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Abstract: This paper aims to investigate the perceived risk after the Tianjin port explosion event
and its impact on property value. In addition to focusing on the relationship between homebuyers’
risk perception and property sales price, this paper also considers the risk perception of property
sellers via the sale-to-list ratio. By using the difference-in-differences method and the sample from
the property agent, we found that the explosion event generated a long-time effect on the public
and property market in the city of Tianjin. Relative to those properties far away from the explosion
site, the sales price and the sale-to-list ratio of the property near the explosion site were detected to
have significant drops for the first six months after the explosion event. The temporal decrease of the
relative sales price and the sale-to-list ratio are the evidence of short period overreaction from the
public, which decays over time. This study demonstrates an indirect method to estimate the perceived
risk of the general public and provides valuable insight into sustainable port management policies.

Keywords: Tianjin port explosion; risk perception; property value; difference-in-differences;
the housing market

1. Introduction

The occurrence of two massive explosions in the port of Tianjin city in China on 12 August 2015
is an unprecedented tragedy. The explosion not only led to 173 people dead, 8 missing, and over
700 non-fatally injured [1], it also devastated over 17,000 households, 779 businesses [2]. These two
explosions resulted from the mismanagement and improper usage of the warehouse by storing and
placing hazardous and flammable chemicals in the neighborhood of 11,000 tonnes, including calcium
carbide, sodium cyanide, potassium nitrate, ammonium nitrate, and sodium nitrate. According to
the report of the China Earthquake Networks, the power/energy of the first and second explosions
are equivalent to 3 and 21 tons of TNT detonating, respectively [3]. The economic losses of these two
explosions were estimated at around 70 billion RMB (i.e., 11 billion USD). Recalling the history of
man-made insured losses records, the Tianjin port explosion gave rise to insurance losses of around 2.5
to 3.5 billion USD (in 2015), which ranks the top in Asia and the third in the world [4].

The massive explosions turned a prosperous Tianjin port into an apocalyptic scene overnight [5].
They brought about a long nightmare to the residents of the Tianjin port due to the pollutions generated
from the hazardous chemicals. The Chinese government assigned three hundred military chemical
experts to clean up the mess by using heavy machinery to build a large wall of earth and sand
around the site to prevent the hazardous chemical materials (e.g., sodium cyanide) from spreading [6].
Nonetheless, the poisons remaining in the explosion zone or in water are still major safety concerns
of the public as the remedy of the explosion site may require a long-time process. In this regard,
the exposure to the hazardous environmental risk of the explosion site was likely perceived at a
higher level.
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Research in behavioral economics and psychology have pointed out that perceived risk is
distinguished from the actual risk assessed by experts [7-9]. As suggested by [10], the actual risk may
be amplified from the public as the risk perception is primarily based on psychology emotions/intuition
rather than a precise assessing of the actual risk. The cause of the amplified risk perception or
overreaction is due to the aftermath/damage of this unexpected and rare event. The overreaction
denotes the difference between the observed reaction and the expected outcome. To be more specific,
the difference between the changes in the property sales price that occur before and after the event of
the treatment and control group is considered to be an overreaction [11-15]. According to the prospect
theory, rare events tend to be overweighed as it in the absence of the risk-learning process through
repeated experience [16]. In this paper, an important question we would like to investigate is the
degree to which the Tianjin port explosions affected the level of perceived risk of the public.

To tackle this question, we adopted an indirect method of using difference-in-differences (DID)
models to examine the impact of the Tianjin port explosion on the property market. To the best of
our knowledge, the Tianjin port explosion provides a unique setting to measure perceived risk to
rare events because the threat of cyanide is at the top of the public’s concern. A small amount of
sodium cyanide can cause death to a human [17]. Unlike other rare events (e.g., pipeline explosion,
earthquake and flooding) that have previously been studied, the environmental risk of the 2015 Tianjin
port explosion shifted to a new high level.

This paper contributes to the extant literature on risk and property market in three ways. Firstly,
our study is the first attempt to examine the impact of the Tianjin port explosion event on the
public. Secondly, this paper investigates the risk perception of the homebuyer and home sellers and
how they are affected after by the extreme local event, outside the U.S. and Europe. The property
transaction behavior is not driven by market information only, but also by psychological factors such as
emotions [18]. Thirdly, this is the first study to consider the risk perception of home sellers, which has
been overlooked in the previous literature. The property sales price is seen as an agreement between
home buyer and seller, which well reflects how much the buyer is willing to pay and the willingness of
the seller to accept the offer from the buyer. However, the property sales price cannot reveal sellers’
responses to extreme events without considering the list price. From a theoretical standpoint [19],
when loss averse home sellers confront with the uncertainty and risk after an extreme event (e.g.,
explosion), they intend to sell the property with a high urgency, and thus do not set a low list price but
set a low reservation price in order to yield a quick sale. However, the reservation price is unobservable
and therefore, the previous literature used sales price as a substitution to the reservation price [19].
In this regard, the ratio of the sale price to the list price of the property near the explosion site would
fall after the Tianjin port explosion. The utilization of this ratio could be useful to detect how property
sellers overreact to an explosion event. The models are expected to provide valuable insight into and
practical measure of the perceived risk of the general public.

The remainder of this paper is organized as follows. Following this brief introduction, Section 2
presents a review of the literature on the perceived risk of rare events in the housing context. Section 3
then addresses the research method. Section 4 describes the data sample and study area. Section 5
discusses the study results and Section 6 draws conclusions.

2. Literature Review

In studying the effect of a rare event on risk perception, property value/price is a useful proxy to
denote the perceived risk. A residential property is valued for what surrounds it. The main assumption
is that as the property market remains similar before and after the port accident, the property rates reflect
the demand for the property and the unobserved perceived risk around the port. The investigation
of perceived risk from the previous literature can be classified into two groups: direct and indirect
methods. The direct methods usually rely on people’s feedbacks by asking a series of well-defined
structural questions. The response to the structural question in terms of the Likert scale indicates
the people’s risk perception, which well reflects the willingness to pay in response to changes in
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environmental amenities. However, direct methods seldom receive critical opinion towards the
hypothetical nature of the structural questions as they do not cover people’s actual behavior [20].

Indirect methods consider the consumers’ decisions and preferences by the hedonic-price approach.
The coefficients estimated in the hedonic-price approach indirectly reflect the buyers’ marginal
willingness to pay for the residential property in response to the specific external characteristics (or
risk perception) [21,22]. In comparison with direct methods, indirect methods are less expensive and
time-consuming to implement. Examples of these studies can be seen regarding the risk perception of
rare events, such as flood risk, nuclear power, pipeline explosion, earthquake, and disease epidemic.
The following examples of the literature are representative of previous research considering the
relationship between risk perception and property value, but is by no means an exhaustive list.

Many studies have attempted to explore the capitalization effect of flood risk on property value.
The recent work by Kousky [21] examined the capitalized effect of flood risk on property prices by
considering a set of long samples documenting single-family residential property sales in St. Louis
County between 1979 and 2006. The findings indicate that home buyers were willing to pay for
living in a region that boasted of a low flood risk. Similarly, Votsis and Perrels [22] investigated the
relationship between flood risk information disclosure and property prices in three cities, namely
Helsinki, Pori and Rovaniemi in Finland. They found that housing prices located in floodplains
were detected to significantly drop after the flood risk information was disclosed. These two studies,
however, did not cover the aspects of overreaction or fear of rare events.

In addition to flood risk, the capitalization effect of nuclear power on land markets or property
markets was witnessed after the Fukushima Nuclear Accident in 2011. The research conducted by
Zhu, Deng, Zhu and He [23] examined the impact of the 2011 Fukushima Nuclear Accident on risk
perception towards nuclear power in China. Using a set of land transaction records for the empirical
analysis, they found that the land transaction price was reduced by 18% one month after the accident,
indicating that the impact of the 2011 Fukushima Nuclear Accident decayed over time. Similar research
performed by Bauer, Braun and Kvasnicka [14] studied the effect of Germany’s energy policy on
housing value, where the policy change was due to the 2011 Japan Nuclear Accident. They found that
housing prices near nuclear power plants that were shut down right after the accident dropped by
9.8%. They explained that the detriment to the housing originated from the changes in the local labor
market by shutting down nuclear plants.

Another contribution to the literature of risk perception on the property market comes from the
work of Freybote and Fruits [18], where they investigated the relationship between the perceived
risk of home buyers and the construction stage of the underground pipeline. Media coverage of
pipelines in different construction stages was served as a proxy to measure the overreaction/fear of the
potential risk of the pipeline explosion. They found that a higher perceived risk reduces sales prices
once the pipeline is in operation. Hansen, Benson and Hagen [24] studied the effect of the proximity
to the site of the pipeline on the housing value by using a set of the housing data of Bellingham,
Washington. They corroborated that pipeline site would not be a public concern to generate potential
risk to the neighboring community provided that the event of the pipeline explosion was not dug
out and reported. The intensive media report is the major reason that drove the public overreaction.
However, this effect would decay over time, which is in line with other studies of overreactions.

The perceived risk of earthquakes and disease epidemics have also been carried out. Deng, Gan
and Hernandez [25] considered the perceived risk of the earthquake by investigating the relationship
between the floor level and housing value. A unique set of new apartments was used to conduct
the research. They found that relative housing prices of low to high floor apartments significantly
increased after the Wenchuan earthquake in May 2008. These important findings indicate that the
overreaction/fear of the earthquake is short-term behavior which will gradually dissipate in the long
run. Wong [26] considered the public reaction to the Hong Kong Severe Acute Respiratory Syndrome
(SARS) epidemic in 2003. A large set of the housing transaction record, including the housing value
and housing volume, are investigated in Wong's research. She found that the market was surprisingly
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cautious and rational by holding the wait-and-see attitude in response to the SARS epidemic, which
shows no overreaction.

In summary, there is plenty of research documenting the impact of perceived risk on property
values, yet such a rich set of existing literature mainly covers the U.S. and European markets. Limited
research can be seen elsewhere. Another shortcoming can also be seen from the previous literature
that the perceived risk of rare events from the angle of home buyers are extensively discussed but with
limited research focuses on home sellers’ risk perception. In this paper, we investigated the perceived
risk by considering the effect of the distance to the Tianjin port explosion site on property values,
covering both home buyers” and sellers’ sides.

3. Research Methods

As inspired by previous studies that used the indirect method to study risk perception [11,12,14,
20,22,24-26], we hypothesize that the property price reflects the demand for property and perceived
risk. Since the demand for property is not significantly impacted by the port accident, the investigation
of the impact of the Tianjin port explosion on the neighboring property prices will be conducted by
adopting the difference-in-differences (DID) approach. DID suits to study the risk perception of Tianjin
port explosion. This is mainly due to the DID followings a less strict exchangeability assumption [27],
that is in absence of the Tianjin port explosion, the unobserved difference between treatment (properties
in the explosion zone) and control group (properties are outside the explosion zone) are the same over
time. By using the data from ex-explosion and post-explosion when randomization is not possible,
DID enables to remove the biases in the post-explosion period comparison between the treatment
group and the control group. The mathematical equation is presented as follows:

In(Y;t) = B1Xit + B2Explosion; + yTime + 8(Explosion; X Time) + « + &j; 1

where Yj; refers to the sales price of property i in month t, X;; is the vector documenting housing
attributes. Explosion; is the binary variable, which equals to one if the property i is located near the
Tianjin port explosion zone (i.e., within 5 km, in this study) or zero if not. Time is also a dummy
variable, which equals to one if property transaction after the Tianjin port explosion or zero if before,
« is constant, and ¢;; is error term. 3; (i = 1,2) and y are coefficients.

To be more specific, the coefficient 4 is of particular interest in this study as it reveals the average
treatment effect by measuring the differences before and after the explosion in terms of the changes of
average housing prices that are in the vicinity to and further away from the explosion site. The vector
Xit is used for controls of housing attributes. Two groups of housing attributes were selected for
capturing the observable property characteristics, including structural attributes and service attributes.
The first group of housing attributes includes the age of the property, the size of the property, the floor
of the property, the number of living rooms in the property, whether it is an elevator-equipped property
(dummy variable), and the decoration of the property (dummy variable). The variables in the second
group denote the availability of having access to public services such as public transport services (e.g.,
metro, bus), a hospital, a park, a school, and a central business district (CBD).

In addition to the average treatment effect, we are also interested in investigating how strongly
and quickly the property market responded to the Tianjin port explosion. For this purpose, Equation (1)
is simply modified by replacing the interaction term Explosion; X Time as a series of the interaction
terms, where the detailed form is presented in Equation (2):

In(Yit) = 01Xt + O2Explosion; + Xy TimeM; + %;8; (Explosion; X TimeM;) +(+ &;t (2)

where Yj;, Xjt, and Explosion; are identical to that of Equation (1). TimeM; is the dummy variable,
indicating that the transaction time of the property is j month(s) after the Tianjin port explosion, §; is
the coefficient detecting the j-th month treatment effect of the post-explosion. Notations ¢ and &;; are
the constant and error terms of Equation (2), respectively.
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In addition to the above two empirical strategies, this paper also intends to investigate the risk
perception of property sellers responding to an explosion event in Tianjin port. To consider this issue,
the dependent variable of the above equations is replaced by the ratio of the sales price to the list price
of the property (hereafter sale-to-list ratio). The specific empirical models are presented as follows:

Yistales /YﬁSt _ Biellerxit + B;ellerEXplosioni + Ysreller"['in,le + 5seller(Explosioni % Time) + oseller + Eisteller (3)
YistaleS/Y%itst _ eiellerxit + e;ellerExplosioni 4 ijjsellerTimeMj + Zjéjsener(EXplosioni x TimeMj) 4 Cseller + Eiseller (4)

where Yjt, Xjt, and Explosion; hold the same as that in Equations (1) and (2). Biseuer(i =1,2), yseller gseller,
ocseller) 6iseller(i =1,2), yseller gseller g ¢seller are the coefficients corresponding to Equations (3) and (4),
respectively. The superscript “seller” is used in order to distinguish from that of Equations (1) and (2).

4. Data

The sample we collected for this study was from one of the famous property agents, Lianjia,
in China, which dominates the greatest market share for information on property transactions.
The dataset is a non-public source which consists of 11,935 second-hand domestic housing data,
covering 36 months from March 2014 to February 2017. This set of sample data includes both property
sales prices and the initial list price.

Except for the sales price and list price, a bundle of property characteristics (e.g., physical
structure, accessibility to public services and views) that would capture the level of satisfaction to the
potential buyers and sellers should also include for the following empirical analysis. On searching the
information from the open data source, OpenStreetMap, we can only collect the information as regards
the physical structure attributes and accessibility to public services, whereas the other information,
such as views, is not available. In this regard, two groups of attributes, namely structural attributes
and environmental attributes, are also included in this paper in order to control the characteristics of
the properties (Table 1). The first group of attributes includes the basic information of the property,
such as the size of the apartment, age of apartment, the floor of the apartment, and the number of
living rooms. The second group of attributes refers to the proximity of external services/facilities such
as a park, hospital, fire station, police office, transportation (e.g., bus and railway), business (e.g., CBD)
and education (e.g., primary school). The term proximity is proxied as the closest distance between the
property and a specific service, which is measured by using ArcGis@10.3 (Figure 1).

It is worth mentioning that the explosion zone we considered in this paper is a distance of 5 km
from the explosion site. The control group was selected as the properties with a distance to the explosion
site between ~20 km and ~50 km. The selection of 5 km as the explosion zone was made according to
the existing literature [28] and news report [29]. The study conducted by Smolen et al. [28] disclosed
that a significant range of the toxic chemical waste site on the property value is around 5.75 miles (i.e.,
9.25 km), with no further effect beyond this range. On the other hand, the news reported: “the strong
wave smashed and affected the area about 3km around the Tianjin Port explosion site” [29] since the
new report covers the short-term or instant impact from the explosion, while the risk perception of
the home buyers and home sellers may even cover a broader range. Therefore, to be conservative,
we select 5 km as an explosion zone. In the next empirical section, we provide a robust legitimacy
check for selecting the 5 km explosion zone.
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Figure 1. Tianjin port explosion site and distribution of domestic housing.



Sustainability 2020, 12, 1169

Table 1. Summary of variables.
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Variables

Description

Unit

Sales price

Sales price of property

RMB (million)

List price The initial list price of the property RMB (million)
Sales/List Ratio of property sales price to list price Percentage
Area Size of the apartment Square meters

Floor The floor on which the apartment is located Count

Rooms Number of Rooms in the property Count

Age Age of the apartment (in years) Count

Decoration Whether the apartment is well decorated lor0

Elevator Whether the apartment is equipped with an elevator lor0
CBD The distance to the nearest central business district 100 meters
Fire station The distance to the nearest fire station 100 meters
Bus stop The distance to the nearest bus stop 100 meters
Hospital The distance to the nearest hospital 100 meters
Railway The distance to the nearest railway station 100 meters
Park The distance to the nearest park 100 meters
Police station The distance to the nearest police station 100 meters
School The distance to the nearest public primary school 100 meters

Time Dummy variable, 1 denotes ’Fransaction of. the property is Lor0

after the explosion, 0 otherwise
Explosion Dummy variable, 1 indi'cates the property 'is located inside lor0
the explosion zone, 0 otherwise
Dummy variable, 1 denotes the transaction of the property
Explosion x Time inside the explosion zone that is after the date of explosion, lor0

0 otherwise

The descriptive statistics of the selected variables are summarized in Table 2. It details the
information, such as sale price, list price, sale-to-list ratio and other control variables before and after
the explosion for the property located at less than 5 km and further than 5 km from the explosion
site. Upon comparing the descriptive statistics in Table 2, the average level of the sales price, list price
shows an uprising trend from before and after the explosion for that property within 5 km and outside
5 km of the explosion site. The number in column (5) in Table 2, which serves as an unconditional
estimate of DID, displays the preliminary results. The DID of the sales price (e.g., Sales price and
In(Sales price) in Table 2) seems to be significantly different from zero while the list price holds the
opposite result. Interestingly, the sale-to-list ratio (e.g., Sale/List) within 5 km of the explosion site
follows a decline tendency when comparing the before and after explosion statistics (e.g., column (1)
and (3)). The changes in the ratio may imply the overreaction behavior of the property seller after the
explosion, which deserves our consideration in the following empirical studies.

Table 2. Summary of descriptive statistics before and after the Tianjin port explosion.

Before the Explosion After the Explosion DID
Distance to Distance to Distance to Distance to
Variable Explosion Site  Explosion Site  Explosion Site  Explosion Site  [(3)-(1)]-[(4)-(2)]
<5km >5km < 5km >5km
4)) (V)] (3) @ (5)
Sales price 1.197 (0.635) 1.823 (1.471) 1.395 (0.874) 2.327 (1.505) ~0.306
List price 1.321 (0.629) 1.880 (1.509) 1.844 (0.996) 2.407 (1.561) -0.004
Ln (Sale price) 2.271 (0.479) 2.576 (0.819) 2.491 (0.516) 2.959 (0.624) —-0.163
Sale/List 0.829 (0.177) 0.965 (0.045) 0.781 (0.221) 0.966 (0.048) —-0.049
Size 90.092 (35.408)  83.443 (55.810)  83.566 (33.526)  88.043 (44.091) -11.126
Age 10.596 (9.873) 9.219 (10.838) 9.868 (7.459) 9.774 (7.622) 1.283
Floor 17.605 (13.469)  16.966 (14.365)  13.994 (11.229)  12.598 (11.121) 0.757
Rooms 3.109 (0.948) 3.055 (1.443) 3.155 (1.095) 2.698 (1.142) 0.403
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Before the Explosion After the Explosion DID
Distance to Distance to Distance to Distance to
Variable Explosion Site Explosion Site  Explosion Site Explosion Site [(3)-(1)]-[(4)-(2)]
<5km >5km <5km >5km
1) 2) 3) 4) (5)
Fire station 20.713 (12.227) 23.755 (18.642) 21.630 (19.728) 25.879 (22.162) -1.207
Park 19.484 (16.912) 18.807 (13.916) 19.324 (15.399) 19.059 (14.531) -0.412
Hospital 18.593 (13.297) 14.972 (12.871) 20.362 (16.919) 18.855 (14.989) -2.114
Railway 16.455 (8.789) 13.928 (10.950) 17.264 (11.434) 14.550 (11.765) 0.187
School 13.673 (8.544) 12.142 (10.241) 14.488 (10.532) 13.512 (10.094) —0.555
Police station 23.271 (15.442) 27.569 (19.633) 23.699 (16.821) 27.951 (23.399) 0.046
Bus station 19.838 (10.126) 14.169 (11.718) 21.242 (12.515) 16.254 (12.445) —0.681
CBD 38.097 (28.252) 26.308 (21.532) 36.013 (28.027) 25.801 (19.219) -1.577
Observations 2896 3475 2029 3535 11935

Note: The number presented in the first two rows—Sales Price and List Price is in million RMB. Columns (1)—(4)
display the arithmetic mean of variable for property inside or outside the explosion site. The number in parentheses
is the standard error of the estimated result.

5. Results and Empirical Findings

5.1. Main Results

The main results are summarized in Table 3. Inspired by the descriptive statistics in Table 2,
we consider the unconditional DID estimate (i.e., Model 1 in Table 3) without considering the
property-related attributes. All coefficients of Model 1 in Table 3 are significant but with a low
goodness-of-fit (R-Squared with 0.1129 in Table 3) and a large magnitude of intercept (4.879 in Table 3),
indicating that some variables are missing in Model 1. In this regard, the property structural attributes
are supplemented for estimating the second model (Model 2, the third column of Table 3). Again,
all the coefficients are statistically significant. The coefficient of goodness-of-fit rises to 0.5603 and the
average treatment effect (i.e., Explosion X Time) changes slightly from —0.162 to —0.227. On seeing that
the estimation accuracy would improve by incorporating the property structural attributes, we then
supplement environmental attributes to consider the potential changes in property sales price over
time. The results are statistically and economically significant at 5% and the goodness-of-fit coefficient
further rockets to 0.6889. The sign of the estimated coefficients of property attributes is consistent with
that of the majority of studies in the housing literature. By comparing the results of these three models,
the changes of variables in the group of treatment effects, including Time, explosion and Explosion x
Time are trivial, meaning that the results are stable across specifications. The significant coefficient
of the average treatment effect shows that the property sales price within 5 km of the explosion site
relative to those properties further away from the explosion site decline around 23.9% (Model 3 in
Table 3) after the explosion event. A possible explanation is that people in Tianjin city were afraid
of/unwilling to living within 5 km of the explosion site after the explosion event.

Table 3. Main results of the estimation.

Variables Model 1 Model 2 Model 3
Treatment effect
Time 0.383 (0.014) *** 0.519 (0.009) *** 0.553 (0.008) ***
Explosion —0.305 (0.023) *** —0.506 (0.014) *** —0.459 (0.016) ***
Explosion x Time —0.162 (0.028) *** —0.227 (0.018) *** —0.239 (0.017) ***
Control variables
Intercept 4.879 (0.011) *** 1.068 (0.035) *** 1.462 (0.266) ***
Size 0.087 (0.010) *** 0.088 (0.010) ***
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Table 3. Cont.

Variables Model 1 Model 2 Model 3
Age —0.056 (0.004) *** —0.039 (0.007) *
Floor 0.008 (0.002) *** 0.025 (0.003) ***
Rooms 0.044 (0.004) *** 0.051 (0.004) ***
Fire station 0.013 (0.062) *
Park —0.023 (0.005) *
Hospital 0.016 (0.007) ***
Railway —0.049 (0.004) ***
School —0.059 (0.001) **
Police station 0.045 (0.009) ***
Bus —0.014 (0.001) ***
CBD —0.041 (0.007) ***
R-Squared 0.1129 0.5603 0.6889
Adj R-Squared 0.1127 0.5600 0.6885
F-statistics 506.18 *** 1897.42 *** 1614.31 ***

90f 16

Note: * p < 0.05, ** p < 0.01, *** p < 0.001, the number in parentheses is the standard error of the estimated result.
The dependent variable of the above three models is the logarithm of the property sales price.

5.2. Robust Check

The aforementioned selection of the 5 km explosion zone needs further examining to confirm its
legitimacy. A robust check is necessary. If the effects of the explosion cover the range of over 5 km,
then the estimation may underestimate the explosion effect and generate the bias results. To assess
this issue, the explosion zone was then extended to 15 km. Specifically, the properties located in the
explosion zone were divided into three sub-groups, 0~5 km, 5~10 km and 10~15 km. The control group
remains as the properties located around 20~50 km from the explosion site. The estimation results of
these three scenarios are displayed in Table 4. The results of the first column in Table 4 is the same as
Model 3 in Table 3, which is set as the baseline model. It is straightforward to see that the average
treatment effects are statistically insignificant for Model 2 and Model 3, the exception being Model 1.
It is also interesting to see that the scale or magnitude of the average treatment effect is negatively
associated with the distance to the explosion site. In other words, the further the property is located,
the smaller the magnitude of the estimated coefficients. The results in Table 4 show that the cutoff
point of 5 km is legitimate and reasonable.

Table 4. Robust check I-DID estimates with different treatment groups.

Model 1 Model 2 Model 3
Treatment Group 0~5km 5~10 km 10~15 km
Control Group 20~50 km 20~50 km 20~50 km
Time 0.553 *** 0.482 * 0.377 *
(0.008) (0.058) (0.084)
Explosion —0.459 *** -0.134 —0.088
(0.016) (0.097) (0.116)
Explosion x Time —0.239 *** -0.193 -0.119
(0.017) (0.124) (0.141)
Structural Attributes Yes Yes Yes
Environmental Attributes Yes Yes Yes
R-Squared 0.6889 0.6361 0.6003
Adj R-Squared 0.6885 0.6356 0.5998
F-statistics 1614.31 *** 967.79 *** 1085.37 ***

Note: * p < 0.05, ** p < 0.01, *** p < 0.001, the number in parentheses is the standard error of the estimated result.
The dependent variable of the above three models is the logarithm of the property sales price.

In addition to the robust check of selecting the explosion zone above, it also needs to check the
assumption of DID estimation. If the assumption is valid, then the estimation results are unbiased.
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In other words, the sales price of the properties in the treatment group (within 5 km of explosion
site) and the control group (20~50 km away from the explosion site) should share a common time
trend before the explosion happened. The estimation results are shown in Table 5. The empirical
strategy in Model 1 in Table 5 is conducted by following the study of Bauer et al. [14], which simply
modifies Equation (1) by supplementing the interaction terms (e.g., interacting the time dummies of
each month before explosion, covering the period from April 2014 to February 2017 and the dummy
of the explosion zone). The results demonstrate that the treatment effect for each month before the
explosion event is not statistically significant, which echoes with the assumption of DID. By the same
token, we then add these interaction terms to Equation (2) to further investigate the validity of the DID
assumption. The results are depicted in column (2) in Table 5. Similar to Model 1, all the treatment
effects before the explosion event are insignificant. Therefore, the results of Model 1 and Model 2 in
Table 5 corroborate with the property sales prices of the treatment group and the control group, which
do not follow different time trends before the explosion event.

Table 5. Robust check II-with treatment lead and lag effects.

Model 1 Model 2 Model 3

After explosion:

Explosion x Time —0.213(0.058) ***
Explosion x TimeM; (2015.09
Explosion x TimeM, (2015.10

) —0.374 (0.037) ***  —0.313 (0.028) ***

) —0.369 (0.050) ***  —0.301 (0.045) ***
Explosion X TimeM; (2015.11) —0.396 (0.052) ***  —0.337 (0.047) ***
Explosion X TimeM,; (2015.12) —0.383 (0.053) ***  —0.324 (0.045) ***
Explosion X TimeMs (2016.01) —0.275 (0.059) ***  —0.203 (0.055) ***
Explosion X TimeM; (2016.02) —0.324 (0.045) ***  —0.261 (0.039) ***
Explosion X TimeM; (2016.03) —0.152 (0.037) **  —0.098(0.039) **

)

)

Explosion x TimeMg (2016.04 0.138 (0.066) * 0.189 (0.063) **
Explosion x TimeMy (2016.05 —0.051 (0.070) * —0.035 (0.067) **
Explosion x TimeM; (2016.06) —-0.101 (0.091) * —0.044 (0.091) **
Explosion x TimeMy; (2016.07) —0.028 (0.067) * 0.006 (0.091) *
Explosion x TimeMj, (2016.08) 0.209 (0.230) 0.065 (0.235)
Explosion x TimeMj3 (2016.09) 0.349 (0.062) *** 0.244 (0.059) ***
Explosion x TimeM4 (2016.10) 0.543 (0.389) * 0.346 (0.042) *
Explosion x TimeMjs (2016.11) 0.133 (0.392) —0.121 (0.399) *
Explosion x TimeM;¢ (2016.12) 0.488 (0.089) *** 0.447 (0.186) ***
Explosion x TimeMy; (2017.01) 0.309 (0.364) * 0.317 (0.399)
Explosion x TimeM;jg (2017.02) 0.339 (0.399) * 0.296 (0.042) *
Before explosion:

Explosion xTimeM_1¢ (2014.04) 0.829 (0.284) 0.903 (0.275)

Explosion xTimeM_15 (2014.05) —0.144 (0.383) 0.100 (0.288)
Explosion xTimeM_14 (2014.06) ~0.062 (0.236) ~0.103 (0.227)

Explosion xTimeM_13 (2014.07) 0.073 (0.141) 0.254 (0.131)
Explosion xTimeM_1, (2014.08) —0.079 (0.095) —0.063 (0.081)

Explosion xTimeM_1; (2014.09) —0.034 (0.083) —0.047 (0.067)

Explosion xTimeM_1g (2014.10) 0.166 (0.084) 0.165 (0.068)

Explosion xTimeM_g (2014.11) —0.025 (0.088) —0.007 (0.074)

Explosion xTimeM_g (2014.12) —0.056 (0.081) ~0.069 (0.066)

Explosion xTimeM._; (2015.01) 0.011 (0.078) ~0.018 (0.065)

Explosion xTimeM_¢ (2015.02) —0.042 (0.077) —0.038 (0.061)

Explosion xTimeM_s (2015.03) ~0.089 (0.063) —0.115 (0.218)

Explosion xTimeM_4 (2015.04) —0.141 (0.171) —0.161 (0.336)

Explosion xTimeM_3 (2015.05) —0.222(0.262) —0.239 (0.315)

Explosion xTimeM._, (2015.06) ~0.124 (0.272) —0.157 (0.334)

Explosion xTimeM_; (2015.07) —0.280 (0.286) —0.239 (0.385)

Structural Attributes Yes Yes Yes
Environmental Attributes Yes Yes Yes
R-Squared 0.6950 0.7087 0.6977
Adj R-Squared 0.6938 0.7066 0.6969
F-statistics 566.84 *** 343.21 *** 541.54 ***

Note: * p < 0.05, ** p < 0.01, *** p < 0.001, the number in parentheses is the standard error of the estimated result.
The dependent variable of the above three models is the logarithm of the property sales price. We drop the
information of February 2014 (2014.02) and March 2014 (2014.03) in order to avoid the dummy trap.
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5.3. Risk Perception of Home Buyers

The estimation results of Model 3 in Table 5 demonstrate the dynamic treatment effect each month
after the explosion event. The graphical presentation of the dynamic treatment effects is delineated
in Figure 2. It is clear that the monthly dynamic treatment effects follow an upward trend. Almost
all the monthly dynamic treatment effects are significant. For the first six months after the explosion,
the monthly dynamic effects are negatively significant, ranging from —0.336 to —0.203. Since then,
the dynamic treatment effect move as an uprising trend and even climb up to a positive level. These
findings suggest that home buyers are unwilling to/fear living within 5 km of the explosion site as
they are worried about the unknown toxic chemical materials that penetrated in the soil and water
of the Tianjin port explosion site in the first half-year after the explosion event. On 5 February 2016,
the investigation of the Tianjin port explosion was officially announced by the China State Council [30].
The investigation report details the economic loss and measures that have been taken to reduce
the impact of toxic chemical pollutants of the explosion event on the environment. The planning
department of Tianjin city came up with a development scheme: rebuilding a harbor ecological
park at the explosion site. Due to the difficulty and complexity of the remediation of the explosion
site, the redevelopment project did not commence until August 2016 [31]. The announcement of
redeveloping the explosion (hazardous) site as an ecological park is good news for the home buyers
as the Tianjin government endeavors to turn urban disamenities into urban amenities, which would
somehow help the home buyers to regain the confidence.
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Figure 2. Dynamic lag treatment effects—perception of home buyers.

The soaring trend of the monthly dynamic effects is distinguished from the previous literature as
regards risk perception of the extreme event on property value [14,24,25]. The possible explanation
is that the official investigation report of the extreme event from China government is the most
trustworthy source for Chinese citizens. They trust the arrangement of the Chinese government for
hazardous site remediation and redeveloping the explosion site.

5.4. Risk Perception of Home Sellers

In addition to the empirical analysis for the buyers’ preference and attitude towards environmental
risk, we expect to investigate the effect of the explosion event on the home sellers. To investigate the
risk perception of the home sellers, a ratio of property sales price to list price is utilized as a proxy for
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the empirical analysis. The statistical results are documented in Table 6 and Figure 3, where the results
shown in Table 6 are the average treatment effects and the graphical presentation in Figure 3 is the

monthly dynamic effects after the explosion event.

Table 6. Estimation of overreaction effects of the property seller.

Variables Model 1 Model 2 Model 3
Treatment effect
Time —0.032 (0.024) ** —0.064 (0.002) ** —0.069 (0.002) **
Explosion —0.136 (0.004) *** —0.164 (0.003) *** —0.126 (0.004) ***
Explosion x Time —0.048 (0.006) *** —0.028 (0.004) *** —0.022 (0.003) ***
Intercept 0.965 (0.002) *** 0.587 (0.008) *** 0.448 (0.066) ***
Structural attributes No Yes Yes
Environmental attributes No No Yes
R-Squared 0.3030 0.4627 0.4793
Adj R-Squared 0.3028 0.4623 0.4785
F-statistics 1728.61 *** 1283.62 *** 577.30 ***

Note: * p < 0.05, ** p < 0.01, *** p < 0.001, the number in parentheses is the standard error of the estimated result.
The dependent variable of the above three models is the logarithm of the ratio of the sales price to list price.
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Figure 3. Graphical presentation of the monthly dynamic effect of the home seller.

The result of Model 1 in Table 6 is the baseline result. It is obvious to see that all the coefficients
are statistically significant. Similarly to the empirical findings above, the coefficient of goodness-of-fit
increases provided that the control variables (e.g., structural attributes and environmental attributes)
are considered in the model. Having controlled the covariates (Model 3 in Table 6), the estimated
coefficients of average treatment effects are stable, which are around —0.022. This suggests that the
loss-averse home sellers compromise to the potential buyers during the bargaining period by lowering
the reservation price and accept the relative low offering price from the potential buyer in order to
make its property a quick sale.

To further investigate the extent/degree the home sellers compromise to the potential buyers in
the home selling process, another regression model (i.e., Equation (4)) is employed by considering
the monthly dynamic treatment effects of the sale-to-list ratio. To save place and make the pattern of
dynamic effects easy to understand and capture, the monthly dynamic treatment effects are illustrated
in Figure 3. Unlike the monthly dynamic treatment effects of home buyers towards an increasing trend,
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the trend of that of home sellers seems to be steady at the outset, and half a year later, starts to fluctuate.
For the first six months, the monthly treatment effects are statistically and significantly associated with
a negative coefficient ranging from —0.018 to —0.044. This reveals that the home sellers were panicked
after the explosion and urged to sell the property. Without knowing the investigation report from
the Chinese government, the home sellers confronted the unknown risk, where they are afraid that
the damage of the explosion on the environment may be irreversible. Under these circumstances,
the home sellers are loss averse sellers who intend to set a relatively high list price in order to attenuate
the prospective loss though, yet they have to make a quick decision on seeing the offering from the
potential buyers with low price. This group of loss averse home sellers finally accepts the low price
offering in the case for a long time waiting to sell the properties.

After the first six months, the dynamic effect started to climb up and was maintained at a positive
level for five months, then returned to a negative level and was more fluctuated than previous
periods. This is possibly because the official investigation report has been available to the public
since February 2016 and the Chinese government announced a series of schemes for rebuilding and
rehabilitating the explosion site, both of which delivered the information to the homeowners that the
hazardous environment was not permanently damaged and the government was trying its best to turn
environmental disamenities into urban amenities. The appearance of the fluctuation of the monthly
dynamic effects could be ascribed to the inconsistency of home sellers’ attitudes towards the progress
of remediating the explosion site, which is illustrated in Figure 3. The complexity and difficulty of the
explosion site remediation work, the redevelopment scheme has to be postponed and rescheduled.
Some home sellers are afraid of being exposed to and suffer a long-time environmental hazardous
risk so that they made a quick disposition of the property and move far away from the explosion site.
By grouping the results of Table 6 and Figure 3 together, the progression of dynamic effects reflects
those home sellers within 5 km of the explosion site overreacted to the explosion event in the first six
months and decays afterward.

The business implication is simply that if the risk perception of property investors affects
transaction prices due to major accidents and disasters, then buyers and sellers should take advantage
of such effects in the selection of counterparts in the sales and purchase process. After all, we document
that such effects can explain a large part (as much as property characteristics) of the variation in
transaction prices once we account for market conditions. We believe that policy implications are
also important in this study. The regional property market may not be well functioning after a major
accident and disaster. A local government can interfere in private voluntary negotiations by weakening
the correlations between the port accident and the perceived negative risk for property buyers and
sellers, especially when our results could be taken to suggest that local property investors are at
a disadvantage.

6. Conclusions

The Tianjin port explosion created massive damage and a miserable nightmare for the citizens
in Tianjin city. This man-made disaster turned the residential areas with favorable sea and harbor
views into a hazardous site, leaking the poison pollutants to threaten the health of people physically
and psychologically. This paper aimed to investigate the impact of the Tianjin port explosion on the
risk perception of the public, where the willingness to pay for the property is used as an indicator to
measure the public’s risk perception. In addition to focusing on the buyers’ risk perception, this paper
also considers the risk perception of property sellers by considering a proxy sale-to-list ratio, which
has been overlooked in the existing literature. The empirical analysis is conducted by using a set of
second-hand domestic housing transaction records before and after the Tianjin port explosion event.

Our empirical results show that the average property price near the explosion site would drop 24%
after the explosion event, which is in line with the rich set of previous studies that the property price is
negatively associated with hazard events. However, the price of the property near the explosion site
relative to the property far away from the explosion site does not remain as negative for a long period
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after the explosion event. In fact, it jumps to a positive level with a short decline for a few months
and reverts back to a positive level. We found that the estimation results reflect the increased risk
perception of home buyers regarding of closer to the explosion site in the first half-year and afterward,
the fear dissipated over time.

On the other hand, the risk perception level of the property sellers was investigated by considering
the sale-to-list ratio. The adoption of this ratio could well reflect the degree/the extension to which
the seller should compromise in the process of negotiating with potential buyers. The overall results
show that the sale-to-list ratio would decrease by 2.2% if the property was near the explosion site.
The sale-to-list ratio of the properties near the explosion site relative to the properties far away from
the explosion site was detected to decrease for the first six months after the explosion event, then climb
to a positive level for five months, then wandering back and forth between the positive and negative
levels. The findings indicate that home sellers near the explosion site are panicked and eager to sell
their property quickly within a short period.

Combining the results of buyers’ and sellers’ perspective, we find that the negative impact of the
Tianjin port explosion on the public mainly clustered in the first six months, which provides evidence
of the overreaction from the public. The overreaction of the public drove the Chinese government
immediately responded to the extreme event by launching a series of policies for strengthening the
safety port management and improving the safety level of storing the hazardous and dangerous toxic
chemical materials, resulting in the overreaction of public decays/dissipate over time.

The limitation of this research lies in the following dimensions, which could be potentially fruitful
directions for future research. In the first place, the sample data only limit in housing transactions,
where the indicator-time on the market (TOM) is not considered in this paper. TOM is a useful indicator
to measure the duration of time a residential unit/apartment is available on the market until it is rent
out [32,33]. The consideration of TOM would provide an alternative angle to analyze how home buyers
and sellers react to the Tianjin port explosion. In the second place, public media data are not covered
in this study. By collecting the data from public media, the overreaction of the public in response to the
event of the port accident can be further explored. In the third place, the interaction between buyers (or
sellers) is not considered in this study. On confronting an extreme event like the Tianjin port explosion,
the home buyers and home sellers will not make the home buying or selling decision independently.
Instead, these two parties are influenced by each other. Therefore, the models that incorporate spatial
interactions, such as spatial econometric models, should be used for future studies. In the fourth place,
the data regarding health, environment (e.g., air quality, water quality, soil quality) and remedy of
hazardous explosion zone have not yet been considered. Future work should include this information
to measure the impact of a port accident on the environment.
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