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Summary

The fast urbanization in China and global climate change increased the urban flood exposure
in Wuhan and the increased flood risk reduce the property value in serious flooding area. The
central government of China promote the application of sponge city concept to reduce the urban
flood risk and improve the environment in cities. The fund shortage is one of the problems
facing by sponge city construction in Wuhan and how to find the funds for the sponge city
construction or how to find a suitable business model has a significant role in the sponge city
pilot. To test the residence’s willingness to pay for sponge city, the research analyses the
impacts of the construction of the sponge city on the housing value of the area that the sponge
city construction covers. The research used a combined research method of survey and desk
research. The questionnaires, interviews and secondary data analysis was conducted to analyse
the impacts of construction of the sponge city on the housing value. The research result shows
that more than half of the residence are willing to pay for sponge city but the amount they are
willing to pay is limited. Compared with the ability to reduce flood risk, more residence is
willing to pay for the ability to improve their living environment such as the increment of green
area. It was suggested that sponge city construction could consider more multi-functional
application so that the value of sponge city can be better recognised by the residence in Wuhan.
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Chapter 1: Introduction

1.1 Background
1.1.1 The Relationship between Water and urbanization in Wuhan city

In the past 30 years, because of economic reform, the economic market grew fast and got
booming in China. Urbanization, as one of most significant driving forces, contributes to the
fast increase of China’s economy.

In 2004, China's National government announced a national strategy called "The Rise of
Central China". This strategy is aiming at helping the central part of China to accelerate a fast
development and reducing the economic gap between the central region and East- Southern
coastal region. Wuhan, as the largest city in Central China, benefits a lot from this national
strategy.

Wuhan is the capital city of Hubei province and is locating in the middle reaches of Yangtze
rivers. According to the statistic yearbook of Wuhan 2016, the city has a population of 11
million and has a land area of 8569 sq. km. In the year 2016, the GDP reaches a historically
high level of 1191billion CNY. Because of the booming economy and population, the city is
regarded as a super city in China and plays a leading role in the economic and social
development in the region of Central China.

Urbanization is the engine of growth. (Bertinelli and Black 2004). Urbanization in China is a
process that relocates people from rural to urban areas. The result of this process is that the
population density in urban areas is much higher than the density in rural areas. To cover the
basic living requirements for this large amount of population, the urban area accommodates up
to thousands of buildings for those new immigrant living, working and having entertainments.
In general terms, the more population the city has, the higher the density of the city will be.
The high-density urban area will post two aspects of effects on urban water resource
development and management. On the one hand, due to the high density of population,
intensive social and economic activities occurred in the urban area. Those activities consume
a large volume of water for living and manufacturing. Thus the need for high quality and large
volumes of water is an important factor that has effects on urban planning and design. On the
other hand, a city with a high density and large number of population are more vulnerable to
natural disaster than ordinary cities. In recent years, due to climate change, more extreme
weather has been observed and recorded by China’s weather bureau (Meteorological Bureau
of Shenzhen Municipality, 2014). With the spread of urban area and an increase of construction
intensity, cities in China experience more flood risk exposure than ever before.

Wuhan city is a giant city with a history of more than five hundred years. Nowadays, Wuhan
city is an economic, political, cultural and educational hub in the central region of China. The
history of city development is also a history of how human beings fight with floods and deal
with water (Wang, 2013). Similar to other urban areas globally, the impropriate ways of dealing
with water results a delay response of urban problems facing by urban developer and manager.
In one aspect, the Yangtze River and its biggest tributary cross at the city's geographic centre.
This geographic feature means that the water level of the two rivers plays a direct influence on
the whole city’s safety level. In the other aspect, the rapid urbanization process filled original
lakes and rivers within the city and transferred those water bodies into impenetrable concrete.
Those man-made transformations significantly reduce the city’s ability to absorb water and
make the city easy to be flooded after a heavy rain.

The influences of Sponge city on property value in Wuhan 1



For example, the South Lake area is a large residential community in Wuhan central area. This
area is a small village located around the lake before 1996. Large developers in China such as
Poly Real Estate Group Co and Langold Real Estate Co built numbers of residential houses in
this area since 1996 and made the South Lake area becoming a newly built residential
community with a population of about five hundred thousand residents (Wuhan evening news,
2013). During the process of development, part of the water body of the South lake has been
filled with the land. According to the survey conducted by Chunye Environmental protection
association, the water area of the South Lake reduced from 14.5 sq. Km in 1994 to 7.49 sq. Km
in 2013. The water filling activity reached a peak between 2001 and 2002. During this period,
2 sq. Km of water body was filled by land (New Jing news, 2016). The activity of water filling
reduced the capacity of water storage and increased the risk of flooding in the original lake
area.

Figure 1 Map of Wuhan
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The principle of Wuhan city's drainage system is collecting rain-water and waste-water and
discharge those two water streams into the Yangtze River. But in the flood season, the water
level of the Yangtze river is sometimes more than 2 meters higher than the Wuhan city height.
In this situation, water is hard to discharge into the river naturally and pumps are being widely
used to remove water from the city into the river. When the amount of precipitation is larger
than average, the problems of river discharge stormwater surplus often coincides, which
together make flood risk particularly higher than in other periods.

1.1.2 The pilot project of sponge city in Wuhan

The sponge city is a concept of stormwater management. It is a system of infrastructures to
help the city to improve the ability to absorb the disturbance and bounce back to the original
state(Yu,2015). ‘“The general objectives of the concept entail ‘restore’ the city’s capacity to
absorb, infiltrate, store, purify, drain and manage rainwater and ‘regulate’ the water cycle as
much as possible to mimic the natural hydrological cycle’ (Zevenbergen&Boogaard,2016).

The influences of Sponge city on property value in Wuhan 2



To deal with the challenges and problems resulting from urban flooding, China’s central
government released a policy of promoting the construction of a sponge city at the 12th Dec
2014. On 31st Dec 2014, the China’s Ministry of Finance has published its policy of allowance
on the construction of the sponge city (Ministry of Finance of the People's Republic of China,
2014). This policy of allowance gives a detailed description of how the central government will
support the local government in the construction of the sponge city.

Shortly after China’s central government released its policy of promoting the construction of
the sponge city, Wuhan city has been selected as one of the first batches of pilot cities for the
sponge city construction in April 2015.

Shortly after China’s central government released its policy of promoting the construction of
the sponge city, Wuhan city was selected as one of the first batches of pilot cities for the sponge
city construction. In order to explore effective ways of constructing the sponge city, Wuhan
has set up a pilot. This pilot has been started from the middle of 2015 and will end by the end
of 2017.According to the working plan of Wuhan sponge city (The Office of Wuhan city
government, 2014), five objectives, which are related to urban environmental conditions and
improvements of waterlogging issues, have been set in city level and those objectives should
be achieved and checked before the end of 2017.

Apart from the objectives, two districts have been selected as the demonstration areas in the
pilot period of sponge city construction in Wuhan. The Wuhan government wishes that the
experience gains in the pilot projects will be applied in the later construction period (The office
of Wuhan city government, 2016). One of the demonstration districts is Qingshan district,
which locates between the Yangtze river and the East Lake. The other is located at Sixin area,
which is a new development area in Hanyang district. According to the requirements and plans
made by the Wuhan government, these two areas should complete their construction process
for sponge city before the end of the year 2017.

Figure 2 Location of sponge city area
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1.2 Problem Statement
1.2.1 The increased exposure to urban flood

In 2016, two months after the Yangtze river entered into the flood season, a long-term continual
intensive rainfall period affected the catchment of the Yangtze River (Wuhan Morning News,
2016). Wuhan, the biggest city located in the middle reaches of the Yangtze River, has been
exposed to a high risk of flooding through the whole flood season. The high water level of the
Yangtze River makes it hard to discharge the urban water into the Yangtze river via gravity.
Because the construction of pumping stations or new drainage tubes are expensive and cannot
be completed in the short term, the capacity of the city’s pumping station is limited and cannot
be adjusted in a short period. In July 2016, a one-week continual heavy rainfall attacked Wuhan
city and the precipitation intensity reached a historically high degree. According to a media's
report, more than 600mm(1.9ft) of rain has fallen in Wuhan over one week, and this
precipitation level is the most ever recorded in the history of the city (Wuhan Morning News,
2016). On the morning of 6th July 2016, a major part of the city was flooded by rainwater.
Roads and metro stations were inundated, and trains cancelled. Because of waterlogging within
the city, two main metro lines were out of operation and thousands of cars were inundated by
water and blocked on the street. This urban flooding in Wuhan has caused an economic loss of
€300 million and 10 million people in the city were severely affected because of the
dysfunction of the transportation system and the power supply system (Today's Sydney, 2016).
It took ten days to remove flood water from more than one hundred plots in urban areas, and
after two weeks, the urban operation finally returned to normal.

The heavy flooding in Wuhan in the summer of 2016 is an extreme event, but it is not a
particular case in China. According to the data released by The Office of the State Flood
Control and Drought Relief Headquarters (China) on 3rd July 2016, 32 million people in 26
provinces across China have been affected by severe flooding from June 2016(BBC News,
2016). Due to the high population intensity in urban areas, the flood risk exposure in cities is
much higher than in rural area and the economic and social effects in large cities are more
severe than in other regions. Disasters remind people to rethink the relationship between urban
development and water management in urban areas.

1.2.2 The drastically drop of housing value in flooding area

Apart from the negative effects on citizen’s safety level and daily life, the extreme flood event
occurred in summer of 2016 also played an influence on the value of house price in Wuhan.
The South Lake area is one of the urban areas, where the housing price has increased
dramatically in the past ten years. In 2005, the average housing price in the South Lake area
was 4 thousand CNY per sq.m.. The average housing price in this area has increased to 12
thousand CNY per sq.m. in 2015(Wu, 2015). The South Lake area is an area with serious
waterlogging condition during the heavy flood event in the summer of 2016. The heavy storm
on 6th July 2016 and the resulting waterlogging, caused many citizens of the community of the
South lake area to have limited access to electricity and drinking water. One week later, there
were still some areas inundated in the South Lake area. As a result, the housing market changed
after the flood event. Before the flooding, the housing price in this area was between 12
thousand to 15 thousand CNY per sq.m. It was hard to buy a house in that area because too
many potential buyers were bidding on the same house. However, after the flood event, the
asking price of some houses in the south lake area dropped to 10 thousand and the agency said
that the house transaction was hard to complete because of the lack of buyers after flooding
(Hubei web, 2016).

The influences of Sponge city on property value in Wuhan 4



1.2.3 The difficulty in construction of urban drainage system and sponge city

Because of devastating consequences made by urban floods, citizens and governments in
Wuhan paid more attention to the construction process of the urban drainage system and sponge
city. In June 4th 2013, Wuhan government announced that 13 billion CNY fund would be
invested into urban drainage system construction in 3 years to improve the capacity of urban
drainage and reduce the waterlogging situation in Wuhan (Hubei daily news, 2013). After the
flood events in the summer of 2016, citizens raised questions on how the 13 billion CNY fund
was spent and why the urban drainage system did not have many improvements in the past
three years (Sina News, 2016). The Wuhan government explained that the amount of the 13
billion CNY came from the investment plan and only 4 billion CNY fund was actually invested
into the urban drainage improvement projects. The shortage of the funds for construction was
the main reason for the delay of construction of urban drainage improvement projects (21th-
century economic news, 2016).

The problem of fund shortage also happened in the sponge city construction. On April 20th
2016, Wuhan government released the construction plan of the sponge city. According to the
plan, 15 billion CNY fund will be invested into the construction of the sponge city in Wuhan
in 2 years. The investment plan covers 389 projects in Wuhan (Wuhan urban and rural
construction commission, 2016). After the news had released, Wuhan government published
the notice of action plan of the sponge city construction to give specific guidance to Wuhan. In
the guidance, Qingshan demonstration area has an area of 23 s.q. kilometres. There are 330
projects need to be constructed within the area according to the requirements and evaluation
and the total investment for this area will reach to 13.1 billion CNY. Major projects include 41
urban roads, 260 public spaces in communities, 12 green spaces, 5 urban rivers and 12 urban
drainage tubes (The office of Wuhan city government, 2016).

In the middle of 2016, half of the projects have completed the construction and the ability of
flood protection have been examined after the serious urban flood happened during the summer
time of 2016. However, the process of constructing the sponge city is falling behind the
schedule of Wuhan government’s planning in 2015. The main reason for that delay is
insufficient funds required for the construction of the sponge city (21th-century economic news,
2016). In order to promote the construction of the sponge city in Wuhan, China's central
government has already given 1000 million CNY to Wuhan government for project
construction, but comparing the fund requirements estimated by Wuhan government, which is
15 billion CNY in two years, the subsidies amounts are far less than the requirements of funds.
The notice of action plan of the sponge city construction (The Office of Wuhan city government,
2016) mentions that Wuhan city government will allocate at least 400 million CNY fund to the
sponge city construction and the Qingshan and Hanyang district government will each allocate
at least 100 million CNY fund to the sponge city construction. As the public willingness to pay
for the sponge city is low so it is hard to finance the construction of the sponge city by means
of increasing the fees for urban water (Wang, 2016). The remaining amount of fund shortage
assumed to be financed by a method of private-public partnership (PPP). However, the expert
said that social capital was hard to participate through ways of PPP, as there was no successful
operation model in PPP to collect revenue from sponge city currently (China environmental
news, 2017).

Concerning the difficulty in construction of urban drainage systems and the sponge city, how
to find the funds for the sponge city construction or how to find a suitable business model has
a significant role in the sponge city pilot.

To explore a better method of sponge city construction, a seminar about Wuhan sponge city
was conducted on October 20th 2016. Experts from Hubei’s research institution of social
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science, Wuhan real estate association and China’s research institution of real estate index and
representatives from China’s famous real estate developer such as Vanke and Beichen
participated in the seminar.

1.3 Research Objectives

In the current pilot period, the funds of sponge city construction mainly come from
government’s grants. In the later period, the shortage of funds will become the barriers of the
sponge city construction as that the amount of government’s grants is far less than the
requirements. The significance of finding the potential business model for sponge city
construction and operation will increase over time. The objectives of the research are to analyse
the impacts of the construction of the sponge city on the housing value of the area that the
sponge city construction covers. If the assumption that sponge city construction can improve
the property value in the area that construction covers have been verified, an effective business
model can be designed accordingly.

1.4 Provisional Research Question
According to the problem statement and research objective, the main research question is:

To what extent the application of sponge city concept in urban construction will impact the
residence’s perception on housing value in Central area of Wuhan?

To answer the main question, there are several sub-questions of this study:
1. What is the flood risk perception of residences in Wuhan?
2. How residence in Wuhan value the different functions of sponge city?

3. Whether the residence in Wuhan are willing to pay for the sponge city through a way
of housing price increase? To what degree?

1.5 Significance of the Study

1.5.1 Significance of study about water management

Facing the challenge impacted by climate change and globalization, water management has
become more important than ever. Urbanization influences water flows and groundwater levels.
So the method to use and to manage water is an indispensable factor that should be considered
during urban development and management. Water is a necessity for people’s daily life.
Beyond that, water plays an important role in the Chinese culture. In the south part of China,
water is a symbol of fortune. Therefore, people of the south part of China are preferring to live
near water. Under this condition, the role of water management in China is multidimensional.
The basic function of water management facilities is to ensure the supply of water in urban
areas. Furthermore, the water management facilities should have the ability to decrease the risk
and effects of floods. Last but not least, the facilities may need to provide an opportunity for
people to live close to water. The three aspects of water management involve the different
institutions and authorities. Hence the exploration of an effective mechanism to coordinate the
different institutions and authorities to achieve a common goal has significant meaning in urban
water management. The property value is a measurement of those aspects and functions of
water management facilities, so the study of how water management facilities can play an
influence on urban land values can provide suggestions to the urban manager about scientific
urban-water using methods.
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1.5.2 Significance of the study about the relationship between sponge city and
housing value

The sponge city is a new concept that has been widely discussed but research into this concept
is relatively new. People's understanding of the sponge city is limited. The construction of
sponge city is still in a pilot period but problems of a lack of funds have become a serious
barrier in its wider acceptance and implementation. So to find a business model for the sponge
city seems to be an alternative option to overcome the problem of a lack of public funding.
Under this condition, whether the construction of a sponge city can increase the housing value
plays an important role in the success of promotion of the sponge city.

1.6 Scope and limitation

The research will cover perceptions of residence, housing and land value and transaction price
in the central area of Wuhan, which includes 7 administrative districts. The peri-urban area and
remaining new towns of Wuhan are excluding in the research as the urban development level
in those areas is significantly different from the central area of Wuhan.

The limitations of this study are as follows:

» Wauhan is a city exposed to frequent flooding, the result of research in Wuhan is hard
to generalise to other cities which experience only limited flooding;

» The pilot project of sponge city has begun in Wuhan from April 2015; It has been
implemented for only two years. Hence the project is still in an early stage of
development.

» The research analysis the relationship between citizen’s perception about sponge city
and housing value. However, it is difficult to exclude other factors that influence
housing and land values.

The influences of Sponge city on property value in Wuhan 7



Chapter 2: Literature Review

This chapter reviews the concepts of urban flooding, flood risk management and sponge city
concept. It presents and analyses the academic theory and concepts around those topics while
highlighting on their relationships and key points in the context of this research.

2.1 The relationship between urbanization and urban flooding

During the past decades, China has made a significant achievement in the process of
urbanization, the urbanization rate of China increased from 10.64% to 56.10% from 1954 to
2015 (Pan, et al., 2015). Because of the economic reform and national policy of opening-up in
1979, China has a high-speed economic growth. Thus the urbanization speed reached 0.98%
per year after the national policy of opening-up (Xia, et al., 2017).

The fast urbanization rate accelerated the construction of cities in East and Middle China but
brought a series of problems in the fast development process. Firstly, due to the unprecedented
speed of the urbanization process, the construction speed of infrastructures is hard to catch up
with the expansion and development of cities. Secondly, due to the inefficiency of experience
and lack of capacity, officers in urban development and management paid more attention to the
visible infrastructures e.g. transportation facilities, skyscraper and high-rise residential
buildings. As a result, the construction of invisible infrastructures e.g. underground drainage
systems and waste process facilities have been ignored by many cities’ management (Xia, et
al., 2017). Last but not least, the conflicts between increasing population and limited lands are
extremely intense in many giant cities such as Beijing, Shanghai, Chongqing and Wuhan. In
order to satisfy the increasing demands arisen from urbanization, many lakes within cities have
been filled up by land and houses have been built on the newly made spaces. As a result, the
changed hydrological regimes of the city have altered city's ability to reserve water.

Under these circumstances, it was a wide belief (Wu et al,2012; Yazdanfar and Sharma, 2015;
Xia,2017) that the limited capacity of urban drainage systems is the main reason for urban
flooding in China in recent years. Xia (2017) points out that the increased urban impervious
area increased runoff in the urban areas. As a result, the rapid urban expansion makes it hard
for the runoff water to be drained out by grey infrastructure systems. In conclusion, Xia (2017)
views that the outdated grey infrastructure and low standard of urban drainage system are the
major reason for the urban waterlogging phenomenon and urban floods in China's big cities.
Apart from that, the author points out that the blind urbanization also caused other urban issues
such as environmental pollution including air and water pollution and heat islands, high
housing price, resource shortage and traffic congestion. He thinks that those issues harm
human’s health, social stability and economic development directly.

According to Zheng (2016), a limited capacity of urban drainage system is not the main cause
of urban flooding in China. In his article, he argued that the Chinese government has already
taken measures to upgrade the capacity of the drainage system and uplifted the design standard
of the drainage system, but there is no obvious improvement in dealing with the urban flood.
In his article, three causes have been proposed for tracing urban flooding in China. The first
cause for the flooding is the loss of natural water bodies. He described the situation in Wuhan
as an example. In the past 30 years, 90% of the lakes. (‘a total of 228.9 km2, equivalent to 20%
of its current municipal area’ (Zheng, et al., 2015)) within the city were infilled. Thus the
decrease in natural water bodies reduced the cities’ capacities to withstand strong storms and
increases the flood risks. Secondly, the urbanization enlarged impervious areas in cities thus
increased the amount of water runoff and added extra burdens on urban drainage system. Last
but not least, the urbanization altered the natural water system within urban area significantly,
resulting in fragmentation of water system and sedimentation in urban rivers. The two results
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decreased the drainage efficiency simultaneously. Apart from that, Du (2010) thinks that the
social and ecological value of water has been unrecognized in urban spatial planning and

development processes, resulting in the undervaluation of water bodies which has increased
the likelihood of urban floods.

In conclusion, no matter whether the construction of grey infrastructure should be the main
course of urban flooding, the unscientific urbanization process indeed has led directly and
indirectly to the frequent urban flooding in China.

2.2 Flood risk perception

2.2.1 Termination of flood risk perception

Apart from urbanization, scholars (Chou, 2012, Lawrence, et al., 2014 and Odilon & Lokonon,
2016) also argue that climate change is another important factor that contributes to the
increased occurrences of urban floods. Due to the climate change, the extreme climate events
such as heavy rainfall occurred much more frequently than before. The amount of runoff water
increased rapidly and exceeded the capacity of the city’s drainage system. Urban floods
happened as a consequence. To cope with the negative effects of flooding, a risk-based analysis
is often used to evaluate causes and mitigation measurements of flood events.

Samuels & Gould (2009) give a definition of Disaster risk, which is the likelihood of a specific
event or consequence to happen. When referring to flood risk, Adelekan & Asiyanbi (2016)
mentioned that the technical definition of risk has its limitation, because the technical definition
does not consider the social aspects of flood risk. Urban floods are events that are tightly related
to residence's social life and play a significant influence on urban's historical and cultural
developments. For example, when an urban flooding happens in the urban area, citizens' daily
activities will be influenced by the traffic interruption and the ordinary operation of urban
infrastructures will face the severe challenge. Urban drainage systems are one of the obvious
examples that significant influence by the urban water cycle, and residents' safety issues and
environmental health issues. In order to understand the impacts of urban floods and the
response of urban residence and urban managements, a multidimensional concept called
perception of risk has been introduced to describe the objective consideration of a flooding
event. (Renn, 1995) In order to make it clear what the risk perception is, Adelekan & Asiyanbi
(2016) gave a definition of risk perception in his article ‘Flood risk perception in flood-affected
communities in Lagos, Nigeria’. They described risk perception as the ability to prepare for,
respond to, and recover from hazards and disasters.

2.2.2 Determinants of flood risk perception

O’Neill et al (2016) viewed that risk perception is influenced by the combination of three
groups of factors, which are cognitive factors, socio-economic factors and geographical factors.

In term of cognitive factors, O’Neill et al (2016) defined it is a kind of behavioral factor that
influences people's personal interpretation of experience and attitudes and responses. The
author explains the difference between experience, attitudes and responses. Those previous
experiences including damage experience, the ways of perceived risk being informed and
likelihood to undertake action. The previous experience is a reaction to a past event and is
neutral, but the attitude of flood risk is mostly negative emotion e.g. dread, worry and loss of
assets. For the response aspect, the response includes both individual and public responses and
them interrelated. Because of difference in acquiring the information and knowledge, the
response of the individual is highly dependent on the disseminated information by public
institutions. And the behavior varies from the perceived flood exposure and level of flood
awareness.
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In term of socioeconomic factors, Merz et al. (2010) mentioned that characteristics of
educational level, income level, gender, age and tenure status have a play influence on people’s
risk perception.

According to O’Neill et al (2016), the three groups of factors not only influence the risk
perception in a combined way, but they influence each other group. In term of socioeconomic
factors, Merz, et al. (2010) mentioned that characteristics of educational level, income level,
gender, age and tenure status have a play influence on people’s risk perception.

2.2.3 Measurements of flood risk perception

In order to find the impacts of flood risk exposure on flood risk perception, O’Neill, et al (2016)
conducted a literature review on risk perception. During the process of research, he made a
comparison of measurements of risk perception between ten authors by different categories of
hazard sources. The research covers 5 categories of the flood, which includes coastal flood,
flash flood, hurricane flood, ice-jam flood and river flood. Although the courses and
consequences of different flood categories are various, the focus aspect of measurements in
each flood category are similar.

For Coastal flood, aspects such as Awareness, Likelihood, Affect (worry), Impacts
(consequence), feelings of safety, Control and damage are usually used in evaluating risk
perception (Kellens, et al., 2012) (Terpstra & Gutteling, 2008) (Terpstra, 2011).

For River flood, measures such as Probability, flood risk rating, return period, safety norm,
damages, Likelihood and Affect are used (Botzen, et al., 2009) (Miceli, et al., 2008).

For other floods, new measures such as disruption, an index derived from cartographic
perception maps and cognitive maps of historical inundations have been described as
supplements for measuring the risk perception (O’Neill, et al., 2016).

Although the factors that play the influence on people’s flood risk perception are different in
the different category of floods, four groups of indictors of flood risk perception are mentioned
by those authors in summary. The first group of factors is hydrologic regime aspect. The flood
location (Distance to flooding area), risk rating, return period of floods and probability of
floods are included in this group. The second group of the factor is the perceived level of flood
risk. This factor refers to the degree of controllability of flooding event and the factor usually
combined with the consideration of the hydrologic factors to play the influence on people’s
flood risk perception. The third group of the factors is the attitudes and feelings about the flood
risk. The attitudes about the flood experience, the feeling of the safety during the flooding
period and emotional feeling about the flood experience are belonging to this group. The fourth
group of factors is the impacts of flooding. Both impacts about physical assets and impacts
about people’s attitude such as worries after the floods were included in this group.

2.2.4 Significance of flood risk perception

Because urban floods have a strong relevance respect to residence within the flooding area, the
value of risk perception of flood-affected communities has been widely recognized and risk
perception has currently viewed as ‘an essential aspect of subjective risk analysis’ (Adelekan
& Asiyanbi, 2016, p. 448). Therefore, an understanding of flood risk perception can help urban
managers conduct more effective public governance and to inform policy makers to make
better decisions on urban flood management.

Lawrence et al (2014) hold the view that the way to communicate information on floods plays
an influence on risk perception, and the risk perception affects the respondents of risk manager.
Therefore, the risk perception plays a critical role in the success of implementation of
mitigation measurements.
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When discussed relationship between the understanding of risk perception and effectiveness of
disaster mitigation, Fatti & Patel (2013) highlighted that understanding of risk perception does
not increase the area’s resilience level automatically. He admitted that residents' experience
and risk perception should be taken into consideration by local governments when responding
to disaster events, but factors like power distribution, competing interests and priorities also
play an important role in responding to disaster events. The fact is that areas with a higher level
of resilience have a higher level of knowledge of disasters and can receive more investment
than the disadvantaged areas.

2.2.5 Factors affecting property value and price
2.2.5.1 Factors that play influence on property value and price

Hummel (2011) defined the property value as an estimate of what a property is worth. The
value was based on people’s perception so its varies person to person. He empathized the
difference between the property value and the property price. The price of the property refers
the transaction price of the property. The transaction price of the property plays significant
influence on people’s perception on property value.

Meen and Mark (1998) regard two aspects play an influence on housing price. One aspect is
macroeconomic condition in the area. He concluded that the income, interest rate, credit
availability, tax structure, housing supply and demographic structure are the main factors that
have impacts on housing markets. The other aspect is the house conditions. The coverage rate
of infrastructure, education resources, the accessibility of commercial buildings, the
environmental conditions and the quality of the house will play influence on housing price in
specific areas or units.

2.2.5.2 Relationship between flood risk perception and property values

The increased urban floods, a result of urbanization and climate change, has become a global
issue in recent years. Researchers focused on the relationship between flood risk perception
and property values have been conducted in some Europe countries such as Finland, England,
and Netherlands.

In Netherlands, Danel et al (2009) used the tool of Hedonic Price Analysis to find the
relationship between floods and residential property value. The research shows that floods of
the Meuse river in 1993 and 1995 made a 9 percent decrease in housing price within flood
affected area. And data shows that the price reduction by flood does not recover after a decade
after the flood. However, the article shows another interesting finding that ‘a location close to
the water has an upward effect on property values of up to 3 percent’ (Danel, et al., 2009, p.
563).

In England, the relationship between the impacts of flood risk and commercial property value
has been researched by Bhattacharya & Lamond (2016). The article described that majority of
the respondents were perceived the flood risk would have an impact on property value because
the flooding has negative impacts on the utility of commercial properties. For example, people
have limited access during and short after the flooding period. The reduced number of visitors
causing by floods will decrease the revenue of the shopping centres. As a result, the value of
those commercial properties decreased after the flood. Furthermore, comparing the results of
respondents of flood experience with non-flood experience shows that respondents with flood
experience give greater weight to the flood risk factor when making a business decision.

However, the case of Helsinki, Finland shows that a drop of housing price affected by flood
risk can be recovered by increasing disclosure of flood risk information. (Votsis & Perrels,
2015) Votsis & Perrels (2015) observe that housing price is sensitive to flood risk. But due to
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the fact that the occurrence of a flood can be projected by expert, the residence in Helsinki can
take measurements and actions to reduce the negative effects of the floods. The more
uncertainty of flood risk exposure, the harder for the housing price recovered after the flood
events.

2.3 Flood risk management theory

2.3.1 Introduction to Flood risk management theory

The theory of flood risk management has significantly changed in the past decades, the theory
has involved from a focused approach to reducing flooding to multiple scales approaches
driven by a design and decision-making process. In order to have a better understanding of
improvements and content of flood risk management theories, I divided the various research
into two categories and illuminated them below separated.

2.3.2 The integrated approach for flood management

Urban flood management was started from the 19th century when the conception of modern
urban drainage appeared. At that time, the objective of the drainage facilities was to get rid of
sewage and storm water according to a specific standard (Verworn, 2002). However, due to the
advanced requirement for the construction of urban drainage facilities (e.g. the assessment of
hydraulic performance and pollutant emissions), the urban drainage facilities have been
updated based on an integrated approach for both flood protection and ecological perception.
Furthermore, because of the widely constructing of the urban drainage facilities and improved
requirements by urbanization, simple structural maintenance cannot satisfy the requirements
of better facility use. Therefore, an interactive way of operational management and control of

urban drainage facility has been suggested by the urban manager and engineers (Verworn,
2002).

The difference between a traditional urban drainage system and an integrated approach for
flood management has been explored by different scholars. Although each author has its focus
and content of the integrated approach to flood management, they all share the relevance of
upgrading the traditional urban drainage system with the development of urban planning and
management (Verworn, 2002) (Marsalek & Chocat, 2002) (Jha, et al., 2012) (Ellis &
Viavattene, 2014).

Based on the conception that the traditional urban drainage system has evolved into an
integrated urban flood management system to respect to the various demands driving by
urbanization, the world bank published a guide to illuminate how to conduct a better design
and operation for integrated urban flood management system (Jha, et al., 2012). The integrated
urban flood management system was composed by measurements of two categories: structural
measures and non-structural measures. Jha et al(2012) give a definition of structural measures
as ‘measures that aiming at controlling the flow of water both outside and within urban
settlements’ (Jha et al., 2012, p. 33). The range of structural measures covers from the hard-
engineered ways of flood management facilities (e.g. drainage pipeline) to natural buffer for
flood reduction (e.g. wetlands). Although the structural measures are effective in reducing the
waterlogging in flood period, the capacity of structural measures is limited and cannot extend
in a short period (Jha, et al., 2012). Furthermore, the authors mentioned that the structural
measures could not reduce the flood risk, they just transfer the flood risk from one location to
another by redirection of water flows.

In order to deal with the limitations of structural measures, the non-structural measures have
been used complementary to keep people safe from flooding. Jha, et al (2012) gave a definition
of non-structural measures as ‘measures of managing risk by building the capacity of people
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to cope with flooding in their environment’ (Jha, et al., 2012, p. 34). The major ways of non-
structural measures are planning and management of urban development (Jha, et al., 2012).
The author viewed that some kinds of non-structural measures such as early warning of floods
can be used as the first step to protecting people from disaster when the expensive structural
measures are absent, but those non-structural measures should be used integrated with
structural measures.

In conclusion, based on the definition and classification, Jha, et al(2012) viewed that the
integrated approach for flood management is linking the design and operation of the flood
management facilities to existing urban planning and management policy.

Ellis & Viavattene (2014) conducted research on the integrated approach and focused their
research on surface water management. Within the scope of surface water management, the
integrated urban drainage system combines the design and operation of drainage conveyance
with urban land use, building distribution and infrastructures (e.g. roads, bridges and culverts).
The integrated approach combines those separated parts of facilities and functions into a single
system for any specific conditions.

2.3.3 New approaches for flood management

While the integrated approach considers both the cognitive and physical aspects of flood risk
management, the approach still has its limitations in dealing with the uncertainty of the
probability of flood occurrence. Due to the increased impacts made by climate change, the
condition and degree of floods become much more hard to estimate by scientific methods. Even
though the integrated approach combines the construction of flood management facilities with
city’s social development (e.g. urban planning and management), approaches that can
effectively cope with the challenges arisen to deal with uncertainty is being explored by many
scholars.

» The multiple scale system-based approaches

The proposed multiple scale system-based approach was based on the emerging concept of
resilience. The new concept can ‘provide guidance for an overarching approach to managing
urban floods, which devise strategies to cope with change and uncertainty’ (Zevenbergen et al.,
2008, p. 83) .

Resilience is a concept that has involved since 1973 and is widely applied in the social domain.
Gallop1 n (2006, p.298) use the definition of ‘the capacity of a system to absorb disturbance
and reorganize while changing so as to still retain essentially the same function, structure,
identity, and feedbacks’ to illustrate the concept. The concept of resilience is being used in
flood management field to solve the limitation of the integrated approach for flood management
by Zevenbergen (2008). The author proposed that resilient approaches can take advantage of
intervention at multiple spatial levels and gave the comparison of features between the
traditional approach with the resilient approach in Table 1.

Table 1 Transition from a traditional approach to (more) resilient approach: key features (Zevenbergen, et al., 2008)

Traditional Resilient

Changes in system are stable and predictable Changes in system are uncertain

(Control changes (preserve status quo) Sustaining and enhancing capacity to adapt to uncertainties
20-year planning timeframe Long-term horizon (up to 100 years)

Sequential process of planning (linear) Continuous alignment of content and process with context

The influences of Sponge city on property value in Wuhan 13



Top-down strategy making Bottom-up initiatives and top-down strategic decisions

Focus on probability reduction Plan for less vulnerability key guiding principle

System of aims and static System of strategic alternatives

Full life cycle impacts for long-lived elements of the built environment

norms and standar K
orms and standards 'Whole system solutions

Using the practical example of Dordrecht, Zevenbergen (2008) viewed that flood resilience
measures can make a contribution to urban planning objectives and provides short-term
benefits by dual-use options at the same time.

» The approach of Dynamic Adaptive Policy Pathways

To better adapt to climate change, Kwadijk et al (2012) developed the concept of adaptation
tipping point (ATP). In the field of climate change, the adaptive capacity was defined as ‘ability
of a system to adjust to climate change to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences’ (Holling, 1973, p. 300). According to the
adaption research, ATP was defined as ‘points where the magnitude of change due to climate
change or sea level rise is such that the current management strategy will no longer be able to
meet the objectives’ (Kwadijk, et al., 2010, p. 730). The approach was involved from the
bottom-up approach and defined to find a starting point where current policy cannot cope with
for the degree of climate change and an alternative strategy or measure need to be taken. The
ATP approach aims at defining ‘when the adaption approach and enable policy maker to plan
the adaption’ (Kwadijk, et al., 2010, p. 732).

Based on the research result of ATP, an approach called ‘Dynamic Adaptive Policy Pathways’
has been proposed for decision-making under deep uncertainty and regional changes (Haasnoot,
et al., 2013). The approach is a method for designing adaptive plans and consist of two
complementary approaches: ‘Adaptation Pathways’ and ‘Adaptive Policymaking’. The
‘Adaptation Pathways’ approach is a dynamic improvement process for the scenario based
action. Each time of action is basing on the actual scenario and the conduct of the improvement
is based on the evaluation of adaptation tipping point (ATP). In general, ‘the Adaptation
Pathways approach presents a sequence of possible actions after a tipping point in the form of
adaptation trees’ (Haasnoot, et al., 2013, p. 487). The ‘Adaptive Policymaking’ approach is
planning process for a set of actions with different vulnerabilities.

Table 2 Comparison of the approaches (Haasnoot, et al., 2013)
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Aspect

Adaptive Policymaking

Adaptation Pathways

Focus
Consideration of the multiplicity of futures
Planning process

Clarity on how to design a plan

Types of actions that can be taken

Desirable plan

Starts from a vision of the decisionmaker and creates
a plan for realizing this vision and protecting it from
failure.

Indirectly via vulnerabilities and opportunities.
Comprehensive stepwise approach for designing a
plan.

Limited; a high level framework that can be
translated into a specific plan in many different
ways.

Distinguishes many different types of actions that
can be taken (e.g. hedging, mitigating, and shaping).

One basic plan is developed. No clear guideline on
how develop the basic plan.

Explores actions for achieving objectives over time
by including dynamic interaction between the
system and society.

Explicitly via transient scenarios.

Short stepwise approach for designing Adaptation
Pathways.

Application oriented, with a clear link to the use of
models to develop a specific plan.

No specific categorization of actions is used. Several
actions and pathways are presented. A variety of
actions are identified based on different societal
perspectives.

Several pathways are presented. Different
perspectives result in different preferred pathways.

No focus on how to identify promising pathways
when confronted with a large number of possible
actions.

In principle, any uncertainty can be accounted for.
Explicit attention is given to social uncertainty.
The Adaptation Pathways map clearly specifies when
a policy should be changed, and what the next action
should be.

Dynamic robustness is produced indirectly via the
idea of a ‘sell-by date’ and the shift to another action.

Consideration of types of uncertainties In principle, any uncertainty can be accounted for.

Flexibility of resulting plan Flexibility is established through the monitoring
system and associated actions.

Dynamic robustness of resulting plan Dynamic robustness results from the monitoring set
up in Step IV and the actions taken in Step V.

In conclusion, facing deep uncertainties and unforeseen future conditions, the traditional
integrated approaches were unable to cope with the dynamic challenges. The approach named
Dynamic Adaptive Policy Pathways has been used to explore an adaptive flood risk
management in developed countries such as Netherlands. Although this approach needs to be
further tested in more countries and regions, the result of Netherlands shows that the approach
of Dynamic Adaptive Policy Pathways is promising.

However, Klijn, et al. (2015) pointed out problems of uncertainty still cannot be effectively
coped by the Adaptive approach because the complexity of global economic development and
geopolitical changes.

2.3.4 The application of terminology of Flood management theory

Because urban flood management theories have become increasingly complex in recent
decades, the terminology describing the practice for applying those theories have become
increasingly diverse consequently. There are mainly five terminologies (Water sensitive city,
Sustainable urban drainage system, Best management practices, Low impact development and
sponge city) have been used for the practice of urban flood management currently.

The term Best management practices (BMPs) was previously used in North American to
‘describe a structured approach to prevent pollution’ (Fletcher, et al., 2015, p. 529). The content
of BMPs was expanded by Pollution Prevention Act (The United States of America, 1990) and
consists both structural and non-structure attributes to reduce the pollutant content of rain-water.

The term Sustainable urban drainage system(SUDS) was evolved from the implementation of
BMPs in the UK. The term was formed in a guidance document published in 2000 and ‘consist
technologies and techniques used to manage rain-water and surface water in a more sustainable
way’ (Fletcher, et al., 2015, p. 529).

The term Water sensitive city (WSC) has been developed based upon the concept of water
sensitive urban design, which has been used in Australia from the 1990s (Fletcher, et al., 2015).
The WSC was defined as ‘a conceptual representation for urban water systems, building on
sustainable urban water planning and management practices and prioritizing liveability,
sustainability and resilience in the design of its institutions and infrastructure’ (Ferguson, et al.,
2013, p. 33). Ferguson, et al (2013) observed that WSC is a shift from engineering approach to
system approach for urban water systems, but there is a limitation in an understanding of how
the strategic planning and management can use undertaken.

The influences of Sponge city on property value in Wuhan 15



Unlike the BMPs, which is mainly focused on preventing pollution, the term low impact
development (LID) is an approach design with nature and aims at ‘minimize the cost of rain-
water management’ (Fletcher, et al., 2015, p. 526). The proposed of LID was to encourage the
small-scale stormwater managing approaches like Bioretention and green roofs. The content of
LID was being extended largely to become an option of practice used to achieve goals in
sustainable urban development in North America.

The sponge city is a term to describe a condition of cities which have the ability to adapt
flexibilities with the environmental changes(Zevenbergen&Boogaard,2016). The abilities
include ‘absorb, store, permeate and purify rainwater and make use of the stored water when
needed’ (Shao, et al., 2016, p. 780). The sponge city was promoted as a national strategy to
solve the urban flooding by national governments of China. Sponge city offers ‘a more
sustainable solution to urban flooding problem than stormwater management, and more close
to the eco-city and low-carbon city theory’ (Yang & Lin, 2015).

2.4 Conceptual Framework

Figure 3 Conceptual Framework
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Based on the literature review above, there are three concepts related to my research question:
flood risk, flood risk management and property value.

The urbanization and climate change led to the increased urban flood risk. Thus the increased
level of urban flood risk plays a negative influence on property value. In the meanwhile, the
environmental deterioration, which is the result of urbanization, is another factor that plays a
negative influence on property value. The sponge city approach is one of the flood risk
management methods that been promoted by the Chinese government to reduce the urban flood
risk. Whether the sponge city approach can increase the property value need to be tested by
this research.
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Chapter 3: Research Design and Methods

Scholars have studied the relationship between urban flood risk and housing and other
properties’ value (Danel et al., 2009) (Bhattacharya & Lamond, 2016) (Votsis & Perrels, 2015).
These studies have been reviewed in Chapter 2. The outcomes of these studies vary widely.
Nevertheless, they show that flood risk perception is influencing the housing and other property
values. There is also a large body of literature exploring and elaborating on different flood risk
management approaches. The sponge city approach is one of the urban flood risk management
approaches, which is encouraged by the Chinese government to reduce both the urban flood
risk and improve the urban environment. However, very limited research has been published
on the relationship between the sponge city approach and its impact on property value.

Based on the research objective, the conceptual definitions, variables, main indicators, research
strategies and specific methods for data collection and analysis are presented in Chapter 3.
Reliability and validity of the resulting outcomes are also discussed at the end of this chapter.

3.1 Revised Research Question
According to the problem statement and research objective, the main research question is:

To what extent the application of sponge city concept in urban construction will impact the
residence’s perception on housing value in Central area of Wuhan?

To answer the main question, there are several sub-questions of this study:
1. What is the flood risk perception of residences in Wuhan?
2. How residence in Wuhan value the different functions of sponge city?
3. Whether the residence in Wuhan are willing to pay for the sponge city through a way
of housing price increase? To what degree?

3.2 Selection of research area

The research area includes seven central districts in Wuhan. They are Jianghan district, Jiangan
district, Qiaokou district, Hanyang district, Qiaokou district, Wuchang district, and Hongshan
district. It should be noted here that Wuhan has 13 districts. The main reason that the remaining
6 districts in Wuhan are excluded from the research area, is that those remaining districts
encompass large portions of newly built-up or industrial areas. The urbanization degree and
the density of the population differ significantly from those central districts. According to the
Wuhan statistic yearbook of 2016 (Wuhan Statistic Bureau, 2016), the population of the 7
central districts included in this study account for 57% of total population in Wuhan.
Furthermore, the economic development and maturity level of the real estate market in those
seven districts are different from those levels in the remaining six districts. The people’s
perceptions towards flood risk and housing value are different from the central area.

3.3 Operationalization: Variables, Indicators

The definition of variables related to these concepts in Table 3 can help to translate the complex
concepts into measurable indicators (see Table 4). They are also instrumental to address the
sub-question of this research.
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Table 3 Definition of concepts and variables

Concepts Definition Source
Flood risk | The objective consideration of a flooding event Renn, 1995
perception
How people prepare for, respond to and recover from flood | Adelekan & Asiyanbi, 2016
Sponge city A condition of cities which have the ability to adapt | Zevenbergen&Boogaard,2016
flexibilities with the environmental changes
A more sustainable solution to urban flooding problem than | Yang & Lin, 2015
rain-water management, and more close to the eco-city and
low-carbon city theory
Property Value Property value is an estimate of what a home is worth. | Hummel, 2011
Property values are not the same as property prices.
Land Value Land value is an estimate of what a piece of land is worth. | Author

Table 4: Operationalisation of concepts

Source: The author

Concepts Variable

Indicators

Flood risk Flood Risk Perception

Scale of exposure to floods

Feeling about experience of floods

Frequency of exposure to floods

Categories of exposure to floods

Measurements responding to floods

Perception about property value after floods

Flood Risk Management | The sponge city

Degree of familiar of the concept

Degree of understanding the function of sponge city

The increase of safety level

The increase of Green space coverage

The increase of public space coverage

Public willingness to pay for sponge city

property value Housing value

Degree of increase of housing value because of sponge city
construction

Land value

Degree of increase of
construction

land value because of sponge city

Housing transaction price

Degree of increase of housing transaction price fluctuation
because of sponge city construction

Land transaction price

Degree of increase of land transaction price fluctuation because
of sponge city construction
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Source: The author

3.4 Research strategy
This research uses a combined strategy of survey and desk research.
3.4.1 Strategy of Survey

This survey involves ‘a large-scale approach and covers a large number of variables and many
respondents of study’ (Thiel, 2014, p. 74). This strategy ‘collects data on both factual
information and perception of people through a form of standardizing measurements. Methods
of questionnaires and interviews are usually used in this strategy’ (Thiel, 2014, p. 74).

The reason for choosing the strategy of survey is based on the research objective, which is to
test whether the implementation of the sponge city approach will increase the housing value in
clearly defined urban areas that have experienced transformation into a Sponge City. According
to the objective, the results of the research should have a clear answer about residence’s
willingness to pay for the sponge city through a way of paying for the housing premium. The
willingness to pay is a subjective behavior may vary from person to person and the reasons
behind residence’s willingness also vary due to the different risk perception and estimation and
valuation of property values.

In the strategy of survey, a questionnaire is used as the main method to explore residence's
perception about flood risk, the sponge city approach and to test its influence on housing and
land value in central districts of Wuhan, China. However, the method of a questionnaire has
also its shortcomings. Because the questionnaire is limited choices instruments that used by the
researcher, it is likely that the answer cannot cover all the possibilities and nuances. The method
of interview of residences in Wuhan central districts is used as a triangulation to overcome the
abovementioned shortage of the questionnaire.

Considering the fact that citizens are unable to buy land in China, there is a possibility that
some of the residences in Wuhan do not have a clear perception of land value. And also because
the housing and land market is a market that is heavily influenced by the government.
Interviews with representatives of the public sector, such as city government and of the private
sectors including developers and professional service firms and experts on sponge city
approaches, are conducted to increase the reliability of the research results.

3.4.2 Strategy of desk research

The strategy of desk research is to investigate how the sponge city policy is implemented in
the real transaction market of lands and houses. This strategy was used to increase the reliability
of the research.

Based on the research results of the survey, the residence's perception of flood risk mitigation
and property value can be understood. However, the value of a property varies according to the
individual's perception. In order to overcome the difficulty in comparing the property values,
the transaction price of the property has been introduced as a measurement to reflect on the
property values.

Methods of content analysis and secondary data analysis are used in the strategy of desk
research.

In the method of content analysis, the policy of the sponge city program will be analysed to
understand the ways the government decides to implement the sponge city program in Wuhan.
The policy of the sponge city program includes the Sponge City guidance customised to the
context of Wuhan, the government's regulation on construction, the engineering standards
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associated with the sponge city project, the incentive and rules to promote the sponge city and
the sponge city planning requirements in the land parcel.

In the method of the secondary data analysis, the analysis of land transaction pricing and
housing transaction pricing in the sponge city areas are conducted to test whether the sponge
city program will impact the property values.

3.4.3 Summary of research strategies and methods in the table

Table 5 Summary of research strategies and methods

Strategy Method Research contents
Survey Questionnaire Residence's perceptions of sponge city and property value
Interview Other parties' (public sector, research institutes, developers and firms of

professional services) perception of sponge city and property value

Desk Second data analysis Transaction prices of houses and lands in sponge city area
research

Content Analysis Regulation and policies about sponge city

Source: The author

3.5 Data collection and analysis methods

According to the research aim and the strategies selected above, both primary data and
secondary data were collected during the research process. The quantitative data was the main
source of data to draw the conclusions upon and the qualitative data was collected to increase
the reliability of the research. The data type and source of different strategies are listed in the
table below.

Table 6 Table of data collection method

Strategy Method Data type Data Source

Survey Questionnaire Quantitative Primary Data Online survey tools
Interview (Triangulation) Qualitative Video chat

Desk Second data analysis Quantitative Secondary data Secondary data from existing

research database
Content Analysis Qualitative Documents analysis
(Triangulation)

Source: The author

3.5.1 Primary Data collection method
3.5.1.1 Data collection method and instruments of questionnaire

The questionnaire was structured into five parts. The first part was to collect the basic
information on socio- demographic characteristics of the respondents. The second part
considered the respondents’ exposure to urban floods. The third part explores the respondents’
general perception of the sponge city program. The fourth part tests the respondents’ perception
of the positive effects brought about by the sponge city program. The last part encompasses a
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summary to understand the respondents’ general perception of the relationship between sponge
city and property value.

The online platform called Sojump was used to conduct the questionnaire.' The questions were
put into the platform by the researcher and the platform produced a unique URL link to the
researcher. The research sent this link to the target respondents through e-mail, messages and
other information sharing tools like Wechat. This method of data collection was chosen
because it was cost-efficient and less time consuming than other methods such as door to door
survey or street interview.

3.5.1.2 Sampling Techniques and Sample size selection

According to the Wuhan statistic yearbook of 2016 (Wuhan Statistic Bureau, 2016), the Table
7 shows the population of those 7 central districts at the end of 2015 was 4.7 million.

Table 7 Demographic data of central districts in year-end of 2015

District population of residence Percentage of Percentage of central
(unit: thousand) Wuhan city districts

Jiangan district 719.5 8.7% 15%

Jianhan district 486.4 5.9% 10%
Qiaokou district 526.5 6.3% 11%
Hanyang district 585.4 7.1% 12%
Wuchang district 1,056.1 12.7% 22%
Qingshan district 433.7 52% 9%
Hongshan district 948.8 11.4% 20%

Total 4,756.4

Source: Wuhan statistic yearbook of 2016

Based on this figure, and using a confidence level of 95% at a confidence interval of 5, a sample
size of 384 respondents would have been a representative sample to survey through a method
of questionnaire.

The study used non-probability data sampling techniques. The sampling method involves a
snowball method of a self-selection method conducted by respondents through voluntary
participation. In order to increase the representativeness of the sample, the questionnaire was
distributed to residences covering all those 7 central districts of central Wuhan. Due to the
limited popularization of English, questionnaires were sent in Chinese.

3.5.1.3 Data collection methods of interview

The other data collection method of the survey strategy are in-depth, one-to-one interviews.
Since the sponge city could involve many different parties and institutions, it is difficult to
completely test and explain by just using collecting data from residence only. For this reason,

' The address of the online platform: https://www.sojump.com/

The influences of Sponge city on property value in Wuhan 21



the in-depth interviews were conducted as a supplement to test and explain the residence’s
perception.

The interviews were conducted through Wechat video chat. The interviews were conducted
with people who have a good knowledge of the sponge city. The type of interviewee covers
public sector, private sector and Residences. The institutions of interviewees and number of
each type were list in the Table 7 below. The notes will be written to record the opinions of
those interviewees.

Table 8 List of interviewee of in-depth interview

Type of interviewee Number of interviewees
Public sector Officer from Government in Wuhan city 2
Officer in Urban planning institution of Wuhan 1
Expert in Sponge city 2
Private sector Real estate developers with projects in Wuhan 2
Professional consultants 2
Residence Residence living in Sponge city area (Qingshan and Hanyang District) | 5
Total 14

Source: The author
3.5.2 Secondary Data collection method

The data collection method of the secondary data mainly focused on quantitative data collection
and data of sponge city policy in Wuhan. There were used as a supplement to enable the
researcher to have a better understanding of the sponge city project. The method of collecting
quantitative data involved collecting secondary data from the existing database and government
announcements. Two categories of quantitative data were collected. The data source of each
category of data is shown in Table 8 below. All of the secondary data has been obtained by
visiting the website of those institutions or databases. The period of all secondary data
collection is from 2007 to 2017. The data size of quantitative data included house transaction
price and land transaction price in 7 central districts of Wuhan.

Table 9 Secondary Data collection method and source

Data category | Data type Data content Source

Housing Quantitative Data about the transaction price of residential | China Index Academy
transaction housing in Sponge city area (Qingshan District

price and Hanyang District)

Data about the transaction price of residential
housing in non-Sponge city area (Other central

districts)
Land Data about the transaction price of land in Sponge | Wuhan land transaction center
transaction city area (Qingshan District and Hanyang District)

price

Data about the transaction price of land in non-
Sponge city area (Other central districts)
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promoting sponge city Department)

Sponge  city | Qualitative Guidance of sponge city in Wuhan; government’s | Committee of Wuhan Development
policy regulation on construction; The incentive rules in | and Reform  (Government

The sponge city planning requirements in land | Wuhan land transaction center
parcel

Source: The author

3.6 Validity and Reliability
3.6.1 Reliability

The reliability of this study was addressed by focusing on accuracy and consistency. The
accuracy means the no distortion has taken place. Due to the nature of the test people’s
perception about one policy, objective attitudes varied from person to person. Three ways of
improvement were conducted in this research to improve the accuracy of the research results.
The first improvement concerned to carefully distinguish between residence perception on
sponge city and housing value. In the questionnaire, the different functions of the sponge city
approach were tested separately and the land and housing value have been divided into 6 zones,
leading to an increase of the accuracy level in measuring the residence’s perception. The second
improvement involved 10 pilot questionnaires in testing the comprehensive level the of
questionnaire. The third improvement used the secondary data to triangulate the research
strategy. Those secondary data all came from official authorities and the data reliability level
assumed to be high. The consistency of the research refers that same measurement will lead to
similar results under similar circumstances. The research achieved a relatively high consistency
level as the research conducted three methods (Questionnaire, in-depth interview and
secondary data analysis) to test the relationship between sponge city and property value from
different aspects. The data analysis results of those three methods are similar.

3.6.2 Validity

The validity of this study addressed both internal validity and external validity. The internal
validity of this study was improved in two aspects. The first aspect was using tools of an online
platform to conduct the questionnaire as the researcher cannot influence the respondents'
attitude during the survey process. The second aspect is on the improvement representativeness
of the sample. As the sample method was a non-probability method, the researcher sent more
questionnaires than the target sample size. Hence the each of district has more than 30
respondents to complete the questionnaires. As a result, the representativeness of the sample
was improved.

However, it needs to point out that the external validity of this research is limited. As people's
perception of sponge city differs according to the flood risk exposure, thus the result of research
in Wuhan is hard to generalize to other cities.

3.7 Data Analysis Methods
3.7.1 Primary data analysis methods

In this research, both quantitative and qualitative data were included in the primary data
analysis methods. The quantitative data was collected from questionnaire and the data analysis
process was divided into three steps. The process of data analysis began from collecting data
through the online survey tool named Sojump. After the data collection, raw data were
downloaded into Excel and ineffective data were removed from the data source. The ineffective
data refers to data came from respondents who are not living within 7 central districts of Wuhan.
Then all the effective data were put into a new Excel sheet. Descriptive analysis of effective
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data was conducted. In the third step, SPSS were used to further analysis those data. Three
types of analysis were conducted during the analysis process. They are Correlation and
causation analysis of different indicators, Variance analysis of different indicators and
Coefficient analysis of different indicators.

Figure 4 Quantitative data analysis Flowchart
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Source: The author

As a supplement, qualitative data were collected during the research process through method
of in-depth interviews. Three steps of analysis were conducted as follows:

e  Written interview memos
e Comparing the views with the results of questionnaire analysis
e Summaries the views by group of interviewees

After each part of primary data analysis, the research will come to the following conclusions:

e The flood risk perception of residences in Wuhan.

e The extent of the different functions of sponge city was been recognized by Wuhan
residences.

e The percentage of residence in Wuhan are willing to pay for the sponge city through a
way of housing price increase.

3.7.2 Secondary data analysis methods

For the secondary data analysis, both housing price and the land price will be compared
between sponge city area with non-sponge city area. Within the sponge city is, the data of
housing price and land price before the sponge city period and after the sponge city period will
be compared to explore the conclusion. After those comparisons, conclusions of two questions
following should be answered:

e  Whether the increasing speed of housing price and land price in sponge city area will
be faster than the non-sponge city area.

e  Whether the increasing speed of housing price and land price in sponge city period will
be faster than before.
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Content analysis of policy documents and government regulations were conducted as a
supplement in this research. After the content analysis, the guidance of sponge city in Wuhan,
government’s regulation on construction, the engineering standard of sponge city project in
Wuhan and the incentive rules in promoting sponge city will be list and summarized during the
research.

The influences of Sponge city on property value in Wuhan 25



Chapter 4: Research Findings

4.1 Introduction

This chapter presents the major findings resulting from data collection. It begins with a brief
overview of the general condition in Wuhan city and the sponge city program in Wuhan. The
research findings consist of three parts; the first part is the data analysis of questionnaires; The
second part is the analysis of qualitative data based on in-depth interviews from representors
of different sectors. The last part is the results of secondary data analysis, which concluding
analysis of land user-right transaction prices and housing transaction prices.

4.2 The research findings of respondents of questionnaires

The questionnaires were made up of five parts; Personal information was required by the
questionnaire to understand the demographic characteristics of respondents in the first part.
The respondents’ exposure to urban floods, the general perception of the sponge city program,
the perception of the positive effects brought by the sponge city and the willingness to pay for
the sponge city are four aspects that been explored by the questionnaire.

At the end of data collection period, 452 questionnaires have been collected by the author.
However, there are 29 respondents do not live in the seven central districts of Wuhan, so those
respondents’ questionnaires were being excluded from the final data. The total valid number
of respondents is 423 and the research findings of respondents of questionnaires are came from
data analysis of those effective questionnaires.

4.2.1 Demographic Characteristics of Respondents

The basic demographic characteristics of respondents are shown in Table 10. The primary age
range of the respondents is between 18 years old to 65 years. Most of them got a university or
college degree. The respondents came from 7 central districts of Wuhan city, and the
percentage of respondents from each district accounts at least 10 percent, which means that the
respondents can well represent the residence in central districts of Wuhan (Table 7).

Table 10 Demographic Characteristics of Respondents

Variable Category Number of respondents Percentage of respondents
Age Below 18 1 0.2
18-28 201 47.5
29-35 88 20.8
36-50 51 12.1
51-65 80 18.9
older than65 2 0.5
Gender Female 250 59.1
Male 173 40.9
Education level Senior school or below 87 20.6
University or college degree 224 53
Post-graduate qualification 112 26.5
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Residence location  Jianghan 54 12.8

Jiangan 48 11.3
Qiaokou 43 10.2
Qingshan 43 10.2
Wuchang 74 17.5
Hongshan 116 27.4
Hanyang 45 10.6

4.3.2 The respondents’ exposure to urban floods

The impacts of urban floods and responses of urban residence play an important role in
understanding residence’s perception on urban floods (Renn, 1995). Five indicators were used
to measurement residence’s flood risk perception in Wuhan.

* Scale of exposure to floods

Table 11 shows the scale that respondents have exposure to urban floods during the past twenty
years. The survey shows that 96.7% of the respondents have exposure to urban flood in Wuhan
in either direct or indirect way, which means the residence’s urban exposure level in Wuhan
was extremely high. It can be seen that 44% of the respondents have exposure to urban floods
and 34% of residence have limited exposure to urban floods. It means 78% of residence in total
have direct exposure to flood in Wuhan. This large-scale exposure of urban floods signifies the
research about urban floods has a significant meaning in city of Wuhan. There is 18.7% of
respondents have claimed that they do not have a direct exposure to floods, but they observed
other people’s exposure to floods. This situation was assumed as an indirect way of exposure
to floods.

Table 11 The respondents’ exposure to urban floods

Frequency Percent Cumulative Percent
Heavy exposure 186 44 44
Limited exposure 144 34 78
Observed other’s exposure 79 18.7 96.7
No exposure 14 33 100
Total 423 100

* Frequency of exposure to floods

Under the condition that more than 95% of the respondents has been exposed to flooding, the
frequency of the respondents’ exposure to urban floods varies across the different respondents.
As Table 12 shows, 68.8% of the respondents who has either directly or indirectly being
exposed to urban floods experienced a frequency of flood exposure of at least once a year in
the past ten years.
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Table 12 The frequency of respondents' exposure to urban floods

Frequency Percent Valid Percent
More than once a year 109 25.8 26.7
Once a year 172 40.7 42.1
Once per two years 55 13 13.4
Once per three to five years 59 13.9 14.4
Once per six to ten years 10 24 24
Less than once per ten years 4 0.9 1
Total 409 96.7 100
Missing value 14 33
Total 423 100

» Categories of flooding damages

Under such a high degree and frequency of urban floods, residence’s perception about the
damages of floods is different according to their situation and relation to urban floods. Chart 1
suggests that public transportation has been affected most seriously by flooding in Wuhan as
73% of respondents claimed to experience adverse flood impacts on public transportation. The
second affect was flood impacts on residential buildings, as 16% respondents claimed that their
houses were flooded and 49% respondents claimed that their neighbourhoods were flooded.
Office buildings and other public places such as shopping centres were the third aspect that has
been identified as a factor which has been affected by flooding. Only 5% of the respondents
claimed to be affected by damages of moveable assets such as cars and other belongings. Unlike
the infrastructures of transportation and other immovable properties such as houses and offices,
movable properties can be transferred to a safe place. Thus effects made on those immovable
properties (including houses, offices, work places and infrastructures for transportation) are
much higher than the movable ones. Respondents also identified that floods not only have
impacts on hygiene and safety issues but also destroy city’s good image during and after the
flood period.

Chart 1 Categories of affects played by urban floods
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» Flood resilient technologies taken by residence

Measures that residence take when responding to urban floods is another important indicator
to measure the residence’s perception on urban floods. The different measures they were taken
reflect how they react to the floods and their willingness to reduce the potential flood next time.

Chart 2 Categories of anti-flood measures taken by residence
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From the Chart 2, it can be seen that the 96% of respondents preferred to take some actions
when anticipated and suffered from the flood risk. The most often used measurements were
recovery actions such as flood resilient repairs or replacement. There are 19% of respondents
claimed that they take preventive actions to protect from flooding water entering the house and
protect their properties. Measures such as flood boards to close off door openings, sandbags,
and remove valuable assets to dry places are usually used, but they mentioned that the effects
of those measures are not obvious and the water still flows into their houses. The remaining
11% respondents claimed to have taken passive actions such as leaving the flooding room or
area to protect themselves.

» Residence’s perception about relationship between floods and property value

Despite the heavy exposure conditions to urban floods experienced by the respondents, most
of the respondents qualified floods as annoying, which accounts for 59% of total respondents
as shown in Chart 3. 14% of the respondents qualified their flood experience as traumatic and
consider to move to a safe place if possible. Respondents who feel neutral or indifferent about
floods accounts for 24%. During the in-depth interviews, two respondents said to hold a neutral
attitude toward floods because they got used them as they happened every year and they already
have a psychological expectation about the potential floods.

Chart 3 Residence's attitude about experience of floods
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When considering the value of flooded properties, a comparison was made in Chart 4 to show
the respondents’ perception of the value of the flooded properties. Related to the value of
property in the flooded area, 86% of respondents think that the property value will decrease if
the property has been exposed to flooding during the flooding period. However, 48% of
respondents think the value of property can recover after the floods when anti-flooding
measurements will be taken. 25% of respondents indicated that the value cannot recover after
the floods.

Chart 4 Residence's attitude about property values after floods
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4.3.3 The respondents’ perception about sponge city and its functions

e The respondents’ perception about sponge city

Although water and water management is an important part of the urban construction, sponge
city is a new concept that emerged in China for only five years (Ministry of Finance of the
People's Republic of China, 2014). In the working plan of Wuhan sponge city (The Office of
Wuhan city government, 2014), the promotion of sponge city program is part of the work that
needs to be conducted during the pilot period. As the sponge city construction in Wuhan covers
a large area of the city, the public understanding plays an important role in sponge city
construction because the wide perception of sponge city’s benefits can help the projects
delivered more smoothly.

Although the sponge city concept is a new concept, 34% of the respondents in Wuhan central
area knows what the sponge city is and 32.2% of the respondents only heard about the concept
but have no idea of what it means. The survey shows that only 33.8% of respondents never
heard nor understand what the sponge city is. The public awareness about sponge city
construction in Wuhan is also in mediate level. The survey shows that 44% of respondents
knows that Wuhan is currently implementing the sponge city concept in construction activities.
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Table 13 The respondents’ perception about sponge city

Cumulative
Frequency Percent Percent
Know 144 34 34
) Do not know 143 33.8 67.8

Concept of sponge city

Heard, but have no idea of what

does it mean 136 32.2 100

Yes 186 44 44
Sponge city in Wuhan

No 237 56 100

» The respondents’ perception about functions of sponge city

During the survey process, the concept of sponge city and its main functions and benefits to
the city has been introduced to all the respondents. After the introduction, 68.1% of respondents
believe that the construction of sponge city can effectively reduce the negative effects made by
floods on residence’s property or houses. 5.7% of respondents does not believe that the
construction of sponge city can reduce those negative effects. The remaining 26.2% of the
respondents have no idea of what the actual objectives and effects of the sponge city
construction are and have the opinion that the results should be checked after the construction
has been completed.

To find the factors that play an influence on the residence’s perception about the functions of
the sponge city, logistic regression analysis was used to define the relationship between the
residence’s flood exposure and the perception on sponge city in Wuhan.

Basing on the literature review of water management theory, local people’s flood risk
perception plays the influence on people’s recognition of water management tools. According
to O’Neill, et al. (2016) research, four factors (residence locations, the frequency of exposure
to floods, attitude about the experience of floods and perception about sponge city concept)
was tested by the regression model. The assumption was made those four factors will capture
the variables required to assess the residence’s perception on the sponge city’s function. The
results in Table 14 show that the significant level of the factors ‘attitude about the experience
of floods’ and ‘perception about sponge city concept’ is under 0.05. Hence, the data analysis
supports the assumption that attitude about the experience of floods and the understanding level
of sponge city concept has a significant impact on the residence’s perception of the sponge
city’s function. The data analysis does not support the assumption that residence location and
frequency of exposure to floods have an influence on the residence’s perception of sponge
city’s function.
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Table 14 Multinomial logistic regression model results of perception of sponge city’s function

Likelihood Ratio Tests ‘
Factors Model Fitting Likelihood Ratio Tests ‘
Criteria
-2 Log Likelihood Chi-Square df Sig.
of Reduced Model
Residence locations 415.987 2.876 2 0.237
Frequency of exposure to floods 413.614 0.503 2 0.777
Perception about sponge city concept 423.595 10.485 2 0.005
Attitude about experience of floods 444.288 31.178 8 0.000

The Multinomial logistic regression model results of Parameter can be interpreted into two
steps. The first step is to select the effective variables according to the result. The regression
model takes the assumption that the dependent was influenced by the independent variable
when significant level of those two variables are under 0.05. The second step is interpreted the
relationship between those two variables basing on the B value. The higher absolute value of
the B value means the stronger relationship between the two variables. The positive B value
represents a positive correlation between the two variables and the negative B value represents
a negative correlation between the two variables.

The table 15 shows how each independent variable of attitudes about the experience of floods
plays an influence on the residence’s perception on the sponge city’s function. The independent
variables (the attitude about the flood experience) have a significant influence on the
residence’s perception on the sponge city’s function. The relationship between the (attitude
about the) flood experience and the perception on the sponge city’s function can be defined by
the coefficient (B value). It means the stronger the emotion (ranging from traumatic to neutral)
of the residence about the flood experience, the higher the degree of recognition the residence
gives to the sponge city.

A similar relationship has been analysed between the level of understanding of the sponge city
concept and the residence’s perception on the sponge city’s function. From Table 16 it can be
seen that the better the understanding of the sponge city concept, the higher the degree of
recognition of the sponge city’s function.
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Table 15 Multinomial logistic regression model results of Parameter estimate of flood experience

Parameter Estimates

14. Do you think that the construction 95% Confidence

of the sponge city can effectively
reduce the negative effects made by Lower Upper
floods on your property/house?? B Std. Error Wald df Sig. Exp(B) Bound Bound
Yes [6. How do you feel about 1.075 0.310 12.050 1 0.001 2.929 1.597 5.372
the experience of these
floods?=1]

[6. How do you feel about 1.010 0.147 47.125 1 0.000 2.746 2.058 3.664
the experience of these
floods?=2]

[6. How do you feel about 0.833 0.219 14.505 1 0.000 2.300 1.498 3.531
the experience of these
floods?=3]

[6. How do you feel about 0.223 0.671 0.111 1 0.739 1.250 0.336 4.655
the experience of these
floods?=4]

No [6. How do you feel about -1.253 0.567 4.883 1 0.027 0.286 0.094 0.868
the experience of these
floods?=1]

[6. How do you feel about -1.578 0.305 26.840 1 0.000 0.206 0.114 0.375
the experience of these
floods?=2]

[6. How do you feel about -1.792 0.483 13.759 1 0.000 0.167 0.065 0.430
the experience of these
floods?=3]

[6. How do you feel about -0.693 0.866 0.641 1 0.423 0.500 0.092 2.730
the experience of these
floods?=4]

Table 16 Multinomial logistic regression model results of Parameter estimate of understanding of sponge city concept

Parameter Estimates

14. Do you think that the construction 95% Confidence

of the sponge city can effectively Lower Upper

reduce the negative effects made by B Std. Error Wald df Sig. Exp(B) Bound Bound

Yes [12.Do you know the 1.897 0.253 56.333 1 0.000 6.667 4.062 10.941
concept of the sponge
city?=1]

[12.Do you know the 0.375 0.175 4.576 1 0.032 1.455 1.032 2.050
concept of the sponge
city?=2]
[12.Do you know the 0.840 0.194 18.715 1 0.000 2.316 1.583 3.388
concept of the sponge
city?=3]

No [12.Do you know the -1.099 0.471 5.431 1 0.020 0.333 0.132 0.840
concept of the sponge
city?=1]

[12.Do you know the -1.928 0.378 25.958 1 0.000 0.145 0.069 0.305
concept of the sponge
city?=2]
[12.Do you know the -1.335 0.355 14.109 1 0.000 0.263 0.131 0.528
concept of the sponge
city?=3]
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According to the literature review, the sponge city concept seems to be a more sustainable
solution to resolve the urban flooding problem in general than the traditional stormwater
management method, and is more close to the eco-city and low-carbon city theory (Yang &
Lin, 2015). The benefits of the sponge city construction are on three main aspects: a reduction
of flood risk, an improvement of the coverage rate of green space and an improvement of the
coverage rate of public space.

Chart 5 Residence’s perception on different functions of sponge city
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The survey shows that most of the residences recognise well the sponge city's ability to improve
the coverage rate of green space. 80% of respondents believe that the sponge city construction
can improve the coverage rate of green space in the area the construction covers. The degree
of recognition of improving the environment exceeds its ability to improve the flood safety
level, which is 74%. Compared to the respondents have no idea on its ability to improvements,
respondents who have no idea about the sponge city’s ability to reduce the flood risk achieved
23%, which is the highest among the three indicators. This data shows that about one-fifth of
the respondents has no idea about its actual effects on reducing the city’s flood risk. Apart from
that, 8% of respondents think that the sponge city construction cannot improve the coverage
rate of public space. They do not know how the sponge city construction can improve the
coverage rate of public space and do not recognize the relation between sponge city and public
space. The result shows that the level of understanding of the respondents of the applications
of the sponge city construction is still limited.

4.3.4 The respondents’ willingness to pay for sponge city

The residence’s willingness to pay is an objective perception that varies from person to person
due to different personal value system. One of the factors that plays an influence on the
residence’s willingness to pay is how the residences perceive the property value fluctuations
due to the construction of the sponge city.

» The respondents’ perception of property value increased by sponge city

To explore which factors can play an influence on respondent’s perception of property values
movements, Chi-square tests were used to test the assumptions. Five factors (Residence
locations, the frequency of exposure to floods, attitude about the experience of floods,
perception about sponge city concept and perception about Flood's influence on house value)
have been used as explanatory variables for the property values movements because of sponge
city. The result in Table 17 shows that Pearson values of significant level of house value
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movement and land value movement are both under 0.05. It means respondents perception
difference in the relation between flood risk exposure and property value has a strong relation
to their perception difference in the relation between sponge city construction and property
values. In a word, respondents who believe the floods will make an influence on property
values also think the sponge city will make an impact on property values.

Table 17 Chi-Square Tests of property value movements between flood exposure and sponge city construction

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 18.585 10 0.046
House value Likelihood Ratio 17.844 10 0.058
movement Linear-by-Linear Association 0.458 1 0.498
N of Valid Cases 423
Pearson Chi-Square 24.036 12 0.02
Land value Likelihood Ratio 24.854 12 0.016
movement Linear-by-Linear Association 0.281 1 0.596
N of Valid Cases 423

When testing respondents’ perception about the extent that sponge city plays influence on
housing value and land value, the result shows that 17% of respondents think that sponge city
construction cannot increase the house value and 12% of respondents think that sponge city
construction cannot increase the land value. As shown in Chart 6, the majority of respondents
think that sponge city construction can increase the property values. There is 52% of
respondents thinking the range of house value increasing is less than 5% of the original house
value, and percentage for this range of land value increase is 40%. In China, the residence does
not have the ability to participate in the land transaction of renting land or buying land user-
right, so the perception of land value is not as ordinary as the perception of house value. As a
result, 21% of respondents choose the choice of have no idea.

Chart 6 The extent that sponge city play influence on housing value and land value
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In summary, the data shows that respondents who were sensitive to flood risk exposure and
property value are likely to recognize the value of sponge city by means of property value
increases. There is 83% of respondents thinks the sponge city construction can increase the
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house value of the area that construction covers and there are 67% of respondents think the
sponge city construction can increase the land value of the area that construction covers. The
major of respondents who think the sponge city construction can increase the property value
viewed the range of the increase will be less than 5% of the property’s original value.

* The respondents’ willingness to pay a house price increase for sponge city

In order to have a solid understanding of respondents’ willingness to pay for the sponge city, a
correlation test was conducted to test the correlation between respondents’ perception of house
value increase and their willingness to pay. The result in Table 18 shows that the Significant
level of the correlation is below 0.01, which means the correlation level of these two variables
has its meaning. The Pearson correlation value of these two variables is 0.443, which means
the degree of the correlation between these two variables is middle and positive in the statistic.

Table 18 Result of correlation test between house value increase and willing to pay

Correlations

House value increase as the result of the sponge city Pearson Correlation 1 443
construction

Sig. (2-tailed) .000

N 423 423
willing to pay an extra cost for the sponge city Pearson Correlation 443" 1
construction Sig. (2-tailed) .000

N 423 423

**_Correlation is significant at the 0.01 level (2-tailed).

The data result of the survey investigates the respondents’ willingness to pay for the sponge
city in the way of house price increase. The Chart 7compared the data results of willingness to
pay with the data results of respondents’ perception of housing value increased by the influence
of sponge city.

The data shows that 26% of respondents are not willing to pay for the sponge city in a way of
house price increase, although 17% of respondents think there is no value increase for the
sponge city construction. That is to say, there is 9% of respondents recognise that the sponge
city construction can improve the house value but they are not willing to pay for the value
increase. For the range of increase,35% of respondents claimed that the range of paying extra
for the sponge city is less than 2% of the house price. By contrast, 22% of respondents claimed
that the range of paying extra for the sponge city is between 2% and 5% of the house price,
which is 6% less than respondents’ perception of house value increase. For the data, we can
find that the range of respondents’ willingness to pay for the sponge is less than the range of
respondents’ perception about house value increase. In a word, some of the respondents
recognised the value increase by the sponge city, but the amount of their willingness to pay is
part of the value increase.
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Chart 7 The respondents’ willingness to pay extra for sponge city
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Basing on the result of correlation test between these two variables, a regression test was
conducted the explore the specific relationship between these two variables. Two assumptions
were made for the test. The first assumption is that the dependent variable is the house value
increase and the predictors are the respondents’ willingness to pay an extra cost for the sponge

city. The second assumption is that the respondents’ willingness to pay is been used as
constant scale indicator instead of category indicator.

Table 19 Result of regression test between house value increase and willing to pay

a

ANOVAa
Model Sum of Squares  df Mean Square F Sig.
1 Regression 181.363 1 181.363 102.679 .000b
Residual 743.615 421 1.766
Total 924.979 422

a. Dependent Variable: House value increase as the result of the sponge city construction b. Predictors: (Constant), willing
to pay an extra cost for the sponge city construction

Coefficientsa
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
Willing to pay an extra cost .480 .047 443 10.133 .000
for the sponge city
construction

Dependent Variable: House value increase as the result of the sponge city construction
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The result in table 14 shows that the Significant level of the regression test is below 0.01,
which means the result of the test can be reliable at 95% confidence level. The Beta value of
the unstandardized Coefficients is 0.480, which means the portion of the dependent variable’s
influence on the predictor is 0.480. The result of the regression test means that every 1% of
the respondents’ perception of house value increase will lead to the 0.480% of the
respondents’ willingness to pay for the sponge city. In a word, if the respondents view that
the house value was increased by 1% as a result of sponge city construction, they are willing
to pay 0.48% of the increase for sponge city construction.

4.4 The research findings of respondents of in-depth interviews

The research findings of questionnaires above have already shown the residence’s perception
about flood exposure, sponge city and their willingness to pay for the sponge city. However,
the quantitative data can only reflect the residence’s perception about that issue, the reasons
behind the data and the results are hard to explore by the questionnaires. In order to explore
the causations and considerations behind the data, qualitative research of depth-interviews
was conducted to explain and support the research findings of questionnaires.

4.4.1 The introduction of in-depth interviews and interviewees

The in-depth interview was focused on the three research questions above. The first question
was talked about residence’s flood risk exposure in Wuhan and how the risk exposure plays
influence on their lives and city operation and management. The second question was talked
about their perception about sponge city and its different functions. The logic relationship
behind the perceptions was explored during the interviews. The last question was talked about
the residence’s willing to pay for the sponge city in a way of house price increase.

During the data collection period, 14 interviewees from different types of sectors have given
their opinions about sponge city. For the public sector, officers from the government, officer
in Urban planning institution and experts in sponge city were interviewed. For the private
sector, real estate developers and professional consultants were interviewed. Five residences
who conducted the questionnaires were also interviewed for an explanation of their choice in
the survey.

4.4.2 The residence’s exposure to urban floods

All the interviewees viewed that flood risk perception of residence in Wuhan is at a relatively
high-level compared to other big cities in China. Apart from the urban flood, the river flood
occurs every year, and it plays a threaten on the city’s safety level. For the recent five years,
the occurrence of urban floods increased to at least once per year. However, the degree of
flooding varies in those last years. The negative effects made by urban floods on different
aspects of their lives, but generally speaking that the public areas such as commercial centers,
roads and public transportation system suffer most in flood.

The interviewee from Wuhan Metro Group mentioned that large amounts of financial and
physical losses occurred during and after the flooding period due to the urban floods. The
flooding water entering into the main subway stations last year and one of their subline were
out of operations for one hour because of waterlogging in their hub stations such as Wuchang
train station. Although they have put sandbags in front of the stations before the flooding, the
water still flowed into their stations. After the flooding, they used traditional measures such
as pumps to remove the water and reduce the negative effects. Each time after the flooding,
they have to spend extra cost to repair their equipment which was destroyed by flooding water.
Up to now, there is no effective way to prevent from flooding every summer time.
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The interviewee from Wuhan city government mentioned that due to the high water level of
Yangtze river, flood risk is not only a city level risk but a regional level risk. Areas along the
Yangtze rivers strongly related to each other. Reducing flooding risk has high priority level
within administrative affairs. Because of the frequently occurred flood, governments in both
city level and districts level formed anti-flooding committees to fight against flooding risk
once the weather bureau published alarms in the summer season.

The interviewees from developers conducting commercial operation mentioned that the
flooding has a direct influence on their operation of commercial centers and office buildings.
The flooding made the most serious influence on open areas such as commercial blocks and
outdoor streets, but those damages are easy to recover. Undergrounds parking lots suffer most,
and the damages on those parking cars made an adverse impact on their brand. The potential
tenants cared that whether the commercial operator has sufficient measurements to reduce the
flood risk. Apart from that, the safety level was an important factor that has been considered
when deciding to buy or rent the property; As an operator, they have taken preventive actions
such as preparing for sandbags and backup power generator sets to reduce the influence made
by floods. However, they mentioned that the water flowed from the public areas such as roads,
so it is hard for them to reduce the risk from source.

In the aspect of land acquired, the interviewees from developers said they would avoid the
areas of South Lake and Guanggu when their companies were acquiring lands. These two
areas have the most serious waterlogging situation during the flooding period and they thought
the situation is hard to improve in a short period.

The interviewees from urbanisation-related consulting firms and construction institutions
mentioned that the high level of flood risk exposure had played an influence on their current
works. Because of the high exposure level in Wuhan, measures of improvements have been
conducted continually. However, the city is in a fast developing and constructing period, to
coordinate the construction requirements for some public infrastructures, part of underground
drainage pipelines have been temporarily out of service or reduced its volume of discharge.
Those facts exacerbated the flood risk level in the city and the problem is hard to solve under
current urban development pace.

The residences said their attitudes and perception about floods changed in recent years. In the
year 2008, heavy floods occurred in the major part of South China, they viewed the urban
flood as the result of a huge disaster event due to climate change. However, the frequency of
urban floods increased from every five to eight years per time to once or twice a year since
the year 2012. They expect that urban floods are highly possible to occur in the summertime.
The feeling about the experience of floods changing from traumatic to annoying or indifferent
gradually due to the changing of floods expectations. One of the residence mentioned
specifically on his measurements on reducing the negative effects by floods. Because his car
was damaged by water on the roads, these damages were not covered by the ordinary car
insurance, so he has to spend a large amount of money to repair his car. After that year he
bought extra car insurance for the flooding damaged since 2012; When talking about the
government’s response to the urban flood, one residence said that it is government's
responsibility to reduce the flood risk because the most serious waterlogging was on the roads
and subways. He thinks the flooding was due to the poor quality of public construction
projects.

In summary, the flood risk exposure in Wuhan is in a wide scale of residences in Wuhan. Most
interviewees reported that urban floods have play influence on their daily life in a direct or
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indirect way. The high frequency of floods and less effective ways of anti-flood
measurements, the tolerance level about the urban floods is relatively high.

4.4.3 The residence’s perception about sponge city and its functions

Unlike the perception level of urban flood risk, the perception about sponge city varies person
to person. The interviewees who work in urban planning and water management area have a
better understanding, others such as developers and residences have limited knowledge about
sponge city and its functions.

An interviewee who works in Wuhan Urban planning institution said because of heavy
flooding, water management becomes an important factor when conducting urban planning.
Due to that Wuhan has been selected as the pilot project of sponge city construction, applying
the sponge city concept into the urban design becomes a compulsory requirement to follow in
every project locates in Wuhan from the year 2017. Apart from the sponge city, Wuhan
government promote other water management concepts such as ‘management four rivers
together’ and “providing more room for the river”. Those projects’ aim is reducing the
flooding risk by effectively managing the rivers within the city. Their work usually combines
the requirements of project ‘Dealing four rivers together’ with sponge city concept. However,
during this work process, the sponge city is not possible to apply in all areas. In fact, whether
the land should have sponge city planning depends on its geography and environmental
conditions. If the land has the condition to satisfy the sponge city requirements, the
requirements and regulations will be written on the instructions of the land parcel.

When talking about the value of different functions of sponge city, the interviewee who works
in Wuhan Urban planning institution said the values for residence are different according to
their different degree of flood risk exposure. For areas with the serious waterlogging
condition, the function of safety improvement was being valued most; For other area,
residences care more about environmental improvements and more public spaces.

An interviewee from Metro Group mentioned that the function of sponge city was not
recognised in corporate level. According to the working plan of Wuhan sponge city (The
Office of Wuhan city government, 2014), the Wuhan Metro Group was one of the major
institution responsible for the construction of the sponge city in Wuhan. However, the group
does not participate in any of the sponge city construction till now. The first reason is that the
group lacks basic knowledge of sponge city concept. The Metro Group knew that the
construction of sponge city may help them decrease the loss during the flood period, but due
to the limited knowledge about the sponge city, the risk of participating in sponge city
construction is too high to bear. In practice, because of plenty of subway lines construction,
the corporate was running under a deficit. As a result, the group do not have the fund for the
construction of sponge city.

When talking about the value of different functions of sponge city, the interviewee from the
Metro Group holds the view that the value of functions varies by season; During the rainy
season, the function of safety improvements will be valued most by residence. During spring
and winter, the function of environmental improvements will be valued most because of the
air-pollution problems in these two seasons.

In the views of officers in Wuhan government, the residence’s recognition about the value of
sponge city will increase after the promotion and pilot period. They valued the function of
safety improvements because it represented the basic ability of urban management. But the
residence may care more about the environmental issues.

The interviewees from developers hold the views that developers and the residences will have
the different attitudes on the function of sponge city. Firstly, two respondents from developers
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mentioned that the reason that they began to study the content of sponge city is they found
there is a compulsory requirement of sponge city construction on the instructions of the land
parcel land. In order to estimate the influence of the new instructions, they have to explore the
content of sponge city and calculate how the new instruction will play an influence on their
construction costs of that land parcel. As a real estate developer, she valued the function of
environmental improvements most. And also value the benefits of increasing public space;
she thought that these two aspects are easy to be seen by their clients, and they are more
willing to pay things for which they can see and feel directly; But as a residence, she valued
the function of safety improvements most. The improvement of the safe level will reduce my
loss during the flooding season. For example, her car was broken on the road last year, and
she spends a lot to repair it because ordinary insurance did not cover flooding.

As the professional in the water management sector, the experts and consultants have a much
solid understanding about the residence’s perception about the sponge city. The consultants
emphasised that urban floods had played significant influence on urban design and
construction in recent years; In the past, people thought the water management is the
responsibility of water management authorises. Nowadays, people began to recognised its
importance in the whole urban construction. The increasing exposure of urban floods also
pushed the consultants to consider how to design and management for water in the urban
design process. However, it is hard for both developers and residences to recognise its value
in water management currently. They take granted for that these factors have been considered
for the government. The concept of sponge city has been applying to their projects a lot, but
the residence cannot combine those applications to sponge city. For example, the permeable
parking lots, the green roofs and manual waterways have already been used in real estate
developments. But both the residence and some of the developers do not know those
constructions can be used or adjusted to reduce the flood risk. In practice, the construction of
sponge city should be combined with the urban landscape and environmental conditions. The
developers are more willing to spend costs on those two aspects. In a professional aspect, the
function of safety improvements should be given priority. However, the function of
environmental improvements and increasing public space are more valuable to the residence.

The residence said that they either heard the concept of sponge city in local news after the
flooding last year or seen from the poster within communities. They have a general perception
about sponge city. They described the sponge city as an improvement to current urban
construction and its aim was to reduce the flooding risk in their communities. The residence
who had the negative experience of flood shown high anticipation about the functions of
sponge city. The residence has less exposure to floods value more about the functions of
environmental improvements than the reducing of flooding risk. Two of the residence both
mentioned that he cannot connect the benefits of sponge city to the increased public space.
One of them viewed the construction will reduce the area of public space in his neighbourhood
as the construction will be built on public lands such as the square or other entertainment
places.

In summary, the understanding of sponge city varies case by case. Most interviewee’s degree
of understanding is at a limited level. Except for the experts in related areas, other interviewees
heard the concept of sponge city, but they do not know how the concept can be used or
combined with urban developments. After an explanation to the interviewees, they got a better
understanding of the sponge city content. Basing on the new level of understanding, they
majorly recognized the functions of reducing the flooding risk level and improvement of green
space coverage. But the priority sequence of different functions still varied person to person
according to their various backgrounds.
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4.4.4 The residence’s willingness to pay for sponge city

10 of the 14 interviewees thought the residence are willing to pay for the sponge city
constructions through a way of housing price increase. The interviewees who hold the view
that residence is willing to pay thought that the sponge city can not only increase the safe level
or reduce the flooding but also improve their living environment. But the reason they thought
why the residence is willing to pay is different.

The developers’ view was that they would transfer the costs for sponge city to potential house
buyers regardless of their willingness to pay. The current real estate market is seller's market,
and the developers hold the right of defining the price. In practice, they will try to reduce the
extra costs by sponge city construction and add the amount of cost in the sales price. The
potential buyers will pay the cost for sponge city finally. In another aspect, their research and
design department is studying the content of sponge city currently. They want to use the
sponge city as a highlight for their products and make more price premium by the concept of
sponge cities such as green roofs or more open space for communities. The interviewee said
at least half of the residence are willing to pay for the better quality of the houses. The key
factor that determines the residences’ willingness to pay is to help them find a connection
between sponge city construction and better living environment. They estimated that the
willingness to pay for the reducing of flood risk might not reliable in non-serious flooding
area, but the willingness to pay for the green environment and public spaces will be strong for
most of the residence. But when talking about the land value movement due to sponge city,
the interviewees from the developer viewed the current practice of transferring the
construction responsibility to the developers made the value increment process postponed. In
theory, the sponge city can improve the land value, and increment of land value can be
transferred to property value. However, the current practice is transferring the construction
duty to developers, so the land value does not have any increment. After the construction by
the developers, the value increment can be achieved.

The experts and consultants have the similar points about the residences’ willingness to pay
for sponge city. They mentioned that the Wuhan housing market is booming. Because the
increasing requirements for housing investment, the demand for housing cannot be satisfied
by the current supply. To control the house price at a stable level, the government use the
price limitation policy on house transaction. However, this policy pushes the developers
reducing their supply further because they think the price was being underestimated by the
limitation currently. The situation makes the residence even hard to buy a house. Therefore,
the potential buyers have to pay more money for the houses. The interviewee said the issue in
current market condition is not whether the residence is willing to pay for the sponge city
because the most serious issue is whether they are able to buy a house. Under this situation,
they increment of price for sponge city will be neglected by the residence. In theory, the
sponge city construction has a lot of benefits to the residence, so these two-year is the best
time for promoting sponge city in new houses as the increment cost is easy to digest through
the house price increments. However, the experts mentioned that the major responsibility of
sponge city construction should not belong to the developers. It is government’s role to take
the major responsibility for the sponge city constructions. The residence has already paid taxes
and other fees for the infrastructure, which includes the sponge city construction. When
talking about the property value increment by sponge city, the consultants' view is the sponge
city construction can increase both the land value and house value. The increment range of
land value is large than the range of house value. The reason for their opinion is the
improvement of safety level and green area coverage is taking place at the regional level rather
than house unit. The total construction area can get benefits of the sponge city, and the degree
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of the benefits are similar regardless of quality and type of the house. So they thought the
sponge city could play a direct influence on land values and an indirect influence on house
values.

The interviewee from Urban planning institutions said he was not willing to pay for the sponge
city. He explained that the construction cost should be bored by the municipal construction
cost and local taxes. As that sponge city is part of the urban infrastructures and residences
have already paid taxes for those costs, so there is no reason to ask the residence to pay for
the construction. Apart from that, he mentioned that the sponge city should take advantage of
technologies and skills updated. The principle of sponge city is a low-impact development, so
the constructor should consider more on the aspect that how to use the scientific design and
new technologies to reduce the cost.

The interviewee from the government explained the consideration from the government on
this issue. They are glad to hear the statics result that more than 50% of respondents are willing
to pay for the sponge city, but the cost for sponge city should distribute by various participants.
In the current period, the investment for the sponge city mainly spent by the government’s
grants. However, the total cost should not solely rely on government’s grants. The subsidies
proving by central and local governments is a way of promotion, and the social capital should
participate in the construction of sponge city and take the major role in the later period.
Because the sponge city can make real benefits on residence’s life, they are willing to pay for
it. But the propose of promoting the sponge city construction is encouraging smart
development during the urbanization process. The smart development requires different
institutions to participate, and the power of the social capital can be used to improve the
efficiency and the problem of lack of funding.

Comparing to the non-sponge city area, the residences are willing to pay a bitter more for
safety level or better environment. The willingness to pay for the sponge city is paying for
better quality of houses. But they also mentioned that the most important factor for housing
price is the location and investment value for the houses. When the residence answered the
questionnaire, they do not calculate the range of increment. They just have a ‘feeling’ about
the range of the value increment and the feeling about the increment is not high. The residence
who has no idea of land value because they seldom pay attention to land value. They think the
value increased for the property will be larger than for land. The amount they are willing to
pay for the sponge city will less than the range of value increased.

In summary, the value increment of land value and house value due to the sponge city have
been confirmed by most of the interviewees. In current market condition, the residence’s
bargaining power is weak, so they have to pay for the extra costs due to the construction of
sponge city. In actual, they are willing to pay for part of the value increment as the
improvement of the better living conditions. That better living condition includes the
reduction of flooding risk but most residences cared more about the improvement of
environments of their neighbourhoods. However, the professionals mentioned that the
residence’s contribution should not be regarded as the main source of the construction funds.
Governments and social capital should take the leading role in the sponge city constructions.

4.5 The research findings of secondary data analysis

The research findings of analysis about data of land transaction price and house transaction
price were described in this part. The movement of land transaction price and house
transaction price were compared between the sponge city area and non-sponge city area in
Wuhan to find how the announcement and the construction of sponge city can play an
influence on the transaction price.
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4.5.1 The data analysis result of land transaction price

In China, the land was owned by the country, and the land transaction price refers to the
transaction price of land with a marketable granted private use rights for a term 70 years. ‘The
Land Management Law of 1986/88 legalized private use rights to publicly owned land in
China. And then the Interim Regulations on Allocation and Granting of Urban State-Owned
Land Use Rights of 1990 defined urban land rights as (a) unmarketable allocated rights
available for public use and (b) marketable granted private use rights for a term 70 years’
(World Bank and The people's republic of China development research center of the state
council, July 2014, P.25). After the regulations, China’s urban land markets was created the
land use right began to able to transact in the local land markets (World Bank and The people's
republic of China development research center of the state council, July 2014).

The author collected data of all the successfully transaction residential use land, which are
locating in seven central districts of Wuhan from the year 2007 to April 2017 from Wuhan
land transaction center. Those 152 land transactions were list in Annex 3 for reference.
According to the land’s location, those transactions were divided into seven groups, and each
group represent one of the central district transactions. Because the size of lands is different,
the unit price per square meter was used to represent the land transaction price of each land.
Table 20 was the annual average unit land transaction price for each district in Wuhan from
2007 to April 2017. However, each land transaction price was specific to the land
characteristics and the data was not in a continual condition for analysis. For example, in the
year 2009, no land transaction achieved in Jianghan District, Jiangan District, Hongshan
District, Qingshan District and Hanyang District. Apart from that, the movements of each
district’s land transaction price were so fluctuated that no effective comparison result can be
found from those data.

Table 20 Annual average unit land transaction price for each central district in Wuhan

Districts

Qiaokou 2,863 2,331 2,342 4,150 -
Wuchang 3,115 2,286 3,237 2,864 2,322
Jiangan 3,738 3,188 - 1,884 3,116
Jianghan 3,070 3,226 - - 7,800
Hongshan 2,490 1,357 - 1,620 3,097
Qingshan( Sponge city pilot) 3,415 - - - 1,002
Hanyang (sponge city pilot 2,431 1,730 - 1,351 3,971

Districts

Qiaokou 2,046 - 2,354 4,288 - 10,555
Wuchang 3,077 1,003 - 2,178 - -
Jiangan 1,843 1,979 2,565 - 3,136 9,886
Jianghan - - - 3,418 - 15,184
Hongshan 2,353 2,014 - 4,956 2,587 -
Qingshan(Sponge city) - - 2,289 4,258 - -
Hanyang (Sponge city) 2,169 - 2,946 2,901 3,536 8,457

4.5.2 The data analysis result of house transaction price

Similar to the land transaction price, the author has collected the monthly and annually
transaction price of residential houses in seven central districts of Wuhan from the database of
China Index Academy. The residential house transaction data in Wuhan is available from
January 2011 to June 2017. Those data have been used to compare between different areas and
different periods in order to find the relationship between house price and the flood risk level.
The residential house transaction price refers to the unit price of the successful transacted house
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that has been registered in Wuhan Real estate transaction center. The date recording for
transaction is the registering date. The unit of the price is CNY per square meter.

4.5.2.1 The relationship between flooding event and house price

Wuhan is located in Central China and has features of a subtropical monsoon climate and the
summer season is from June to September. During those months, the rainfall amount usually
varies between 200mm to 300mm per month, and the rainfall amount is larger than in the
remaining months of the year. (World weather online, 2017) From Figure 5 it can be seen that
in 2016, the rainfall is significantly larger between June to August than in the other months.

Figure 5 The monthly rainfall amount of 2016 in Wuhan
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In July 2016, a one-week continuous heavy rainfall attacked Wuhan city, and the precipitation
intensity reached a historically high degree. The heavy rainfall caused a lot of waterlogging
within the city. The data from Table 21 shows that the height of the residential house
transaction price in most of the districts was lowered in July. Only two districts got a residential
house transaction price increase, and those two districts are all sponge city construction areas.
It is plausible that the flooding reduced the value of some residential houses with serious
flooding conditions, therefore the district’s monthly average house transaction price dropped
in July.
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Table 21 Monthly residential house transaction price movements of 2016 for each central district in Wuhan

Districts 1 2 3 4 5 6
Qiaokou 16% -10% 0% -5% 0% 9%
Wuchang 3% 2% 0% 6% 2% 3%
Jiangan -1% 6% 2% -2% 6% 2%
Jianghan 11% -2% -5% 16% -10% -8%
Hongshan -1% 1% 7% 1% 3% 10%
Qingshan( Sponge city pilot) 16% -9% -2% 5% 1% 10%
Hanyang (sponge city pilot) -2% 0% 2% 7% 0% 0%
Districts 7 8 9 10 7 12
Qiaokou -3% 3% 2% 2% -3% -3%
Wuchang -4% 1% 5% -36% -4% 6%
Jiangan -8% 9% 39% -16% -8% -5%
Jianghan -5% 15% 3% -8% -5% -31%
Hongshan -10% -7% 26% -8% -10% -12%
Qingshan(Sponge city) 6% -5% 13% 3% 6% -15%
Hanyang (Sponge city) 4% 3% 4% 9% 4% 11%

4.5.2.2 The comparison between sponge city area and non-sponge city area

Wuhan city has been selected as one of the first batches of pilot cities for the sponge city
construction in the April 2015. The working plan of Wuhan sponge city (The Office of Wuhan
city government, 2014) was released in October 2015, and the intensive constructions began
after the work plan. Chart 8 shows the movement of the annual average unit house transaction
price. The non-sponge city area covers five districts, which are Jianghan District, Jiangan
District, Hongshan District, Wuchang District and Qiaokou District. The sponge city area
includes two districts, which are Hanyang District and Qingshan District. There is no obvious
difference in movements of average unit house transaction price between sponge city areas and
non-sponge city areas from 2012 to 2014. In 2015, the average unit house transaction price of
sponge city area dropped 1% because of the suddenly large house supply in Qingshan District.
In the past five years, the average number of house supply is 2300 houses per year but the
supply in 2015 is 6900 houses. The increased supply made the average unit house transaction
price of Qingshan Districts to decrease from 9520 yuan per square meter to 8743 yuan per
square meter. Due to the incentive policy to real estate market, Wuhan’s house transaction price
increased significantly in 2016 and in the first half of 2017. It is obvious that the average
increment of the unit house transaction price in sponge city areas is higher than in non-sponge
city area. It is reasonable to conclude that the sponge city construction has an influence on the
increment of house transaction price.
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Chart 8 Annual average unit house transaction price in Wuhan central areas
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Chapter 5: Conclusions and recommendations

5.1 Restatement of study purpose and background information

With the influence of climate change and fast urbanization process, urban floods have become
a serious problem in China’s big cities such as in Wuhan. In order to optimize the urbanization
process and reduce the flood risk in the city, China’s central government promotes the sponge
city construction for better water management in urban areas. Wuhan has been selected to serve
as the pilot city for the sponge city program (also refer to as ‘construction’). However, the fund
provided by the central government is much lower than the actual investment needed for the
sponge city construction. The challenge to overcome this fund shortage is one of the biggest of
the sponge city program. The application of the PPP model is regarded as the major way to
bridge this financial gap. Apart from the technical skills and knowledge for the sponge city
construction, exploring a successful business model in PPP to collect revenues from sponge
city plays a key role in the sponge city program. The objective of this research is to test whether
the construction of the sponge city program will increase the housing value in the area that the
sponge city construction covers.

5.2 Research Conclusions
5.2.1 Flood risk perception of residences in Wuhan

In the research about the relationship between flood risk perception and property value,
Researcher Danel et al. (2009), Bhattacharya & Lamond (2016) and Votsis & Perrels (2015)
mentioned that residence’s flood risk perception plays an influence on the house value in cities
of The Netherlands, England and Finland. In this research, residence’s flood risk perception
has been measured using five indicators: Scale of exposure to floods, Frequency of exposure
to floods, Categories of flooding damages, Anti-flood measures and residence’s attitude about
flood experience and property value after floods.

The residence’s exposure scale of urban floods has been extremely large as 96.7% of the
residences have exposure to urban flood in Wuhan in either a direct or an indirect way. Apart
from the scale of exposure, the frequency of exposure to floods is also high as 69% of the
residences claim that they suffer from urban floods at least once per year. The public
transportation systems and roads suffer most by floods and flooding of houses ranks as the
second. The major measurements taken for the floods are recovery actions. Personal preventive
actions have been taken by 19% of the residences, albeit that they claim that these actions have
limited effects to prevent flooding. Compared with the large-scale and high frequency of urban
floods exposure, the residences’ attitude toward floods experience is calm. Only 14% of the
respondents feel traumatic about their flood experience and most residence’s feeling is
classified as annoying. The research shows that flooding will reduce the property value in
residence’s perception as 86% of the respondents think that the property value will decrease if
the property has been flooded during the flooding period. However, 48% of respondents think
that the value of property can recover after the floods when flood proofing measurements have
been taken.

In summary, the high flood risk exposure and limited anti-flood measurements in Wuhan result
that the house value is sensitive to residences’ perception on urban floods.

5.2.2 The respondents’ perception about sponge city and its functions

According to the literature review, the sponge city concept seems to be a more sustainable
solution to resolve the urban flooding problem in general than the traditional stormwater
management method, and is more close to the eco-city and low-carbon city theory (Yang &
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Lin, 2015). The research result shows that three aspects of sponge city benefits in theory were
been recognised by most of the residence.

Although sponge city is a relatively academic concept in urban water management, more than
66% of the residences are familiar with the sponge city concept. Half of those residence only
heard of the concept, hence they have a limited understanding of its meaning. After a short
introduction of the sponge city content, 68.1% of the residences recognise its function on
effective urban water management. Past flood experience and the level of understanding of the
sponge city concept are the two factors that have an influence on the residence’s perception on
the value of functions of sponge city. The stronger the emotional impact that residences
experience during and after a flood, the more they recognize the relevance of the sponge city
concept. And also the better they understand the sponge city concept, the more they recognize
degree the relevance of the sponge city concept.

A reduction of flood risk, the improvement of the coverage rate of green space and the
improvement of the coverage rate of public space are the three main benefits that are being
delivered by the sponge city construction. More than 70% of the residences recognize those
functions of the sponge city. The sponge city's ability to improve the coverage rate of green
space of area has been valued most by the residences as they assume that adding green space
could improve their living quality the whole year through. The sponge city's ability to improve
the safety level of the area has been valued most by the residences who suffered a lot from
flooding. However, there is still one fifth of the respondents who has reservations about its
actual effects on reducing city’s flood risk. Most of the reservation is about the sponge city's
ability to improve the coverage rate of public space. The reason is that some residence does not
know how the sponge city construction can improve the coverage rate of public space and they
do not see a relation between the sponge city and public space.

In summary, the respondents’ perception about sponge city is in a limited level. Residences
have heard about the concept of sponge city, but their understanding of its contents is limited.
Although the sponge city is aim is to improve urban water management, residences care more
about its secondary function of improving their living environment.

5.2.3 The respondents’ willingness to pay for sponge city

The residence’s exposure to flood and sensitivity level of property value play an influence on
their perception of property value which is increased by the sponge city concept. 83% of the
residences think that the sponge city construction increases the house value of the area that the
construction covers and 67% of residences think that the sponge city construction increases the
land value of the area that construction covers. The majority of the respondents who think that
the sponge city construction increases the property value viewed that the range of the increase
will be less than 5% of the property’s original value.

The residence’s willingness to pay is not weak. Although 76% of the residence are willing to
pay for the sponge city through an increase of the housing price, the amount they are willing
to pay for half of them is less than 2% of the house price. The regression model estimates that
the residence’s willingness to pay for the sponge city is 48% of the value increment after the
sponge city construction. The degree of willingness to pay is related to the real estate market
in Wuhan. The current booming house transaction market in Wuhan reduces the residence’s
bargaining power. Therefore, the residence’s willingness to pay is relatively strong. It is highly
plausible that the residence’s willingness to pay will decrease due to a changing of the real
estate market in the future. The actual transaction data supports the assumption that flood
events have a negative influence on the house price. From the actual transaction data, it is
reasonable to infer that the sponge city construction contributes to the increment of the house
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transaction price, but to what degree of the sponge city construction increases the house
transaction price is hard to estimate.

In summary, most of the residence are willing to pay for the sponge city through a way of house
price increase, but the amount they are willing to pay is at a limited level.

5.2.4 The extent that sponge city concepts play impacts on residence’s perception
of housing value

According to the theory of factors influenced the property value and price, the living quality
and environment is factors that play the influence on housing price in specific area or units
(Meen & Mark, 1998). The research result supports the theory of factors influenced the
property value and price.

Based on the research data, 83% of residence thinks the sponge city construction can increase
the house value of the area that construction covers. The sponge city concepts play impacts on
residence’s perception of housing value in two aspects. The first aspect is basing on the
residence’s sensitive level of their perception of flood risk. From the data analysis, we can find
that the exposure level of residence plays an influence on residence’s perception about flood
risk. For the residence who are sensitive to the flood risk, they have the perception that the
property values have the strong relationship to flood risk level. The higher level of residences’
sensitivity about the flood risk, the more possibility that those residences think the housing
value will increase by the sponge city construction. The other aspect is basing on the
residence’s recognition of benefits of sponge city construction. The attitudes about floods and
the understanding of the sponge city concept are the two factors that play influence the degree
of recognition the residence gives to the sponge city. The benefit of improving their living
environment was being valued most by the residence in Wuhan. The reason that the residence
thinks the sponge city construction can increase the housing value of the area that sponge city
construction covers is the sponge city construction can increase the green space coverage and
create more public space in their communities. Those increments will contribute to the
increment of housing value.

For the degree of sponge city concepts play impacts on housing value, the major of residence
who think the sponge city constructions can increase the housing value viewed the range of the
increase will be less than 5% of the houses’ original value. The data analysis of house
transaction price proved that the residence not only has perception on house value increment
by sponge city constructions but also paid more money for purchasing the houses in sponge
city area.

5.3 Recommendations

Although more than half of the residence is willing to pay for the sponge city concept, the
residences value more the environmental improvements than a reduction of the flood risk. So
the first recommendation is that designers of sponge city should consider more multi-functional
uses of water management facilities. Related to the residence’s willingness to pay, it is
concluded that residences are more willing to pay for a green area or public area within the
community. Related to land use, the multi-functional water management facilities can save the
place for land.

The second recommendation is that the sponge city concept should have a stronger connection
with the urban plan. In the pilot period, the sponge city construction has been conducted by the
water management authority in Wuhan. The authority conducts the construction according to
their criterion, which is unpublicized. The project-based way of sponge city construction makes
the sponge city pilot in Wuhan spread widely in a larger area and lack of system planning in
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general. In a later period, urban design institutions should participate in the design of the sponge
city in an early stage of the development process so that the sponge city can be better combined
with urban design and development. Operation and maintenance of the sponge city projects
should be taken more into considerations.

Last but not least, PPP has been considered as an important funding source of the sponge city.
In the current period, the government plays a leading role in the sponge city construction
process. The section of construction projects is administrative. The promotion of the PPP model
and participation of social capital require a market-oriented way of construction and better
feasibility studies of the sponge city construction. More professional institutions should have
the opportunity to participate in those processes.

5.4 Limitations and further researches
5.4.1 The limitation of the research
» Limitation of literature review of sponge city construction

It is only two years after the sponge city has been promoted in China, and no existing system
of sponge city has been completed in China’s city. The existing research of sponge city is
focusing on the engineering aspect, the public researches about the social aspect of sponge city
construction are in a limited amount. Therefore, the conclusions of research have a weak
connection to the literature review.

» The ineffective land use right transaction data

Relocation the original residence to a new place is a complex process in China’s big cities such
as Wuhan. And according to the rules in China, the land use right transaction can happen only
after the relocation completed. As a result, the average amount of residential land use right
transaction in Wuhan is about 30 per year. Those transactions distributed unevenly so it is likely
that no land use right transaction occurred in some districts. The land use right transactions that
the author collected and analysed are ineffective to make any conclusion about sponge city’s
influence on land use right transaction price.

» The specific analysis between the flood risk level and property value

Due to the data accessibility, the specific analysis between an area’s flood risk level and
property value is unable to conduct. And the factors that play an influence on property value
are various and integrated to each other, so it is hard to exclude the other factors that can play
an impact on property value. Therefore, the relationship between the reduction of flood risk
and increment of property value has not been defined and explained clearly.

5.4.2 Further researches

The research’s conclusion that more than half of the residence are willing to pay for sponge
city through a way of house price increase makes it possible for the social capital participating
and taking an important role in sponge city constructions. The next step for the research is to
explore the specific business model for sponge city construction and operation. During the
exploring process, the specialization and cooperation ways among the different institutions and
player need to define and communicate. Apart from that, how the sponge city construction can
be used to combine with the urban development and management and improve urban lives in
China are worth to study in the further.
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Annex 1: Research Instruments

Questionnaire for public perception of the sponge city

(Applicable within Wuhan area)

Personal information

I. What’s your age currently?
. Below 18

. 18-30

. 31-45

. 46-55

. 56-65

. Above 65

2. What’s your gender?

. female

. male

3. Which is your education level?

. Senior school or below

. University or college degree

. Post-graduate qualification

4. Which of district that your current residence locates in?
. Jianghan

. Jiangan

. Qiaokou

. Qingshan

. Wuchang

. Hongshan

. Hanyang

. Donghu Hi-tech development zone

. Wuhan economic development zone
. Others
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Exposure to urban floods

Do you ever have exposure to urban floods in the past twenty years in Wuhan?
Heavy exposure (once a year or more)

Limited exposure (less than once a year)

Observed other’s exposure

No exposure

. Which kinds of affects the urban floods had played on you and your asset?

My neighbourhood was flooded, but my house was well protected
My residence was flooded (flood water entered my house)

My office or work place was covered by water

The transportation process was affected by flood

Loss or damages of personal assets

Others affects made by floods

How do you feel about the experience of these floods?

Traumatic (e.g. if possible would change the residence for a safe and flood free one)
Annoying

Neutral/indifferent

8. What's the frequency that your house has been affected by urban floods (in the past 10

years)?

More than once a year
Once a year

Once per two years

Once per three to five years
Once per six to ten years

Less than once per ten years

9. Which kind of measurements below that do you prefer to take when responded to
flooding?

Take recovery actions: flood resilient repair/replace/ cleaning/

* Take preventive actions to protect from flooding water entering the house (such as flood
boards to close the door(s), sand bags, remove valuable assets to dry place)

Leave the house
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. Take no action (Except for cleaning the house after the flood)

10. Do you think the property value of areas that heavily affected by urban floods will
decrease after the urban floods?

. Yes
. No
. I don’t know

11. Do you think the government had taken effective measurements to reduce the effects
played by the flood?

. Yes
. No
. I don’t know

General perception of the sponge city program

12. Do you know the concept of the sponge city?

. Yes
. No
. Heard, but have no idea of what does it mean

‘The general objectives of the concept entail ‘restore’ the city’s capacity to absorb, infiltrate,
store, purify, drain and manage rainwater and ‘regulate’ the water cycle as much as possible
to mimic the natural hydrological cycle.” (Zevenbergen&Boogaard,2016)

13. Do you know that Wuhan government has conducted the construction of the sponge
city?

. Yes

. No

14. Do you think that the construction of the sponge city can effectively reduce the
negative effects made by floods on your property/house?

. Yes
. No
. I don’t know
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15. To what extent you think a reduction of flood risk (change of occurrence), which is
the result of the construction of the sponge city, will increase the residential value of areas
that the construction covers?

. Increased less than 2% of the house value

. Increased the house value from 2% to 4.9%

. Increased the house value from 5% to 7.9%

. Increased the house value from 8% to 10.9%

. Increased more than 11% of the house value

. Make no effect on house value

16. To what extent you think a reduction of flood risk (change of occurrence), which is

the result of the construction of the sponge city, will increase the land value of areas that the
construction covers?

. Increased less than 2% of the land value

. Increased the land value from 2% to 4.9%
. Increased the land value from 5% to 7.9%
. Increased the land value from 8% to 10.9%
. Increased more than 11% of the land value
. Make no effect on land value

. I have no idea on this issue

Perception of the positive effects brought by the sponge city program

17. Do you think that the construction of the sponge city can effectively improve the safety
level of the area that the construction covers?

. Yes
. No
. I don’t know

18. To what extent you think the increasing level of safety (reduction of
impact/consequences) at the household level, which is the result of the construction of the
sponge city, will increase the residential value of areas that the construction covers?

. Increased less than 2% of the house value

. Increased the house value from 2% to 4.9%
. Increased the house value from 5% to 7.9%
. Increased the house value from 8% to 10.9%
. Increased more than 11% of the house value
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. Make no effect on house value

19. To what extent you think the increasing level of safety (reduction of
impact/consequences) at the household level, which is the result of the construction of the
sponge city, will increase the land value of areas that the construction covers?

. Increased less than 2% of the land value

. Increased the land value from 2% to 4.9%
. Increased the land value from 5% to 7.9%
. Increased the land value from 8% to 10.9%
. Increased more than 11% of the land value
. Make no effect on land value

. I have no idea on this issue

20. Do you think that the construction of the sponge city can effectively improve the
coverage rate of green space of area that the construction covers?

. Yes

. No

. I don’t know

21. To what extent you think the improvement of the coverage rate of green space, which

is the result of the construction of the sponge city, will increase the residential value of areas
that the construction covers?

. Increased less than 2% of the house value

. Increased the house value from 2% to 4.9%

. Increased the house value from 5% to 7.9%

. Increased the house value from 8% to 10.9%

. Increased more than 11% of the house value

. Make no effect on house value

22. To what extent you think the improvement of the coverage rate of green space, which

is the result of the construction of the sponge city, will increase the land value of areas that
the construction covers?

. Increased less than 2% of the land value

. Increased the land value from 2% to 4.9%
. Increased the land value from 5% to 7.9%
. Increased the land value from 8% to 10.9%
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. Increased more than 11% of the land value
. Make no effect on land value

. I have no idea on this issue

23. Do you think that the construction of the sponge city can effectively improve the
coverage rate of public space of area that the construction covers?

. Yes

. No

. I don’t know

24.  To what extent you think the improvement of the coverage rate of public space, which

is the result of the construction of the sponge city, will increase the residential value of areas
that the construction covers?

. Increased less than 2% of the house value

. Increased the house value from 2% to 4.9%

. Increased the house value from 5% to 7.9%

. Increased the house value from 8% to 10.9%

. Increased more than 11% of the house value

. Make no effect on house value

25. To what extent you think the improvement of the coverage rate of public space, which

is the result of the construction of the sponge city, will increase the land value of areas that
the construction covers?

. Increased less than 2% of the land value

. Increased the land value from 2% to 4.9%
. Increased the land value from 5% to 7.9%
. Increased the land value from 8% to 10.9%
. Increased more than 11% of the land value
. Make no effect on land value

. I have no idea on this issue

Summary

26. Compared with houses that do not construct under the sponge city concept, whether you
will prefer to buy the houses that constructed under the sponge city concept? (Under the
assumption that other factors are similar?)
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. No

. I don’t know

27. To what extent you are willing to pay an extra cost for the construction of the sponge
city in the area that your targeting house locates?

. Not pay any more for the sponge city

. Pay less than the 2%

. Pay the extra cost from 2% to 4.9%

. Pay the extra cost from 5% to 7.9%

. Pay the extra cost from 8% to 10.9%

. Pay more than 11% of the extra cost
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Annex 2: Data of analysis of regression test between the property
value movement of willingness to pay due to the sponge city

10. Do you think the property value of
areas that heavily affected by urban floods
will decrease after the urban floods?
Have no
Yes No idea Total

16.To what Make no effect on Count
extent you value % within 16.To what extent you
think a think a reduction of flood risk
reduction of (change of occurrence), which is the
flood risk result of the construction of the
(change of sponge city, will increase the land
occurrence), value of areas that the construction
which is the covers?
result of t.he Increased less than Count
construction 2% of the value % within 16.To what extent you
Of the SPOImiEE think a reduction of flood risk
city, will (change of occurrence), which is the
increase the result of the construction of the
land value of sponge city, will increase the land
greas that. the value of areas that the construction
construction covers?
covers? Increased the value Count
from 2% t0 4.9% % within 16.To what extent you
think a reduction of flood risk
(change of occurrence), which is the
result of the construction of the
sponge city, will increase the land
value of areas that the construction
covers?
Increased the value Count
from 5% to 7.9% % within 16.To what extent you
think a reduction of flood risk
(change of occurrence), which is the
result of the construction of the
sponge city, will increase the land
value of areas that the construction
covers?
Increased the value Count
from 8% to 10.9% % within 16.To what extent you
think a reduction of flood risk
(change of occurrence), which is the
result of the construction of the
sponge city, will increase the land
value of areas that the construction
covers?
Increased more ~ Count
than 11% of the 9% within 16.To what extent you
value think a reduction of flood risk
(change of occurrence), which is the
result of the construction of the
sponge city, will increase the land

The influences of Sponge city on property value in Wuhan

38 3 9 50
76.0% 6.0% 18.0%  100.0%

57 5 1 63
90.5% 7.9% 1.6% 100.0%

94 7 4 105
89.5% 6.7% 3.8% 100.0%

52 4 4 60
86.7% 6.7% 6.7% 100.0%

29 1 1 31
93.5% 3.2% 3.2% 100.0%

25 2 0 27
92.6% 7.4% 0.0% 100.0%
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I have no idea on
this issue

Total

value of areas that the construction
covers?
Count 70

% within 16.To what extent you 80.5%

think a reduction of flood risk

(change of occurrence), which is the
result of the construction of the

sponge city, will increase the land

value of areas that the construction
covers?

Count 365

% within 16.To what extent you 86.3%

think a reduction of flood risk
(change of occurrence), which is the
result of the construction of the
sponge city, will increase the land
value of areas that the construction
covers?

4 13
4.6% 14.9%

26 32
6.1% 7.6%

87

423

100.0%

100.0%

10. Do you think the property value of

areas that heavily affected by urban floods

will decrease after the urban floods?

Yes

Have no idea

Total

15. To what Make no effect on
extent you value

think a

reduction of

flood risk

(change of

occurrence),

which is the

result of the ncreased less than

construction 29, of the value
of the sponge

city, will
increase the
residential
value of
areas that the

Count 55

% within 15. To what extent you 77.5%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the

residential value of areas that the
construction covers?

Count 85

% within 15. To what extent you 85.0%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the

residential value of areas that the
construction covers?

CoNStruction y, . eaqed the value Count 109

covers? from 2% to 4.9%

% within 15. To what extent you 93.2%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the

residential value of areas that the
construction covers?

Increased the value Count 58

from 5% to 7.9%

% within 15. To what extent you 92.1%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the

residential value of areas that the
construction covers?

Count 29
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7.0%

9.0%

2.6%

3.2%

11
15.5%

6.0%

4.3%

4.8%

71
100.0%

100
100.0%

117
100.0%

63
100.0%

34

64



Total

Increased the value % within 15. To what extent you 85.3%
from 8% to 10.9% think a reduction of flood risk

Increased more
than 11% of the
value

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the
residential value of areas that the
construction covers?

Count 29
% within 15. To what extent you 76.3%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the
residential value of areas that the
construction covers?

Count 365
% within 15. To what extent you 86.3%
think a reduction of flood risk

(change of occurrence), which is

the result of the construction of the
sponge city, will increase the
residential value of areas that the
construction covers?

8.8%

10.5%

26
6.1%

5.9%

5
13.2%

32
7.6%

100.0%

38
100.0%

423
100.0%
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Annex 3: List of land (for living or mixed use) transaction item in
Wuhan from 2007 to April 2017
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No. | Name of land Year of n | Land code Buyer Total price Unit price
(00,000) (Yuan/m')
1 WK R4 AB S | 2007 P(2007)051 WL BB GRRRBARAR | 34,900 1,551
2 BRI XS RMAS | 2007 P(2007)058 ROGERBHFFRERAR | 6,300 2,070
3 WX e A/BICIDIER #3k | 2007 P(2007)050 RN REFEFRERAR | 37,100 1,708
4 R 45 310 5 | 2007 P(2007)054 R BB AR AA | 4,100 3,254
5 DUPH X EREH A s | 2007 P(2007)052 RCH BB TR RTHEAR | 38,100 2,216
6 EURBEH KKK K4KSKS | 2007 P(2007)049 tEEEXEMPEERAE | 137,800 2,337
7 Wi &Nl 29 5 | 2007 P(2007)053 ROEE R RARAR | 45,900 2,399
8 ILBLXE XA 575 | 2007 P(2007)056 WHER R P R RFEAR | 20,900 2,407
9 WX H R EHX | 2007 P(2007)059 KOG E BRSO RAR | 197,000 1,624
10 WX H R EHX | 2007 P(2007)061 ROCH R E b O A IRAR | 173,800 2,784
11| BBEXGE R IX | 2007 P(2007)060 RO E bR S OB RAR | 192,400 2,033
12 TURNUR DS, URsHE | 2007 P(2007)045 ROUEBE B TR AR AR | 11,210 2,507
13 | HFUKIAR 1162725 | 2007 P(2007)041 W R B R R AR | 6,750 1,507
14 | REXZXHEK 2395 | 2007 P(2007)046 ROULHE I RER AR | 4,350 2,286
15 IFRERREmLTTRAB WL | 2007 P(2007)047 RO LB AR AR | 13,820 2,284
16 RERHHBSIARALLLAB st | 2007 P(2007)044 AT B AR AR | 33,200 6,982
17 | MiAXE—# 25 | 2007 P(2007)039 B =TT B A | 77,200 5,009
18 IMEEFBEEERELNE e ) | 2007 P(2007)036 R E D)L A RAT | 269,200 6,208
19 IRITALE BErE EI3AAR BARETE | 2007 P(2007)038 WMibEEEEBWARAR | 122,500 3,567
20 LXK fRHCKIE 1400 5 | 2007 P(2007)029 WALFE B WARAR | 26,450 2,085
21 HILIXE 45 Y5 | 2007 P(2007)028 WL T BT RAIRAR | 3,200 3,854
22 FIX A 40 #7485 | 2007 P(2007)027 W LA T BT RAIRAR | 7,360 4,971
23 | Bl X EZ TR | 2007 P(2007)030 RO R A R A A | 15210 1,805
24 FIFERUE LN ABC st | 2007 P(2007)033 RN SRR TRAR | 13,290 3,326
25 | OXF S 126 5 | 2007 P(2007)031 WALBRETTRERAR | 8,900 1,607
26 | LNESHARSLH-HECLE | 2007 P(2007)026 ROHRR WG =R AR | 19,070 5,287
27 TRE RN U | 2007 1;(2007)020 SMERRTEH T RERAR | 48,850 6,879
s
28 el X R 955 | 2007 P(2007)021 RURAFHFFEARAR | 50,020 4,358
29 LR X RS 3155 | 2007 P(2007)018 RN EILBEWAEEAA | 6,530 2,532
30 Bl 2 PR A | 2007 P(2007)017 WAL T RAIRAR | 10,280 1,879
31 | P | 2007 P(2007)014 PO AT X s ™= A & | 38,000 2,331
32 | I KB FEER | 2007 P(2007)015 RUEFHMETFRERART | 56,500 1,905
33 | ILIUXERATILERSE 15 | 2007 P(2007)011 WAL I AR AR | 3,500 1,263
34 | KEXHKEM | 2007 P(2007)009 PRI R A R FHEA R | 2,820 2,425
35 REXBEEENAS. 75 | 2007 P(2007)010 HRHEEEWARAA | 162,100 3,405
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36 DUBAD A EIHF | 2007 P(2007)008 HEjE B (PO F R AR | 135,300 3,887
37 | REXEHE 61 5 | 2007 P(2007)007 RUKEXERARHARRERRELD | 7,010 2,234
38 REKHEHER R 6245 | 2007 P(2007)002 R B ERBOFER AR | 15,500 3,759
39 FOERAKESRERELL | 2007 P(2007)005 RNEEEVREGRAR | 112,000 2,184
40 | FAOXERE—S | 2007 P(2007)001 RUTHEEARRTEAR | 9,920 2,654
41 REKTHEAKHE 3365 | 2007 P(2007)006 R REVARIELR | 27,350 2,593
42 HEXKZEMWR | 2007 P(2007)004 WA T BT AR | 3,100 1,951
43 REXPEBEZRN | 2008 P(2008)026 5 | HIIHILIXILEF=TFRAR | 1,000 2,126
44 TREFEAFERE 8K | 2008 P(2008)029 5 | #H /N EEEH AR A F | 2,670 1,522
45 MHOXKESKEL | 2008 P(2008)024 5 | BRI RARAR | 2,110 1,748
46 | HOKEEAESTERETLL | 2008 P(2008)030 5 | KIOLABKERBER AR | 15,400 1,357
47 | REKRZMERELMH 1085 | 2008 P(2008)018 5 | WL EZEH M TTAERAR | 610 2,629
48 B X 105 | 2008 P(2008)019 = RUENB R ERERAR | 14,950 2,914
49 TERERELSIL, ShEENE | 2008 P(2008)013 = WACH KT EMNAHRAF | 5,660 2,300
50 | TEK-LEBZEZ39%E | 2008 P(2008)021 %5 | W db & Bk H o " | 19,950 2,685
51 DURX A THNE LA | 2008 P(2008)003 5 WA BB R AR ERAR | 3,210 1,928
52 TRXMRARR 715 | 2008 P(2008)011 = Wl F I RAERAR | 9,810 2,436
53 J5 W 2 1 B A | 2008 P(2008)007 &5 | RIGHEHEMTFRAREAR | 14,250 1,612
54 TRESAELANE, HhMRUE | 2008 P(2008)002 = WA ERERREG AR AT | 19,400 2,605
55 ok B ZE K 4 | 2008 P(2008)001 = WICKIEE R AR REAR | 21,050 2,104
56 T X R 78#07 5 | 2008 P(2008)008 5 | I FE ] 5,010 4,840
57 HW KiE B—3 | 2008 P(2008)004 5 | ROUREFHSFRKERAR | 17,650 6,108
58 PFA X H B B X | 2008 P(2007)062 ROUEHREEVHARAR | 10,000 88
59 | REXHILH 235 | 2009 P(2009) 001 R R BARAR | 84,200 3,237
60 O X 3% M | 2009 P(2009) 002 BBV R EARAR | 42,600 2,342
61 il X bR L | 2010 P(2009)131 5 | KB WA RIEAF | 47,810 1,670
62 SRR 13, 16,17, 18 548 | 2010 PQ009)1375 | K | 63,200 1,177
63 HIOKTHE KL K. K3 | 2010 P(2009)132 5 | % Al H r= | 88,300 1,363
64 HIIK SR 1, 2545 | 2010 P(2009)138 5 | ROUHREHMFRARAR | 80,390 1,701
65 BEERLL LB L T8 | 2010 P(2009)129 5 | W@EBEEEMFERITEAR | 228,140 2,190
66 | EUEEAHKIL KL KY B4R | 2010 P(2009)134 5 | KUK FHEIFFRERAT | 87,250 1,415
67 WL X EEHUR KT | 2010 P(2009)135 %5 | B dgkHAHENARAR | 224,800 1,848
68 WHKEREH AL B, ¢ D | 2010 P(2009)130 5 | BT AR E WA RAF | 91,600 931
69 | WEEFFH AL B, CHE | 2010 P(2009)133 5 | BN PHIEMFFFRAERART | 65,470 1,166
70 TLEXHaA K1 sk | 2010 P(2009)136 5 | B REBENARAR | 12,840 1,490
71 TR AR ODERRLLLO S | 2010 P(2009)139 5 | HEARRUFRARLD, RTEEIRELERAD | 222,510 1,024
72 TRKERERSHERLIL | 2010 P(2009)116 =5 RN ZETHEREAGRAR | 110,000 1,805
73 REXZEELLZ | 2010 P(2009)118 % | EPULH LA RAR | 10,840 2,864
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74 | EUKET LR TREE | 2010 P(2009)115 % | RIUEHEREPRIEARGERAT | 1,890 1,598
75 Br O X BTG T A | 2010 P(2009)114 5 | RFIEBEISTFRARAF | 85,400 4,150
76 | WHXTEBM 1515 | 2010 P2009)119 %5 | X # BN ARAR | 11,910 2,280
77 TERFE=#5EURLTLN | 2010 PQOON1175 | ROUFHEHE > RmARAR | 7,360 2,357
78 TR A £ 20000000 S35 | 2011 PQ2011)010 5 | ROURFF I~ FRER AR | 200,000 3,063
79 HIESR S -4 | 2011 P(2010)236 5 | RXHARMIW AR A F | 62,160 1,394
80 Wl X 57T R 108 S35 | 2011 P(2010)231 %5 | RWIUREE S HRAR | 95,400 4,609
81 B iR e | 2011 P(2010)235 % | WAL EE W AR A A | 63,890 1,600
82 WX S8 | 2011 P(2010)237 5 | KIUMEEWTFRERAF | 49,860 3,971
83 LW X i R | 2011 P(2010)098 5 | BIHELLI B RARAR | 137,930 7,795
84 | RLKELSELH P00 55 | 2011 P(2010)209 5 GNP (HBOFR AT | 55,500 4,820
85 LRKEFHARARS | 2011 P(2010)233 5 | RSB RGARAR | 18,000 3,170
86 | RARRAR4LS MM 4% | 2011 PQ0IN001 %5 | F R E WA R A A | 50,100 3,251
87 | INERERGRRALATLACHE | 2011 P(2010)205 5 | S AM@EESERAR | 71,200 6,034
88 EURREHS 501008 Bt | 2011 P(2010)208 =5 RO EE =T RERAR | 4,170 1,002
89 | HUKKIH P00 SH% | 2011 P(2010)210 5 | RIiRHH R EHRAR | 58,000 1,360
90 | IJEAEAS Fp0000 S | 2011 P(2010)211 %5 | BB M= H R AR | 122,680 8,591
91 IRRESHSERIALA M | 2011 P(2010)204 5 | BRI ILW T AERAR | 46,000 8,778
92 HELXREAT A | 2012 P(2011)255 5 RIEEEEREAGERAR | 131,500 1,960
93 el XFFR B AL | 2012 PQ011)256 5 | HIUREBEWEAERAR | 103,700 1,960
94 | MIXEEZMEY | 2012 P(2011)259 %5 | WIALHTPH M= R AR AR | 13,600 1,220
95 LREX =4&EMN | 2012 PQ2011)242 5 | RUHAREEFFRARAR | 64,100 1,843
96 | i F X 97 A | 2012 P(2011)241 5 | RIUADSEREIPFRARAR | 120,300 2,098
97 ol X A0 oF A | 2012 S(2011)006 =5 | R d R K EARAR | 28,060 1,207
98 WA ILA B 41 | 2012 P(2011)238 5 | WHLBULH AR EA R AR | 136,300 1,824
99 HILX R 65 | 2012 P2011)248 5 | BEOGIL(EPOAR AR | 30,480 4,066
100 | PBHXBLH Af | 2012 P(2011)237 5 WALDOLHtH BB AR AR | 35,000 1,968
101 | BUERAEHSEEEIRELS | 2012 PQ011)266 5 | RIXEHEBEWKBAERAF | 88,750 3,702
102 | QEREEHS5H0ALNERR | 2012 PQ011)218 5 | Wi KILEH = KAF | 17,600 2,605
103 | RERBHAKESYRELLL | 2012 P(2011)211 5 ROUSEVHFERAR | 11,300 3,077
104 | WHKAEHH 1545 | 2012 PQ011)217%5 | R REH~H R A F | 9,200 2,014
105 | WRAKJmEE 107 5 | 2012 PQ011)214 5 | RWHIEREA T RAERREAR | 30,200 2,432
106 | B O X853k A | 2012 PQ011)216 5 | RESL 5= RARAR | 4,640 1,995
107 | #EL XK kAT B | 2013 P(2012)276 % | KBRS TFRARAR | 50,000 1,857
108 | VLFXZAAT AfL | 2013 P2012)259 5 | #& £ & 2 | 175,500 1,831
109 | & B X | B A | 2013 P(2012)274 %5 | BB BAG TN AR A F | 126,100 1,003
110 | {LEXLAHA B | 2013 P(2012)260 5 | 4& £ & 2 | 166,300 2,487
11| i X &k DA | 2013 P(2012)278 5 | KBRS TFRARAR | 55,200 1,798
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112 | X &AM FA | 2013 P(2012)280 = R EE KB EARAR | 24,900 1,895
113 | IR XA C £ | 2013 P(2012)261 5 | MALEEEEEHELARAR | 58,500 1,618
114 | #ili X4 kF EA/ | 2013 P(2012)279 5 | RHEAEHFRARAR | 34,300 1,860
115 | il X &k Cc | 2013 P(2012)277 5 RO ESES R & aERAR | 46,100 1,813
116 | #hiliX# Xk AR | 2013 P(2012)275 5 R B bR AR AR | 125,150 1,918
117 | X L8 kst | 2013 P(2012)234 5 ROUREREMF T RERAR | 35,400 2,960
118 | IOXKFEN A | 2014 P(2014)014 %5 | B il BV A RA R | 159,270 1,682
119 | MiDXKEHR DA | 2014 P2014)018 5 | KA ELARAF | 75,000 2,295
120 | A XKFEA BAL | 2014 P(2014)015 5 LB RUTIARAF | 65,170 1,888
121 | FARSGZEHTTEIE | 2014 P2014)019 %5 | R HBSELHERAF | 21,000 2,339
122 | BiOXKEN C24 | 2014 P(2014)017 5 | REIFHBEEVHARAR | 77,550 2,254
123 | FiOXKEHN C1 4 | 2014 P(2014)016 5 L EWRTILAERAF | 160,090 2,224
124 | QREMEERSEHERIIORLR | 2014 P(2014)003 = R REWARAA | 49,700 3,935
125 | LEERUREAFFHINN | 2014 P(2014)004 5 | I AM L E AR A A | 24,010 2,565
126 | JERREIESEEELLIRLR | 2014 P(2014)002 = RN RERARAR | 109,100 1,957
127 | BORIRESHIBLLL | 2014 P(2014)001 & [ ok 41 | 18,480 2,471
128 | HIXTAK 2, 3. 44 | 2014 P(2013)233 %5 | BN AME WA RAF | 48,950 2,052
129 | HrHKiREREUIL | 2014 P013)236 5 | WL B BRA A | 31,450 3,678
130 | HFIIXTAR 2, 3. 44 | 2014 P(2013)235 %5 | S HE R EWARAF | 147,130 2,526
131 | ko X8k AL AT | 2015 P(2015)016 5 | WHL{RFIEREEWARAR | 87,240 4,362
132 | KA X F b B | 2015 P(2015)018 5 | HEk T AREARNEMIFLARAT | 19,100 2,178
133 | BORER-ASERERERLL | 2015 P(2015)012 % | RIGEE BT REMRAR | 124,800 4,288
134 | QHEAWLENL 258U% | 2015 P(2015)006 % | R HHELHERARAR | 34,100 3,210
135 | #liIXEMILEE 615 | 2015 P(2015)001 5 WP EEEELTRAERAR | 28,000 8,144
136 | MHREAKENEpERRNE | 2015 P(2015)005 %5 | WX L BFFEARA A | 4,700 2,592
137 | LK SRR | 2015 P(2015)007 %5 | & % | 17,900 3,418
138 | FURTA-BEREKERIR | 2015 P(2015)002 5 | EXH=EHRNARAR | 105,800 4,258
139 | UK AYHIUEER 15 | 2015 P(2014)169 5 RNBETEREVAERAR | 13,930 2,363
140 | #E XA B A | 2016 P(2015)183 5 RNARFRBEFEREARAR | 69,860 2,587
141 | ILERXSWLN A | 2016 P(2015)184 5 | HIHEM HHFFFRERART | 128,210 3,112
142 | sl XA A | 2016 P(2015)182 5 RNARFRBEFEREARAR | 45110 2,588
143 | {LEXSIIA C /| 2016 P(2015)186 5 | HIHM HEIFFFRERART | 105,760 3,185
144 | WHKIRE RS 25 | 2016 PQ015)166 5 | KW EE RFEARAF | 12,200 3,536
145 | {LEX SR B AL | 2016 P(2015)185 5 | HIHM BT RERART | 101,140 3,112
146 | AUSHAFRE=TESIRGECLE | 2017 P(2016)11 5 i bes H F= | 753,500 9,327
147 2017 Missing hE R E AR A A | 992,000 8,457
148 2017 Missing R RS B RAR | 42,500 2,461
149 | WER=RESURAETLARE | 2017 Missing K CFEEN AR AR | 326,000 8,101
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150 | TRE-LRIMFHOKE-F | 2017 Missing R EREEEWARAR | 286,428 19,095
151 | IRKEEHSTRHRLLE | 2017 Missing F#p EHRBRAMRAF | 801,000 15,184
152 | Rl | 2017 Missing F#EEHRBRAMRATF | 500,000 10,555
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