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ARTICLE INFO Abstract
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In response to worsening housing affordability resulting from rapid housing price appreciation, some
governments have introduced taxes or restrictions to reduce demand for local residential real estate by
non-residents. We study the effectiveness of these efforts using the restrictions imposed by local Chi-
nese governments in 2010-11 on the number of residential properties an individual could purchase.
We use sales by developers of newly constructed units and exploit within city variation in the imposi-

JEL Classification: tion of these restrictions to identify their effect on prices andtransaction volumes. In addition to these

R21 direct effects on demand, we also identify the effects of these policies on supply using data from local
R28 government auctions of land to developers. Our results'suggestithat in the short run, restrictions on
R31 non-owner-occupant purchases significantly reduce jactivity levels by approximately 40%, compared

to areas without restrictions. These effects diminish with time, However, there are no relative changes
post-policy introduction in housing price between testricted and unrestricted areas. The results op-
erate via end-user demand and not through fthe land market and the subsequent supply response by
developers, as there is no relative change in either the number of land auctions or prices paid for land
between districts with and districts without purchase restrictions following their introduction.

I. INTRODUCTION mer 2018, New Zealand introduced severe limits on foreign
investment in residential real estate.

Similar concerns emerged in China in late 2010 and early
201]1 in the midst of a nationwide housing boom that grew
from expansive policies following the world financial cri-
sis. In addition to concerns by local residents about housing
affordability, the Chinese central government was worried
about asset price bubbles.? Also, unlike the countries listed
above, in China the main target was domestic rather than
international flows. Beyond macro-prudential directives af-
fecting mortgage interest rates, mortgage underwriting crite-
ria, and access to mortgage credit, the Chinese government
also directed municipalities to limit the number of proper-
ties a household could purchase. Targeting investors, these
restrictions prevented buyers, depending on their residency
status, from purchasing either a second or a third property.*

In this paper we test for the effectiveness of the purchase
restrictions in calming the housing markets, lowering asset
bubble risk, and improving affordability. Unlike the macro-

In response to dramatically worsening affordability result-
ing from house price inflation, local residents in some cities
have targeted their ire at residential real estate purchases.by
non-residents. In these instances they blame external capital
flows to residential real estate as a major cause of rising gap
between local house prices and local incomes.! Their anger
is supported by recent theoretical work: capital inflows by
non-resident purchasers who acquire residential real estate
for capital appreciation or as a store of wealth, as opposed
to for their own regular occupancy omito earn income from
rents from regular occupants, can causedocal house prices
and rents to reflect larger asset markets and diverge from lo-
cal labour markets.” In response;@overnments in Australia,
Canada, Hong Kong, Israel;, and\Singapore have all placed
higher purchase taxes-on non-resident buyers. The United
Kingdom and New Yotk have adjusted the tax treatment of
non-resident owners. In‘\Switzerland, the number of units

available for investoripurchase is restricted. And in the sum-

*We thank Vernon Henderson, Lu Han, Andrii Parkhomenko, Zan Yang,
Siqi Zheng, and two anonymous reviewers for helpful comments. We also
benefited from discussants and participants at the Asian Real Estate Society
and AREUEA International conferences, as well as seminar participants at
NUS and Tel Aviv University. All remaining errors and omissions are our
own.
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'See Bryant, C. in Bloomberg Opinions, Aug 18, 1918 for a
synopsis: https://www.bloomberg.com/view/articles/2018-08-20/
can-t-afford-a-house-blame-the-apocalypse.
2See Favilukis and Van Nieuwerburgh (2017) for a model of a housing
market with local residents and non-resident investors.

prudential policies that were imposed on all significant cities
and applied to all buyer types, the purchase restrictions were
enacted with variation: some cities did not introduce restric-
tions at all, while others implemented restrictions that varied

3Mufson, S. “In China, fear of a real estate bubble." Washington
Post, Jan. 11, 2010. http://www.washingtonpost.com/wp-dyn/content/
article/2010/01/10/AR2010011002767.html. And more recently Balding,
C. “Why China Can’t Fix Its Housing Bubble." Bloomberg Opinions,
June 24, 2018. https://www.bloomberg.com/view/articles/2018-06-24/
why-china-can-t-fix-its-housing-bubble.
4Much of this is not for rent.

ern University of Finance and Economics reported 20.9% of
housing units are unoccupied in 2011. As reported in Wall
Street  Journal, June 11, 2014, https://www.wsj.com/articles/

A study by the Southwest-

more-than-1-in-5-homes-in-chinese-cities-are-empty-survey-says-1402484499.
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by district within the city. We exploit the within-city vari-
ation in the tightening policies of the in Chinese market to
evaluate the success of restrictions on investor demand in
cooling housing markets and moderating rapid house price
appreciation. Our identification comes from the standard
difference-in-differences (DiD) approach, where the varia-
tion we exploit is across districts within cities, between new
development projects in those districts with purchase restric-
tions and those without.

The contributions of this paper to understanding the ef-
fects of government actions designed to calm housing market
stem from both a better matching of data to the identifica-
tion strategy and from a supply side estimation using data
from local government land auctions. In comparison with
other work, we are able to execute DiD tests at a fairly gran-
ular level of geography, obtaining identification from the dif-
ferences in changes between different districts within a city
for sales be developers of completed units to buyers in new
development projects, with fixed effects for individual de-
velopments. This allows us to better circumvent the bias
problems from non-random treatment, because of the en-
dogeneity of housing market conditions and policy actions,
that occur with the cross-country or inter-city analyses of
housing market interventions in the extant literature. We ar-
gue that any unobserved patterns correlated with selection
(imposing restrictions) are likely to be more acute across
cities than within cities because the latter category shares
the same housing and labour markets.> Our approach re=
mains subject to problems with non-random treatment and
inter-group differences because the allocation of district to
treatment (restrictions) or non-treatment (no restrictions) is
tied to the area’s distance from the city centre“While we
believe this to be a less acute violation of DiD assumptions,
our findings survive a variety of robustness and falsification
tests that reinforce our claim that our approach is more con-
sistent with the necessary assumptions. of nonsfandomness
inherent in the DiD methodology.

The second aspect that sets this, work apart from others
in the area is that we are able‘to"test-for supply effects.’® The
land supply data yields results on,Jocal government and de-
veloper behaviour thatServe to_assess the price and volume
effects in the apartment unit.market. Data on land auctions
enables us to testéwhether, developers reduced their bids for
land, consistent. withyan expectation of long-term decline in
demand, or whether local governments reduced the volume
of land and'potential buildable floor area they introduced
into the matket, in which case local policy objectives would
match the national priorities. Both allow us to ascertain
more clearly whether the apartment market outcomes reflect
changes in demand or whether supply side effects are also

5Those Chinese cities not imposing restrictions are overwhelmingly of
lower political and economic importance (nearly all major cities and provin-
cial capitals imposed restrictions) suggesting problems with the assumption
of random treatment in an inter-city analysis.

6We use buildable area, which is equal to the product of maximum allowed
floor area ratio and land area, as our quantity measure of the supply from
a given land auction rather than land area as it better reflects the potential
number of apartments that could result from the auctioned land.

present.

We find that quantity restrictions have substantial imme-
diate effects on transaction volume but no statistically dif-
ferent from zero effect on residential property prices. In
the six months following the introduction of quantity restric-
tions, transaction volumes in the districts within a city that
had purchase restrictions fell over 40% relative to volumes
in unrestricted districts. Over time, this difference declines
in magnitude, to 30% for a 12-month window and 24% for
a two-year window. In contrast, the difference in the change
in house prices pre-and post-policy between these two ar-
eas is not statistically different from zero over any period in
our data. The results are robust across tests if we compare
districts as a whole and if we use a border discontinuity ap-
proach and limit the sample to developments within a 3-km
band on either side of the border between restricted and un-
restricted districts. Falsification.tests on using placebo dates
and district boundaries.for timing and location yield null re-
sults, supporting the argument that the quantity restrictions
were responsible for the differences in transactions volumes.
In comparison fo ourresults, studies using cross-city panels
find higher volume effects and find that residential real es-
tate prices incities*with restrictions fall by over 10% when
compared withreites without such restrictions. The results
presented here-suggest that some of this may reflect the non-
random assignment of the restriction treatment.

The land supply tests on land auction prices and volume
show no statistically-different-from-zero differential changes
in the number of land auctions, buildable area “supplied",
and the winning bids in these auctions between purchase-
restricted and purchase-unrestricted districts between the pre-
and post-restriction windows. Overall, developers did not
change their bids for land in districts restricted post-policy
introduction when compared with districts unrestricted, nor
did local governments show any relative difference in the
number of sites brought to auction. This is consistent with a
no-supply response to the purchase restrictions.

We cannot unambiguously determine that the purchase
restrictions in some districts lowered aggregate citywide ac-
tivity. In using a difference in differences (DiD) method-
ology we identify relative changes, so it is possible that de-
mand was just shifted from restricted districts to unrestricted
district in exactly offsetting amounts. There is a net neg-
ative time effect, which normally would allow us to iden-
tify the aggregate effects. However, because citywide higher
downpayment requirements and higher interest rates were
imposed co-temporally with district specific purchase restric-
tions, we cannot rule out that the aggregate negative effect
results from the credit restriction channel. Transactions fall
in developments in restricted districts that are both better and
worse substitutes (because of location) for developments in
unrestricted areas so the aggregate decline does remain plau-
sible.

There are a number of possible behavioural explanations
for an outcome where in the absence of a shift in supply
quantity falls but prices do not. If developers expect the re-
strictions to be loosened at some point in the not so distant
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future and their holding costs are low, then they would have
little incentive to reduce prices rather than wait until demand
recovers once restrictions are lifted. A related explanation
is loss aversion behaviour by developers. The strength in
the land auction market following the demand restrictions is
more consistent with this first explanation than the loss aver-
sion story. More generally, this outcome does suggest that
in the presence of real estate demand booms, policies aimed
at restricting demand may not be successful in the short to
medium run at addressing affordability challenges, but can
dramatically reduce market activity.

The remainder of the paper is structured as follows. Sec-
tion 2 provides a brief summary of Chinese housing policies,
focusing on the mix of measures introduced by the govern-
ment in 2010 and 2011 with the objective of cooling down
Chinese residential real estate markets. Section 3 is a re-
view of the literature on policies to slow housing markets,
covering both macro-prudential regulation and quantity re-
strictions, both in China and elsewhere. In Section 4, we
describe the data used here as well as the identification strat-
egy to test for effects. Finally, in Section 5, we present the
results for price and volume effects at different levels of ge-
ography along with falsification and placebo tests for robust-
ness. Section 6 concludes the paper.

II. CHINESE HOUSING MARKET
INTERVENTIONS

The introduction of measures to cool the Chinese housing
market in 2010 and early 2011 followed a period of intense
growth in the Chinese housing market. In the wake ofithe
world financial crisis, China pursued a program/of stimu-
lus led by an almost $US 600 billion investment program
announced in Nov 2008’. Some pointed, to this stimulus
and the associated increase in liquidity asidriving the sub-
sequent estate boom: Wu, Deng, and Liu (2014) estimate
real land prices in key Chinese cities rose,by a factor of
five between 2004 and 2012. Media reports describe high
investment flows with investors.owning ‘apartments as pure
stores of wealth: some estimated up to 30 percent of new
apartments being purchased and left vacant®. The conditions
of rapid price appreciationy surging investment volume, and
high rates of new construction following the post crisis stim-
ulus eventually led the Chinese central government to intro-
duce measures intended to rein in the housing market. The
State Council issued two directives, the Ten National Rule
(effective on April 17, 2010) and the Eight National Rules
(effective on January 26, 2011). These included changes to
the Housing Provident Fund (HPF) underwriting to lower the
maximum loan to value (LTV) ratio for purchases of residen-
tial property greater than 90 m?.° Minimum down payments

7Reported in the New York Times, Nov 9, 2008 China Unveils Sweep-
ing Plan for Economy, http://www.nytimes.com/2008/11/10/world/asia/
10china.html

8China’s Looming Real-Estate Bubble; A massive Keynesian spending
program has misallocated capital and set the stage for a crisis. Wall Street
Journal (on-line), Aug. 20, 2010.

9The HPF is a mandatory savings plan for employees of government, state
owned enterprises, and some private businesses. Withdrawals are allowed

on loans from commercial banks were increased and mini-
mum interest rates for mortgages were also raised. Finally,
steps were taken to limit investment in residential real estate
directly by restricting the number of properties an individ-
ual could purchase. While these were directives from the
centre, the implementation decision was left to lower levels
of government, where provincial governments forward the
messages from the central government to the municipal and
lower level governments. It was then up to a local govern-
ment’s discretion to customize these policies and determine
the time-line based on local economic conditions.

The implementation of these policies had considerable
variation by jurisdiction. First, even the financing policies,
which were imposed in all cities, varied by implementation
date: May 1, 2010 in Beijing to March 31, 2011 in Hefei.'?
In contrast to the changes to~LTV rules and interest rates,
purchase restrictions, which limited purchases based on hukou,
a person’s official city resideney status, were not uniformly
imposed. Forinstance, Guangzhou allowed those with Aukou
to purchase an additional unit, but forbad any purchases by
non-residents; [SShanghai allowed both to purchase just one
additional unit; and many other cities limited residents to
two units/and non-residents to one. In addition, not all cities
imposed purchaserestrictions, and of those that did so, some
didsot imposethem uniformly throughout all the districts in
the municipality or county. It is the latter group, cities that
imposedrestrictions on some districts but not on others, that
we use for our analysis. We exploit the differences between
these groups before and after the imposition of restrictions
in a standard DiD identification strategy.

For reasons given in the data section below, we use data
on sales by developers of new units from four cities: Chengdu,
Guangzhou, Hefei, and Qingdao. These cities provide us
with variation by city type, date of implementation of pur-
chase restrictions, and within-city geography. Guangzhou is
a Tier 1 city, the others are Tier 2.!! The municipal gov-
ernments introduced the policies at different times between
October 2010 and March 2011. In all four cities there are
at least two districts without quantity restrictions on resident
and non-resident buyers. The details, introduction timing,
and district allocation of the quantity restriction for each city
are provided in Appendix Table A-1. The restrictions, both
citywide financing restrictions and the purchase restrictions
by district, are the same in all four cities. The only variation
across cities we observe is the date of implementation.

only for the purchase of owner-occupied real estate and is a buyer’s lowest
cost financing, but typically need to be supplemented by bank financing.
Studies and summaries of the HPF include Tang and Coulson (2017), Xu
(2017), Yang and Chen (2014), Yeung and Howes (2006).

190ur larger sample of cities is limited to 126 of the largest or economically
most important Chinese cities. These include all major cities and provincial
capitals.

HFor a discussion of Chinese city tiers see https://www.chinacheckup.com/
blogs/articles/china-city-tiers. Traditionally rankings ranged from Tier
1-4, but rankings are not entirely consistent; for instance, comparing YiCai
Rising Lab, and the South China Morning Post. However, consistently the
largest 4-5 economies are in Tier 1 and the next group of major economic
centres and nearly all provincial capitals are in the next lower tier. SCMP
has 5 cities in Tier 1, 60 in Tier 2, 137 in Tier 3, and 411 in Tier 4
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III. LITERATURE REVIEW

The root issue this paper addresses is the effect on local real
estate of “external” capital flows, studying the effects of poli-
cies to curb these flows. Theoretical models of foreign de-
mand (Chao and Yu, 2015; Tai, Hu, Chao, and Wang, 2017)
or non-residents more generally (Favilukis and Van Nieuwer-
burgh, 2017) demonstrate how these inflows into local hous-
ing markets worsen affordability by raising house prices more
than incomes rise.'> In contrast, empirical studies using
cross-country panels of capital flows (as measured by the
current account deficit) and house prices are mixed: Aizen-
man and Jinjarak (2009) and Sa, Towbin, and Wieladek (2011)
find a positive correlation between the capital account and
house price inflation, but Jinjarak and Sheffrin (2011) do
not. Greater success in demonstrating the relationship be-
tween capital inflows and house price inflation has come
using city level and within city data. Papers such as Cvi-
janovic, Spaenjers, et al. (2015), Sa (2016), Badarinza and
Ramadorai (2018), and Pavlov and Somerville (2017) all
find evidence linking capital inflows to residential real es-
tate to higher local house prices.

Our paper examines the effectiveness of housing market
intervention that via direct restrictions rather unlike macro-
prudential policies that target a broader credit channel mech-
anism. The Chinese purchase restrictions targeted domestic
investment, with tighter constraints on non-local investment
demand. As such, they are similar in objective to policies in
other countries that have attempted to reduce non-resident
demand through taxation. Using Chinese data is attractive
for assessing polices that restrict housing demand because
of the variation in their implementation across geography.

There are a number of papers in English that study the
effects of the Chinese purchase restrictions.'> Almost all of
these work use a panel of cities and a DiD methodology,
comparing cities with and without restrictions, before and
after the introduction of the restrictions:yFor these papers,
the challenge is the non-randomness 1 the application of
the treatment. Individual city. governments decided whether
or not to apply the restrictions: those that did so are over-
whelming the bigger, more economically important, faster
growing cities in China. Though not an official hierarchy,
Chinese cities are typically ranked in tiers, where the des-
ignation reflects”a‘mixture of their economic and political
importance. /Using the*South China Morning Post- 29 of 30
Tier 1 and Tier 2 cities had purchase restrictions, and only
among the,137:Tiet 3 cities are there substantial numbers of
cities that did not impose restrictions.'* Therefore the DiD

12In Chao and Yu (2015) the welfare implications depend on how taxes on
foreign buyers are used, while in Favilukis and Van Nieuwerburgh (2017)
the results are sensitive to non-resident versus local preferences for location.
13There is also a literature in Chinese academic journals that studies these
policies. Liu (2013) and Wang and Huang (2014) establish different equi-
librium models to gauge the effect of the purchase restriction policy. Liu
(2013) states that the direction of the housing price movement is unclear
given the different conditions. Wang and Huang (2014) suggest that the
purchase quota policy may reduce housing prices, but at an insignificant
magnitude.

14Using YiCai Global’s Rising Lab recent 2017 breakdown, which has six

treatment is essentially comparing treated more "important"
cities with untreated less important ones.

A number of the inter-city panels analyses of the restric-
tions have used different strategies to deal with this identi-
fication problem. Cao, Huang, and Lai (2015) include pre-
trend variables and follow the two-stage approach of Donald
and Lang (2007) to the DiD estimation. They find purchase
restrictions associated with an 18% decline in prices and a
60% decline in sales volume in the four quarters following
the introduction of purchase restriction policies in restricted
versus unrestricted cities. To address the problem of unob-
served difference across cities, Yan and Ouyang (2018) use
propensity score matching to define more limited, but better
matching treatment and control groups. They end up with
four cities that have restrictions matched to four control cities
based on per capita GDP and-population. Their regressions
have limited explanatory power. However, the difference in
mean differences appears.to be.a 20% relative decline in the
prices in restricted cities. Similarly, Du and Zhang (2015)
construct a replica of Beijing based on smaller lower status
cities that did not adopt purchase restrictions during the pe-
riod May 2010 and Nov 2011. They compare Beijing price
appreciation with itsreplica and find that price appreciation
in Beijingywas*7:5 percentage points lower than predicted
by the replica-after the introduction of the restrictions. In
general, the inter-city analysis of Chinese purchase restric-
tionsAinds larger effects on prices than the macro-prudential
policy studies, but in all cases declines in volume are much
larger than the declines in prices.”

The literature on non-resident and foreign buyer restric-
tions and taxes outside of China is very sparse. Hilber and
Schoni (2016) study the January 2013 Swiss restrictions that
banned the construction of new second homes in select Swiss
municipalities.'® Using a DiD methodology, they find that
the ban resulted in increases in the price of second homes
(less future supply) but lowered the prices of primary homes
in affected areas by 12% (negative economic impact).

Our paper differs from the papers above because we ad-
dress the challenge with non-random treatment by using within

city variation rather than comparing restricted and non-restricted

cities. We use detailed data that provide housing market
measures at the project level. This allows us to take advan-

tiers, all of the four Tier I cities (Beijing, Guangzhou, Shanghai, Shenzhen)
had purchase restrictions, as did 13 of 15 Tier 1A cities (and the two that did
not are outliers in size, Chongging, or a questionable inclusion, Donguan),
27 of 30 Tier 2 cities had purchase restrictions, and only among Tier 3 cities
are there many cities without restrictions (only 10 of 70 Tier 3 cities had
purchase restrictions).

15Sun, Zheng, Geltner, and Wang (2017), estimate the effects of purchase
restrictions using data from a single city, Beijing. They use a regression dis-
continuity design to identify the existence of a structural break associated
with the introduction of purchase restrictions on a variety of real estate mar-
ket variables. They are not able to isolate the effect of purchase restrictions
from other policies introduced at the same time, but they find a combined
effect of a 23% decline in house prices and 51-77% in transaction volumes
post-policy constraints.

16The policy applied to areas where second homes made up more than 20%
of the housing stock, effectively resort areas. Hilber and Schoni note, the
jurisdictions with more homeowners, more second homes, that are closer
to a ski resort were most opposed to the initiative.
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tage of the differences in the imposition of purchase restric-
tions within cities, both generally and in very local variation
between restricted and unrestricted districts of cities. Within
a city, treatment and non-treatment areas share the same gen-
eral housing and labour markets, as well as the same local
economy, therefore we have treatment and control groups
(different districts within a single city) that should be more
similar in conditions than is the case for the inter-city vari-
ation in the work cited above. We find much smaller and
not statistically different than zero price effects and smaller
declines in transaction volumes than do the papers that use
variation across cities.

The other way our work differs from previous efforts is
that we are able to make some traction on supply effects. The
second part of our paper is an analysis of the effects of the re-
strictions on land sales to developers by local governments.
This provides us with an indirect method to assess the ef-
fects of the restrictions on the supply function. We know of
no other analyses of these types of restrictions on investor
demand for residential real estate that address supply-side
factors. Overall, we get no price effects and smaller volume
effects than previous work. From the analysis of the land
supply auctions to developers we show that the declines in
transaction activity does not result from supply reductions.

IV. DATA AND IDENTIFICATION

4.1. Data

The data used in the analysis are from the Chinese Real\Es-=
tate Index System (CREIS). CREIS records housing transac=
tion data in China from information published by the'central,
provincial and local governments on a weekly or monthly ba-
sis. Transaction data are all for new units-$old by developers
to end buyers reported at the city, project, and,deeds levels,
where the first two are aggregate data andthelast are indi-
vidual transactions. We use monthly projectlevel aggregate
data from CREIS for sales by developers to individual buyers
of newly constructed apartment,(condominium) units. The
data cover 49,525 projects in 126 cities from as early as 2005.
Data is not uniformly(available:“often in earlier periods the
aggregate data is available butindividual transaction data are
not, or their coverage is incomplete. We are interested in the
variation in purchase restrictions within a city by district lim-
its. this restricts us to nine of the cities in these data. And of
these ninecities,.we have sufficient pre-2011 data for only
four as priorito 2011 the CREIS data is very sparse, with no
observations for most cities. We are left with data for 2,014
projects in Chengdu, Guangzhou, Hefei, and Qingdao.

In the data we have different before and after policy intro-
duction periods. As we describe above, the purchase restric-
tions were introduced on different dates in the four cities:
Guangzhou introduced policies on October 15, 2010; Qing-
dao on January 31, 2011; Chengdu on February 15, 2011;
and Hefei on March 31, 2011. For project transaction vol-
umes, we have observations from Oct 2009 on for all dis-
tricts, but for mean project prices, only from six months prior

to the restriction introduction. We drop October 2010 for
Guangzhou and February 2010 for Chengdu from the data
because the policies were implemented mid-month and we
have only monthly aggregations. In the basic set of regres-
sions we will use a six-month pre-restriction window (be-
fore) with varying post-restriction windows.

Following the directives from the central government,
these municipalities imposed restrictions on the more central
and core urban districts. Buyers of properties in more distant
suburban districts were not subject to the purchase restric-
tions. Strictly this violates the random treatment require-
ment for DiD estimation, though less so than with city level
data. We address this in the estimation. Figure 1 shows the
distribution of projects across city districts for the four cities,
differentiating between purchase-restricted and -unrestricted
districts. In contrast, the changes in housing finance rules,
both higher interest rates,.-down. payment requirements, and
limits on HPF loans applied in.all areas.

In the data, each gbservation is a project’s summary statis-
tics for a given month of sales of individual new housing
units. Of these{/ we use the average unit price (Chinese Yuan
per m?), total units sold in the project that month, and aver-
age unit size (m>):*We provide these summary statistics for
the project.aggregates in the four cities in Table 1 for the -
6-month/+12=month window. The data are broken down be-
tween purchase-restricted (Panel B) and purchase-unrestricted
(Panel C) districts, and for periods before and after the im-
position of the restrictions. Mean monthly sales volumes per
project are lower in the restricted districts than in the unre-
stricted districts both before and after the implementation of
restrictions. Consistent with urban models, prices are higher
and average unit sizes are lower in more central restricted
districts than in the unrestricted suburban districts, both be-
fore and after the implementation of restrictions. Unit prices
rise in both types of districts after the imposition of purchase
restrictions, and sales volumes fall in both district types. The
latter finding is consistent with a decline in demand follow-
ing the introduction of lending restrictions, higher interest
rates, and higher down payment requirements that affect all
districts in these cities and were introduced at the same time.
However, the rise in prices over the period is not consis-
tent with that explanation. The same patterns occur in city-
specific descriptive statistics, which are available in the On-
line Appendix Table OL-1.

CREIS also supplies land transaction information in China
from information published by the central, provincial, and
local governments on individual land auctions. The dataset
includes characteristics such as transaction price, transac-
tion date, listing date, reserve price of an auction, size and
location of land parcel, maximum building area per unit of
land or floor space ratio (FSR), land type (residential, com-
mercial, industrial, mixed, and others), transaction type (ne-
gotiation [xieyi], English auction[paimai], two-stage auction
[guapai], sealed bid auction[zhaobiao]), and buyer name (both
firm and individual). We use land auction data for Chengdu,
Guangzhou, Hefei, and Qingdao, the same cities as above.
These are sales of land through auctions from local govern-
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Figure 1: Purchase Restrictions by District and Geographic Distribution of Housing Projects
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Notes: This figure presents the the geographical distribution of housing projects across city districts for the four cities. The
areas of shaded regions correspond to thedistricts subject to the purchase restrictions. The dots represent the housing projects.

ments to developers, and are thus distinct*from the trans-
actions based data described above. The summary statis-
tics for these auctions are reportedsin'Table 2. As with unit
sales, land prices are higher in ‘the core restricted districts
and prices rise in both.fegions over the period under study,
from 6 months prior(before) to 12 months following (after)
the introduction of the purchase restriction policies. Aver-
age land area and buildable area per land auction are lower
in both regions post-restrictions. The geographic distribu-
tion of these auctions as well as descriptive statistics by city
are available in the Online Appendix Figure OL-1 and Table
OL-2.

4.2. Specification

If the government interventions were successful, then we
would expect to see both a decline in transaction volume as
investors reduced purchases, and a decline in prices in re-
sponse to the inward shift in demand. We hope to exploit
within-market differences, where the restrictions in some ar-
eas result in a larger drop in demand in those areas, when
compared with areas in the city that did not restrict demand.

Between the pre- and post-restriction periods, the areas with
restriction should have relative declines in both prices and
volumes. The price effect, though depends, on the extent of
downward price rigidity. In particular, if developers are not
under pressure from lenders to liquidate unsold properties,
and they believe that restrictions are temporary, it may be
more profitable to not reduce prices and wait out the decline
in demand, i.e. their reservation price does not fall.

The baseline regression specifications for the DiD anal-
ysis. The first is the standard treatment where we have a
dummy variable A fter, that takes on the value of one in
the months after the introduction of purchase restrictions.
Projects in districts where purchase restrictions are or will
be imposed have the value of one for the dummy variable
T'reat;. The DiD effect is captured in the interaction of these
two in T'reat; * A fter,. Formally:

Vig =a+f xTreat; x After, + p, x After, + 5 X;,
+p+6,+ €,

)]
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Table 1

Summary Statistics - Housing Projects (-6/+12 months)

Sample Before Restriction After Restriction
Statistics Mean S.D Mean S.D
Panel A: All Districts

Avg. Price/m2 8,200.41 5,219.12 9,356.20 6,478.49
Total Transactions 40.26 63.34 25.98 46.81
Avg. Unit Size(m2) 110.69 47.53 106.65 47.36
Observations 3,303 7,465

Panel B: Restricted Districts

Avg. Price/m2 9,378.54 5,720.57 11,257.92 7,393.86
Total Transactions 37.92 62.95 22.90 44.90
Avg. Unit Size(m2) 106.99 45.85 103.37 45.35
Observations 2,296 4,563

Panel C: Unrestricted Districts

Avg. Price/m2 5,514.23 2,088.27 6,366.01 » 2,717.28
Total Transactions 45.59 63.95 30.81 49.28
Avg. Unit Size(m2) 119.12 50.16 111.81 49.94
Observations 1,007 2,902

Notes: This table reports the project aggregates in four cities (Chengdu, Guangzhou, Hefei, and Qingdao). The data are
broken down between purchase restricted and unrestricted districts, and for 6 months before and 12 months after the imposition

of the restrictions.

where y; , is one of the outcome variables (price or trans-
actions) for project i in year-month z. X, , are other time
and project specific control variables. y; refers to the project
fixed effects, capturing the unobserved mean variations across
projects. 6, is the set of year-month fixed effects. Theresti-
mated coefficient of interest for the DiD<effect is ;. The
dummy variable T'reat; does not enter on its own/because it
is subsumed in the project fixed effects gz Policy implemen-
tation dates vary, so A fter, is notperfectly co-linear with the
year-month fixed effects 6,.

We use two alternative specifications. Both address the
effects the innate differences between the treatment and non-
treatment districts might have*on'the DiD coefficients of in-
terest in ways not covered by’ Specification (1), which as-
sumes no systematic time-varying pre-treatment differences.

The first allows for.non-parallel trends in the data in the
period priot to the treatment (introduction of restrictions).
We do this by allowing the pre-treatment (months before pur-
chase restrictions were applied) mean effect for the projects
in districts where there will be restrictions to vary from that
of the non-treatment districts. Formally, we interact T'reat;
(the treatment fixed effect) with Be f ore;, which has the value
of one for the second three months of the six month pre-
restriction period and zero otherwise. Other elements are
similar to specification (1):

Yip = a+ fy * Treat; * Before; + p, * Treat; * After,
+ B3« After, + Py X; +u; + 6, ¢,

@

Here f; will show the sign and statistical significance of a
pre-treatment trend difference for projects in districts with
purchase restrictions that would cause specification (1) to
violate the no-parallel-trends assumption. The estimated co-
efficient of interest for the DiD effect is f,. The magnitude
of the difference is the difference between f, and f;.

The second alternative imposes a functional form to ad-
dress trend differences in the dependent variable before and
after the introduction in restrictions across the two groups of
districts. Here, we allow for different trends between the re-
stricted and non-restricted areas, through Trend and Treat =
Trend, and then the difference in differences above and be-
yond this through a third interaction T'reat * Trend * A fter.
The full specification is:

Vig = a+ py % Trend + p, » Treat; * Trend + p; * Treat;
« Trend « After,+ By * After, + fs + X;,
+ Hi + ’lmonth + ei,t
3)

The variables have the same meaning noted above, except
that 4,,,,;» is a month fixed effect for seasonality. The sign
of the DiD effect is captured by f;. There is not a simple pa-
rameter or combination of parameters to identify the magni-
tude of the effects of the restrictions because they depend on
the values for T'rend. We will estimate the changes for each
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Table 2

Summary Statistics: Land Auctions (-6/+12 months)

Sample Before Restriction After Restriction
Statistics Mean S.D Mean SD
Panel A: All Districts

Avg. Price/m2 of Buildable 1,636.91 1,964.69 1,654.94 4,042.24
Land Area 46,481.29 46,070.92 39,918.21 40,160.87
Buildable Area 110,199.19 137,017.04 08,243.17  121,477.48
Distance to CBD 31.89 22.26 32.07 21.58
Auction Type 0.51 0.50 0.49 0.50
FSR 2.43 1.39 2.42 1.41
Observations 537

Panel B: Restricted Districts

Avg. Price/m2 of Buildable 2,765.66 2,217.75 2,758.29 6,659.87
Land Area 45,703.78 46,786.53 40,001.56 41,512.22
Buildable Area 126,513.11 169,296.45 91,087.20 88,064.52
Distance to CBD 22.22 12.31 26.49 15.84
Auction Type 0.45 0.50 0:50 0.50
FSR 2.93 1.53 2.63 1.42
Observations 182

Panel C: Unrestricted Districts

Avg. Price/m2 of Buildable 1,180.04 1,649.26 1,089.28 1,056.17
Land Area 46,796.00 45,854.86 39,875.47 39,509.68
Buildable Area 103,595.93, 121,259.45 101,911.86 135,419.57
Distance to CBD 35.81 24.13 34.93 23.51
Auction Type 0653 0.50 0.49 0.50
FSR 2.23 1.27 2.32 1.40
Observations 355

Notes: This table reports the district-month level summary statistics for land transactions in districts with and without the
purchase restrictions in four cities (Chengdu, Guangzhou, Hefei, and Qingdao), 6 months before and 12 months after the

implementation of the restrictions.

of the windows using the mid-trend value for each before
and after window period. Asswith.the two previous speci-
fications stand alone values for'T reat are subsumed in the
project fixed effects.

All of the specifications, suffer from a possible problem
that we identify only relative changes between treated and
untreated (purchaserestricted and unrestricted) districts. So,
a negative estimated coefficient cannot differentiate between
total declines and airedistribution of demand from one area
to another. Tables”1 and 2 show transactions declined in both
restricted andjunrestricted districts after the introduction of
restrictions. However, this occurred along with financing
restrictions that applied globally in these cities. Thus we
cannot separate out the pure absolute effect of the purchase
restrictions. Formally, for each city there is a magnitude of a
negative effect of the financing restrictions on transactions in
both areas that is sufficiently large that the purchase restric-
tions had no aggregate effect, but merely transferred sales
from one area to another. However, the similar pattern of
declines in mean values between entire districts and those

areas that are closer substitutes (comparing restricted and
unrestricted areas) from the summary statistics for projects
in the districts (Table 1) and those in 3km bands along the
border between restricted and unrestricted districts (Online
Appendix Table OL-3) are consistent with an actual decline.

V. RESULTS

5.1. Apartment Sales

These empirical estimates of the relative effect of purchase
restrictions use monthly residential development project level
data for prices and sales volumes of apartment unit sales by
month. In Table 3, we test the difference in individual de-
velopment project mean log apartment prices per m? of floor
area across districts before and after the introduction of pur-
chase restrictions. All else being equal, one would expect
higher relative demand in unrestricted areas post policy in-
troduction that did not limit demand. This could result from
larger declines in restricted areas or because demand shifted
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Table 3

District Level DiD - Prices

Dependent Variable

In(average transaction price)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) (3) (4) (5) (6)
Treat*Before 0.009 0.016
(0.016) (0.017)
Treat*After 0.010 0.017 0.018 0.034
(0.024)  (0.026) (0.026) (0.029)
Treat*Trend -0.002 0.003
(0.004) (0.003)
Treat*Trend*After 0.001 -0.000
(0.001) (0.001)
After 0.002 -0.002 0.011 0.047**
(0.023) (0.019) (0.023) (0.020)
Trend 0.015*** 0.007***
(0.003) (0.002)
In(size) 0.039 0.039 0.039 0.081*  0.081* 0.083*
(0.055) (0.055) (0.055) (0.045)  (0:045) (0.045)
Observations 6,779 6,779 6,779 10,768 10,768 10,768
R-squared 0.883 0.883 0.883 0.849 0.849 0.848
Year-Month FE Yes Yes No Yes Yes No
Project FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table shows the difference in individual development project mean, log apartment prices per square meter across
districts 6 months before and 6-12 months after the introduction of ‘purchase’restrictions. Trend starts at 1 for Oct 2008.
Standard errors are clustered at the district level and are shown in parentheses under the estimated coefficients. We use *¥**,
** and * to denote significance at the 1%, 5%, and 10% level, respectively.

from restricted to unrestricted areas. Either way, with any
inelasticity in supply, we would expect to see pricessrise in
the unrestricted areas relative to the districts withypurchase
restrictions.

All regressions in Table 3 use a six-month pre-treatment
window, which varies slightly by city as shown in Appendix
Table A-1. The first three regressions,in Table’3 use a six-
month post-purchase restriction policy\implémentation post

window; the second three use a 12-month post window. Within

each window length group, the'regressions are ordered by
specification. This table structure will be used for most of
the tests.

The DiD effect for specifications (1) and (2) is the co-
efficient on Treaf. * A fter/ For specification (3), it is the
estimated coefficiention Treat = Trend * After. The cal-
culation of the magnitude of the effects varies by specifi-
cation. For ‘specification (1), it is the estimated coefficient
on Treat; % After,; for specification (2), the difference
between T'reat; s After, and Treat; * Before]; and for
specification (3), specific trend start and end values were ap-
plied to the benchmark pre- and post-periods and then mul-
tiplied by T'rend,, Treat; * Trend,, and Treat; * Trend, *
After,)7. There is no statistically significant difference in
the change in prices post-restriction implementation date be-

17We use window mid-point trend values, where Trend=1 for Oct 2008. For
+ 6 month the values are 25 and 31; for +/- 12 months they are 25 and 37.
Strictly we calculate the trend effect pre and post for both groups and take
the difference in the differences.

tween development projects in regions with purchase restric-
tions and those without. The point estimates are also small
in magnitude, ranging from 1.0% to 3.4% across specifica-
tions. We examined longer windows of 18 and 24 months
post-restriction policy introduction and found similar results,
i.e. no difference in demand, or strongly downward sticky
prices in the restricted districts pre- and post- relative to un-
restricted districts (the table is available in the Online Ap-
pendix Table OL-4).

In contrast to the effect on prices, there are qualitatively
large and statistically-different-from-zero effects of the pur-
chase restrictions on differences in transaction volumes across
the two types of districts. Table 4 shows that transaction
volumes drop off much more after the introduction of re-
strictions in projects in the districts with purchase restric-
tions than in those without: falling by 42-51% in the six-
month window. As the analysis window lengthens, the size
of the effect declines, to a 30-36% decline for the 12-month
window. These changes are statistically different from zero
across all three specifications. We also tested for longer win-
dows, finding negative and statistically different than zero
DiD effects, though with smaller point estimates (24-26%
decline in transactions) than in the shorter 6 and 12 month
post-policy windows. These results are available in the On-
line Appendix Table OL-5.

Though the price regressions did not suggest a differen-
tial effect from the presence of restrictions, the effect is very
strong and clear on the volume of property purchases. The
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Table 4
District Level DiD - Transactions

Dependent Variable

In(number of transactions)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) (3) (4) (5) (6)
Treat*Before -0.108 -0.070
(0.083) (0.087)
Treat*After -0.423%**  _(0.618*** -0.290%**  _(.431***
(0.102) (0.090) (0.095) (0.093)
Treat*Trend -0.005 0.049***
(0.024) (0.017)
Treat*Trend*After -0.012* -0.022***
(0.007) (0.006)
After -0.286* -0.534%** -0.217* -0.070
(0.146) (0.168) (0.120) (0.143)
Trend 0.016 -0.068***
(0.017) (0.011)
Observations 6,779 6,779 6,779 10,768 10,768 10,768
R-squared 0.666 0.666 0.655 0.619 0.618 0.606
Year-Month FE Yes Yes No Yes Yes No
Project FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table shows the difference in individual development project mean log transaction volume across districts 6 months
before and 6-12 months after the introduction of purchase restrictions. Trend starts at 1 for Oct 2008. Standard errors are
clustered at the district level and are shown in parentheses under the estimated\coefficients. We use *** ** and * to denote

significance at the 1%, 5%, and 10% level, respectively.

absence of a price effect could occur because of downward
sticky prices or a significant inward shift in supply. Belowsin
the land auction regressions we test for evidence of the latter
mechanism. We also ran the log price and transactions re-
gressions individually for each city (the results are‘included
in the Online Appendix Table OL-6 and Table OL-7),-The
patterns in the results are identical for all cities to that found
in the aggregate results presented here, thoughywith variation
in the point estimates across cities.

A key concern in these data is thatthere are difference
between central (restricted) and suburban-(unrestricted) dis-
tricts that generate the obsefved results rather than the pur-
chase restriction treatment. To address this, and test for ro-
bustness beyond differentispecifications, we conduct border
discontinuity regressions using the DiD methodology. Here
we limit the sample to projects within 3km of the border be-
tween districts"where'purchase restrictions are imposed and
those where they are not. While the districts are different,
this should reduce the variation in unobserved location char-
acteristics between projects in the restricted vs. unrestricted
districts by excluding those that are particularly close (in the
restricted districts) or far away (in the unrestricted districts)
from the urban centre. This should also serve as a better ap-
plication of the random assignment assumption than in the
district level regressions above. Figures showing the loca-
tion of these projects and tables with the descriptive statis-
tics of their monthly unit sales are included on the Online
Appendix Figure OL-2. In limiting the sample to projects
within 3km of the border between restricted an unrestricted
districts we should exclude developments that are the least

alike: the highest priced core urban areas developments and
the least expensive, most distant suburban developments.

In Tables 5 and 6, we present the same regressions as
those shown in Tables 3 and 4 but using the more focused
border discontinuity sample. The differences between the
border and entire district samples vary slightly by specifi-
cation, but the patterns and general magnitudes are consis-
tent across both samples. The overall results for prices are
again qualitatively small and not statistically different from
zero. For transactions, again we find large and statistically-
different- from-zero declines in transaction volume in the
3km band in the restricted districts relative to those in the
same width band just across the district border. The effects
are a little larger than in the district analysis, with declines
all approximately 48-51% across specifications, falling to de-
clines of 31-37% for the 12-month windows. This suggests
more demand switching in these areas compared to the dis-
tricts overall as the areas should be closer substitutes that
are the larger areas. Longer windows yield results consis-
tent with smaller aggregate declines in volume with window
length, as with the district regressions above.

In all these regressions using specification (2), for both
prices and volumes, we regularly reject a unique pre-trend
for districts where subsequently the municipal government
will impose purchase restrictions. The coefficient §, on T'reat,;
Be fore] identifies the percentage mean difference between
prices or transaction volumes for projects in the districts that
have purchase restrictions imposed 3-6 months vs. 0-3 months
prior to the restriction implementation. This estimated co-
efficient is never statistically different from zero and is typ-
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Table 5

3km Border Band DiD - Prices

Dependent Variable

In(average transaction price)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) (3) (4) (5) (6)
Treat*Before -0.001 0.014
(0.020) (0.023)
Treat*After 0.003 0.012 0.017 0.035
(0.022)  (0.028) (0.023)  (0.029)
Treat*Trend -0.004 0.004
(0.004) (0.004)
Treat*Trend*After 0.001 -0.001
(0.001) (0.001)
After 0.036 0.020 0.040 0.077***
(0.027) (0.030) (0.025) (0.028)
Trend 0.013*** 0.005*
(0.003) (0.003)
In(size) 0.017 0.016 0.018 0.067 0.066 0.067
(0.063) (0.062) (0.063) (0.053) /(0.053) (0.052)
Observations 4,431 4,431 4,431 7,130 7,130 7,130
R-squared 0.855 0.855 0.855 0.811 0.811 0.811
Year-Month FE Yes Yes No Yes Yes No
Project FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table presents the same regression as those shown in Table 3, using a sample that contains projects within 3km of
the border between districts where purchase restrictions are imposed and those where they are not. The dependent variable is
log average transaction price. Trend starts at 1 for Oct 2008. Standard errors are clustered at the district level and are shown
in parentheses under the estimated coefficients. We use ***{** and * to denote significance at the 1%, 5%, and 10% level,

respectively.

Table 6

3km Border Band DID - Transactions

Dependent Variable

In(number of transactions)

Time Window -6m to 6m -6m to 12m
Model Specification (1) 2) 3) 4) (5) (6)
Treat*Before -0.109 -0.054
(0.094) (0.099)
Treat*After %0.478%**  _0.619*** -0.308*%*  -0.422%**
(0.134) (0.133) (0.127) (0.136)
Treat*Trend -0.012 0.077***
(0.037) (0.022)
Treat*Trend*After -0.012** -0.031*%**
(0.005) (0.007)
After -0.247 -0.382 -0.309* -0.149
(0.160) (0.235) (0.165) (0.195)
Trend 0.001 -0.064***
(0.025) (0.017)
Observations 4,431 4,431 4,431 7,130 7,130 7,130
R-squared 0.668 0.668 0.666 0.618 0.617 0.608
Year-Month FE Yes Yes No Yes Yes No
Project FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table presents the same regression as those shown in Table 4, using a sample that contains projects within 3km
of the border between districts where purchase restrictions are imposed and those where they are not. The dependent variable
is log transaction volume. Trend starts at 1 for Oct 2008. Standard errors are clustered at the district level and are shown
in parentheses under the estimated coefficients. We use ***, ** and * to denote significance at the 1%, 5%, and 10% level,

respectively.
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ically small in magnitude. As a result, in subsequent apart-
ment sales tables, we will just present specification (1). For
the land sales data, we will re-test these three specifications.

5.2. Robustness Tests

The DiD specifications used above ideally have a random
allocation of the treatment across observations. This does
not strictly hold here because treatment is geographic and
systematic: inner districts have restrictions and outer, more
suburban districts do not. Our results may be compromised
if there is a geographically correlated effect that occurs with
the purchase restrictions or it is the geography of the treat-
ment that matters more than the treatment itself. For in-
stance,if restrictions have a larger effect on more expensive
units, which are those in the inner districts. So the financing
restrictions, which were imposed on all cities and all districts
at the same time as the purchase restrictions but did not hold
for units less than or equal to 90 m? in size. The cost of
financing restrictions, might bind more for more expensive
units. In the standard monocentric urban model, both unit
prices and sizes will vary parametrically with distance from
the city centre. To address whether our findings reflect a co-
temporal other effect or the purchase restrictions, we conduct
a number of tests to determine whether the results above are
robust to changes in variation of geography and timing.

Our primary test for the validity of the results are two
falsification tests, one in geography and one in time. The
first is a border discontinuity DiD placebo test, where we
create an artificial district boundary within districts without
purchase restrictions. This addresses whether the difference
we see in the DiD regressions above reflects purchase re-
strictions, or just a more general effect related to'distance
from the city centre, since the purchase-restricted areas are
closest to the urban core. For instance, thethigher down pay-
ment requirements from the macro-prudentialipolicies intro-
duced during the same time period as the purchase restric-
tions could depress demand more for higher priced proper-
ties, which are more likely to be located in purchase restric-
tion, urban core areas. If price.falls continuously with dis-
tance, then this would show up again in this placebo test.
The second placebo test examines whether the DiD effects
above just reflect more generaltime patterns, either as part of
the real estate cycle that affected districts deferentially. We
proxy the introductionsof the purchase restrictions as occur-
ring separately as prior and subsequent to when they actually
occurred;;and have/both pre- and post- periods lie entirely in
the period either prior to or post the actual introduction of
restrictions.

The geographic tests create a placebo purchase restric-
tion and 3km band in districts that do not actually have re-
strictions. One half of this band lies 0-3km from the border
with the actual purchase restriction districts, but is entirely
in non-restricted districts. This is compared with the second
half of the band that lies 3-6km from the border. The falsifi-
cation test is that demand fell more for more expensive areas,
as defined by proximity to, so we assign the placebo treat-
ment effect to the 0-3 km band area, which is closer to the

city centre. Appendix Table A-2 shows the results of this
geographic falsification test for specification (1). There is
no statistically significant difference in the changes in prices
or transaction volume between the two areas pre-and post-
restriction dates. As well, the point estimates are small. This
is consistent with the results we present above being the re-
sult of the difference in restrictions across districts, and not
a continuous effect of the differences in proximity to the city
centre.

The time falsification tests are presented in Appendix Ta-
ble A-3 again just using specification (1). Because of limited
price data more than six months prior to the restriction im-
position dates we are constrained to testing transaction vol-
umes alone. Regressions (1) and (2) have a placebo restric-
tion assigned to a period prior to the actual restrictions: 0-6
months prior for regression (1) and 0-10 months for regres-
sion (2), where both pre-and post-restriction periods occur
before the actual introduction of restriction. For regressions
(3)-(5) both periods joccur after the actual introduction, so
the placebo is assigning a no-treatment where one actually
existed. Within these groups, the regressions differ by win-
dow length. The results are consistent: the estimated coeffi-
cient on the interaction Treat; * After, is consistently not
statistically. different from zero. The effects are thus tied to
thepolicy interventions by local governments and not a more
general time effect.

The second class of robustness tests addresses the con-
cern that macro-prudential lending restrictions that have ge-
ographic variation in their effects cause our results. For in-
stance, because the financing restrictions effect units differ-
ently by price, which varies by distance from the CBD, as do
the imposition of the purchase restrictions. To test and con-
trol for the possibility of geographically correlated changes,
we conduct two types of tests. The first introduces distance
controls in the form of distance to the CBD for the district
sample and distance to the treatment/no-treatment district
border for the 3km border sample, both on their own and
interacted with time. The second segments the sample by
property size, using only transactions of properties less than
90m? in size, as the financing restrictions only applied to
units above this size. For brevity and not to distract from the
main focus of the paper the empirical results of these final
three tests are presented in the Online Appendix Table OL-8,
Table OL-9, and Table OL-10.

Introducing controls for the distance to the CBD or the
distance to the border between restricted and unrestricted
districts does not change our results on the relative effect
of purchase restrictions on development project transaction
volumes. The DiD effects from purchase restrictions are de-
clines of 22-36% in transaction volumes for post-policy win-
dows of 6-12 months. Transaction volume increase with dis-
tance from the CBD, but the slop of this gradient does not
change post-policy introduction. Distance to the border, in
the 3km sample, does not affect transaction volume, either
generally or after. A direct comparison of the results with
those in Tables 6 and 7 is not possible because including
the distance measures requires excluding the development
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project fixed effects. Even so, the results support are pri-
mary findings that purchase restrictions reduce transaction
volume, and that these effects are substantially smaller in
intra-city analysis than in inter-city analysis.

If we limit the sample to units less than 90m? in size we
continue to get negative DiD treatment effects on develop-
ment project transaction volumes for the purchase restric-
tions treatment. However, none of the estimated coefficients
are significantly different than zero. These results are not
directly comparable because we use a smaller data sample
with higher variance: projects where we have transactions of
smaller units that can be aggregated to the project level. This
limits us to only some projects from two cites: Qingdao and
Hefei. The project volume figures are built up from projects
where we have individual unit transactions, which results in
a smaller set of projects (approximately 55% smaller) yield-
ing larger standard errors. More importantly, the expected
effect on small units is not clear. The absence of financing
restrictions might increase demand for these units, which are
more common in central purchase-restricted districts. Alter-
natively, for investors seeking to purchase multiple units the
cost of capital became lower for the purchase one large unit
than two smaller units of the same total purchase price.

5.3. Land Supply - Government Auctions

The analysis in the previous section evaluates the outcomes
in the market for completed apartment (condominium) units.
We cannot necessarily distinguish which part of the identi-
fied changes comes from the effect on buyer demand becatse
of purchase restrictions, and which part may come from/a
supply response by developers. For instance, the‘observed
drop in volume without a decline in prices is consistent with
a shift inwards in both demand and supply curves. It is-also
consistent with a drop in demand but nodrop in developer
reservation price, because the profit maximizing strategy is
to wait until the policies are reversed rather than sell at a
discount.

To shed light on supply side effects, we perform the same
DiD tests on the land supply market. In Chinese cities, local
governments determine land supply through the auction of
lands they designate as available'to developers, which is an
important source of local government revenue. The short-
run quantity effécts of these auctions should reflect local
governments’~decisions-to bring land to the market, while
price effects are determined by the bids of developers, given
the currént and.expected future supply of land as well as and
expected conditions in the apartment market when they ex-
pect to sell units developed on the land that is for auction.
Thus, we interpret the quantity effects, number of land auc-
tions and total buildable area, as reflecting government land
supply, and the price effects developer demand given this
supply.'® No decline in land supply, but a decline in prices,
suggests that there is an inward shift in developer supply.

18Total potential supply of apartment space in the auctioned land is calcu-
lated as the total auction land area times the maximum allowed floor space
ratio (FSR), which is the ratio of built area to land area used in land use
regulations.

Alternatively, no decline in land auction bids is more con-
sistent with developers waiting out the policy without low-
ering prices. This reflects future supply and not the number
of units offered for sale by developers from their completed
buildings (inventory).

Estimates of the differential effect of purchase restric-
tions on the price bid for land in restricted and unrestricted
districts price effects in the land auctions are shown in Table
7. The dependent variable is the log of price paid for land
per buildable m?, the land component of potential buildable
area. The fact that the coefficients on the DiD measures are
not statistically different from zero rejects the hypothesis that
land auction prices changed deferentially in response to the
variation in purchase restrictions on apartment buyers. The
point estimates suggest a moderate decline of between 2%
and 11%, but the standard errors are quite large to have any
confidence in these magnitudes. or price direction. The re-
sults imply that given_the supply of land for development,
developers did not lower their bids further, or raise them less,
in the districts with restrictions. This has two possible ex-
planations: either the supply of auctions dropped enough to
keep prices stable, or developers were confident that there
would not'be a major long-term effect on profitability from
the purchase testrictions, as land bids reflect sales of units at
least two yeats further on in the development process.

Toutest for land supply effects by local governments, we
test two different measures of quantity in land supply. The
first is the number of land auctions that occurred, and the
second is the total buildable area that could result from de-
velopment on the auctioned land. The number of auctions is
aggregate counts per district-month, or the totals in a district
in a given month, so our observation count is much lower
than in the other analyses here. For buildable area per auc-
tion, we use individual land auctions as the unit of obser-
vation and are assessing the variation over time and across
districts in the amount of buildable area offered in any given
land auction.

Table 8 shows the relative change in the number of land
auctions between restricted and unrestricted districts over
the period before and after the implementation of the pur-
chase restrictions. There is no apparent change, since the
raw magnitudes of the point estimates are all below a 4%
change and the standard errors are large relative to the point
estimates. Table 9 presents the building area regressions.
Here too, we cannot reject the hypothesis that following the
restrictions, buildable area per auction did not decline in re-
stricted areas, compared with non-restricted areas. How-
ever, the point estimates of declines are large in magnitude,
though offset by the very sizable standard errors. Falsifica-
tion tests like those applied to the project data and presented
in Appendix Tables 2 and 3 do not yield any statistically-
different-from-zero results.

The land supply regressions do not indicate an inward
shift in supply in response to the purchase restrictions. Land
prices, the number of parcels auctioned, and the buildable
potential did not change in any differential way between dis-
tricts with restrictions and those without. This pattern is con-
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Table 7

Land Supply Analysis: Price (Transaction Level)

Dependent Variable

In(transaction price/buildable land area)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) 3) 4 (5) (6)
Treat*Before 0.032 -0.053
(0.212) (0.206)
Treat*After -0.051 -0.020 -0.067 -0.107
(0.168) (0.244) (0.175) (0.221)
Treat*Trend -0.074* -0.011
(0.039) (0.021)
Treat*Trend*After 0.009 -0.000
(0.008) (0.007)
After 0.059 -0.086 -0.034 0.049
(0.202) (0.212) (0.176) (0.157)
Trend 0.033 -0.003
(0.035) (0.015)
Auction Type -0.104 -0.103 -0.093 -0.149 -0:150 -0.126
(0.172) (0.172) (0.168) (0.132) (0.132) (0.126)
In(size) -0.127*F** Q. 127*F** Q. 122%** -0.103***  _0.103***  _0.099***
(0.044) (0.045) (0.045) (0.036) (0/036) (0.036)
FSR -0.219%**  _0.218***  _(.225%** -0.186***, -0.187***  _0.190***
(0.040) (0.041) (0.038) (0:035) (0.035) (0.038)
In(distance to CBD) -0.212%* -0.213** -0.204** 20.229%* -0.228** -0.244%*
(0.100) (0.102) (0.097) (0:095) (0.096) (0.101)
Observations 673 673 673 950 950 950
R-squared 0.660 0.660 0.662 0.599 0.599 0.589
Year-Month FE Yes Yes No Yes Yes No
Land Type FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table presents the price effects in thedand auctions in response to the purchase restriction 6 months before and
6-12 months after the introduction of purchase restrictions. The dependent variable is the log of price per buildable area.
The Trend is a time trend variable equals 1 for Oct 2008. Standard errors are clustered at the district level and are shown
in parentheses under the estimated coefficiéents. We use *** ** and * to denote significance at the 1%, 5%, and 10% level,

respectively.

sistent with developers who see‘the government policies as
temporary, to be reversed after.some period. As a result,
with no drop in the offered land'in restricted areas compared
to unrestricted areas, thére were no differential changes in
bids. Such a response.is also consistent with prices of com-
pleted units remaining tnchanged in the face of less buyer
demand.

VI. CONCLUSION

In this paper, we look at the effects of restrictions on in-
vestor purchases of residential properties on housing mar-
ket outcomes. Typically, such restrictions were introduced
in China and other countries as differential taxes designed
to address worsen affordability by calming overheated hous-
ing markets. Here, we try to measure the effectiveness of
the Chinese policies in achieving these objectives. Other
studies of China’s restrictions policy have relied on cross-
city panels using a methodology that assumes policy treat-
ment to be random. Where we differ is that we use variation
in the implementation of these policies within cities, which

represents a step forward towards a cleaner test. While we
do not fully escape the non-randomness problem since re-
strictions are imposed in central districts and not in suburban
districts, our results survive both robustness and falsification
tests. Additionally, we use data from government land auc-
tions to compare outcomes in the end-user apartment market
with conditions in the land input market. These comparisons
indicate that our observed results come from the shift in de-
mand by apartment purchasers, and not through changes in
developer or government land seller actions.

Uniformly, we find that districts within a city where there
were restrictions on purchases of apartments had significantly
greater declines in transaction volume than did districts with-
out these restrictions following their introduction. At the
same time, there were no differential changes in transaction
prices. The declines in volume were large, in excess of 40%
in the first six month following the implementation of re-
strictions, but this number declined to less than 30% after 12
months. The supply regressions also show no differential de-
cline in land bids and in the number of land auctions over this

Page 14



Table 8

Land Supply Analysis: Quantity (District Month Level)

Dependent Variable

In(number of transactions)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) (3) (4) (5) (6)
Treat*Before -0.065 0.015
(0.150) (0.143)
Treat*After 0.038 -0.033 0.025 -0.002
(0.201) (0.215) (0.163) (0.153)
Treat*Trend -0.089 0.004
(0.070) (0.034)
Treat*Trend*After 0.019 0.000
(0.017) (0.010)
After -0.076 -0.346 -0.155 -0.063
(0.286) (0.417) (0.248) (0.236)
Trend 0.066 -0.006
(0.059) (0.018)
Observations 222 222 222 341 341 341
R-squared 0.570 0.570 0.559 0.515 0.514 0.474
Year-Month FE Yes Yes No Yes Yes No
District FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table presents the price effects in the land auctions in response to the purchase restriction 6 months before and
6-12 months after the introduction of purchase restrictions. The dependent variable is the log transaction volume. The Trend
is a time trend variable equals 1 for Oct 2008. Standard errors are clustered at the district level and are shown in parentheses
under the estimated coefficients. We use ***, ** and * to denote significance at the 1%, 5%, and 10% level, respectively.

Table 9

Land Supply Analysis: Buildable Area (Transaction Level)

Dependent Variable

In(buildable land area)

Time Window -6m to 6m -6m to 12m
Model Specification (1) (2) (3) (4) (5) (6)
Treat*Before -07101 -0.097
(0.412) (0.363)
Treat*After -0.409 -0.469 -0.352 -0.434
(0.328) (0.467) (0.276)  (0.366)
Treat*Trend 0.087 -0.100%*
(0.094) (0.058)
Treat*Trend*After -0.014 0.026
(0.021) (0.019)
After 0.044 0.086 -0.120 -0.383
(0.382) (0.455) (0.305) (0.347)
Trend -0.022 0.027
(0.077) (0.034)
Auction Type 0.189 0.187 0.158 0.168 0.167 0.197
(0.188) (0.187) (0.195) (0.157)  (0.155) (0.162)
In(distance to CBD)  -0.066 -0.065 -0.071 -0.150 -0.149 -0.164
(0.105) (0.103) (0.101) (0.100) (0.100) (0.105)
Observations 673 673 673 950 950 950
R-squared 0.534 0.534 0.527 0.457 0.457 0.443
Year-Month FE Yes Yes No Yes Yes No
Land Type FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes
Month FE No No Yes No No Yes

Notes: This table presents the price effects in the land auctions in response to the purchase restriction 6 months before and
6-12 months after the introduction of purchase restrictions. The dependent variable is the log buildable area. The Trend is
a time trend variable equals 1 for Oct 2008. Standard errors are clustered at the district level and are shown in parentheses
under the estimated coefficients. We use ***, ** and * to denote significance at the 1%, 5%, and 10% level, respectively.



period across the restricted and unrestricted districts of the
four cities we study. Together, the results suggest that while
buyers were affected by the restrictions, developers did not
drop prices and behaved in a manner consistent with an ex-
pectation that the restrictions were temporary and that wait-
ing to sell would be more profitable than dropping prices.

Our within-city sample produces results different from
those of researchers who have studied these restrictions across
cities. Our decline in volumes result at least 10 percent-
age points lower, and, most striking, while other reseachers
find price declines in cities with restrictions of up to 16%
compared to those without, we find no differential change in
prices across districts.

Unfortunately, the simultaneous introduction of the pur-
chase restrictions and at the same time as the financing re-
strictions prevents us from cleanly determining the aggre-
gate effect of the purchase restrictions. Overall transactions
are down in both restricted and unrestricted areas after the in-
troduction of purchase restriction policy. However, for each
city the effect of the financing restrictions is sufficiently large
and applies equally to both areas such that the purchase re-
striction effects estimated here could just represent a shift
of demand from restricted to unrestricted areas that exactly
offsets, so that there is no aggregate effect of restrictions.
We cannot rule this out. However, raw transaction volumes
declined more in purchase restricted areas, both in sub-areas
that were closer substitutes for units in unrestricted areas and
those that were not. That even transaction volumes in those
areas closer to the CBD fell more than those in the more
distant parts of unrestricted districts units that might not be
ready substitutes after the purchase restrictions were,intto-
duced supports the claim that declines were abselute, not
just relative.

The stated objective of the restrictive policies was to tame
high and accelerating house prices and calm markets. We
find little evidence that the purchase restrictions resulted in
price declines, though market activity ¢learly'declined. This
downward sticky response is consistent with a number of
possible mechanisms (Stein, 4995y€layton, Miller, and Peng,
2010). For instance, sellers.might expect the policies to be
temporary and thereforeé choose not to offer units for sale, or
not to lower their reServation prices. Alternatively, the re-
sponse is consistent with'loss aversion. Whatever the expla-
nation for the behaviour,this research reflects other studies
on macro-prudential policies finding that although policies
to restrict demand when housing markets are hot have strong
dampeningeffects on market volumes, their ability to reverse
problems of high house prices and address affordability are
limited in the short to medium run.
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Appendix Table A-2: Falsification Tests: Placebo 3 km Border

Dependent Variable In(price) In(volume)
Time Window -bm to 6m -6m to 12m -6bm to 6m -6m to 12m
Model Specification (1) (2) (3) (4)
Treat*After -0.029 -0.028 0.058 -0.001
(0.025) (0.032) (0.148) (0.150)
After 0.057** 0.065** -0.683*** -0.658***
(0.022) (0.024) (0.110) (0.141)
In(size) 0.004 0.027
(0.075) (0.053)
Observations 3,388 5,239 3,388 5,239
R-squared 0.854 0.807 0.652 0.606
Year-Month FE Yes Yes Yes Yes
Project FE Yes Yes Yes Yes

Notes: This table reports the results of geographic falsification test using specification (1). The sample includes a 3km band
in districts that do not have restrictions. The treatment group includes housing projects lie 0-3km from the border in the
non-restricted district. The control group contains housing projects lie 3-6km from the border in the non-restricted district.
Standard errors are clustered at the district level and are shown in parentheses understhe estimated coefficients. We use ***,

** and * to denote significance at the 1%, 5%, and 10% level, respectively.

Appendix Table A-3: Falsification Tests: Placebo Restriction Date (Quantity Only)

Dependent Variable In(number of transactions)

Time Window

(512 to6m)  (-20 to -10m) (0 to 6m) (0 to 10m) (0 to 12m)
vs (26 toOm) vs (-10 to Om) vs (6 to 12m) vs (10 to 20m) vs (12 to 24m)

Model Specification (1) (2) (3) (4)

Treat*After 0.084 -0.159 0.124 0.117
(0.203) (0.280) (0.083) (0.076)

After 0.073 -0.048 -0.066 -0.208** -0.285***
(0.186) (0.234) (0.094) (0.097)

Observations 5,866 7,554 7,465 12,701

R-squared 0.617 0.492 0.652 0.594

Year-Month FE YES YES YES YES

Project FE YES YES YES YES

Notes: This table reports the results of time falsification test using specification (1). The dependent variable is log transaction
volume. Model 1 to 5 have a placebo restriction assigned to a random month, and the regressions differ by window length.
Standard errors are clustered at the district level and are shown in parentheses under the estimated coefficients. We use ***,

** ‘and * to denote significance at the 1%, 5%, and 10% level, respectively.
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