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/  Managing water-related vulnerability
and resilience of urban communities
in the Pearl River Delta

Liang Emlyn Yang

Abstract

Globally, growing concern about disaster risks necessitates the implementation of
actions that combine vulnerability reduction and resilience building. This paper
applies the concept of vulnerability and resilience to urban communities in the
Pearl River Delta along the Southern Chinese coast that ave facing climate-velated
water hazards. The study integrates a reanalysis dataset and model projections
with literature results on long-term climate changes, which support a comprehen-
sive risk analysis of both floods and water shortages in the Pearl River Delta
within the regional climate change context. A flood vulnerability assessment in-
dicates that pre-existing vulnerabilities are exacerbated after flood impacts. The
main factors influencing the vulnerability of coastal communities are related to
economics, institutional capacity, and the accessibility of knowledge for local com-
munity-based organizations. Many communities have been able to reinforce their
resilience through local initiatives, including investing in infrastructures, sharing
responsibilities, diversifying engagements, network recoveries, and water security
nets for the most vulnerable ones. To ensure that the delta’s communities are well
adapted to climate and water threats, itis clear that investing in building commu-
nity resilience and safety nets is important. This paper further highlights that
community efforts, government supports, and external assists should be better or-
ganized to reinforce the abilities of the people at the local level.

KEYwoRDs: Climate change, flood risks, vulnerability, community resilience, wa-
ter security, Pearl River Delta.
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Introduction

Currently, concerns are increasing that climate change would increase disaster risks
like droughts, floods, and storms, which pose security problems to human societies
(IPCC 2012), especially in coastal urban areas. Among many disasters, the concerns
about climate-related flooding have led to increasing interest in understanding the
interactions between climate, flood, and human responses (Yang et al. 2015). Several
decades of research have produced a considerable understanding of the complex in-
teracting factors contributing to social vulnerability to natural hazards. Despite
these insights and the efforts of the disaster risk reduction and humanitarian organ-
izations to reduce hazard vulnerability, natural hazards remain a considerable chal-
lenge to poverty reduction and development in many countries around the world and
particularly in fast developing Asia (Nitivattananon et al. 2012).

Cities are dynamic social systems: their future developments are shaped by many
interacting forces, including changes in the environment. With a projected sea level
rise of up to 0.6-1.6 m by the end of this century (Jevrejeva, Moore, and Grinsted 2010),
many of the world’s large coastal cities are at increasing risk. Besides sea level changes,
climate change is likely to increase rainfall variability, drought intensity and duration,
and damages on water-related infrastructure by extreme weather events, which all in-
creasingly threaten the local water availability (Schewe et al. 2014). Water supply is be-
coming more complicated due to population growth, economic development, and dif-
ficulties in response/management (Yang, Chan, and Scheffran 2018).

In particular, cities in the highly populated Asian coastal areas will increasingly
face complex inter-related problems associated with greater intensity and frequency
of climate extremes (Dewan 2013; Yang et al. 2015). Impacts affect both urban and
rural communities along the coast including housing, infrastructure, and economic
facilities. Some of the key challenges in Asia related to climate change are: impacts
of extreme weather events (i. e. floods, storm surges, sea level rise); identification of
social vulnerabilities to multiple stressors during climate and environmental change;
and adaption strategies concerning agro-technology, water resources management,
and integrated coastal zone management (Nitivattananon et al. 2012). Disasters and
climate change impacts as well as increased water demand pose serious risks to the
provision of sustainable urban water services, e. g., drinking water, sanitation, and
safe drainage, especially in cities (Zhang et al. 2009; Li 2009). These challenges call
for a transition toward improved water management, including vulnerability reduc-
tion and resilience building.

While there are different meanings of the term vulnerability depending on the sci-
entific discipline, the IPCC has clarified its meaning for the climate and disaster com-
munities: Vulnerability is comprised of exposure, sensitivity, and adaptive capacity
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(IPCC 2012). However, vulnerability assessment alone is not able to support infor-
mation on probability, extent of, or recovery from a disaster event. Thus, there is a
need to integrate local vulnerability into disaster risk analysis and resilience enhance-
ment by means of regarding climate change impacts. As Whittle et al. (2010) argues,
resilience can somehow be considered as the flip-side of vulnerability. However, this
relationship is not always straightforward. The truth is that different definitions of re-
silience have emerged across a wide range of disciplines (Meerow, Newell, and Stults
2016; Liao 2012). In spite of this, evidence was found of nine core elements of commu-
nity resilience that were common among all definitions, including local knowledge,
community networks and relationships, communication, health, governance and
leadership, resources, economic investment, preparedness, and mental outlook (Patel
etal. 2017).

There can also be very large differences in the capacity of city authorities, house-
holds, and organizations to take measures to mitigate risk and ensure rapid, effective
responses to disasters (Nitivattananon et al. 2012), and thus differences in resilience.
There is a lack of consensus in the literature about what constitutes vulnerability and
resilience and how to measure these phenomena. While some important work has fo-
cused on the long-term effects of coastal hazards on economic growth, little has been
done to understand, in quantitative terms, the extent to which coastal communities
may be vulnerable to such hazards and, if so, whether they can be resilient (Patel et al.
2017). A focus on these local communities may be more productive than attempting to
define and study community resilience as a distinct concept.

The objective of this paper is to undertake a comprehensive, systematic analysis of
the climate-related hydrological risks as well as the vulnerability and resilience of local
communities in the highly urbanized Pearl] River Delta (PRD) in South China. While
specific strategies for vulnerability reduction and resilience building are still one of the
challenges faced by local, state, and national agencies, this paper provides a framework
to improve comparative identifications of disaster resilience at the community level.
Some priority measures will be discussed to enhance the capability of urban commu-
nities in coping with climate- and water-related threats.

Climate change and water risks in the Pearl River Delta

The Pearl River Delta

The Pearl River Delta (PRD) is formed as a 42 657 km?* sedimentary plain of the Pearl
River with its three branches, namely the West River, the North River, and the East
River (Figure 1). The PRD is dominated by a sub-tropical monsoon climate with
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Figure1: Topography, the river system, and the eleven cities of the Pearl River Delta,
China.

abundant precipitation. The long-term annual mean precipitation is approximately
1800 mm and about 85 % of the precipitation occurs between April and September.
The topography of the PRD has mixed features of crisscrossing river networks, chan-
nels, shoals, and river mouths (so-called “gates” in Chinese). Water flow at the estu-
ary is influenced by both the river runoff and sea tide, with water level variation be-
tween 0.86 m and 1.63 m with a half-day return period.

The PRD includes eleven cities, nine in the Guangdong Province (Shenzhen,
Dongguan, Guangzhou, Foshan, Jiangmen, Zhongshan, Zhuhai, and parts of
Zhaoqing and Huizhou) plus Hong Kong and Macau (Figure 1). Comprising 81.61
million inhabitants in 2016, the PRD is rapidly urbanizing and is now among the
most prosperous metropolitan areas of the world. The GDP of the PRD cities reaches
roughly 1428 billion US$ in 2016 with an average annual growth rate of 16.2 % in the
first decade of this century. This rapid development is accompanied by intense land
use change, e. g. built-up areas increased from 4.14 % in 1988 to 20.61 % in 2008 (Ye
etal. 2012), and this trend is still continuing.

The natural environment of PRD is sensitive and variable due to the strong mon-
soon, the dense river network, and significant effects of erosion and deposition.
Rapid economic development and population growth have further intensified the
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fragmentation of the natural environment. The combination of these factors makes
the PRD prone to natural disasters, of which floods are the most serious. Although
increasing hydraulic engineering (mainly reservoirs and dams) in the upstream area
prevent certain fluvial floods for the PRD, local extreme weather and poor drainage
in the context of climate change and urbanization still make the flood threat a sub-
stantial concern for the government and stakeholders (Peng et al. 2008; Chan et al.
2012).

Climate change and impacts on the water system

Flood risks

Flood implications of climate change trends are pronounced in most of the cities in the
PRD. The frequency and intensity of extreme weather and climate events have trig-
gered some significant change — together with continuing development in flood-prone
areas, which increase both the scale and degree of urban flood risk. Climate change is
expected to lead to increases in extreme rainfall, especially in places where mean rain-
fall is already expected to increase. Such extreme precipitation will threaten many ar-
eas, buildings, infrastructure, and people and is likely to result in great losses.
Flooding in the Pearl River basin is caused primarily by local or upstream rainstorms
during the rainy season from May to September in the year. The stream flow variations
show remarkable relations with precipitation changes in the West and East River ba-
sins, implying a tremendous influence of climate change on hydrological processes
(Zhang et al. 2009). Large-scale flood impacts (economic loss and population flooded)
coincide well with the occurrence of intense precipitation most of the years, while low
precipitation means fewer flood impacts. However, floods are not only related to total
precipitation but also to extreme rainfall. In 2003, the total precipitation was relatively
low but the population flooded was substantial because a devastating typhoon
(Dujuan, with international No. 0313) hit the PRD directly with extreme rainfall and
strong winds (Yang et al. 2015).

The principle also applies to typhoons. What usually matters more is the inten-
sity rather than the typhoon frequency. As previously stated, annual precipitation,
extreme rainstorms, and typhoons are all projected to continue to become more fre-
quent in the PRD area during this century, thus the probability of flood occurrence
is expected to increase accordingly.

Flooding in cities is also called waterlogging in local areas, which occurs frequently
in PRD cities like Guangzhou, Shenzhen, and Hong Kong. Heavy rainfall over a short
period of time is the main reason for waterlogging. In addition, large parts of land
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Figure 2: Photographs showing the rapid development and urbanization in the low coastal
areas of the PRD. Source: Photos taken by Liang E. Yang in November and
December, 2011.

are covered by buildings and concrete, which increases the surface runoff and rain-
water accumulation for waterlogging. PRD cities have experienced rapid develop-
ment and urbanization in the low coastal areas and this is not slowing down in recent
years (Figure 2). In the context of expected extreme precipitation and continuing ur-
banization, waterlogging is increasingly possible for city centers due to fast rainwa-
ter accumulation and in old city areas due to poor local drainage.

While the eastern areas of the PRD face many local small-scale floods caused by
intensive rainfall, the western and northern parts suffer more from river flooding.
River flooding is usually caused by large-scale precipitation. A sharp increase in pre-
cipitation would require further water storage capacity for flood control along the
river, while unexpected precipitation reduction would affect the impoundment. In-
deed, the decrease in flood frequency and increase in flood-affected population or as-
sets in the Pearl River basin during the last decades have been noticed by Chen, Zhang,
and Chen (2012). Given that the frequency and intensity of extreme weather have
shown significant change, tremendous influence on hydrological processes can be ex-
pected and further basin-wide flood risks are implied.
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Water shortage

Water resources are unevenly distributed throughout the PRD. The highly urbanized
PRD area gets relatively little water compared to the upstream areas, based on per cap-
ita water availability. In addition, not all cities can easily take advantage of using the
Pearl River water as cities such as Hong Kong and Shenzhen are not located near the
river mainstream. Both cities rely highly on natural rainfall and regional water transfer
and are therefore more vulnerable to the impact of weather factors. Uneven patterns
of precipitation also cause droughts in certain subareas. Higher drought risk can be
observed in the lower Pearl River basin and lower drought risk in the upper Pearl River
basin (Zhang et al. 2012). Due to the uncoordinated distribution of water resources and
population, the highly urbanized PRD area is under higher pressure when drought and
water shortage occur. Projected climate change is expected to aggravate the uneven
pattern of precipitation, which will bring about further water stress.

In the context of global climate change, the sea level is expected to keep rising in
the future, which would increase saltwater intrusion, the invasion of seawater into
inland freshwater systems. Saltwater intrusion affects the quality of river water, re-
sulting in reduced availability of freshwater resources. The river water level declines
due to reduced surface runoff, which therefore allows sea-water to intrude and
spread in the Pearl River inland river channels. The situation deteriorates when tides
occur and tidal water intrudes further into the costal river system, thereby creating
a super saltwater intrusion. In addition, a rising sea level would push saltwater into
inland groundwater systems. If there were not enough surface runoff injected to
groundwater system, ground water would eventually become unusable.

Large amounts of rainfall in the wet season help to take away or dilute water
contaminants significantly. However, less water will lead to a higher concentration
of water contaminants. As wastewater and sewage are increasing rapidly in the PRD
cities along with fast population growth and urbanization, climate-related water
shortage would aggravate water pollution. Serious water pollution would deteriorate
the aquatic environment and cut down the amount of useable water. Natural and
human made water pollution can spread with transboundary water diversion. Re-
search shows that increased depositions of cadmium, copper, and zinc in Hong
Kong's reservoirs are positively correlated with their depositions in the downstream
of Dongjiang River during the period of 1994—2001. There are also many other sub-
stances transported to Hong Kong through the water supply project, which may
cause health problems (Ho, Chow, and Yau 2003).

The impact of climate change on available water resources, including the quantity,
quality, and distribution, is very complicated and often unclear. Furthermore, the de-
velopment, utilization, and planning of the local water facilities are also involved,
which adds alot of exposure to climate change impacts. Long term and severe droughts
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could cause failures of water supply facilities. Extreme hot weather can depreciate the
entire social infrastructure including water supply, flood control, and pollution treat-
ment. In addition, floods are a major initiator in destroying human facilities and wel-
fare. And finally, the health sector may be also affected by damages in water supply
facilities and sewage systems of the PRD basin, mainly in form of an increase in the
incidence of water-related diseases and may influence the cities and their people.

Vulnerability to climate-related water hazards

Flood vulnerability of PRD cities

Flood risks emerge from the interaction of flood hazards and vulnerability (Merz et
al. 2010). The vulnerability to flood hazards can be identified by its three compo-
nents: exposure, sensitivity, and adaptive capacity. In this study, the methodology
consists of a vulnerability indicator system with 15 indicators to quantitatively eval-
uate the PRD cities’ vulnerabilities, as introduced in Yang et al. (2015).

Primary data for the vulnerability assessment were collected from the Statistical
Yearbooks of Guangdong Province (2002—2011), statistical yearbooks of each city
(2002-2.011), the sixth census of each city (2010, except Hong Kong and Macau), and
government publications and news reports in related cities in 2010. It has to be men-
tioned that a few indicator values (e. g. economic sector and drainage system) are
not exactly comparable due to different statistical criteria of individual cities. A more
appropriate approach is to describe the three components of vulnerability in detail
and also combine them into one flood vulnerability index. Of all the eleven cities ex-
amined, Zhongshan, Dongguan, and Macao are the three most vulnerable cities in
this area (Figure 3) while Hong Kong, Shenzhen, and Guangzhou rank in the middle.
Therefore, even though the exposure and sensitivity indicators are still significant in
the most developed cities, flood risks and potential damages can be mitigated greatly
by improving flood-control measures (i. e. the adaptive capacity).

The results suggest that the exposure and sensitivity of Hong Kong, Macao,
Shenzhen, and Guangzhou are very high because of highly exposed populations and
assets located in lowland areas. However, the potential vulnerability and risk can still
be low due to high adaptive capacities with regard to both hard and soft flood-control
measures. A novel framework on flood responses is proposed to identify vulnerable
links and response strategies in different phases of a flood event. It further suggests
that the flood risks can be reduced by developing an integrated climate response
strategy, releasing accurate early warning and action guidance, sharing flood related
information to the public, and applying the advantages of social network analysis.
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Figure 3: Relative flood vulnerabilities of PRD cities. Source: Yang et al. 2015.

As a river delta, the PRD has frequently suffered from flooding in the past. Urban
settlements in the PRD are typically located and developed along shorelines and the
river estuary, putting them at particularly high risk of flooding and an expansion of
the water’s edge. At the macro level, the PRD has a higher frequency of floods and a
more severe flood risk in general because it is highly impacted by the combination of
urbanization effects and climate-related changes in the future. Adding to this is the
fact that a large number of existing tidal flood defenses are below the standard set by
the provincial government (Chen and Chen 2002), increasing the probability of
flooding of the local population. If the PRD region fails to take precautions, it will
suffer multiple serious impacts of inundation, storm surges, dike failure, and drain-
age difficulties.

Climate-related impacts are not the only causes of flood hazards in the PRD
area. Since 1980, the coastline of PRD has undergone extraordinary changes due to
urbanization and economic development. Such developments also increase the like-
lihood of flooding due to human-induced hydrological changes, which include:

—  Urbanization changes land surface characteristics, thus altering the rain-
fall-runoff relationship, which leads to increased and earlier flood peak
flow, shorter flood duration, and increased flood volume.
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—  Inorder to meet the water demand of an increasingly dense population, ex-
cessive exploitation of groundwater in the PRD has led to land subsidence,
making the delta more vulnerable to flooding (Huang, Zong, and Zhang
2004).

—  Rapid urbanization drives significant riverbed dredging for construction
materials. Although river dredging could potentially increase the channel
cross-section and reduce the flood risk, intensive dredging and abnormal
riverbed excavation exacerbates river bank erosion and therefore increases
the probability of riverbank outburst (Luo et al. 2007).

—  The growing population occupies an increasing river beach by land recla-
mation along the Pearl River estuary, which seriously narrowed the river
channel and reduced the river’s natural capacity for draining and regulating
floodwater. Flood threats will very likely increase in this situation if no re-
medial action be taken. Moreover, natural floodwater storage has been sac-
rificed, as seen in the drainage of large natural wetlands for urban develop-
ment around the Shekou Peninsula in Shenzhen.

Vulnerability to water shortage

The Pearl River Delta is quite often portrayed as a subtropical area with abundant wa-
ter resources. However, this is only part of the full picture of the complicated water
issues. Although the current water supply system supports the water demand effec-
tively, water shortage is still of general concern in this area (Gu and Yang 2005). Fur-
thermore, global climate change adds new challenges from another dimension, to-
gether with population growth and development activities, making water supply is-
sues more complicated. Water system management is both complex and politically dif-
ficult, requiring the best expert knowledge available for decision-making (Hunt et al.
2007). In order to enrich the adaptive capacity in the PRD area, it is necessary to un-
derstand the characteristics of the water supply system and the associated risks.

The usable river water in the PRD originates in the upstream part of the river
and is influenced greatly by any changes in quality or quantity. Although the absolute
amount of water available to the PRD seems sufficient, per capita water availability
is relatively small considering the intense population and economy (Yang 2014). Es-
pecially, the East River has been nearly fully developed to serve the water demands
of cities along it. It is hardly possible to increase supply. Taking into account poten-
tial droughts and increasing upstream water consumption, the further development
of water supply has become one of the most important and urgent tasks facing PRD
city governments. Accelerated urbanization also dramatically changes water use
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patterns. During 1980—2003, the share of agricultural water consumption with re-
spect to the total annual amount of water consumption declined from 87.6 % to
54.3 % (Yang 2014). During the same period, the share of industry water consumption
increased from 12.4 % to 44.5 %. This altered pattern exposes further contradictions
in water supply and demand: agricultural water consumption shows seasonal, tem-
porary features and therefore can be well prepared for peak demand period while
urban water consumption is constant at a certain high amount. Thus urban water
supply is more sensitive to climate-related water fluctuations and there is a signifi-
cant potential that it is threatened by droughts (Liu, Liu, and Wang 200s).

Extensive water consumption contributes to a large amount of wastewater, which
pollutes the river system and reduces the usable fresh water. This can be considered a
vicious circle of the water system because the expansion of the sewage treatment sys-
tem significantly lagged behind the pace of urbanization. According to a water re-
source report, the characteristics of the PRD are the worst water quality, highest water
consumption, and largest sewage volume in the country (PRWRC 2011). About half of
the PRD streams are polluted, with river water quality classified as IV, V or worse than
V (I to V indicates best water quality to worst). Zhu and colleagues analyzed the water
environment and pollution sources in the PRD and point out that domestic sewage is
the main source of water pollution (Zhu et al. 2002). Although the estimated amount
of pollution-caused water loss seems negligible throughout the PRD, the situation in
certain sub-areas is worse (Gong 2012). In addition, seasonal salty-tidal brings saltwa-
ter and marine pollution to the inland parts of the river system, which aggravates al-
ready existing water pollution. Furthermore, contaminants deposited in the riverbed
could be transported to other areas by water transfer and pose potential risks in the
destination areas as well (Ho, Chow, and Yau 2003).

The most severe impact of water shortage and drought is its disaster-chain effect
(Liu, Liu, and Wang 2005), which considers not only a lack of water as a primary effect
but also many indirect consequences such as pests, diseases, forest fires, ground sub-
sidence, crop reduction, and even social instability (Figure 4). First, water shortage is
adisaster for the environment. As the river water level drops during a drought, saltwa-
ter intrusion occurs more readily and pollutes the already stressed freshwater re-
sources; thus, the drought situation is further exacerbated. Moreover, water shortage
reduces human-wellbeing due to difficulties in the drinking water supply. In addition,
some infectious bacteria and viruses have a strong biological activity in arid environ-
ments and may disperse diseases among humans if there are water shortages. For ex-
ample, the warm and long-lasting dry spell benefited the spread of SARS (Severe Acute
Respiratory Syndrome) in 2002/2003 in Guangdong province (Chen et al. 2004). The
emergence of diseases not only affects people’s physical and mental health, it is also
likely to cause social panic: severe water shortage or drought leads to huge economic
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Figure 4: Disaster chains of water shortage and drought. Own representation based on Liu,
Liu, and Wang 200s5.

losses. Drought-introduced pest infestations are the most direct harm to agricultural
production. Severe drought also affects industrial production, by reducing production
or discontinuing it. In 1991, the drought forced most of the food, beverage, and textile
factories in Shenzhen to shut down their production totally or partially, causing a di-
rect loss of about 200 million Chinese Yuan (37.59 million US Dollars) (Liu, Liu, and
Wang 2005).

Furthermore, changes or a reduction in water availability may cause, bring back,
or prolong social conflicts between municipalities or between people and authorities
on access to water, water use, or water consumption (Yang, Zhang, and Ngaruiya
2013). Three main reasons have been identified as critical factors influencing the oc-
currence of water related social conflicts: 1) aggravation of water shortages, a trigger
that strains the competition for the resource; 2) public rejection of government deci-
sions that may be perceived as unpopular (e. g. reduction of subsidies, increase of tar-
ifts, scheduled reductions in water supply); and 3) additional causes related tolocal (ge-
ographic or sectorial) circumstances, e. g. recurrent drought periods affectinglocal ag-
ricultural activities, lack of infrastructure, or inequitable supply (Brun 2007).

Framing the community resilience in the PRD cities

Community resilience to natural hazards in general

To ensure the delta’s communities can adapt well to climate and water threats, it is
clear that it is important to invest in building community resilience for the most vul-
nerable. The essential issue in this respect is that social and ecological vulnerability to
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disasters and long-term consequences of any particular extreme event are influenced
by the buildup or erosion of resilience (Adger et al. 2005). Specific studies explored re-
silience from both theory and methodology perspectives and in doing so moved beyond
looking at resilience merely in terms of vulnerability, risk, and capacity. Recently, the
concept of resilience was increasingly explored to offer a more systemic and cross-cut-
ting approach to disaster risk reduction. The Sendai Framework for Disaster Risk Re-
duction 2015-2030 (Sendai Framework) further promoted the studies since it set forth
“investing for resilience” as one of the four main priorities for action at different levels
(UNISDR 2015). Although the study is prosperous, the identification of standards and
metrics for measuring disaster resilience is still one of the challenges faced by local,
state, and federal agencies (Paton and Johnston 2017).

A recent literature review indicated that community resilience is an amorphous
concept that is understood and applied differently by different research groups (Pa-
tel et al. 2017). In essence, depending on one’s stance, community resilience can ei-
ther be seen as an ongoing process of adaptation, the simple absence of negative ef-
fects, the presence of a range of positive attributes, or a mixture of all three (Patel et
al. 2017). Although expressed differently, community resilience generally empha-
sizes the capability to absorb, adapt, and transform in the face of hazards, shocks,
and stresses (Zakour and Swager 2018). Evidence was found of nine core elements of
community resilience that were common among the definitions used in different
studies, which include local knowledge, community networks and relationships,
communication, health, governance and leadership, resources, economic invest-
ment, preparedness, and mental outlook (Patel et al. 2017).

Building on these elements, community resilience aims at solving the root
causes of vulnerability and at evolving the systematic stability of functions. The con-
notation of community resilience is the inherent state and structural characteristic,
in which the community itself exists before a disaster occurs. In summary, the ap-
proach here is to understand community resilience in terms of relationships and ac-
tion processes of individual, household, and public services in a community. In other
words, “resilience” is not so much a response to a given hazard itself but is an emer-
gent characteristic of the way, in which the responses and subsequent recovery pro-
cesses are managed (Whittle et al. 2010).

Understanding vulnerability to enhance resilience

In the context of climate change, vulnerability is a function of “systemic exposure,
sensitivity, and adaptive capacity” (IPCC 2014). Vulnerability research can help us
understand where people and places are at risk and propose strategies for adapting
governance. Social vulnerability and community resilience can be viewed as separate
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but often linked concepts. Vulnerability speaks to the inherent qualities of a social
system that contribute to the amount of risk of exposure as well as the degree of
harm, while resilience refers to the conditions that help social systems to absorb,
cope with, and adapt to hazards and disasters (Cutter et al. 2008). While numerous
scholars note the conceptual links between these two indices, few have empirically
investigated the relationship between community resilience and social vulnerability
(Bergstrand et al. 2015; Sherrieb, Norris, and Galea 2010). Findings indicate a corre-
lation between high levels of vulnerability and low levels of resilience, although not
all areas have parity concerning vulnerability and resilience levels.

Studies on climate change impacts increasingly focus on not only assessing the
vulnerability of social systems that reflects the negative aspects but also on increas-
ing resilience that reflects the positive and initiative aspects of human societies. The
reason for this shift of focus of climate impact research is mainly due to the fact that
experts and scholars have noticed that a large number of the published vulnerability
research results have not made various mitigation strategies and measures work as
expected (Cutter et al. 2008). In other words, the recent findings of vulnerability
knowledge are not sufficient to be of practical use for disaster risk management. En-
hancing community resilience is thus necessary to fill the knowledge gap. This can
be achieved by investigating possible practical measures. Studies indeed have sug-
gested that a strong social resilience can be developed as long as there is a strong
relationship in social networks that offers immediate and in-need help when
fighting against external disturbances (Chelleri, Minucci, and Skrimizea 2016; Berg-
strand et al. 2015). In general, the current sustainable development movement tends
to rely on resilience as the main concept if it is based on a well-founded understand-
ing of the associated vulnerability and risks.

As far as the PRD cities are concerned, different communities certainly have dif-
ferent issues and challenges such as flooding, sea level rise, water pollution, ageing
of population, new immigrants, or the industrial transition. Some of these issues are
internal issues within the communities; some of them belong to a larger scale of so-
cio-economic structural problems. Nevertheless, they all contribute to the vulnera-
bility of the city systems and they must also put efforts to community building and
local development in order to construct resilient communities and a resilient society.
Climate change impacts are also an urgent problem in the PRD area. An important
issue that PRD cities should pay greater attention to is how to identify areas that are
highly vulnerable in order to focus on building resilience and impact mitigation
there. If local communities can identify specific areas with high vulnerability
promptly, then these regions can be used as priority areas to promote mitigation
planning and adaptation actions. Consequently, these areas are more likely to be
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built into resilient communities. Proposing resilience plans will not only reduce vul-
nerability but also integrate formal and informal networks to respond to the climate
change impacts and move towards a true sustainable development.

Increasing community resilience in the PRD cities

The consequences of water-related hazards depend on both the hazard itself and the
response behaviors. It is indeed of paramount importance to discuss the resilience
building measures in the PRD cities and the necessary improvements based on the
flood/water shortage vulnerability and risk analyses. In this context, framework for
community resilience building consisting of four phases is introduced that could
help to reduce the vulnerability of local communities to water-related hazards. Im-
plementation of such a framework could have direct and indirect positive impacts
on enhancing the resilience of urban communities in the PRD. Though many other
measures could be considered for community resilience building as well, this study
emphasizes specific procedures based on the vulnerability analysis above.

First, precautionary measures should always be considered as basics in building
community resilience to water hazards as it is more effective and cheaper to invest
in early rather than late actions (Yang et al. 2018). These include:

—  Identification of local vulnerability and risk and informing of all community
residents. Knowledge of vulnerability and risks in surrounding environ-
ments enables community members to identify context-specific adaptation
actions and allows policymakers to engage community members in urban
resilience planning. The ability of urban communities to remain resilient to
water hazards is rooted in their understanding of the potential risks and
vulnerabilities. The primarily suggested channels for achieving these aims
were school programs and media campaigns.

—  Investments into new and refurbishment of existing infrastructure to build
community resilience. The primary goal is to strive towards a greener and
more resilient city environment and implement standards about the conti-
nuity and long-term reliability of infrastructure. Moreover, multi-level,
distributed, replicated networks of key facilities should be constructed to
distribute risks over space and time. Regarding flood threats, the concept
of a Sponge City is a promising option that involves the principle of harmo-
nizing human and water systems in urban conditions (Xia et al. 2017). In
addition, diversified drainage methods and redundant storage capacity
could enhance the resilience to floods.
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Effective and precise early warning systems are considered to be an im-
portant component of disaster preparedness and response. There must be
a clear emphasis on improving both the technological “hard” elements of
such systems and the “soft” components, such as appropriate mechanisms
for the communication and dissemination of early warning information to
end-users and the linkages with community-based disaster preparedness
activities.

Finding of effective ways to inform and engage in communities to build re-
silience. Effective communication and engagement are best carried out
through strategies that are appropriate to community needs, create part-
nerships and trust, and provide continuity of information. Particularly in
poor communities, the enhancement of climate resilience requires an un-
derstanding of the residents’ needs, resources, and capabilities (Yang et al.
2018).

Second, warning with forecasting and guidance is the necessary measure in case dis-
aster strikes.

Clarify shared responsibilities. To ensure shared responsibilities are equi-
table and effective, both institutions and communities need a good under-
standing of their communication and cooperation. This applies to both ver-
tical (between authorities and communities) and horizontal (between com-
munity members) cooperation.

Improvement of the instant warning system with prediction that is more
accurate, longer lead-time, and more frequent information release. A flood
warning system, which provides timely, accurate, and broad rain coverage
warning can reduce flood losses by 30 %-40 % (Yang et al. 2018). To achieve
this goal, further research on the mechanisms of rain triggered floods and
appropriate channels for the release of warning information are highly rec-
ommended.

Social media networks can be used very well to offer immediate information
of any extreme events occurring. Given the rapid development of commu-
nication technology, the widespread individual use of cell phones, and the
cost effectiveness of text messages to individuals, transparent disaster in-
formation and prevention services should be explored in more detail.

Third, relief through emergency management is the most appropriate measure par-
ticularly for external agencies to help building resilience of the communities.

The local government and outside aid should be better organized to rein-
force the adaptive capacity of the people in local communities. Random and
unorganized response actions help very little to reduce total flood losses.
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The relief system of treating flooding as a public problem should stress the
increased organizational role in managing relief activities. This includes
improving individual capabilities, coordinating their initiatives, and mak-
ing full use of their efforts in the overall relief systems.

Emergency response institutions and systems must be readily established
and maintained to respond quickly and address the needs at the community
level. An emergency plan should have been exercised in advance to ensure
that timely and effective disaster relief can be offered in an emergency.

Fourth, post-disaster recovery measures contribute to improving community resili-
ence in general so that the community can better cope with possible future hazards.

Assessments of damages and remaining property are important to obtain
information on the existing conditions and establish a baseline for subse-
quent steps. This baseline must consider the existing vulnerabilities, the
state of recovery, the built environment, and nature itself.

Repairing and upgrading of the remaining infrastructure, facilities, net-
works, livelihoods, as well as improving the early warning systems and
evacuation procedures according to the observed inefficiencies.
Investments into and construction of new infrastructure, facilities, and
networks based on new information, experiences, and lessons learned from
the disaster. These measures not only help in the recovery process but also
aim at enhancing resilience with regard to future hazards. It is important
to consider the capacity of ecosystems to buffer possible impacts of extreme
events.

Integration of disaster risk reduction into sustainable development strate-
gies. There is an urgent need to develop strategies that integrate, more
strongly, disaster risk reduction with water resource management, poverty
reduction, and sustainable development. It is significant to incorporate the
building of systematic ecological and social resilience to environmental and
other shocks with a long-term comprehensive perspective.

Summary and conclusions

This paper presents an integrated analysis and overview on both flood threats and wa-
ter shortage risks to the Pearl River Delta, China, in the context of climate change. It
discusses and further emphasizes assessment methods for climate impacts and social
responses (vulnerability and resilience) in urban communities. A comprehensive study
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on the climate change trends in the area of the PRD indicates increasing mean temper-
atures by around 3 °C and slightly more precipitation by end of this century while the
sea level is likely to rise with an annual rate of 0.33cm to 1cm in the near future. The
inter-annual variability of precipitation is much more notable relative to its trend var-
iability, which means that extreme precipitation events occur frequently. These im-
pacts potentially amplify hydrological variation in the PRD, which means an increasing
frequency of droughts and floods. Such challenges increase both the vulnerability and
the importance of resilience building in the PRD metropolitan area.

On the one hand, the study suggests that earlier investments in disaster re-
sponses are more efficient than late activities, and real-time, accurate, and large-
scale flood warnings play a significant role in reducing flood vulnerabilities. It is in-
creasingly recognized that the nature of coupled socio-environmental problems such
as floodings require innovative institutional arrangements to address the complex
physical processes occurring at local, regional, and global scales, while fitting within
the economic, socio-cultural, and political constraints of decision making. On the
other hand, response measures for coping with water shortages include rainwater
harvest, seawater desalination and utilization, wastewater treatment and reuse, and
water demand management. Actually, Hong Kong has done very good work in rain-
water collection and seawater utilization, which can be considered to be a role model
for the other cities. A long-term response strategy may also be implemented to both
improve the self-sufficiency rate of water supply and diversify water source options.

The integrative analysis above suggests that the coastal areas of the PRD exhibit
the full range of possible combinations of vulnerability and resilience. Therefore,
suggestions are made to develop an integrated resilience building strategy, which
includes specific measures of precautionary methods, warning with forecasting and
guidance during extreme events, external relief through emergency management,
and post-disaster recovery measures. It is very important that a chain of various
measures must be established to enhance community resilience dynamically and
from multiple dimensions.

As experience from history indicates, most cities that have experienced cata-
strophic damages show strong resilience, continued to exist, and developed even more
prosperously. However, for those individuals deceased and suffering because of the
disaster, the resilience of the city system is still far from sufficient. Therefore, resili-
ence building includes two layers of meaning: to ensure the individual safety and to
maintain system functionality. This is very challenging. In many ways the impacts of
climate change are unavoidable up to certain extent. The human-water systems in
coastal and delta cities are always subject to anthropogenic stress and all parts of the
system adapt to each other to maintain a balanced systematic function. Actually, the
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stability of a given system is a relative stability in periods of dynamic changes. There-
fore, the ultimate goal of water system management of the PRD cities shall be to limit
damages as much as possible and recover functions as soon as possible, which is the
essential argument for vulnerability reduction and resilience building in this paper.
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