or
bidding. Administrative allotment of land-use rightas repealed. Furthermore, China
strictly controlled land supply for constructioneusn practice, the transforming of the
land use type is strictly restricted to realizepacsal protection on cultivated land. In
this case, the contradiction between the fast-gigudemand of land for construction

use and the strict cultivated land protection poigcincreasingly outstanding. Stringent

2 Data were announced by the Shanghai E-house Ré&tiules China, in 2012.



control of land supply was mainly responsible foe thanges in land prices and thus

has a huge impact on house prices (Zhang, 2008).

1.2 Satement of the Problem

Although great achievements have been made indhbsifg reform in China since
the 1990s, many potential problems occurred with hlbusing market development
(Wang, 2004). As an increasingly urbanized andstrialized country, China witnessed
substantial economic growth and rapid urbanizatieer the last two decades, thus led
to strong demand for residential housinglthough the amount of new houses has been
increased greatly, housing supply still chronicalfjfled to meet the fast-growing
housing demand. As a result, housing prices esthl&ince the housing reform, the
average selling price of commercial housing hgddd. The price level is considered
beyond reach of the average citizen. The escalaiading price in China has triggered
public complains since housing is the single largapenditure item in the budgets of
most households. Indeed, average households devote than two thirds of their
income to housing expenditure, which indicates #wan slight changes in housing
prices will have considerable impact on househokll-being and thus the entire
economy of the country. At the request of the pubfiat the government should ‘do
something’ to rein in housing prices, the Chineseegnment launched a round of
measures such as land-use controls, interestdaptstiments, and tax policies in order to
provide more inexpensive housing to low-income kebodds. In view of the above, an
objective policy evaluation on effects of thesei@es is of great importance. In
particular, since most housing models and policglyais hinge on explicit or implicit
estimates of the price elasticity of housing supf@yPasquale (1999), Malpezzi and

Maclennan (2001)), housing supply should be incatgal into analysis in order to

3 The item of ‘housing’ or ‘houses’ appears in thtisdy is limited to houses for living use (unleiseowise
specified).



realize a full understanding of the entire housimayket. However, while there has been
a vast of studies exploring this issue in the dedrgde, few attentions have been paid

to housing supply side for both the theoretical empirical studieb

1.3 Purpose of the Sudy

This thesis aims to explore the current housingrd#bility problem from a
perspective of the housing supply. In other wortlaitempts to examine whether the
housing affordability problem is potentially caudsdinelastic housing supply in China.
An analysis on housing supply enables us to obsHrgebehavior of suppliers and

assess the performance of the housing policies.

Multiple approaches are employed in this study aurding the issues of housing
supply. Chapter 2 stresses the problem of housffogdability based on the ratio
measure and the residual income approach. Botheoflifference between households’
income and housing prices, and the situation tlmatséholds face after paying for
housing expenses is considered. Data on housicgsprhousehold incomes by level
over 1987-2011 are collected to analyze the houaffgdability problem in China.
Chapter 3 estimates housing supply elasticity bypleying the reduced-form model,
which combines the supply function and the demamdtfon into a single one. Using
panel data covering 31 provinces of China on thesimy market over the years from
1999 to 2010, Chapter 3 estimates the housing guplaisticity and explores the
determinants that affect the housing supply eligtio provide a necessary reference
for policy-makers. In Chapter 4, an improved urgaowth model, which takes account
of urban growth and land-use control, is introduteedxamine whether housing supply

elasticity varies across regions. New construatibhousing is modeled as a function of

4 Many factors should be responsible for this sitatOn the one hand, housing supply is the outcoime
complicated decision which is not only by buildbtg also by the owners of existing housing, anthenother hand,
there is little direct evidence that permits uslserve the behavior of housing suppliers (DiPdsqd899, p.10).



changes in housing prices, costs of constructiotemnads and capitals, and land supply.
The data of 35 cities are divided into three regi@tcording to their location to
examine the regional difference in the housing updeanwhile, using the similar
approach the difference in housing supply by typalso examined in Chapter 5. The
common residential housing, luxury houses, and @oiacelly affordable houses are

assumed to have different elasticities of housuypsy.

1.4 Outline of the Sudy

While housing spaces have been improved remarksiblge the housing reform,
most of the Chinese households fail to buy evetardard home without assistance by
the government. The Chinese housing market is deéonlee one of the least affordable
housing markets in the world. First concern of pplnakers and scholars has always
been the housing affordability in China. Moreovdhe Chinese government
implemented a series of policies to stimulate huyissupply in terms of land-use
control, interest rates adjustment, and differériia policies. One issue is how these
policies are performed? To answer this questiomireg a thorough understanding of
the entire housing market in China. In other wotnt#h demand and supply should be
considered. While there has been a vast of litezatuhich focuses on the relationship
between housing demand and housing prices, prograsgxploring the housing
affordability problem in the housing supply siddimited. This study fills this gap by
estimating the housing supply elasticities and erarg their differences across regions
and by housing type. Using the reduced form modelestimate housing supply
elasticities enables us to make a comparison betwee study and other existing
studies. Furthermore, this study is distinguishexinfthe existing studies which treat
houses of various types as homogenous by obsediffeyences in housing supply

across regions and by housing type. The resultssapposed to provide supporting



empirical evidences that the one-fit-all policievar work without any consideration of

different housing supply elasticities across regiand by housing type.

Following the introductory chapter, Chapter 2 caonsethe housing affordability
problem to measure stresses that the Chinese tadsedre experiencing in buying
houses. This chapter emphasizes the potentialgrobl the housing market by giving
an empirically based picture of housing in curréitina. Chapter 3 explores the
potential causes of the housing affordability peoblin the housing supply side by
estimating the housing supply elasticity and examgints determinants. Chapter 4
extends the analysis of Chapter 3 by examiningvlration in housing supply across
three regions in China. In addition, Chapter SHertinvestigates the variation of the
price elasticity of housing supply among housingafious types. Chapter 6 concludes
this dissertation with a summary of the main figdinthe potential limits as well as a

research plan for future study.



CHAPTER 2
HOUSING AFFORDABILITY IN CHINA: MEASUREMENTS, TRENDS, AND
INTERPRETATIONS

2.1 Introduction

Housing is one of the biggest expense items in éisdgf most households. Over the
past 25 years, sharp increase in the housing pasecaused an increasing concern on
the housing affordability in China, particularly the most developed cities such as
Beijing and Shanghai. As documented by Lau and2004), around two-thirds of
households in the lowest 40 percent of the incoamge are found to be in housing
stress in China. Housing affordability has beenulady raised as a major policy

concern.

This chapter attempts to explore the problem ofshmy affordability in China.
Previous attempts to explore the determinants ofimg price can be found in many
studies such as Zhang et al. (2012), Zhang e@07), Chow et al. (2008), Liu and
Shen (2005), Shen and Liu (2002). They aim to Bgaut what makes the housing price
in China so high. Most of these studies relatectireent housing price to the economic
fundamentals with a purpose to examine whetheretiera bubble in the Chinese
housing market. In particular, they ask whether hbesing market in China can be
explained by economic fundamentals. Great procassbleen made since Rosen and
Ross (2000) and Chiu (2001), who raised the proldEhousing affordability. Lau and
Li (2004) and Chen et al. (2010) measure the hgusiifiordability in Beijing and
Shanghai respectively, while a recent work by Wad &eng (2012) evaluates the

® Housing affordability is widely used as an int¢imaal standard in measuring the pressure that Hayers bear
to buy a new house under their current income.



affordability of major housing markets in China. wiver, the existing studies on the
housing affordability are still limited. In partilas, emphasis is not much diverted to
housing conditions, problems of affordability, himgs policies and their interactions

(Mak et al. 2007, p. 177).

This chapter firstly outlines a picture of the Gkse housing market with a special
focus on the problem of affordability. Both theioaapproach and the residual income
approach are employed to measure the pressureyinigoa decent house for households.
Moreover, a comparison of housing affordability twiither countries helps us to be

fully aware of current problems of the Chinese magisnarket.

This chapter proceeds as follows. Section 2 intteduhe term of affordability and
addresses how to capture the housing affordabfiection 3 discusses the basics of
housing markets in China to trace back to the psssource of the housing
affordability problem. Section 4 reports the cadtet housing affordability using
alternative approaches during the past years $iveckousing reform. Section 5 reviews
experiences of other countries and efforts madéh&yChinese government to solve the
housing affordability problem. Finally, Section éncludes this chapter with the main

findings.

2.2 An under-served Chinese housing market

The real estate market in China has been graddelgloping with reform of the
urban housing system. Per capita living space basa widened remarkably in the past
20 years. However, the increase in housing supahnat catch up with the rapidly
growing housing demand. As a result, housing prsmesed putting huge pressures on
home buyers. We define a market where the supgy kzehind the demand as an

‘under-served housing market'.



2.2.1 Demand

The year 1998 is widely described as a milestonéhénChinese housing market
because thenceforth houses can be only obtainedjthmarket channels and then the
urban housing market emerged. Figure 2.1 reveals ttie transaction volume of
housing in 2011 has increased six-fold since 199& generally acknowledged that
multiple forces including the economy developmehg rapid urbanization, and the

reduced size of the households stimulated the hguemand during the past 15 years.
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M Floor Space of Commercialized Housing Sold (inanilsg.m)

Figure 2.1 Floor space of commer cialized housing sold during 1998-2011

Source the Chinese Statistical Yearbook, 2012.
Note: The commercialized housing only involves the nenstruction of housing, while excludes the renmratind repair of the

existing stock.

Apparently, the rapid development of the economtha past two decades, which in
turn leads to a rapid increase in household incasren important contributing factor to
the huge current housing demand. The increase usdhwmld income is a strong
tendency to improve their living conditions. Intational experiences reveal that after
the per capita GDP has reached $3,000 (a mediundasth of living), the desire of
households to improve their living conditions whié strengthened. Figure 2.2 shows
that the per capita GDP had already exceeded RMBI® (that is the U.S. $3,000) in

2006, which indicated a continuously growing hogsilemand in the following years.
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Figure 2.2 GDP per capita and disposable household income (unit: RM B)
Source the Chinese Statistical Yearbook, 2012.

Another key factor underpinning housing demandhim €hinese urban market is a
strong urbanization trend, as depicted in Tablewhich reports the urban population
and its proportion in the overall population (urlzation rate) since 1986. The rapid
urbanization attracts more and more people to imategnto urban areas, and generates

a huge demand for housing to accommodate the additperson.

Table 2.1 Urbanization in China: urban growth rate and urban population, 1986-2011

Year 1986 1995 1997 1999 2001 2003 2005 2007 2009 2011

Urban Population
2.6 3.5 39 44 48 52 56 6.1 65 6.9
(100 million persons)

Urbanization Rate (%) 245 29.0 319 348 377 405 43.0 459 483 512

Source the Chinese Statistical Yearbook, 2012.
Note. The urbanization rate equals the proportion ofaaorbpopulation to total population (including agttatal and

non-agricultural).

Meanwhile, household size decreases from 3.7 pglisal®96 to 3.1 persons in 2010
which further contribute to the growing housing @em. The number of one-person

households and two-person households has beenngroepidly (see Table 2.2). The

10



household size is becoming gradually smaller arednticleus family is becoming the
major form of modern Chinese families. Thus, dem@och newly built family looking

for homes also boosts the demand for houses.

Table 2.2 The household situation of urban residents

Year Number of the One-person Number of the Two-person The average household
households (million) households (million) size (persons)

2000 9.07 18.33 3.44

2010 23.10 35.79 3.10

Source:ithe demographic data are collected by thedtional census in 2000 and tHertional census in 2010.

Furthermore, it should be noted that the rapid tgwaent of the Chinese
housing market also fueled the speculative demandchdusing especially in the
period of high inflation (as showed in Figure 2.Zd hedge against inflation and
the rising user costs, buying property is partidylappealing in China because the
limited financial sector offers few other investramptions (Zhang et al., 2012).
The current increasing demand of housing might b&iga that companies and
investors are fear of inflation. According to theitéd States Department of Housing
and Urban Development (HUB)inflation heated up house prices and counterbatin
any increases in nominal wages, and eventuallyeaszad the pressure of urban

residents to buy new homes.
2.2.2 Supply

The modern housing system encourages the privafeefly developers to invest in
housing construction, and leads to a significamrdase in resource allocation for
residential construction (Mak et al., 2007). Fig@& illustrates a sharp increase in
housing supply during the past periods of 1995-201fe space of newly completed
residential housing has more than doubled overpirod of 1995-2011, reaching

® Source: The State of the Cities 2000, Fourth Anduak 2000, provided by the HUD.
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nearly two billion square meters in 2011. Growiragtér than the space of newly
completed housing is the amount of investment sideatial housing which increased

more than six folds by 2011.
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60000.0 | == Left: Floor Space of
2000.0 - Residential Buildings
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L 30000.0
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Figure 2.3 Housing supply in China, 1995-2011

Source National Bureau of Statistics of China.

Moreover, investment in real estate accountedHerfixed assets reached 19.8% in
2011 as depicted in Table 2.3. Housing investmeag hecome one of the most

important components of the total urban fixed assatstment.

Table 2.3 Total fixed assetsinvestment and housing investment (1995-2011)

Year 1995 1997 1999 2001 2003 2005 2007 2009 2011

Total investment in housing 31 32 41 63 102 159 253 362 618
development (10 billion RMB)

Total investment in fixed 200 249 298 372 555 887 1373 2246 3114
assets (10 billion RMB)

Proportion (%) 15,7 127 137 17.0 182 179 184 16.1 19.8

Source the Statistical Yearbook of China, published oy Chinese State Statistical Bureau, 2012.

#The proportion of urban housing investment inttital investment in fixed assets.

Meanwhile, loans for real estate development ase airowing remarkably. The

Chinese government worked out a policy entitled fManagement Provisions on
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Residents Housing Loan’ in 1998 to encourage thrangercial banks to increase the
financial support to housing consumptions sincehihesing reform (Leung and Wang,
2007). Over 60% of the real estate investment im&helies on the support of bank
loans (Liu and Huang, 2004). At the end of 2012 tbtal balance of real estate
development loans stood at 3 trillion RMB with acrease of 10.7%. More specifically,
the total balance affordable housindevelopment loans reached to 571.1 billion RMB
with an increase of 179.6 bilion RMB which accaunfor 66.5% of the total
incremental real estate development loans overstrae period. In addition, a
considerably large portion of bank lending was cleded into housing investment,
which reflects a tendency of the Chinese governm@mtards to increase affordable
housing to solve the housing shortage problem. Wighbenefit of hindsight, it is clear
that an influx of bank lending onto the housing ke#s simulates investment of houses

through a multiplier effect remarkably.

In general, these data on housing supply in somsesmdicate a success of urban
housing reform in spurring housing constructione Targe-scale housing investment
has increased the supplies of residential housesid®rably. The first household survey
on housing conditions was carried out in 1985, ianevealed that the majority of urban
residents were experiencing very poor living caods (the per-capita living space was
only 12 square meters in that year). Due to then@wuc development and housing
reforms, per-capita living space in China has ntbas doubled since 2002 (see Figure

2.4).

" Affordable housing includes houses of two limlisited price and habitable area), economicallpafable
housing, policy-regulated rental housing, low-reaines and other types of government-subsidizedehous
8 Data sources: ‘the 2012 Statistical Report on Cseiitstination of the Financial Institutions’ proeitiby the
People’s Bank of China.
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Figure 2.4 Housing conditions of urban residence (unit: sg.m)

Source National Bureau of Statistics of China.

2.2.3 The soared housing price

In spite of the increased housing investment prechdity housing reform, there is a
large gap between demand and supply since a rdafikat increase in supply cannot
catch up with a substantially growing demand. Gulye large proportions of
households are not able to have their own homedawd to share an apartment with
their extended family or colleagues in China. Treda®y Securities Statistics represents
that during the periods 1995-2011 the total spdaeewly completed commercialized
housing is 6.07 billion square meters and the spacemmercialized housing actually
sold is 6.86 billion square meters due to the pie-system, while the potential demand
went up to 13.0 billion square meters. Furthermtrere are approximately more than
eight million newly wedded couples every year (Glomformation, Inc., 2003), who
expect to establish their own families and seek hemes for themselves. Huang (2003)
noted that it is common for unrelated adults taslearoom. The married couples have
to live with their parents and grandchildren havshare a room with their grandparents.
Therefore, the upward trend of demand for new homélsremain strong for a long

time, in terms of both quantity and quality (Makakt 2007). As a result, the shortage
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of supply pushes housing prices up to 21,809 RMBisg 2011, more than eleven
times their level of 1998. Figure 2.5 illustratbe path of house price changes both in
normal and real item. In contrast to other commeslibf which prices increased by
2.9%, the growth rate of housing prices has sutgemiound 11.2% in 2011. Housing
prices have soared, and the average selling pfideowsing has tripled during the

observed period.
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—— Realhouse prices (yuan/sq.m)
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Figure 2.5 Real and nominal housing price movements. 1988-2011
Source:China Statistical Yearbook, 2012.

Note: Real house prices are adjusted for inflation, Whice calculated by deflating the nominal housegsrby the change in the

consumer price index.

Compounding the housing affordability problem i€ ttemaining stubbornly high
inflation. Taking account of inflation, it is appeert that real house prices are
considerably even higher especially in the highatrdn environment during 1991-1998
and 2006-2011. The current high price has gonerzkyloe purchasing power of most
urban households, put pressure on home buyers,cansed housing affordability

problems.

15



2.3 Measurements, data and the assessed housing affor dability

2.3.1 Measurements

Any consensus does not exist on the definitionfiordable housing. Before starting
to assess the housing affordability, it is stronglggested to firstly clarify how to
capture the housing affordability. A review of theerature on definitions of the
housing affordability is conducted in this sectidiutice first that the item of housing
affordability should be distinguished from the @fiable housing’ which refers to
houses that are appropriate for the needs of thedemoderate income households and
are priced lower than market prices to ensure tfede households are able to meet
their other essential basic needs after payingdoising expensésThese two items are

totally different concepts.

The most general use of the term of housing affalitha revolves around
consideration of the extent to which housing cdetsa given standard of housing
threaten their capacity to meet their total houkkheeds (Hancock, 1993). The term of
housing affordability is widely used in evaluatiookthe cost burden of housing for
consumers and thus is interpreted as the relatipristween household incomes and
housing expenditures (Kutty, 2005). Housing is de@no be affordable if expenditure
relative to income is reasonable or moderate. MédayBogdon and Can (1997, p.47)
state that measures of housing affordability giyarttie extent of the discrepancy
between current housing expenditures of househahds what they are expected to
spend given their consumption needs. Similar dsoascan also be found in Bramley
(1990). More accurately, Gan and Hill (2009, p.1il&)strate that the capability of a
household to purchase a house can be viewed atinetisee different ways: purchase

affordability, repayment affordability and incom#oadability. Purchasing affordability

° As cited in the ‘Housing Affordability Literatueview and Affordable Housing Program Audit,” UrbResearch
Centre, University of Western Sydney, July 2008.

16



considers whether a household is able to raise gindunds to buy a home and
repayment affordability refers to the burden imgbs& a household of repaying the
mortgage, while income affordability simply measuithe ratio of house prices to

income.

2.3.1.1The ratio approach

The first approach refers to the ratio measure lwbkipresses defined housing costs
as a proportion of income and relates this proportto selected standards of
affordability. The 30/40 rule and the ratio of grto-income are used extensively not

only in applied housing studies, but also widelyared in official housing statistics.

1) The 30/40 rule

The 30/40 rule, the preferred measure of housirgsstis currently the most widely
used as a benchmark for ‘housing stress’ regarndéngimple operation. This refers to
the point at which 30 percent of the gross incorh@ dousehold in the lowest 40
percent of the income distribution is allocatedhimusing costs. Beyond this level,
housing is defined unaffordable. Housing stresiefned as occurring when more than
30% of household incomes are spent on housing fosthe bottom 40% of income

groups (Yates et al, 2007).

2) The price-to-income ratio

An alternative measure of housing affordabilitythe ‘median multiple’ (median
house price divided by gross annual median houdehobme), a traditional measure,
which is also called the price to income ratio (gmaphia, 2013). This traditional
measure deems that the household is having ardaffity problem when the ratio of
price-to-income goes beyond 30 percent. The stdnfdamula for the price-to-income

ratio in the housing literature is
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ratio = hp/|1 (1-1)

where hp denotes the median house price, whiledenotes the gross annual

household income. But in China, neither the totatepindicator nor the household
income indicator is regularly reported in China (Wual., 2012). The formula is

amended to

Price-to-income ratio = (average housing price ggpm floor area) x (housing unit
size) / (average per capita income x household sizBrice-to-income ratio = (average
housing price per sg.m floor area) x (housing fiee person) / (average per capita

income). (1-2)

Hence, larger value of the price-to-income ratioangeworse performance of the

housing market where housing is less affordabléémne buyers.
2.3.1.2The residual income approach

The second approach is the residual measure wiictisés on the situation of
‘after-housing poverty’. Suggested by this approdlel ‘housing affordability’ refers to
the capacity of households to meet housing costke wiaintaining the ability to meet
other basic costs of living. Stone (1975) introdudbe term ‘shelter poverty’ to
characterize the households who are financiallgpgted and cannot afford other
necessities after paying for housing, in other wprdon-housing expenditures are
limited by the amount of money after paying for &img. Later, Kutty (2005)
re-emphasizes this measure of housing affordabiityd uses the concept of
‘housing-induced poverty to describe the situation where a household caaffiotd
other basic needs after paying for housing. Housgndeemed to be not affordable if

there is insufficient income left to sustain a mreable living standard.

10 The items used in Kutty (2005) and Stone (1978)different, but they have the same meaning.
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Apart from the traditional measure, this new meadwlieves that the households,
who even undertake housing cost burdens more tO#n@rcent, can still afford basic
necessities, but are not identified as having daradbility problem. The residual
income approach is strongly supported by Stone@RaAd Chen et al. (2010). It can be
used in predicting the occurrence probability ofusing-induced poverty and is
informative in determining the level of maximum afiable housing price. It also
provides guidelines to suggest the magnitude ofsimguassistance that should be
provided to low-income househotdsHowever, the disadvantage of this approach is its
dependence on subjective assumptions about hodsekpénditure and the difficulty to
define measurement criteria of basic necessarieen-housing goods (Stone, 2006).
What compounds the difficulty of using this appioéc assess the housing affordability
is lacking regularly published data on a minimuansliard of adequacy for non-housing

necessaries in China.

Whereas the ratio measure reveals an affordalplityplem when housing expenses
are deemed relatively large in relation to incorntiee residual income approach
considers whether housing is affordable taking act@f income levels and broader
basic household needs. In other words, the resithcame measure is specifically
concerned with the relationship between housingscasd living standards, while the

ratio measure focuses exclusively on housing @sisncomes.

While the above two approaches have been usedywidelits easy operation and
data accessibility, they are criticized for oveKimg housing quality. Consider a
household who has chosen a higher level of housorggumption than the socially
accepted community standards and may be counthdvaisg an affordability problem

by using the ratio measure and the residual meg¥®uhitehead, 1991). Therefore, a

1 Stone (2006) pointsut that the appropriate indicator to describeréfi@tionship between housing costs and
incomes is the residual income left after payinghfousing rather than the price-to-income ratiol@s).

Chen et al. (2010) summarize that the residual ircapproach is more logically robust and has a nuwibe
theoretic merits (p. 885).
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new approach which considers more factors regartbhngousing quality, location,
spatial differentiation, and household preferendessuggested by Mulliner et al.

(2013)2.
2.3.2 Data

Taking account of data accedbjs study mainly uses the ratio approach and the
residual income approach to measure the situatidmoosing affordability in China.
Data on housing prices, household income comes tinenStatistical Yearbook of China
(1986-2012), the Statistical Yearbook of Beijin@12), and the Statistical Yearbook of
Shanghai (2013). A decent house is specified wiliza of 70 square metétsThe
dynamic housing affordability during 1987-2011 isbtained by using the
price-to-income ratio. In addition, the residuatome approach is used to explore
whether a household can still afford for basic seaees after deducting housing
expenses. Data on basic expenses are gatheredHeoBtatistical Yearbook of China

(2012).
2.3.3 The assessed housing affor dability
2.3.3.1Estimated results: using the 30/40 rule

Take Beijing and Shanghai which are perceived teehhe most severe housing
affordability problem as examples. Combining théad&ported in Table 2.4 and Table
2.5, the bottom 40% groups would never have a @éaocbuy a new house at the
current housing prices and income level. Even iikbaapital is available, the down
payment of a 70 square meters house will cost dlgs®gen years’ income of the low

20% household in Beijing, while it is more thanefiyears’ income required for the

12 Due to lack of regularly published data this stedyploys the ratio measure and the residual meaatirer than
the third measure.

13 This study employs a conservative standard ofcamtehouse of 70 square meters, which is more semsiwith
the housing condition faced by the majority of Ckméouseholds.
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down payment in Shanghai. Down payment of at |&88% house prices prevents
households of the bottom 40% from entering the etaviithout assistance by their
parents due to the ‘deposit gdp’From this point of view, Beijing and Shanghai may
suffer from severe affordability problem, where ttmonthly payment for buying a
house of 70 square meters even exceeds the moinitdyne of the bottom 40%
households. It is impossible for the bottom 40%datwlds in these two cities to buy

even a new house of 70 square meters.

Table 2.4 Per capita income and size of urban households by level in Beijing and Shanghai, 2011

Beijing” Shanghdt
Categorized by income level Income Households size Income Households size
(RMB) (persons) (RMB) (persons)
Low income households (20%) 15,034 3.1 17,206 3.06
Lower middle income 23,551 2.9 24,824 2.92
households (20%)
Middle income households 28,949 2.6 31,414 2.87
(20%)
Upper middle income 36,621 2.6 40,771 2.87
households (20%)
High income households (20%) 63,292 2.5 70,067 2.76

Sources 1) Beijing Statistical Yearbook, 2012 and 2) Sifzai Statistical Yearbook, 2012, released by Bgijgmd Shanghai
Statistical Information Net respectively.

Note Monthly income per household could be calculdtgdincome*Households size)/12.

1 The item of ‘deposit gap’ refers to the amounithjch the average house price exceeds the amaatra th
household on the average income can borrow (seet\&4iu (2010)).
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Table 2.5 Paying for new houses by installmentsfor the bottom 40% groupsin Beijing and

Shanghai, 2011
70 nf 90 nf
Total Down Monthly Total Down Monthly
payment payment payment payment payment payment
(million (million (RMB) (million (million (RMB)
RMB) RMB) RMB) RMB)
Beijing 1.365 0.326 5, 691 1.756 0.419 7,317
Shanghai 1.184 0.282 4,932 1.522 0.363 6, 342

Note:1) The average selling price of residential housiag risen to 15,516.91 RMB/sg.m in Beijing whig448.35 RMB/sq.m in
Shanghai in 2011. 2) The common installment paymethods of average capital plus interest methadésl and the maturity of
housing loans is assumed to 20 years. 3) Commédoeias used only without consideration of publictamulation fund loans for

the ease of calculation.

2.3.3.2Estimated results: using the price-to-income ratio

Using the data on average housing price, housirey [3er person, and average per
capita income this study calculates the price-tmime ratios during the period
1987-2011 to measure the dynamic financial abilify Chinese households in

purchasing new homes (see Appendix A).

Plotting the distribution of price-to-income ratios Figure 2.6 indicates that the
housing affordability problem had been particulatyte in two periods 1992-1993 and
2003-2011 with the price-to-income ratio more tisewen. Drawing from the reported
ratio of price-to-income the ability of first tirf@me buyers to enter the housing market
has been deteriorated over the past decades ydi@giser housing price makes it
particularly difficult to buy new homes for less liveff households (mainly young

families).
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Figure 2.6 The path of housing affor dability measured by the price-to-incomeratio

Source It is created based on data in Appendix A.
2.3.3.3Estimated results: using the residual income appihoa

This study adds up the essential expenses on folmdhing, medical care,
transportation & communication (T&C) and educatimnobtain a low-cost budget

standard as a monetary level of necessitiésee Table 2.6).

Table 2.6 The basic budget standards of urban residents, 2011

Budget item of necessities National The bottom 20%  The median 20%

average (RMB) households (RMB) households (RMB)

Food 5,506 3,332 5,467
Clothing 1,675 761 1,629
T&C 2,150 671 1,762
Medical care 969 1,063 911.03
Educatior? 1,402 638 1,236
Subtotal 11,702 6,465 11,005

Note Y Education expenses are the basic costs of eductimtaking out of cultural recreation expenses.

Source The Statistical Yearbook of China, 2012.

5 The statistics on housing affordability releasgdhe Statistics New Zealand reports an adequaé ¢ residual
income (disposable income after housing costs adeaed) that is required for a household to méegrobasic
needs such as food, clothing, transport, medice¢ @md educationThe lowermost lives safeguard ordinance
announced by China in 1999 gives the similar stahddmecessities to sustain an adequate livelifoodirban
residence.
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Using per capita data on household income and egpenables to eliminate the
effect of household size since any normative stahdar non-housing items will
increase monotonously with household size (Stoi®62p.172). For the average
household, the annual payment (P&I) for a hous@lo$quare meters costs almost the

entire annual deposable income of a householdTgae 2.7).

Table 2.7 Housing affor dability on the residual income standar d

National The bottom  The median
average 20% 20%
Per Capita Disposable income (RMB) 21,810 8,774 549,

Annual payment for a house of 70 square meters 20,307

(P&l) Y (RMB)

Annual payment for a house of 90 square meters 26,112

(P&I) (RMB)

Minimum cost of non-housing items (RMB) 11,702 546 11,005

Note:? The principle and interest should be paid annustisr deducting the down payment.
Source the Statistical Yearbook of China, 2012.

More specifically, the bottom 20% households havelimance to buy a decent house
even they spend all of their deposable income, evtlle median 20% households
cannot afford a decent house at their current irectemel. Not only the bottom 20%
households, but also the median 20% households assidtances to realize their

ownerships of houses.

Although China’s housing market has withessed atgdevelopment over the past
years, our assessments show that it is clear thataQs suffering from a housing
affordability problem no matter what measuremenused. Buying a decent home
(around 70 square meters) for Chinese householliscogt more than seven years’
savings. According to the Demographia (2013) aoterof housing affordability (as
reported in Table 2.8), the current Chinese housmagket has fallen down into the

interval of severely unaffordable housing mark#t@igh the calculating method used
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in this study is a slight different from Demograpli2013). The Chinese housing market

Is becoming one of the least affordable housingketarin the world.

Table 2.8 The criterion of housing affor dability

Affordable Moderately Seriously Severely
Unaffordable Unaffordable Unaffordable
the median house price / the <3.0 3.1t04.0 4.1t05.0 >51

median household income

Source the 9" Annual Demographia International Housing AffordipiSurvey, 2013.

Moreover, the assessed housing affordability ughey residual income measure
shows that not only the low-income households &g the median-income households
are suffering from pressures of housing costs. rgachis situation the Chinese
government is required to ‘do something’ to amaelier the housing affordability

problem.

2.4 How to make housing more affordable

What might contribute to the deteriorating housiognditions in China? The
affordability of housing is treated as a functidrtlee costs of producing and financing
housing, and of household income levels or purcigappower. Numerous interrelated
factors may drive the decline of affordability, lmding an increased willingness and
capacity to pay for housing due to increased inar& more bank lending obtained.
Concurrent increases in population, decreasesusdimld size and increases in house
size may further compound the affordability problefine requirement of improving
housing affordability is becoming an enduring issii@t all governments have had to
address. This section provides a review of overpeésies and programs to solve the
housing affordability problem. Lessons can be dr&wm multi-countries that are also

facing housing affordability problems.
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2.4.1 Experiences of other countries

2.4.1.1Australia

Currently, Australia is in the midst of a housirftpedability crisis (Beer et al., 2004).
House price growth has continued to outstrip incgmaavth to the point that more than
one million low and middle income households argv rexperiencing housing stress
(the Australian government, 2008). Yates et alOf2(found that 65% of low-income
private rental households were experiencing housirggs in Australia. As presented in
Table 2.9, Australia has a housing affordability 6 which is higher than other

developed countries.

Table 2.9 Housing affor dability across countries

Nation Affordable Moderately Seriously Severely Total Median
Unaffordable  Unaffordable Unaffordable Multiple

HK (China) 0 0 0 1 1 135
Australia 0 0 9 30 39 5.6
New Zealand 0 0 3 5 8 5.3
United Kingdom 0 2 14 17 33 5.1
Canada 8 17 4 6 35 3.6
Ireland 1 4 0 0 5 3.2
United States 100 87 13 16 216 3.1
Total 109 110 43 75 337

Source the 9" Annual Demographia International Housing AffordipiSurvey, 2013 (p. 3).

In response to an emerging housing affordabiliigi€r the Australian government
has built a series of new initiatives which aimedrprove housing affordability. As

summarized by Wilson et al. (2010), the major newvatives include:

1) First Home Saver Accounts — whereby bigger dépaan be saved through low
tax superannuation-style savings accounts toppebyugdditional contributions from

the government.

2) Housing Affordability Fund — aims to lower thest of building new homes by
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working with all levels of government to reform rna$tructure and planning

requirements.

3) National Rental Affordability Scheme — seeksnicrease the supply of affordable
rental dwellings by providing tax incentives to earage investment in properties

rented to eligible tenants at 20% below the mandiet.

4) Land release — releasing surplus commonweatith ler development to increase

the overall land supply (Australian Government, @00
2.4.1.2The United Kingdom

The Barker’s Review of Housing SupgB004) reveals that the U.K. has experienced
a long-term upward trend in real house prices, 2pt0year over the last 30 years
which leads to affordability problems. AlternatiyelBramley (1994) argues that
housing affordability in the U.K. has been detaated remarkably since the late 1990s,
with housing price rising faster than income. Agarof policy recommendations for

improving the functioning of the housing market egroposed as follows

1) Providing support on the demand-side to helgetad groups of first time buyers

through the Home-buy programand via joint equity loans with mortgage lenders;

2) Continuing to tackle the under-supplied housghmpugh measures to increase the
amount of surplus public sector land being broufgimtvard for development, and

through reducing construction costs via the contipaetio construct homes;

3) Providing stamp duty helps for home-buyers amatinuing to provide support to

those who are left homeless and vulnerable.

18 ‘Housing policy: an overview’, reported by the & of the Deputy Prime Minister, July 2005.

7 Being supported by this program, the householdeldcinitially purchase an equity stake as lit#e58% and then,
in most cases, ‘staircases up’to 100% ownershtheaiscircumstances improve. Accordingly, when tloeseholder
chooses to sell the home, they receive a shateeafales proceeds proportionate to the size af thei equity stake.
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2.4.2 Efforts of the Chinese gover nment

The growing crisis in housing affordability duette fact that the strongly growing
demand has outpaced limited housing supply, antleciggd governments of different
levels that are required to ‘do something’ to mhkesing more affordable. A flurry of
studies has recently emerged and suggests thaapid decrease in affordability of
Chinese housing markets is primarily due to suppbnstraints. The Chinese
government has conducted a series of innovatiotts avstrong volition to prompt the

housing supply.

1) Increasing the gross of land supply for resid¢nise

Demographia (2008, p47) regards supply constrass the most important
consideration that, ‘... Affordability of housing iz@whelmingly a function of just one
thing, the extent to which government place ai#figestrictions on the supply of
residential land’. For instance, the newly annodnitee regulations provide that land
supply for small and medium residential houses khde increased to stimulate
effective housing supply. This regulation servesprove the current structure of new
construction through reducing the proportion of ik houses and increase the
proportion of common residential houses. Chen et(2010) argue that housing
developers tend to produce large dwellings (moam th20 square meters), which leads
to a mismatched supply structure and makes hodssgyaffordable. Combining with
other instruments such as the ratio of down payraadtinterest rate preference, this
regulation aims to optimize the supply structure $iymulating the provision of

common residential housing, while curbing the symblluxury houses.

2) Discouraging speculative or investment-drivendiog demand

The current regulations aim to encourage the deroétide first house and housing

improvement while discouraging speculative or inmest-driven housing demand by
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different down payment and interest rate. The fiisie home buyers can enjoy
preferences such as a 20%-30% down payment obtalehtousing price and discounted
interest rates. In contrast, the bank is requiredmore strictly enforce rules on
mortgages for second homes and the down paymetieasecond house is raised to

40%-60% to curb speculative demand for housing.
3) Shortening the process of administrative apgsova

The current planning procedure is notoriously loAdot of power rests in the hands
of local authorities who are able to delay and klbousing proposals. Take a recent
innovation for instance; the rights to release sake- approvals of commercialized
housing are further devolved to the county levebading to the decision announced in

2012 by the State Council of China which aims tpriove the speed of housing supply.
4) Increase the provision of public housing

The implementation of measures has been announceé@ntourage housing

developers to produce affordable housing by reduttie financial cost and land cost.

Besides, the government has stepped up effortauild Bnd manage government
subsidized housing, guaranteeing satisfactory hgufr the low and median income
households. The Comfortable Housing Project (‘ABheme’), which was carried out
in 1995, attempts to provide comfortable housingntedium and lower income
households at a below market price. The Anju Schesgaires commercial banks to
provide construction loans and the local governnterirovide free serviced land for

developing low cost housing construction (Liu, [2,18998).
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2.5 Concluding remarks

The mismatching housing market in China generatesaaing housing price which
has gone beyond the financial capacity of urbardeess nationwide. In spite of the
Chinese government efforts to improve the housirandtions, it is widely
acknowledged that the majority of its urban resigeare still suffering from
affordability problems. Considering the currentame of households, the relatively
high price of houses discourages the potential hboyers to enter into the housing
market. Without any assistance from the governroenglatives, buying a decent house
is impossible not only for the low-income houselsoldit also for the median-income

households.

Faced with the demand to ‘do something’ for the dwog affordability crisis, the
Chinese government has tried to solve the houdhugtage by increasing effective
housing supply and suppressing property speculaBom there are several obstacles
that might discourage the government’s efficientigges. On the one hand, the
governments’ efforts to increase land supply fonstnuction use may clash with
farmland protection. On the other hand, the pursi@iitevenue obtained from land
leasing surpasses the enthusiasm of governmentstease land supply for public
affordable housing construction use. Thus, furétady is required to examine whether
the current housing affordability problem is caubgdsupply constraints. In particular,
it is urgent to explore a cure to overcome the hmuaffordability problem. In order to
fully understand the housing market of China aidtliie existing research gap, next
step is to explore the source of the housing affioildy problem by estimating housing

supply elasticity and its determinants.
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CHAPTER 3
ESTIMATING THE HOUSING SUPPLY ELASTICITYANDITS
DETERMINANTS

3.1 Introduction

Housing constructions play a critical role not oimyeconomic development, but also
in affecting the household welfare. Given the imt@oce of housing constructions,
additional efforts in this field are thus justifiethe vital importance of housing supply
analysis for policy making has been stressed sktieras. For example, as Malpezzi
and Maclennan (2001) argued, ‘...most housing modets policy analysis hinge on
explicit or implicit estimates of the price ela#yjcof housing supply, does the market
respond to demand side shocks with more supplygbeh prices?’ In fact, the Chinese
housing market has experienced rapid growth sirfe® hHousing system reform
implemented in 1998. As a result, the demand ofimguwas enormously stimulated.
Afterwards, housing prices jumped from 1,854 RMB gguare meter in the year 1998
to 4,725 RMB per square meter in 2010 (with an ayerannual growth rate of nearly
12%), and caused a genuine concern in recent y€amsequently, a series of
regulations has been implemented by the Chinesergment to intervene in the
housing market and to avoid overheating and passiubbles. The interventions
include interest rates adjustments, reducing aranexing real estate taxes and fees,
and reducing land rents. An evaluation on prosam of policies requires a thorough
understanding of both sides of housing demand angihg supply. However, while
there are already extensive studies which focusthen housing demand side, few

attentions have been paid to the housing suppéy sid

This chapter focuses on the supply side. The rettaren model and the

stock-adjustment model are used to estimate howssipgly elasticities. It examines the
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housing supply determinants in the Chinese housiatket. Several questions will be
explored. First, how elastic is housing supply iniM&? Second, do the reduced-form
model and the stock-adjustment model show the $amsing supply elasticity? Finally,

does land regulation plays a crucial role in affeghousing supply elasticity?

The following section summarizes the existing &tere. Section 3 discusses the
methodology. Section 4 shows the estimated restlis. final section discusses the

main findings.

3.2 Previous Research

A comprehensive review of the previous studieslmarfound in DiPasquale (1999),
who provides an excellent summary of the issueshenhousing supply. This study
discusses current studies on the latest develogn@r iconomics of housing supply. It
pays particular attention to the most-recent studikich focus on the supply of housing
in China, and in particular on the following disgtimg issues. What is known
concerning the approaches of housing supply relseakhat is the appropriate
functional form for housing supply equations? Wisatnown concerning determinants
of housing supply? What appear to be the majorat@nts of the estimated housing

supply elasticity in the previous studies?

One of the major continuing questions concerningisirg supply is just how
sensitive supply is to changes in prices. A pelfesiastic housing supply is supported
by the earlier studies of Muth (1960), Follain (29and Stover (1986). Muth (1960) is
generally cited as the first empirical researchirenrelationship between housing prices
and housing supply. Using a regression model ardndtional data, he attempts to
examine the relationship between new housing ositaitl housing prices in the United

States, but finds no statistically significant telaship. Alternatively, Follain (1979)
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applies Muth’s model to a longer and more recemtodewith full consideration of
serial correlation or the possibility of simultatyebias between prices and quantity of
new constructions. He got a similar finding to M1960). Afterwards, Stover (1986)
and Olsen (1987) present a compelling argumenhemethod and data used in Follain
(1979) and Muth (1960). Stover stresses that theght be aggregation bias existed
when national data is used and consequently, atichages price elasticity using
cross-section data from 61 metropolitan areasetihited States. However, he did not
find any significant relationships between new hoegisupply and housing price. The
result can be treated as evidence to support @giezfasticity housing supply in the
United States. Further, Olson (1987) points outt thilaere might be some
misspecifications in Muth’s (1960) and Follain’'9{P) studies. He argues that if the
relationship between housing price and input c¢sapital cost, land cost, and labor
cost) is correctly specified, then the coefficiemt quantity is zero regardless of the
elasticity of supply. As a result, the supply fuactwith price as the dependent variable
should have either input costs or housing outputhenright-hand side, but not both.
Since the goal of the analysis was to examine gleionship between long-run supply
price and housing construction, input costs shawldbe included in their estimation.
Input costs include capital costs, constructionts;o$and costs and labor costs.
Generally, input’s costs fluctuate under the regyoitaof the government. Unfortunately,
he did not provide empirical evidence. In genenabst of the above researches use a
reduced-form model to examine the relationship betwhousing supply and housing
price. The price elasticity of housing is derivednh the coefficients on supply and
demand shifters in the reduced form regressiorodigh various approaches have been
utilized in the previous studies, the reduced-fonmdel is frequently employed. Two
recent studies by Mayo and Sheppard (1996) and @dai@and Maclennan (2001) also

apply such approaches to comparative studies betaentries.

However, one unusual characteristic of housing lsuigpthat the short to medium

33



supply curve for housing embeds a fundamental asgtnyrand can be probably best be
viewed as kinked. When housing demand falls, theketacannot easily adjust the
supply of housing downward because housing is sabiet On the other hand, under
absent constraints on land supply, the market shbel able to absorb increases in
demand. Of course, it has been the case receantlyité strong national market for new
construction has led to material and labor shogdlbat have, in turn, driven up prices
of materials and labor. This suggests that housugply is not perfectly elastic in the
face of increased demand, at least in the short Fumthermore, due to a long
construction period and the relatively small effe€tannual construction on the total
stock of housing, housing supply responds on pigrta cyclical movement in demand
(Arnott, 1987). Unlike the earlier studies, Pote(b@84), Topel and Rosen (1988), and
DiPasquale and Wheaton (1994) employ the structpaloach to estimate housing
supply elasticity directly and finally provide ewidce to support a less than perfectly
elastic housing supply. In an effort to make a g@oehparison, later research by
Blackely (1999) estimates the alternative modelsitoeed above using the annual

aggregate data for with a longer time span in thi¢dd States.

On the other hand, the urban growth model takés@uisideration of the role of land,
which is superior to other models based on investntigeory. Capozza and Helsley
(1989) originally develop a simple model in whichptal is durable and landowners
have perfect foresights, and show that land priae four additive components: the
value of agricultural land rent, the cost of cosven, the value of accessibility, and the
value of expected future rent increases. As ameida of Capozza and Helsely (1989),
Mayer and Somerville (2000) develop an urban gromthdel to estimate housing
supply in the U.S. using the data of the period6t@987. Furthermore, they argue that
new construction should be a function of changebausing prices and construction
costs rather than their levels. Their estimateggesiga fairly moderate response of

supply to house price changes. The results giveath@% rise in real house prices leads
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to a 0.8% increase in the housing stock which mplished by an immediate 63%
increase. Green et al. (2005) estimate separat@ysefasticities for 45 metropolitan
areas of the United States following a model based theory of urban form firstly
developed by Capozza and Hlesley (1989), and tleradplied to housing supply
analysis by Mayer and Somerville (2000). They firwdising supply elasticities to vary
substantially from place to place due to differ@egrees of regulations. Table 3.1 shows

the estimated results of previous studies on hgusipply elasticities.

Table 3.1 A wide range of the estimated housing supply elasticity

Argument Studies Study area Data used Estimates
I. Perfectly elastic Muth (1960), The United National level Infinite
housing supply Follain (1979) States time-series data
Stover (1986) The United Cross-sectional data Infinite
States
Il. Less perfectly Poterba (1984) The United Quarterly time-series 0.5-2.3 for new
elastic housing States data for construction; -0.9-1.8
supply 1964:1-1982:2
Topel and The United Quarterly time-series 1.2-1.4 (myopic);
Rosen (1988) States data for 1.7-2.8 (cost
1963:1-1983:4 adjustment)
DiPasquale and The United Aggregate annual 1.0-1.2
Wheaton States data for 1963-1990
(1990)
Comparative Mayo and Malaysia, Annual time-series  Malaysia: 0.0-0.35;
studies across Sheppard Thailand, data for 1970-1986 Thailand: infinite;
countries (1996) Korea and the Korea: 0.0-0.17; the

u.S.

U.S.: 12.59-19.88

Malpazzi and
Maclennan
(2001)

The United
States and the
United
Kingdom

Annual time-series
data for 1985-1995
for the U.K. while
1889-1994 for the
u.sS.

The United States:
4.0-13; the United
Kingdom: 0-6.0

Source summarized by the author.

Meanwhile, a large body of literatures exploresdbh&germinants in affecting housing

supply elasticity. As a durable good, the supplyhofising is determined not only by
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decisions of new construction developers, but &lgdhe decisions of existing home
owners. In addition, there are two sources to emeehousing availability: construction
and renovation or repair of existing housing. Sidaéa on the latter are not available,
most existing studies only focus on new constructibigure 3.1 illustrates the key
factors and their inter-relationships in the hogsimarket. An increase in population as
well as households’ income generally gives risantease in the housing demand.
Meanwhile, housing supply is basically affectedhmysing prices, housing stock, and
input costs. The government regulates housing rmankely through adjusting interest
rates and controlling land supply for constructi@e to affect housing supply in order
to eventually stabilize housing prices. The eff@cthese regulations on housing supply

depends on the response of housing developers.

Fopulation —|

Household income

Housing dermand )

Housing price

Constraction costs ]
Housing supply

Capital costs

]

&

UOTR[NEAT JURTIIIIRAD D)

Land supply

Housing stocles

Figure 3.1 Thekey factorsin the housing mar ket

Source:drawn by the author.

Table 3.2 reports the previous studies on the astidhcoefficient of explanatory
variables such as construction costs, the housogk and the vacancy rate. Most of
them report a positive sign for the real inter@sé rand a negative sign for the vacancy

rate, while there is no agreement on the coeffisieaf construction costs and the
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housing stocks.

Table 3.2 Alternative explanatory variables for housing supply elasticity

Explanatory

variables

Estimates of Coefficient signs

Studies

Real interest rate

Nine papers: “-”

Only one paper: “Not

Follain (1979); Topel and Rosen (1988);
DiPasquale and Wheaton (1994); Mayer

significant” and Somerville (2000); Hwang and Quigley
(2006)
Construction costs Five papers: “-"; Follain (1979); DiPasquale and Wheaton

Five papers: “+7;

Two papers: “Not significant”

(1994); Somerville (1999); Mayer and
Somerville (2000);

Stock of housing

Only one paper: “+";
Two papers: “-”;

Four papers: “Not significant”

Muth (1960); Follain (1979); DiPasquale
and Wheaton (1994); Blackley (1999);
Mayer and Somerville (2000)

Vacancy rate

Four papers: “-”;
Only one paper: “Not

significant”

De-Leeuw and Ekanem (1971); DiPasquale
and Wheaton (1992); Quigley (1999)

Source:Summarized by the author.

An overview of the existing studies, which focusesthe Chinese housing market,

reveals that most researchers concentrate on thsirfigodemand but, they usually

overlook the housing supply. Using data for 35esitiGao and Wang (2008) investigate

the elasticity of housing demand. They find anasgt housing demand in China, and

their finding also suggests a significant regiatifference in housing demand elasticity

across cities. Similarly, Chow and Niu (2010) estienthe housing demand elasticity

using time-series data for years of 1987-2006. Tiepwrt that the income elasticity of

housing demand is 0.904, while the price elastioitgupply is 0.831. More recent work

by Wang et al. (2012) makes several improvementsxploring the housing supply

elasticity and its determinants in China. Usingadat 35 cities from the year 1998 to

2009, they find a less elastic housing supply. They an indicator of the developable
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land ratio to measure land-use regulations in edghThe results suggest that there is a
significant relationship between the availabilifydevelopable land and housing supply
elasticity. Further, the results indicate that gapgical constraint, the average built-up
area, the rate of population growth and regulatestrictions on land use matter in
determining housing supply elasticity. Especiallg, there are no published data on
housing stock in China, their study measures hgustock by per-capita floor area
multiplied by the urban population in 1999. Thessults may be better convinced if
they employ a more precise measure of the housou.sAlternatively, Fu et al. (2011)
explain housing supply elasticity across the Chenesties, and obtain several
interesting findings. Their results show that tlwpEy elasticity increases with fixed
investments and urban area expansion in a cititofilgh, holding investment and urban

area expansion constant, the supply elasticitydependent of urban size and density.

This chapter extends the existing literature inesalvways: 1) an update panel data
for 35 cities from the year 1999 to 2010 is usedawid the aggregation bias of
employing aggregated time-series data, 2) bothflitne model and stock-adjusted
model are used to examine, and 3) it incorporditesmpact of land-use regulation into

the model.

3.3 Methodology

The analysis follows the work by Malpezzi and Maclan (2001). As they criticized,
the Muth-Follain tesf cannot differentiate between perfectly elastic amelastic.
Based on their work, this study first conducts atsalysis to explain sources of the

housing supply elasticity considering the effect lafd available to develop new

8 The Muth-Follain test is frequently cited to examthe assumption of a perfectly elastic long-nuppsy of new
housing constructions. It is based on the OLS edtim of two equations. One equation relates tlve censtructions
to housing prices and a set of input price vargblé&e other equation relates the housing price thi¢ new
constructions and the input prices. A statisticalfnificant positive relationship between housimiges and new
constructions is observed, and it is treated adeende to reject the assumption.
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constructions. This study combines the supply aewchahd equations into a reduced
form equation. Based on the reduced form, which baen used in Muth (1960),
Follain (1979), Mayo and Sheppard (1996), and Matpand Maclennan (2001), this
study estimates the housing supply elasticity. Tdil®wing procedure describes the
derivation of the simple reduced form equation, axdmines the price elasticity of

housing supply with estimates of housing demandrpaters.

3.3.1 Price easticity of housing supply

A flow model of housing market consists of the daling three equations,

INQ, =a® +¢&J OnY +&, OnP+£5 OnD (3-1)
InQ, =a*+¢, nP (3-2)
INQ, =InQ, (3-3)

where the parameters GIS and e‘g is the income and price elasticity of demand for
housing respectively, and is the price elasticity of supply for housing.édguation
(3-1) housing demandQ,, is treated as a function of household incomg, (housing

price (P), and number of populationlY). In equation (3-2) housing supplf)), is

assumed to be determined by the housing price didyce, combining the three

equations yields a reduced-form equation whichbmadescribed as follows:

InP=m+miInY+mInD +¢, (3-4)

where the parameterz, is given by:
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m=—. 3-%)

d
£
e 3-6)
7T,

To begin with, we discuss briefly the relationstiptween these parameters. The

equation (3-6) implies that iﬁs;’ equals to 0, the price elasticity of housing sypnll
equal to the price elasticity of housing demand.eWIa’;’I is greater than 0, andr
approaches to 0, the price elasticity of housimgpsumust be infinite. The value ofz,
can be easily obtained by estimating the equatia)| anckg and 53 have been
estimated from the previous studies. Then the ssgye coefficient 7z; can be

transformed into the price elasticity estimat¢ (for given value Ofé‘g ands;’).

Following the work by Malpezzi and Maclennan (20@is study takes the stock

adjustment into account,
InQ, =d(InK, —=InK,,), (3-7)

where d is a parameter indicating the portion of the gégsed in periodt and

ranges from 0 to™?, and K, is the actual stock in periot—1.

K", the equilibrium demand for housing stock, whighiétermined by

19 Due to lack of data on housing stocks, the estimaif parameterd comes from experience data. Similar
procedures were applied to estimation of housipgplsun Mayer and Somerville (2000a, 2000b), Mayd a
Sheppard (1996), and Melpezzi and Maclennan (2001).
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INK™ =S, +B,InP, +4,InY, +3,InD,. (3-8)

Combining the equation (3-7) and (3-8) to solvetfwr housing priceR) leads to

the equation (3-9). The demand function is
NP, =m, +mInY, +m,InD, + ;,InK,_, +£. (3-9)

Hereby, the price elasticity of housing can be ioleté from

s d dé‘;‘
g, =de, + : (8)1
n

Following Muth (1960) and Malpazzi and MaclennafQ2) this study uses 0.3 and

0.6 as an estimation of parameter

3.3.2 Housing supply deter minants

The quantity of housing that developers providedssitive to its prices and costs,
and depends as well on available land for constmucEollain (1979) points out that the
purchasing price of a new house essentially caneistwo components, the price of the
structure and the price of the land. Studies bygRem Wheaton (1994) and Wang et al.
(2012) suggest that there is a positive relatignddatween land supply and housing
supply in Hong Kong and the Chinese mainland citiésreover, the finding of Wang
et al. (2009) indicates that an increase in landephas little influence on housing
supply, while the land supply increase is an eiffecstimulator to housing supply. This
study performs a cross-sectional regression wheusihg construction is a dependent
variable. The existing studies present two altéveaneasures for housing construction.
One is the real value of residential constructiangd the other is either starts or
completions. This study measures housing outpubdwy completions. By including

dependent variables of housing price, housing stdeknographic characteristics, and
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land variable, this study attempts to explore tleexninants on housing supply

elasticity using an improved measure of the houstogk and an update data set.

3.4 Data and empirical results

3.4.1 Data

The data for estimation is panel data for 35 Clangies from 1999 to 2010. The
total sample size is 420. The descriptive statidtic variables of empirical analysis are

in Table 3.3.

Table 3.3 Satistics of housing price and independent variables: 1999-2010, for 35 cities

Variable Definition Mean Min. Max. Std. Dev  Obs.
P Housing price (RMB/sqg.m) 3,568.2 1,077.0 18,954.02,562.3 420
Y Annual per capita disposable 12,947.4 4,764.9  32,380.9 6,092.1 420

household income (RMB)

D Non-agricultural population (10  280.9 1.0 1,192.2 227.8 420
000)

K Housing stock (10 000 sqg.m) 6,698.3 980.0 35877.5,877.5 420

Q Housing completion (10 000 sgq.m)526.7 19.9 3,380.1 522.0 420

LP Land price(RMB/sg.m) 3,639.7 345.0 22,827.0 4,882 385

LS Land purchased by developers in 397.0 2,092.5 13.9 358.0 385

one year (10 000 sq.m)

Source China Statistical Yearbook, 2010; China City Statal Yearbook, 2000-2010; China land price infation dynamic
publishing platform.
Note Data on land price and land supply are availahlg for 2000-2010.

Unlike the studies on developed countries, the tilai@ period of this study is limited
because the Chinese housing commercialization rystas merely implemented in
1998. Especially, data on housing stock are ondjlale for 1999. Using the data for
1999 as a benchmark, this study obtains its owe 8eries of housing stock. In Kuang

and Zhou (2010) and Wang et al. (2012) housingkstestimated by per-capita floor
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area multiplied by the number of population. Aleimely, Chow and Niu (2010) use
the indicator per capita floor area separately ®asnre housing stock. This study
measures the movement of housing price using tkeage sales price of residential
buildings. Household income is measured by pertaaginual disposable income of
urban households. The data mainly comes from thés8tal Yearbook in each city.
Data on population are the number of non-agricaltpopulation. Most of the above
data come from the China Statistical Yearbook ssldaby the National Statistical
Bureau of China (NBS). In addition, our study usgs instrumental measures of land
regulation, land price and land space purchasethéyevelopers. The data on land
price are the land dynamic monitoring system dateased by the Chinese land price
information dynamic publishing platform, which wastablished in 2000 and provides

the latest data on land price for 105 Chinese<citie
3.4.2 Estimated price easticity of housing supply

This study conducted regressions based on theiegu&t4) and (3-9), and obtained

the estimated coefficients on income elasticity d@mand, 7z, . Hence, given the

estimated of price elasticity of demand?, and the income elasticity of demam.f,

the implied price elasticity of housing supply che finally obtained. Table 3.4

represents the regression results.

The dependent variable is housing price in natogdrithm, while the independent
variables include household income, population tiedlagged housing stock. The first
two cases are the estimation for flow model, wiGilgse 3 and Case 4 describe the
estimated results for the stock-adjusted modelthégrCase 1 and Case 3 is the direct
estimation for equation (3-4) and (3-9) respectiv€lase 2 and Case 4 are adjusted for

autocorrelation by including an item of AR (1).
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Table 3.4 Estimation results for income elasticity of housing supply

Variable Case 1 Case 2 Case 3 Case 4
logY 1.061%** 1.088*** 0.900*** 0.951***
(0.026) (0.057) (0.038) (0.077)
logD 0.024 0.006 -0.009 -0.007
(0.033) (0.031) (0.035) (0.032)
logK,_, 0.227%* 0.209%*
(0.039) (0.073)
AR(21) 0.765*** 0.737**
(0.032) (0.037)
Constant -2.056*** -2.232 -2.302 -2.650***
(0.168) (0.539) (0.191) (0.561)
R? 0.79 0.947 0.805 0.922
DW 0.696 1.998 0.727 2.036
Observations 420 385 385 350

Note The dependent variable ibg (housing price). Standard errors are in parenthesislicates significant at 10% level,

** indicates significance at 5% level, and *** irgdites significance at 1% level.

As demonstrated in Table 3.4, the estimated coefficon household income is
significantly greater than zero in all cases intincp a less perfectly elastic housing
supply in China. On the other hand, the coefficient demographic characteristics
measured by the non-agricultural population issigmificant in all cases. A correction
for autocorrelation makes little difference in daménts of household income. Similar
to other studies, the stock-adjusted model yieldbghtly lower elasticity compared to

the flow model.

To estimate the price elasticity of housing supgiys study uses the estimates of

these two parameters oa‘; and 53 as summarized by Malpezzi and Mayo (1987) and

Malpezzi and Maclennan (2001). Using these estidhgbarameters, this study
calculates the implied price elasticity of supplithha combination of the estimates of

income elasticity and price elasticity of demandm® representative calculations are
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reported in Table 3.5.

Table 3.5 Price Elasticity of Housing Supply

d Flow model Stock-adjustment model
£,:-0.1~-0.5
(71,=1.088) (71,=0.951)
£9:05~1.0
d=0.3 d=0.6
d d 0.419 0.126 0.251
£,=-05, £,=1.0
0.819 0.246 0.491
d d -0.004 -0.001 -0.002
£,=-01, £,=1.0
0.360 0.108 0.216
d_ d_
£,=-05, £,=0.5
d_ d_
£,=-01, £,=0.5
Malpezzi and Maclennan (2001) US: 4.4~12.7 us:1.2~2.8 US: 2.4~5.6
UK: 0.0~4.3 UK: 0.0~0.3 UK: 0.0~0.5

d d
Note €p is the price elasticity of demand:‘,i‘y is the income elasticity of demand. The pricetaitias of housing supply can

gd
be calculated bygs = d(£5 +—2).
|
As noted in the Table 3.5, the implied price etasés of supply based on the
estimated results of the flow models fall in anemtl between -0.004 to 0.819. In
contrast, the stock adjustment elasticity is mumher ranging from -0.002 to 0.491.
The similar approach was used in Malpezzi and Marda (2001), Mayo and Sheppard
(1996). The former research chooses the value leatw@2 and -0.5 for price elasticity
and the value between 0.5 and 1.0 for income elgstThe latter one chooses the value
between -0.1 and -0.5 for income elasticity andsamme range as the former for price
elasticity. Similarly, this study chooses the estiea price elasticity of demand between
-0.1 and 0.5, and the estimated income elastiditdemnand is between 0.5 and 1.0.
Moreover, the baseline of the adjustment parameger8.3 and 0.6. However, as
Malpezzi and Maclennan (2001) argued, the estimalasticity of housing supply we

obtained is only a range.
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Other studies obtained similar magnitude of housungply elasticity represented by
Chow and Niu (2010) and Fu et al. (2011). Usingyarly national data of China, the
former one obtained a price elasticity of supply¥0@31, although their focus is on the
demand elasticity. The latter calculates an el&gtot housing supply in urban cities of
China varying from 0.62 to 1.46. In contrast, Waical. (2012) obtained an average
elasticity ranging from 2.82 to 5.64, which is karghan our study and other studies.
Their estimated housing supply elasticity was d=tifrom the average estimated
housing supply of the 35 cit#®s In general, most of the studies on the housimplsu

in China obtained a lower elasticity of supply.

3.4.3 The alternative deter minants of housing supply

This study further conducts regressions on houstogstruction, Q. As an
independent variableQQ is measured by housing completion in the corredipgnyeatr.

Independent variables include housing pri¢e),(lagged housing stockK(,), land

price (LP), and land supplyl(S). The regression result is as follow:

log(Q) =-4.175+ 0.1000g(P 3 0.27log(LP Y+ 0.241og(LS } 2.0790g(K (- 1))

S.E. =(0.374) (0.056) (0.071) ap (0.295)
Number of observations = 3893°= 0.821

This study obtained expected coefficients. Thenested coefficients on land price
are significantly negative indicating that an irage in land price will enormously
decrease the housing output. Meanwhile, an incredsed supplies associates with an

increase in housing output. In addition, a sigaifity positive relationship between

20 pue to economic developments, geographic positimms other factors, there are huge gaps amongtimese
cities. Ignoring the differences among cities negdl to serious biases.
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housing output and housing price was found usingsimg completions as a dependent
variable. The result can be treated as evidencgej¢éat the Muth- Follain test, which
means that housing supply in China is less elastithough an ignorance of other
inputs such as capital cost and labor cost maitbligeduce the explanatory power, our
specification can explain about 80 percent of thgation in housing output. Overall,
the results are supportive of the importance ofidase regulations in affecting housing

output.

3.5 Concluding remarks

This study conducted regressions on new housingtieartions using cross-sectional
data for 35 cities during the period 1999-2010. €s8mated results of both the flow
model and the stock adjustment model are repredente estimated results based on
the flow model suggest that the price elasticityhofising supply ranges from -0.004 to
0.819. But the stock adjustment model yielded aeloglasticity varying from -0.002 to
0.491. The findings reveal that housing supply imn@ is less elastic compared to
developed countries. The lower estimated housinge mupply elasticities imply that
developers in China cannot respond quickly by ssteamore houses to a shock from
the demand side. Moreover, the results of thisystahfirmed that land-use regulation
has a significant effect on housing supply. Housiagply elasticity in China is not only
determined by the housing price, but also influeniog land-use regulations as well as

the lagged housing stock.

Several researchers argue that supply conditio®wo$ing may vary from place to
place even in a country. Next chapter investigdtessing supply variations across

regions in China.
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CHAPTER 4
EVALUATING VARIATIONSIN THE HOUSING SUPPLY ELASTICITY
ACROSS REGIONS

4.1 Introduction

Chapter 3 has estimated the housing supply elgstithe result shows that the
housing supply in China is not perfectly elastit.plarticular, it is slightly lower than
that of developed countries. This chapter examihesvariation in housing supply
elasticities across regions and explains the vanah aspects of urban development
and land use controls. The urban growth model isleyed to capture the relationship

between land-use controls, urban characteristidst@nhousing supply.

Section 2 begins with a brief summary of both thevipus empirical studies and the
development of the theoretical model on housingluBection 3 discusses the model
derived from the urban growth model. The model wags the impact of urban growth
and land-use controls on housing supply. This @ragiso includes data descriptions.
The estimated results are reported and discussgddtion 4. Section 5 concludes this

chapter with a summary of the main findings.

4.2 Literaturereview

Two approaches, reduced-form and structural appesare often used to estimate
the relationship between housing constructions@maes. Earlier empirical studies on
housing supply tend to use the former approach) sscMuth (1960), Follain(1979),
Stover (1986), and Olsen (1989). Most of theseistuthiled to reject the hypothesis

that the housing supply is perfectly elastic. Thhe,researchers inferred that the supply
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of new constructions is perfectly elastic.

On the other hah recently there have been several attempts ta lauistructural
model of housing supply. The theoretical underpignof such literature comes from
one of two sources: the investment theory and tho@aru spatial theory. The main
difference in these approaches lies in the wayeddting land (DiPasquale, 1999). The
studies based on investment theory, which treat tae same as capitals and labors, but
ignore the special characteristic of land. Unlikedtudies based on the urban theory
explicitly incorporate the land market into the dhe This approach treats land
differently from other variables and considers slply is limited even in a long-run
period. This section particularly focuses on theréitures based on urban growth and

land development theory.

4.2.1 Variationsin the housing supply elasticity and its alter native explanations

Malpezzi and Mayo (1997) argue that there are Bggmt differences in supply
elasticities across countries, and these diffeiemeay be due to the stringency of the
regulatory framework for land and housing developindheir findings have been
supported by many previous studies. For exampldpéaai and Maclennan (2001)
estimate the long-run housing supply elasticity @@ and UK respectively, and report
various estimated elasticities of housing supplytf@se two countries due to different
regulatory and financial environments. Similarlyay# and Sheppard (1996) compare
the housing supply in three rapidly growing cowggriMalaysia, Thailand, and Korea.
They present estimated price elasticities of hausurpply for each country and confirm

that differences in the planning between countessilt in different supply elasticities.

As the supply elasticities differ across countrib®re may be significant variations
across regions or cities due to the differencedaimd-use controls and regulatory

practices (Green, Malpezzi and Mayo, 2005). Studie§$soodman (1998) and later
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literatures such as Green et al. (2005) providenstrevidence to prove that supply

conditions vary from place to place even withiraene country.

4.2.2 Urban growth and housing supply

Green et al. (2005) examine how urban form affeafply elasticities. They estimate
supply elasticities for 44 metropolitan areas ia United States based on the theory of
urban growth suggested by the work of Capozza agldléy (1989), and Mayer and
Somerville (2000). They find that estimates of fireee elasticity of housing supply
vary substantially from place to place. Green e{2005) similarly believe that heavily
regulated metropolitan areas exhibit lower elastisi In addition, they also find that
while regulation and density (urban form) play esisé roles in explaining variation in

elasticities, urban growth rates and the city kiaree little effect on supply elasticities.

Unlike Green et al. (2005), Glaeser et al. (200&y particular attention to the role
that the housing supply plays in mediating urbanaalyics. Their focus is on how the
nature of supply affects the urban dynamics. Thethér argue that the housing supply
has become inelastic in some places because oictiest zoning and other land-use
controls. They develop an empirical framework thdegrates heterogeneity of the
housing supply into studies on urban change. Theythat a shock will have bigger
impacts on wage and growth of house price, andlesmaipacts on population growth
in places with more inelastic housing supply. Iiaidn, they provide evidence that
where land use control is less strict, and the |atjmm response to positive demand
shocks is stronger. Thus, they infer that housingply is crucial not only for
understanding changes in population within metntgolareas, but also changes in

prices within those areas as well.

4.2.3 Land-use regulations and housing supply

There is a growing body of theoretical and empitditaratures, which explore effects
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of land controls on the urban form, developmentgpas, and the price of housing.
Further, most of these studies infer that areak wstitict controls have higher housing
prices. However, Mayer and Somerville (2000) pountthat such an exclusive focus on
housing prices is problematic since researchersiatahave direct measurement,
whether higher prices are resulted from higher dwhmar lower supply. The authors
further present a theoretical framework to descthee relationship between land use
controls by the local government and new residemtastructions. Using quarterly
data on a panel of 44 metro areas from 1985 to 98t United States, they find that
land-use regulations have significant impacts amsivgy supply. Strict land-use controls
not only lower the steady-state new constructian aso lessen the speed of developers

responding to demand and cost shocks.

Mayer and Somerville (2000b) estimate a supply #gonafor new single-family
residences which reflects the role of land in poiy new housing and the theoretical
treatments of urban growth. Further, in their formeork (Mayer and Somerville
(2000a)) housing starts are best described ascidarof changes in current and lagged
house prices rather than of their level. Houseegriegulate the stock of housing, and
balance aggregate supply and demand for residesgade. Their work further states
that the level of house prices ensures a spatigligum among residents of a given
city. Thus, changes of housing price depend oncihe size, its growth, and the
opportunity cost of additional land. In their wotke new construction is modeled as a
function of changes in housing prices, changesiéncost of capitals, and changes in
construction costs. Using the national data, they that both large-slow-growing cities
and smaller-fast-growing cities have high houseqs; yet these two types of cities will

have unique patterns of housing constructions.

Contrast to the prior research, Mayer and Somer(2000b) include land-use
controls into their model concept, and the resuiivss that housing starts in cities with

extensive land-use regulations are 45 percent |lolger cities with less regulated one.
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Panel data reveal that collected national data slaghtly overestimate the price
elasticity of new constructions and underestimhte ttme needed to respond to price
shocks. Likewise, Ralph (2001) improves the urbaowth model by taking land
redevelopment and housing deterioration into acgoand develops a method for
tracing perfect-foresight growth paths for an urkemea. Computer simulation for
growth with myopic expectations is also conductaad the result shows significant

differences between myopic growth and perfect-igtesgrowth.

Their study shows that housing supplies are sicanifily correlated to urban form
and local land-use controls. However, in Chinareghe an obvious lack of studies on
reuniting housing supply and urban growth. Theytezated as two separate ideas and
land-use controls are normally ignored in analyzhmghousing supply for a long period.
Furthermore, most of the studies focus on theicglahip between the housing price
and land prices in China. Limited studies combaraluse control with housing supply.
Nevertheless, there are a couple of exceptions.gWamd Gao (2009) present an
influential discussion of housing supply elasticugriation in China. They find that
credits, land supplies and construction costs baingut elasticities of housing supply
significantly different by regions. Besides, thadst of Fu et al. (2011) uses a structural
model to explain housing supply elasticities acribgesChinese cities. They found that
supply elasticity increases with fixed investmentl airban area expansion in the city
while it is independent of urban size and denstyl cities experiencing stronger
growth tend to have lower housing supply elastiditgwever, the previous studies on
Chinese housing market have not addressed wheéimel-use controls lead to a
significant variation in housing supply across esti Moreover, the studies have not
fully considered the role of distinctive urban f@as and urban housing climates in
affecting the housing supply. It would thus be oferest to learn effects of urban

features and local land-use controls on the housipgly.
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4.2.4 The urban growth model

This section introduces the original concept of tinean growth model which was
firstly developed by Arnott (1980) and afterwardsswimproved by Capozza and
Helsley (1989).

4.2.4.1Arnott's model: A general urban growth model witirable housing

The city’s population is exogenous. There av¢t) identical residents who receive

their utility from two commodities: housing servicéd., and other goodsX which is
numeraire. The utility function U(X, L) is homogene of degree 1, continuous and
increasing in X andL. First-order conditions for maximized consumeiitytihold
when the marginal rate of substitution between imguand other goods equals the
ratios of their respective prices. An individualds at that location where the increase in
transport costs from moving a near place to thdrakmusiness district offset the
housing rent decrease. A builder has perfect fghedby choosing housing density,
which depends on land value and the constructioe to realize a maximized profit.
Since individuals are identical and the economgaspetitive at each point, housing
rents should be positively related to the distanewgveen the household location and
city center so that there is no utility differereom@ong residents locating at non-identical
area. Their model is different from residentialdtion theory in several respects. Hence,
housing density at a particular location is deteedi by the value of land there at the
time of development rather than land rent (in resithl location theory). In addition, a
builder is assumed to have perfect foresight. Unlike static model, their model
stresses the importance of expectations in detémgte pattern of spatial growth of
the city. It is straightforward that Arnott's modws strict assumption and does not take

land-use regulations into account.
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4.2.4.2Capozza and Helsley's model: Urban growth and ldadelopment model

The model assumes that an urban area is locatachomogeneous plaing2 radians

suitable for the construction use. The urban axedladble for housing construction is
not only related to the landform, but also relat®the household density in the interior
of the city. It is obvious that a larger ratio béthilly area to the total urban area will put
the city at a serious disadvantage for developiegy nonstructions. Furthermore, the
higher the population density is, the more difficidr developers to acquire land for
new constructions. Lot sizes are fixed latnits per household. Separate households
live on annular lots at different distance from temtral business district (CBD), a point
in space at which all non-residential activity takdace. Every day, each household
commutes to and from CBD to work and go to shoppamgl locations are indexed by
their distancez from the CBD. The cost of commuting a unit of diste is a positive

constantT . If a household lives at a distance he has a commuting co3iz.

Their model shows that if landowners have perfectdight and the land market is
competitive, the price of land equals to the presatue of expected land rents. The
value at timet of a unit of developed lanat location z consists of three items: the
present value of agricultural remd at time t up to the conversion day; the present

value of urban rent from the conversion day onwanl] the present value of the

conversion cost at” which denotes the best construction time.

According to Capozza and Helsley (1989) developeatize their profits maximized
by choosing the best construction time Land is only developed when rent in the
urban use,R, equals the opportunity cost of land plus the opty cost of
conversion capital. The boundary of the urban ateime t , z, can be implicitly

defined by

Rt Z) = A+rC, (4-1)
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where A is the agriculture rent, and is the discount rate (often measured by the
interest rate), andC is the cost of converting a unit of land from agtural to urban

use. Since each household consumes a fixed lot Isiz¢hus the city area can be
measured byN (t)L (with a number of householdN (t) ) which can be computed by

the sector dimensions:
N(t)L = gz*(t). (4-2)

The locations of households are assumed closersktheere is no land undeveloped

interior of the city. Hence, solving(t) from the Equation (4-2) yields
N(t)L
a0 = 1 (4-3)

Then this study considers city expanding in annidaaccommodate all the increased

households. New construction occurs only at thegé&iof the city. If urban growth is

assumed to increase exponentially at a constamtgatcurrent land price accordingly

depends on the city’s expected growth rate. Ithmdescribed as follow:

P(t,z)=Alr+C+(T/r)[z(t)-2Z]+T Giﬁ(t) : (4-4)
r(r—-g/2

where the land price mainly consists of four itegf@apozza and Helsley, 1999, p.299).
The first item in Equation (4-4) is the agricultunent; the second item is the

construction cost; the third item is the locati@vantage rent for household indexed by

z(t), and the final term is the value of the anticigateture rent increase at location

z(t) when the urban areas expand exponenfialiection 3 discusses the model

21 See Cappzza and Helsley (1989) for more detailstehe original model of land development and thean
growth.
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based on the urban growth theory and describedataefor empirical analysis.

4.3 Methodology and data

The general model can be extended in numeroustidinsc The urban growth and
land development model in Capozza and Helsley (L&3®%ell cited by other papers,
such asMayer and Somerville (2000), and Green et al. (200Bis study also follows
the theoretical framework of Capozza and Helsl&88) and an empirical framework
suggested by Mayer and Somerville (2000a, 200@bassumes that developers are
perfectly foresight, and they can maximize theiofipg by choosing the best
construction timet (time to convert agriculture land to urban usd)ey can smooth
their products by delaying the period of constauttiime to get maximized profits
according to their expectation of the price changeshe future. It ignores land
redevelopment and assumes all the land has be@atogded in the interior of the city.
The housing price equation, equation (4-4) canelagranged. Hence, equation (4-5) is
obtained by reversing the function of equation J4t#ban size at timet, which can be
measured by the distance from the city centereactty border, is treated as a function

of housing price.

P)-C_A, 2 @s)

2()=(r -9/ Tt

where g denotes the urban growth rate. In geneigais measured by the urban area

expanded or the population increase in one yeanil@ly, this study includes both two
indexes into its empirical model to examine thee@ffof urban growth on housing
constructions. It is assumed that there is no lamtkveloped, and no redevelopment in

the interior of the city. In addition, each resititakes up a space df housing. House

stock of a mono-centric city witt¢ radians at timet can be described by
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HS, = N(t) [L = ¢z*(t), (4-6)

where HS is the equilibrium housing stock at time and N(t) is the number of

households at timg as defined above.

Assuming the urban city grows exponentially at astant rate g, the equilibrium

housing stock can be described as follow:

P(Z,t)_C —A+ﬂ]}2' (4-7)

HS, = r-g/2
tw{( g/2)[ T r .

When there is a demand shock, new constructionseggred to accommodate the
increased demand. New constructions can be treast@dchange of housing stock. The
change in housing stock between two periolsand t -1, can be captured by the

following Equation,
aris= 292 [ at).) - Rt -3 4-3) Pt + Rt -Da-9-2C+ T +20-0]- (4-8)

Thus, housing stock change8HS = HS - HS_,) can be treated as a function of the

changes in housing prices, urban growth, constrnctiosts and other variables as

described in equation (4-9).
AHS=F (¢,9,r,T,C,P ) (4-9)

where AHS is a flow variable usually measured by the newstmmtions. Unlike
developed countries such as the United Stateshentiiited Kingdom, China does not
possess of data directly related to the housingkstbhus, this specification enables us

to overcome the difficulty in collecting housingosk data®® Implications of this

Z25everal studies use the space of housing per aapitiplied by population to derive housing stoakce the
housing stock data is not available.
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expression are as follow: as the city size expatidsmore outputs are supplied. The

theories based on the previous studies also sutiggsds population, housing price and

its changes rise, so do the new constructionsh&urtore, ¢ , the radians of the plain,

which implies the area available for constructi@e,uis assumed negatively related to
the population density since in densely populategas it is more difficult for
developers to conduct new constructions. The higtepopulation density is, the more

difficulties the developers have to conduct newstarctions.

Suggested by Mayer and Somerville (2000a, 2000ip, study estimates a housing
supply equation with new housing as a dependemhblarand include urban attributes,
land-use controls and housing prices as independanables. Interest rates and
construction costs are not included into the madwede there is no significant difference
for cities nation-wide. However, this study takewaiable of land supply into the
empirical model with consideration of the speci@mcteristics of the Chinese housing
market. As a main input during housing productitamd is strictly regulated by the
local government, which may be responsible forlthe elasticity of housing supply in

China.

Hence, this study designs an empirical model tomexa housing supply
determinants for cities with changes of housingstmttions as a dependent variable

and includes population densitydén, with an expected negative sign), urban

population (pog, with an expected positive sign), urban spralg is used to grasp

the changes in commute costs, with an expectediy@msign), and urban land-use

regulation as explanatory variables. Two indicatordand-use regulations, the land

supply (s, with an expected positive sign) and land pricgs, with an expected

negative sign) are both included into the empinmatel.

Panel data on 35 Chinese cities for the years 2002010 are provided by the
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National Bureau of Statistics in China: the Maiditators of Real Estate Projects in 35
Large and Medium-sized Cities, published by thes®i& China StatisticsS. For each

city, observations of housing prices, housing aoesibns, land availability and some
other observations on urban characteristics su¢cheadensity, urban built-up areas and
urban populations are amassed. While most exisindies on housing supply use
national data, we use panel data. Since there ignfficant variations in the local

housing market among the Chinese cities, panel widlaobvious advantages enable

this study to overcome the biases caused by usihgnal data.
The definition of the variables and data sourcetescribed as follows:
New housing constructions (Housing completions)

Two residential construction measures, the realevalf residential construction in
each country and either starts or completions dtenoused to estimate housing
constructions. Complete data on spaces of housingpleted are collected. Series of
housing completions from the year 2002 to 2010pangided by the Main Indicators of
Real Estate Projects in 35 Large and Medium-sizidé<(China Statistical Yearbook,
2011)%

Housing Prices

Literatures on developed countries like the U.&rolise repeat sales price index and

a hedonic house price series as a price varialtieeirsupply equation. However, such

23 35 cities include 4 Municipalities directly undére Central Government (Beijing, Tianjin, Shanghaid a
Chongging), one Special Economic Zoon (ShenzhenBanatovincial capitals with the exception of Lhadaich is
the capital city of Tibet.

24 Follain (1979): A measure of the value of the stotkousing: net stocks, lagged one year, includingfarm
dwellings 1-4 units, nonfarm dwellings 5 or moreitsinfarm dwellings, mobile homes (farm and nom¥fgrno
housekeeping buildings, and equipment. Green, Malpgnd Mayo (1999): Percentage change of hougmtk s
derived from the number of housing units for whiahilding permits were issued, multiplied by 2.5yided by
population. Long et.al. (2008) use housing compietiwhile Wang and GAO (2010) use new starts dtleesial

building to measure the quantity of housing sugplie
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data are not available in China. Thus, this studyasares housing prices with the
average selling price of residential housing inheaity, which is calculated by dividing

the aggregate sales value by the total space hpssid. This housing price cannot
reflect quality improvements in housing stock, sirec quality-adjusted housing price
index or repeated-sales housing price index isamatlable for Chinese cities as argued

in Liu and Shen (2005).

Land-use regulations

This study uses two measures of land-use contifeéstand supply and land prices.
The land supply and land prices are two most ingmbrtinstruments for local
government to regulate the land market. The langplsuis measured by spaces
purchased by the developers in one year. Data rah dapply come from ‘thélain
Indicators of Real Estate Projects in 35 Large aviddium-sized Citiéf the China
Statistic Yearbook (2011) compiled by the NatioBaleau of Statistics of China. Land
price is measured by the land price for residerttaistruction use and sources from
‘the China Urban Land Price Dynamic Monitoreleased by the Chinese land price

information dynamic publishing platform.

Urban attributes

This study uses the built-up area in one year tasme urban sprawl, and use urban
population to measure the size of the city. Dataudran population density is also
gathered. In addition, data on urban attributesnimpatome from the City Statistical

Yearbook (2011) and the China Real Estate Stadlstearbook (2011).

Table 4.1 reports descriptive statistics for ak thariables used in the empirical
analysis. The coefficient of variance (Standard iBXxgn / Mean) is also included in

Table 4.1 to show the dispersion of variables no@etil in this chapter.
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Table 4.1 Descriptive Satisticsfor Variables

Variable Mean Median Maximum Minimum Standard Coefficient of
Deviation Variation

Housing completions 586.9 414.3 3,380.1 41.1 561.2 0.96
(0, 000 sg.m)

Housing price 4,057.9 3197.0 18,954.0 1,202.0 2,739.9 0.68

(RMB/sg.m)

Urban Population (0, 000) 604.7 571.0 3303.4 64.1 508.9 0.00

Built up area (0, 000 324.0 2335 1,350.0 33.6 262.2 0.81

sq.m§?

Density (Person/sq.m) 635.4 578.7 2,253.0 105.1 .7408 0.64

Land supply (0, 000 418.4 313.3 2,092.5 13.9 370.4 0.89

sq.mf®

Land price (RMB/sq.m) 3,911.7 2210.0 22,827.0 432.0 44111 1.13

Note:1) Housing stock changes are measured by new ctonsef residential constructions. 2) Measuresufbian attributes
include urban population, spaces of built-up arehm@opulation density. 3) Two indicators for laedulation are land supply and

land price. Cross sections = 35, observations = 315

4.4 Estimated results

Several regressions are conducted to find out éluses that lead to housing supply
variations across the Chinese cities. The maingaswon whether variations in urban
characteristics and local land-use regulationghegrincipal causes of discrepancies of
housing supply among different cities. This studiyneated the housing supply function
suggested by the urban growth model, in which hmgusupply is mainly correlated to
housing price, urban growth and land-use regulatiaronstructed a double logarithmic
model to explore the determinants in affecting mgyissupply elasticity. All the
variables are expressed in their natural logarithimeis, the estimated coefficients of

housing price can be interpreted as the housinglgw@basticity. The regression model

25 In China, the built-up area is defined as a largehtinuous area covered by urban facilitiess jénerated by the
Ministry of Housing and Urban-Rural Development (MORID). This chapter treats it as a good proxy of arba

sprawl.

28 Distribution of benefits of lands, land supplyaplof land utilization and land price are the niogiortant ways to
regulate land market for government.
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is described by the equation (4-10),

Ln(completios, ) = a, +a,Ln(R,) +a,Ln(den,) +a,Ln(pop,) (4-10)
+a,Ln(bug,) +asLn(s, ) +a.Ln(p,,) + 4,

where i =35 cities, andt=2002, 2003... 2010. The dependent variable is trags
in housing stock, which is measured by spaces w$ing completedcompletiony The

urban attributes are characterized by density, latipn, and city built-up areas.

Alternatively, the land-use regulation is charaetmt by land spaces purchased by the

developers in one yeals() and land priceslg ).

It should be noted that using panel data may erteouthe problem of
heteroskedasticity and autocorrelation. In thisecdee OLS (ordinary least square)
estimator will be not efficient. To solve the abgw®blem, the estimation method of
fixed effect which allows for heterogeneity amonglividuals is also employed.
Furthermore, an AR(1) item is included to correatoaorrelatiof’. The estimation
results are presented in Table 4.2. No matter wbkgtimation method is used, it is
straightforward that housing price and land supglg two predominant factors in
affecting housing supply. More specifically, theusmg price is the most notable factor.
The estimated coefficient of housing prices is sicgnt ranging from 0.58 to 0.70. It
implies that housing completions increase signifigassociate with the housing price
increases. Furthermore, land supply is anotherrm@teng factor of housing supply
which has a range of 0.16-0.61, but smaller thaosimg price in magnitude of
estimated coefficient. An increase in land suppy significantly stimulate housing
supply as suggested. However, the effects of ualtaibutes which are characterized by
the population, density, and the built-up areas wameertain. The result should be

interpreted with caution.

27 As described in Table 4.2, adding an AR (1) iteeatly improved the DW-statistic. The third modetpmrformed
the first two models with a stronger explanatoryigb
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Table 4.2 Regression results

Variable | Il 1

OLS Fixed effect OLS Fixed effect OLS Fixed effect
Ln(P) 0.67*** 0.64%*** 0.70%** 0.64%*** 0.66%** 0.58%**

n

(11.39) (9.23) (12.30) (11.04) (5.87) (6.90)

-0.10* 0.09 -0.13** 0.09 -0.18** -0.11
Ln(pop)

(-1.82) (1.43) (2.34) (1.51) (-2.24) (-1.57)

-0.01 -0.26** 0.02 -0.25** -0.14 -0.12
Ln(den)

(-0.26) (-2.00) (0.41) (-2.01) (-1.10) (-0.85)

0.13* -0.20 0.20%** -0.18* -0.01 -0.19
Ln(bua)

(1.94) (-1.78) (3.28) (-1.85) (-0.10) (1.38)
Ln(ls) 0.61%** 0.35%** 0.60%*** 0.35%** 0.24%** 0.16%**

n(s

(17.74) (10.82) (17.56) (10.88) (6.41) (5.01)

0.09* 0.01
Ln(lp)

(1.95) (0.11)
AR(1) 0.80%** 0.47%**

(20.52) (10.17)

Constant -3.63*** 0.86 -3.53*** 0.59 1.36 2.87*%*

(-7.35) (0.93) (-7.15) (0.66) (0.96) (2.45)
DW-statistic 0.97 1.39 0.94 1.40 2.31 2.46
R2 0.66 0.83 0.66 0.83 0.78 0.90

Note T-values are in parenthesis. *** 1% significarf¢&% significance * 10% significance. Dependentiahle is the natural log

of completed housing constructiobﬁ(comp|eti0r5) . AR(1) is used to correct for autocorrelation.

To be specific, the first regression includes ladl tnain variables (Case 1). The OLS
estimation shows that urban attributes variablesadirinsignificant, while fixed effect
estimation reveals that density decreases housimgplys significantly at 5%
significance. This result is consistent with thetftnat developers in densely populated
cities have bigger difficulties in obtaining addital land to construct new houses. In
addition, both the estimation of OLS and fixed effeshows that land price is
insignificant. Then, Case Il excludes the variabfdand price. Apart from housing
price and land supply, it is noticeable that OL8nestion also reports a significantly
positive coefficient of built-up area and a sigrafntly negative coefficient of
population at significance of 5%. Meanwhile, fixezffect estimation shows a

significantly negative coefficient of density, whids similar to Case |. Moreover,
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excluding the variable of land price does not redilne explanatory ability of the model.
Case Ill excludes the variable of land price ancudes an AR(1) term to correct
autocorrelation. The OLS and fixed effect estimatappears to report similar results
that housing price and land supply are two deteants of housing supply. However,
the OLS estimation also shows that the populates d negative influence on housing
supply. Case lll, in general, shows housing pricelsan attributes and the land supply

can explain more than 80% percent of the variatidmousing supply.

More importantly, while the estimated coefficienfsthe land supply in all cases are
significant, the estimated coefficients of landcpriare insignificant. The estimated
results suggest that land supply is a significaotdr in influencing housing supply for
Chinese cities, while the variable of land pricenst significant. Furthermore, this
finding is similar to Wang and Liu (2009) in whi¢hey concluded that land supply
increase moves the action to the housing supply a&pparent, while the effect of the
land price on housing supply is insignificant. Tesult can be interpreted that the land
supply is strictly controlled by local governmernts China and may lead to an
inefficient land market. Similar work by Wu and Zige(2011) found local governments
pursue their own interests, which harm to degremaifketization in granting of land

use rights.

Previous studies by Fu et al. (2011), Wang and @8a1), and Wang et al. (2012)
argued that the geographical constraint playscaititroles in determining housing
supply elasticity. Hence housing supply might diffeom place to place. This is
particularly the case for China where great diffiees exist among local markets for
housing due to diverse local characteristics. Tamare the above argument, this study
divides 35 cities into three regions (the eastagion, the midland region, and the
western region as represented in Table 4.3) acuptditheir geographical positions and

conduct regressions in each region.
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Table 4.3 Geographical distributions of the 35 cities

Area Cities

Eastern Shijiazhuang, Shenyang, Dalian, Ningbo, Nannim@njin, Shanghai, Xiamen, Shenzt
(17 cities) Haikou, Beijing, Jinan, Qingdao, Guangzhou, Nanjidigngzhou, Fuzhou

Midland Hohhot, Harbin, Changchun, Wuhan, Taiyuan, Nanchahgngzhou, Changsha, Hefei
(9 cities)

Western Kunming, Urumgi, Chengdu, Guiyang, Yinchuan, ChdnggXining, Xi'an, Lanzhou
(9 cities)

Note:Cities are divided into three groups accordinthtr geographical positions.

Data from 35 cities fall into three regions. Theolga OLS model is implicitly
assuming that the coefficients are the same fothallregions, and fails to control for
characteristics that may differ across regions. tmgi the heterogeneity across regions
results in endogeneity problem since the effeciguento each city will be all subsumed
in the error term and hence the explanatory vagghte no longer uncorrelated with the
error terms. Due to the ignorance of unobservaattofs, the estimates from OLS
regression will be biased and inconsistent. In taise, the fixed effect model which
allows for heterogeneity among cities is applie@liminate omitted variable bias with
an assumption that each city has time-invariant unigjue effects on the dependent
variable of housing construction. Therefore, bdtd éstimation methods of OLS and
fixed effect are applied to estimate the housingpsuelasticity in each region, and the
estimated results are summarized in Table 4.4.Basdhe estimated results, the fixed
effect estimates generate slightly higher pricstedaes of housing supply compared to
the OLS estimates in general. To be specific, hienated results presented by the fixed
effect method show that housing price and land lsuppe still two determinants of
changes in housing supply for the eastern citiesvamstern cities. However, housing
supply in the midland cities only depends on changéiousing price but, is insensitive
to changes in land supply. In contrast, the esgthaesults of the OLS method show
that housing supply is significantly affected byubmg price and land supply in all

regions. Furthermore, the estimated coefficientsirbfin attributes variables differ by
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region. While it appears to be unaffected by urb#nibutes in the midland cities,

housing supply is positively related to build-ugas and density in eastern cities and
negatively related to population and density in Wwestern cities. It is noticeable that
both of the OLS estimate and the fixed effect estarshow that land price takes effect
only in the eastern cities. In the midland citiesl avestern cities, changes in land price
have little effect on housing supply. In generaus$ing supply in eastern cities and
western cities involves changes in housing priakland use controls, but also depends
on urban attributes. It suggests that developerth@se cities tend to take various
elements into the comprehensive consideration ikimgaheir supply decisions. Unlike

the situation in eastern and western cities, hgusimpply in the midland cities is

determined only by housing price.

Table 4.4 Estimation resultsfor threeregions

Variable Eastern cities Midland cities Western cities

OoLS Fixed effect OLS Fixed effect OLS Fixed effect
In(P) 0.98*** 0.70*** 0.27 0.66*** 0.68*** 0.35**

(7.21) (6.46) (0.08) (2.88) (3.76) (2.03)

-0.21** 0.04 -0.00 0.00 -0.00 -0.55**
In(pop)

(-2.07) (0.43) (-0.01) (0.02) (-0.00) (-3.17)

0.07 0.36** -0.37 -0.51 -0.08 0.25
In(bud)

(0.42) (2.15) (-1.87) (-1.06) (-0.30) (0.79)

0.30 0.71*** -0.21 -0.57* -0.12 -1.00%**
In(den

(1.63) (2.86) (-1.59) (-2.00) (-0.90) (-5.88)
In(ls) 0.28*** 0.43*** 0.18** 0.17 0.66*** 0.17**

(5.49) (9.76) (2.10) (1.84) (7.74) (2.36)
In(Ip) -0.25** -0.33** 1.06%** 0.29 0.10 0.47

(-2.08) (-2.33) (3.87) (0.60) (0.51) (1.75)
R? 0.85 0.87 0.76 0.84 0.54 0.81
Observations 136 153 72 72 81 81

Note T-values are in parentheses. *** 1% significarit&% significance * 10% significance. Cities arwided into three regions

according to their geographic position. Includingercluding the item of AR(1) depends on D-W statis

While housing price and land supply are two impatrt@actors in affecting housing
supply in all three regions, their effects diffeorh region to region. The fixed effect

estimates suggest that developers in the easterrmatiand cities seem to be more
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sensitive to price changes. Specifically, the easties and midland cities have greater
coefficients of housing prices (0.70) than the mudl cities (0.66) and western cities
(0.35). In addition, eastern cities have greatefffaients of land supply (0.43) than the
midland cities (0.17 but, insignificant) and westanties (0.17), which reveals that
housing supply is subject to limited land supplyastern and western cities rather than
the midland cities. The result implies that housilmyelopers in the eastern cities and
the midland cities are more sensitive to housingephan those in the western cities. In
contrast, developers in eastern cities and wesigas seem to be more sensitive to the

land supply than those in the midland cities.

The above result is in accordance with the curs#oiation in China. Indeed, the
space of land available to conduct new construasolmmited in eastern cities due to
rapid urban growth and high density of populatibm.contrast, it is much easier to
obtain additional land for constructions use in t&as and midland regions with lower
population density. Meanwhile, the cities in thesteen region are generally
acknowledged being more developed than cities enother regions. Accordingly, the
land market in eastern cities is relatively matamnel thus the land price can reflect the
demand and supply of land for construction use @B to midland and western

cities.

In general, the result reported in Table 4.4 revé¢laht the geographical position is
such a significant factor in determining the hogssupply elasticity which has been
proved to vary by region. Adjustments of housiniggand the land supply are effective
in regulating housing supply national wide, whihe tand price only plays its due role
in eastern cities. Housing market regulations sthéwel made correspondingly based on
the changed climate of the housing market in dffiérregions. The response of
developers to changes in housing price, the lapccastrol, and urban attributes can be

well observed through the estimated coefficients.
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4.5 Summary and conclusions

Investigations on housing supply variation acros®e< and regions find that the
housing price and land supply are two predomindigicéve factors in influencing
housing supply. In general, land supply plays &iatuole in affecting housing supply
rather than land price. This is due to the fact tha land supply is strictly controlled by
the local government. In this situation, the lamitg cannot play its due diligence in
regulating land market. However, it depends on ele@f marketization in granting of
land use rights. In the eastern region, land phiae a significantly negative effect on
housing supply. It suggests that developers tertktiine their supplies of housing as

the land price increases.

On the one hand, using an urban growth model allasvido observe the factors that
developers of various regions count in making teepply decisions. On the other hand,
supporting evidence shows that effects of housingepand land supply on housing
supply differ from region to region and hence ragjohs suitable for the local housing

market conditions are strongly suggested to loogeghments.
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CHAPTER 5
SUPPLY ELASTICITY BY HOUSING TYPE: DIFFERENCESAND
INTERPRETATIONS

5.1 Introduction

Chapter 4 has examined the variation of housinglguglasticity across citie$his
chapter further investigates whether the housimplguelasticity differs by type based
on the evidence comes from 31 Chinese province€hina, housing can be divided
into three categories: common residential hous#as\and high-grade apartments, and
economically affordable housify. Because the land for construction use is
monopolized by the government, housing of varigges$ has very different modes of
access to land. For example, in the case of ‘ecaradiy affordable housing’ the land
for its construction is directly supplied by goverent allotment. There is some reason
for supposing that the supply elasticity by housipge is different. As declared by
McLaughlin (2012) that ‘...there are no reasons teuas the supply elasticity of
housing to be homogenous among housing fypesowever, even the latest literature
such as Chow and Niu (2010), Fu et al. (2011), Wfahg et al. (2012) ignore the
difference among housing types. In particular, eiogi evidence of differences in the

supply elasticity among various types of housinigeking in China.

It would be biased and not precise to estimate ihgusupply elasticity without
considering differences by housing type. In additiestimation of housing supply
elasticity for each housing type is also importéort policy-makers. To prompt new

construction of housing, the Chinese governmentiingdemented a series of policies

% Economically affordable housing refers to housasstructed by real estate development enterprisé®wsing
units under the instruction of local government.akind of public housing, it is targeted to loveame household
and be sold at below-market prices.

29 McLaughlin (2012) examines the variation in hogssupply elasticity between multifamily units and
single-family homes in Australia.
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including adjustments of interest rates and largl-osntrols. Although, the initial

policies are typically one-size-fits-all ignoringet obvious difference among housing
types, the government has realized that the effebbusing policies on supply differs
from type to type. Policy target to regulate hogsof one specific type is more and

more popular.

This chapter investigates the variation of housngply elasticities by type of use
and the likely causes of this variation. Basedhantheoretical framework suggested by
the previous studies, it employs a revised urbawtjr model to investigate housing
supply elasticity for each housing type. Curreritlig the first study to estimate housing
supply elasticity by type in China. In particuldr,distinguishes common residential
housing from villas and high-grade apartments aswhemically affordable housing in
the estimation. Further, it provides empirical &ide on housing supply elasticity of

economically affordable housing which is barely ti@red in the previous studies.

This chapter proceeds as follows. The followingtisecoverviews the nature of the
housing market in China. Section 3 presents a ¢tieal background and describes data
as well as the estimation procedure. Section 4 shbe estimated results and gives the
corresponding interpretations. Section 5 gives kmhicg remarks, in particular, some

suggestions on how to extend the knowledge ofdpie t

5.2 The supply structure of the Chinese housing market

Table 5.1 below shows the structure of variousdmgjs newly started in 2010. Total
commercialized buildings consist of commercializeesidential housing, office
buildings, and buildings for business use. Furtlieenas a component of aggregate
commercialized housing, residential housing inalgdrillas and high-grade apartments

and economically affordable housing takes up mioa@ 80% of the total. According to
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the definition of the Statistical Bureau of Economof China, economically affordable
housing is a kind of public housing subsidized by government in terms of a land
transfer fees remission and tax reduction. The Fandts construction is provided in
term of administrative transfer or bidding by thevgrnment. Thus, its costs and sales

prices are lower than that of common residentidtings.

Table 5.1 Demand and supply: a comparison by buildingstype

Housing type New start (Ratio) Sales space (Ratio)
1998 2010 1998 2010
Residential buildings: 16,638 129,359 10,827 93,377
(10 000 sqg.m) (81.6%) (79.1%) (88.9%) (89.1%)
1.Villas and high-grade 639 5,080 345 4,219
apartments
2.Economically affordable 3,466 4,910 1,667 2,749
housing
Office buildings 872 3,668 401 1,890
(10 000 sqg.m) (4.3%) (2.2%) (3.3%) (1.8%)
Houses for business use 1,939 17,473 811 6,995
(10 000 sqg.m) (9.5%) (10.7%) (6.7%) (6.7%)
Others (%) 4.6% 8.0% 1.2% 2.4%

Note.Data sources from the Table 6-35 (New starts)Tafde 6-38 (Sales space), China Statistic Yearb2ok].

There has been plenty of evidence to documenthieasupply elasticities differ from
place to plac®. To be specific, housing prices in areas with losupply elasticity are
usually higher and more vulnerable than the ardashahave higher supply elasticity.
Figure 5.1 represents the trend of housing pricesg 1998-2010. It should be noted
that prices of common residential houses (ordirlavglling houses) and economically
affordable housing have barely increased in contashe rapid increase in price of
villas and high-grade apartments during the obskeperiod. This chapter in particular
raises a question whether such difference in #edtof various housing prices can be
explained by variation in the elasticity of supphis chapter assumes that villas and

high-grade apartments have a lower price elastidigupply, while common residential

% studies such as Green, Malpezzi and Mayo. (2@B&ddman (1998).
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housing has a higher elasticity. Furthermore, kma of public housing, economically
affordable housing is assumed insensitive to chaitgpriced’. These assumptions will

be examined in our following analysis.

12,00

Common residentialhousing
Villas and high-grade apartments
10,000- —— Economically affordable housing

8,000

6,000

4,000

2,000

Figure 5.1 The average selling price of housing by type (unit: RM B/sg.m)

Source: the China Statistical Yearbook, 2011.

The Chinese government has implemented a roundlwigs to optimize the supply
structure in housing market with a purpose of shkatig the supply of affordable
housing, while reining the new constructions ofux housing using instruments of

land supply, taxation and financing. Liu and Hué2@04) noted that

‘...It seems that the objective has been achievetlypaith the continuous improvement of
housing development investment distribution in eachjor type of uses. The share of
development investment in the residential sectoreased from 58.5% in 1994 to 67.1% in
2002. At the same time, the share of the commebciddlings including office and retails

declined from 24.2% to 16.9% during the same period

Although they have pointed out that government le@gns on optimizing the
buildings structure might have achieved great msgrthey failed to provide relative
empirical evidence. In particular, they failed totify that the effect of regulations on

the housing supply differs by type. Take two maistiuments, adjustments of interest

31 Prices of economically affordable housing areasjtisted through housing market, the demand anglysup
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rates and land-use controls which are widespreambmdrol high home prices for the
Chinese government as an example. Figure 5.2 shbwstrend of benchmarked
one-year rate deposit and lending. In 2004, thetr@eBank of China raised interest
rate after remaining unchanged for 9 years. One-i@mns and deposit rates were
regulated by 0.27%. In 2007, the Central Bank iaseel the benchmark deposit and
loan interest rates to 4.14% and 7.47% respectiVélg adjustment may have impacted

on the housing market in the short term as wethadium term.
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Figure 5.2 The benchmark rate of one-year deposit and one-year lending, 1995-2010

Note Data are provided by the People’s Bank of Chiriee monthly data on the rate of one-year depositare-year lending are

transformed into annual data according to the hctuime it have been carried.

The land use control is another important instrumenegulate the housing market.
A constant stream of land policies has been impfeetk since 1998. In 2009 five
ministries (Ministry of Finance, Ministry of Lanchd Resources, the People’s Bank of
China, Ministry of Supervisor, and Audit Adminidicn) jointly released the
announcement that the down payment of land tramsfeiees should be paid at least
50% of the total. Recently, the regulation issugdhe Ministry of Land and Resources
and the Department of Housing and Urban Constnicicessed that the supply of land
for common residential buildings use should bedased in the future. The Chinese
government strictly controls the supply of land foltas and high-grade apartments,

while encourages the supply of the land for commesidential use. As a result, there is
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a huge gap between the prices of different housipg mainly due to the various costs
to get the land. It is feasible to believe thathsirclination of regulations on land may

actually lead to diverse housing supply elastiaityong housing types.

Does an increase in land supply correspondinglygbabout an increase in housing
supply? Using the data provided by the Hong Kongsheg market from 1973 to 1997,
Lai and Wang (1999) explore the common belief #maincrease in land supply can be a
remedy for the shortage of housing supply. If tbgegnment land supply is positively
related to housing supply, then increasing landosupill bring about an increase in
housing supply. However, the results show that ld@ees’ housing supply is
independent of the amount of land provided by tbeeghment. What concerns the
developer is the economic conditions rather tham lind supply in making their
decisions. However, unlike the Lai and Wang (19%83iz (2010) finds a strong and
positive relationship between restrictive land-uegulations and natural geographic
constraints on land supply and suggests theseauwtors help explain soaring housing
prices in areas with stringent regulations. In ttheted States, both stringent land-use
regulations and natural geography affect the supplglasticity of new housing. In
particular, this chapter needs to examine whetherland supply has a homogenous

effect on housing of different types.

5.3 Methodology

Following Mayer and Somerville (2000a), and McLaligh(2012), the new
construction is measured as a function of the chamgonstruction costs (costs include
all construction-related expenses, such as magefiabncial inputs) as well as prices.
Meanwhile, it is also affected by the governmemjutations on land-use (Mayer and

Somerville, 2000b). For each type, new construasanodeled as follows:
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newconstr= f (Ap,,...Ap_;,Ac,, Ac_;, A, Ar,_y, Aland,, Aland,_,, Aloars,, Aloans ;) (5-1)

where newcons! is the new construction of housing, which can tEated as the

changes in housing stock&p is the change in housing priceAc denotes material

costs changesAr is the change in interest rate, which measuresaise of financial
inputs to developersAland is land supply that government released, whiased to
characterize the effect of land-use regulatiolzans is added to capture the effect of

the capacity of developers to obtain the capital.

The data used consists of 31 provinces in China thee period 1999 to 2010 with
sample size 372. The provincial data avoid the lprabthat may cause by using
national data since there are obvious variatiorisoth the size of the housing stock and
in housing prices. Residential housing consisteahmon residential housing, villas
and high-grade apartments, and economically affiledaousing. In order to realize a
reasonably robust test on the variation, our pagaploys two measures of new
construction, (1) the new completion of housingestment, and (2) new starts of

housing constructiof.

Table 5.2 reports the summary statistics for atiakdes used in this chapter. The
description of data on economically affordable mog®nce again demonstrates that, as
a commercialized housing, economically affordabdeiding is totally different from
housing of other types. Aggregate estimations efrthtional housing market without

distinguishing by type will be seriously biased.

%2 Malpezzi and Maclennan (2001) report two residemtiitput measures: (1) the real value of resideatinstruction and (2)
either starts or completions.
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Table 5.2 Descriptive statistics

Variable Mean Median Max. Min. Std.Dev.
Amount of investment completions by type (100 milliRMB)?
Common residential housing 418 208 3,158 0.56 520
Villas and high-grade apartments 38 11.59 374 0.02 63
Economically affordable housing 29 19.92 294 0.06 5 3
New starts by type (10 000 sqg.m)
Common residential housing 1,956 1,385 10,586 15 8541,
Villas and high-grade apartments 94 48 786 0.1 125
Economically affordable housing 167 154 815 0.17 611
Housing price (RMB/sq.m)
Common residential housing 2,716 2,081 17,151 854 ,07&
Villas and high-grade apartments 4,553 3,485 28,680 830 3,388
Economically affordable housing 1,594 1,393 4,754 635 708
Interest rates (%) 5.82 5.58 7.22 5.31 0.58
Bank loans (100 billion RMB} 1,627. 563 23,677 783 2,650
Material costs index (%) 102 101 115 93 4
Land supply (hectare) 5,652 3,407 106,283 11 7,988

Note:*Two measures of the quantity of new housing constm are used in this paper: (1) the new compistiaf the investment,
and (2) the space of new starts.

® Domestic loans be obtained by Enterprises for Estdte Development.

Before regression analysis, we conduct Levin-Lit@hLC)* tests and augmented
Dickey-Fuller (ADF) tests for unit roots in the dageries. The results are reported in
Table 5.3. The LLC tests confirm that all datae®of variables are stationary. But, the
ADF tests show that only the data series of comnesidential housing completions is
not stationary. Although, the level data of prieesl costs variables are not stationary,
changes in these variables (first differences) mecstationary, which is consistent with

specifications of the model in this chapter.

33 According toLevin, Lin and Chu (2002), the LLC statistic perfar well wheri lies between 10 and 250 and whéies between
5 and 250 for panel datg {).
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Table 5.3 Unit root test results

Variable LLC (Assumes common unit root ADF (Assumes individual unit root Obs
process) process)
Statistic Prob. ** Statistic Prob. **
New starts
1. Common residential -7.215 0.000 114.62 0.001 331
2.Villas and high-grade -11.180 0.000 119.704 0.000 321
3. Economically affordable -4.420 0.000 90.593 .00 318

Completions of investment

1. Residential -6.293 0.000 73.212 0.156 334
2. Villas and high-grade -7.952 0.000 97.491 0.018 331
3. Economically affordable -9.421 0.000 95.142 0.00 334

The change in prices

1. Common residential -9.996 0.000 151.385 0.000 07 3
2. Villas and high-grade -7.952 0.000 87.491 0.018 331

3. Economically affordable -7.112 0.000 104.665 00.0 335
The change in bank loans -18.241 0.000 240.438 00.00 300
The change in interest rates -17.230 0.000 192.081 0.000 310
The change in construction -18.942 0.000 296.978 0.000 294
costs

The change in land costs -21.250 0.000 282.184 00.00 301

Note: LLC tests are designed to take care of the proldeimeteroskedasticity and autocorrelation. ** desasignificance at 5%

level.

Before estimating the equation, first and forembost issues are very necessary to
address. One is the potential endogenous probledh,tlze other is the appropriate
number of lags. This chapter uses land space szldasthe government of all levels as
a good proxy of land regulation, which is expectechave a positive effect on new
construction of housing. Since it is the decisidrth® local governments, this study
treats it as an exogenous variable. However, tisestill one explanatory variable in
equation (5-1), changes in housing prices whigdugpected to be endogenous. Because

that the current changes in housing prices arerdated simultaneously along with

new construction,Ap is thus generally correlated with the error tefm.this case,

OLS estimates of a structural equation are notistarg. Instrumental variables of the

current price are selected based on the previodsest (see Table 5.4).
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Table5.4 List of instruments of the current price

Studies Instruments of current housing prices

1.Blackley (1999) Real price of nonresidential construction, reabpaal consumption, percentage
change in adult population, long-term real interags.

2. Topel and Current and lagged values of interest rates onezsyterm mortgage, aggregate
Rosen (1988) real consumption expenditure (as a proxy for peemaimcome), an index of

family formation, and an energy price index.
3. Mayer and Current and lagged values of changes in non-cartgiruemployment, real energy
Somerville prices, mortgage rates, and the number of maroegles
(2000a)
4. This study Current and lagged values of changgdsenergy prices (prices of fuels), aggregate

consumption expenditure, and the size of households

Note summarized by the author.

In addition, considering the different duration lafged effect, this study employs
different lagged structures for variables of prened costs changes. However, it is
difficult to determine the appropriate number addawhich depends on the length of
time required to obtain developed land and acqbwoasing permits, and builders’
expectations about changes in future house prireShina, the processes of obtaining
land or acquiring permits are unobservable aneédffom case to case. Thus, this study
runs OLS regressions for new construction of hausuth different lags for housing
prices. A comparison among the indicators of Al@ &thwarz criterion being reported
by different models shows that OLS regression waithg of three years performs better
than models with other lagged structure. Similathi® work by Mayer and Somerville
(2000a, 2000b) and McLaughlin (2012), this stuahally determines a length of lags
with a period of three years to grasp the shortaedium effect of the change in price,

while considers a lag of one for costs variables.

Combining the unit root of each variable, the eated function appears in this

chapter for each housing type is as follow:

newcon$,t( = aO + alAR,t + aZAR,t—l + a3AR,t—2 + a4AR,t—3 + a5ACi 't + aGACi -1 (5 2)
+a,Arn +adrn L, +aAland  +ayAland | + &
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Where i is an index of provinces (Beijing, Tianjin, Heibei), while t is an index
of years from 1999 to 2010. Definitions of othergraeters are the same as above. All
variables are in their forms of logarithm. The mstied coefficient of housing price
changes can be interpreted as price elasticity cafsing supply. To deal with the
potential endogenous problem, equation (5-2) ismaséd using an instrumental

variable technique (IV}Y.

The empirical model in this study is based upon &agnd Somerville (2000), in
which new construction of housing is specified dsrection of changes in house prices
and costs rather than function of the levels o$éheariables. New construction depends
on the change in housing price, changes in congirucosts, and changes in the cost of
capital. From an econometric perspective, this ifipaton of housing supply will
avoid spurious correlations problem. Mayer and Swithe (2000a) reports that treating
starts as a function of house price changes is esistent with the time series
properties of housing stock and pritesAfterwards, Mayer and Somerville (2000b)
incorporate land use regulations into their origimamework. Their model has been
widely used in recent studies such as Jayanthd.am@2008) and Maclaughlin (2012).
Specifically, Maclaughlin (2012) firstly applied tb estimate new housing supply
elasticity among dwelling typ&%s

The next section discerns whether changes in laedeontrol, interest rates, and
bank loans have an effect on housing completiortsoasing new starts. In addition, it

makes a comparison of housing supply elasticitesray housing by type.

34 Instruments for current change in house pricesament and lagged values of changes real eneiggsp long-term interest rate,
aggregate consumption expenditure, and the sikewseholds.

% Mayer and Somerville (2000), p.89.

% McLaughlin (2012) includes two types of new hogsiim Australia, multifamily units and single-famihomes.
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5.4 Estimated results and discussions

5.4.1 Estimated results

Tables 5.5, 5.6, and 5.7 presents the estimatedtsesing equation (2) for common
residential housing, villas and high-grade apartsieand economically affordable
housing respectively. Dependent variables are lkbggempletions and new starts.
Multi-techniques are used for estimation. And, & @A) process is included to correct
for autocorrelation. In addition, we pooled thepnoe data from 1999 to 2010, which
may bring about the heteroskedasticity problenthat case, despite the OLS estimator
is still unbiased and consistent, the estimateddstal errors are not unreliable. Thus,
we adjust our estimated standard errors using thae standard errors to correct this

bias.

5.4.1.1Results: common residential housing

As reported in the first three columns of Table, & coefficients of price changes
are significantly positive in the change of thereat year and the subsequent one year
using a method of pooled OLS for estimation. Sungmiip the magnitude of these
significant price changes obtains elasticities d80for completions of common
residential houses. This suggests that a 1% iner@abkousing prices leads to 0.58%
increase in completions of common residential hayspread over the current and the
subsequent one year. Considering the specific teffet cross sections, fixed effect
estimates show that the coefficient of price changenly significantly positive with a
lag of one year. An IV approach is used to resaha endogenous problem. TSLS
estimates show that the coefficients of price cleangre not significant. Employing

different methods for estimation yields little @ifence in the estimated results.
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Table 5.5 Regression results: common residential housing

Variable (1) Log(completions of investment) (2) Log (new starts)
Pooled Fixed TSLS Pooled Fixed TSLS
OLS-AR —effect -AR  -AR OLS-AR effects -AR  -AR
Change in price 0.31*** 0.10 0.16 0.13 -0.11 0.10
(0.10) (0.07) (0.21) (0.09) (0.06) (0.21)
Change in price, t-1  0.27** 0.21** 0.13 0.00 -0.02 -0.03
(0.15) (0.1) (0.27) (0.12) (0.15) (0.27)
Change in price, t-2  -0.09 -0.04 -0.18 -0.26 -0.05 -0.28
(0.13) (0.1) (0.23) (0.12) (0.15) (0.23)
Change in price, t-3  -0.08 0.00 -0.13 -0.42%** -0.06 -0.42%**
(0.06) (0.07) (0.14) (0.08) (0.04) (0.14)
Change in interest 0.14 0.04 0.17 0.28** 0.11 0.29**
rates (0.08) (0.06) (0.14) (0.12) (0.12) (0.14)
Change in interest  0.20 -0.00 0.19 -0.16 -0.78*** -0.16
rates, t-1 (0.10) (0.15) (0.05) (0.06) (0.12) (0.05)
Change in the 0.14 0.28 0.07 -0.21 -0.20 -0.22
material costs (0.32) (0.12) (0.50) (0.45) (0.3) (0.5)
Change in the -0.06 0.12 -0.06 0.28 -0.20 0.28
material costs, t-1  (0.35) (0.20) (0.32) (0.32) (0.17) (0.32)
Change in the bank 0.10*** 0.10%** 0.09***  (Q.15%** 0.17%** 0.15%**
loan (0.03) (0.02) (0.03) (0.03) (0.02) (0.03)
Change in the bank 0.09*** 0.08*** 0.09***  0.16*** 0.19%** 0.16***
loan, t-1 (0.05) (0.01) (0.04) (0.04) (0.03) (0.04)
Change in the land 0.00 -0.02 -0.00 0.00 -0.04** 0.00
supply (0.02) (0.01) (0.02) (0.02) (0.02) (0.02)
Change in the land 0.00 -0.02 -0.00 0.03 -0.01 0.03
supply, t-1 (0.02) (0.02) (0.03) (0.02) (0.02) (0.03)
AR(1) 0.97*** 0.95%** 0.97**  (0.99*** 0.81*** 0.99***
(0.01) (0.02) (0.02) (0.02) (0.04) (0.02)
Constant 17.31%** 10.94*** 17.38*** 18.71 8.00*** 18.77
(6.69) (2.78) (12.5) (12.62) (0.17) (12.48)
R-squared 0.99 0.99 0.99 0.97 0.98 0.97
Number of 217 215 217 217 215 215
observations
D-W statistics 1.61 2.16 1.66 1.95 2.27 1.95
Log likelihood 11295 - - 5995 = -
S. E. of regression 0.15 0.13 0.15 0.19 0.17 0.19

Note: Dependent variables: log (completions of investtnand log (new starts). Instruments for the curoérange in housing price
are annual expense of a household, householdasidegrices of fuels. AR (1) process is used toeotrior autocorrelation. White's

standard errors are in parenthesis. *** denotesifsigince at 1% level, ** denotes significance & Evel.
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The coefficients of changes in the bank loans ayeifgcantly positive. In contrast,
the coefficients of changes in interest rates, mateosts, or land supply are not
significant. The estimated result shows that cotigrie of common residential housing

rely on price changes and bank loan more than ddictors.

The second three columns of Table 5.5 report thienated results with dependent
variable of housing new starts. The coefficients cbianges in housing price are
insignificant not only in the current year of theaage, but also in the subsequent two
years. However, pooled OLS estimates and TSLS assnshow that the changes in
housing price are significantly negative with a lafgthree yearsFurthermore, the
coefficients of changes in interest rates are Sagmitly positive in the current year of
the change using the estimation method of poole® @hd TSLS. In contrast, fixed
effect estimates show that the coefficients of geanin interest rates are significantly
negative with a lag of one year. In addition, tleefticients of material costs and land
supply are not significantly different from zerohwe the coefficients of bank loans are
significantly positive both in the current yeartbé change and the first subsequent year.
New starts of common residential housing are sgesib changes in interest rate and

bank loans. However, the lagged effect of thesmbkas is different.

5.4.1.2Results: Villas and high-grade apartments

The first three columns of Table 5.6 show the esttd results with the dependent
variable of completions. Using pooled OLS, fixeteef and TSLS method, this study
obtained similar estimated results. Coefficients oblanges in housing prices are
insignificant in all regressions. The result suggélat changes in housing prices have
little effect on completions of villas and high-deapartments. In contrast, pooled OLS
and TSLS estimates show that coefficients of irsterates are significantly positive not
only in the current year of the change but alsah@ first subsequent year, which

suggests that changes in interest rates have dicagtly continuous effect on housing
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completions. Moreover, the estimated results disovsthat changes in bank loans have
a significant positive effect, while changes in ematl costs have a significantly
negative effect on completions with a lag of onary&he result suggests that as interest
rates and bank loans increase, completions ofkwétal high-grade apartments increase.
Unlikely, as material costs increase, completiohsvitas and high-grade decrease
sharply after one year of the change in materiatscdMore specifically, the speed of
suppliers’ response to changes in prices and ¢estdgferent. An increase in housing
price, interest rates, and bank loans generate nanediate increase in housing

completions or new starts in the change of the.year

In contrast, an increase in material costs onlykvasr new construction of villas and
high-grade apartments after one year of the chaffge second three columns of Table
5.6 report the estimated results with the dependmdble of housing new starts. There
is little difference in the estimated results comgpato completions if the negative

effects of changes in housing price on housing stawis can be omitted.
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Table 5.6 Regression results: villas and high-grade apartments

Variable Log(completions of investment) Log (new starts)
Pooled Fixed effects TSLS Pooled Fixed TSLS
OLS-AR -AR -AR OLS-AR effects-AR -AR
Change in price -0.14 -0.15 -0.44 -0.40** -0.28** -0.86**
(0.13) (0.2) (0.24) (0.2) (0.12) (0.31)
Change in price, t-1 -0.11 0.02 -0.38 -0.20 -0.04 -0.60
(0.18) (0.15) (0.33) (0.28) (0.12) (0.33)
Change in price, t-2 -0.10 0.02 -0.25 -0.03 0.17 -0.27
(0.19) (0.13) (0.27)  (0.37) (0.13) (0.26)
Change in price, t-3 -0.04 0.15 -0.11 0.19 0.25** 0.09
(0.15) (0.08) (0.19) (0.22) (0.10) (0.17)
Change in interest  0.99** 0.38 1.12%*  1.56%** 1.19%** 1.76%**
rates (1.37) (0.38) (0.29) (0.42) (0.22) (0.45)
Change in interest ~ 1.58*** 0.07 0.61**  1.04** 0.10 1.20**
rates, t-1 (1.82) (0.53) (0.32) (0.45) (0.13) (0.5)
Change in the -0.18 -0.64 -0.23 -1.44 -1.74% -1.46
material costs (0.2) (0.11) (0.19) (0.14) (0.05) (0.11)
Change in the -3.23* -2.06%** -3.23% 3,34 -2.82 -3.17*
material costs, t-1 (0.12) (0.17) (0.12) (0.14) (0.2) (0.13)
Change in the bank 0.20** 0.14** 0.21**  0.49* 0.42%** 0.49%**
loan (0.32) (0.06) (1.4) 1.7) (0.68) (1.2)
Change in the bank -0.13 0.10 -0.13 0.06 0.17 0.06
loan, t-1 (0.35) (0.09) a.77) (1.84) (0.83) (1.46)
Change inthe land  0.08 0.04 0.07 0.13 0.05 -0.03
supply (0.07) (0.04) (0.07) (0.1) (0.05) (0.08)
Change inthe land -0.05 -0.04 -0.07 -0.02 -0.05 -0.03
supply, t-1 (0.15) (0.05) (0.15) (0.17) (0.06) (0.09)
AR(1) 0.96*** 0.69**=* 0.96***  0.88*** 0.47**=* 0.88***
(0.05) (0.04) (0.05) (0.06) (0.05) (0.03)
Constant 9.18** 3.37%*= 9.47%* 5 18*** 4.16%* 5.51
(7.55) (0.15) (7.4) (0.54) (0.03) (0.59)
R-squared 0.91 0.88 0.90 0.81 0.95 0.81
Number of 217 217 217 212 212 212
observations
D-W statistics 1.96 2.09 1.97 1.77 2.28 1.74
Log likelihood -182.44 - e -193.00 -
S. E. of regression 0.58 0.53 0.58 0.62 0.49 0.63

Note: Dependent variables: log (completions of investinant! log (new starts). Instruments for the curodrange in housing price
are annual expense of a household, householdasidgyrices of fuels. AR (1) process is used toembrior autocorrelation. White’s

standard errors are in parenthesis. *** denotesifii@nce at 1% level, ** denotes significance & Evel.
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5.4.1.3Results: Economically affordable housing

Described in Table 5.7, changes in housing prices hittle effect on both housing
completions and housing new starts using estimatiethods of pooled OLS and TSLS.
Housing completions and new starts are insensitivehanges in housing prices. Only
the fixed effect estimates show that changes irsinguprice have a significant positive
effect on housing completions. Furthermore, fixdtéat estimates also show that
changes in interest rates have a negative effedtiomsing completions. With a 1%
increase in interest rates, housing completionsedse by 0.58% after one year of the
change. More importantly, economically affordabteising is sensitive to land supply,

which is different to common residential housing afllas and high-grade apartments.

Although the coefficients of land supply were netexpected in advance, to some
degree it suggests that houses of various typesotdre treated in the same way,
especially for economically affordable housing whipresents a feature of public
housing but is sold as common commercialized hgusiihe result suggests that this

type of housing relies on funds and the land suppligh than the housing price.

85



Table 5.7 Regression results: economically affordable housing

Variable Log (completions of investment) Log (new starts)
Pooled Fixed effects TSLS Pooled Fixed TSLS
OLS-AR -AR -AR OLS-AR effects -AR  -AR
Change in price 0.31 0.54*** -0.42 -0.40 -0.05 -0.94
(0.31) (0.23) (0.73) (0.23) (0.3) (0.92)
Change in price, t-1 -0.17 -0.04 -0.98 -0.85 -0.39 -1.45
(0.42) (0.23) (0.77) (0.35) (0.24) (0.98)
Change in price, t-2 -0.08 0.16 -0.65 -0.88 -0.34 -1.26
(0.31) (0.15) (0.48) (0.59) (0.23) (0.8)
Change in price, t-3 0.22 0.32 -0.00 -0.51 -0.28 -0.69
(0.19) (0.14) (0.16) (0.36) (0.17) (0.46)
Change in interest  -0.41 -0.58** -0.58 -0.09 -0.22 -0.15
rates (0.25) (0.24) (0.26) (0.24) (0.19) (0.29)
Change ininterest  0.30 -0.06 0.16 0.24 0.44 0.17
rates, t-1 (0.23) (0.28) (0.2) (0.27) (0.31) (0.28)
Change in the 1.51 1.39 2.05 2.19 1.56 2.32
material costs (2.0) (0.4) (1.25) (0.66) (0.43) (0.74)
Change in the 0.04 -0.32 0.30 1.01 -0.18 1.45
material costs, t-1 (1.22) (0.99) (1.43) (0.84) (1.35) (0.94)
Change in the bank 0.26** 0.28*** 0.28***  0.50*** 0.30** 0.52***
loan (0.17) (0.07) (0.18) (0.16) (0.2) (0.14)
Change in the bank  0.57*** 0.38*** 0.54***  0.47** 0.21 0.45%*=
loan, t-1 (0.22) (0.07) (0.22) (0.18) (0.08) (0.18)
Change inthe land  -0.22*** -0.23%** -0.22**  -0.19 -0.20** -0.18
supply (0.14) (0.07) (0.14) (0.14) (0.06) (0.14)
Change inthe land -0.28 -0.25%** -0.30***  -0.33 -0.15 -0.34
supply, t-1 (0.09) (0.08) (0.09) (0.17) (0.13) (0.17)
AR(1) 0.89*** 0.51%*= 0.90***  (0.85%** 0.27%*= 0.86***
(0.07) (0.08) (0.07) (0.05) (0.2) (0.05)
Constant 3.00%** 2.77%*= 3.32%* 4 3%+ 4.64%* 4,72
(0.43) (0.09) (0.59) (0.18) (0.06) (0.29)
R-squared 0.77 0.88 0.76 0.68 0.84 0.68
Number of 217 217 217 205 198 205
observations
D-W statistics 2.30 2.09 2.23 2.34 2.15 2.27
Log likelihood -189.15 = - -189.32 -
S. E. of regression 0.59 0.53 0.60 0.63 0.54 0.64

Note: Dependent variables: log (completions of investinantl log (new starts). Instruments for the curoér@nge in housing price
are annual expense of a household, householdasidegrices of fuels. AR (1) process is used toeobrior autocorrelation. White's

standard errors are in parenthesis. *** denotesifsigince at 1% level, ** denotes significance & Evel.
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5.4.2 Discussions

5.4.2.1Magnitude in price elasticity of housing supply

Summing up the magnitude of these significantegpabanges, this study obtains the
price elasticities of housing supply for each typée estimated cumulative price

elasticities of housing supply are reported in &&hB.

Table 5.8 Cumulative price elasticities of housing supply

Housing type Pooled OLS estimates  Fixed effect estimates TSLS estimates

Common residential housing (2). 0.58 (2).0.21 (2). Insignificant
(2). -0.42 (2). Insignificant (2).- 0.42

Villas and high-grade apartments (2). Insigniftcan (2). Insignificant (2). Insignificant
(2).-0.4 (2). -0.03 (2). -0.86

Economically affordable housing (2). Insignificant (). 0.54 (2). Insignificant
(2). Insignificant (2). Insignificant (2). Insignificant

Note: 1) Price elasticities of housing completions, ahgrice elasticities of housing new starts.

As described in the first row of Table 5.8, the cilative price elasticity of residential
housing completions is 0.58 and 0.21 using thequb@ILS and fixed effect method. In
contrast, the cumulative elasticity of new stagsonly -0.42 using the estimation
method of pooled OLS and TSLS. The second row bfeTa.8 presents the estimated
cumulative price elasticities of completions andvnstarts of villas and high-grade
housing. Using different methods brings aboutditlifference in the estimated results.
Completions of villas and high-grade apartmentsrnsé®e be unaffected by changes in
prices, while the new starts are negatively relapechanges in prices. A negative price
elasticity of new starts reveals that an increasegrices may bring about a sharp
decrease in housing demand which extends the sem@ahousing being supplied. This
type of housing is widely seen to be luxury housiwich only can be afforded by
high-income groups. The third row of Table 5.8 shdhe estimated cumulative price
elasticity of completions of economically affordalib be 0.54 when we used a method

of fixed effect for estimation. However, when ther two methods are used this study
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finds that not only the completions, but also tkea/rstarts are insensitive to changes in

prices.

In general, the result suggests that the commadenetgal housing and villas and
high-grade apartments are more sensitive to chamgé®using prices. In contrast,
economically affordable housing in most cases issemsitive to price changes. The
result once again suggests that housing supplhabdws types cannot be treated in the
same way, especially for economically affordableidiog which presents a feature of
public housing but is sold as common commercializedising. The pricing of
economically affordable housing is not determinecbading to the market condition of

supply and demand.

Comparable estimates by Mayer and Somerville (2@083ent an 15% increase in
new construction over five quarters, while estimdig McLaughlin (2012) present an
5.4% increase in new construction of single-familyits over the subsequent five
quarters, and 17.3% for multi-family homes betw8eand 44 months later, after an
initial delay of 6 months. Similar to McLaughlinQ22), our estimated results reveal
that the effect of price changes on both housingpietions and new starts varies by

housing type.

5.4.2.2The effect of land-use control

Since there is no single definite form of land pgliMayer and Somerville (2000b)
instead observes multiple government interventionéand and real estate markets.
Zhang (2008) defines the land supply policy byldwal government which changes the
quota of land supply and land supply modes to edguthe relationship between
housing suppliers and buyers. This study obseriesspace of land released by
governments of all levels to examine whether lasé-control has the same effect on

housing supply of all housing types.
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The estimated results relating to land supply regbin Tables 5.5, 5.6, and 5.7
shows that only the supply of economically affor@diousing is sensitive to changes in
land supply. In contrast, common residential hogisand villas and high-grade

apartments are not affected by changes in landtipp

Since the economically affordable housing, a kifigpablicly provided housing is
built on the land allocated being exempted fromiowes fees and taxes by the
government. The supply of economically affordable housinghiss mainly affected
by government decisions. In the real world, as @glgoy the Lincoln Institute of Land
Policy (January, 2011) that ‘... the local governmerafers offering land to the highest
bidder among developers through the auction protessaximize their revenue, and
they have little incentive to provide land for tt@nstruction of economically affordable
housing...” As a result, the more land released l&y gdbvernment, the less land is
available for construction use of economically edetble housing. This issue is even

exacerbated by the limited scale of land reserving.

The result of this study is similar to Lai and Wa1§99) that developer’s housing
supply is independent of the amount of land pravidg the government. They will
examine economic conditions in making their housiagply decisions. This is true for

at least common residential housing and villaslagt-grade apartments.
5.4.2.3Interest rates and bank loans

Two variables, interest rates and bank loans aeel I3 measure the effect of the
changes in financing costs and capacity of obtgimiapital on housing supply. Given
the estimated results reported in Tables 5.5, &€, 5.7 regarding interest rates, this

study finds that the effect of interest rate change housing of various types to be

%7 Gao et al. (2012) introduced both the variablesiafl costs and land supply into their model. Tétaveated result shows that
new constructions of housing are only sensitivehanges in land costs rather than the land suppBhina.

% In China, the government is the only owner of arkzand. The governments at all levels have monepaln urban land
allocation.
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obviously different. As described in Table 5.5, nstarts rather than completions of
common residential housing are sensitive to chamgegerest rates. A 1% increase in
interest rates brings about a 0.28% increase instasts of common residential housing
using the method of pooled OLS and TSLS. Howevangithe method of fixed effect
yields different results which suggest that newtstaf common residential housing
decrease by 0.78% when there is an increase ofnliterest rates. For villas and
high-grade apartments, changes in interest ratesdéarger effect on both completions
and new starts compared to common residential hgusis described in Table 5.6). In
contrast, the effect of interest rates on comphstiand new starts of economically
affordable housing is insignificant. Only the fixeffect estimates suggest that a 1%
increase in interest rates will decrease complstafneconomically affordable housing
by 0.58%, which is smaller in magnitude than commesidential housing (as shown in

Table 5.7).

Generally, an increase in interest rates will iasee the construction costs of
developers. Some caution, however, should be esegfan interpreting the estimated
results presented here since the change in inteatst can affect both demand and
supply of housing. On the one hand, the cost oflaoting new housing construction
soars as interest rates increase for developerthé@aother hand, the increase in interest
rates drives up interest payment and thus decré¢laseweds of new homes for buyers.
The reality is more complicated taking accountrdfation. Investment in housing is
treated as an effective way to head off inflati@pexially in a country like China,
where people lack alternative investment channalsited availability of land and
rising population growth will increase housing demhaand hence housing in general
has the potential to beat inflation easily (the fmoic Times, 2012). In this case, an
increase in interest rates has little effect onsihraydemand which is predicted to keep

growing in long-term.

Most strikingly, the coefficients on bank loans aelhare used to measure the capacity
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of obtaining additional capital for developers amgnificantly positive as we expected.
More specifically, the effect of changes in bankns on new construction differs by
housing type in magnitude. According to the restd{sorted in Tables 5.5, 5.6, and 5.7,
changes in bank loans affect new construction ohemically affordable housing more
than common residential housing and villas and Hgigtde apartments. A 1% increase
in bank loans will bring about 0.83% increase imptetions and new starts of
economically affordable housing in the current yefthe change and the subsequent

year.

The result shows that the effect of changes in Baaks is larger in magnitude for
economically affordable housing than other housirgs is consistent with the fact that
in China the financing of economically affordablausing depends upon funds from the

housing provident fund which mainly sources fromsférom land transfers.

5.4.2.4Construction costs

As represented in Table 5.5, the change in corngirucosts has little effect on
completions and new starts of common residentiakimy. In contrast, it significantly
affects completions and new starts of villas arghigrade apartments (as described in
Table 5.6). More specifically, a 1% increase inemnat costs causes a 3.23% decrease
in completions and 3.34% decrease in new startgllat and high-grade apartments
one year after the change. For economically affded&ousing, changes in material
costs have no significant effect on completions e starts of this type of housing (as

described in Table 5.7).

Alternative empirical housing supply studies of Maynd Somerville (2000), and
McLaughlin (2012) find the coefficient on mater@bsts is not statistically different
from zero. This study extends the previous studysbgwing that the effect of an

increase in material costs on new constructionfisrdnt by housing type. An increase
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in material costs only leads to a significant deelin new construction of villas and
high-grade apartments. For common residential Inguand economically affordable

housing, the effect is not significant.

Although changes in prices have a significant ¢ftecnew construction of all types,
this chapter finds that its effect varies in magaé by housing type. In addition, the
effect of the change in bank loans is significargbsitive for all types of housing,
revealing that new construction of housing in Chineavily relies on the amount of
capital that developers can obtain. Unlikely, tfeat of the change in material costs is
only significantly affect new construction of vlaand high-grade apartments. An
increase in material costs leads to a significaetlide in supply of villas and
high-grade apartments with a lag of one year. Feuntiore, the effect of the change in
land supply differs by housing type. It has litd#ect on common residential housing
and villas and high-grade apartments, while it icemtly affects new construction of

economically affordable housing.

As discussed above in this chapter, the effechahges in independent variables on
new construction differs by housing type. Furthemm@&ven to the same housing type,
the speed of suppliers’ respond to changes in fqricests, and land supply are also
different. For example, an increase in bank loairggb about an immediate increase in
new starts of villas and high-grade apartments]endm increase in material costs only

affects the new starts after one year of the change

5.5 Concluding remarks

This chapter extended the model firstly proposedMayer and Somerville (2000).
New construction of housing by type is modeled daration of changes in housing

price, capital costs, construction material cossd supply, and bank loans. Two
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measures of new construction: housing completiom$ aew starts were used to
generate convincible results. Common residentialsing is distinguished from villas

and high-grade apartments and economically afféedatusing.

This chapter investigated the variation of the goetasticity of housing supply among
housing of various types using annual data on &lpaih31 provinces from 1999 to
2010. The result shows a significant variation le tmagnitude of housing supply
elasticity among various types. Common residemttalsing has a higher elasticity of
supply, while the elasticity of villas and high-deaapartments is somewhat lower.
Moreover, the effect of changes in independeniatdes on new construction differs by
housing type. More specifically, new constructidncommon residential housing is
mainly affected by changes in the price and baakdoIn contrast, new construction of
villas and high-grade apartments mainly dependsh@amges in interest rates, material
costs, and bank loans. However, new constructiacohomically affordable housing is
mainly influenced by changes in bank loans and lsumgply. Based on the empirical
evidence presented in this chapter, it is impliedt thousing policy should be more
specific with a full consideration of variation sapply elasticity among various housing

types.

Finally, it should be noted as argued by Wu, Gyourdnd Deng (2012) that data
limitations make the issue on housing supply inn@heven harder to study and interpret
because it is only since 1998 when there has béere private market with competitive
bidding and pricing of property. Quarterly data leeathe time series long enough to
observe the short-term behavior of the developedsta predict the new constructions
in the following several years. In the future, hat study on forecasting the housing

constructions using quarterly data will be helpful.
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CHAPTER 6
CONCLUSIONS

The conclusive chapter represents the main findamgsgives implications based on

the result. It also provides study limitations a&atne future research directions.

6.1 Summary of the Sudy

The thesis examined whether the housing affordglplioblem is caused by a less

elastic housing market.

Chapter 2 investigated the housing affordabilitphtem by employing several
measurements such as the 30/40 rules, the pricetoie ratio, and the residual
income approach. The analysis shows that a deaargeh(70 sq.m) costs a common
household even more than seven years’ income orageeEven the middle-income
households feel pressures in buying a new homeruhdecurrent housing prices and
income level. Thus, Chapter 2 concludes that nigjaf the Chinese households are

suffering from the housing affordability problem.

Chapter 3 estimated the housing supply elastidith@® Chinese housing market. It is
acknowledged that the supply of housing cannot biekty raised in a less elastic
housing market to accommodate the increased howengand that may cause by
growth of population, down-adjustment of interesties, or other driving factors. The
reduced form model which amalgamathd supply equation and the demand equation
into a single one is employed. The variables ofsimay prices depend on households’
income, demographics, and the housing stock adgrgtnThe estimated result of the
reduced model shows that the housing supply eigsie between -0.004 to 0.819,
while after considering the stock adjustment ibétween -0.002 to 0.419. Apparently,
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this study reported lower housing supply elasg@sitcompared to that of developed
countries, which usually vary from 0.5 to 2.8 (asnsarized in Table 3.1). However,
the result is consistent with most of the existitigdies on the housing supply and the
housing affordability problem is caused by a lelsste housing supply in China. In
addition, land supply constraints and changes wsimg prices are two predominant

factors.

Chapter 4 and Chapter 5 examined whether the hpgsipply differs by region and
by housing type, respectively. The urban growth ehasl considered superior to other
models because the land is treated as differenttsnfpom capitals and construction
materials. New construction of houses is modeled asction of changes in housing
prices, changes in interest rates, changes in rwmtisin costs, and changes in land
supply. Chapter 4 investigated the housing supplyation across cities and regions.
The result suggests that while housing prices dedland supply are significantly
positive to housing supply nationwide, the degréénfiuence differs by region. The
price elasticity of housing supply in eastern sitad the Midland cities are higher than
that in the western cities. In addition, changekmd supply play a more important role
in eastern cities than in other two areas, and gggmim land price only affect housing
supply in eastern cities. Chapter 5 examined whdtbasing supply varies by housing
type. The result confirmed that there is an obvidifference in the magnitude of
housing price elasticities among three types ol The common residential houses
have a higher elasticity than that of luxury hogsiand economically affordable

housing.

This dissertation contributes to studies in thesay supply field by exploring the
current housing affordability problem in China.dddition, the thesis also examined the
variation in housing supply across regions and loysing type which was not
mentioned in most of the existing studies. The Itesan be used to observe the

behavior of suppliers and as a reference poinpdticy-makers.
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Two widely used empirical models - the reduced fonodel and the urban growth
model were employed to investigate issues of hgusimpply. The reduced-form model
ignores the difference between land and other sygdih the contrary, the urban growth
model performs better for including land into theedretical concept. We used it for
estimating the variation in the housing supply asrcegions and by housing type. In
spite of other models available to explore housingply issues, using both of these two

models enables us to make a good comparing witr gtindies.

6.2 Potential limitations and suggestionsfor future work

However, our analysis has several limits inevitablystly, it only concerns the flow
housing market due to the constraints of data abidily. Covering housing stock
market would make the results more convincing. 8dlgp the annual time series of
variables used is somewhat a little short due @dfdlot that the Chinese housing market
is marked with a late start. As a result, the nundidags is restricted and a precise
prediction is unlikelihood. Lastly, since there ame approved data on land-use
regulation this study has to observe two indicatspsce of land released and land costs
to capture the effect of land-use regulation onhbesing supply. In addition, although
the endogenous problems have been addressed immthdel, lacking appropriate

instruments for housing prices may lower the acoucd estimation.

We have to point out the remaining issues to baiastiuas follows.

1) Although the new constructions of housing takeaupredominant percentage, the
stock market adjustment should not be overlookedurEe work also needs to concern

the housing stock market.

2) Housing markets often exhibit a high degree aftility in both prices and the

96



quantity of new construction. On the supply sidmmstruction volatility of constructions
has substantial direct impacts on employment leaetsthe demand for raw materials.
Hence, accurate forecasts of housing supply arengabk for making local housing
policies. The next step is forecasting constructiactivities in China with a

consideration of the difference across regionsaandng housing types.

3) Facing the housing affordability problem, theirf@ise government has implemented
a series of policies to prompt housing supply. Bunpirical evidence on the dynamic
effects of government interventions is still we&kiture study should pay attention to

the dynamic effect of the government regulations.

4) The entire Chinese housing market consists ofiemaus local housing markets
which interact with each other. An exploration dw tspatial autocorrelation among
local housing markets is suggested to seek a cusmlive the housing affordability

problem.

Besides the above-mentioned, we also interestedbing comparative studies on
housing supply among countries in consideratiorthef housing market developing

level and the diverse financial conditions.
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APPENDIX

Appendix A. Housing Affordability: 1987-2011

Year Per Capita Average Floor Space of Average Selling Price Price-to-Income
Annual Disposable Residential Buildings of Residential Ratio®
Income (RMB) (sqg.m/person) Buildings
(RMB/sg.m)
1987 1112.38 12.74 408.18 4.67
1988 1365.51 13.00 502.90 4.79
1989 1519.00 13.45 573.50 5.08
1990 1644.00 13.65 702.85 5.84
1991 1700.60 14.17 756.23 6.30
1992 2026.60 14.79 996.40 _1.27
1993 2577.40 15.23 1208.23 _7.14
1994 3496.20 15.69 1194.05 5.36
1995 4283.00 16.29 1508.86 5.74
1996 4838.90 17.03 1604.56 5.65
1997 5160.30 17.78 1789.80 6.17
1998 5425.10 18.66 1854.00 6.38
1999 5854.02 19.42 1857.00 6.16
2000 6280.00 20.25 1948.00 6.28
2001 6859.60 20.80 2017.00 6.12
2002 7702.80 22.79 2092.00 6.19
2003 8472.20 23.70 2197.00 6.15
2004 9421.60 25.00 2608.00 _6.92
2005 10493.00 26.10 2936.96 _ 731
2006 11759.50 27.10 3119.25 _7.19
2007 13785.80 28.60 3645.18 __7.56
2008 15780.76 29.10 3576.00 __6.59
2009 17174.65 29.80 4459.00 _1.74
2010 19109.40 30.10 4725.00 _7.44
2011 21809.80 31.10 4993.00 _7.12

Note: Data on the average selling price of residentidldmgs and the average household income is
reported by the National Bureau of Statistics oin@h
8The Price-to-income ratio is calculated using #hdged formula by Wu et al. (2010).

104



