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Abstract

Air pollution is a major environmental issue in China. This paper exploits the relocation of
two major power plants in a large Chinese city as a quasi-natural experiment to examine
the effect of changes in the quality of the environment on the housing market. We use an
extensive transaction dataset of new apartment units in the affected and neighboring areas.
We find that the plants’ closure is associated with a 12—-14% increase in prices and 13-31%
rise in the volume of transactions in neighborhoods within five kilometers of the plants. We
further observe a higher change in prices among more expensive houses. The estimated
monthly aggregate effect of the closures on the local housing market is over 50 million US
dollars during the first 2 years after the relocations.
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1 Introduction

Air pollution in China has reached critical levels in recent years, representing a major
health and environmental concern across most urban areas in the country. According to the
Ambient Air Pollution report released by the World Health Organization (WHO) in 2016,
China is among the most polluted countries in the world with annual average concentra-
tions of fine particulate matter (PM) four to five times higher than the levels recommended
by the WHO in their Air Quality Guidelines.! Respiratory and heart diseases related to
ambient air pollution are, in turn, the leading cause of death in China. As a consequence,
there is an ongoing debate in academic and policy forums on how to reduce pollution prob-
lems, including implementing more stringent environmental regulatory schemes and pro-
moting the use of more energy-efficient and less polluting production technologies.

Several action plans have also been put in place across China over the past years for
reducing air pollution.? Particular attention has been given to the closing and relocation of
coal-fired power plants in urban areas, which constitute a major source of pollution in a set-
ting where there is a continuous growing demand for energy and where most of the energy
production is highly coal-dependent. The IEA Clean Coal Center indicates that 620 of the
over 2300 coal-fired power stations in the world are located in China.*> In addition, coal-
based power generation in China is expected to account for 65-70% of the total energy
generation in the upcoming decades.*

This paper uses the relocation of two major coal power plants in a large city in China as
a quasi-natural experiment to assess the effect of changes in the quality of the environment
on the local housing market. We base our analysis on an extensive daily transaction dataset
of new apartment units purchased before and after the closing of the plants. The dataset
includes all new apartment purchases made during the period of analysis (January 2005
through May 2009) in the downtown area, registered through the corresponding Housing
Authority of the city. We follow a hedonic approach and perform difference-in-differences
(DID) and change-in-changes (CIC) estimations to compare the change in housing prices
and volume of transactions in the affected and neighboring areas. If consumers value the
environmental quality of the neighborhood where they plan to reside, we should expect
both an increase in the prices and number of house constructions (purchases) in the vicin-
ity of the plants. Similarly, individuals placing a higher value on the quality of the envi-
ronment will likely be more willing to live in these areas, encouraging also developers to
increase the housing supply (and available amenities and features) in these locations.’

! Fine particular matter refers to particles found in the air, which include dust, dirt, liquid droplets, soot and
smoke. These substances are associated with a broad spectrum of acute and chronic illness, such as lung
cancer, chronic obstructive pulmonary disease, and cardiovascular diseases.

2 See eg., Lin and Elder (2014) for additional details on the Air Pollution Prevention and Control Action
Plan issued by the State Council in September 2013.

3 www.worldcoal.org.

4 The World Bank, https:/go.worldbank.org/C1DZDI9XMO.

5 Since we are interested on estimating the causal effect of the plants’ relocations on the market price of
new apartment units, a potential change in the composition of buyers in the affected areas (with varying air-
quality preferences) need not necessarily represent a bias; it is just a channel through which the causal effect
operates. In the empirical section we discuss the observed variation in socioeconomic (and hedonic) charac-
teristics between the treatment and control areas, although formally testing for taste-based sorting is beyond
the objective of our paper due to the lack of a wider set of (time-varying) neighborhood demographic indi-
cators over the short period of study.
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The estimation results show that the closure of the power plants is associated with
a positive and significant short-term increase in the price of new apartment units and
the volume of transactions. We find that the price per square meter of new apartments
located within five kilometers of the plants increased by 12-14%, while the volume of
weekly transactions increased by 13-31%. We also observe that more expensive units
exhibited a higher increase in prices. Additional robustness checks support the positive
impact of the relocations on the local housing market, including a larger impact when
considering areas closer to the plants and the opposite for areas farther away. On aggre-
gate, the relocation events resulted in an additional 52 million US dollars per month in
the market for new apartments over the first two years following the plants’ closures.

Our study contributes to the empirical literature that uses hedonic methods to exam-
ine the impact of environmental disamenities on the housing market. Recent studies
include Chay and Greenstone (2005), Greenstone and Gallagher (2008), Bayer et al.
(2009), Davis (2011), Hodge (2011), Gamper-Rabindran and Timmins (2013) and Mue-
hlenbachs et al. (2015), all focused in the US. These studies generally rely on quasi-
experimental methods to develop a valid counterfactual and assess the effect of the dis-
amenity on the locations under analysis, with mixed results.

Chay and Greenstone (2005) exploit the structure of the Clean Air Act amend-
ments, which identified attainment and nonattainment pollution-concentration coun-
ties, and show a negative effect of total suspended particulates (TSPs) on housing
prices using 1970-1980 county-level data. Greenstone and Gallagher (2008) find that
Superfund cleanups of hazardous waste have a very limited impact on the housing mar-
ket; the authors compare the evolution of different market outcomes over 1980-2000
between areas (census-tracts) surrounding the waste sites first chosen for cleanups and
the areas surrounding the sites that narrowly missed qualifying for the cleanups. Yet,
Gamper-Rabindran and Timmins (2013) show that Greenstone and Gallagher’s mod-
est effects may be driven by spatial aggregation bias resulting from their use of Census
tract means; these authors rely on panel data methods and show that cleanup leads to
an increase in tract-level housing values and there is a larger price appreciation at the
lower percentiles of the within-tract house value distribution. Bayer et al. (2009) find
a negative effect of particulate matter concentration on housing prices in metropolitan
areas between 1990 and 2000, using pollution from distance sources as an instrument
for local pollution and accounting for mobility costs between areas. Muehlenbachs et al.
(2015) analyze the effect of shale gas development on property values in New York
and Pennsylvania using alternative difference-in-differences approaches and find large
negative effects on nearby groundwater-dependent homes and small positive effects on
piped-water-dependent homes.

Closer to our study, Davis (2011) evaluate the effect of power plants’ openings on local
housing values and rents between 1993 and 2000. The analysis is based on microdata from
a disaggregated version of the US decennial census for the years 1990 and 2000, which
permits to identify households at the Census block level and control for specific local char-
acteristics prior to the plants’ openings. Propensity score weighting is further used given
that power plants in the US are generally opened in low population density areas, with
housing and demographic characteristics that differ from the rest of the country. The author
finds modest declines in housing values and rents in the neighborhoods where a power
plant is opened, as well as a small change in the local welfare compared to, for example,
the cost of constructing a new plant. Hodge (2011), in turn, examines the effect of ethanol
plants on residential property values in two communities in Michigan using available sales
data for the period 1999-2009, obtained from two multiple listing services in the state. The
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author performs separate estimations by community and shows a significant decrease in
house prices after the plants began operations in the areas.®

The study also contributes to the continuous discussion in China regarding the poten-
tial benefits of relocating and siting new power plants away from high-population-density
urban areas, which have an increasing demand for energy and an urgent need to decrease
pollution levels to acceptable measures. Most of the previous studies have mainly adopted
a more general discussion on the topic using aggregate indicators, including Cai et al.
(2008), Tu (2008), Chen (2009) and Lin and Liu (2010).” Two exceptions are Jim and Chen
(2007) and Zheng and Kahn (2008). The former find that consumers place a high value on
the quality of the outdoor environment based on a survey to homebuyers in Guangzhou;
the latter estimate home price hedonic gradients in Beijing using transaction data and find a
significant positive correlation between air quality and house prices.®

The dataset used in the analysis allow us to exclusively concentrate on variations in
prices and volume of transactions of relatively homogenous apartment units located in
comparable, neighboring downtown areas, recognizing that the (unobserved) type of buy-
ers searching for a new house may differ both by location and building type; i.e., indi-
viduals searching for a house in the downtown area may be different than those preferring
to live in the suburbs, while individuals searching for an apartment may be different than
those looking for a townhome or single family unit. Likewise, working with actual transac-
tion data avoids potential misreporting problems in house values, as opposed to studies that
rely on Census data with self-reported information and house value ranges in some cases.’

The relatively short time frame of our study around the closing of the power plants
also helps to reduce alternative explanations, other than the closing events, for the results
obtained. We are not aware of any other major event or regulation change that occurred
around the period of the study that could have affected housing prices in the downtown
area. The analysis, however, still relies on a quasi-experimental approach comparing
changes in market outcomes across adjacent areas such that we cannot completely rule out
other possible explanations. Similarly, the estimated effects on the housing market may not
be fully driven by an improvement in the environmental quality after the plants’ closures
and we discuss below other possible factors.

The remainder of the paper is organized as follows. Section 2 provides further details
about the power plants operating in downtown Chengdu, the resulting pollution problems
and their relocation. Section 3 describes the data and the methodology used in the analysis.
Section 4 presents and discusses the estimation results and Sect. 5 concludes.

® Prior studies that examine the effect of power plants on residential property values in the US include
Blomquist (1974), Nelson (1981) and Gamble and Downing (1982). Blomquist (1974) find a negative
impact of electric utility power plants on nearby housing values, while Nelson (1981) and Gamble and
Downing (1982) do not find a statistically significant impact of nuclear power plants, including the 1979
meltdown accident in the Three Mile Island (TMI) plant in Pennsylvania, on surrounding residential prop-
erty values.

7 These studies typically focus on the compatibility and implications of the intended reductions in the emis-
sion of pollutants and toxic residues with the predicted industrial and urban development of the country.

8 Recent studies on more general effects of pollution in China include Chen et al. (2013), Viard and Fu
(2015), Zhang et al. (2017), Barwick et al. (2018), Barwick et al. (2019) and Li et al. (2019).

9 Other studies that use housing transaction data include Davis (2004), Zheng and Kahn (2008), Abott and
Klaiber (2011), Kuminoff and Pope (2014) and Barwick et al. (2019).
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2 Background

Chengdu is the capital of Sichuan Province and the largest sub-provincial city in Western
China with about ten million residents.'® Like other major Chinese cities, Chengdu has
been exposed to important levels of pollution in recent decades with consequent health
and environmental problems. Based on the Ambient Air Pollution report from the WHO
(2014), the annual mean concentration of fine particulate matter in Chengdu is around
102 pg/m? for particles smaller than 10 um in diameter or microns (PM10) and 47 pg/
m? for particles smaller than 2.5 microns (PM2.5).!! These air pollution levels are higher
than the levels for 91 out of the 112 Chinese cities included in the report and significantly
higher than the WHO Air Quality Guidelines annual mean values of 20 pg/m? for PM10
and 10 pg/m?® for PM2.5. In terms of the air pollution index (or air quality index) tracked
daily by China’s Ministry of Environmental Protection, which accounts for additional air
pollutants like sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon monoxide (CO) and
ozone (O3), Chengdu is one of the Chinese cities with the poorest air quality with air pollu-
tion levels considered unhealthy.'

As part of the plan to reduce outdoor pollution and improve air quality in Chengdu, the
Eleventh Five-Year Plan of the city for the period 2006-2010, released in early 2006, iden-
tified thermal power plants, metallurgy, light industries (including leather, textile, paper
making and food manufacturers) and chemical and pharmaceutical industries as the major
industrial sources of pollution.13 The Plan paid particular attention to the coal thermal
power plants operating in the downtown area and how to solve their waste problems. The
plants had become a symbol of dirt, contamination and disorder in the area and were the
major single source of pollution in the area, generating immense quantities of soot, dust
and other toxic residues, and emitting large amounts of sulfur dioxide, nitrogen oxides, and
some radioactive and heavy metals.'*

As a result, in early 2006 the government of Chengdu decided to shut down and relocate
outside of the city the two oldest plants operating in Chenghua (one of the downtown dis-
tricts of Chengdu): Chengdu and Hua Neng, which were located in close proximity to one
another.!®> The first public announcement of the eventual plants’ closures was on January
24, 2006.'° At that point, neither the date nor the order of the closures (i.e. whether the two
plants will be closed together or one after another) was announced.

Chengdu power plant was eventually closed on July 16, 2006. This plant, constructed in
1951 and formally put into production in 1955, was the first large thermal power plant that

10 Chengdu is one of the top-5 cities in China after Beijing, Shanghai, Guangzhou and Shenzhen.

! Particles less than 10 um in diameter (PM10) pose health concerns because they can be inhaled into and
accumulate in the respiratory system; particles less than 2.5 pm in diameter (PM2.5), referred to as finer
particles, pose greatest health risks because they can lodge deeply into the lungs due to their small size.

12 https://english.mep.gov.cn.

13 Environmental control measures have continued in Chengdu. The subsequent Twelfth Five-Year Plan
(2011-2015) had, among other objectives, to further reduce pollutant emission in the city by continuing to
shut down outdated industrial production facilities and promoting the use of environmentally-friendly man-
ufacturing processes, supporting the use of clean and renewable fuels, and putting forward stricter demands
to reduce the emission of nitrogen, sulfur and other toxic elements.

! For further details see Chengdu Municipal Government (2006).

15 The third plant that remained operating in the area, Jia Ling, was closed later (August 2011). This plant
was built in 1997 and started operations in 1999 but was less polluting than the other two plants.

16 China Environmental News, https://www.envir.gov.cn/info/2006/1/124595.htm.
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could both generate electricity and heat in Southwest China. However, due to their aged
machinery and equipment and a sewage system that failed to meet the new environmental
standards, it imposed an enormous amount of pressure on the environmental protection of
the eastern side of the city. According to the Chengdu Municipal Environmental Protection
Bureau, this plant discharged about 4.2 thousand tons of soot and dust each year and its
emissions of sulfur dioxide were up to 7.8 thousand tons per year.!”

Approximately a year after Chengdu power plant was closed, Hua Neng plant was shut
down on June 16, 2007. Hua Neng power plant, built in 1988, was a fast-track project to
help resolve the electricity shortage in Chengdu at that time, and went into operation in
1990. Despite adopting electrostatic precipitator technologies to prevent excessive dis-
charge of soot, the plant was discharging large amounts of dust due to the lack of desulfuri-
zation equipment, aged machinery and equipment failure. Hua Neng power plant caused
more harm to the environment than Chengdu power plant. The plant emitted about 8 thou-
sand tons of soot and dust and discharged 19 thousand tons of sulfur dioxide into the air
every year.

In sum, Chengdu and Hua Neng power plants were a major source of pollution emitting
a significant amount of pollutants and toxic residues. The two plants contributed with close
to 6% of total inhalable particles in the city and with over 27% of total sulfur dioxide in the
air. These issues were certainly larger than the benefits of having the plants nearby in terms
of, for example, lower electricity transmission and delivery costs.'® Once the plants were
closed and demolished, new apartment buildings were built on the same plants’ site as well
as on the surroundings.'® We exploit the closing of these two major power plants to evalu-
ate the effect of changes in the quality of the environment on the housing market. We com-
pare variations in both prices and the volume of housing transactions within five kilometers
of the plants relative to neighboring areas in the city center.

Units located closer to the plants are expected to be more affected than those located
farther away in terms of pollutants, toxic residues, noise and visual disamenities. Establish-
ing, however, the exact extent of the affected areas is more an empirical matter since the
level of concentration and atmospheric dispersion of fine particular matter from the source
of pollution (i.e. the plants) depends on meteorological conditions, geography and the type
of infrastructure in the area, among other factors (see eg., Levy et al. 2000, 2002; Ames
et al. 2002; Schlenker and Walker 2016). Davis (2011), for example, evaluates the effect of
US fossil fuel plants on house values within a radius of two miles relative to house values
farther away.”’ His analysis is though based on plants that began operations between 1993
and 2000, i.e. plants that are cleaner and have more advanced production and dust removal
technologies than Chengdu and Hua Neng power plants, while the environmental regula-
tions were further less stringent in China during the period of analysis.

17 https://www.cdepb.gov.cn/index.asp.

18 Electricity prices did not increase after the relocation since besides building a more efficient power plant
in Jintang County, the Chengdu Government started to rely more on hydroelectric power (instead of thermal
power) as Sichuan Province is abundant in hydraulic resources.

19 The apartment complex where Chengdu plant was specifically located is called Shang Lin Dong Fang
while the apartment complex where Hua Neng plant was located is called Dong Fang Tian Di. The new
units built in these complexes were sold after the relocation of the two plants and the results are not sensi-
tive to excluding them from the analysis.

20 The author also finds somewhat larger effects within a radius of one mile and does not find significant
effects beyond four miles.
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In this line, we consider a treatment radius of five kilometers but evaluate the robustness
of our results to alternative distance thresholds. Similarly, we examine whether housing
units located downwind of the power plants experience a higher increase in prices. We
further assess the sensitivity of our results to potential anticipated behavior as the public
announcements of the plants’ closures occurred a couple of months prior to the effective
closings.

Figure 1 shows the air quality within and beyond five kilometers of the plants for the
period 2002-2011.2! We observe that the air pollution index in the area closer to the plants
steadily decreased from 96 in 2005 to 92 in 2006, 85 in 2007 and 81 in 2008, likely driven
by the closing of Chengdu and Hua Neng power plants considering that no other major pol-
luting source operating in the area was shut down in 2006-2007 (neither we are aware of a
specific policy change). In the rest of the city, the air quality also improved, but to a lesser
extent (from 85-89 to 80-81). The figure further shows that after the closing of the plants
the air quality in the proximity of the plants remained, on average, very similar to the rest
of the downtown area.

The shutdown of the two power plants also likely reduced other local negative externali-
ties in the area driving prices and volume of transactions upward. Power plants are a source
of additional negative externalities that are relatively important for households living close
to the plants such as noise and visual disamenities, which can be particularly acute for large
power plants like Chengdu and Hua Neng plants.?? There are also neighborhood externali-
ties in the sense that the association of an area with environmental contamination can affect
the neighborhood quality in terms of the composition of residents and other local attrib-
utes.”? The different attributes and amenities available in the new apartment complexes
built in the areas closer to the plants could also have relatively increased after the reloca-
tions thereby further increasing prices, and we explore this potential effect on prices in the
empirical results.

It is worth indicating that the plants’ relocations did not result in massive layoffs neither
led workers and their families to move away from the city. The new power plant was built
in Jintang County, one of the suburb counties of Chengdu located 49 km east of the city
center and workers were provided temporal housing next to the new plant for their work
shifts, while their families remained in the city. Reports from the Chengdu Bureau of Sta-
tistics and Chengdu Hi-Tech Industrial Development Zone also show that the economic
activity, number of enterprises and level of employment continued to increase in Chenghua
district (where the plants were located), as well as in the other downtown districts.>*

21 Since the pollution data for the period of the study is only available at the district level, the values
reported are a weighted average of the district values using as weights the number of housing units in each
corresponding downtown district in our census data located within and more than five kilometers of the
plants. We do the same when discussing other district-level variables below. We acknowledge that the pol-
lution indicators, which are based on official data, could be subject to underreporting. Yet, data manipula-
tion (if any) is most likely to occur around the cutoff level of 100 on particular days and not throughout the
whole year (Ghanem and Zhang, 2014).

22 Certainly, noise and traffic could also increase with the development of the area surrounding the plants,
but these potential negative externalities are significantly smaller than the ones generated by the plants.

2 See, for example, McCluskey and Rausser (2003) who evaluate the existence of environmental and
neighborhood externalities in the residential housing market near a hazardous waste site in Dallas, Texas.

24 Chengdu Bureau of Statistics: https:/cdstats.chengdu.gov.cn; Chengdu Hi-Tech Industrial Development
Zone: https://www.cdht.gov.cn (In Chinese).
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3 Empirical Approach
3.1 Data

The data used in the analysis are obtained from the Housing Authority transaction system
of Chengdu and includes all daily real estate transactions for new housing units purchased
in the downtown area between January 2005 and May 2009.% The data exclude second-
hand unit sales, but this market was very small during the period of the study compared to
the market for new units.?’ The dataset includes information on the house purchase date,
transaction price, location, building developer, unit area and floor (in the case of apart-
ments), building type and building status. The address information also permits to geocode
the location of the units and calculate their distance to the power plants. Figure 2 maps the
treatment area and all six downtown districts covered by the dataset, including Chenghua
district where the plants were located as well as the neighboring districts of Gaoxin, Jinji-
ang, Jinniu, Qingyang and Wuhou.

We restrict our sample to new apartments in residential buildings, which represent more
than 97% of the total housing transactions observed in our full sample. This allows us to
base the analysis on comparable apartment units located in the downtown area, considering
that the type of homebuyers looking for a new house may differ both by location (down-
town vs. suburbs) and type of building.?” In the same vein, we further limit our sample to
forward contract transactions (i.e. sales where the buyer does not necessarily immediately
moves in because the building might still be under construction), as the vast majority of
new house purchases in China are made through forward contracts (96% in our sample).”®
Lastly, we exclude from the analysis all housing purchases that occurred during the months
of the power plants’ closures (July 2006 and June 2007) to avoid any potential noise during
the months of the relocations and better distinguish between the periods before and after
the closures.?’ Hence, we divide our full sample into three subsamples: (1) baseline period
from January 2005 to June 2006 (Period 0); (2) first follow-up period after relocation of
Chengdu power plant, from August 2006 to May 2007 (Period 1); and (3) second follow-up
period after relocation of Hua Neng power plant, from July 2007 to May 2009 (Period 2).
We use a total of 361,936 observations for the analysis.

We supplement this housing transaction data with demographic and socioeconomic
characteristics at the district level. These data are obtained from the Chengdu Bureau of
Statistics and the Chengdu Hi-Tech Industrial Development Zone statistical yearbooks. The

25 Similar to the rest of China, all sales must be registered in the Housing Authority transaction system.

%6 According to aggregate data obtained from the Chengdu Housing Authority, between 2005 and 2009
the sales of new housing units represented a total of 48.2 million square meters versus 1.7 million square
meters for second-hand units (487,808 versus 20,255 in terms of housing units sold). In addition, the area
occupied by second-hand units was 25.7% of the total housing area.

27 Most of the housing supply in urban areas in China are apartment buildings. Still, the type of consumers
looking for a village might be different that those looking for an apartment unit.

28 The Urban Real Estate Administration Law of China requires that the amount invested in the build-
ing construction must be at least 25% of the total construction investment for a forward sale to occur. The
results though are similar when considering non-forward transactions.

2 The estimation results are not sensitive to excluding, instead, the period of two weeks or two months
around the closing of the plants. It is also worth noting that it generally takes around 5 working days for a
transaction to be completed and recorded, based on conversations with local real estate agents, bank credit
specialists and staff from the Housing Authority of Chengdu.
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Fig. 1 Average annual air pollution level in downtown areas surrounding power plants, 2002-2011. Note:
The air pollution index (or air quality index) is based on five atmospheric pollutants, including fine par-
ticular matter of less than 10 um in diameter (PM10), sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon
monoxide (CO) and ozone (O3). Data obtained at the district level from the Ministry of Enviroment Protec-
tion of China and Chengdu Municipal Environmental Protection Bureau. The annual values reported are a
weighted average of the district values using as weights the number of housing units in each corresponding
district in our census data located within and more than five kilometers of the plants. The downtown dis-
tricts include Chenghua (where plants were located), Gaoxin, Jinjiang, Jinniu, Quinyang and Wuhou

district variables include population density, per capita income and household size, which
are available for all years of the study.*

Table 1 presents descriptive statistics of the variables used in the study. In the top panel,
we report summary statistics at the unit level for the full sample and the three subsample
periods considered for the regression analysis. The average price per square meter of a new
apartment bought in downtown Chengdu during the sample period is about 4901 RMB
(644 US dollars), while the average unit size is 99 square meters. We observe that prices in
the downtown area consistently increased across time, by 712 RMB (18.5%) from January
2005-June 2006 to August 2006-May 2007, and by an additional 948 RMB (20.8%) from
August 2006-May 2007 to July 2007-May 2009. This upward trend is in line with the evo-
lution of the national housing price index between 2005 and 2009, reported by the National
Bureau of Statistics of China. We also observe an increase in upper-floor units and a larger
fraction of units built by a top Chinese developer (proxy of quality).’! Overall, 24% of the

30 Neighborhood characteristics like number of schools or hospital beds are available but only for a spe-
cific year, reason why we do not include them in the analysis. In terms of transportation facilities (i.e. bus,
metro), all the downtown area is generally well connected. As far as we are aware of, there were also no
major changes neither differential changes across locations in public services during the period of the study.
31 Units in upper floors are generally charged a floor-premium due to their additional attributes in terms of
better view, lesser noise and fresher air than lower-floor units (Benson et al. 1998; Chau et al. 2004; Glaeser
et al. 2005). A top or major developer is a construction company listed among the Top 100 China Real
Estate Developers published every year since 2005 by the Development Research Center of the China State
Council, Real Estate Research Institute of Tsinghua University and China Index Research Institute; the
companies are ranked based on their investment scale and growth, business performance and profitability.
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Fig.2 Map of downtown area included in the study and location of power plants. Note: The treatment area
comprises an area of five kilometers around the location of the power plants. Gaoxin is a non-administrative
district which includes both a West area, GX(W), and a South area, GX(S)

units in the sample are located within five kilometers of the plants’ location, most of them
in Chenghua district.*>

The bottom panel of the figure also shows an important rise in the volume of new home
purchases in the downtown area during the period of study. The average number of weekly
transactions in the area monotonically increased from 79 purchases (per ring of one kilo-
meter radius) in January 2005-June 2006 to 113 purchases in August 2006-May 2007 and
131 purchases in July 2007-May 2009. This general increase in transactions (and prices) is
in line with the fact that the Chengdu housing market for new houses has been one of the
most dynamic in China over the past two decades.*

3.1.1 Preliminary Analysis

As a preliminary assessment, Figure A.1 in Appendix A reports average prices (Panel
A) and volume of transactions (Panel B) within and more than five kilometers of the two
plants’ location, before and after the plants’ closings. The figure also plots the correspond-
ing ratio of average prices and transactions between the two areas. We observe a higher
increase in housing prices in the areas located closer to the plants after the relocations. The

32 In particular, 73% are located in Chenghua, 23% in Jinjiang and the remaining 4% in the other districts.
3 In fact, we observe transactions in 3246 out of 3270 possible ring-weeks in our sample period; that is,
there are only 0.73% cases where we do not observe any home purchase in a particular week and ring, rea-
son why we work at the week level for transactions.
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Table 1 Summary statistics

Variable Jan 2005-Jun  Aug 2006-May Jul 2007-May Full sample
2006 2007 2009
Mean SD Mean SD Mean SD Mean SD

Panel A: At the unit level
Price (Yuan per square meter) 3849 995 4561 1041 5508 1528 4901 1499

Unit size (square meters) 103.92 4579 106.57 36.20 94.45 31.00 99.28 36.67
Floor level 8.09 5.79 1044 6.72 13.06  8.08 11.29  7.59
If top developer 0.19 0.39 0.23 0.42 0.33 0.47 0.27 0.45
If elevator in building 0.83 0.37 0.97 0.18 0.99 0.08 0.95 0.22
If within 5 km of plants 0.21 0.41 022 041 026 044 024 043
Located in circle center 0.11 0.31 0.05 0.22 0.05 0.21 0.06 0.24

Located between circle center- 0.04 0.19 0.02 0.15 0.02 0.16 0.03 0.16
circle 1

Located between circle 1-circle2  0.15 0.36 0.11 0.31 0.12 0.32 0.13 0.33
Located between circle 2—circle 3 0.51 0.50 0.63 0.48 0.53 0.50 0.55 0.50
Located outside circle 3 0.19 0.39 0.19 0.39 0.28 0.45 0.24 0.42

Population density (population per 5794 1574 5955 1426 6036 1455 5959 1483
square km)

Per capita annual income (Yuan) 50,751 14,419 54,465 16,019 66,113 21,083 59,905 19,879

Household size 293 006 291 0.10  2.85 0.12 2.88  0.11
#Observations 90,391 73,698 197,847 361,936
Panel B: At the ring level (of one kilometer radius)

Weekly volume of transactions 79 75 113 107 131 121 110 107
#Observations 1122 630 1494 3246

In Panel B, the rings correspond to separate rings of one kilometer radius around the location of the power
plants

SD Standard deviation

average price per square meter within five kilometers of the plants increased from 3714
RMB prior to the relocation to 5773 RMB after the closing of the two plants, equivalent to
a 55.4% increase; prices in the other downtown areas increased from 3885 to 5415 RMB
(39.4% increase). The housing market in the vicinity of the plants also exhibited a much
higher dynamism in terms of volume of transactions, particularly after the relocation of
both plants. Average weekly purchases of apartment units increased by 108.9% within five
kilometers (from 61 to 128 transactions per radius of one kilometer) versus 58.3% in areas
farther away (from 83 to 132 transactions).

Figure 3 offers more detailed insights about the evolution of prices (Panel A) and vol-
ume of transactions (Panel B) in the affected and surrounding areas. The figure plots the
monthly evolution of prices and weekly volume of transactions across areas within and
beyond five kilometers around the plants (and their corresponding differences) over the
study period. Several interesting patterns emerge from the figure. First, prices and weekly
transactions seem to move in a similar fashion across both areas. Second, the price differ-
entials (reported in bars) between apartment units located within and more than five kilo-
meters of the plants generally decrease (or reverse in some months) after the closing of the
first plant in July 2006 and reverse after the closing of the second plant in June 2007; prior
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to the plants’ relocations, housing prices per square meter were up to 600 RMB lower in
areas within five kilometers of the plants than farther away; after the relocations, prices
were up to 900 RMB larger within five kilometers of the plants. Third, the differences in
the volume of transactions decrease and eventually disappear after the relocation of the
second plant with over 100 weekly transactions (per radius of one kilometer) in both areas
during the period July 2007-May 2009.

The apparent co-movement in prices and volume of transactions across areas provides
some support for the implementation of a DID and CIC approach to evaluate the potential
effect of the power plants’ relocation on housing prices and transactions. An assumption
that validates the use of these methods is that the underlying trend in the outcome vari-
able is similar in the treatment group (areas within five kilometers of plants) and the com-
parison group (areas more than five kilometers of plants) used to construct a counterfactual
state for the former group. While this assumption is never testable, Fig. 3 sheds some light
on its plausibility.

We further implemented a standard event-study analysis for daily prices reported in
Figure A.2 in Appendix A. We observe that prior to the plants’ relocations the monthly
changes in housing prices within five kilometers of the plants were generally not statisti-
cally different than the changes in prices more than five kilometers away of the plants, as
opposed to the period after the relocations.>* This pattern of relative changes in housing
prices provides additional support for our research design. Although not reported, placebo
tests assuming that the relocations started prior to July 2006 also support our empirical
approach.®

Table A.1 in Appendix A reports, in turn, average socioeconomic and housing char-
acteristics of the treatment and control areas for the years 2005-2009. While we observe
some differences across areas, which we account for in the regression analysis, it is inter-
esting that most of the socioeconomic and housing characteristics changed in a similar
direction across these areas. We find, for example, an increase in the per capita annual
income of the households living in downtown areas both near and farther away from the
plants, in real estate investment, population density and the buildings height (number of
floors), as well as a decrease in household size and unit size. These similar variations in
observable characteristics across areas also support the use of a DID and CIC approach,
although we cannot completely discard time-varying differences in other (unobserved)
location-specific variables.*®

3 We regressed the log of price per square meter of an apartment unit on monthly indicators (using Janu-
ary 2005 as the base category), the interaction of these monthly indicators with a dummy variable equal
to one if the unit is located within five kilometers of the plants, and the set of housing and district controls
used for the main estimations. We report the coefficients of the interaction terms between the monthly indi-
cators and the dummy variable for within five kilometers of the plants, which capture the corresponding
differential change in monthly prices between units located within five kilometers of the plants and units
locater farther away.

3 We alternatively assumed that the relocations started on June 2005, September 2005, December 2005
or March 2006 and we do not find statistically significant treatment effects at conventional levels. Further
details are available upon request.

3 Among the variations in observable characteristics, the only important difference between areas is the
proportion of apartment units built by a top (major) developer. The relocation of the power plants seems to
have considerably increased the presence of top developers in their vicinity compared to areas farther away.
Since top developers may also proxy for unit quality, this could also have attracted a higher proportion of
buyers looking for structures of higher quality in the vicinity (besides a better environment). However, the
results are not sensitive to separately performing estimations for units built by top and non-top developers.

@ Springer



When Power Plants Leave Town: Environmental Quality and the... 763

Panel A: Prices
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Fig.3 Monthly evolution of housing prices and volume of transactions in downtown areas sorrounding
power plants. Note: The downtown districts include Chenghua (where plants were located), Gaoxin, Jinji-
ang, Jinniu, Quinyang and Wuhou. The price (volume) difference is the monthly difference between average
prices (weekly transactions) within five kilometers of the plants and more than five kilometers of the plants

3.2 Methodology

This section describes the empirical model used to examine the effect of the relocation
of Chengdu and Hua Neng power plants on housing prices and volume of transactions.
The closing of the two plants provides a quasi-natural setting to compare variations in
market outcomes likely driven by an improvement in environmental quality in neigh-
borhoods near the plants relative to neighborhoods farther away. Our extensive dataset
permits us to focus on the purchase of similar new housing units across different com-
parable downtown areas, over a reasonable period of time before and after the plants’
relocation. We follow a DID approach to evaluate average effects on prices and volume
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of transactions, as well as a CIC method to analyze varying effects across the price
distribution.
We estimate the following log-linear price model,

Inp;, =a+ BT+ 6, +y,T =1, +X

A+ N0 + € (1)

where py, is the price per square meter of apartment unit 7 located in district j and pur-
chased at day #; T is a dummy variable equal to one if the unit is located within five kilo-
meters of the plants; ¢, s = 1,2, are dummy variables equal to one for purchases made
during August 2006-May 2007 (s=1) and July 2007-May 2009 (s=2); X, is a vector of
housing controls; Nj, is a vector of district controls; and Ejjr is an error term. The housing
controls include apartment size, floor level where the unit is located, a dummy variable
indicating whether the building is constructed by a top developer (proxy of quality) and
if the building has elevator.®” The district controls include population density, per capita
income and household size. We also account for location and time effects to control for
possible unobserved time-invariant differences across locations as well as common shocks
and seasonal patterns in Chengdu’s downtown housing market. We control for the location
of the unit relative to the city center (using the inner-city traffic circles as a reference) and
include year-quarter fixed effects.*

The parameters of interest in Eq. (1) are y, and y,, which compare average changes
in house prices within five kilometers of the plants relative to neighboring areas located
farther away, before and after the relocation of Chengdu power plant (y,) and before and
after the relocation of both Chengdu and Hua Neng power plants (y,). These DID esti-
mators approximate an average treatment effect on the treated (ATT) under two assump-
tions (Ashenfelter and Card 1985; Abadie 2005).° In this case the treatment or inter-
vention is the closure of the plants and the treatment group are the apartment units
located within a radius of five kilometers of the plants (7’=1). Hence, y, and y, capture
ATT, = E[PC -PNT=1,t,= 1], s =1,2, where PC is the price of an apartment unit
within five kilometers of the plants after the plant(s) closure, and is PNC is the price of the
unit had the plants not been closed.

This model permits us to test whether the relocation of the power plants results in an
increase in housing prices. In line with a standard hedonic price model, we expect a rise
in housing prices after the closing of the power plants driven by an improvement in envi-
ronmental quality in the affected areas. Considering that environmental quality is a nor-
mal good, an improvement in environmental quality will lead to a higher housing price

37 We do not have information on other unit characteristics like number of bedrooms/bathrooms or balco-
nies, although apartment unit plans in urban areas in China are generally more homogenous than in other
countries (Kong et al. 2008). The inclusion of the building height where the unit is located does not mate-
rially affect our estimation results. We exclude this variable from the analysis because we only have this
information for less than half of the transactions in our sample.

3 Chengdu has 1-h, 2-h, and 3-h inner-city traffic circles around the city center. The results are also robust
to using district fixed effects or to the inclusion of district-specific time trends instead of year-quarter fixed
effects.

3 The first assumption involves a common trend assumption, which assumes that if all observations had
remained untreated, the average outcome would have followed parallel trends before and after the interven-
tion between the treatment and comparison group. The second assumption is the full compliance assump-
tion, which assumes a full treatment rate among the treatment group and a zero treatment rate among the
control group and prior to the intervention.
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as typically characterized in a hedonic equilibrium (see eg., Rosen 1974; Freeman 2003;
Bajari and Benkard 2005; Davis 2011).
Similarly, we estimate a log-linear volume of transactions model given by,

Ing,, =a+ pT + 6, +y,T *t,+X,,A+N,0+¢,, )

where ¢g,,, is the number of apartment units’ transactions per week w for each ring r of
0-1 km, 1-2 km, 2-3 km, and so forth, around the plants. The control variables are simi-
lar to the ones used in the price model in Eq. (1), except that we replace the housing and
district characteristics with the corresponding median values for each week-ring (X,
and N, ).%

Parameters y, and y, measure the average effect of the plants’ relocation on the volume
of housing transactions in the treatment group. They capture average changes in the vol-
ume of weekly housing transactions within versus more than five kilometers around the
plants, before and after the relocation of Chengdu plant and before and after the relocation
of both Chengdu and Hua Neng plants.

This second model allows us to evaluate the effect of power plants’ relocations on the
volume of housing transactions. As opposed to prices, an increase in the volume of transac-
tions is not necessarily a direct prediction in hedonic equilibrium. Following Davis (2011),
it is reasonable to assume that a local increase in environmental quality will result in a par-
allel shift in housing demand (while the hedonic price schedule remains constant). Yet, if
housing availability is large enough and continuously expanding in the affected area, which
seemed to be the case in our data of new apartment units, we may also observe an increase
in the volume of sales in the surrounding areas even in the short run. According to market
reports by E-House China Research Institution, several major real estate projects started in
the area following the plants’ relocation.*!

Finally, we implement the CIC approach proposed by Athey and Imbens (2006) to
examine variations in the entire distribution of housing prices in the affected versus adja-
cent areas, before and after the relocation of the power plants. This method permits us to
uncover varying effects of the plants’ closure across different price percentiles. Compared
to the DID model where we approximate average counterfactual outcomes in the absence
of the treatment or intervention, in the CIC model we estimate the whole counterfactual
distribution of outcomes. The CIC model is also more general than the DID model in that it
allows the distribution of unobservables to vary across the treatment and control groups in
arbitrary ways. For example, groups may differ in terms of the distribution of outcomes in
the absence of the intervention as well as on the effects of the intervention.

In the CIC model, we estimate a distributional treatment effect on the treated or DTT
equivalent to A (q) = F;cl‘|r=1,z\=1(q) - F;,JClT:lJFl(q), s =1,2, where g € [0,1] is a spe-
cific percentile and F is the cumulative distribution function of housing prices. While
F(PC|IT =1, t, = 1) is directly obtained using observed data in the treatment area,
F(PY|T = 1,1, = 1) is not directly observed and must be estimated. Athey and Imbens
(2006) indicate that under certain assumptions, the counterfactual distribution of prices can
be described as,

40 The results are robust to using ring fixed effects or using mean control values (instead of median values).
We also find similar results when alternatively aggregating and estimating the model at the monthly level,
although the number of observations is considerably lower.

41 Note that a supply expansion, following a demand outward shift, would also attenuate the observed
increase in equilibrium prices, as discussed later.
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F(PYCIT = 1,1, = 1) = Fpe () = Fprc 1o [FPNIC 0O(FPNC,O,(p))]. 3)

We present the proof of expression (3) in Appendix B assuming a linear price model
similar to the one used in this study.*> By inverse transformation, we can then calculate the
effect of the intervention (i.e. the plants’ relocation) for a given percentile g,

T80 = Fpl @ = Fple @ = Fyd 1@ = Fle gy [Foeon(Foleo@) ]| @)

We estimate F (and its inverse) using the standard plug-in method to derive empirical
cumulative distribution functions. Athey and Imbens (2006) show that estimator rf;C has
an asymptotically normal distribution and recommend using bootstrapping to calculate its
variance.

The CIC approach also permits to account for covariates in the analysis. In particular,
we first regress a log -linear price model similar to one specified in Eq. (1) and recover
Inpy =Inpy — X,/,/l jté. We then implement the CIC method on Inpy,. We evaluate
distributional effects after the relocation of Chengdu plant (August 2006—May 2007 vs.
January 2005-June 2006), and after the relocation of both Chengdu and Hua Neng power
plants (July 2007-May 2009 vs. January 2005—June 2006).

This third model permits us to examine if more expensive houses show a higher increase
in prices after the closure of the plants. Following the hedonic price framework, more
expensive houses should exhibit a higher increase in prices driven by an improvement in
environmental quality after the power plants’ relocation. The underlying intuition is that
higher income consumers are willing to pay more for housing than lower income consumers
when faced with a similar degree of environmental improvement. As more expensive houses
are usually purchased by high income consumers, we should expect an increasing change in
housing prices as we move along the price distribution after the plants’ relocation.*’

Another way to rationalize the expected increasing change in housing prices is by tak-
ing into account that environmental quality is complementary to other housing features
that consumers generally value. Since expensive houses are associated with better housing
attributes (besides environmental quality), an increase in environmental quality leads to
a higher general increase in the housing quality of expensive houses. As a result, higher
priced houses should exhibit a larger increase in prices after the closure of the plants.

4 Results

In this section, we first discuss the regression results of the DID and CIC models. We then
perform additional estimations and robustness checks to further assess the validity of our
results. Lastly, we quantify the aggregate effect of the plants’ closure on the local housing
market for new units.

42 The conditions to identify the counterfactual distribution of prices include: (i) prices satisfy the follow-
ing relationship in the absence of intervention PNC = h(E, t,), where E represents the set of unobservables
g; (ii) PNC is a monotone increasing function of &; (iii) any differences between groups remain stable across
time, i.e. ELt|T; and (iv) I'; C I’y where I'; and I’ are the corresponding domains of F(e|T = 1) and
F(e|T = 0).

43 Formally showing this finding in a general hedonic price model, as in Bajari and Benkard (2005),
requires though imposing additional assumptions. In particular, we need to introduce a consumer preference
parameter and assume a relationship with income as in Epple and Platt (1998).
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4.1 Base Results

Table 2 reports the estimation results of the DID price model defined in Eq. (1). This model
allows us to examine whether the relocation of the power plants increased average housing
prices in the vicinity of the plants relative to comparable areas farther away (i.e. measure
the average treatment effect). In column (1) we estimate the model using the full sample,
while in columns (2) and (3) we separately compare between the period after the reloca-
tion of Chengdu power plant and the base period (Period 1 vs. Period 0), and between
the period after the relocation of both Chengdu and Hua Neng power plants and the base
period (Period 2 vs. Period 0). District controls and year-quarter fixed effects are omitted in
the table (and throughout the rest of the paper) for ease of presentation. The reported stand-
ard errors are robust and clustered by district and month.*

The estimations show a general increase in housing prices in the downtown area of
Chengdu after the closing of the power plants. However, in line with our preliminary
graphical analysis, we observe a higher increase in prices within five kilometers of the
plants compared to neighborhoods farther away. Based on the full sample results (first col-
umn), the price per square meter within five kilometers of both plants increased by an addi-
tional 12.1% after the relocation of Chengdu power plant (period August 2006-May 2007)
and by 14.3% after the relocation of both Chengdu and Hua Neng power plants (period
July 2007-May 2009) relative to the base period (January 2005—June 2006).*> When sepa-
rately comparing across periods, the corresponding increase is 13% in the first case and
14% in the second case. While the context in the US is different, the estimated price change
is between the estimates of Davis (2011) and Hodge (2011): the former finds that the open-
ing of fossil fuel plants in the US decreases housing prices by 4—7% within 2 miles of the
plants; the latter finds that ethanol plants in two communities in Michigan depressed the
value of home units located within two miles of the plants by up to 18%.

Note that the average change in prices between Period 2 and the base period is 1-2.2
percentage points higher than the change between Period 1 and the base period. A pos-
sible explanation for this relatively small difference is the seemly larger availability of new
housing units in Period 2 relative to Period 1, as outlined in the previous section. While the
relocation of the second power plant supposed an additional improvement in environmental
quality, likely further shifting the demand upwards, by Period 2 there was a larger hous-
ing inventory of new apartment units compared to Period 1 (i.e. a larger shift in the supply
curve). The estimation results on the volume of sales (discussed below) confirms a higher
market dynamism in Period 2.

The control variables generally have the expected signs. For example, we observe a
floor-level premium where the price of an apartment unit located one floor higher than
another unit is on average 0.2-0.7% higher. Units built by a top developer are 8.5-12.3%
more expensive than those built by other developers, likely reflecting a higher (actual or
perceived) quality of the unit. Prices also seem to decrease as we move away from the city
center, particularly for units located beyond the 1-h inner-city traffic circle.

4 The statistical significance of the results is not sensitive to alternatively clustering by district-quarter or
district-year. Similarly, the results are generally not affected to only clustering by district using the wild-
bootstrap procedure proposed by Cameron et al. (2008) with 1000 replications. Further details are available
upon request.

4 Since we estimate log-linear models, we accordingly transform the coefficients reported in the table to
express them as percentages in the text.
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Table 2 Difference-in-differences price estimations

Variable

(1) Full sample

(2) Period 1 versus period O

(3) Period 2 versus period 0

Dependent variable: Ln price per square meter

If within 5 km of plants
If period 1

If within 5 km of plants*If
period 1

If Period 2

If within 5 km of plants*If
period 2

Unit size (00 s square
meters)

Floor level
If top developer
If elevator in building

Located between circle
center-circle 1

Located between circle
1-circle 2

Located between circle
2-circle 3

Located outside circle 3
Constant
#Observations
R-squared

—0.047%* (0.019)
0.305*%** (0.023)
0.114%%* (0.024)

0.375%%* (0.029)
0.134%%% (0.025)

0.031%%* (0.011)

0.003*** (0.000)
0.109%** (0.012)
0.017 (0.016)
0.014 (0.027)

—0.089*** (0.026)
—0.207*%* (0.027)

—0.334%%* (0.031)
6.616%** (0.181)
361,936

0.431

—0.021 (0.015)
0.169*** (0.020)
0.122%%* (0.021)

0.028%(0.015)

0.007*** (0.001)
0.082%** (0.012)
0.012 (0.017)
—0.034 (0.021)

—0.121**%* (0.019)
—0.187*%* (0.019)

—0.310%** (0.026)
6.207*%* (0.237)
164,089

0.374

—0.051%%* (0.020)

0.378%** (0.031)
0.131%** (0.026)

0.040*** (0.011)

0.002#%% (0.000)
0.116%%* (0.015)
0.032* (0.017)
0.017 (0.030)

—0.093%%% (0.030)
—0.220%%* (0.031)

—0.349%%* (0.035)
6.677%%* (0.210)
288,238

0.451

wak ok k Significant at 1%, 5% and 10% level. Robust standard errors reported in parentheses clustered by
district and month. Period 0: January 2005 through June 2006; Period 1: August 2006 through May 2007;
Period 2: July 2007 through May 2009. All regressions include controls at the district level (population den-
sity, per capita income and household size) and year-quarter fixed effects

Turning to the effect of the plants’ closings on the volume of transactions, Table 3 pre-
sents the results of the DID weekly transactions model defined in Eq. (2). As in Table 2,
the first column reports the estimation results using the full sample, while in the other two
columns we separately compare Period 1 and Period 2 versus the base period. We find that
the number of new apartment purchases considerably increased in the vicinity of the plants
after their relocation, as opposed to the neighboring areas farther away, especially in Period
2. The weekly volume of transactions within five kilometers of the plants increased by an
additional 13-17% between the base period and the period after the closing of Chengdu
power plant, although the change is not statistically significant at conventional levels, and
by 27-31% between the base period and the period after the closing of both Chengdu and
Hua Neng power plants.

Regarding the effect of the plants’ closings on the distribution of housing prices, Fig. 4
shows the estimated percentile treatment effects on prices defined in Eq. (4), resulting
from the CIC estimation. Panel A presents the estimated effects when comparing Period
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Table 3 Difference-in-differences weekly volume of transactions estimations

Variable (1) Full sample (2) Period 1 versus period 0 (3) Period 2 versus period 0

Dependent variable: Ln weekly transactions per ring of one kilometer radius around plants

If within 5 km of plants —0.475%%% (0.102) —0.505*** (0.110) —0.463%** (0.102)

If period 1 0.281 (0.207) 0.264 (0.232)

If within 5 km of plants*If 0.122 (0.149) 0.158 (0.147)
period 2

If period 2 0.474%* (0.207) 0.458** (0.210)

If within 5 km of plants*If 0.273** (0.119) 0.236** (0.120)
period 2

Unit size (00 s square —0.454%%* (0.130) —0.284* (0.158) —0.363** (0.143)
meters)

Floor level 0.055*** (0.010) 0.051%** (0.017) 0.060%** (0.011)

If top developer 0.084 (0.056) 0.003 (0.106) 0.123*%* (0.059)

If elevator in building 0.516%%* (0.121) 0.494%%* (0.122) 0.516%** (0.124)

Located between circle —1.024%%* (0.244) —0.935%** (0.344) —1.026%%%* (0.245)
center-circle 1

Located between circle —0.027 (0.087) 0.138 (0.134) —0.031 (0.095)
1-circle 2

Located between circle 0.206*** (0.049) 0.293*** (0.072) 0.180*** (0.053)
2-circle 3

Located outside circle 3 —0.011 (0.068) —0.216* (0.114) —0.020 (0.075)

Constant 4.810%** (0.855) 3.695%* (1.459) 4.739%%* (0.950)

#Observations 3246 1752 2616

R-squared 0.258 0.204 0.290

wHk kxk Significant at 1%, 5% and 10% level. Robust standard errors reported in parentheses clustered by
district and month. Period 0: January 2005 through June 2006; Period 1: August 2006 through May 2007;
Period 2: July 2007 through May 2009. The housing characteristics included in the regressions are the cor-
responding median values of the units sold per week and for each ring of one kilometer radius around the
power plants. All regressions include controls at the district level (population density, per capita income and
household size) and year-quarter fixed effects

1 with the base period and Panel B when comparing Period 2 with the base period.*® The
horizontal axis in the graphs represents the percentile of the price distribution, while the
vertical axis is the estimate of the corresponding percentile treatment effect. The dashed
lines are confidence bands of +2 standard errors obtained by bootstrapping (based on 200
replications).

Several interesting patterns emerge from Fig. 4. First, the estimated effects are positive
across all percentiles, both in Panel A and Panel B, which illustrates that the relocation of

46 Figure A.3 in Appendix A plots the observed and counterfactual density and cumulative distribution
functions of housing prices within five kilometers of the plants after their relocation, constructed using the
CIC method; Panel A corresponds to the period after the relocation of Chengdu power plant (August 2006—
May 2007) and Panel B to the period after the relocation of both Chengdu and Hua Neng power plants (July
2007-May 2009). It follows that there was a general increase in house prices within five kilometers after the
plants’ relocation: if the relocation events had not occurred, the distribution of housing prices would be left-
skewed compared to the actual distribution pattern.
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Panel A: Period 1 vs. Period 0
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Panel B: Period 2 vs. Period 0
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Fig.4 Percentile treatment effects on prices based on change-in-changes estimation. Note: Period 0: Janu-
ary 2005 through June 2006; Period 1: August 2006 through May 2007; Period 2: July 2007 through May
2009. The dashed lines are confidence bands of +2 standard errors resulting from 200 bootstrap replications

the power plants increased house prices within five kilometers along the entire price distri-
bution. Second, the percentile treatment effect is an upward-sloping curve and the slope is
steeper when comparing Period 2 with the base period than Period 1 with the base period.
This suggests that higher priced houses in the vicinity of the plants experienced a higher
increase in prices after the relocation of the power plants, and that the increase is sharper
when comparing the period after the relocation of both plants with the base period. The
corresponding treatment effects for the 25%, 50% and 75% percentiles are 9.6%, 15.8% and
19.4% when comparing the period after the relocation of the two power plants (Period 2)
with the base period (Period 0), and 11.5%, 13.6% and 15% when comparing the period
after the relocation of Chengdu plant (Period 1) with the base period.

Finally, as noted in the previous section, the assumption that any differences between
groups (areas) is stable across time constitutes the basis for implementing a DID and CIC
model, as the estimation of the trend in one group can assist in eliminating the trend in the
other group (Athey and Imbens 2006). While alike variations in available socioeconomic
(and housing) characteristics between the treatment and control area shown earlier provide
some support to this assumption, it is worth noting that we also do not find evidence of
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different hedonic coefficients (for unit size, floor level, top developer and elevator) between
the treatment and control group, before and after the relocations.*’

In a similar vein, we recognize that the estimated effect of the plants’ closings on the
housing market may still be correlated with other unobservable factors besides a decrease
in pollution. As indicated above, the closure of the plants could be associated with a
decrease in other negative externalities such as noise and visual disamenities as well as
a positive neighborhood externality and local features, including more modern apartment
complexes. Hence, the estimated effect of the relocations does not necessarily represent,
for example, the effect of air pollution on housing prices or a willingness to pay for air
quality given the potential changes in other factors associated with the redevelopment of
the area (relative to the rest of the downtown area). Kuminoff and Pope (2014) refer to
this matter as the “conflation bias” when attempting to recover the willingness to pay for a
public good, which is beyond the objective of this study due to data restrictions (see also
Klaiber and Smith 2013; Muehlenbachs et al. 2015; Banzhaf 2015).48

4.2 Matched sample

While the analysis above focuses on comparable new apartment units located in the down-
town area of the city, it is worth assessing the sensitivity of our results, particularly the
DID and CIC price effects, to first pre-balancing our data. Following the discussion in Ho
et al. (2007) and Johnston and Moeltner (2019), implementing a mixed approach, where we
match treated and control units based on observable characteristics prior to the regression
analysis, can help to better account for potential unobservable confounders. We accord-
ingly pre-balance our data using one-to-one propensity score matching, with and with-
out replacement, based on unit characteristics and location relative to the city center and
imposing a common support and caliper.** We also restrict the matching to pairing treated
and control units that were both sold within the same period (i.e. whether before or after
the relocation of the first or second plant) to avoid imbalance in both unobservable tem-
poral effects and in pre- and post-relocation information between treated and control units
(Kuminoff and Pope 2012; Johnston and Moeltner 2019).

Table A.2 in Appendix A shows that the matching process, whether with or without
replacement, results in lower discrepancies between the treated and control units. Table 4
presents, in turn, the corresponding average effects of the plants’ relocations on housing
prices when restricting the DID analysis to the matched samples (Panel A with replacement

47 We estimated a more flexible price regression model than Eq. (1), allowing for the hedonic (housing)
coefficients to vary both over time (before and after the relocations) and between the treatment and control
area (within and beyond five kilometers around the plants). Further details are available upon request.

48 The estimated price effect can be translated into a marginal willingness to pay for environmental qual-
ity if the corresponding gradient of the hedonic price function remains constant over the period of study.
Muehlenbachs et al. (2015) argue that if preferences are a function of residents’ attributes and variations in
socioeconomic characteristics are not correlated with variations in environmental quality, then the estimated
difference-in-differences effect most likely reflects a willingness to pay. Banzhaf (2015), in turn, shows that
the difference-in-differences estimate identifies the “average direct effect” on prices of a change in a public
good (i.e. environmental quality); when omitted variables are present, this estimate recovers an unbiased
lower bound estimate of welfare changes after a change in the public good.

4 The common support involves dropping treated units whose propensity score is higher than the maxi-
mum or less than the minimum score of the control units, while we impose a caliper (maximum score dis-
tance between a matched treated and control unit) of 0.001,
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Table 4 Estimated change in prices based on matched sample

Variable (1) Full sample (2) Period 1 versus (3) Period 2 versus
Period 0 Period 0

Panel A: Matched sample (with replacement)

If within 5 km of plants*If Period 1 12.0%*** 12.5%*

If within 5 km of plants*If Period 2 13.9% % 14.0%%*
#Treated units 86,904 35,242 70,795
#Control units 18,950 8168 15,295
Panel B: Matched sample (without replacement)

If within 5 km of plants*If period 1 12.1%%#* 12.5%%*

If within 5 km of plants*If period 2 12.2%%#* 12.0% %
# Treated units 84,147 34,618 68,164

# Control units 84,147 34,618 68,164

sk kR Significant at 1%, 5% and 10% level. Panel A corresponds to one-to-one matched sample
with replacement and Panel B to one-to-one matched sample without replacement. Matching using pro-
pensity score matching based on unit characteristics and location relative to the city center, imposing
a common support and caliper of 0.001. Period O: January 2005 through June 2006; Period 1: August
2006 through May 2007; Period 2: July 2007 through May 2009. Estimated percentage changes reported
are based on the difference-in-differences regression coefficients reported in Table A.3 transformed by
100 x (exp(coefficient) — 1)

and Panel B without replacement), where the regression controls for all the housing, loca-
tion, district and time effects included in Eq. (1); the full estimation results are reported
in Table A.3 in Appendix A. We find very similar results to those obtained using the full
sample. In particular, we observe a price effect of 12-12.5% after the relocation of the first
plant, and of 12-14% after the relocation of the second plant.

Likewise, the CIC results reported in Figure A.4 in Appendix A show an upward-slop-
ing price effect along the price distribution, which is steeper when comparing Period 2 (i.e.
after the relocation of the second plant) with base Period 0 than when comparing Period 1
(i.e. after the relocation of the first plant) with the base period. The treatment effects for the
25%, 50% and 75% percentiles are 5.7-6.6%, 13.9-15.8% and 16.6-19.2% between Period
2 and Period 0, and 9.9-10.4%, 11.7-13% and 14.1-15.2% between Period 1 and Period 0.
Overall, the results are robust to first pre-balancing the data.

4.3 Additional estimations

We now perform several additional estimations and robustness checks to further assess the
validity of our results.’

4.3.1 Excluding the closure announcement period

Given that the first announcements of the plants’ closures occurred towards the end of
January 2006, we exclude from the base period the months of February through June

50 Tables A.4—A.8 in Appendix A report the full estimation results of these additional robustness checks.
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Table 5 Estimated effect on prices based on additional estimations

Estimated effect on prices (1) Period 1 (2) Period 2
versus Period 0 versus Period 0

Panel A: Base model

If within 5 km of plants 12.1%%** 14.3%%**
Panel B: Excluding transactions of February—June 2006 from Period 0

If within 5 km of plants 10.3%%** 12.5%***
Panel C: Including only buildings which started sales prior to the plant(s) relocation

If within 5 km of plants 10.1%*** 7.0%***
Panel D: Alternative comparison group 5—10 km

If within 5 km of plants 14.6%*** 15.4%%**
Panel E: Alternative model using distance bins of 2.5 km (base category distance bin: more than 12.5 km)
If within 0-2.5 km of plants 20.4%*** 28.3%%***
If within 2.5-5 km of plants 20.3%*** 31.8%***
If within 5-7.5 km of plants 7.3% 18.5%***
If within 7.5-10 km of plants 2.4% 11.6%**
If within 10-12.5 km of plants 2.7% 6.5%***
Panel F: Alternative model accounting for location and wind direction

If within 5 km of plants and southwest of plants 15.0%*** 23.2%%***
If within 5 km of plants but not southwest of plants 9.9%*** 10.1%%**

wHk Rk % Significant at 1%, 5% and 10% level. Period 0: January 2005 through June 2006; Period 1:
August 2006 through May 2007; Period 2: July 2007 through May 2009. Estimated percentage changes
reported are based on the difference-in-differences regression coefficients reported in Tables 2, A.4, A.5,
A.6, A.7 and A.8 transformed by 100 X (exp(coefficient) — 1)

2006 since these announcements could also have introduced some noise over the follow-
ing months prior to the closing. In addition, it is possible that developers (and consumers)
started to adjust their selling (buying) behavior after these announcements, provided that
most of the new house transactions in China are made through forward contracts. In this
scenario, the results reported above could underestimate the effect of the plants’ closures
on the housing market.

Panel B of Table 5 reports the average effects on prices when restricting the base period.
We find though a smaller effect on prices than in the base results. In particular, we observe
a 10.3% increase in the price per square meter after the closing of Chengdu plant and a
12.5% increase after the closing of both plants, roughly 1.7-1.8 percentage points smaller
increase in prices than in the base model (reported in Panel A of Table 5 for ease of com-
parison). The results do not support the notion that prices started to adjust upwards prior
to the plants’ closure.’’ In fact, in the first months following the official announcement of
the closures (February through April 2006) we observe a decrease in average prices within

51 We also find a lower effect on prices when alternatively including February—June 2006 as part of treat-
ment Period 1.
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five kilometers of the plants, as opposed to prices in the rest of the downtown area (see also
Panel A in Fig. 3).5

4.3.2 Including only buildings under construction prior to relocations

Second, we re-estimate the price model considering only units in buildings that were under
construction prior to each of the plants’ relocation. The improvement of the environmental
quality near the plants after their relocation, may both directly increased the price of build-
ings already under construction as well as promoted the construction of relatively more
upscale residential complexes with different amenities and features (unobserved to us), fur-
ther raising average housing prices in the area. Hence, to (partially) isolate the first direct
effect on prices from the second indirect effect, we compare changes in prices between
Period 1 and the base period considering only units in buildings under construction prior
to Period 1, and compare changes in prices between Period 2 and the base period consider-
ing only units in buildings under construction prior to Period 2. We determine whether a
building was already under construction prior to the plants’ relocations based on the date
when developers where allowed to start selling units in the building.

Panel C of Table 5 shows the corresponding average change in prices. We find that
prices increased by an additional 10.1% after the relocation of Chengdu power plant and
by 7% after the relocation of Hua Neng plant. Thus, when only considering units already
under construction prior to the relocations, we still observe a significant positive direct
effect on prices. The observed changes further suggest that the plants’ relocation seemed to
have had a higher direct than indirect effect on housing prices in Period 1.

4.3.3 Alternative comparison group

We evaluate the sensitivity of our results when limiting the comparison group to 5-10 km
away of the power plants. Similar to the matching exercise at the unit level performed in
the previous section, we would expect downtown areas closer to the treatment area to be
more comparable than areas farther away. We accordingly re-estimate the model described
in Eq. (1) where the treatment group are units located within five kilometers of the plants
and the control group are units located 5—-10 km away of the plants.

Panel D of Table 5 presents the estimation results. We find a 14.6% increase in prices
after the closing of Chengdu plant and a 15.4% increase after the closing of the second
plant. Hence, we find similar statistically significant effects when considering this alterna-
tive comparison group that support our base results.

52 Per our conversations with local real estate agents, when sales in a new building start in the city, typi-
cally units with better attributes are the first to sell out. It could be the case that in the immediate months
after the announcement, all vacant (readily available) new units in the areas closer to the plants, including
several units with relatively fewer attributes (and lower pre-established prices) were rapidly sold out, which
could explain this temporal price decrease while other new buildings continued to be constructed. We simi-
larly observe an increase in the weekly volume of transactions in the area in February through April 2006
(see Panel B of Fig. 3) and a slightly increase, for example, in the share of units sold in lower floors and of
smaller size (i.e. cheaper units), although we recognize that we cannot be conclusive about this hypothesis.

53 Most buildings under construction in base Period 0 were sold by the end of Period 1. Hence, for the
comparison between Period 2 and the base period, we include buildings which started to be constructed
after the relocation of the first plant and exclude those which started to be constructed after the relocation
of the second plant, thereby partially isolating the first direct effect from the second effect described above.
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4.3.4 Alternative model specification with multiple distance bins

We also assess the sensitivity of our results when considering an alternative model specifi-
cation with different distance bins to the power plants. If the plants’ relocation and conse-
quent environment improvement is driving the increase in house prices, we would expect
a higher increase in prices in areas closer to the plants compared to areas located farther
away. We re-estimate the price model defined in Eq. (1) with distance bins of 0-2.5, 2.5-5,
5-7.5,7.5-10 and 10-12.5 km from the plants (base category is more than 12.5 km).

Panel E of Table 5 reports the estimation results using this alternative model. We observe
a larger effect on prices among units located closer to the plants, particularly for units
located 0-2.5 and 2.5-5 km from the plants, and the effect decreases as we move farther
away, especially in Period 2. In Period 1, prices increased by 20.4% and 20.3% among units
located 0-2.5 and 2.5-5 km from the plants, compared to units located more than 12.5 km
away; while units located 5 through 12.5 km also show a positive relative increase in prices,
the change is not statistically significant. In period 2, prices increased by 28.3%, 31.8%,
18.5%, 11.6% and 6.5%, respectively across the different distance bins considered. Note
also that the price changes are not statistically different between units located 0-2.5 km and
2.5-5 km, which together form part of the treatment group in the base analysis.>*

4.3.5 Alternative model specification accounting for wind direction

Given that the wind blows southwest in Chengdu, we evaluate whether nearby units located
southwest to the power plants show a higher increase in prices. As discussed above, while
the observed change in prices could still be explained by factors other than a decrease in
pollution, if improved air quality is one of the main factors, we would then expect a higher
price increase among these units.

Panel F of Table 5 shows that nearby units located downwind to the plants effectively
exhibit a higher increase in prices than the other nearby units. In particular, units located
within five kilometers and southwest of the plants report a 15% increase in prices after the
relocation of the first plant (Period 1) and a 23.2% increase in prices after the relocation
of the second plant (Period 2), while other units located within five kilometers of the plant
report a 9.9% and 10.1% increase in prices.”> In sum, all these robustness checks provide
additional support to our main findings.

4.4 Estimated aggregate effect of the plants’ relocation on the local housing
market

We can perform some back-of-the-envelope calculations to put our results in perspec-
tive. The estimation results can be used to approximate the aggregate effect of the plants’

5% We also separately considered a treatment threshold radius of 2.5 km as well as a threshold radius of
7.5 km. We find somewhat similar effects on prices when considering a shorter distance than the base
model of five kilometers and a lower effect when considering a larger distance, which also supports the
choice of the five-kilometer circle. In the case of a radius of 2.5 km around the plants, prices increased
by 12-15%, while in the case of a radius of 7.5 km, prices increased by around 5%. Additional details are
available upon request.

35 When segmenting the sample though to separate compare Period 1 versus Period 0 and Period 2 versus
Period 0, the change in prices in Period 1 is not statistically different between nearby units located south-
west of the plants and other nearby units (see Table A.8 in Appendix A).
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relocation on the market for new apartment units in neighborhoods surrounding the power
plants. According to the DID estimates (Table 2), the price per square meter in the area
increased by 12.1% during the period following the closing of Chengdu power plant (Period
1), and by 14.3% during the period following the closing of both Chengdu and Hua Neng
plants (Period 2). Similarly, the number of new units sold increased by 13% and 31.4%,
respectively (Table 3). We can then calculate the combined effect of the plants’ closings as,

pS qS qS
V.s‘ = Ps — ) +ps<q.v_—>]as 5
-PIb [( 1+ Apy/py) 1+ Ag,/qq 1+ Aq,/q, ©)

where p, is the observed average price per square meter within five kilometers of the plants
in period s, s = 1,2, g, is the total number of new housing transactions, a, is the average
size of an apartment unit in square meters, and Ap, and Ag, are the estimated absolute
changes in prices and volume of transactions. The first term of Eq. (5) captures the increase
in prices of the projected number of unit purchases in the absence of the plants’ closures,
while the second term corresponds to the value of the additional unit purchases resulting
from the plants’ closures. Note that an implicit assumption in this calculation is that the
relocations did not have major effects beyond five kilometers of the plants.>

Likewise, we can obtain an alternative measure by using the CIC estimation results
(Fig. 4), which permit to account for varying price changes along the housing price dis-
tribution (by percentile). We can divide all transactions that occurred after the relocation
events into each corresponding percentile group based on the price of the apartment unit,
and derive the aggregate effect of the plants’ closings as,

99
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where p,;,q,;, and ag; are the corresponding average price, transaction volume and aver-
age unit size in period s and percentile i, and Ap_; is the estimated absolute change in
prices for percentile i.%’

As reported in Table 6, the estimated cumulative effect of the plants’ closings on the
housing market for new units is very similar using both methods. The monthly aggregate
effect of the closures within five kilometers of the plants is 158—160 million RMB (21 mil-
lion US dollars) over the 10 months after the relocation of Chengdu plant and 394-398
million RMB (52 million US dollars) over the 23 months after the relocation of both
Chengdu and Hua Neng plants. These results are not negligible compared to the building
costs of a coal-burning power plant of similar capacity to the two relocated plants (325
megawatts), but much less polluting and more efficient, which is around 650 million US
dollars.>® The results are also not small compared to the findings of Davis (2011) for the

56 We further assessed this assumption by estimating an alternative price model with separate one-kilometer
distance bins, and we do not find statistically significant effects after five kilometers (details available upon
request). This finding is also in line with the DID results obtained in Sect. 4.4.3 where we restrict the compari-
son group to units located 5—-10 km of the plants and we obtain similar price effects to our base model.

57 Since we do not estimate a CIC model for the weekly volume of transactions, we simply use the esti-
mated DID change. The underlying assumption is that house purchases increased in the same proportion
along the price distribution.

58 Chengdu power plant had a capacity of 125,000 kW and Hua Neng plant of 200,000 kW. The cost esti-
mate is based on a building cost of 2000 US dollars per kilowatt of capacity; the estimate excludes the elec-
tricity transmission costs of relocating the power plant farther away from the city, which are, for example,
around 800 thousand US dollars per mile in the US (Hirst and Kirby 2002).
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Table 6 Estimated monthly

agaregate effect of the plants’ Period Value (Million yuan) per month
relocation on the housing market DID approach CIC approach
within five kilometers of power
plants After closing of Chengdu plant 160 158

(August 2006-May 2007)

After closing of Chengdu and 398 394
Hua Neng plants (July 2007—
May 2009)

Calculations based on the estimated treatment effects on prices and
volume of transactions from the difference-in-differences (DID) and
change-in-changes (CIC) models

US, who estimates an average housing market capitalization of 13.2 million US dollars
within 2 miles of the location of a power plant, although plants in the US are generally
located in low population density areas.”

The estimated aggregate effect should still be interpreted with caution and as a refer-
ence estimate. First, the calculation accounts for both an increase in prices and volume of
transactions over a relatively short period of time. While the housing market continues to
rapidly grow in Chengdu, particularly in the downtown area, at a certain point the housing
supply (and demand) will start growing at a slower rate due to space constraints; in the
long term, we will have a perfectly inelastic housing supply, although we could still have
parallel shifts in demand. Second, the analysis does not account for the effect on prices of
old housing units as detailed supply data of all properties in the area are not available (i.e.
the estimated effect underestimates the potential impact on all residential properties).® In
addition, the analysis excludes the impact on commercial and industrial properties.

5 Concluding Remarks

Air pollution is a major environmental problem in China, which has caused widespread
health and ecological issues. Part of the government plans to reduce air pollution involves
the closure and relocation of high polluting and energy-consuming power plants, in a con-
text where still most of the energy production in the country is based on traditional, non-
renewable fossil fuel energy sources. This paper examines the effect of the closing of the
two major, outdated power plants in downtown Chengdu on the housing market in the sur-
rounding areas. We use a unique and extensive transaction dataset of new apartment units.
The estimation results indicate a significant impact of the plants’ closings on housing
prices and volume of transactions. In particular, the closing of the power plants is associ-
ated with a 12-14% rise in prices within five kilometers of the plants, relative to compa-
rable neighborhoods located farther away, and a 13-31% increase in the number of new
apartment purchases. We also find that more expensive apartment units experienced a

% Davis calculations are based on a perfectly inelastic housing supply as his analysis focuses on existing
housing units in the vicinity of power plants while we focus on new apartment units.

60 Tt is worth noting that the housing market in Chengdu, as well as the rest of China, is relatively new as
the Chinese housing market reform started in 1998. As indicated earlier, around 26% of the total housing
area in Chengdu was occupied by second-hand units during the period of the study.
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higher increase in prices. Additional estimations support the positive effect of the reloca-
tions on the local housing market, including a larger impact when considering areas closer
to the plants and the opposite when considering areas farther away. On aggregate, we find
non-negligible effects of the closures on the housing market for new apartment units.

The results obtained contribute to the ongoing discussion in China about the potential
benefits of relocating and constructing new power plants near industrial and densely pop-
ulated urban areas. Besides the natural benefits of moving to alternative, more efficient
energy production and dust removal technologies, this study shows that the plants’ reloca-
tion had an important positive impact on the local housing market. To the extent that the
valuation of environmental quality is a function of the current level of pollution in an area,
we might expect significant effects from old plants’ relocations on the housing market of
other highly polluted Chinese cities.

Finally, since we rely on a before-after comparison across different neighboring areas,
we acknowledge that there could still be potential unobservable differences not accounted
for that could be influencing our results, although the relatively short period of the analysis
around the plants’ closures contribute to reduce this possibility. Similarly, the estimated
effects on the housing market are not necessarily fully explained by an improvement in
the environmental quality of the area but may also be correlated with other supply- and
demand-driven factors associated with the redevelopment and improvement of the area.
Future research should attempt to further quantify the potential short- and long-term effects
of power plants’ closures on local markets, especially in a setting like China with very high
levels of pollution, an increasing demand for low-cost energy plants, and with a limited
number of related cost-benefit studies. As more data become available, the studies should
not only be restricted to measuring direct effects on particular markets but also more gen-
eral effects on, for example, the labor supply and economic activity (see, eg, Hanna and
Oliva 2015).
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