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method, we find that the housing price of the communities with confirmed COVID-19 cases
would reduce by 2.47%. The impact persists three months and the extent of the impact basically
becomes greater as time goes on. The results are robust after the parallel pre-trend test and the
placebo test. Moreover, the impact of COVID-19 on housing price only exists in regions with a
higher infection level of COVID-19 or worse medical treatment conditions.

1. Introduction

COVID-19 has been a worldwide pandemic since March 2020, which will greatly affect asset price. Existing studies have focused on
the impact of COVID-19 on the financial asset price such as the US Treasuries (He et al., 2020), sovereign Eurobonds (Sene et al., 2020),
corporate bonds (Haddad et al., 2020; Kargar et al., 2020), and stocks (Baek et al., 2020; Gormsen and Koijen, 2020; Just and Echaust,
2020). However, there is a lack of research linking COVID-19 and housing price. Relative to financial assets, the liquidity of house
properties is lower and housing price response the shock may be lagging behind, and there is still uncertainty surrounding the impact of
COVID-19 on housing market (Francke and Korevaar, 2020). Therefore, we explore the impact of confirmed COVID-19 cases in the
residential community on the housing price, using community-level data from China.

When facing risk events, people have risk perception that induces them to reduce risk-taking behavior (Cooper and Faseruk, 2011).
It can be inferred that when the house property experiences risk events, people will have risk expectation, and the price will decrease.
Current studies have documented the impact of terrorism (Abadie and Dermisi, 2008; Arbel et al., 2010; Mills, 2002), violence (Besley
and Mueller, 2012), earthquakes (Deng et al., 2015), hurricanes (Hallstrom and Smith, 2005), and nuclear accidents (Zhu et al., 2016)
on housing price; however, we have limited knowledge about the relationship between infectious diseases and housing price.

In general, assessing the impact of epidemics on housing price is challenging, as epidemics are infrequent, such that data avail-
ability is limited (Francke and Korevaar, 2020), and there are only several studies on the issue. Using 44 housing estates in Hong Kong,
China, Wong (2008) found that the average price declines by 1.6% for estates with the outbreak of 2003 SARS. Francke and Korevaar
(2020) examined the effect of the plague in 17th-century Amsterdam and cholera in 19th-century Paris on housing price, and found
that the outbreaks resulted in declines in housing price by 13% and 10%, respectively. For the impact of COVID-19, Ling et al. (2020)
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found that a one standard deviation increase in daily local COVID-19 case depressed real estate investment trust returns by 0.23
percent the following day in US. D’'Lima et al. (2020) documented that the housing price in states with shutdown orders in US states
decrease with increase in the COVID-19 contagion rate, and a unit increase in the contagion rate decreases prices in affected states by
about 5.1% after the effective shutdown dates. However, the above two studies did not use the data of confirmed COVID-19 cases at
community level which cannot identify the direct effect of COVID-19 on housing price. Accordingly, we collect data on prices of
residential communities with confirmed COVID-19 cases and matched residential communities without cases in China, and utilize the
Difference-In-Difference (DID) method to identify the effect of COVID-19 on housing price.

As of September 30, 2020, there were more than 33.71 million confirmed COVID-19 cases worldwide, with over 1,009,000 deaths. !
The high infection rate (Li et al., 2020) and mortality (Tian et al., 2020) of COVID-19 can lead to people’s perception of the high risk of
infection and even death, especially when there are locally confirmed cases (Bu et al., 2020). As local governments in China timely
announce the information of the communities where the confirmed COVID-19 cases are located, people will be afraid of the risk of
infection when there are confirmed cases in a residential community. We can conjecture that the risk expectation can reduce the value
of houses in the community and then decrease the housing price. Moreover, the risks of infectious diseases are mainly related to the
local infection level and medical treatment conditions, and people will have higher risk perception when there is a higher local
infection level or worse medical treatment conditions. We further conjecture that the impact of COVID-19 on housing price is more
pronounced in regions with a higher infection level or worse medical treatment conditions.

Then, we collect data on the price of each residential community with confirmed COVID-19 cases in China as a treatment group and
choose the nearest community without cases as the control group, and we examine the impact of COVID-19 on housing price using the
DID method. Based on the different regional infection levels and medical treatment conditions, we also study the heterogeneous
impacts of COVID-19 on housing price in different regions. This paper expands on the studies on the impact of risk events on housing
price and complements the literature on the economic consequence of COVID-19 from the perspective of housing price.

2. Sample and Empirical Specification
2.1. Sample

Our sample contains two sets of data. One is the data on the residential communities with confirmed COVID-19 cases from the Wind
database. For each community with confirmed cases, we select the nearest community without confirmed cases from the Baidu map
(https://map.baidu.com) as the control group.

The other is the monthly average housing price for each community with confirmed COVID-19 cases and the matched nearest
community without cases. The date of confirmed cases found in the sample communities began in January 2020, and we select three
periods before and after the shock, and the sample period ranges from October 2019 to April 2020. The data on monthly housing price
for each community are hand-collected from Fangtianxia, which is one of the largest real estate agencies in China.” We also extract the
data on characteristics of communities from Fangtianxia. After dropping samples with missing data on community-level character-
istics, our sample includes 18,466 observations with 1,319 communities as a treatment group and 1,319 communities as a control
group in 90 cities.

2.2. Model specification

We set up the DID method to evaluate the impact of COVID-19 on housing price. As the date of confirmed cases in communities are
not consistent, we constructed a multi-period DID model following Beck et al. (2010).

Price; = a + fDID:, + 7Xu + 0 + A + €x @

In equation (1), the dependent variable Price; is the natural logarithm of the monthly average housing price of community i at
month ¢, and the key independent variable DID;; is a dummy variable that equals one in the months after community i has confirmed
COVID-19 cases and equals zero otherwise. The coefficient, 8, therefore indicates the impact of COVID-19 on housing price. The y; is
community fixed effect, and 4, is month fixed effect. X, is a set of community-level and city-level variables. The former includes the age
(Housing Age), floor area ratio (Floor Area Ratio), greening ratio (Greening Ratio), elevator status (Elevator), term of property right
(Property Right), building type (Building Type), education rating (Education Rating) and property service quality (Property Service) of the
community. The latter includes population density (Density), per capita GDP (PGDP), and the investment amount in the real estate
industry (Investment) of the city in 2019. Appendix A provides a detailed definition of variables.

2.3. Summary statistics
According to Table 1, the mean value of Price is 9.836, and the corresponding raw value is 25893.75, indicating that the average

price of the sample houses is about 25894 Yuan. The mean value of Housing Age is 2.187, and the corresponding raw value is 11.12,
indicating that the average age of the sample houses is about 11 years. The results of Floor Area Ratio and Greening Ratio indicate that

1 The website is https://systems.jhu.edu/research/public-health/ncov.
2 The website is https://www.fang.com.
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Summary Statistics
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This table presents the summary statistics of the main variables. The detailed definition of variables can be found in Appendix A.

Variable Observations Mean Std. Dev Min 25th Median 75th Max
Price (Ln) 18466 9.836 0.759 7.968 9.265 9.641 10.336 12.027
Housing Age (Ln) 18466 2.187 0.724 0.000 1.792 2.303 2.708 4.190
Floor Area Ratio 18466 2.742 1.503 0.100 1.800 2.500 3.300 15.010
Greening Ratio (%) 18466 0.362 0.099 0.080 0.300 0.350 0.400 0.900
Elevator 18466 0.575 0.494 0.000 0.000 1.000 1.000 1.000
Property Right 18466 2.928 0.290 1.000 3.000 3.000 3.000 3.000
Building Type 18466 2.970 0.783 1.000 2.000 3.000 4.000 5.000
Education Rating 18466 1.947 0.857 1.000 1.000 2.000 2.000 4.000
Property Service 18466 2.907 0.740 1.000 3.000 3.000 3.000 4.000
Density 18466 1.120 0.872 0.000 0.614 0.833 1.281 3.823
PGDP(Ln) 18466 11.583 0.415 9.980 11.270 11.614 11.851 12.153
Investment (Ln) 18466 7.338 0.859 2.814 6.792 7.498 7.911 8.398

the average floor area ratio and greening ratio of the sample houses are 2.742 and 36.2%, respectively. The mean value of Elevator is

0.575, indicating that 57.5% of the sample houses have elevators.

The results of Property Right mean that most of the sample houses have the property right term of 70 years, and the results of
Education Rating and Property Service show that there are large discrepancies in the quality of the school district and property service.
The results of the three city-level variables also show that the sample cities have different population density, per capita GDP and

investments in the real estate industry.

Table 2
COVID-19 and Housing Price

This table presents the impact of confirmed COVID-19 cases on housing price. The dependent variable is the natural logarithm
of monthly housing price of residential community (Price). DID is a dummy variable that equals one in the months after the
community has confirmed COVID-19 cases and equals zero otherwise. In Model (1), we control the community effect and
month effect. In Model (2), we add the community characteristics including Housing Age, Floor Area Ratio, Greening ratio,
Elevator, Education rating, Property service, Property right and Building type. In Model (3), we add the city-level characteristics
including Density, PGDP and Investment. The detailed definitions of variables are available in Appendix A. The robust standard

errors are reported in the parentheses. ** p<0.05, *** p<0.01.

Price
@ (2 3
DID -0.036%** -0.032%* -0.025%*
(0.004) (0.015) (0.010)
Housing Age 0.257*** 0.084+**
(0.009) (0.006)
Floor Area Ratio 0.071%*** 0.038***
(0.004) (0.002)
Greening Ratio 0.352%** 0.128***
(0.055) (0.035)
Elevator 0.243%%* -0.006
(0.011) (0.007)
Property Right 0.262%** 0.031%*
(0.018) (0.012)
Building Type -0.045%** 0.005
(0.007) (0.004)
Education Rating 0.055%** 0.057***
(0.006) (0.004)
Property Service 0.169*** 0.074%***
(0.009) (0.006)
Density 0.362%**
(0.005)
PGDP 0.406***
(0.011)
Investment 0.114%**
(0.005)
Community Effect Control Control Control
Month Effect Control Control Control
Constant 9.830%** 7.611%** 3.160%**
(0.030) (0.068) (0.116)
Observations 18466 18466 18466
R-squared 0.007 0.151 0.585
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3. COVID-19 and Housing Price
3.1. Baseline regressions

We regress equation (1) by employing ordinary least squares regression with robust standard errors. The results in Table 2 show
that DID is negatively correlated with Price, which implies the confirmed COVID-19 cases in the community can significantly reduce
the housing price. And the coefficient of the DID estimator in model (3), -0.025, can be interpreted that if there are confirmed COVID-
19 cases in a community, the housing price in the community would reduce by 2.47% (=1-exp(-0.025)).

All the community-level variables except Elevator and Building Type are positively and significantly correlated with Price, indicating
that houses with older age, higher floor area ratio, higher greening ratio and longer property right have a higher price, but the status of
elevator and building type do not significantly affect the housing price. And all three city-level variables are positively and significantly
correlated with Price, which show that the houses in cities with higher population density, higher per capita GDP, and more real estate
investments will have a higher price.

3.2. Parallel pre-trends and dynamic effects

The parallel pre-trend assumption is a key assumption for the validity of the DID approach. Following Beck et al. (2010), we employ
equation (2) to conduct the parallel pre-trend assumption test and the dynamic effects:

Price; = a + p_sDID*;, + B_,DID 2, + ... + ,DID*?, + B;DID, + yX; + u; + A4, + & 2

Where the “DID’s” equal zero, except as follows: DID ™ equals one for communities in the jth month before COVID-19 cases were
confirmed, while DID equals one for communities in the jth month after COVID-19 cases were confirmed. The coefficients .3, 5.2, and
f.1 measure the trends of housing price of the treatment and control communities before the COVID-19 cases were confirmed. The
coefficients fy, f1, B2, and ps capture the dynamic responses of the housing price of the treatment and control communities after the
COVID-19 cases were confirmed.

We regress equation (2) and plot the figure of the coefficient f; with a 90% confidence interval in Figure 1. The results show that the
coefficients .3, .2, and f.; are statistically insignificant, which means that the housing price between the treatment group and the
control group has no significant difference before the COVID-19 cases were confirmed, and the samples conform to the parallel pre-
trend assumption. And all four coefficients fy, f1, f2, and f3 are negative and significant and basically show a decreasing trend,
indicating that the housing price will decrease when there are confirmed cases in the community, and the negative impact persists
three months while the extent of impact basically becomes greater as time goes on.

3.3. Placebo test

To further check to what extent the results in baseline regressions are influenced by omitted variables, we conduct a placebo test
following Li et al. (2016) by randomly assigning communities with confirmed cases in which the quantity of communities is consistent
with communities with real confirmed cases, and then we re-regress model (1). We repeat the data generation and regression processes
with 500 times and 1,000 times, respectively.

Figure 2 shows the distribution of estimates from the 500 runs and 1,000 runs along with the benchmark estimate, -0.025, from
column (3) of Table 2. The results indicate that the distribution of estimates from random assignments is clearly centered around zero,
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Figure 1. The Dynamic Impact of COVID-19 on Housing Price

Notes: The figure plots the dynamic impact of confirmed COVID-19 cases on housing price. We consider a 6-month window, spanning from 3 months
before COVID-19 cases were confirmed until 3 months after COVID-19 cases were confirmed. The dotted lines represent 90% confidence intervals
and we report estimated coefficients from the equation (2).
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Figure 2. Distributions of Estimated Coefficients of the Placebo Test
Notes: The figure plots the cumulative distribution density of the estimated coefficients from 500 and 1000 runs by randomly assigning confirmed
COVID-19 cases to communities. The vertical lines present the results of column (3) in Table 2.

and both the standard deviations of the estimates are 0.008, suggesting that there is no significant impact with the randomly con-
structed variable DID on housing price. Meanwhile, both benchmark estimates are beyond the 99% confidence interval at 500 runs and
1,000 runs. These findings suggest that the negative and significant impact of DID on the housing price is not driven by the unobserved
factors.

3.4. Heterogeneity analysis

To test the second conjecture, we first consider the effect of regional infection level and divide the whole sample into two sub-
samples according to the sample median of infection level of COVID-19. As people show the phenomenon of probability neglecting
when facing major disaster events, that is, people pay more attention to the serious consequences of events, but are not sensitive to the

Table 3

COVID-19 and Housing Price: Heterogeneity Analysis

This table presents the role of regional infection level of COVID-19 and medical treatment conditions on the relationship between confirmed COVID-
19 cases and housing price. The dependent variable is the natural logarithm of monthly housing price of residential community (Price), and the
independent variables are same as those of column (2) in Table 2. In Panel A, the sample is divided by the sample median of the number of confirmed
COVID-19 cases and the number of deaths caused by COVID-19 in the city, and the data are obtained from the Wind database. The subgroup More
Cases refers to the group with more confirmed cases than the sample median, and the subgroup Fewer Cases refers to the group with fewer confirmed
cases than the sample median. The definition method also applies to the grouping of More Deaths and Fewer Deaths. In Panel B, the sample is divided by
the sample median of provincial medical treatment conditions which is measured by the number of per capita tertiary hospitals (the highest level in
China) and the mortality of infectious diseases, and the data are extracted from the China Health Statistical Yearbook. The subgroup More Tertiary
Hospitals refers to the group with more per capita tertiary hospitals than the sample median, and Fewer Tertiary Hospitals refers to the group with fewer
per capita tertiary hospitals than the sample median. The definition method also applies to the groupings of Higher Mortality and Lower Mortality. The
robust standard errors are reported in the parentheses. ** p<0.05, *** p<0.01.

Panel A The Role of Infection Level of COVID-19

Price Price
VARIABLES More Cases Fewer Cases More Deaths Fewer Deaths
DID -0.035%* -0.004 -0.066%** 0.010
(0.015) (0.014) (0.018) (0.012)
Other Variables in Table 2 Y Y Y Y
Observations 10402 8064 10024 8442
R-squared 0.592 0.392 0.611 0.461
Panel B The Role of Medical Treatment Conditions
Price Price
VARIABLES More Tertiary Hospitals Fewer Tertiary Hospitals Higher Mortality Lower Mortality
DID 0.009 -0.041%** -0.027** -0.012
(0.015) (0.012) (0.011) (0.015)
Other Variables in Table 2 Y Y Y Y
Observations 9338 9128 10752 7714
R-squared 0.618 0.375 0.682 0.597
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probability of their occurrence (Sunstein, 2003), we measure the infection level of COVID-19 using the number of confirmed COVID-19
cases and the number of deaths caused by COVID-19 in the city, and the data are obtained from the Wind database.

The subgroup More Cases refers to the group with more confirmed cases than the sample median, and the subgroup Fewer Cases
refers to the group with fewer confirmed cases than the sample median. The definition method also applies to the grouping of More
Deaths and Fewer Deaths. The more confirmed COVID-19 cases and more deaths caused by COVID-19 indicate a higher infection level of
COVID-19. We re-regress model (1) using the two subsamples, respectively. The results of Panel A in Table 3 show that DID is negative
and significant in the subsamples of More Cases and More Deaths but is insignificant in the subsamples of Fewer Cases and Fewer Deaths.
According to the coefficients, the housing price with confirmed cases will decrease by 3.4% (=1-exp (-0.035)) and 6.4% (=1-exp
(-0.066)) in cities with higher confirmed COVID-19 cases and more deaths caused by COVID-19, respectively.

We then consider the effect of regional medical treatment conditions and divide the whole sample into two subsamples according to
the sample median of medical treatment conditions, which is measured by the number of per capita tertiary hospitals (the highest level
in China), and the mortality of infectious diseases. As the city-level data of the two grouping variables are not available, we measure
them at the provincial level, and the data are extracted from the China Health Statistical Yearbook at 2019 (National Health Com-
mission, 2019).

The subgroup More Tertiary Hospitals refers to the group with more per capita tertiary hospitals than the sample median, and Fewer
Tertiary Hospitals refers to the group with fewer per capita tertiary hospitals than the sample median. The definition method also
applies to the groupings of Higher Mortality and Lower Mortality. The fewer tertiary hospitals and higher mortality indicate worse
medical treatment conditions. The results of Panel B in Table 3 show that the variable DID is negative and significant in the subsamples
of Fewer Tertiary Hospitals and Higher Mortality but is insignificant in the subsamples of More Tertiary Hospitals and Lower Mortality.
According to the coefficients, the housing price with confirmed cases will decrease by 4.02% (=1-exp (-0.041)) and 2.66% (=1-exp
(-0.027)) in provinces with fewer per capita tertiary hospitals and higher mortality of infectious diseases, respectively.

The above results suggest that although the housing price will suffer a reduction when there are confirmed COVID-19 cases in the
community, the effect only exists in regions with a higher infection level of COVID-19 and worse medical treatment conditions, but the
effect will not be apparent in regions with a lower infection level of COVID-19 and better medical treatment conditions, as people have
a lower risk perception of COVID-19.

4. Conclusions

By employing data on monthly community-level confirmed COVID-19 cases and housing price in China, this paper explores the
impact of COVID-19 on housing price and further investigates the role of regional infection level of COVID-19 and medical treatment
conditions.

The results using the DID method show that when there are confirmed COVID-19 cases in the community, the housing price will
reduce by 2.47% and the negative impact can persist three months, while the extent of the impact basically becomes greater as time
goes on. We conduct the parallel pre-trend test and placebo test, and conclude that the results are robust. The negative effect is
consistent with the studies on the impact of other infectious disease on housing price and the impact of COVID-19 on financial asset
price, which highlights the general effect of infectious diseases on asset price. According to the estimated coefficients, the impacting
extent of COVID-19 on housing price is larger than the effect of SARS which is 1.6% in Wong (2008), but less than that of the plague
and cholera which are 13% and 10% in Francke and Korevaar (2020). Moreover, the heterogeneity analysis in this paper show that the
negative impact of COVID-19 on housing price only exists in the regions with a higher infection level of COVID-19 and worse medical
treatment conditions.

As the real estate industry plays an important role in the national economy, the findings of this paper indicate that the authorities
should pay more attention to the impact of COVID-19 on housing price and implement corresponding real estate policies. In addition,
the authorities should also consider the heterogeneity of regions and focus on the regions with a higher infection level of COVID-19 and
worse medical treatment conditions.
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(continued)
Variables Description Definition
Price The average housing price of The natural logarithm of the monthly average housing price of community
community
DID The difference-in-difference impact of Dummy variable that equals one in the months after the community has confirmed COVID-19 cases
COVID-19 and equals zero otherwise
Housing Age The age of the community The natural logarithm of the years from the house completion time to year 2020
Floor Area The floor area ratio of the community The ratio of total aboveground building area to the net land area of the community
Ratio
Greening The floor area ratio of the community The ratio of green land area to total land area of the community
Ratio
Elevator The elevator status of the community Dummy variable that equals 1 if the community has elevators and zero otherwise
Property Right ~ The term of property right of the The term of property right of includes three types that are 40 years, 50 years, and 70 years, and we
community assign 1, 2, and 3 to each type, respectively. We also define it as the number of years, and the main
results are robust
Building Type The building type of the community There are five types of building in the sample—brick building, tower building, plate building,
plate—tower combination building, and villa—and we assign 1, 2, 3, 4, and 5 to each type,
respectively. We also define it as dummy variables, and the main results are robust
Education The education rating of the community  There are four types of education rating in the sample—the non-school district, lower quality school
Rating district, medium quality school district, and higher quality school district—and we assign 1, 2, 3, and
4 to each type, respectively
Property The property service quality of the There are four types of property service quality in the sample—the service remained to be improved,
Service community medium quality, good quality, and excellent quality —and we assign 1, 2, 3, and 4 to each type,
respectively
Density The population density of the city The ratio of permanent resident population to the land area of the city in 2019
PGDP The per capita GDP of the city The natural logarithm of per capita GDP of the city in 2019
Investment the investment amount in the real estate ~ The natural logarithm of the investment in the real estate industry of the city in 2019
industry of the city
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