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Abstract: Coastal flooding has been a significant hazard in Hong Kong. Influenced by climate change,
extreme coastal flooding events have been frequently observed in the past decades. Nowadays, the
real estate sector has increasingly recognized the significance of managing future coastal flooding
risks. However, there are few relevant Geographic Information System (GIS)-based assessment tools
and studies about future scenarios. Against this background, this study aims to understand the
risk and readiness of properties in Hong Kong for future coastal flooding and to reduce the gap
in the risk management decision-making process. This study included the return period, sea level
rise, tide activity, and storm surge as the main factors for estimating the frequency and magnitude
of coastal flooding events. The estimation and other geospatial data were calculated to describe
the exposure, hazard, and readiness of every building in Hong Kong. Based on this risk data of
buildings, clustering analysis was adopted to create clusters representing different building risk
profiles. The results highlight that there will be 16.3% and 24.7% of buildings in Hong Kong exposed
to coastal flooding under Shared Socioeconomic Pathway (SSP) 8.5 and SSP 4.5, respectively, and 2.5%
of them will have an extremely high hazard level. This study then constructed an indicator-based
assessment model for the real estate sector regarding future coastal flooding risks. Classifying the
buildings based on characteristics of their risk profile obtained eight clusters, with clusters 1 and
2 having high risk and low readiness, and clusters 7 and 8 having low risk and low to medium
readiness. In addition, distinct spatial patterns were found between the clusters that have low and
high readiness of green infrastructure. Therefore, recommendations for the policymaker, planner and
companies were provided based on their local situation. Specifically, the discussion suggests that
although Yuen Long is an area that has a relatively larger number of high-risk buildings, clusters 3
and 4 in Yuen Long have more potential for adopting various loss mitigation measures. However,
clusters 5 and 6 in the city center are more recommended to adopt financial tools and small-scale
nonstructural improvements.

Keywords: coastal flooding; real estate; climate change; Shared Socioeconomic Pathway (SSP);
risk assessment

1. Introduction

Coastal flooding is the world’s foremost natural hazard threatening the life and
properties in coastal regions [1]. It is associated with storm surge generated by the combined
effects of strong winds and low pressure in a hurricane or tropical cyclone [2,3]. In the past
decades, storm surge-induced flooding has been witnessed frequently around the world,
including Hurricane Katrina (2005) in America, Typhoon Haiyan (2013) in the Philippines,
and Super Typhoon Mangkhut in Hong Kong (2018) [4].

The Western North Pacific is the most active tropical cyclone (TC) basin on the Earth,
which produces almost 30% of global TCs [5]. As a megacity city located on the Pearl River
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Delta (PRD) on the west coastline of the Pacific Ocean, Hong Kong has a large proportion of
low-lying coastal area, which accommodates important regional socio-economic activities
and the most valuable properties of the city. The coastal real estate projects in Hong Kong
are therefore highly vulnerable to flooding risks.

Flooding risk can be imposed on a property through different mechanisms. It emerges
from the confluence of various elements [6], and influences the physical structure, property
value, and the wellbeing of communities. In historical typhoon events in Hong Kong,
coastal floodings have caused severe damage by destroying infrastructures and flooding
coastal dwellings, notably in Typhoon Wanda (1962) and Typhoon Hagupit (2008) [7].
According to projections from the Sixth Assessment Report (AR6) of the Intergovernmental
Panel on Climate Change (IPCC) [8] and World Meteorological Organization (WMO) [9],
the proportion of severe and super typhoons will increase further by next century with
global warming. Compounded with the more frequent extreme weather, climate change-
induced sea level rise (SLR) will increase the incidence and storm inundation of flooding in
coastal regions [10]. In this context, coastal flooding risk assessment at real estate level is
becoming increasingly important for the city and stakeholders.

The latest scenarios of Shared Socioeconomic Pathways (SSPs) and the coordinated
efforts of the Coupled Model Intercomparison Projects (CMIP) provide the opportunity
for understanding the future climate risks around the world [11]. Meanwhile, Geographic
Information System (GIS) techniques facilitated the estimation and visualization of risks in
a large area. To forecast the future coastal flooding risk and build the resilience of Hong
Kong, the government has studied the representative concentration pathways (RCPs) and
SSPs and implemented many municipal hazard mitigation measures. However, few studies
assessed the risk and vulnerability from the real estate perspective using the modelling
data in GIS.

Drawing on previous emerging risk assessment tools and climate modelling resources,
this research has constructed an assessment framework and presented quantitative results
containing several dimensions of the hazard and vulnerability information for each build-
ing. After that, the buildings were further categorized into more than six types through
clustering analysis. Derived from discussion of risk assessment and the current coastal
flooding management system in Hong Kong, recommendations have been offered for
relevant stakeholders, such as policy makers, planners, and real estate companies.

1.1. Literature Review
Research Gap

The common method of reducing natural hazard has shifted from a relief approach
applied in the post-disaster stage to a more comprehensive and prevention-oriented man-
agement approach [12]. In the current management system, each stage of reducing hazard
can be planned better, and each subject influenced by the hazard can be more explicitly
identified. Meanwhile, as the term ‘socio-natural hazard’ has been increasingly mentioned
by international hazard management organizations to describe the hazards that are en-
hanced by anthropological factors beyond their natural probabilities, social vulnerability
and climate change have become two nonnegligible factors in hazard management [13,14].
Coastal flooding is such a hazard that is closely related to the changing social factors and
climate conditions.

The more refined management of coastal flooding disaster requires the researchers
and stakeholders to obtain a more wide-ranging and detailed assessment of the natural
and socio-economic situation of a city. Extensive research focusing on coastal flooding in
Hong Kong has depicted the integrated risk configuration considering social resilience
or vulnerability. The localized sustainable flood risk appraisal (SFRA) framework and
framework for flood responses in cities of the PRD constructed process-oriented models
of hazard management [15,16]. Later studies further explored the emerging flooding
vulnerabilities brought by climate change [6,17]. However, climate change was mentioned
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mostly as a qualitative factor for consideration, and few attempts at quantifying the climate
change-induced risk were incorporated into those studies.

Some other researchers have studied the risks from a community resilience and
governance perspective [18,19], whereas relevant assessment study from a real estate
perspective is rare, not to mention a comprehensive assessment model that takes climate
change into account. The lack of associated tools for the real estate sector is not only a
problem in Hong Kong. According to the Financial Stability Board’s (FSB) Task Force on
Climate-related Financial Disclosures [20], the limited analytical ability for future physical
real estate risks has become a barrier for stakeholders all over the world. In their survey,
two-thirds of the stakeholders have not taken climate scenarios into assessment, while a
third of them that have been using climate information are calling for tailored risk modelling
tools and metrics [20,21].

Constructing an integrated model requires broad knowledge and intensive modelling
effort. Current studies of Hong Kong have focused on modelling the death cases, influenced
population or land-use change as their single indicator for quantifying coastal flooding risks
under future climate scenarios [12,22,23]. These studies have provided valuable ideas for
converting climate data into exposure assessment. Building on previous quantitative
studies and climate models, this study has designed a practicable assessment model
that incorporates proper indicators for assessing the risk from a real estate perspective.
Meanwhile, it has provided a quantified estimation to the future hazard level, and thus, to
assign site-specific data for each building in Hong Kong.

1.2. Conceptual Models for Assessing Real Estate Flooding Risks
1.2.1. Components of Risk

Coastal flooding risk is a function of hazard, exposure, and vulnerability [24]. Sub-
sequent research has reached an acceptable level of consensus that hazard refers to the
threat of disaster events, which can be represented by their occurrence and magnitude, and
exposure is the presence of values in the influenced area [24-26]. However, vulnerability as
a concept remains complicated and controversial due to its cross-disciplinary nature [27,28].

The lack of resistance to damage is a broad definition of vulnerability [24]. Some of
the previous risk assessment studies see it as social and economic vulnerability related
to intrinsic characteristics of the assets [26,29] while some refer to internal or external
individual capacities for coping with risks [28]. To evaluate the external vulnerability of a
building, this study has used the concept of readiness to describe current capability prior to
future hazard occurring [30]. It can include proactive development or action that addresses
the likelihood of the community being able to respond to hazard consequences [30].

1.2.2. Review of Assessment Method

According to Nasiri et al. [31], curve, loss data, computer modeling, and indicator-
based methods are four types of more accepted risk assessment methods. Although relevant
assessment of Hong Kong is rare, studies on other megacities have explored the methods
of evaluating the components of hazard, exposure, and readiness.

Keenan [32] investigated the adaptability of New York’s real estate companies using
a descriptive assessment framework that consists of organizational and infrastructural
vulnerability of a firm. McNamara et al. [33] and Li et al. [34] used regional atmospheric and
ocean models to assess the losses brought by the hazard event and modeled financial loss
data tools for coastal housing price and management. Unlike Li et al.’s method, McAlpine
and Porter [35] and Conyers, Grant and Roy [36] have estimated the inundation area based
on global climate projection data and discussed the implications for property management
with different indicators. The indicator-based assessment models compiled an inventory
of adaption measures to formulate a vulnerability index for real estate [36]. This method
has the advantages of being informative on understanding multidimensional sources of
vulnerability, as well as the high data availability. This study has therefore constructed
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an indicator-based assessment model to study the readiness, or structural preparedness,
influencing buildings.

1.3. Tools for Flooding Risk Quantification
1.3.1. Methods for Predicting Future Coastal Floods

The occurrence and magnitude of future coastal flooding events are determined by
current Mean Sea Level (MSL), Sea Level Rise, storm surge and tide events [37]. Extensive
research has tried to model future Extreme Sea Level (ESL) by incorporating those con-
tributing factors into global models [8,38], and local models [39-41]. Among those studies,
the AR6 from IPCC using CMIP6 is widely recognized for analysis. It has projected the
annual mean sea level rise of Hong Kong from 2030 to 2150 under 5 SSP scenarios [42].

The combination of storm surge and abnormal tide events is produced by many com-
plicated factors including the storm size, intensity, the angle of approaching a coastline,
morphology of the coast, etc., but none of the factors have a determining correlation to
the total water level of a storm surge event [43]. Regarding the complexity of storm surge
prediction, return period estimation is a common method that has been adopted in many
risk assessment studies. The method of return period was introduced by Fuller [44] for
the first time to calculate the interval at which a flooding event with a specific magni-
tude can occur. So far, this flooding recurrence analysis has developed various types of
methods. Generalized Extreme Value Distribution and Extreme Value Type methods are
two large categories that have been accepted around the world [45]. For instance, Onen
and Bagatur [46] adopted the Gumbel distribution to quantify the flood frequency factor.
Yu et al. [23] have used the Pareto distribution to process the sea level data of Hong Kong
and a global flooding event dataset to calculate the return period.

Among all those methods, plotting position is an unbiased method developed from
the Gumbel distribution [45]. It has developed many empirical formulas (Appendix A),
and the general expression of plotting position is

P=(m—b)/(n+1— 2b) )

where m is the rank of magnitude and n is years of record, and b is a constant. The choice
of formula needs to be careful because the result of formulas can vary significantly for
extreme events [47]. Regarding the variance, Makkonen [48] has tested the reliability of
formulas, and found the sources of errors from Blom’s, Jenkinson’s, Gringorten’s and
Hazen's formulas. Cook’s [49] research has further reviewed the formulas to rectify some
criticisms about the formulas, and found that Harris’s and Gringorten’s methods have
acceptable levels of error. Based on the research, this study can find a proper method for
the obtained dataset.

1.3.2. GIS and ML as Tools for Risk Analysis

GIS is a common technique to conduct risk analysis. In recent years, GIS-based risk
assessment has been more and more combined with clustering analysis to produce valuable
information from massive geographic data [13,50]. The increasing availability of big data
and clustering tools have been improving the process of decision-making profoundly.
This hybrid method has also achieved wider adoption in the business industry, such as
in sustainability consultancies, and many startups are developing risk tools and enquiry
platforms to serve real estate companies [51,52].

Clustering analysis is an unsupervised classification algorithm in machine learning that
has been used in flooding risk analysis [53,54] and some other hydrological analysis [55,56].
This method can study the natural pattern of a dataset and identify the clusters of items that
have similar data features. In previous assessment risk studies, the K-means method is one
of the most popular algorithms. It aims to give partitions efficient in minimizing within-
class variance [57]. The use of K-means clustering overcomes the difficulty of determining
risk classification as the classification for flooding risk does not have a clear standard in
relevant studies [58]. When studying the risk for real estate, this advantage is even more
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helpful because the dataset can have many dimensions, and no criteria or standards have
been set already. Therefore, this study chose K-means clustering and tried to optimize the
method regarding the characteristics of the results.

1.4. Loss Mitigation and Stakeholders

Apart from the risk assessment, providing recommendations is also an objective of
this study. In order to come up with insightful recommendations, the consequences of
coastal flooding and the interests of targeted stakeholders are reviewed.

Flooding can impose risks to the real estate sector through various mechanisms and
eventually lead to three types of losses [59]. The first type is direct losses, which are
immediately visible and countable damages to the asset [60], such as wall damage and
facility breakdown. The second type is indirect losses brought by business interruptions
during the flooding. It includes the extra cost of operational fees and loss of revenue.
The last one is consequential losses brought by the degradation of long-term market
competitiveness [59]. Regarding the potential losses and the conceptual model of coastal
flooding risk to buildings (Appendix B), recommendations can be provided in terms of
engineering, planning, management, and financial measures [61].

In response to the losses, the developer, resident, government, and insurer are the
main stakeholders that have distinct interests. Chandra-Putra and Andrews [62] have
built integrated market behavioral models for all those stakeholders. Bunten et al. [63]
have looked into the economic viability of potential recommendations for the developer.
Moreover, they further evaluated homeowners’ willingness to pay for different values
of the property, such as aesthetic value. Conyers, Grant and Roy’s study [36] on Miami
also has a similar analytical discussion. Although detailed market behavior models are
outside the direct scope of this study, they are helpful tools for providing recommendations
based on the results of data analysis. Therefore, this study has included some ideas about
stakeholders’ interests to provide advice for real estate management.

1.5. Research Aim and Objectives

This project aims to assess the risk experienced by areas in Hong Kong for future
coastal flooding via analysis of risk data, climate data, and local geographic data. Rele-
vant stakeholders will then be informed of the results of the different analyses and with
recommendations to further minimize the expected risk. In order to achieve this aim,
the research questions need to be answered: What will be the coastal flooding risks and
potential adaptive management measures for the buildings in Hong Kong? Specifically,

(@) What will be the exposure and hazard level of coastal flooding in Hong Kong at the
end of the 21st century under different scenarios?

(b) What are the characteristics of coastal flooding risks and preparedness of the buildings
in Hong Kong?

(c) How to reduce the potential loss through improving the current situation through
real estate management measures regarding the future potential flooding risks?

Therefore, the main objectives of this project focused on:

1.  Understanding the spatial distribution of exposed area and hazard of coastal flooding
in Hong Kong in 2080-2100 under SSP 4.5 and SSP 8.5.

2. Assessing the flooding hazard, exposure, and readiness of buildings under the two
SSPs and categorizing the buildings into several types by considering their risk pro-
files.

3. Analyzing the representative risk profiles of building from the results, and hence,
discussing implications for real estate management and adaption to 2100.
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2. Materials and Methods
2.1. Assessment Framework Design

Exposure of buildings, hazard level of flooding, and readiness are three interested
factors of risk in this study. The criteria of those factors are listed in Table 1. The exposure
of a building means how many times a building will be a submerged area by coastal
flooding. It is related to the estimated frequency of exceedance and submerged areas for
different levels of ESL events that will happen from 2080 to 2100. As the indicator for
hazard magnitude, water depth needs to be calculated for each building.

Table 1. Framework for risk assessment.

Criteria Sub-Criteria Weighting
Exposure Frequency of ) )
exceedance
Hazard level Water depth - -
Flooding control Stormwater path 15
facility Stormwater pump 15
station ’
Mangrove 1.75
Readi Wood 1.25
cadmess Green infrastructure ~ Marsh and wetland 1
Seagrass bed 0.75
Dune restoration area 0.75
Green building - 1.5

For calculating the readiness of a building, external preparedness is the main criterion,
and it was categorized into flooding control infrastructures and green infrastructures.
Municipal flooding control infrastructures include stormwater pumping facilities and
stormwater path. Green infrastructures are natural-based solutions, such as mangrove and
woodland. The data for those indicators are highly accessible in open databases from the
government, and this can narrow down the gap for quantitative tool building.

Stormwater paths and pump stations help to drain water from the land and mitigate
the influence of flooding. Each of them was assigned a weighting of 1.5. Green infrastruc-
ture plays an important role in resisting sea water inundation. Due to their location and
physical characteristics, woods, mangroves, and wetlands can not only reduce the wave
heights, like seagrass beds and dunes, but they can also stabilize the shore and dissipate
wave energy [64]. Therefore, higher weightings were assigned to those three infrastructures.
According to the Hong Kong Green Building Council (HKGBC) [65], storm surge adaption
design and ecological environment are two scoring criteria for their BEAM Plus scheme.
Therefore, green building certification also was weighted by 1.5 as a criterion representing
the preparedness of the property.

2.2. Data Collection and Preprocessing

Appendix C lists all the details about the datasets used for this study. They are
primarily collected from open databases and converted into the viable format in ArcGIS.
Appendix D shows part of the converted data. Before the datasets have been processed
for analysis, some of them were cleaned to remove the missing values, merged due to the
incomplete data, or processed to trim the redundant data.

2.3. Data Analysis
2.3.1. ESL and Return Period Estimation

The future ESL was calculated from

ESL = MSL + SLR + Storm surge combined with tide event )
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where SLR is the maximum projected value of CMIP6 data, while the storm surge was
calculated from the historical data from the Hong Kong Observatory (HKO). As HKO [2]
has recorded the combination of storm surge and abnormal tide events from 1954 to 2022,
the combined value and return period of those two factors were calculated simultaneously
in this study. Additionally, the overall tide level shows a significant increase since the 1950s
(Appendix E). This trend of increase was proven using a Mann-Kendall test with T = 0.382
and a two-sided p-value of 3.6955 x10 ~°. An increasing T and a p-value of less than 0.05
then proves that the tide levels over time show an increasing trend.

According to Dominicis et al.’s study [66], a 0.5-2.1 m SLR can amplify the tide by
5-50 cm in PRD, so this amplification effect of future SLR to tides was obtained from and
added for calculation. Historical ESL events in Hong Kong follow the characteristics of
the Pareto Distribution (Appendix F). The plotting position formula for calculating the
probability of happening and magnitude is Gringorten’s formula

(m — 0.44)/(n + 0.12) ©)

where m is the rank of magnitude for an event and n is the year of observation. This formula
was tested with the historical dataset, and it has good performance when calculating the
data in the tail end. With the estimated probability, the frequency of exceedance of flooding
in the 20-year interval was calculated.

2.3.2. Spatial Analysis: Magnitude and Readiness

With digital elevation model data for Hong Kong, the submerged area and buildings
of inundation can be identified. Meanwhile, the water depth was calculated by subtracting
the flooding water level by the altitude of each building. The water depth multiplied by
flooding frequency of exceedance produces the hazard index for buildings to generate a
raster hazard map. Those hazard maps were expected to be further multiplied by Hong
Kong’s local variance of possibility. However, due to the low quality of site-based data
to process spatial interpolation, the local variance has been presented only for visual
interpretation.

In ArcGIS, near analysis was mainly used for quantifying readiness. It can help
identify those buildings located in the buffer area or service area of infrastructure. Those
municipal constructions can serve limited areas regarding their drainage capacity. For
example, each pump station has a storage capacity of 10,000 to 60,000 m?, which is designed
to serve the flood black spots of 1 to 6 hectares [67], so the service buffer was set to
200 m. As for the large-scale green infrastructures, namely marshes and mangroves, the
size of their buffer area is positively correlated to their own size. Therefore, the green
infrastructures are classified according to their size, and hence, to create buffer regions. The
green infrastructures that can reduce storm surge level have larger buffer areas, up to 1 km,
because most of the buildings near the shore will have a lower risk if the flooding event
is milder.

It is worth mentioning that the outputs for near analysis have two types. The distance
was calculated to an infrastructure that has a drainage effect because the flatness and the
concrete surface of the inner city can reduce the drainage efficiency when the distance to
infrastructure is longer. Therefore, the score is the reciprocal of distance. Another type
represents the presence or absence of those flood-reducing infrastructures as they have
nothing to do with drainage efficiency, and the score is either 0 or 1. The sum of those
scores is the readiness index.

2.3.3. Clustering Analysis

This study adopted Two-Step Cluster Analysis (TSCA) regarding the characteristics of
the processed dataset. TSCA is a method for classifying the dataset with categorical and
continuous variables [68]. In order to reduce the overlapping of variables and improve
the performance of classification, the three criteria of readiness were selected as variables.
Among them, green building is a categorical variable. Moreover, the flooding events were
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Data
Preprocessing

Mean Sea Level

divided into small and large events with a threshold of 5 m height. The frequency of
exceedance for small and large events and hazard index under SSP 4.5 and SSP 8.5 are the
other 6 continuous variables. For those continuous variables, min-max normalization was
performed before clustering analysis. Around 7 clusters are optimal for flooding studies [69]
In our case, 8 clusters yielded sound results and were thus retained. In urban flooding
studies, 8 clusters are appropriate and illuminating [70]. Thus, 8 clusters were generated.

TSCA is executed by the built-in module of SPSS. After classes were assigned to
the corresponding building ID, the data were displayed in ArcGIS for validation and
further interpretation.

2.4. Research Approach

As listed in Table 2, this study primarily used a quantitative approach for analysis.
Excel, ArcGIS, and SPSS were the tools used for data processing. Figure 1 further illustrates
the flow of this research.

Table 2. Research approach for this study.

Method Analysis Software Data Type
- Modelling .

Statistics hazard data Excel Climate data

Quantitative . . . Local
GIS analysis Spatial analysis ArcGIS geographic data
ML Cluster analysis SPSS Risk data
Qualitative Results and desktop research for ) }
discussion

Data
Collection

Constructing Risk
— Assessment

Projection Data

Historical Storm
Surge Data

il

Local Feature

Framework
Possibility and
Return Period Magnitude of Spatial Exposure ClusteringAnalysis —(  Results
Analysis [ Flooding in Analysis
2080-2100 l T
g Reviewing the - ) A
Spatial — Vulnerability Performance of o)
] Analysis Clustering Recommendation

Data

i

s Census Data

Analysis T

!

Figure 1. Research flow chart.

Firstly, the statistical analysis based on historical data was performed to estimate the
possibility and magnitude of coastal flooding events from 2080 to 2100 under SSP 4.5 and
SSP 8.5. After that, an assessment framework was constructed, considering the research
objectives and data availability of Hong Kong. The second part of data analysis is spatial
analysis, which is a process to convert feature data and assign the scores of each building
for different criteria. Lastly, a clustering analysis was executed in SPSS. The results of
classification were projected into ArcGIS for reviewing and interpreting.

In the discussion part, this research identified the key factors forming the vulnerability
of each property class. Meanwhile, referring to key stakeholders” interests and experience
of other cities around the world, recommendations were provided.
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3. Results
3.1. Spatial Distribution of Flooding Risks
3.1.1. ESL Events

With the influences of future SLR and hazard events added to the current sea level,
the ESL under SSP 4.5 ranges up to 6.5 m, while it ranges up to 7 m for SSP 8.5. As shown
in Appendix G, the recurrence interval and frequency of exceedance for different levels of
events have been calculated. Under SSP 4.5, there will be about 92 times when the sea level
could exceed 3 m, and at least one time when the sea level could exceed the current highest
level of 5m. As for SSP 8.5, in 92 events the sea level could be higher than 3.5 m, and for
more than three times the sea level could be higher than 5 m. Compared with the historical
frequency, a large proportion of sea level events have shifted to the range of 3-4.75 m in the
SSP 4.5 scenario, and to 3.5-5 m in the SSP 8.5 scenario.

As shown in Figure 2, if 5 m or higher is a threshold for severe flooding events
regarding Hong Kong’s topology, the majority of events for both scenarios are below the
threshold, and the frequencies of high values are very low.
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Figure 2. Estimated frequency of exceedance in 2080-2100.

Although the distribution for high sea level events generally fits the Pareto distribution,
errors exist on the low-level side. Since the raw data from HKO did not record the events
lower than 1.75 m, there is a lack of data for estimating the lower events for future scenarios,
especially for the SSP 8.5 scenario. As a result, this effect can underestimate the influence
brought by small flooding events. However, in this study, 98.5% and 95.5% of the threatened
buildings have an elevation higher than 3 m and 3.75 m, respectively, which means the
influence for this study is relatively low.

3.1.2. Coastal Flooding Exposure

The flooding event data have been used in ArcGIS to generate the map of exposure,
which displays the areas of inundation and frequencies of exceedance. The maps for SSP
4.5 (Figure 3) and SSP 8.5 (Figure 4) show that there will be a large proportion of urban
area being threatened by coastal flooding. Yuen Long, the coastal area around the Kowloon
Peninsula, and the north coast of Hong Kong Island will have high exposure under both
scenarios. Specifically, the coastal area of Yuen Long and the northeast coastal area has the



ISPRS Int. ]. Geo-Inf. 2023, 12, 86 10 of 27

highest exposure to flooding. For the southwest of Yuen Long, the low-lying area in Sha
Tin and Tai Po, Wong Tai Sin, the coast of Junk Bay, and the reclamation area in Chek Lap
Kok, their exposure in SSP 8.5 is significantly higher than in the SSP 4.5 scenario.
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Figure 3. Coastal flooding exposure map under SSP 4.5.
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Figure 4. Coastal flooding exposure map under SSP 8.5.

According to the local variance of sea level in extreme events (Figure 5), Yuen Long,
Tai Po, and the southeast islands still have a higher possibility of suffering higher levels of
flooding compared with other regions, whereas the possibilities for south Lantau Island
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and Sai Kung are significantly lower. Those variances are generally consistent with the
predicted situation of exposure.

Legend

Coastal line

Local variance

. High : 99.12%

- Low : 86.13%

Figure 5. Local variance of ESL.

3.1.3. Coastal Flooding Hazard Index

Based on the maps of exposure, Figure 6 demonstrates that there will be a considerable
number of buildings submerged in the city center. Results from the spatial analysis show
that they count 16.3% of the total buildings in Hong Kong under SSP 4.5, and 24.7% of them
under SSP 8.5. The data of those buildings were extracted, and hazard maps for threatened
buildings have visualized the index of hazard based on the elevation of buildings and the
magnitude and exposure of flooding. For better visualization in ArcGIS, the buildings are
displayed in simple points feature.

Figure 6. Overlay of building layer and exposure map of SSP 8.5.
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As Figures 7 and 8 illustrated, under SSP 8.5, there will be more buildings suffering
from coastal flooding events compared with under SSP 4.5. However, the hazard level
for high-risk buildings under SSP 4.5 could be higher than under the SSP 8.5 scenario.
Compared to the relatively high exposure in Kowloon Peninsula, the hazard level for
buildings in this area is not that distinct, especially in SSP 8.5. The buildings having high
hazard level are distributed uniformly. Only Yuen Long has relatively more high-hazard
buildings under both scenarios.
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Figure 8. Map of hazard index for buildings (SSP 8.5).
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Additionally, the scatter diagram of hazard data can provide more information. In
Figure 9, the distribution of hazard index values was plotted, and outliers were removed.
From the data, it is found that there are more values in the middle range of the hazard
index, which is between 108 to 460, under SSP 8.5, whereas the values under SSP 4.5 are
more concentrated in extremely low or high values. The difference further implies that,
compared to SSP 4.5, those buildings having a middle-level of risk will have significantly
higher risks in SSP 8.5. Meanwhile, the buildings that have extreme high-risk level under
SSP 4.5 will have a higher risk under the SSP 8.5 scenario.
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e
o
S
S 1000 i
©
=
o
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N
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0 1 1 1 1 1 1
0 2500 5000 7500 10,000 12,500 15,000 17,500

Number
Figure 9. Hazard data graphics for SSP 4.5 (blue) and SPP 8.5.

3.2. Analysis of Risk Characteristics
3.2.1. Result of Clustering

After performing the near analysis in ArcGIS, the scores of readiness were assigned to
the buildings for clustering analysis. Two-Step Clustering classified the 28,001 buildings
into eight groups regarding nine variances, which describe the characteristics of exposure,
hazard and readiness of a building under two scenarios. Table 3 shows that the size of
clusters ranges from 2.5% to 28.2% of the total. Clusters 1, 4, 2, and 6 are small clusters,
while clusters 8, 7, 3, and 5 are large clusters, each of which includes more than 4000
threatened buildings.

Table 3. Cluster distribution.

N % of Combined % of Total

1 688 2.5% 2.5%

2 2067 7.4% 7.4%

3 4342 15.5% 15.5%

4 1288 4.6% 4.6%

Cluster 5 3997 14.3% 14.3%
6 2677 9.6% 9.6%

7 5059 18.1% 18.1%

8 7883 28.2% 28.2%

Combined 28,001 100% 100%

Total 28,001 100%
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The visualization of clusters in ArcGIS (Figure 10) and the centroid value from the

cluster profile (Appendix H) provide information for describing each cluster.

Cluster 1 Cluster 2
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Figure 10. Maps of buildings and their cluster affiliation.
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Buildings in cluster 1 are sparsely distributed near the coastlines around Hong Kong,
and partly concentrated in the northwestern area, which is Yuen Long. Those 2.5% of
buildings belong to a type of high-risk building that has extremely high exposure and
high hazard level under both scenarios. As those buildings are located in the blackspot of
stormwater paths and pump stations, their readiness of constructed infrastructure is quite
low. However, their readiness of green infrastructure is above the average among all the
building types.

Cluster 2 has low scores on both readiness indexes. It has medium-high hazard level,
high exposure to large sea level events higher than 5 m, and medium-high exposure to
small sea level events. The buildings in this cluster make up 7.4% of the total buildings,
and they are evenly distributed in the whole region.

Cluster 3 is a large group that comprises 15.5% of the total buildings. The buildings in
this cluster are concentrated in Yuen Long, which is the northwest of Hong Kong. A few
of them are also found in rural areas. These buildings are characterized by high readiness
of green infrastructures, low readiness of constructed infrastructures, higher hazard level,
and exposure to large coastal flooding events under SSP 4.5.

Cluster 4 is a small cluster that has a similar spatial pattern, hazard, exposure, and
green readiness characteristics to cluster 3. The difference is that cluster 4 has higher
readiness of constructed infrastructures and lower overall hazard and exposure level.

As for cluster 5, it is a large cluster making up 14.3% of the total buildings. The
buildings in cluster 5 are evenly distributed in Hong Kong, except for the northwest region.
Those buildings have low overall readiness, but meanwhile, the exposure and hazard for
this cluster are also low. Large ESL events under SSP 4.5 are the main threat to buildings
in this cluster. However, the small sea level events lower than 5 m will not impose risk
on them.

Cluster 6 represents a typical building type in the city centers and sub-centers of Hong
Kong. On the one hand, buildings of this type have high readiness regarding flooding
control facilities, but face an absence of green readiness infrastructures. On the other hand,
they are rarely exposed to small flooding events due to the high elevation of the shore. For
this cluster type, the hazard level is higher in SSP 4.5 than in SSP 8.5 because of the higher
hazard brought by large flooding events. Additionally, it is worth noticing that most of the
green buildings were classified into cluster 6.

Cluster 8 has similar characteristics and spatial distribution to cluster 6, but its readi-
ness of constructed infrastructures is significantly lower than that of cluster 8. Cluster 6
and 8 make up 9.6% and 28.2% of the total. In reality, the percentage for cluster 6 should
be higher because of the municipal management measures for flooding. This difference is
due to the underestimation of the service area of constructed infrastructures and the lack of
high-resolution data.

Cluster 7 has low exposure and hazard level under both scenarios. Meanwhile, its
readiness of constructed infrastructure is low, and that of green infrastructure is medium-
high. Those 18.1% of the total buildings are found in Yuen Long and some other sub-urban
areas on the east coast of Hong Kong.

Overall, the display of clustering types in ArcGIS shows that the buildings were
efficiently classified into representative groups. The characteristics of each type are clear
and different from each other. Nevertheless, the clustering results for type 6 and 8 can be
improved in future studies.

3.2.2. Quality of Clustering

The quality of clustering can be evaluated in more detail by focusing on the charac-
teristics of variants and the mean and standard deviation of centroids. The separation
of variants is high in terms of the risk analysis dimensions, but relatively lower between
the variants of two scenarios, for example, the hazard indexes under two scenarios. In
the cluster profile (Appendix H), the centroids show that the clusters are well separated
by the readiness of constructed infrastructure, readiness of green infrastructure, and the
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hazard indexes. Nevertheless, there is still overlapping between clusters 4 and 6 on fields
of readiness. On the hazard index fields, the pairs of clusters 3 and 5, 4 and 6, and 7
and 8 also have overlapping between each other. As for the exposure to small and large
flooding events, the clusters are separated quite well on those fields. They delineated the
combination and characteristics of exposure clearly. On those fields, an overlapping exists
between clusters 7 and 8.

The visual interpretation in ArcGIS, centroid analysis, and model summary produced
by SPSS (Appendix H) show that the overall quality of clustering analysis is good. Al-
though statistical quality data show that overlapping exists between some clusters, the map
visualization shows that the clustering analysis has characterized typical clusters efficiently.
Regarding the overlapping, further improvement can be conducted by considering the
choices of variants and improving the separation between clusters 4 and 6.

4. Discussion
4.1. Characteristics and Sources of Coastal Flooding Risks

The results obtained so far have provided an overview of the exposure, hazard level,
and readiness of buildings under two scenarios. Moreover, the clustering analysis has
categorized buildings into mutually exclusive clusters, which reduced the dimensions of
cross-comparison and significantly increased the capability of analyzing the large number
of buildings.

From the results of clustering, there is an evident difference in spatial distribution
between clusters 1 and 2, clusters 3, 4, and 7, and clusters 5, 6, and 8. Some causes of those
distributional patterns have been mentioned in the results. This part of the discussion
investigates the factors in detail, and hence, guides the recommendation.

The primary cause of the high exposure and hazard level for clusters 1 and 2 is the
building’s short distance to the sea, while the determining factor is the very low altitude of
the building. The relative position to the sea and the altitude are intrinsic attributes of a
building, and they are related to the topography of the urban area. This is the reason why
buildings in clusters 1 and 2 can be found sparsely distributed around the whole region, and
they are usually surrounded by many other clusters. Therefore, the recommendations need
to target a particular building to improve the capability of responding and the resilience
of recovery. The attributes of this building type make the buildings more vulnerable to
frequent small events, and contribute to a high hazard level of flooding. This implies that
the recommendations for clusters 1 and 2 should consider not only the large flooding events,
but also need to protect the building from the influences of more frequent small floods.

As for the clusters 3, 4, and 7 and clusters 5, 6, and 8, their distributional patterns
are more related to the regional environmental factors. Buildings in clusters 3, 4 and 7 are
mainly located in the northwest of Hong Kong, which is Yuen Long. As mentioned above,
Yuen Long is a hotspot of coastal flooding risk. It not only has a large area of exposure, but
also has many cases of extreme high hazard level. This is due to the topography and land
use type in that district.

The coastal area in Yuen Long is gently sloping, and it has not experienced large-
scale modification owing to the presence of agricultural lands and natural reserves [71].
Therefore, the buildings are distant from coastlines, which helps prevent them from being
flooded by small flooding events. Meanwhile, the construction of stormwater paths has
also been restricted near the conservation area. This may be the reason why pump stations
are densely distributed around the periphery of those areas (Appendix D).

The local variance of ESL events (Figure 6) further revealed the status of risk in
Yuen Long. The average ESL recorded in Yuen Long is significantly higher than in other
areas. Moreover, in previous research studying future water level changes, the Deep
Bay near Yuen Long has also been identified as the most susceptible sea area in Hong
Kong [66]. This evidence suggests high risk level and high potential for improving the
relevant infrastructure in this area. Future planning, policy initiatives, and management
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measures of real estate will need to consider the risks and advantages of ecology in Yuen
Long, and the site-specific situation for other spatial outliers.

Although each pair of clusters 3 and 5, 4 and 6, and 7 and 8 have a similar risk
profile, the causes are different. Buildings of clusters 5, 6, and 8 are identified on the coasts
of Victoria Harbor, Tuen Mun, Tai Po, and Sha Tin, which have experienced large-scale
reclamation or coast modification projects since the 1980s (Appendix I). The reclaimed areas
usually have a seawall with a steep slope and high height above sea level, which is designed
to dissipate the energy of waves and reduce erosion [72]. This may be a reason why the
average sea level in those areas is relatively low in Hong Kong (Figure 5). Meanwhile, those
areas are urban centers of different districts, which means there is very limited space in their
coastal region or in the sea. Recommendations for those clusters cannot be simply drawn
from improving the readiness of corresponding infrastructures, but need to consider other
initiatives, such as the measures of promoting climate insurance and the improvement of
building quality.

4.2. Recommendations for Stakeholders

In recent years, Hong Kong has adopted the Flooding Risk Management (FRM) frame-
work to implement basin-wide drainage planning, increase community preparedness,
and design technologies for sustainable flooding control [19]. Under this framework and
based on the above results and discussions, recommendations will be provided for the
government and real estate companies.

For a new real estate project that is near to the sea and whose elevation is under
5 m, the planner and developer can refer to the risk profile of clusters 1 and 2. They
can design civil engineering constructions and extra drainage system that will reduce the
vulnerability brought by very frequent small floods and severe large floods. Moreover, the
developer can target homebuyers’ willingness to pay for the waterfront to improve the
building quality and its brand image. This strategy can partly offset a high rate of insurance
due to the high direct and indirect loss of property and reduce the consequential loss of
market competitiveness.

Additionally, the clustering result of green buildings shows that the certified building
have high readiness of constructed infrastructure and relatively low risks. Together with
the standard of the BEAM scheme [65], this implies that promoting the recognition of green
buildings is likely to incentivize the developers to optimize site selection and improve the
quality of buildings.

For the buildings of clusters 3 and 4, the government can further their advantages of
high green infrastructure readiness in Yuen Long and other areas. It can learn from the
ABC water strategy of Singapore to incorporate green creativity into FRM [73]. This type of
value investment strategy integrates the blue-green infrastructure into the environment to
enrich the ecological and recreational functions of the stormwater path [74]. It can become a
substitution for sustainable flooding control and change the current peripheral distribution
of constructed infrastructure in the areas such as Yuen Long. To implement the construction,
more investment should be allocated to cluster 3 as it is a large cluster that has a higher
hazard level and lower readiness. Under SSP 4.5, the design of water paths should use a
higher standard of flood drainage.

Differently, the coastal flooding control for those buildings in urban centers, such
as clusters 5 and 6, are not suitable for the abovementioned strategies. In addition to
the upgrades of building quality and drainage facilities for reducing the direct loss and
indirect loss, introducing property insurance is a recommended alternative. However, due
to the lack of supportive policy, the availability of flooding insurance in Hong Kong is
currently low. This study recommends that the government can learn from the UK [61]
and New York [19] to promote different premium packages regarding coastal flooding
risk, especially under SSP 4.5, which can bring a higher risk than SSP 8.5. Real estate
companies and homeowners are also recommended to choose suitable premium packages
for their properties.
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Clusters 7 and 8 are two types that have the lowest exposure and hazard level. The
direct loss for those two building types is low, but there might be some operational expense
on emergency management. Therefore, improving the emergency plan and building
community awareness can be promoted. This is also an alternative that can be promoted
for all types of buildings.

Taken together, different building types need various solutions for risk management
regarding their risk profile and site-specific situation. It is worth mentioning that the
stakeholders need follow-up monitoring of possible trend changes so that they can adjust
to appropriate strategies under climate scenarios.

4.3. Limitations and Future Research

The findings and recommendations above are subject to some limitations. Firstly, the
lack of open data is a major limitation of risk assessment. For example, the absence of sea
level records under 1.75 m has led to an underestimation of small floods occurrence, which
drove down the risk levels of clusters 1 and 2. The unavailability of some other datasets,
such as the urban greenery data, has also reduced the accuracy of modelling the readiness,
and that is the reason why the woodland dataset was used for substitution.

Secondly, the choices of parameters can also be improved to generate better clustering
results. When deciding the service area of constructed infrastructure, the area was set to a
small buffer, which has led to inaccuracy in estimating the readiness, and classified many
buildings into cluster 5 instead of 6. A more important implication is that choosing the
stormwater path and pump station to represent the constructed infrastructure lacks the
representability to the complex real-world situation. This study has not done this analysis
due to time constraints, while future studies can try to build a hierarchical weighting
system for the drainage system in Hong Kong, and thus, produce more accurate results.

Except for the limitations originated in data analysis, the practicability of recommen-
dations is derived from the data analysis. Although it provided potential risk management
measures, project-based decision-making processes and monitoring are still important.

Future research can be undertaken to explore cluster type’s correlation with price,
housing occupation, tenant migration or education level. Although the author had tried
to look for correlations using the Tertiary Planning Units data, the maps did not present
any obvious spatial correlation due to the low resolution of Tertiary Planning Units data. It
is also unreasonable to fit those data at the property level. Therefore, finding out proper
dataset or sampling strategy is a good start for future research. Moreover, for realistic
implications, the government or consultancies can build a query platform for flooding risk
management based on the clustering results. This can simplify the process of decision-
making and preserve insightful information in the meantime.

5. Conclusions

To conclude, this study was undertaken to investigate the future coastal flooding risks
for the real estate sector in Hong Kong and provide recommendations for managing the
future risks. It is found that up to a quarter of buildings in Hong Kong will be threatened
by coastal flooding in 2080-2100, and the majority of them are located in the city center
and sub-center areas, such as the Victoria Harbor coast and Yuen Long. With the exposure,
hazard level, and infrastructural readiness data assigned to each of the buildings, the
buildings were classified into eight cluster types.

In the discussion part, the clusters of buildings were analyzed to find out the reasons
resulting in a specific type of risk profile, which includes the land use history and urban
morphology. Meanwhile, potentials for managing the risks were identified for the stake-
holders based on the risk profile and local situation of clusters. For instance, providing
incentives promoting insurance for buildings in clusters 5 and 6 are recommended to
the government.

Overall, this research constructed an indicator-based assessment model for the real
estate sector regarding future coastal flooding risks. It attempts to incorporate quantitative
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Source

climate change data into the assessment process. Meanwhile, it filled the gap of needing
more decision-making tools for real estate stakeholders in Hong Kong and significantly
increased the effectiveness of understanding massive urban data.

Future research can construct a more refined assessment model using appropriate
datasets or statistically modelled data. Furthermore, it can investigate the cluster type’s
correlation with some socio-economic factors at the building level.
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Appendix A

Table A1l. Plotting position formula [61].

Method Probability of Exceedence, P Average Recurrence Interval, T
California m/n n/m

Hazen (m — 0.5)/n n/(m — 0.5)

Weibull m/(n+1) (n+1)/m
Chegodayev (m —0.3)/(n +0.4) (n+0.4)/(m — 0.3)

Blom (m—-3/8)/(n+1/4) n+1/4)/(m — 3/8)
Gringorten (m — 0.44)/(n + 0.12) (n+0.12)/(m — 0.44)
Appendix B
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Figure A1. Conceptual model of coastal flooding risk to buildings [19].


https://drive.google.com/drive/folders/1CuJouloaBY-cYx-dkcNVhIXRCkfrqbxb?usp=share_link
https://drive.google.com/drive/folders/1CuJouloaBY-cYx-dkcNVhIXRCkfrqbxb?usp=share_link

ISPRS Int. ]. Geo-Inf. 2023, 12, 86

20 of 27

Appendix C

Table A2. Table of raw data and data sources.

Category Data Source

Type

Future climate data under

SSP45 and 8.5 Sea level rise

(Fox-Kemper et al., 2021)

Numerical value

Flooding prediction Sea level record (HKO, 2022b) Numerical record
Historical climate data Storm surge database
Tide amplification (Dominicis et al., 2020) Numerical value
5 m digital elevation (Lands Department, 2021) Shapefile
model
Location of tld.e Manually recorded -
observatory station
Building Shapefile
Dune restoration areas Shapefile
Risk assessment Local data Flooding control (Lands Department, 2021) i
. Shapefile
infrastructure
Mangrove Shapefile
Sea grass bed (AFCD, 2021) Map
Green building (HKGBC, 2021) Building address
Landcover (Lands Department, 2021) Shapefile
Reports - -
Qualitative analysis Qualitative data Open websites - -
Policy documents - -
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Figure A2. Distribution of constructed and green infrastructures.
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Appendix G

Table A3. Table of recurrence interval and frequency of exceedance for different levels of events.

SSP4.5 SSP8.5
Extreme Sea Frequency of Rl:c‘ilerrrlgnece Frequency of Ri‘f:rZ%lece Historical
Level (m) Exce.edance Interval Exce'edance Interval Frequency
(time) (years) (time) (years)

3-3.25 91.75 0.22 No data No data 15.37
3.25-35 90.25 0.22 No data No data 6.13
3.5-3.75 83.14 0.24 91.75 0.22 3.14

3.75-4 66.04 0.31 87.88 0.23 1.51

4-4.25 43.95 0.46 75.90 0.26 1.14
4.25-45 23.85 0.88 54.68 0.37 0.89
4.5-4.75 10.50 2.02 31.84 0.65 0.64

4.75-5 451 4.68 15.12 1.42 0.39

5-5.25 2.01 10.42 6.51 3.18 0.14
5.25-5.5 1.14 17.57 3.14 6.84 -
5.5-5.75 0.89 22.51 1.51 13.31 -

5.75-6 0.64 31.30 1.14 17.57 -

6-6.25 0.39 51.36 0.89 22,51 -
6.25-6.5 0.14 143.07 0.64 31.30 -
6.5-6.75 0 - 0.39 51.36 -

6.75-7 0 - 0.14 143.07 -

Appendix H
Table A4. Cluster Profile.
Centroids

Green_Inf Score

Constructed_Inf_Score

Mean Defitai.ion Mean Defitadt.ion

1 0.4645176583  0.2512619733  0.0605948198  0.1339347757

2 0.4350815964  0.2505961258  0.0463057050  0.1214751176

3 0.5632801059  0.0669191738  0.0042013062  0.0207303980

Cluster 4 0.5772796665  0.0853719109  0.3108347831  0.1164582531
5 0.0589767462  0.0999676423  0.0079357425  0.0274109394

6 0.0118858385  0.0508670896  0.3215528210  0.1112618549

7 0.5473243087  0.0502970432  0.0050557840  0.0204797062

8 0.0493772322  0.0939848181  0.0063556892  0.0244509358

Combined 0.2797722611  0.2695964133  0.0544336122  0.1240818137
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Table A4. Cont.

Centroids
Small Event SSP 4.5 Large Event SSP 4.5
Mean De\?it:t.ion Mean Defitst'ion
1 0.9755303378  0.1235623460  1.0000000000  0.0000000000
2 0.3524950927  0.0000000000  1.0000000000  0.0000000000
3 0.0000000000  0.0000000000  1.0000000000  0.0000000000
Cluster 4 0.0000000000  0.0000000000  0.3586836831  0.4419920241
5 0.0000000000  0.0000000000  1.0000000000  0.0000000000
6 0.0000000000  0.0000000000  0.4259523381  0.4688937406
7 0.0000000000  0.0000000000  0.0478942517  0.0588723157
8 0.0000000000  0.0000000000  0.0487362778  0.0590389025
Combined 0.0499900800  0.1744467136  0.4757952963  0.4751547113
Centroids
Small Event SSP 8.5 Large Event SSP 8.5
Mean Defit:t.ion Mean Defitadt.ion
1 0.9801540233  0.1002145194  1.0000000000  0.0000000000
2 0.3524950927  0.0000000000  1.0000000000  0.0000000000
3 0.4748449245  0.0000000000  0.0230994891  0.0000000000
Cluster 4 0.0000000000  0.0000000000  0.0120117396  0.0095643814
5 0.0000000000  0.0000000000  0.0230994891  0.0000000000
6 0.0000000000  0.0000000000  0.0124863016  0.0101430520
7 0.0000000000  0.0000000000  0.0056149324  0.0069019571
8 0.0000000000  0.0000000000  0.0057136482  0.0069214871
Combined 0.0591354033  0.1923543464  0.1096378780  0.2942846165
Centroids
Hazard Index SSP 8.5 Hazard Index SSP 8.5
Mean De\?itai.ion Mean Defiti.ion
1 443.4320640 383.0951058 353.5613576 385.8927786
2 97.43114152 97.34005910 48.92406200 67.12296271
3 1.121440697  0.5442923250  4.651526525 5.816017925
Cluster 4 0.4776370161  0.5099163045  1.200902100 2.835063784
5 1.050332457  0.7249202712  4.441316414 7.541842340
6 0.4987326510  0.5118573014  1.312858942 2.516747499
7 02100954671  0.3548501279  0.1665549074  0.5277449115
8 0.2215145317  0.3907466925  0.1797211840  0.6213871392
Combined 18.58141780 97.40475880 13.91542262 84.03370024
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Table A4. Cont.
Green_Building
0
Frequency Percent Frequency Percent
1 687 2.5% 1 2.3%
2 2066 7.4% 1 2.3%
3 4342 15.5% 0 0%
Cluster 4 1288 4.6% 0 0%
5 3997 14.3% 0 0%
6 2635 9.4% 42 95.5%
7 5059 18.1% 0 0%
8 7883 28.2% 0 0%
Combined 27,957 100.0% 44 100%
Model Summary
Algorithm TwoStep
Inputs 9
Clusters 8
Cluster Quality
Poo Good
-1.0 05 00 0s 1.0
Silh e of cohesion and separation
Figure A5. Model summary and Cluster quality.
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Figure A6. Reclamation land in Hong Kong [45].
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