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Abstract

Road networks are crucial parts of urban infrastructure, enabling the movement of
goods, logistics, and people in normal and emergency situations. Inadequate
performance of road transport can lead to significant disruptions in urban systems. Road
transport systems are particularly vulnerable to surface water flooding, especially in
areas with insufficient land surface permeability and drainage systems. Moreover, the
frequency and severity of flood events have increased due to climate change and rapid
urbanisation, posing significant challenges to flood management in the road transport

system.

Scholars and experts recommended prioritising the creation of flexible and adaptable
strategies to tackle changing and unpredictable circumstances. The utilisation of digital
media data for flood detection and mapping has gained traction and is seen as a valuable
asset for improving disaster management. While recent initiatives have emphasised the
use of social media for flood management, news media, often viewed as more objective
and dependable, remains relatively unexplored in the context of flood management for
the road transport system. More in-depth research is needed to advance the utilisation

of news media for flood management in the road transport system.

This study proposes a central research question: How can flood management in the road
transport system be enhanced via news media data analytics? An integrated framework
was developed to address this question, with the Guangdong-Hong Kong-Macao
Greater Bay Area (GBA) as a case study. The research focused on three phases of flood
management: 1) examining news media activities related to floods and transport
networks, with an emphasis on preparedness and early warning (Chapter 4); 2)
exploring government agency collaboration for flood management in the transport
system, particularly in the phase of response and recovery (Chapter 5); and 3)

integrating news media analysis and vulnerability assessment to assess potential flood



impacts on the road transport system, with a focus on mitigation, risk, and vulnerability

modelling (Chapter 6).

This thesis contributes significantly to both academic research and practical
applications. It offers new insights into using news media analysis for flood
preparedness and early warning (Chapter 4). The study not only extracts information
from news media articles but also examines the role of news media itself. Chapter 5
introduces a perspective and method for analysing government agency networks using
news media data. Additionally, Chapter 6 enhances flood damage assessment by

integrating news media analytics and vulnerability assessment.

In practical terms, the thesis recommends that city authorities manage floods in the road
transport system. These recommendations cover various aspects, including road design
and planning, government operations, and news media applications. Overall, the
research findings will improve the understanding of flood managers and transport
managers regarding the role of news media during floods and the development of

effective flood management strategies.

Keywords: Road transport system, News media data, Network analysis, Flood

management
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Chapter 1: Introduction

1.1 General background and problem identification
1.1.1 Increasing flood damage on road transport

Infrastructure systems such as water, railway and road networks are essential for cities,
particularly in an era of growing global connectivity (Rodrigue and Notteboom 2013).
Among these, road networks are pivotal, supporting the movement of goods, logistics,
and individuals in regular and emergency scenarios (Rozenberg and Marianne 2019).
As cities are the centres of population and economic activity, road networks expand
rapidly to accommodate various human and productivity needs. This rapid expansion
is particularly noticeable in developing and emerging countries or regions, driven by
factors such as a) an increase in daily trips due to urban population growth, b) longer
journey distances due to urban expansion, ¢) higher travel rates due to rising incomes,
and d) increased commercial and industrial activities due to global economic growth

(Phan Nhut Duy 2019).

Poor performance of road transport can cause significant disruptions to urban systems
(Hernandez-Fajardo and Duer®s-Osorio 2013). For instance, disruptions in road
transport can lead to the inability to make daily trips (e.g., commuting to work and
school), interruptions in economic and business activities, and increased costs of public
services (Rozenberg and Marianne 2019). These disruptions can be exacerbated by
adverse natural hazards, particularly floods (Koetse and Rietveld 2009). Surface water
floods are the most common natural hazard in urban areas (CRED and UNISDR 2015),
occurring when water overflows from water bodies, such as rivers, lakes, and oceans,
or accumulates due to saturated ground (Plate 2002). Surface water floods significantly
threaten urban transport systems, especially in areas with inadequate land surface
permeability and drainage systems. Previous studies have shown that approximately 84%
of global transport infrastructure is susceptible to flooding (Koks et al., 2019). Road

transport disruption and reduced transport system performance due to floods can lead
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to costs exceeding 900,000 RMB/hour for each impacted main road (Pregnolato et al.,

2016).

Furthermore, flood events have become more frequent and severe due to climate change
and rapid urbanisation (Kendon et al., 2012). According to the Human Cost of Disasters
report, the number of flood disaster events worldwide increased from 1389 (32% of all
disaster events) during 1980-1999 to 3254 (44% of all disaster events) during 2000-
2019 (CRED and UNISDR 2020). Over the past two decades, floods have affected 1.6
million people worldwide, the highest figure among all types of disasters. China has
been particularly affected by flooding, experiencing an average of 20 floods annually
(EM-DAT 2023). During this period, a total of 900 million individuals in China were
affected by floods, accounting for about 55% of the global population affected by
flooding (CRED and UNISDR 2020). Rainstorms are projected to increase at an
average annual rate of approximately 5% to 7% in urban areas across China (Lu et al.,

2022).

Consequently, flood management in the road transport system encounters challenging
circumstances marked by heightened complexity and reduced predictability of
operational scenarios. For example, during the 7-20° Zhengzhou Flood in 2021,
inadequate risk perception, emergency facilities, and management capacity were
evident, reflecting the extreme and difficult-to-predict nature of the event (Jiahong et
al., 2023; Zhao et al., 2022). As a result, Zhengzhou experienced 380 fatalities and 40.9
billion RMB in direct economic losses (Xinhua News Agency, 2022). Scholars and
experts suggest developing more flexible and adaptable strategies to cope with such
dynamic and uncertain conditions. One potential approach to facilitate such strategies

is to leverage digital media.
1.1.2 The application of digital media for flood management

The use of digital media data for flood detection and mapping has gained popularity

and is recognised as a valuable tool for enhancing disaster management (Horita et al.,
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2015; Ouyang et al., 2022). Digital media offers a dynamic platform where users may
both actively generate and consume material, in contrast to traditional media forms like
TV, radio, and print, which primarily supply content for passive consumption (Truong
and Clayton 2020). Instantaneous access to a wealth of information and the ability for
users to share information quickly and creatively are two qualities that define digital
media (Plantin et al., 2018). The advent of big data and artificial intelligence, which use
the vast volumes of data produced by digital media for a variety of purposes, are further

developments that characterise the digital media period (Dou et al., 2019).

Digital media can be applied to four phases of flood disaster management (see Figure
1.1): mitigation, preparedness, response and recovery (Sarvari et al., 2019; Fauzi 2023).
In the preparedness phase, digital media can disseminate timely information about
weather forecasts, flood alerts, and evacuation notices to at-risk public areas (Xiao et
al., 2015). During the response phase, digital media, such as social media, enable
authorities to deliver real-time updates on flood conditions, evacuation orders, road
closures, and emergency shelter information. Digital media also provides
communication channels for authorities to coordinate response efforts, share updates

with the public, and gather feedback from affected communities (Ahmed et al., 2019).

In the recovery phase, digital media, especially social media, can be used to help
government agencies assess the recovery situation and provide victims with timely
assistance to improve their living conditions (Tan, Schultz 2021). Digital media also
provides a potential venue for dynamic change in the residents’ behaviour during long-
term recovery (Yeo et al., 2022). Meanwhile, media data can be analysed to gain
insights into public sentiment, perception of risk and pattern of communication. The

information can inform future flood management strategies (Wang et al., 2020).

In the mitigation phases, digital media coverage raises public awareness about flood
risks, preparedness measures, and response actions (Fauzi, 2023). Residents learn about
the importance of flood insurance, evacuation plans, and emergency supplies through

news reports and features. Moreover, media data is widely employed to investigate the
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spatial distribution of flooded areas and flood risk mapping, aiding decision-making
(Fohringer et al., 2015; Darabi et al., 2019; Scotti et al., 2020).
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Figure 1.1 The application of digital media, such as social media and news media, for flood management

1.1.3 Identification of the problem

Recent research and practices have increasingly focused on using social media for flood
management. Social media data are often more timely than news media and provide
more localised details during flood events than agency-based news articles. However,
several challenges exist in using social media for flood management (Singla and
Agrawal 2022). The lack of rules or regulations on using social media for flood
management is a significant issue, as social media is not an official platform.
Additionally, social media is a free source, which may lead to spreading misinformation
and fake news (Sergio 2019). There are also cultural biases among people of different
ages or areas, with some individuals choosing not to share information on social media.
Implementing social media may introduce new risks and, in some cases, exaggerate the

impacts of a disaster.
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In comparison, news media is often viewed as more objective and reliable (Miles,
Morse 2007). Agency-based news websites verify information sources before reporting
it (Liu et al., 2018). With the development of news media technology, many news
agencies publish news on their websites and social media platforms (Griessner 2012).
Therefore, exploring the potential benefits of news media for flood management is
noteworthy. However, implementation and research on news media adoption for flood
management in the transport system remain limited. More detailed work is needed to

promote the use of news media for flood management in the road transport system.
1.2 Research motivations

This research is motivated by the practical issue and existing knowledge gaps outlined
above. There is an urgent need to adapt road transport to reduce damage from adverse
flood events using more flexible strategies. However, there is a limited understanding
of how news media can improve flood management in the road transport system.
Furthermore, the proportion of impermeable surfaces is rising in many modern cities.
In recent decades, road networks in Chinese cities have been hastily designed and built
without consideration for long-term climate trends (Lu et al., 2022). For several decades,

the urban land drainage system has struggled to manage runoff and hydrological shifts.

Recent studies have explored the adoption of digital media to improve flood
management strategies, with a focus on social media data analysis rather than news
media data analysis (Wang et al., 2020; Tan, Schultz 2021; Ouyang et al., 2022;
Shoyama et al., 2021). This focus can be attributed to news media data analysis
requiring significant time and data resources. Understanding how news media enhances
flood preparedness in transport systems is not straightforward. Research on news
media’s performance during flood events is crucial for improving preparedness and

notifying the early warning, but unfortunately, it is still unclear.

As for the response and recovery phases of flood management, existing approaches to

analysing media data related to flood and transport networks only capture public
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participation and response. There are few studies conducting network analysis to
explore government agency engagement and collaboration for flood response and
recovery. Government agency engagement and collaboration play a crucial role in flood
management in transport systems. For example, the 2002 flood in Kristianstad, Sweden,
promoted learning and fostered increased cooperation and integration within the
municipality, demonstrating how extreme events can stimulate collaboration
(Johannessen and Hahn 2013). Inadequate coordination among agencies can result in

avoidable casualties and harm to economies.

Advances in flood damage assessment confirmed that vulnerability assessment is one
of the valuable tools for investigating flood impacts on road infrastructure (He et al.,
2021; Li et al., 2015). These studies ignored the impacts of surface water floods on
transport performance (e.g., disruption of public transportation, traffic accidents, etc.).
With the development of digital media, media data, especially social media data, is
becoming a more popular and promising way to fill in the gaps in conventional data.
However, social media data is often mined to analyse the characteristics of flood
impacts at the event level, making it hard to compare different areas. Few studies have
captured the complexity of transport networks and surface water flooding at a regional

scale by combining news media and vulnerability assessment.

Therefore, this thesis tries to tackle these challenges and contribute to flood
management in the road transport system, using the Guangdong-Hong Kong-Macao
Greater Bay Area (GBA) as a case study. An integrated framework linking three major
phases of flood management is used to explore the adoption of news media for flood
management. This study hopes that implementing this framework provides an
important alternative for solving the shortage of conventional and social media data and

providing valuable insights for decision-making.
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1.3 Research aims, objectives and questions

Given the increasing challenge of surface water flood impacts, the road transport system
needs more appropriate plans for long-term and sustainable development, especially in
the face of climate change. This establishes the rationale and motivation for this
research, which aims to investigate how to enhance flood management in road transport
systems via news media analytics. To accomplish this aim, the research posits the

following central question:

How can flood management in the road transport system be enhanced via news

media data analytics?

According to the review of current research progress on surface water flood and

transport systems, this research addresses the following sub-questions:

RQ (1): How to adopt the news media analysis for better flood preparedness and

early warning?

To answer this sub-question, the first study of this thesis investigated news media
activities related to flood and transport networks for enhancing flood preparedness and
early warning via news media. Media attention and news sentiment were selected as
two indexes to explore news media activities. According to the characteristics of news
media activities, recommendations would be provided for the adoption of news media

for better flood preparedness and early warning.

RQ (2): How useful is news media as a source for exploring government agency

collaboration for flood response and recovery?

To answer this sub-question, the second study of this thesis explored the role of
different government agencies in flood management via news media data. According
to China's administrative relationships and functions, the government agency is selected
and categorised from news media data. Government agency engagement was used to

investigate the level of agency presence or involvement during flood events.
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Government agency collaboration was conducted to characterise the collective action

and governance that brings together agencies to work towards a common goal.

RQ (3): How can potential flood impacts on the road transport system be assessed

by combining news media analytics and vulnerability assessment?

To answer this sub-question, the third study of this thesis assessed potential flood
impacts on transport networks by combining vulnerability assessment and news media
analytics, which contribute to flood mitigation, risk and vulnerability modelling.
Vulnerability assessment was used to explore the flood impacts on road infrastructure
(i.e., direct tangible impacts). News media analysis was conducted to investigate the

flood impacts on road transport (i.e., indirect tangible impacts).

Addressing the three sub-questions would enhance flood management in road transport
systems from different perspectives. The three sub-questions contribute to the major
three phases of flood management, including (a) preparedness and early warning, (b)

response and recovery, (¢) mitigation, risk and vulnerability modelling.
1.4 Thesis outline

The thesis has seven chapters that align with the research aims (see Figure 1.2).
Following this introduction, Chapter 2 reviews scientific research and current practices
on flood management in road transport systems and describes the gaps in existing
studies. Chapter 3 illustrates an original integrated framework adopted in this research
and describes the study area (i.e., the Guangdong-Hong Kao-Macao Greater Bay Area).
Chapter 4 investigates news media activities related to flood and transport networks,
focusing on the preparedness and early warning phase. Chapter 5 explores the
government agency collaboration for flood management in the road transport system.,
focusing on the response and recovery phase. Chapter 6 integrates news media analysis
and vulnerability assessment to investigate the potential flood impacts on road transport

systems, focusing on the phase of mitigation, risk and vulnerability modelling. Finally,
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Chapter 7 summarises this study and discusses the implications of transitioning to a

flood-resilient transport system.

Objectives Chapters

Objective (1): to review the current research [ Chapter 1: Intreduction
progress on surface water flood and road
transport systems and propose an integrated
framework.

Chapter 2: Literature review

Objective (2): to investigate news media Chapter 3: Research methodology
activities, including media attention and
news sentiment, related to surface water
flood and transport networks.

Chapter 4: Investigating news media
activities related to flood and transport

networks
—

Objective (3): to explore government agency
engagement and collaboration for flood
response and recovery.

Chapter 5: Characterising government
agency collaboration during flood events

Chapter 6: Assessing potential flood impacts

on transport networks
Objective (4): to assess the potential impacts

of surface water floods on road
infrastructure and transport.

Chapter 7: Discussion and conclusion

Figure 1.2 The overview of this thesis
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Chapter 2: Literature review

2.1 Introduction

The complexity of interventions required to enhance flood management in the road
transport system was introduced in Chapter 1, highlighting the need to improve adaptive
capacity for efficient operation during surface water flood events. This chapter
examines the development of road transport in relation to surface water flooding,
reviewing scientific research on the use of digital media and vulnerability assessment
for flood management. Furthermore, this chapter also reviews current practices in flood
management in China and best practices worldwide. Finally, this chapter was concluded

by identifying gaps in existing topics and methods.
2.2 Road transport development in relation to flooding
2.2.1 Urbanisation and road transport development

Urbanisation involves the migration of individuals from rural to urban regions, resulting
in the expansion of cities. It is frequently linked with economic prosperity and impact.
Cities act as centres for economic activities, services, and communication, crucial in
contributing to a nation’s Gross Domestic Product (GDP). More than 4.3 billion people
reside in urban areas worldwide (see Figure 2.1) (Ritchie and Roser 2023; United
Nations 2019). The global urban population is rapidly increasing, with projections
indicating that nearly 7 billion people will live in urban areas by 2050 (Ritchie and
Roser, 2023). This growth is particularly pronounced in the Global South and is

expected to drive future urbanisation (Onodugo et al., 2019).
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Figure 2.1 Growth and distribution of the world’s urban population in 2021. Source: (Ritchie, Roser 2023)

Rapid urbanisation significantly drives the development of road transport infrastructure.
As cities expand due to urbanisation, the demand for transport increases. Efficient
transport is essential for people to commute to work, access services, and engage in
urban activities. This growing demand necessitates expanding and enhancing road
networks to accommodate the increasing number of vehicles (Tjallingii, 2000).
Additionally, urban areas are economic activity centres, and effective road transport is
vital for moving goods and services. As urbanisation fosters economic growth, there is
a corresponding need to develop road infrastructure to support this expansion (Roeseler

and Dosky 1991).

Consequently, the global road network and transport systems are undergoing rapid
expansion. Since 2000, approximately 12 million kilometres of paved roads have been
constructed worldwide, with an estimated $33 trillion allocated for an additional 25
million kilometres by 2050 (Andrasi et al., 2021; International Energy Agency 2009).
The United States boasts the most extended road network, exceeding 6.6 million

kilometres (Gedik 2020).

The development of road transport plays a crucial role in enhancing economic growth,
employment, socio-economic development, and wurban planning. Transport
infrastructure is widely acknowledged as a fundamental social and economic
development requirement, influencing population mobility, urban employment patterns,

and overall socio-economic advancement (Okechukwu et al., 2021; Magazzino and
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Mele 2021). Improving and maintaining road conditions can boost socio-economic
growth by enhancing access between regional and rural communities, alleviating
poverty, and fostering development (Asomani-Boateng et al., 2015). Transport is
essential for providing access to employment, education, and healthcare and connecting
goods and services to markets, all of which are critical drivers of growth and vital for
addressing climate change. Furthermore, the development of urban roads is closely tied
to regional development and urban planning, influencing the realisation of economic

potential and transport infrastructure density (Fistung et al., 2014; Cojanu et al., 2012).

For example, since the late 20th century, China’s urbanisation rate has experienced a
dramatic increase, rising from 17.92% in 1980 to over 60% in recent years. The Chinese
government has set a target to achieve an urbanisation rate of 70% by 2030, which
would result in a billion urban inhabitants in China. China’s urban land area has
expanded nearly fivefold between 1992 and 2015 (Dang et al., 2020). With rapid
urbanisation, China’s total highway length has surpassed the million-kilometre mark,
ranking third globally (Chen et al., 2021). In 2021, China’s highway network density
reached about 55.01 kilometres/100 square kilometres, showing a sustained growth
trend (Statista 2021). Road transport has become the most popular means of land travel
in China, offering high flexibility and point-to-point convenience, especially in areas

with challenging geography (Chen et al., 2021).
2.2.2 The concept and causes of surface water flood

The definition and characteristics of surface water flooding are crucial for developing
warning systems and ensuring that affected communities understand and respond
appropriately to such events (Priest et al., 2011). Surface water flood refers to when
intense rainfall exceeds an area’s drainage capacity, causing water to flow or pool on
the ground surface. It can occur when rainfall creates overland flow before entering a
watercourse or drainage system or when the system cannot manage the water volume
(Priest et al., 2011). Surface water flooding can affect urban areas where stormwater

drainage and road transport systems cannot handle intense rainfall, leading to
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inundation and potential road closures (Yang et al., 2019). It can also include combined

flooding in urban areas, encompassing pluvial, sewer, and groundwater (Li et al., 2020).

The causes of increasing surface water floods are closely linked to human activities,
such as urban development and climate change, which result in increased runoff and
overwhelmed drainage systems (Jiang 2018). These factors are compounded by natural
phenomena like sea-level rise and more intense rainfall events. Thus, the causes of
rising surface water floods are multifaceted, with several contributing factors identified

as follows:

Climate change contributes to more frequent and intense rainfall events and sea-level
rise, exacerbating surface water flooding (Yin et al., 2015; Zhou et al., 2012; Xu et al.,
2018). Heavy rainfall events, which are becoming more common due to climate change,
lead to more water than the ground and existing drainage systems cannot quickly absorb
or remove (Lyu et al., 2019; Vardoulakis et al., 2015). For instance, there has been a
10% increase in the number of rainstorm days in China (Su 2020). Climatologists
predict that extreme rainfall caused by global warming will worsen in the next 20 years.
Rising sea levels can contribute to higher groundwater levels, reducing the unsaturated

space available for infiltration and increasing the risk of flooding (Habel et al., 2017).

The expansion of urban areas increases the presence of impervious surfaces like
buildings, roads, and car parks, leading to higher volumes of surface water runoff since
less water is absorbed into the ground (Kazmierczak and Cavan 2011). The process of
rapid urbanisation has significantly altered land use globally (Chen et al., 2014), leading
to the continuous replacement of many aquatic ecosystems (such as lakes and wetlands)
and artificial water systems with urban infrastructure (such as roads, shopping malls,
residential, and office buildings) (Jiang et al., 2012; Zhang et al., 2015). Additionally,
construction activities and groundwater withdrawal can cause land subsidence, altering

flow pathways and increasing flood risk (Liu et al., 2022).
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In many cities, especially those experiencing rapid growth or with outdated
infrastructure, the stormwater drainage systems may be insufficient to handle increased
runoff, leading to overflow and flooding (Yang et al., 2019). For instance, the urban
drainage protection standard in numerous Chinese cities is still relatively low, with a
return period of only 1-in-1 to 1-in-5 years. In contrast, surrounding cities like Tokyo
have a return period of 1-in-30 years, and Singapore has a return period of 1-in-30 to
1-in-50 years. (Chan et al., 2018). As a result, surface water floods occur due to the

exceeded peak discharge from urban runoff and enhanced overflow on the road surface.
2.2.3 Flood impacts on transport networks

The interaction between surface water floods and road transport is complex and
multifaceted. Surface water flooding significantly affects the road infrastructure and
transport operation, including road design, planning, maintenance, network operation,
and vehicle functionality (Wang 2020). Previous research has categorised the impacts
of surface water floods on transport networks into four main categories: direct tangible
impacts, indirect tangible impacts, direct intangible impacts, and indirect intangible

impacts (Markolf et al., 2019; Rebally et al., 2021).

Direct tangible impacts encompass damage to the road infrastructure itself, such as
pavement deterioration. This impact is observable through potholes, surface washouts,
and undermined roadbeds, often resulting in road closures and necessitating substantial
repair efforts. Surface water accumulation, known as road waterlogging, significantly
threatens the road transport system (Hooper 2013). For instance, a 100-year surface
water flood event led to 170 instances of road waterlogging in Shanghai on 25 August
2008 (Deng, Shen, and Xu, 2016). The frequency and intensity of heavy rainfall
exacerbate surface water flooding (Hou and Du, 2020). In one example, a brief but
intense rainfall event in Shenzhen on 11 April 2019 resulted in 137 road inundations
and 29 flooded cars (Meteorological Bureau of Shenzhen Municipality, 2020). Studies
have shown that under a 1-in-100-year surface water flood scenario, 47% and 15% of

road sections experienced inundation with depths exceeding 20 cm and 30 cm,
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respectively (Li et al., 2018). Zhou et al., (2015) found that the impact levels of roofs,
roads, pavements, and green spaces on waterlogging risks were 0.95, 0.85, 0.55, and

0.2, respectively.

Indirect tangible impacts are associated with immediate travel effects, such as changes
in travel time due to detours or slower speeds enforced on waterlogged streets. This
category also includes the increased risk of accidents due to slippery or submerged road
surfaces. Traffic delays worsen as road water levels rise, reducing traffic speed and
flow. For instance, during a heavy rainstorm in Beijing on 23 June 2011, many
travellers were stranded due to severe road waterlogging, unable to return home until
late at night (China Daily, 2011; Su and Li, 2016). Traffic speed and flow are crucial
for assessing congestion during surface water flood events. Analysing traffic delays
helps identify road closures and suitable stopping positions for vehicles. Li etal., (2018)
showed that traffic delays could range from 0.5 to 8 times the average travel time, with
approximately 1% to 7% of traffic volumes diverting to dry roads in the city centre of
Shanghai during flooding. In Beijing, simulation of the second and fourth ring
expressways indicated capacity reductions of 7.26% and 3.07% under light rainfall,
10.87% and 5.29% under moderate rainfall, and 17.09% and 6.64% under heavy rainfall,
respectively (Zhang et al., 2019).

Direct intangible impacts are associated with disrupting critical infrastructure
interconnected with the transport system, such as power outages or water pipe breaks.
Disruptions to these elements can lead to heightened congestion, road closures,
decreased road safety, limited fuel availability for evacuation and emergency power,
and constrained access for emergency services and response teams. For example,
vehicles exposed to floodwaters are susceptible to mechanical and electrical faults,
leading to breakdowns and worsening traffic congestion (He et al., 2023). Surface water
floods can also impair the energy supply, which leads to disruptions in systems reliant

on electricity, such as road transport (Arrighi et al., 2021).
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Indirect intangible impacts include broader socio-economic consequences, such as loss
of accessibility to essential services like hospitals, which can have profound
implications for community resilience and emergency response during flood events.
The underperformance of the road transport system can result in diminished spatial
accessibility, causing missed economic prospects and service interruptions (World
Bank, 2016). During surface water flood events, traffic congestion and disruptions can
reduce or eliminate spatial access to various locations. These disruptions impact
residents’ daily routines, such as commuting to school or work, and limit economic
opportunities (Wisniewski et al., 2020). For instance, in Guangzhou on 21 May 2020,
heavy rainfall (80 mm/hour) led to 443 waterlogged roads, 164 bus routes being altered,
and the suspension of Metro Line 13 (Monica, 2020). This scenario makes commuting
to school and work challenging for individuals, while the movement of goods and
delivery of public services are also affected. A study in Shanghai revealed that the
proportion of communities with access to the metro decreased from 87% under normal

conditions to 80% during surface water flood events (Li et al., 2018).
2.3 Use of digital media for flood management
2.3.1 The concept of digital media

The concept of digital media encompasses a wide array of electronic formats used for
creating, distributing, viewing, and storing information. Unlike traditional media forms
such as TV, radio, and print, which typically offer content for passive consumption,
digital media provides a dynamic platform where users can both consume and actively
create content (Truong and Clayton 2020). Digital media includes text, audio, video,
and graphics transmitted online for viewing or listening (Feldman 1996; Howard,
Hussain 2011). These media are characterised by their ability to provide instant access
to vast amounts of information and the capacity for users to exchange information
rapidly and innovatively (Plantin et al., 2018). The digital media era is also marked by
the development of big data and artificial intelligence, which harness the immense

amounts of data generated by digital media for various applications (Dou et al., 2019).
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Digital media can be categorised into various subsets, including social and news media
(see Table 2.1). In recent years, digital media data has been utilised to uncover and
analyse actual events (Smith et al. 2017; Soomro et al. 2024), such as earthquakes,

floods, high temperatures, tropical storms, and forest fires (Y. Wang et al. 2020;

Ouyang et al. 2022; Xie et al. 2021; Cao et al. 2020; Zander et al. 2022).

Table 2.1 The differences between social media and news media

Distinctions Social media News media References
Content creation Social media allows users to Thiscontent goesthrougha (Zhang et al.,
and create and share content with rigorous review process 2022; Liuetal.,
dissemination minimal filtering. before publication. 2021)
Influence on With its rapid information News media has (Leitch,
public opinion exchange, social media also historically set the agenda Bohensky 2014;
significantly  shapes public for other media forms and Zhang et al.,
opinion and can influence influenced the opinion 2022)
corporate environmental formation of decision-
governance. makers.
Public Social media allows the publicto News media typically (Gao et al.,
engagement engage as both audience and present content to the 2023)
content creators. public.
Information Social media leads to faster News media has been (Gundersen et
quality dissemination but raises recognized for providing al., 2022)

concerns about accuracy and

quality data.

quality.

Social media refers to online platforms and tools (e.g., Twitter, Facebook) that enable
users to create, share, and engage with content in a social context (Carr and Hayes 2015).
These platforms are tailored for wuser-generated content and interpersonal
communication rather than traditional news dissemination (Kaplan, Haenlein 2010).
Social media is commonly utilised for personal communication, social networking, and
self-expression, and it also serves as a platform for accessing news and information

(Carr, Hayes 2015).

News media refers to traditional media organisations that produce and disseminate
news and information to the public through various channels, including print, television,
and online platforms (Harcup, O’Neill 2017; Dictionary 2014). These organisations
employ professional journalists and editors who report and analyse current events, often

aiming to provide factual and objective coverage. The primary objective of news media
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is to inform the public about significant events and issues and to facilitate public
discourse and debate. Digital-native news media differ from traditional media in their
presentation and reporting styles and have gained prominence, particularly in regions

with less established traditional media outlets (Painter et al., 2018).
2.3.2 Digital media for flood damage assessment

In the era of big data, social media platforms like Twitter, Facebook, and Sina-Weibo
are considered valuable and potent databases for managing disasters (Panteras et al.,
2015; Xiao et al., 2015). Monitoring social media can quickly identify flood damages
and facilitate recovery monitoring. For example, social media data from Weibo was
utilised for rapid damage classification during a surface water flood in Chongging from
18 to 20 August 2020 (Tan, Schultz 2021). This study also examined the feasibility of
recovery based on word frequency analysis. Kankanamge et al., (2020) utilised real-
time Twitter data to assess disaster severity and identify highly impacted areas during
the 2010-2011 Southeast Queensland Floods. Social media can also be leveraged to
analyse the sentiments of the affected individuals, aiding in better disaster response.
For instance, a method based on big data was suggested for responding to disasters by
analysing sentiments. (Ragini et al., 2018). Shoyama et al., (2021) integrated natural
hazard monitoring and social media data to investigate emergency flood detection in

some regions of Japan from 11-15 October 2020.

As mentioned in Table 2.1, social media is commonly used for personal communication
and self-expression. It is often characterised by user-generated content that may not
undergo the same editorial scrutiny as traditional media. Individuals may exaggerate or
misreport flood events on social media, leading to confusion and false alarms for
emergency responders (Tan, Schultz 2021). Furthermore, social media usage may
exhibit bias towards certain demographic groups or geographical areas. For example,
younger individuals are more likely to use social media, and urban areas may have more

active social media users. This disparity makes it challenging to compare different areas.
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Consequently, the representativeness of social media data may not always align with

the extent or intensity of damage.

News media data can be precious for flood damage assessment as it can provide real-
time updates on the situation, including the extent of flooding, affected areas, and the
response of authorities (Avellaneda et al., 2020; Young 1990). Liu et al., (2018)
examined the spatial and temporal patterns of various natural hazards, such as
rainstorms, floods, wind, and hail, utilising news media data from a Chinese news outlet.
News articles can provide insights into the causes of the flooding, such as heavy rain
or river overflow, which can help inform future flood management strategies. They can
also be used to evaluate the effectiveness of flood management strategies and
authorities’ response to flood events. For example, Bohensky and Leitch (2014)
conducted a newspaper analysis to understand the roles of government in managing
floods. Henrique and Tschakert (2019) underscore the importance of elite media
coverage in shaping public knowledge and influencing government action on flood
adaptation, particularly in the context of S& Paulo’s 2009-10 floods. This highlights
the media’s role in holding governments accountable and advocating long-term

solutions to flood risks.
2.3.3 Digital media for engagement and collaboration analysis

Enhancing stakeholder engagement in flood management is expected to influence the
effectiveness of flood management and reduce the information gap (Aluko et al., 2020).
Digital media has been an instant source of information for the investigation of public
participation and government agency engagement. Soomro et al., (2024) proposed an
evaluation framework for assessing public participation and response via Twitter data
analytics, taking urban flooding in Karachi during 2022 as a case study. Wehn et al.,
(2015) presented a framework for analysing the potential for participation via ICT-
enabled citizen observatories (including social media). Aluko et al., (2020) collected
primary data on residents’ social media participation and investigated the influence of
resident agencies’ participation via social media on flood management in Nigeria.
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According to the results, they recommended that government agencies should
encourage the adoption of digital media in flood management, such as information

gathering and dissemination, promote planning (Aluko et al. 2020).

Participation can be through collaboration with the government agencies and among
stakeholders themselves, leading to the identification of commonly agreed flood
management measures (Almoradie et al. 2015). This collaboration often involves
consensus-building and joint problem-solving to address complex issues that no single
agency can solve alone (Abdeen et al. 2021). Previous studies emphasised the
importance of government agency collaboration in enhancing the efficiency and
effectiveness of flood response and management. For example, following the 1993
flooding, the establishment of the Scientific Assessment and Strategy Team in the US
involved specialists from various agencies, illustrating the value of interdisciplinary
collaboration for floodplain management (Hipple et al., 2005). The 2002 flood in
Kristianstad, Sweden, promoted learning and fostered increased cooperation and
integration within the municipality, demonstrating how extreme events can stimulate
collaboration (Johannessen and Hahn 2013). A study involving Aaranyak, CICERO,
and ICIMOD adopted an iterative co-learning approach focused on flood management,
highlighting the importance of collaboration between communities and governmental
officials (Tschakert et al., 2016). The 2016 flood in China highlighted that government
agency cooperation often occurred through on-site meetings, lacking formal

agreements for data sharing and collaboration (Wu et al., 2019).

Collaborative network analysis provides an alternative method to understand and
improve interactions and coordination among different agencies involved in flood
management (Guo and Kapucu 2015; Abbasi and Kapucu 2012; Fliervoet et al., 2016).
Numerous studies have utilised network analysis to examine agency collaboration. For
example, Moore et al.,, (2003) examined the structure of inter-organisational
relationships among non-governmental organisations involved in the 2000

Mozambique floods using network analysis. They evaluated the centrality of each
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participant in the disaster network structure and investigated its perceived effectiveness
in evaluating the efficiency of disaster management. Zaw and Lim (2017). investigated
the military’s involvement in disaster management and response during the 2015
Myanmar floods using Social Network Analysis (SNA). Fan et al., (2022) assessed the
effectiveness of emergency management networks using the Super Ministry Reform of

Emergency Management in China as a case study.

Integrating digital media data into collaborative network analysis offers a robust
framework for estimating collaboration during flood events. Previous studies have
investigated social media data to understand networks and extract vital information to
improve flood management plans. For example, Cheong and Cheong (2011) gained
insights into online communities during the 2010-2011 Australian floods, identifying
active participants and assessing their effectiveness in sharing crucial information using
Twitter tweet data. Kim and Hastak (2018) applied SNA to explore the interactions of
online users on Facebook during the 2016 Louisiana flood. News media data has also
been used for collaborative network analysis. Aung and Lim (2021) investigated the
evolution of collaborative governance in Myanmar’s flood response based on news

media articles related to the 2015, 2016, and 2018 flood disasters.
2.4 Surface water flood vulnerability
2.4.1 The concept of vulnerability

Vulnerability is a multifaceted concept that includes the likelihood of social or
ecological systems being adversely affected by external pressures and disruptions (Fur
et al., 2007). Vulnerability is crucial for understanding how individuals, groups, or
organisms react to and recover from stressors, especially in nanotoxicology. This
includes psychosocial stress, community dynamics, and population assessment and

response (Adger 2006; Delor and Hubert 2000).

The concept of flood vulnerability pertains to the likelihood of a system, community,

or environment experiencing harm due to exposure to flood hazards (Rehman et al.,
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2019). It involves evaluating the potential negative impacts of flooding and the ability
of the system or community to cope with, respond to, and recover from flood events.
The concept of flood vulnerability has evolved, with definitions refined based on
practical experiences and research findings. It has transitioned from a purely physical
perspective to a more integrated and dynamic approach that incorporates social factors
and long-term impacts. This evolution has led to a deeper understanding of the complex
and multifaceted nature of flood vulnerability. Moreover, it has provided a foundation

for developing effective strategies to reduce vulnerability and enhance resilience.

The concept of flood vulnerability has evolved over the years, reflecting changing
perspectives and approaches to understanding and managing flood risks. In the 1980s,
initial efforts focused on identifying flood hazards and mapping vulnerable areas, with
vulnerability primarily viewed in terms of physical exposure and potential damage
(Andrade and Szlafsztein 2018). By the 1990s, technological advancements allowed for
more sophisticated flood risk assessments, including using high-resolution spatial
models and introducing early warning systems (Andrade and Szlafsztein 2018). The
early 2000s saw a global decline in vulnerability to river floods, attributed to improved
modelling techniques, increased resilience measures at the property-level, and

enhanced flood management practices (Jongman et al., 2015).

During the late 2000s and early 2010s, there was a shift towards a more holistic
understanding of vulnerability, incorporating socio-economic and cultural factors and
the localised impacts of climate change on flood risk (Gandini et al., 2020). From the
2010s onwards, the concept of flood vulnerability has expanded to include a multi-
stakeholder perspective, emphasising the importance of engaging various actors in
urban development policies to promote sustainable adaptation strategies (Gandini et al.,
2020). Additionally, empirical studies have shown a general decreasing trend in
vulnerability at the global scale, although regional variations exist. This evolution
highlights the dynamic nature of flood vulnerability assessment and the ongoing efforts

to enhance resilience to flood hazards (Formetta and Feyen 2019).
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According to previous studies, flood vulnerability is a multifaceted concept that

includes physical, social, economic, and environmental dimensions (see Table 2.2).

Table 2.2 An overview of the concept of flood vulnerability

Category Description References
Physical It refers to the exposure of buildings, infrastructure, and  (Pricope et al., 2022;
vulnerability other tangible assets to flood hazards. This vulnerability Choubin et al., 2019)
aspect concerns the location, design, and materials of
structures that may be affected by flooding.
Social It considers the characteristics of populations that (Mruksirisuk et al.,
vulnerability influence their capacity to anticipate, cope with, respond 2023; Mahmoud and
to, and recover from the impact of a natural disaster. Gan 2018; Wang et
Factors such as age, socio-economic status, health, and al., 2023)
mobility play a role in determining social vulnerability.
Economic It is related to the potential economic losses resulting (Hosseini et al., 2021;
vulnerability from floods, including damage to property, loss of Jibhakate et al., 2023)

Environmental
vulnerability

income, and the disruption of economic activities. It also
considers the resources available for recovery and
reconstruction.

It involves the resilience of natural systems and their
ability to absorb and recover from flood impacts. It also
includes the role of environmental degradation in
exacerbating flood risks.

(Rezende et al., 2020;
Mahmoud and Gan
2018)

2.4.2 Conceptual model for vulnerability assessment

The conceptual model for vulnerability assessment encompasses several frameworks,
including the Pressure-State-Response (PSR) model, the Driving Force-State-Response
(DSR) model, the Driving Force-Pressure-State-Impact-Response (DPSIR) model, the
Driving Force-Pressure-State-Exposure-Effect-Action (DPSEEA) model and Source-
Pathway-Receptor-Consequence (SPRC) model.

(1) PSR Model

The PSR model, developed by the Organisation for Economic Cooperation and
Development (OECD), comprises three interconnected components: Pressure (what has
occurred), State (what is the current status), and Response (what action should be taken)
(OECD, 1993) (Sun et al., 2020). The application of the PSR model in flood
management provides a structured approach to understanding and addressing the

complex dynamics of flood risks in urban environments.
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Pressure refers to the factors that increase the risk of flooding. In urban areas, these
pressures often include 1) increased impervious surfaces due to urbanisation, leading
to higher runoff volumes and reduced infiltration (Huang et al., 2018); 2) climate
change, contributing to more frequent and intense rainfall events (Chung and Lee 2009;

Chaves and Alipaz 2007).

The state represents the current condition of the flood risk in the urban area. It can be
characterised by 1) the extent and frequency of flooding events and 2) the condition of
existing infrastructure and its capacity to manage floodwaters (Li et al., 2010; Seo et

al., 2015).

Responses are the actions taken to manage the pressures and improve the state. These
include 1) implementation of flood defence and sustainable urban drainage systems; 2)
policy measures and land-use planning to control urban development in flood-prone

areas (OECD, 1993; Senent-Aparicio et al., 2015).
(2) DSR Model

The DSR model is an analytical framework that builds upon the PSR model by
incorporating a broader range of factors affecting sustainable development (Yan et al.,
2016). In the DSR model, Driving Forces replace the concept of ‘pressure’ from the
PSR model, encompassing natural phenomena and human activities that can increase
flood risk (Liu et al., 2020). State component reflects the current condition of the system
under the influence of the driving forces, including land use, water quality, and other
environmental factors that can be affected by floods (Chen et al., 2005). Responses
represent the human measures in response to changes in the state system, such as flood
disasters. It includes policy decisions, infrastructure improvements, and other
management strategies to mitigate flood impacts and enhance resilience (Liu et al.,

2020).

The DSR model provides a structured approach to understanding and managing the

complex interactions between human activities, environmental states, and responses to
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flood disasters. However, it has been criticised for not adequately highlighting the
underlying reasons for the pressures or drivers and for lacking a measure for response

change in the state of the environment (Bowen and Riley, 2003).
(3) DPSIR Model

While initially a comprehensive framework for environmental analysis, the DPSIR
model has been further refined by the DSR model, offering a more nuanced

understanding of flood management dynamics (EEA, 2015).

Driving forces in the context of floods can encompass climate change, leading to
increased frequency and intensity of rainfall and changes in land use, such as

urbanisation, which reduce natural water absorption capacity (Liu et al., 2021).

Pressures include deforestation, improper land management, and infrastructure
construction in flood-prone areas, all contributing to heightened runoff and reduced

infiltration.

State refers to the condition of the environment, exemplified by increased regional
vulnerability to flooding due to altered hydrological conditions, including changes in

river flows and groundwater levels (Qin et al., 2023).

Impacts denote the consequences of these environmental changes on human, economic,
and ecological systems. Floods can result in loss of life, damage to property and

infrastructure, and negative impacts on agriculture and ecosystems (Duan et al., 2021).

Responses encompass various actions, such as constructing levees and dams,
implementing early warning systems, and formulating land-use planning strategies to

discourage development in high-risk areas (Kapetas et al., 2019).
(4) DPSEEA Model

The DPSEEA model extends the DPSIR framework by incorporating the concepts of
exposure and effect, which are particularly pertinent to health outcomes and

interventions (WHO, 1999).
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Driving forces may include population growth, urbanisation, and climate change, all of
which can alter precipitation patterns and increase flood risks (Gentry-Shields and

Bartram 2014).

Pressure may arise from land-use changes, deforestation, and infrastructure

construction that affect natural water flow and drainage patterns (Waheed et al., 2011).

State refers to the environmental conditions resulting from these pressures, such as
changes in river flows, soil saturation levels, and the integrity of floodplains and

wetlands.

Exposure focuses on the extent to which human populations and ecosystems are
exposed to flood risks, considering vulnerable populations in flood-prone areas and the

assets that might be affected by flooding.

Effect relates to the consequences of exposure, which in the case of floods can be

measured in terms of human health impacts, economic losses, and ecological damage.

Actions are the strategies and measures implemented to manage driving forces,
alleviate pressures, maintain or restore desirable states, reduce exposure, and mitigate
effects. Actions in flood management can include the development of early warning

systems, flood defence, land-use planning, and emergency response plans.
(5) SPRC Model

The SPRC model is a widely used conceptual framework for describing surface water
floods. It was utilised to delineate the progression of a flood event from the source
through various pathways to potential receptors and its associated consequences, as

adopted by the UK Environment Agency (Yan et al., 2016).

The initiation points of the flood risk may include heavy rainfall, sea-level rise, or storm
surges. For instance, studies have used the SPRC model to evaluate the impacts of
projected flood risks caused by sea-level rise and storm surges in Shanghai, China

(Feng et al., 2023).
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The pathways through which floodwaters travel include surface water flow, sewer

systems, or groundwater movement (Jiang et al., 2020).

Receptors refer to entities at risk from floodwaters and contaminants, such as human

populations, ecosystems, or infrastructure. Humans are particularly vulnerable in areas

with high population densities (Jiang et al., 2020).

The advantages and disadvantages of the aforementioned conceptual models are

summarised in Table 2.3. It is evident that the SPRC model can objectively depict the

influence process and the consequence of source impacts on receptors differently

(Narayan et al., 2012; Yan et al., 2016). Therefore, based on the principles of the SPRC

model, this study established an SPRC model for assessing the vulnerability of road

networks under the influence of surface water floods.

Table 2.3 The characteristics of various conceptual models

Model

Advantage

Disadvantage

PSR

DSR

DPSIR

DPSEEA

SPRC

The PSR model could present the impacts of
human activity on the natural environment,
emphasising pressure and response.

DSR model could present the impacts of human
activity on the natural environment,
emphasising driving force, pressure, and
response.

The DPSIR model could present human
activity’s impacts on the natural environment,
emphasising driving force, pressure, impact,
and response.

The DPSEEA model could present human
activity’s impacts on the natural environment,
emphasising driving force, pressure, effect, and
response.

The SPRC model could present human
activity’s impact on the natural environment,
including source, pathway, and consequence.

The relationship  between
elements is too simple.

Lacking influence process
analysis for source impacts on
the receptor.

Lacking influence process
analysis for source impacts on
the receptor.

Lacking influence process
analysis for source impacts on
the receptor.

SPRC model could not
directly  support  multi-
criterion decision-making.

2.4.3 Vulnerability assessment methods

According to previous studies, methods for assessing vulnerability can be categorised

into four main groups: the vulnerability index-based method, the vulnerability curve
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method, the historical disaster data-based method, and the scenario simulation method

(Huang et al., 2012; Nasiri et al., 2016).
(1) Vulnerability index-based method

The vulnerability index-based method is widely used for assessing flood vulnerability
in a specific area (Huang et al., 2012; Zhang and You, 2014). Previous studies have
highlighted that indicator-based vulnerability assessments are essential for flood
management planning, preparedness, emergency responses, and long-term flood
recoveries (Cascini 2008; Spitalar et al., 2014). The vulnerability index-based method
involves identifying various indicators that contribute to the wvulnerability of a
community to floods, such as population density, land use, topography, flood history,
and socioeconomic status. Each indicator is assigned a weight based on its relative
importance in contributing to flood vulnerability. These weights are then used to
calculate an overall vulnerability score, often on a scale of 0 to 1, where a higher score

indicates greater vulnerability to surface water flooding.

Several studies have employed the vulnerability index-based method to assess flood
vulnerability, establishing various vulnerability index systems to evaluate the impacts
of surface water floods on social and economic development (Nasiri et al., 2019; Duan
et al., 2022). For instance, Yan et al., (2016) developed a socio-economic vulnerability
index system to evaluate the impacts of coastal floods caused by sea-level rise. Aroca-
Jimé&ez et al.,, (2020) focus on developing and validating an Integrated Socio-
Economic Vulnerability Index (ISEVI) for urban areas susceptible to flash floods,
highlighting the challenges of validating vulnerability indices in such regions due to
data scarcity and the localised nature of flash flooding events. Duan et al., (2022)
provided a vulnerability assessment model to analyse the social vulnerability to floods

in the countries situated along the Belt and Road region.

Recently, some studies explored the spatial pattern of road infrastructure vulnerability

to natural disasters on a large scale (Hu et al., 2016; Liu et al., 2018). For example, Li
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et al., (2015) assessed physical vulnerability of surface roads to natural disasters in
China using provinces as the basic assessment unit. In addition, He et al., (2021a)
established a flash flood vulnerability index system and explored the spatial pattern of

the flash flood vulnerability of roads in China.

The wvulnerability index-based method offers several advantages. Firstly, the
vulnerability index-based method can be implemented flexibly locally and often at a
low cost, mainly when pre-existing databases are accessible. Additionally, it serves as
a helpful communication tool among stakeholders, facilitating discussions at each
project stage (H&ene et al., 2022). Third, the method produces a single score based on
exposure, sensitivity, and adaptive capacity, providing a comprehensive view of
vulnerability. Finally, the method allows for the customisation of models based on area

size, available data, scale, time, cost, user needs, and targets (Zare et al., 2022).

The wvulnerability index-based method also has some disadvantages. There is
subjectivity in selecting parameters, their relationship to vulnerability, and the
assignment of ratings and weights (Taghavi et al., 2022). Different methods can yield
inconsistent results when applied to the same area. The index system may only apply
to specific regions, and some data may be difficult to obtain, limiting the universality

of the method (Li et al., 2021; Wang et al., 2018).
(2) Vulnerability curve method

The vulnerability curve method is a quantitative tool used in flood risk assessment to
evaluate the potential damage to assets resulting from flood events. This method
employs empirical damage or fragility curves that correlate the intensity of flood
hazards with the vulnerability or damage to the assets at risk. Vulnerability curves are
grounded in empirical data collected from historical records of flood events and their
consequent impacts (Abebe et al., 2018). The curves predict potential damage by
linking simulated flood depths to expected consequences on exposed populations and

assets (Lallemant et al., 2021). The development of vulnerability curves can involve
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simulations from various models, such as those predicting agricultural impacts, to

estimate potential damage under different flood scenarios.

The application of the curve method in flood vulnerability assessment is a critical
approach that integrates various data sources and methodologies to evaluate the
potential impact of flooding on urban environments. Pall et al., (2011) created a
probabilistic event attribution framework to quantify the human-induced contribution
to flood risk, using runoff occurrence frequency curves in their analysis. Munoz et al.,
(2018) examine the amplification of flood hazards due to climatic control and river
engineering, which could be relevant to studies using frequency curves to assess flood
vulnerability. Kreibich et al., (2022) provide insights into flood and drought risk
management, which may include the use of frequency curves to assess flood

vulnerability.

The vulnerability curve method allows for the simulation and estimation of disaster
losses on a global scale, offering a more comprehensive approach compared to
estimation based solely on observations. However, the quality of vulnerability
assessments can be affected by the availability and reliability of data, which may not
always reflect different degrees of vulnerability accurately (Sorichetta et al., 2011). The
vulnerability curve method relies on extensive damage surveys, which consume
significant time and resources. Additionally, its reliability is lower than that of other

methods as it may not apply to different regions (Nasiri et al., 2016).
(3) Historical disaster data-based method

Historical disaster data-based methods can respond to the combined effects of natural
and social vulnerability on data collected from actual flood events (Duan et al., 2022).
This method considers factors such as flood frequency, magnitude, duration, and the
extent of damage caused by past floods to determine the level of vulnerability. This
method uses historical data and statistical analysis to identify the frequency and

intensity of past flood events and their effects on infrastructure, property, and people.
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By analysing the data, the method identifies vulnerable areas more likely to be affected

by future floods.

Historical disaster data-based methods have been applied in various studies. For
example, Benito et al., (2004) employed historical flood data and European water level
records, integrating geological, historical, hydraulic, and statistical approaches to
evaluate extreme floods. Langlois et al., (2023) showcased the application of a global
flood monitoring database connected to national disaster databases to assess local flood-
related vulnerability in Indonesia. It can be found that the historical disaster data-based
method is straightforward to compute when sufficient historical data is available (Li et

al., 2023).

However, the historical disaster data-based method demands extensive and continuous
historical data, which can be time-consuming to collect and susceptible to errors (Wang
et al., 2023). Limited historical events and poor data quality can lead to biased
evaluation results, which may not represent the full scope of potential future flood risks
(Yao et al., 2023). Moreover, historical data may not always accurately predict future
conditions due to changes in climate, land use, and urbanisation, leading to low model

accuracy (Li etal., 2023).
(4) Scenario simulation method

The scenario simulation method is constructed on the scenario model for a quantitative
prediction. This method uses computer models to estimate the potential impact of a
range of flood magnitudes, frequencies, and durations, as well as other factors such as
land use and infrastructure (Nasiri et al., 2016). It integrates diverse data types,
including geomorphological, topographical, and urban drainage system data, to
evaluate flood disaster risk and assess various scenarios across different spatial scales
(Zhu et al., 2016; Lin et al., 2020). The simulation approach allows for the assessment
of the vulnerability of a community or region to various potential flood events, which

can help inform planning and preparedness efforts (Yao et al., 2023). By simulating
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multiple scenarios, decision-makers can better understand the potential impact of
different flood scenarios and prioritise actions to reduce vulnerability and increase

resilience.

The application of scenario simulation methods for flood vulnerability assessment is an
evolving field that addresses some of the limitations inherent in historical disaster data-
based methods. Vamvakeridou-Lyroudia et al., (2020) concentrated on evaluating and
visually presenting hazard impacts to improve Critical Infrastructure (CI) resilience to
surface water flooding, employing extensive scenario simulations. Li et al., (2021) used
scenario simulations based on hydrological models or spatial models to improve the
accuracy of vulnerability assessment. Yao et al., (2023) assessed how urban stormwater
systems respond and adapt to altered rainfall patterns using CMIP6 projections. They
conducted scenario simulations based on future rainfall data. Li et al., (2023) developed
an urban rainstorm and flood resilience model using the System Dynamics method.

This model simulates the dynamic process of urban rainstorms and flood resilience.

However, high-quality data is essential for setting up and validating models, which can
be a limitation in data-scarce areas (Vaddiraju and Talari 2022). The requirement for
high data comprehensiveness can be challenging, as the method must accurately
simulate the flooding process (Li et al., 2023). Moreover, the results of the scenario
simulation model are subject to uncertainty due to issues like index selection, weight

allocation, and applicability to the study (Yao et al., 2023).

Table 2.4 summarises the advantages and disadvantages of various vulnerability
assessment methods. The index-based approach offers key benefits, including easy data
access, straightforward modelling and calculations, and the capacity to depict regional
vulnerability trends on a broader scale. This study specifically examined the
vulnerability of road infrastructure to surface water floods, thus opting for the index-

based methodology.
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Table 2.4 The comparison among four vulnerability assessment methods

Methods Advantages Disadvantages
Vulnerability Providing a clarified vulnerability e  Complexities of standardisation,
index-based image in a specified region helps weighting, aggregation, and
method prioritize measures and plan for uncertainty.
flood risk management in e Difficulties in the quantification of
specified regions. some social indicators.
Vulnerability It is founded on real damage <  Taking a lot of time and resources.
curve method investigation and should be - Not valid for other areas.
precise.

Historical disaster Simple method, real damage <  Taking a lot of time and resources.
data-based method analysis. . Being inapplicable to other regions.
e The results may be inaccurate due to
unevenly recorded data.

Scenario Providing accurate results in a <  Significant irregularities in lack of
simulation method  specific region based on detailed sufficient data.
data about topographic, e Unable to describe a clear link
hydrographic, and economic between the predicted map and real
information. flood damage.

2.5 Flood management in road transport system
2.5.1 Existing practices in China

Currently, different countries have proposed or revised national practices and
legislation to improve the protection of road transport from surface water floods. The
Chinese National Government has highlighted the necessity for additional measures
regarding flood management (Héonin et al., 2015). Local municipal ministries are
tasked with building and upkeeping infrastructure in line with national planning and
design guidelines, with particular attention to planning, construction, and operational
aspects (Qi et al., 2020). These governance responsibilities can be categorised as
follows: the Ministry of Housing and Urban-Rural Development (MHURD) oversees
surface water flood control planning and works in conjunction with the Chinese
National Government to implement the Sponge City Program in selected cities across
the country. These governmental agencies closely cooperate with the Ministry of Water
Resources (MWR) to address surface water floods, waterlogging, and flood risk
reduction and management. Furthermore, the MHURD collaborates with the Ministry
of Finance (MOF) on financial arrangements for construction and operational costs,

with the Ministry of Transport (MOT) on reducing urban surface water flood risk, such
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as road inundation depth, and with the Ministry of Emergency Management (MEM) on

reducing emergency response times for on-road services.

Urban flood control planning plays a vital role in overall urban planning, especially in
cities prone to high flood risks. The Code for Urban Planning on Urban Flood Control
(GB 51079-2016), issued by the MHURD in 2016, serves as a guideline for city
authorities to formulate specific flood control plans tailored to the unique characteristics
of each city. One of the key considerations in these plans is the surface water flood
control standard, which is determined based on factors such as population density,
socioeconomic status, and various aspects of flood information, including the types,

causes, and potential consequences of floods.

Urban areas generally have a higher surface water flood control standard than rural
areas (Ministry of Housing and Urban-Rural Development of the People’s Republic of
China 2016b). Ensuring a secure layout of urban land, flood control systems, and other
necessary measures are essential components of surface water flood control planning.
Chinese cities predominantly use structural measures for controlling surface water
floods, focusing on managing rainstorm storage and discharge in upstream and middle-
lower streams. Non-structural measures for surface water flood control, such as flood

warnings and flood insurance, have gained importance in Chinese cities since the 2000s.

The Sponge City Program (SCP) is a significant initiative in China to improve water
sensitivity and enhance the management of surface water floods (Chan et al., 2018).
The program also seeks to change the perception of rainstorm water from being solely
viewed as a problem to being seen as a potential resource. SCP pilot cities or areas are
mandated to handle runoff from a 30-year, 24-hour rainfall event. The goal is for more
than 80% of urban built-up areas to meet SCP requirements by 2030 (Xia et al., 2017;
Jiang and Ma, 2018).

The SCP entails transitioning from conventional ‘Grey’ strategies to more sustainable

‘Green’ and ‘Blue’ approaches. It includes measures like expanding green spaces and
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implementing permeable pavement to enhance SCP development (Kabisch et al., 2017).
After a 3-year pilot, pilot cities have executed projects like green roofs, belts, and

permeable pavement, offering valuable lessons for future planning and policy scaling.

Enhancing the effectiveness of land drainage systems is a direct method to tackle
surface water flooding problems, often caused by the heavy reliance on urban drainage
systems (Chan et al., 2018). Currently, the urban drainage protection standards in
Chinese cities are relatively low, typically designed for a 1-in-1-year to 1-in-5-year
return period. While these standards may be adequate for mild rainstorms, they fall
short during intense, cyclone-enhanced rainstorms. To address these challenges, city
authorities have examined the practices of other cities in the region. For instance, Tokyo
has adopted a 1-in-30-year return period standard, while Singapore has implemented a
1-in-50-year return period standard to mitigate urban surface floods (Chan et al., 2018).
To improve the situation, the Code for Design of Outdoor Wastewater Engineering (GB
50014—2021) has been updated to address deficiencies in stormwater sewer systems in
Chinese cities (Ministry of Housing and Urban-Rural Development of the People’s
Republic of China 2016b). In the central areas of megacities, stormwater sewer systems
are designed to accommodate rainfall events with a 1-in-3-year to 1-in-5-year return
period. In contrast, in more critical areas, the design standards extend to a return period

of 1-in-5-year to 1-in-10-year.

Economic costs are essential when upgrading land drainage systems. In newly
developed areas, enhancing road drainage standards, as outlined in the Code for Design
of Outdoor Wastewater Engineering (GB 50014—2021), can improve resilience to
surface water flooding. However, for existing paved roads in densely built-up areas,
meeting these standards would often necessitate substantial reconstruction of road
sections, leading to higher economic costs than those incurred from surface water
flooding, such as road repair and maintenance (Koks et al., 2019). Upgrading land
drainage systems in urban central areas presents challenges due to their long

development history, spanning decades or even centuries.
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Increasing Blue-Green Infrastructure (BGI) presents an effective solution to the
economic challenges associated with upgrading land drainage systems. The Code for
the Design of Urban Green Space (GB 50420—2007) outlines the establishment of wet
basins and stormwater wetlands for rainwater storage and surface runoff reduction
(MHURD, 2016). Elements like grass swales, green roofs, gutters, sunken green belts,
and open areas are essential for shielding urban assets from rainstorms and floods. Bio-
swales and permeable pavements are engineered to soak rapid runoff during heavy
rainstorms. Additionally, integrating vegetation can enhance urban hydrological
processes by mimicking soil-water interactions and providing urban ecosystem services

(Griffiths et al., 2020).

For example, in Shenzhen, the implementation of sponge road designs has significantly
increased the capacity to capture stormwater, capturing up to 75% of the annual rainfall
volume (Shenzhen Municipal Water Bureau, 2017). Additionally, bio-swales and
permeable pavement have been installed in residential areas of the Futian district,
boosting the volume capture ratio of annual rainfall from 38% to 62% (see Figure 2.2)
(Shenzhen Municipal Water Bureau, 2021). The Technical Code for Urban Flooding
Prevention and Control (GB5122-2017) states that new areas should have over 40%
permeable pavement, while areas at higher risk of waterlogging should have over 50%

(MHURD, 2017).

Figure 2.2 Bio-swales on roadsides (left) and permeable pavement (right) in Shenzhen
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Addressing and mitigating surface water flood hazards to road transport is a critical
priority for urban management in Chinese cities. The Specifications for Urban
Waterlogging Risk Investigation (QX/T 441-2018) was introduced to assess surface
water flood risks and identify potential waterlogging trouble spots. This technical
guidance includes ten normative annexes, such as those for urban land use investigation,
to aid in identifying these trouble spots (CMA, 2018). In Chinese megacities, the
Technical Code for Urban Flooding Prevention and Control (GB5122-2017) specifies
that road inundation depth should not exceed 15 cm during a 1-in-100-year urban flood
(MHURD, 2017). By conducting waterlogging investigations and adhering to these
standards, cities can propose adaptation and mitigation measures to improve emergency

response systems and address potential threats before surface water flooding occurs.

EMS response times are often mandated to meet specific deadlines, although China
lacks a national legislative framework for such timeframes. In Beijing and Shanghai,
EMS aim to arrive at patients’ locations within a 12-minute (People’s Government of
Beijing City, 2020; Shanghai Municipal People’s Government, 2016). Additionally, the
average service radius of EMS stations in Shanghai is anticipated to be under 3.5 km
(Shanghai Municipal Peoples Government, 2016). Despite this, there is no consistent
requirement for EMS response times across Chinese cities. Some cities use the time for
dispatch instruction as a quantitative indicator of EMS performance. For instance, in
Guangzhou and Shenzhen, dispatch instructions must be issued within 1 minute of
receiving the emergency call, and ambulances must depart within 3 minutes of
receiving the dispatch instruction (People Government of Guangzhou Province, 2011;
Shenzhen Municipal Health Commission, 2018). As a result, Chinese cities still face
significant challenges in improving EMS response times, which will be further

discussed.
2.5.2 International experiences

Chinese cities can look to Nature-Based Solutions (NBS) and BGI practices from

Western and Asian cities for surface water flood management. Since the 1970s, western
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cities have implemented various ecological programs, such as Best Management
Practices (BMPs) and Low Impact Development (LID) in American cities (Matteo et
al., 2017; Matos et al., 2019), Sustainable Drainage Systems (SuDs) in the European
cities (Gimenez-Maranges et al., 2020), and initiatives such as the ‘Room for the Rivers’
in the Netherlands cities (B&wm et al., 2004; Van and Logtmeijer, 2005; Stokkom et al.,
2005) and the “‘Water Sensitive Urban Design’ (WSUD) in Australian cities (Cook et
al., 2019). In the past two decades, Asian cities have also adopted BGI solutions,
including the ‘Active Beautiful and Clean’ (ABC) water program in Singapore (Lim
and Lu, 2016; Liao, 2019), the ‘Urban River Revitalisation’ in Japanese cities (Moor
2020), and the ‘Clean River Scheme’ in Korea cities (Seoul Metropolitan Government,
2021). These initiatives offer valuable insights for Chinese cities seeking to enhance

their surface water flood management strategies.

These NBS and BGI initiatives provide cost-effective strategies with various
environmental, social, and economic benefits (Kabisch et al., 2017; Debele et al., 2019;
Kurigi and Hysa, 2021). For example, a rainwater harvesting program in New York
resulted in savings of $10 million compared to conventional drainage systems (UFCOP,
2016), highlighting the potential for savings. However, Chinese cities predominantly
rely on conventional hard-engineering approaches (Qi et al., 2020), indicating a need
for a shift towards more sustainable solutions. Implementing a mix of solutions tailored
to local social, economic, and environmental contexts is crucial. This could involve
BGI design, developing warning systems, and engaging in public education and
participation (Lim and Lu, 2016; Liao, 2019). China can learn from Singapore’s
experience, especially considering their similarities in high-density urban environments
and limited green spaces. BGI, including wetlands, detention ponds, rain gardens, green
roofs, and bioswales, controls surface runoff and flooding and enhances public health
and well-being. It is essential to conduct systematic performance audits and
benchmarking to evaluate the effectiveness of these BGI measures. Looking at the

example of Japan, Chinese cities can improve warning and evacuation systems (MILT,
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2018). Moreover, enhancing public education and participation is crucial to prepare for

extreme weather events and surface water floods.

From the surface water flood management perspective, there is no specific national
standard for EMS response times in major Chinese cities. Significant efforts are needed
to enhance current EMS practices and meet international standards. For instance, UK
legislation mandates that EMS (first responders) should reach 75% of ‘Red 1’ (high-
priority, life-threatening) incidents within 10 minutes of receiving the initial report
(Coles et al., 2017; Green et al., 2017). However, the average EMS response time in
Beijing is 18 minutes (Chaoran and Zhao, 2021), well beyond Beijing City’s
requirement of 12 minutes. During road transport disruptions caused by surface water
floods, EMS response times could deteriorate further. Studies should assess the spatial
accessibility of EMS stations considering road inundation and traffic delays to provide
valuable insights for government decision-making. Additionally, government
organisations must understand their roles in the urban system’s operation and enhance

cooperation to improve overall response efficiency.
2.6 Gaps in the current knowledge

It is widely acknowledged that heavy rainfall poses a significant hazard to road
networks. During heavy rainfall and subsequent surface water flooding, road surface
friction decreases, vehicle speeds reduce, and visibility is impaired, often leading to
increased travel times. Consequently, access to essential facilities such as schools,
workplaces, and hospitals may be disrupted. Urban areas, particularly city centres, are
more vulnerable than rural areas due to higher road and population densities, as well as
the performance of drainage systems. The increasing impact of surface water floods on
road transport networks underscores the importance of considering broader experiences
and implications in surface water flood management to safeguard urban public

infrastructure, including road infrastructure and transportation facilities.
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Significant advancements have been made in understanding surface water flooding and
its impact on road transportation, such as road inundation, traffic delays, and changes
in spatial accessibility. These studies have contributed to academic knowledge and
practical improvements in surface water flood management. However, several gaps in

research and practice remain, as outlined below (see Figure 2.3):

Most of the previous studies focused on social media data analysis rather than
news media data analysis. Social media data, being user-generated, is often subjective.
Therefore, using social media data to assess flood damage raises concerns regarding its
accuracy and reliability. In contrast, analysing news media data can offer more
objective and dependable information. However, most existing studies that utilised
news media data did so at a small scale, such as the district level. This limitation is due

to the considerable time and data resources required for news media data analysis.

Limited understanding of how news media enhances flood preparedness in the
road transport system. Previous research has suggested various non-structural
measures (i.e., non-engineering measures) for enhancing flood readiness, including
flood forecasting and warning systems, public education, and awareness campaigns.
News media plays a vital role in facilitating the implementation of these measures.
However, there is still uncertainty regarding the effectiveness of news media coverage

during flood events, which is essential for preparedness and early warning efforts.

Few studies have conducted network analysis to explore government agency
engagement and collaboration during flood events. Existing approaches to analysing
media data related to flood and transport networks only capture public participation and
response. Indeed, government agency engagement and collaboration should be
investigated as such. Based on the news media data, collaborative network analysis can
provide the role of different agencies in flood management and the actual performance
of government agency engagement and collaboration. However, existing studies could

not answer whether the collaboration is reasonable under surface water flood conditions.
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Limited understanding of how to assess flood impacts on complex transport
networks by combining news media and vulnerability assessment. Previous studies
have confirmed that vulnerability assessment is one of the valuable tools for
investigating flood impacts on road infrastructure. However, these studies ignored the
impacts of surface water floods on transport performance. With the development of
digital media, media data, especially social media data, is becoming a more popular and
promising way to fill in the gaps in conventional data. However, social media data is
often mined to analyse the characteristics of flood impacts at the event level, making it
hard to compare different areas. Few studies have focused on the effects and severity

of floods on road infrastructure and transportation at a large scale.

* Limited understanding of how to * Limited understanding of
assess flood impacts on complex how news media enhances
transport networks by flood preparedness in the
combining news media and road transport system.

vulnerability assessment.

ﬁ 5>
To minimise To prepare
the impacts of for managing
future flood flood event
Flood
Management
Cycle
To restore To minimise
activities and in:lmediate
services impacts

* Few studies have conducted network analysis to explore
government agency engagement and collaboration during
flood events.

* Most of the previous studies focused on social media data
analysis rather than news media data analysis.

Figure 2.3 Research gaps in existing literature

Motivated by the existing knowledge gaps, an integrated framework was proposed in
Chapter 3, including news media activities analysis, government agency collaboration
analysis, and potential flood impact assessment, to enhance different phases of flood
management in the road transport system. A more detailed analysis of news media

activities attempts to enhance the phase of preparedness and early warning from the
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perspective of news media adoption. Government agency collaboration analysis was
conducted to enhance the phase of response and recovery from the perspective of
government response. Potential flood impact assessment was used to enhance the phase

of mitigation.

Furthermore, the key findings adopting the integrated framework will be presented in
Chapters 4-6. Based on the research findings, design recommendations will be
proposed for enhancing flood management from the perspective of the transport system

in the Discussion Section of Chapters 4-6.
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Chapter 3: Research methodology

3.1 Introduction

An overview of the state-of-the-art surrounding flood management was presented in
Chapter 2, where current approaches and best practices were reviewed, highlighting
limitations and potential areas of development. In order to address the significant gaps
mentioned in Chapter 2, this chapter presents an original integrated framework for flood
management in the road transport system. The research design is tailored to the context
of the Guangdong-Hong Kong-Macao Greater Bay Area (GBA). Moreover, it is also
intended to serve as a valuable resource for urban planners working on urban planning
projects in other cities facing flood impacts on the road transport system similar to those

in the GBA cities.
3.2 Research design
3.2.1 Overview of schematic diagram

The research design is summarised in a flow chart (see Figure 3.1). The initial issue
that guided this research was associated with the increase in frequency and intensity of
heavy rainfall in the context of climate change and rapid urbanisation. Moreover, heavy
rainfall-induced surface water floods often damage road transport networks. A
comprehensive literature review of surface water flood management in the road
transport system was conducted, covering five parts (see Chapter 2). A quantitative
method will be employed to answer the research question and fill the research gaps in

the literature.

The proposed framework aims to enhance surface water flood management in the road
transport system based on the Source-Pathway-Receptor-Consequence (SPRC)
conceptual model. A case study was adopted to develop an in-depth and detailed
understanding of the research question covering the three major phases of flood

management (Ragini et al., 2018; Qadir and Bukhari 2016), i.e., (a) preparedness and
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early warning (the first study of this thesis), (b) response and recovery (the second study
of this thesis), (c) mitigation, risk and vulnerability modelling (the third study of this
thesis). According to the results, the potential of news media and vulnerability analysis
to derive flood damage and recommendations for flood management in the road

transport system were discussed.
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Figure 3.1 Overview of framework to enhance flood management in the road transport system

3.2.2 The conceptual model

A conceptual model, the SPRC model (Narayan et al., 2012; Kandilioti, Makropoulos
2012; Yan et al., 2016), was utilised to explore the action mechanism of surface water
floods in the road transport system of the GBA. As shown in Figure 3.2, SRPC was
employed to analyse the relationship between the flood trigger (i.e., rainfall), the
transmitted pathway (i.e., surface water flow), and the consequences (i.e., impact 10ss)

on the receptor (i.e., surface road).
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Source Pathway Receptor Consequence

Rainfall Surface water flow Surface road Impact loss

Figure 3.2 Schematic diagram of the SPRC model, modified from (Kandilioti, Makropoulos 2012;
Pregnolato 2017)

According to the SPRC model, the projected surface water floods caused by rainfall
directly impact the GBA transport system. Climate change is the most significant factor
in increasing rainfall and associated surface water floods (Xu et al., 2018; Zhou et al.,
2012). Temperature changes intensify the urban hydrological cycle and subsidence,
resulting in more frequent high-intensity, short-duration rainstorms (Kendon et al.,
2012). From 1990 to 2018, 956 disastrous rainstorms were recorded at 29
meteorological observation stations, making up 22.3% of the total 4286 rainstorms in
the GBA during that period (Wang and Zhai et al., 2022). Additionally, there were 299
urban waterlogging disasters and 145 floods recorded in the GBA, making up 46.3% of
the total rainstorm-induced disasters (Wang and Zhai et al., 2022). In particular, over
60% of the rainstorm-induced disasters were urban waterlogging disasters in 17
districts, including Dongguan, Zhongshan, seven districts of Guangzhou, five districts

of Shenzhen, and three districts of Zhuhai (Wang and Zhai, et al., 2022).

The pathway is the route between the source and the receptor, which identifies how the
source affects the receptor. The accumulation of surface water is the first phenomenon
and a significant threat of surface water floods to road transport (Lu et al., 2022). If the
surface water accumulation increases under conditions of intensive rainfall, the existing
drainage systems will be insufficient, resulting in surface water flooding and
subsequent consequences of surface roads. The increase in impervious areas has
intensified surface water flow and overwhelmed the capacity of existing drainage

systems in the GBA.

Rapid urbanisation has been the primary driver of significant land-use changes since

economic reform and open-door policies were implemented in 1978 (George et al.,
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2007). In the GBA, the total population was about 86.7 million in 2021 (Statistia 2022)
and is projected to be 120 million by 2050 (Chan and Chen et al., 2021). The increasing
population will be concentrated in urban areas. Indeed, the urbanisation rate in the GBA
has been more than 85% (Guangdong Provincial Committee of the Chinese People’s

Political Consultative Conference, 2021).

Due to rapid urbanisation, urban infrastructure has steadily replaced many aquatic
ecosystems like lakes and wetlands and artificial water systems (Jiang et al., 2022; Lyu
et al., 2019). From the 1980s to the 1990s, more than 26% of green spaces were
converted to concrete structures (i.e., impervious surfaces) in the GBA (Chan and Yang
etal., 2021). Surface water flow would be worse with the obsolete and dilapidated urban
drainage systems in densely populated urban areas of the GBA. For example, the
drainage system can only cope with 1-in-1-year to 1-in-5-year return period events in
Guangzhou and Shenzhen. Under the condition of further urbanisation, open natural
spaces will be transformed into impervious built-up areas, which will disrupt soil-water

infiltration and aggravate road infrastructure vulnerability to surface water floods.

Receptor refers to the potential part affected by the source. In this study, the receptor is
surface roads, including Expressways, National Highways, Provincial Roads, County-
level Roads, and Township-level Roads (see Figure 3.3). The GBA boasts a complex
road network spanning approximately 69,091 kilometres in total length. According to
the Technical Standards of Highway Engineering (JTG BOI-2014) (Ministry of
Transport of the People’s Republic of China 2015), the concepts and characteristics of

various roads can summarised as follows:

-- Expressways, denoted with a ‘G’ for ° > (high-speed), are high-capacity,
controlled-access highways designed for fast and efficient long-distance travel. They
are often well-maintained and well-designed, with high-quality road infrastructure,
multiple lanes and modern facilities. The total length of expressways is about 13797

kilometres in the GBA.
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-- National Highways are major road routes connecting major cities and regions. They
serve as primary transportation corridors within the country. They are one part of the
national road network and are maintained by the national government. The total length

of National Highways is about 7123 kilometres in the GBA.

-- Provincial Roads are roads within a specific province or administrative region.
Provincial Roads are constructed to access the administrative centres, transportation
hubs, commercial spines, residential zones, industrial areas, and tourist attractions.
Their maintenance and funding often come from provincial governments. The total

length of Provincial Roads is about 12245 kilometres in the GBA.

-- County-level Roads are roads within a county or district, connecting towns, villages,
and rural areas. County-level Roads are smaller in scale compared to national and
provincial roads. The total length of County-level Roads is about 13899 kilometres in

the GBA.

-- Township-level roads serve townships, villages, and local areas. Township-level
Roads are constructed to link the county and township-level administrative regions.
They are often unpaved or gravel roads in less urbanised areas. The total length of

Township-level Roads is about 22027 kilometres in the GBA.
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Figure 3.3 An example of the structure of five-grade roads in the GBA. Source: (OSM)

Damage to surface roads from surface water flooding results in economic losses and
impacts the transport system. As road construction accelerates and road quality
improves, the economic losses from roads damaged by surface water floods are
increasing annually (He et al., 2021). In 2018, floods disrupted 28 expressways, 33
national highways, and over 200 provincial roads in China, leading to direct losses of

around 42 billion RMB.

As shown in Figure 3.4, the structure of high-grade roads is more complex than that of
low-grade roads. For example, expressways consist of a roadway, ramp, auxiliary lane,
subgrade, shoulder, and fill slope (see Figure 3.4a). Moreover, expressways need
higher-grade safety facilities (e.g., road signs, traffic marking, crash barriers),
management facilities (e.g., communication, lighting, maintenance), and green
facilities (e.g., vegetation). As shown in Figure 3.4e, township-level roads are paved
with cement concrete. The characteristics of township-level roads include simple
facilities, narrow roadways, low quality, steep slopes, and sharp bend (Ministry of

Transport of the People’s Republic of China, 2015).
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Hence, different grades of roads have different economic costs and disaster resistance
because of road design, material, and structure. Using insights from earlier research (Li
et al., 2015; He et al., 2021) and the road construction information, the average value
of Expressways, National Highways, Provincial Roads, County-level Roads, and
Township-level Roads is 40 million RMB/km, 20 million RMB/km, 15 million
RMB/km, 8 million RMB/km, and 4 million RMB/km, respectively. The anti-disaster
ability of Expressways, National Highways, Provincial Roads, County-level Roads, and

Township-level Roads is 10, 7, 4, 2, and 1, respectively (He et al., 2021; Li et al., 2015).

(a) Expressway: 40 million RMB/km
(b) Primary road: 20 million RMB/km
() Secondary road: 15 million RMB/km

(d) Tertiary road: 8 million RMB/km

(e) Township road: 5 million RMB/km

Figure 3.4 Examples and the average value of various roads. Picture source: (OSM)

3.2.3 The methodology framework

Figure 3.5 presents the methodology framework of flood management in the road
transport system via combination of news media data and conventional data. It
describes (a) the process that computes the historical news activities related to surface
water flood and transport networks (see Section 3.3); (b) the process that estimates
government agency networks (see Section 0); (c) the process that computes potential
impacts of surface water flood on road infrastructure and transport (See Section 3.5).
The outputs of this model include the database of news articles related to flooding and
transport networks, news responses to floods, government networks and collaboration,

and the characteristics of flood impacts on road infrastructure and transport. These can
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be useful for (1) supporting decision-making about road design and planning, (2)

government operation, and (3) news media adoption.
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3.3 News media activity analysis
3.3.1 Data collection

News media data was collected from the Global Knowledge Graph (GKG) of the
GDELT (Global Database of Events, Language, and Tone) project, a large-scale
database and knowledge repository. It is designed to capture, monitor, and analyse news
articles, blog posts, and other textual sources worldwide to create a structured and
comprehensive representation of global events, entities, and their relationships. The
GDELT project uses natural language processing and machine learning techniques to
extract events, entities (such as people, organisations, and locations), and other relevant
information from the text. The GDELT project associated events with precise
timestamps and geographic coordinates, allowing for the tracking of when and where
events occur. The extracted information is organised into a structured knowledge graph,
where events are linked to related entities and additional contextual data, creating a web
of interconnected information. It provides a real-time and historical record of global

events, which can be used for event tracking, trend analysis, and early warning systems.

This study collected news media data from the GDELT project via Google BigQuery,
providing a convenient and efficient way to access and analyse the GDELT GKG data
(Google Cloud, 2020). The steps include: (a) Access Google BigQuery: Users can sign
up for a Google Cloud account and enable BigQuery or use the existing Google Cloud
account. (b) Navigate to BigQuery Console: Go to the Google Cloud Console and
navigate to the BigQuery section. (c) Find the GDELT GKG Dataset: The ‘gdelt-bq’
dataset can be found in the 'Public Datasets' tab. Within the ‘gdelt-bg’ dataset, various
GDELT data can be explored, including the GKG. (d) Query the GKG Table: To query
the GKG data, find the table named ‘gdelt-bg.gdeltv2.gkg’. This table contains the
GDELT GKG data. Click on the table, and SQL queries can be used to retrieve specific

data. Finally, more than 10 billion news records have been collected in this study.
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Data filtering was applied by employing news article themes to ensure the relevance of
the data to surface water floods and road transport in the GBA. The keywords, including
‘Flood’, ‘Road’, ‘Transport’, and ‘Highway’, were used to screen out the news records
relating to surface water flood and road transport (Table 3.1). The news article must be
related to both 'Flood' themes and "Transport' themes. In other words, if the news article

is only related to the 'Flood' themes or "Transport' themes, it will be excluded.

Table 3.1 The GDELT themes related to flood and transport

Categories NO GDELT Themes

Flood 1 NATURAL_DISASTER_FLOODING
2 NATURAL_DISASTER_FLOOD

3 NATURAL_DISASTER_FLOODS

4 NATURAL_DISASTER_FLOODED
5 WB_154 FLOOD_PROTECTION
6
7
8
9

NATURAL_DISASTER_FLOODWATERS
NATURAL_DISASTER_FLASH_FLOOD
NATURAL_DISASTER_FLASH_FLOODS
NATURAL_DISASTER_FLOODWATER

10 NATURAL_DISASTER_FLOOD_WATER

11 NATURAL_DISASTER_FLOOD_WATERS

12 NATURAL_DISASTER_FLOOD_WARNING

13 NATURAL_DISASTER_FLOODED_ROADS

14 NATURAL_DISASTER_FLOODED_AREAS

15 NATURAL_DISASTER_FLOODED_ROAD

Transport 1 WB_168_ROADS_AND_HIGHWAYS

2 WB_1809_HIGHWAYS

3 INFRASTRUCTURE_BAD_ROADS

4 MANMADE_DISASTER_ROAD_ACCIDENT

5 NATURAL_DISASTER_FLOODED_ROAD

6 NATURAL_DISASTER_FLOODED_ROADS

7 ROAD_INCIDENT

8 ROAD_INCIDENT_BRIDGE_COLLAPSE

9 ROAD_INCIDENT_BRIDGE_DISASTER

10 ROAD_INCIDENT_BRIDGE_FAILURE

11 ROAD_INCIDENT_CAR_ACCIDENT

12 ROAD_INCIDENT_CAR_CRASH

13 ROAD_INCIDENT_CAR_PILEUP

14 ROAD_INCIDENT_COLLAPSED_BRIDGE

15 ROAD_INCIDENT_FATAL_PILEUP

16 ROAD_INCIDENT_FREEWAY_PILEUP

17 ROAD_INCIDENT_HIGHWAY _PILEUP

18 ROAD_INCIDENT_MOTORWAY_PILEUP

19 ROAD_INCIDENT_MOTOR_VEHICLE_COLLISION

20 ROAD_INCIDENT_ROAD_ACCIDENT

21 ROAD_INCIDENT_TRAFFIC_ACCIDENT

22 ROAD_INCIDENT_TRAFFIC_COLLISION

23 ROAD_INCIDENT_VEHICLE_CRASH

24 ROAD_INCIDENT_VEHICLE_PILEUP

25 UNGP_TRANSPORTATION_ROADS

26  WB_1429 ROAD_SAFETY

27  WB 1801 _ROAD_TRANSPORT
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Table 3.1 The GDELT themes related to flood and transport (continue)

Categories NO GDELT Themes

Transport 28  WB_1816_ROAD_FUNDS
29  WB 1818 ROAD TOLLS
30 WB_784 TRAFFIC_AND_ROAD_SAFETY
31  WB_785_URBAN_ROADS
32 WB_786_RURAL_ROADS
33  MANMADE_DISASTER_TRAFFIC_ACCIDENT
34  MANMADE_DISASTER_TRAFFIC_COLLISION
35  SOC_TRAFFICACCIDENT
36  TRAFFIC
37  WB_1810_TRAFFIC_CONTROL_AND_MONITORING
38  WB_2458 HUMAN_TRAFFICKING
39  WB 2461 TRAFFICKING NATURAL_RESOURCES
40  CRISISLEX_C04 LOGISTICS_TRANSPORT
41  ECON_TRANSPORT_COST
42 MANMADE_DISASTER_TRANSPORTATION_DISASTER
43  MANMADE_DISASTER_TRANSPORT_DISASTER
44 PUBLIC_TRANSPORT
45  TAX_FNCACT_TRANSPORTATION_SECURITY_OFFICER
46  WB_1172 TRANSPORT_INTEGRATORS
47  WB_1173 TRANSPORT_LOGISTICS_PROVIDERS
48  WB_135 TRANSPORT
49  WB_162_TRANSPORT_ECONOMICS
50 WB_1630_TRANSPORT_SUBSIDIES
51 WB_163_LOW_EMISSIONS_TRANSPORT
52  WB_164_MODES_OF TRANSPORT
53 WB_1725 INTELLIGENT_TRANSPORT_SYSTEMS
54  WB_1728 URBAN_TRANSPORT_POLICY_AND_PLANNING
55  WB_1802_MULTIMODAL_TRANSPORT
56  WB_1803_TRANSPORT_INFRASTRUCTURE
57  WB_1808 TRANSPORT_SAFETY
58  WB_1812_ TRANSPORT_EQUIPMENT
59  WB_1819 TRANSPORT_EFFICIENCY
60 WB_1820_ TRANSPORT_EMPLOYMENT
61 WB_1823 TRANSPORT_GOVERNANCE
62 WB_1825 TRANSPORT_INSTITUTIONS
63  WB_1826_TRANSPORT_POLICY
64  WB_1827 RURAL_TRANSPORT POLICY_AND_PLANNING
65 WB_536_ENERGY_EFFICIENT_TRANSPORT
66  WB_551_GAS_TRANSPORTATION_STORAGE_AND_DISTRIBUTION
67  WB_686_TRANSPORT_INFORMATION_SYSTEMS
68  WB_787_NON_MOTORIZED_TRANSPORT
69  WB_788_URBAN_TRANSPORT
70  WB_789 _RURAL_TRANSPORT
71 WB_790_TRANSPORT_AND_SUSTAINABLE_DEVELOPMENT
72 WB_791_TRANSPORT IMPACT_ON_THE_ENVIRONMENT
73 WB_793_TRANSPORT AND_LOGISTICS SERVICES
74 WB 976 TRANSPORT LAW AND REGULATION

The GDELT project provides both location (e.g., China-Guangdong-Shenzhen) and
longitude-latitude information (114.07, 22.62). Sometimes location information does
not correspond to longitude-latitude information. This study found that longitude-

latitude information is more accurate than location information. Hence, administrative
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boundary information was used to select news articles published in the cities of the
GBA based on the longitude-latitude information (see Figure 3.6). Administrative
boundary information was acquired from DataV.GeoAtlas
(https://datav.aliyun.com/portal/school/atlas/area_selector). QGIS was used to
determine whether the point (i.e., news article location) is within the city boundary.
This process successfully identified 157 thousand news data records directly related to
road flooding across the 11 GBA cities. Data pre-processing filters for relevant
keywords remove duplicates and missing values and transform semi-structured data

into a structured format.

Figure 3.6 Schematic diagram of the relationship between news article location and city boundary.

3.3.2 Measuring index

Descriptive analysis was conducted to summarise and describe the characteristics of
news media data. The news media data was analysed by two indexes: media attention

and news sentiment.

Media attention refers to the level of coverage, visibility, or focus that surface water

flooding receives from various forms of news media. It represents the degree to which
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the media reports, discusses or features surface water flooding, and it is a critical factor
in shaping public awareness, perception, and discourse on that subject. Media attention
is defined as the number of news records related to surface water floods and road
transport in a city (or during a year/month/day interval). Flooding events that receive

high media attention often significantly impact public perception and behaviour.

News sentiment refers to the emotional tone, attitude, or subjective opinion expressed
in news articles, reports, or media coverage of surface water flooding. It reflects
whether the news conveys a positive, negative, or neutral perspective, and it can
influence how readers or viewers perceive and interpret the information presented in
the news. News sentiment is the average tone of articles across all news about floods

and road transport in a city (or during a year/month/day interval).

The ‘article tone’ is provided by the GDELT project. It refers to the emotional or
sentiment characteristics associated with news articles and media content, providing
insights into how these surface water flood events are portrayed. The score ranges from
-100 (highly negative) to +100 (highly positive), with most scores falling between -10
and +10, with 0 indicating neutrality. It is derived by subtracting the Negative Score
from the Positive Score. A score near zero suggests either a mild emotional response or
a balance between positive and negative sentiments. This can be confirmed by
reviewing the Positive and Negative scores individually or by checking the Polarity

variable. Both the Positive Score and Negative Score are provided below for reference.

-- Positive Score is the proportion of all words in the news article that convey positive

emotions, such as ‘good’ or ‘active response’.

-- Negative Score is the proportion of all words in the news article that convey negative

emotions, such as ‘injury,” ‘death,” or “kill’.
3.3.3 Correlation analysis

GDP and City population are key drivers in city structure development (Leong Glastris
2013). Cities with larger populations and GDP are often the centres of politics, economy,
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culture, and society, and their developments and changes have a greater impact and
influence. Usually, news media pays more attention to these cities. This attention may
result in a higher likelihood of negative news being reported and disseminated.

Therefore, this study hypothesised:

Hypothesis 1: The media attention trend to concentrate in the city with more population

and GDP.

Hypothesis 2: The news sentiment trend to be more negative in the city with more

population and GDP.

Correlation analysis was adopted to explore the measure the strength and direction of
the relationship between GDP and media attention, the relationship between population
and media attention, the relationship between GDP and news sentiment, and the
relationship between population and news sentiment. Table 3.2 shows four types of
Correlation Coefficient. According to the definition of different Correlation
Coefficients, the Pearson Correlation Coefficient is used to detect linear relationships
between two variables (Benesty et al., 2009). In this study, there would be a linear
relationship between GDP and media attention, a linear relationship between
population and media attention, a linear relationship between GDP and news sentiment,

and a linear relationship between population and news sentiment.

Table 3.2 Comparison of various Correlation Coefficients

Correlation Coefficient  Definition References
Pearson  Correlation Used to detect linear relationships between two (Benesty et al.,
Coefficient variables, assuming the data comes from a normally  2009)

distributed population

Spearman Rank Assesses monotonic relationships between two (Zar 2005)
Correlation Coefficient  continuous or ordinal variables

Kendall Correlation Reflects the correlation between categorical (HervéAbdi 2007)
Coefficient variables, especially for ordinal variables

Multiple  Correlation Reflects the correlation between a dependent (Herve Abdi2007)
Coefficient variable and a set of independent variables (two or
more)

Hence, the Pearson Correlation Coefficient was utilised to identify patterns and

associations of news media activities. Population and GDP data were collected from
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the Statistical Yearbook of 11 GBA cities (see Table 3.3). The Pearson Correlation
Coefficient is computed by dividing the covariance of two variables by the product of

their standard deviations. The equation is as follows:

L IO -D)
VI —X)23(Y; — V)2

3.1

Where Xiand Y; are data points, Xand Y are the means of X and Y. If r is close to +1, it
suggests a strong positive linear relationship. If r is close to -1, it indicates a strong

negative linear relationship. If r is close to 0, there is little to no linear relationship.

Table 3.3 Data for correlation analysis

City Year Population GDP (Trillion RMB)
Dongguan 2015 999.6 0.67
Dongguan 2016 1,016.6 0.73
Dongguan 2017 1,038.2 0.81
Dongguan 2018 1,043.8 0.88
Dongguan 2019 1,045.5 0.95
Dongguan 2020 1,048.4 0.98
Dongguan 2021 1,053.7 1.09
Foshan 2015 864.3 0.81
Foshan 2016 874.8 0.88
Foshan 2017 900 0.94
Foshan 2018 926 1
Foshan 2019 943.1 1.07
Foshan 2020 951.9 1.08
Foshan 2021 961.3 1.22
Guangzhou 2015 1,595 1.73
Guangzhou 2016 1,678.4 1.86
Guangzhou 2017 1,746.3 1.99
Guangzhou 2018 1,798.1 2.1
Guangzhou 2019 1,831.2 2.38
Guangzhou 2020 1,874 2.51
Guangzhou 2021 1,881.1 2.82
Hong Kong 2015 729.13 212
Hong Kong 2016 733.66 2.20
Hong Kong 2017 739.32 2.34
Hong Kong 2018 745.26 2.48
Hong Kong 2019 750.79 2.49
Hong Kong 2020 748.1 2.37
Hong Kong 2021 741.31 2.54
Huizhou 2015 550.4 0.31
Huizhou 2016 562.7 0.34
Huizhou 2017 572.2 0.37
Huizhou 2018 584.7 0.40
Huizhou 2019 591.2 0.42
Huizhou 2020 605.7 0.43
Huizhou 2021 606.6 0.50
Jiangmen 2015 458 0.23
Jiangmen 2016 461.8 0.25
Jiangmen 2017 465.1 0.27
Jiangmen 2018 470.4 0.30
Jiangmen 2019 475.3 0.32
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Table 3.3 Data for correlation analysis (continue)

City Year Population GDP (Trillion RMB)
Jiangmen 2020 480.4 0.32
Jiangmen 2021 483.5 0.36
Macao 2015 61.52 0.31
Macao 2016 62.6 0.31
Macao 2017 63.86 0.35
Macao 2018 65.1 0.38
Macao 2019 66.37 0.38
Macao 2020 67.63 0.18
Macao 2021 68.66 0.21
Shenzhen 2015 1,408 1.84
Shenzhen 2016 1,495.4 2.07
Shenzhen 2017 1,587.3 2.33
Shenzhen 2018 1,666.1 2.53
Shenzhen 2019 1,710.4 2.7
Shenzhen 2020 1,763.4 2.78
Shenzhen 2021 1,768.2 3.07
Zhaoging 2015 400.3 0.17
Zhaoging 2016 401.8 0.187
Zhaoging 2017 403.9 0.20
Zhaoging 2018 406.6 0.21
Zhaoging 2019 409.2 0.23
Zhaoging 2020 411.7 0.23
Zhaoging 2021 413 0.27
Zhongshan 2015 397 0.31
Zhongshan 2016 407.7 0.32
Zhongshan 2017 418 0.34
Zhongshan 2018 428.8 0.36
Zhongshan 2019 438.7 0.31
Zhongshan 2020 443.1 0.32
Zhongshan 2021 446.7 0.36
Zhuhai 2015 189.8 0.22
Zhuhai 2016 196 0.25
Zhuhai 2017 207 0.29
Zhuhai 2018 220.9 0.32
Zhuhai 2019 233.2 0.34
Zhuhai 2020 245 0.35
Zhuhai 2021 246.7 0.39

3.4 Government agency network analysis
3.4.1 Government engagement estimation

Government engagement refers to the level of government presence or involvement
during surface water flooding events. Word frequency analysis was conducted to
estimate government engagement, identifying and quantifying the frequency of
government-related words, terms, or phrases within the surface water flooding database.

A government-related word list was created based on the organisation information of
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the GDELT project. This list includes terms associated with government institutions,

policies, departments, officials, and other related terms.

MapReduce word count was also conducted to calculate the mentioned frequency of
government agencies in the GBA (see Figure 3.7). There are three critical phases in the

word count process.

Firstly, the Map function tokenises the input text and generates key-value pairs. Here,
the key represents a government agency, and the value is set to 1. The Map phase
generates a set of intermediate key-value pairs like (government agency A, 1),

(government agency B, 1), (government agency C, 1), and so on.

After the Map phase, the framework performs a shuffle and sort operation. This
reorganises the intermediate key-value pairs so that all pairs with the same key are

grouped. This prepares the data for the Reduce phase.

Thirdly, the Reduce function accepts the key along with the list of values linked to that
key and processes them to derive the ultimate count for each government agency.

Finally, the result provides the word counts for the entire input dataset.

Input Splitting Mapping Shuffling Reducing Final result

Note:
G1: Transportation; G2: Justice; G6: Defense; G9: Ocean

Figure 3.7 An example of the overall MapReduce word count process
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3.4.2 Descriptive statistics of network

Descriptive statistics was adopted to quantify various characteristics and attributes of
the government agency network, exploring valuable insights into its structure and
behaviour. A range of critical metrics and measures is considered in Table 3.4. These
measures collectively provide a comprehensive understanding of a network topology,
connectivity, and characteristics. They help reveal how nodes are interconnected, the
presence of communities or clusters, the spread of influence or information, and the
overall efficiency of communication or interaction within the network. In flood
management networks, these statistics can aid in identifying critical nodes or agencies,
understanding the network resilience, and optimising strategies for better response and
recovery. This study used the Gephi algorithm (Bastian et al., 2009) to calculate and

visualise the government agency network.

Table 3.4 Key measures for descriptive statistics of government agency network

Measures Descriptions
Network size - The number of nodes and edges in the network
Provides an overview of the network’s scale.

Node degree - Indicates the number of connections (edges) each node has.
It helps identify the most connected nodes.

Network . Quantifies how connected the network is by measuring the proportion of actual
density connections to the total possible connections.
High density indicates a highly connected network.

Clustering . Measures the degree to which nodes in the network tend to cluster together.
Coefficient . It helps identify local substructures or communities within the network.
Network . Represents the longest shortest path between any two nodes.

Diameter . Indicates the network’s overall size and potential for information transfer.
Centralisation - Measures of centralisation assess the extent to which network centrality is

concentrated in a few nodes.
High centralisation suggests that power or influence is concentrated in a few
key individuals or agencies.

Average Path - The average distance (number of edges) between pairs of nodes in the network.
Length . Reflects how easily information or influence can travel through the network.

Node . Consider descriptive statistics related to node attributes, such as government
Attributes department budgets, tenure of government officials, or any other relevant

characteristics.
Includes means, medians, and standard deviations.
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3.4.3 Network centrality analysis

Network centrality analysis involves examining the significance of individual nodes
within a network (Derr 2021). It is a fundamental concept in network and graph theory
(Metcalf and Casey 2016), which helps identify the most important or influential nodes
within a network. Centrality analysis can be used to identify critical agencies that play
pivotal roles in coordination, resource allocation, and information dissemination during
flood response and recovery. ldentifying these influential nodes helps optimise
strategies and improve the efficiency of flood management networks. Degree centrality,

betweenness centrality, and closeness centrality were considered in this study.

Degree centrality in the government agency network refers to the number of
connections a node (i.e., agency) has (Golbeck 2015, p.21). Nodes with a higher degree
of centrality indicate more connections or interactions with other nodes within the
network. This could represent agencies that collaborate extensively with multiple other
entities in flood management. Higher centrality suggests that these nodes have more
significant influence and a broader reach in the network. Agencies with more
connections might significantly coordinate efforts, share information, or provide
resources during floods. While high-degree nodes have more connections, they might
also become critical points of failure. If these agencies fail to function or coordinate
effectively, it can significantly impact the overall network’s functionality. Degree
centrality is calculated by dividing the number of connections a node has (its degree)
by the total number of nodes minus one (to normalise the value).

K;
N-1

Where K; is the number of connections, N is the number of nodes.

Betweenness centrality measures the extent to which a node (i.e., agency) lies on the
shortest paths between other nodes in the government agency network (Copestake
2018). Nodes with high between centrality might act as bridges or intermediaries

between different agencies or departments, fostering collaboration and information
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flow across the network. These nodes are critical for disseminating crucial information
and mobilising resources across different parts of the network. Agencies identified with
high betweenness centrality can influence decision-making processes during floods.
Their centrality positions them as influential actors in orchestrating flood mitigation
and response strategies, policies, and actions. The identification of critical nodes via
betweenness centrality analysis can also highlight vulnerabilities in the network. If a
node with high centrality fails or faces challenges during a flood event, it could
significantly disrupt the overall response and management efforts. Mathematically, the
betweenness centrality of a node v is calculated as the number of shortest paths between
pairs of nodes that pass through v divided by the total number of shortest paths between

those pairs.

Cg(v) = Z 9s®) 33

SFVEL O-st
Where Cg(V) is the betweenness centrality of node v, o« is the total number of shortest
paths from node s to node t, and ost(v) is the number of those paths that pass-through

node v.

Closeness centrality measures how quickly and efficiently information or resources can
spread from a particular node (i.e., agency) to all other nodes in the government agency
network (Golbeck 2013). Agencies with high closeness centrality can quickly
communicate and share information with other agencies involved in flood management.
This ability to disseminate information rapidly across the network is crucial during
emergencies, enabling timely responses and coordinated actions. The high closeness
centrality of specific nodes signifies that they are well-connected within the network,
making the overall flood management system more efficient. These nodes serve as hubs
that can efficiently coordinate efforts, reducing delays in decision-making and response
times during flood events. Agencies with high closeness centrality can act as focal
points for collaboration. They have the potential to bridge different segments of the
network, fostering cooperation and information exchange between otherwise disparate
parts of the flood management system. Analysing closeness centrality can also reveal
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vulnerabilities in the network. Suppose a highly central node fails or gets disrupted
during a flood event. In that case, it might significantly hamper the flow of information

and resources, impacting the overall response capacity of the network.

cw=Y ML s

S#EV#L Z?]z}l d(v’ i)
Where Cc(v) is the closeness centrality of node v, N is the total number of nodes in the
network, and d(v, i) represents the shortest path distance between node v and all other

nodes i in the network.
3.4.4 Co-occurrence analysis

Co-occurrence refers to the simultaneous appearance or presence of two or more items
within a specific context, time frame, or dataset (Cohen et al., 2005; Freilich et al.,
2010). This study used co-occurrence analysis to identify patterns of association or co-
occurrence between government agencies. Analysing the co-occurrence of
collaborations or interactions between these government agencies could identify which
departments tend to work together more frequently, providing insights into effective
coordination and potential gaps in collaboration. Term Frequency (TF) (Ganesan 2019),
a fundamental concept in co-occurrence analysis, was used to measure the frequency
of government agencies. TF is essential for understanding how often specific terms
appear together or in proximity in the context of co-occurrence analysis. A step-by-step

process for calculating TF in the context of co-occurrence analysis is as follows:
Step 1 Term Frequency Calculation

Calculate the TF for each term (i.e., government agency) within the pre-processed
dataset. This is done by counting how often each government agency appears. The

equation for TF is straightforward:

TF(t) = Jea 35
Ng
Where frq is the number of times ‘term’ appears in ‘article’, and ngq is the total number

of terms in “article’.
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Step 2 Creating a co-occurrence Matrix

After calculating TF, this information can be used to create a co-occurrence matrix. In
this matrix, rows and columns represent terms, and the cells contain the TF values for

how often terms co-occur in the same news article.
Step 3 Pairwise co-occurrence

Examine the corresponding cells in the co-occurrence matrix to assess the co-
occurrence of pairs of terms. The value in the cell (i, j) represents how often term i and

term j co-occur in the same news article.
Step 4 Interpretation and visualisation

Use the co-occurrence matrix to visualise and interpret relationships and patterns
between government agencies. It allows us to identify which government agencies tend
to appear together more frequently, providing insights into term associations within the

dataset. The Gephi was used to visualise the government agency network.
3.5 Potential flood impact analysis
3.5.1 Data collection

Surface road network data was collected from OpenStreetMap (OSM)

(https://www.openstreetmap.org/), a collaborative, open-source mapping project.
Unlike traditional mapping initiatives, OSM relies on contributions from individuals
and organisations worldwide, who share their geographic knowledge and data to build
a comprehensive and up-to-date map. OSM captures various types of geographic data,
including roads, buildings, parks, rivers, land use, transport networks, and points of
interest. The map data is continually updated and expanded, reflecting real-world

changes, new developments, and improvements made by contributors.

OSM provides vast road network data, including detailed and up-to-date information
about streets, highways, paths, and other navigable routes. OSM classifies roads into
various types, each with its attributes. Common road types include motorways, trunk,
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primary, secondary, and tertiary roads. These classifications help users understand road
hierarchies and functionality. OSM road network data is continuously updated by
contributors worldwide, making it a valuable resource for end-users and developers

seeking reliable and detailed information for various applications.

Moreover, several studies have been conducted to evaluate completeness, positional
accuracy, attribute accuracy, and semantic accuracy of OSM road networks.
Researchers have consistently held a positive attitude toward OSM road networks
(Zhao et al., 2015; Minaei 2020; Zhang and Malczewski 2018). Zhao et al., (2015)
conducted a statistical examination of the development of OSM road networks in
Beijing. Their findings indicated a similarity between the expansion patterns of OSM
road networks and actual road networks. Zhang and Malczewski (2018) explored the

spatial pattern of road density and type diversity in China based on OSM road networks.

This study exported OSM road network data from the Geofabrik website
(http://download.geofabrik.de). Geofabrik provides pre-compiled extracts of OSM data

for various regions and countries in different formats, including PBF and Shapefile.
Table 3.5 shows the correlation between China’s and OSM’s road grades. QGIS

(https://www.qgis.org/) was used to calculate the length of OSM road networks in the

GBA combined with administration boundary information. Finally, there are 290,413

data records for vulnerability assessment.

Administration boundary data was collected from Alibaba Cloud DataV.GeoAtlas

(https://datav.aliyun.com/portal/school/atlas/area selector). DataV.GeoAtlas data

refers to geospatial information and datasets, such as maps, spatial boundaries,
topography, and land use data, which are the foundational layer for geospatial analysis
and visualisation. DataV.GeoAtlas data serves diverse applications, from business
intelligence and urban planning to environmental monitoring and logistics optimisation.
The data export options include formats such as CSV, GeoJSON, shapefiles, or other
geospatial data formats. This study selected the GeoJSON format to download the
geospatial boundary information of the GBA cities.
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Table 3.5 Corresponding between China’s road grades and OSM’s road grades

China’s road OSM’s road
classification classification

Rank Description from OSM

A controlled-access, high-capacity road typically has two
Motorway or more lanes and an emergency lane in each direction.
Similar to a freeway or autobahn.
The roads connecting a motorway to another motorway
or a lower-grade highway are usually subject to the same
restrictions as the motorway.
The most important roads in a country’s network are not
Trunk always motorways and may not necessarily be divided
National highways.
Highway The connecting roads (slip roads/ramps) that lead to or
Trunk Link from a trunk road to another trunk road or a lower-grade
highway.
The following roads are essential after the main trunk
Primary roads in a country’s system. These roads typically
Provincial connect larger towns.
Road The roads connecting to or from a national highway
Primary Link include slip roads or ramps, which also connect to lower-
grade highways.
The roads are of intermediate importance in a country’s
County-level road system, typically connecting towns.
Road . The roads that connect provincial roads, or lower-grade
Secondary link . . .
highways, with slip roads or ramps.
The following roads are in a country’s network, typically
Township- connecting smaller towns and villages.
level Road . . The roads connecting county-level or lower-grade
Tertiary Link . ,
highways are part of the country’s network.

1 Expressway
Motorway
Link

Secondary

Tertiary

3.5.2 Index system development

In this section, more attention will be given to the physical properties of the transport
system that could suffer damage or harm from surface water floods. Table 3.6 shows
the computational process of road infrastructure vulnerability. Firstly, based on the
previous study conducted for road vulnerability assessment (He et al., 2021), an
indicator system for road infrastructure vulnerability assessment was established to
analyse the potential impacts of surface water floods on surface roads (see Table 3.6).
Then, indicators were quantified based on the data normalisation and weight
determination. Finally, the assessment of exposure, disaster reduction capability, and

vulnerability were conducted, and the output is the vulnerability map.

Road infrastructure vulnerability assessment indexes were categorised into exposure
and disaster reduction capability. The concepts of road infrastructure vulnerability,

exposure, and disaster reduction capability are as follows:
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-- Road infrastructure vulnerability refers to the degree of physical losses of surface

roads caused by a surface water flood event.

-- Exposure refers to the degree of various road exposed to surface water flood hazards.

Greater exposure leads to increased vulnerability of road infrastructure.

-- Disaster reduction capability refers to the ability of surface roads to reduce losses
under surface water flood events. The greater the disaster reduction capability, the

lower the vulnerability of road infrastructure.

Table 3.6 The explanations of indicators for the road infrastructure vulnerability index system

Index Indicators Abb. Units

Exposure Surface road value SRV millions RMB/km?
Rainfall amount AR mm/year

Disaster reduction  Surface road density SRD km/km?

capability Road bridge density RBD km/km?
Road culvert density RCD km/km?

Road anti-disaster ability RAA

The vulnerability model was adopted using Equation 3.6 based on previous studies.
Road infrastructure vulnerability (V) was determined by combining the exposure (E)

and the disaster reduction capability (R) value.
V=E1-+VR) 3.6
Where E is the exposure index, and R is the disaster reduction capability index.

Surface water floods result in more significant losses in regions with increased exposure,
which considers the economic impact of surface road damage. Annual rainfall and
surface road value were used to determine the exposure of surface roads to surface
water floods. The higher the annual rainfall, the higher the exposure (Cho and Chang
2017; Nasiri etal., 2019). If there is no rainfall in the area, the exposure is 0. Areas with
a higher value for surface roads are assumed to suffer heavier damage from surface
water flood events (Li et al., 2015; He et al., 2021). If there are no roads in the area, the
exposure is 0. Hence, the exposure can be calculated using the following equation:
2
E= ; U;W; 3.7
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Where Uj is the scores of ith exposure factors (i.e., SRV, AR), and Wi is the weight of

ith factors.

Surface road value (SRV) refers to the total value of road construction, ancillary
facilities, road repair, and reconstruction costs, which contains expressways, national
highways, provincial roads, county-level roads, and township-level roads. The surface

road value can be calculated using the following equation:

n
i=1

Where L; is the length of the ith road, and Vi is the average value of the ith road.

QGIS calculated the total length of various roads in different districts based on the OSM
and administrative boundary data. The high-grade roads have higher construction,
maintenance, repair, and reconstruction costs than the low-grade roads. The economic
cost of expressways, national highways, provincial roads, county-level roads, and
township-level roads is 40 million RMB/km, 20 million RMB/km, 15 million RMB/km,
8 million RMB/km, and 4 million RMB/km, respectively (He et al., 2021; Li et al.,
2015).

More excellent disaster reduction capability leads to reduced road infrastructure losses
during surface water flood events. Disaster reduction capability was determined by
surface road density, road bridge density, road culvert density, and road anti-disaster
ability. Surface water floods lead to fewer losses in areas with higher surface road
density, road bridge density, road culvert density, and road anti-disaster ability. Hence,
the disaster reduction capability can be calculated using the following equation:
3
R= Z W, 3.9

Where Ui is the score of the ith disaster reduction capability factors, and Wi is the weight

of ith factors.
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Figure 3.8 Schematic diagram of surface road density, road bridge density, and road culvert density
calculation

Surface road density (SRD) is defined as the total length of surface roads per assessment
unit (see Figure 3.8). A higher SRD indicates a greater capacity of emergency rescue
services for road protection during surface water flood events (Duan et al., 2022). The

SRD can be calculated using the following equation:
SRD = » L;/S 3.10
2
Where L; is the total length of the ith road (km), and S is the area of the assessment unit
(km?).

Road bridge density (RBD) refers to the total length of road bridges per assessment unit
(see Figure 3.8). A higher RBD indicates a greater capacity for flood water discharge
(Li et al., 2015; He et al., 2021). The RBD can be calculated using the following

equation:
RBD = L,,/S 3.11

Where Ly is the total length of the road bridges (km), and S is the area of the assessment

unit (km?).

Road culvert density (RCD) refers to the total length of culverts per assessment unit

(see Figure 3.8). A higher RCD indicates a greater capacity for flood water discharge
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(Li et al., 2015; He et al., 2021). The RCD can be calculated using the following

equation:
RCD =L, /S 3.12

Where Ly is the total length of the road culverts (km), and S is the area of the assessment

unit (km2).

Road anti-disaster ability (RAA) has been considered during road design and
construction. The higher the road grade, the higher the anti-disaster ability. The anti-
disaster ability of expressways, national highways, provincial roads, county-level roads,
and township-level roads is 10, 7, 4, 2, and 1, respectively (He et al., 2021; Li et al.,
2015). The RAA can be calculated using the following equation:

n
RAA = Z BiR; 3.13
i=1

Where i is the anti-disaster ability index, and Rj is the ratio of the ith road length in the

study area.

Given that each indication contribution to the results varies, determining each indicator
weight is necessary (Peng and Zhang 2022). The weighting method was categorised

into two groups: subjective weighting and objective weighting.

-- Subjective weighting is a method that assigns the weights of the indicator based on
personal preferences and judgments (Sahoo et al., 2016). The weights are often
determined through discussions or surveys with experts or stakeholders. This method
is relatively easy to implement and provides flexibility to the decision-makers
(Dandapat and Panda 2017). However, the results may be biased and subjective due to
individual differences in perceptions and preferences (Duan et al., 2022). There are
several subjective weighting methods, such as Simple additive weighting (SAW) and
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) (Setyani and
Saputra 2016; Pathan et al., 2022).
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-- Objective weighting is a method that uses mathematical or statistical techniques to

objectively determine the weights of the indicator (Peng and Zhang 2022). This method

is based on quantitative data and can provide more accurate and consistent results.

Several objective weighting methods exist, such as Equal Weighting, Entropy

Weighting Method (EWM), Analytic Hierarchy Process (AHP), and Criteria

Importance Though Intercrieria Correlation (CRITIC) (see Table 3.7).

This study compared the EWM and CRITIC methods according to the data

characteristics. We found that the CRITIC method is superior to the EWM weighting

method, consistent with previous studies (Peng and Zhang, 2022). Hence, the results

shown in this study were conducted based on the CRITIC method.

Table 3.7 Comparison of various objective weighting methods

Method Description Advantage Disadvantage References
Equal All indicators are given It is a simple It does not account (James 2022)
Weighting equal weightage in the and easy-to- for the relative
decision-making process. use method. importance of
different criteria.
EWM This method uses the Itcan provide It may require more (Kumar et al.,
concept of entropy to a more data. 2021; Sarkar et
calculate the weightage of objective and al., 2022)
each indicator. It considers accurate
the degree of diversity inthe weightage.
decision-making  process
and assigns higher
weightage to indicators with
greater diversity.
AHP This approach simplifies a It is a flexible It may be subjective (Wu et al,
complex decision problem method that and time- 2022; Dung et
into smaller, more can consuming. al., 2022)
manageable sub-problems. incorporate
It assigns weights to different
indicators through pairwise opinions and
comparisons using a scale of  preferences.
relative importance.
CRITIC This method uses inter- It can provide It may require more (Diakoulaki et

criteria  correlations  to
determine the weightage of
each indicator. It considers

the interactions and
relationships between
indicators and  assigns

weightage accordingly.

a more
accurate and
objective
weightage.

data and

computation.

al., 1995; Peng,
Zhang 2022)
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CRITTIC method was proposed to indicate that the weight is determined by the
divergence and the contradiction (Diakoulaki et al., 1995). The standard deviation
reflects divergence. Contradiction is assessed based on the correlation between two
evaluation indicators. A strong positive correlation between indicators indicates low
contradiction, while a robust negative correlation suggests high contradiction. The

calculation steps of the CRITTIC are as follows:
(1) Normalisation

Normalisation is the first step for weight determination. The min-max normalisation
method was used to normalise the data from websites and yearbooks. Normalisation of

positive and negative indicators was conducted using the following equations:

X.—X. .

Yi' — % ij j);nm 314
jmax jmin
Ximax — Xii

Yij — jmax ij 3.15

ijax - ijin

Where Xj; is the original value of the ith sample under the jth indicator, Xjmax and Xjmin

are the maximum and minimum values of the jth indicator, respectively.

(2) Calculate divergence

n

1 —

—] E ;=) >(=1.,n,G=1,..,m) 3.16
i=1

Where S;is the divergence of the jth indicator.

(3) Calculate contradiction

n

i=1
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Where Rj is the contradiction value between the jth indicator and the rest indicators, and
rij is the correlation coefficient between the ith indicator and the jth indicator using the

Pearson correlation coefficient.
(4) Calculate the information-carrying capacity

(5) Calculate the weight of each indicator

w, G
NG

3.19

SPSS was used to normalise the data and determine weight. The indicators were firstly
normalised to account for the varying magnitudes among them. Then, the weights of
various indicators were superposed for calculating exposure and disaster reduction

capability. Table 3.8 presents the results of indicator weights.

Table 3.8 The weight of various indicators for road infrastructure vulnerability assessment

Index Indicator Weight
Exposure Surface road value 0.3894
Rainfall amount 0.6106
Disaster reduction Surface road density 0.2078
capability Road bridge density 0.1995
Road culvert density 0.1755
Road anti-disaster ability 0.4171

3.5.3 Word frequency analysis

Word frequency analysis was adopted to determine the media-mentioned frequency of
indirect tangible impacts and roads in the GBA. MapReduce word count was also

conducted to calculate the frequency of indirect impacts and roads.

The classification method used in the indirect tangible impact information classification
was to develop indirect intangible impact dictionaries. 19 GDELT themes relating to
road transport were divided into four indirect impacts, including public transport,
logistics transport, road traffic, and traffic accidents. Then, the characteristics of
indirect impacts were analysed, including the proportion of different impacts in each

city and the proportion of each impact in different cities.
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Generally, if an event significantly impacts some roads, these roads often arouse much
attention and discussion on news media platforms. Entity Alignment was adopted to
find the roads with different names that refer to the same road. For instance, roads in
these texts, such as Shennan Road, Shenan Avenue, and Shen Nan Road, can be unified
as Shennan Avenue in Shenzhen. Word Cloud (https://www.weiciyun.com) was used

to present the counts of different roads and identify flood-prone roads in the GBA.
3.6 Study area
3.6.1 The physical geographical feature of the GBA

The Guangdong-Hong Kong-Macao Greater Bay Area (GBA), located in Southern
China, is a rapidly developing region known for its economic vitality and dense
population (see Figure 3.9). Surrounded by mountains on three sides and facing the
South China Sea, the area benefits from the flat terrain and complex coastline of the
Pearl River Delta (PRD), which has facilitated convenient traffic conditions (Li et al.,
2021). The GBA covers 56,000 km? of land area, with a population of 86.7 million
people (Statistia 2022). It comprises the two Special Administrative Regions (SARS)
of Hong Kong and Macao and nine municipalities in Guangdong Province: Guangzhou,
Shenzhen, Zhuhai, Foshan, Zhongshan, Dongguan, Huizhou, Jiangmen, and Zhaoging,
comprising 77 districts or counties. Additional details on these 11 GBA cities can be

found in Table 3.9.
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Figure 3.9 The location of the GBA
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As early as 1994, the Shenzhen-Hong Kong Bay area was proposed by Wu Jiawei (Song
et al., 2022). In 2016, the Chinese government proposed the 13th Five-Year Plan to
build the Greater Bay Area (National Development and Reform Commission 2016).
The GBA has been designated a key development area and a world-class city cluster.
Nowadays, the GBA is a hub for international trade and commerce, with the ports of
Hong Kong and Shenzhen among the busiest in the world. It is also a hub for innovation
and technology, with the establishment of technology parks and the promotion of
research and development. Moreover, the GBA is a crucial part of China’s ‘Belt and

Road’ initiative and is seen as a significant driver of economic growth in the country.

Table 3.9 Facts of the GBA

NO. City Land area (km?) Population (million) Annual rainfall (mm)
1 Dongguan 2,465 10.54 1,578
2 Foshan 3,843 9.61 1,500
3 Guangzhou 7,434 18.81 1,724
4 Huizhou 1,691 6.07 1,700
5 Jiangmen 9,464 4.84 1,649
6 Shenzhen 1,997 17.68 1,750
7 Zhaoqing 7,403 4.13 1,500
8 Zhongshan 1,784 4.47 1,700
9 Zhuhai 1,726 2.47 1,818
10 Hong Kong 1,106 7.41 2,400
11 Macao 30.3 0.68 2,058

Data source: (Constitutional and Mainland Affairs Bureau 2022)

The GBA experiences a subtropical monsoon climate, featuring four distinct seasons
and an average annual rainfall of approximately 1800 mm (Wang and Zhali, et al., 2022).
The climate is heavily influenced by the East Asian monsoon, which brings abundant
rainfall in the summer and dry, cool weather in the winter. From May to September, the
summer season is characterised by hot and humid weather with frequent typhoons and
heavy rainstorms. The average temperature during this period ranges from 25 to 30
degrees celsius, with high humidity levels. Indeed, more than 85% of the annual rainfall
occurs from May to September (Yang et al., 2014). The winter season is relatively dry
and cool from December to February, with occasional cold fronts from the north. The
average temperature during this period ranges from 10 to 15 degrees Celsius, and it is
generally sunny and comfortable. Spring and autumn are transitional seasons with mild

temperatures and moderate rainfall.

92



3.6.2 The economic development in the GBA

The GBA is one of the most dynamic and rapidly growing regions in the world, with a
GDP of over 1.6 trillion USD (i.e., 12% of GDP in China) in 2020 (see Table 3.10). By
2030, the GDP is expected to amount to 4.62 trillion USD in the GBA (Hui et al., 2020).
The area has undergone significant social and economic development in recent decades,
driven by its strategic location, robust infrastructure, and favourable government
policies. The development of the GBA can be traced back to the 1980s when China
began to implement its policy of ‘reform and opening up’. This policy led to a
significant increase in foreign investment and trade in the region, particularly in the

manufacturing and electronics industries.

Table 3.10 The GDP of the GBA

NO. City GDP (RMB hillion) GDP per capita (RMB/individual)
1 Dongguan 1,085.5 103,000
2 Foshan 1,215.7 126,000
3 Guangzhou 2,823.2 150,000
4 Huizhou 497.7 82,000

5 Jiangmen 360.1 75,000

6 Shenzhen 3,066.50 174,000
7 Zhaoqing 265 64,000

8 Zhongshan 356.6 80,000

9 Zhuhai 388.2 157,000
10 Hong Kong 2524.1 340,401
11 Macao 204.4 1,610,945

Data source: (Constitutional and Mainland Affairs Bureau 2022)

In recent years, the Chinese government has taken steps to integrate further the GBA,
including establishing the Outline Development Plan for the Guangdong-Hong Kong-
Macao Greater Bay Area in 2019 (The State Council 2019a). The plan outlines a range
of measures to promote the economic, social, and environmental development,
including the development of transport infrastructure, the promotion of innovation and
technology, and the strengthening of collaboration between cities in the region. To
further promote social and economic development, the governments of Guangdong
Province, Hong Kong, and Macao have launched a series of initiatives and policies to

foster collaboration and innovation across the region.
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3.6.3 The urbanisation in the GBA

Urbanisation has been a driving force for the socio-economic development of the GBA.
Over the past few decades, the region has experienced rapid urbanisation and has
transformed from a primarily rural area to an urbanised region with a high level of
economic activity (Sun et al., 2020; Yang et al., 2020). The urbanisation rate in the
GBA has increased from 19% in 1978 to 86% in 2020. The urbanisation has been
shaped by various factors in the GBA, including the geographic location, natural
resources, infrastructure, and policy support. The strategic location of this region has
become an important international trade and commerce gateway. At the same time, its
rich natural resources have supported the growth of critical industries such as
manufacturing, finance, and logistics. Also, the GBA has benefited from significant

investment in infrastructure.

Table 3.11 The urbanisation of the GBA

NO. City Urbanisation Rate (%) Density (person/km?)
1 Dongguan 90.7 4,274.56
2 Foshan 87.5 2,501.17
3 Guangzhou 91.4 2,530.35
4 Huizhou 78.8 3,587.23
5 Jiangmen 75.5 510.89

6 Shenzhen 100 8,854.08
7 Zhaoging 65.2 557.84

8 Zhongshan 75.3 2,503.87
9 Zhuhai 81.4 1,429.14
10 Hong Kong 100 6,702.62
11 Macao 100 22,547.85

Data source: (Constitutional and Mainland Affairs Bureau 2022)

In recent years, the population growth in the GBA has slowed down due to ageing,
declining fertility rates, and government policies to control population growth.
However, the region still attracts many young professionals and skilled workers,
especially in the technology and finance sectors. In addition to urbanisation, the GBA
is also experiencing a trend of suburbanisation, as people move to satellite cities and
towns for better living conditions and lower living costs. This trend has led to the
development of new urban centres and the expansion of the transport network in the

GBA.
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3.6.4 The development of surface roads in the GBA

The development of surface roads in the GBA has been an essential part of the regional
transport infrastructure. The construction of surface roads in the GBA can be traced
back to the 1980s when the Chinese government started investing in the development
of the PRD region. Since then, the surface roads in the GBA have undergone significant
changes and improvements. In the early stages of development, the surface roads in the
GBA mainly consisted of national highways and provincial roads, which were built to
connect major regional cities. As the economy and population grew, the demand for
transportation increased, leading to the construction of more high-grade surface roads.
In recent years, the construction of various surface roads has further improved the
connectivity of the road network in the GBA. The Hong Kong-Zhuhai-Macao Bridge,
for example, is the longest sea-crossing bridge (i.e., 55 km) in the world, connecting

Hong Kong, Zhuhai, and Macao (Transport and Logistics Bureau 2022).

Today, the road network in the GBA is well-developed and plays a vital role in the
economic development of the region. By the end of 2021, the traffic mileage of the
GBA expressway has reached 4972 km (National Development and Reform
Commission 2022). Surface roads connect major cities and ports, facilitating the
movement of goods and people and promoting the integration and development of the
region. Cities in the GBA can be reached within one hour. For example, travelling from
Zhuhai can reach Zhongshan (or from Guangzhou to Dongguan) within one hour, and
from Shenzhen can reach Zhongshan within only two hours (The Education University

of Hong Kong 2022).

Looking forward, the GBA will continue to focus on enhancing its road network to
accommodate the growing demand for transportation. The GBA plans to expand and
upgrade its existing road network, including constructing new expressways and
expanding existing surface roads. According to the Guangdong Province’s expressway
network planning (2020-2035), the GBA will preliminarily have an expressway
network with a total length of 15000 km by 2035 (Department of Transport of
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Guangdong Province 2020). Moreover, the GBA aims to improve the quality of its

roads by adopting advanced construction techniques and materials.
3.6.5 Floods in the GBA

Rapid urbanisation and climate change led to various challenges in the GBA, including
surface water flooding. Since 1980, the urbanisation of the GBA has progressed rapidly,
making it one of the fastest-growing urban areas globally (Sun et al., 2020). Many
natural water bodies and vegetation have been replaced by impervious built-up areas in
the urban area, which led to difficult rainfall infiltration (Li et al., 2021). Furthermore,
urbanisation has profoundly altered the hydrological dynamics of urban regions.
Consequently, the occurrence of intense rainfall has markedly risen due to the combined
influence of urbanisation and global climate change (Xu et al., 2019; Qiang et al., 2020),

increasing surface water floods.

Surface water floods significantly threaten the urban infrastructure, economy, and
residents in the GBA. Heavy rainfall events and typhoons have caused flooding in many
parts of the region, leading to property damage, traffic disruptions, and even loss of life.
Surface water floods have been particularly problematic in low-lying areas with poor
drainage systems and inadequate flood prevention measures. The Chinese government
has recently introduced various policies and measures to tackle these issues, including
developing flood management systems, improving drainage infrastructure, and

promoting sustainable urban development.

Despite these efforts, surface water floods continue to threaten the GBA significantly.
The climate is expected to become more extreme due to climate change, leading to more
frequent and severe rainfall events. In addition, the rapid urbanisation is expected to
continue, further straining the urban infrastructure and drainage systems in the GBA.
With the continuous urban road expansion, the impacts of frequent and intensive
surface water floods on physical assets are becoming increasingly severe in the next

few decades in GBA cities.

96



3.7 Summary

Chapter 2 analysed the current methods of media data analysis and vulnerability
assessment separately, identifying the primary gaps. Surface water floods are a
significant threat to the road transport system. An increasing body of evidence
recognises that media data analytics are crucial to the different phases of flood
management, such as flood impact analysis for flood management. However, previous
studies mainly focused on social media data analysis. Additionally, the analysis
perspective is relatively single, with most of the focus on the patterns of flood
damages/impacts. The role of the news media itself and the exploitable network

relationships are often overlooked.

To tackle this, Chapter 3 presented a novel framework for flood management in the
road transport system, integrating multiple information sources, such as news media
data, road network data, and socioeconomic data. The methodology is coupled with the
significant phases of flood management: ‘preparedness and early warning—response
and recovery—mitigation, risk and vulnerability modelling’. According to the logic of
this integrated framework, this chapter also provides detailed information on the case
(i.e., 11 GBA cities) selected in this study. In summary, this chapter provides

fundamental information on the methodologies in this study.

The next chapter focuses on news media activities related to surface water flood and
transport networks and how to adopt news media for better preparedness and early
warning efficiency. In Chapter 5, central agencies and government agencies collaborate
on flood management in transport systems was explored based on the network analysis,
which can contribute to enhancing the performance of flood response and recovery.
Finally, potential flood impacts on road infrastructure and transportation were assessed,
and recommendations for future road design and transport operation were discussed in

Chapter 6.
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Chapter 4: Investigating news media activities related to flood

and transport networks

4.1 Introduction

As surface water floods increase in frequency and severity, relying solely on
engineering measures may not be adequate for effective flood management in the face
of uncertainties. News media is one of the most important channels to timely convey
rainstorm information, including the intensity, scope, and possible consequences of
rainstorms. Moreover, news media is responsible for reporting rainstorm-induced flood
disasters fairly and objectively. City authorities can obtain disaster information via
news articles, which is useful for making the right decision to help the affected people
with their needs. In such situations, news media data analytics is useful for effectively
handling chaotic and disorganised flood situations. However, there is limited

knowledge and understanding of adopting news media data for flood management.

According to the flood management cycle, this chapter focused on the phase of
preparedness and early warning. Based on the methodological framework proposed in
Chapter 3 (see Section 3.3), this chapter aims to investigate news media activities

related to flood and transport networks and to fulfil the following objectives:

(a) Explore the spatial pattern of media attention and news sentiment and analyse the

correlation between news media activities and urban development.

(b) Investigate the temporal evolution of news media activities, including yearly,

monthly, and daily variations.

(c) Compare news media activities among different flood events, including non-

typhoon and typhoon-induced floods.
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4.2 Spatial distribution of news media activities
4.2.1 Media attention

From 2015 to 2021, there are about 440 thousand news articles on floods in the GBA.
The 74 GDELT themes (e.g., WB_168 ROADS_AND_HIGHWAYS) related to
transport networks are used to narrow the focus of news articles. As a result, 157
thousand news articles are related to transport networks, accounting for 35.7% of the
total flood news articles. Moreover, the proportion of news articles related to transport
networks in the total flood news articles has shown an increasing pattern in the past
seven years (see Figure 4.1). In 2021, the proportion of news articles related to transport
networks was higher than 40% in most cities of the GBA. The highest one occurred in

Jiangmen (47.24%), followed by Shenzhen (47.21%) and Zhongshan (47.01%).
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Figure 4.1 The proportion of news articles related to transport networks in GBA cities

The annual number of news articles on surface water floods and transport networks in
the past seven years was 18,304 in 2015, 30,957 in 2016, 23,379 in 2017, 24,576 in
2018, 22,633 in 2019, 18,526 in 2020, and 18,295 in 2021. It can be found that the
number of news articles has shown a decreasing trend year by year since 2018. The
phenomenon is significant in Shenzhen, with 7,369 news articles in 2018, 6,205 in 2019,
6,103 in 2020, and 5,586 in 2021. This may be attributed to the progress of flood

management in the GBA cities in recent years. For example, the Water Authority of
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Shenzhen Municipality has been constructing a sponge city and flood-prone point
management since 2016 (Water Authority of Shenzhen Municipality 2016a; Water
Authority of Shenzhen Municipality 2016b).

News media attention is concentrated in densely populated and economically developed
cities of the GBA (e.g., Guangzhou, Shenzhen, Hong Kong). The media attention on
surface road floods is uneven among GBA cities (see Figure 4.2). The city with the
most significant number of news articles is Guangzhou (53,579), followed by Shenzhen
(47,887), Jiangmen (24,237) and Hong Kong (10,644). Notably, the total number of
news articles in Guangzhou and Shenzhen is more than 100000, accounting for 65% of
total news articles on surface water floods in the GBA. Zhongshan has the lowest
number of news articles (702). It can be found that the maximum number of news
articles is about 77 times the minimum number of news articles. The cities with less
than 2 thousand news articles include Dongguan (1,459) and Zhuhai (1,417). In
Zhaoging, Huizhou, and Foshan, the number of news articles on surface water floods

and transport networks is less than 5 thousand.
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Figure 4.2 The distribution of news media attention in GBA cities

As shown in Table 4.1, news media attention and population show a positive
relationship significantly (p<0.01). News media tend to pay more attention to surface
water flood events and transport networks that affect a more significant number of

people. Guangzhou has the highest population (about 18.8 million), followed by
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Shenzhen, with a population of 17.7 million. As shown in Figure 4.2, Guangzhou and
Shenzhen are the top two cities with the highest number of news articles on surface
water floods and transport networks. In the two cities with the lowest number of news
articles on surface water floods and transport networks (i.e., Zhongshan and Zhuhai),
the population is less than 4.5 million. Generally, the media may prioritise covering
surface water flood events and transport networks in the cities with more population
and influence. Notably, the population is 4.84 million and 10.54 million in Jiangmen
and Dongguan, respectively. However, the number of news articles is 24,237 and 1,459
in Jiangmen and Dongguan, respectively. Compared to Dongguan, Jiangmen is located
in the coastal areas. Jiangmen may suffer more frequent and intense rainstorms than
Dongguan, leading to more severe surface water flood hazards (Yujie Wang et al.,

2022).

Table 4.1 The correlation between population and news media attention, GDP, and media attention

Pearson correlation analysis

Media attention

] Correlation coefficient 0.763**
Population
P value 0.000
Correlation coefficient 0.657**
GDP
P value 0.000
*p<0.05 **p<0.01

News media attention and GDP also show a positive relationship significantly (p<0.01)
(see Table 4.1). A higher GDP indicates a more developed and prosperous city with
more significant economic activity, which may have more news media outlets. As
mentioned in Chapter 3, the highest GDP exists in Shenzhen (i.e., 3.066 trillion RMB),
followed by Guangzhou (i.e., 2.82 trillion RMB) and Hong Kong (i.e., 2.52 trillion
RMB). On the contrary, the GDP is less than 500 billion RMB in Zhuhai, Zhongshan,
Zhaoqing, and Huizhou. Although Macao has the lowest population and GDP values,
it ranks fifth in news media attention. It may be attributed to its highest GDP per capita

(i.e., 1.61 million RMB/person) and 100% urbanisation. Moreover, residents tend to
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have greater access to technology and social media in more developed cities, which can

increase the spread of news and information about surface water floods.
4.2.2 News sentiment

Figure 4.3 shows the variation of news sentiment to surface water floods and transport
networks in different cities of the GBA. The average value of a news sentiment is less
than 0 in all cities. Indeed, more than half (i.e., 102,028) of news articles on surface
road floods are negative (i.e., tone<0). Only 2% (i.e., 3,597) of the news articles are
neutral (i.e., tone=0). The three most negative cities include Hong Kong (-3.45), Macao
(-1.24), and Dongguan (-1.16). In particular, Hong Kong had the lowest news sentiment
value (-5.83) in 2019. It can be attributed to the heavy rainstorm in March and August.
Besides, Hong Kong protests may affect news sentiment in 2019. The three most
positive cities include Zhuhai (-0.26), Jiangmen (-0.40), and Huizhou (-0.55). Notably,
cities receiving significant media attention may not necessarily have high news
sentiment. During the past seven years, the top values of news sentiment are -0.709
(Macao, 2015), -0.439 (Zhongshan, 2016), -0.330 (Zhaoging, 2017), -0.376 (Jiangmen,
2018), 0.131 (Guangzhou, 2019), 0.056 (Zhuhai, 2020), and 1.769 (Zhuhai, 2020).
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Figure 4.3 The news sentiment in different cities of the GBA

There is no significant relationship between news sentiment and urban development

(see Table 4.2). The Pearson correlation analysis was conducted to examine the
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relationship between news sentiment and two key variables, i.e., population and GDP.
The correlation coefficients for population and news sentiment yielded a coefficient of
0.061, indicating a very weak positive correlation. However, this relationship was not
statistically significant, with a p-value of 0.598 (p>0.05). On the other hand, the
correlation between GDP and news sentiment showed a coefficient of -0.207,
suggesting a weak negative correlation. While this negative relationship was observed,
it approached but did not reach statistical significance with a p-value of 0.071 (p>0.05,

but p<0.1).

The results of correlation analysis show that there is no obvious pattern of news
sentiment in different cities. Although the correlation between news sentiment and GDP
exhibited a negative trend, neither relationship proved statistically significant. This
absence of a clear pattern is potentially linked to the variation of news sentiment, a
fluctuation primarily influenced by specific occurrences of surface water flood events
in the respective city. It indicates that these news media have no significant bias in
various cities, which can objectively reflect the information on transport networks

during surface water flood events.

Table 4.2 The correlation between population and news sentiment, GDP, and news sentiment

Pearson correlation analysis

News sentiment

. Correlation coefficient 0.061
Population
P value 0.598
Correlation coefficient -0.207
GDP
P value 0.071
*p<0.05 **p<0.01

4.3 Temporal evolution of news media activities
4.3.1 Yearly variation

Over seven years, a significant shift in news sentiment dynamics has become evident,
characterised by an increasing prevalence of positive articles and a declining trend in

negative ones, as visually depicted in Table 4.3. Generally, news articles have
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consistently featured a substantial proportion of negative sentiment regarding surface
water floods, a pattern that persisted until 2021. The highest percentages of negative
sentiment (62.65%) and positive sentiment (52.70%) were observed in 2015 and 2021,
respectively. Notably, a noticeable shift in sentiment occurred in 2017, with a decrease
in negative articles to 53.49% and a concurrent increase in positive articles to 44.23%.
By 20109, this trend toward a more balanced sentiment continued, with negative articles
decreasing to 53.15% and a notable increase in positive articles to 45.61%. This
increase signifies an overall improvement in public perception of the GBA during these

years.

Table 4.3 The proportion of negative, neutral, and positive news articles in the GBA

Year _ Negative articles (%) Neutral articles (%) Positive articles (%)
Whole year ~ Wetseason ~ Wholeyear ~ Wetseason ~ Whole year ~ Wet season

2015 62.65 64.79 1.72 1.64 35.63 33.57
2016  60.97 63.81 2.38 2.48 36.65 33.71
2017 53.49 56.28 2.28 2.28 44.23 41.44
2018 60.16 67.43 1.60 1.50 38.24 31.07
2019 53.15 60.59 1.24 1.20 45.61 38.20
2020 50.83 52.15 1.28 1.19 47.88 46.66
2021 45.98 52.43 1.32 1.18 52.70 46.39

During the wet season, the GBA has generally maintained a substantial proportion of
negative sentiment toward road flooding, with the highest recorded in 2018 at 67.43%
(as detailed in Table 4.3). This surge in negativity can be primarily attributed to the
widespread flooding and numerous water-related incidents resulting from the impact of
Typhoon Mangkhut in September 2018. Notably, the peak in news articles coincides
with September 16th, 2018. Moreover, the news sentiment was as low as -5.16 on that
day. Neutral sentiment remains relatively consistent at a low level throughout the
observed years, indicating a limited presence of indifference or neutrality in media
response. Positive sentiment has exhibited a fluctuating trend, with the highest recorded
in 2020 at 46.66%. Notably, 2020 and 2021 saw a significant increase in positive
sentiment, reaching 46.66% and 46.39%, respectively. The increase indicates an overall

improvement in public perception within the GBA during these years.
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4.3.2 Monthly variation

News media activities about surface water floods exhibit strong seasonality (see Figure
4.4). The monthly distribution of news articles mirrors rainfall, with concentrations
typically occurring from May to September during the wet season. The number of news
articles of the wet season is 81,285, accounting for 52.4% of the total news articles. The
highest number of news articles occurs consistently in July and August each year from
2015 to 2021. In 2018, the peak of news articles (5,814) was recorded in September.
That is attributed to the heavy rainstorm caused by Super Typhoon Mangkhut from
September 15 to 18. Besides, the number of news articles in September 2018 is the

highest monthly number of news articles in the past seven years.
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Figure 4.4 The monthly variation of news media attention and news sentiment in the GBA

News sentiment to surface road floods in the wet season is more negative than in the
dry season (i.e., from January to April and from October to December). The lowest
values of news sentiment are recorded in June 2015 (-1.90), October 2016 (-1.82),
August 2017 (-2.53), September 2018 (-3.33), August 2019 (-2.89), July 2020 (-0.92)
and July 2021 (-1.70). On the contrary, positive sentiments are recorded from January
to April and October to December. The highest monthly value of a news sentiment is
recorded in November 2020 (1.26), followed by November 2021 (0.97) and February
2021 (0.75).
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4.3.3 Daily variation

There was an increasing trend of news media activities and a decreasing pattern of news
sentiment from the Dragon Boat Rain season (the intensive rainstorm that occurred
during the Dragon Boat Festival period during 1% May to 30" June) to the Tropical
Cyclonic season (1% July to 31% September) (see Figure 4.5). There was a notable surge
in news media activities in July, August, and September, surpassing that of other
months. Notably, the article tone curve exhibited more pronounced fluctuations during
these three months, consistently reflecting the most negative news sentiment. Notably,
there is no substantial discrepancy in the frequency of news articles and news sentiment
on different days within the Dragon Boat Rain season, which typically transpires from
21st May to 20th June annually. This phenomenon can be attributed to the localised
nature of the impacts associated with the Dragon Boat Rain season, which are relatively
limited in scope compared to the extensive and regionally widespread heavy rainfall
events associated with typhoons. In essence, Dragon Boat Rains tend to affect specific
areas within the GBA. At the same time, heavy rainfall events caused by typhoons have
the potential to encompass a broader geographical expanse, thus resulting in a more

widespread impact zone.
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Figure 4.5 Daily variations of news media attention to surface water floods during summer and autumn
in the GBA
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4.4 News media activities during specific flood events

In the GBA, there are two main types of rainstorms: those not caused by typhoons (i.e.,
non-typhoon rainstorms) and those induced by typhoon (i.e., typhoon-induced
rainstorms) (Cheng et al., 2024). Non-typhoon rainstorms occur independently of
tropical cyclones and are caused by various atmospheric conditions such as convective
instability, frontal systems, orographic lifting, or monsoonal influences. These
rainstorms typically have localised or regional impacts and can result in urban
inundation due to intense and prolonged rainfall within a short period. They are not
associated with the structure or influence of a typhoon. On the other hand, typhoon-
induced rainstorms are directly linked to tropical cyclones, particularly typhoons or
hurricanes. These storms originate over warm ocean waters and are characterised by
low-pressure systems with powerful winds. Typhoons often bring heavy rainfall to
large areas over an extended period due to their vast circulation and slow movement.
The intense rainfall associated with typhoons can cause widespread flooding and storm

surges.
4.4.1 Flooding caused by non-typhoon rainstorms

According to the Guangdong-Hong Kong-Macao Greater Bay Area Climate Bulletin,
there were 17, 15, 14, and 14 heavy precipitation processes in 2018, 2019, 2020 and
2021, respectively. Table 4.4 presents the flood events caused by non-typhoon
rainstorms since the establishment of the GBA. There were 3, 5, 2, and 6 serious flood
events caused by non-typhoon rainstorms in 2018, 2019, 2020, and 2021, respectively.
Five of them did not lead to significantly severe consequences, i.e., flooding in 12-13
June 2018, 22-23 August 2018, 27 April 2019, 1 August 2021, and 14 August 2021.
During the five flood events, less than half of the GBA cities were affected (Guangdong
Meteorological Service et al., 2018; Guangdong Meteorological Service et al., 2019;

Guangdong Meteorological Service et al., 2021).

Generally, the greater the rainfall, the more news articles there are. Figure 4.6 shows

the relationship between media attention and rainfall. The lowest number of news
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articles is five on 14 August 2021, with a maximum daily rainfall of 118.4 mm in
Jiangmen. Heavy rainstorms occurred in some areas of Jiangmen, Zhuhai, and
Zhongshan but did not cause severe damage. The second lowest number of news
articles is 39 on 18 August 2021. During this non-typhoon rainstorm, the maximum
daily rainfall is 118.1 mm in the Conghua District of Guangzhou. The direct economic

loss of this flood was 78 thousand RMB.
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Figure 4.6 The relationship between media attention and rainfall

The highest number of news articles was 478 between 27 August and 1 September 2018
(i.e., the third non-typhoon rainstorm flood in 2018). It can be attributed to its maximum
total rainfall (i.e., 1394.6 mm), which refreshed the historical extreme value of total
rainfall of the GBA (i.e., 1,330.3 mm during 18-24 June 2005). The number of news
articles (i.e., 446) during the 23-30 May 2019 (i.e., the fourth non-typhoon rainstorm
flood in 2019) was closely followed due to its maximum daily rainfall (i.e., 543.3 mm).
The direct economic losses of the third non-typhoon rainstorm flood in 2018 and the
fourth non-typhoon rainstorm flood in 2019 were 790 million RMB and 140 million
RMB, respectively. Besides, there were no deaths or injuries during the two flood

events.

Low media attention may lead to higher economic losses, especially in situations with
higher rainfall (see Figure 4.6 and Table 4.4). The number of news articles is only 294
during 5-9 June 2020, while the maximum total rainfall and maximum daily rainfall are
978.4 mm and 426.6 mm, respectively. Extraordinary heavy rainstorms occurred in
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Guangzhou, Huizhou, Shenzhen, and Zhuhai. Consequently, the direct economic losses
were 2.78 billion RMB. The direct economic losses of the non-typhoon rainstorm flood
in 21-22 May 2020 closely followed, which was 892 million RMB. Besides, this flood
event led to three deaths and two injuries. It is the first non-typhoon rainstorm flood in
2020, with a maximum total rainfall of 474.4 mm and a maximum daily rainfall of

399.5 mm. However, the number of news articles about this rainstorm flood was 108.

A predominant observation is that most news articles were published during the flood
periods rather than preceding them. For example, the number of news articles was 38
on 26 August 2018, one day before the rainstorm (see Figure 4.7). During the rainstorm
(i.e., 27 August-1 September 2018), the number of articles reached 478. On the day
after the rainstorm, the number of articles was 69. The number of articles was 33, 446,
and 48 before, during, and after the rainstorm flood in 23-30 May 2019. Such findings
further justified that the number of news articles tends to peak during flood events,

primarily owing to impacts on transportation activities.
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Figure 4.7 Media attention before, during, and after flood events caused by non-typhoon rainstorms
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Table 4.4 Flood events caused by non-typhoon rainstorms (Guangdong Meteorological Service et al., 2018; Guangdong Meteorological Service et al., 2019; Guangdong

Meteorological Service et al., 2020; Guangdong Meteorological Service et al., 2021)

Year Num Date Affected city Maximum rainfall Consequence
2018 2018- 12-13 June Jiangmen, Zhuhai, Zhongshan Total rainfall: 421 mm. N/A
R1
2018- 22-23 August Guangzhou, Dongguan, Zhuhai Daily rainfall: 131.7 mm. N/A
R2
2018- 27 August — 1 Huizhou, Shenzhen, Jiangmen, Zhongshan, Zhuhai  Total rainfall: 1,394.6 mm. Affected people: 352 thousand.
R3 September Hourly rainfall: 103.5 mm. Direct economic losses: 790 million
RMB.
2019 2019- 11-16 April Zhaoging, Shenzhen Total rainfall: 448 mm. Death: 11.
R1 Half-hour rainfall: 73.4 mm.
2019- 19-20 April Huizhou, Guangzhou, Hong Kong, Shenzhen, Total rainfall: 411.1 mm. Affected people: 8.5 thousand.
R2 Foshan, Zhaoging Daily rainfall: 209.5 mm. Death: 2.
Direct economic losses: 150 million
RMB.
2019- 27 April Guangzhou Daily rainfall: 224.4 mm. N/A
R3 Hourly rainfall: 94.3 mm.
2019- 23-30 May Zhuhai, Jiangmen, Zhaoqing Daily rainfall: 543.3 mm. Affected people: 56 thousand.
R4 Direct economic losses: 140 million
RMB.
2019- 10-13 June Guangzhou, Huizhou, Zhaoging, Dongguan Daily rainfall: 280.6 mm. Affected people: 15 thousand.
R5 Direct economic losses: 70 million
RMB.
2020 2020- 21-22 May Guangzhou, Dongguan, Huizhou, Shenzhen Total rainfall: 474.4 mm. Affected people: 294.3 thousand.
R1 Daily rainfall: 399.5 mm. Death: 3.
Hourly rainfall: 167.8 mm. Injury: 2.
Direct economic losses: 892 million
RMB.
2020- 5-9 June Guangzhou, Huizhou, Zhuhai, Shenzhen, Hong Total rainfall: 978.4 mm. Affected people: 221.4 thousand.
R2 Kong Daily rainfall: 426.6 mm. Direct economic losses: 2.78 billion

RMB.
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Table 4.4 Flood events caused by non-typhoon rainstorms (continue) (Guangdong Meteorological Service et al., 2018; Guangdong Meteorological Service et al., 2019;

Guangdong Meteorological Service et al., 2020; Guangdong Meteorological Service et al., 2021)

Year Num Date Affected city Maximum rainfall Consequence
2021 2021- 31 May —1June Huizhou, Zhongshan, Zhuhai, Macao, Hong Kong  Total rainfall: 599.6 mm. Affected people: 20.2 thousand.
R1 Daily rainfall: 537.2 mm. Direct economic losses: 35 million RMB.
Hourly rainfall: 156.4 mm.
2021- 22-28 June Zhuhai, Dongguan, Guangzhou, Hong Kong, Total rainfall: 463.4 mm. Affected people: 31.
R2 Macao, Zhaoging, Shenzhen Daily rainfall: 234.9 mm. Direct economic losses: 160 thousand
Hourly rainfall: 124.4 mm. RMB.
2021- 1 August Huizhou, Foshan, Jiangmen, Hong Kong, Macao Daily rainfall: 134.8 mm. N/A
R3 Hourly rainfall: 93.4 mm.
2021- 9-10 August Guangzhou, Zhuhai, Hong Kong, Huizhou, Total rainfall: 266.8 mm. Affected people: 32.
R4 Zhaoging Daily rainfall: 250.6 mm. Direct economic losses: 1.20 million RMB.
Hourly rainfall: 97.2 mm.
2021- 14 August Jiangmen, Zhuhai, Zhongshan, Hong Kong Daily rainfall: 118.4 mm. N/A
R5 Hourly rainfall: 71.1 mm.
2021- 18 August Guangzhou, Zhongshan, Shenzhen, Foshan, Daily rainfall: 118.1 mm. Affected people: 5.
R6 Huizhou, Zhaoqging Hourly rainfall: 86.5 mm. Direct economic losses: 78 thousand RMB.
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4.4.2 Flooding caused by typhoon-induced rainstorm

According to the Guangdong-Hong Kong-Macao Greater Bay Area Climate Bulletin,
there were 6, 2, 5, and 6 typhoons in 2018, 2019, 2020 and 2021, respectively. The
GBA was less affected by typhoons in 2019 and 2020. Typhoons caused a total of
approximately 15.08 billion RMB and 240 million RMB in direct economic losses in
2018 and 2021, respectively. Table 4.5 presents the flood events caused by typhoons
since the establishment of the GBA. There were 4, 2, 3, and 5 serious flood events
caused by typhoons in 2018, 2019, 2020 and 2021, respectively. Five of them did not
lead to significantly severe consequences, i.e., flooding caused by Typhoon Son-Tinh

in 2018, Yingwu and Sinlaku in 2020, and Xiaoxiong and Lupit in 2021.

The highest number of news articles was 2,936 related to Typhoon Mangkhut (see
Figure 4.8). Typhoon Mangkhut was a powerful tropical cyclone that struck in
September 2018. It was characterised by exceptionally heavy rainstorms with a
maximum total rainfall of 254.1 mm and a maximum daily rainfall of 173.5 mm.
Besides, some areas experienced rainfall rates exceeding 100 mm per hour. Typhoon
Mangkhut led to widespread flooding and numerous water-related incidents in the GBA.
Low-lying areas, streets, and urban districts experienced waterlogging, impacting
transportation and daily life. In Hong Kong, the typhoon led to the closure of schools,
businesses, and transport systems and caused significant flooding in low-lying areas.
Typhoon Mangkhut caused at least 460 injuries and affected over 1.66 million people,
with flooding reported in several cities. Many businesses in the GBA experienced
disruptions in their operations due to power outages, transportation difficulties, and
property damage. Consequently, the direct economic losses caused by Typhoon
Mangkhut were 11.75 billion RMB, including 3.02 billion RMB in Hong Kong, 440
million RMB in Macao, and 8.29 billion RMB in 9 mainland cities.

Direct economic losses caused by Typhoon Ewiniar in 2018 (i.e., 2.6 billion RMB) and
Typhoon Higos in 2020 (i.e., 779 million RMB) closely followed those caused by
Typhoon Mangkhut. However, the number of news articles was 372 and 400 during
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Typhoon Ewiniar and Higos, respectively. The event with the second highest media
attention (i.e., 1,191 news articles) was Typhoon Cempaka during 18-22 July 2021. The
maximum total rainfall caused by Typhoon Cempaka was 400 mm in the Longgang
District of Shenzhen. Typhoon Cempaka led to 1 death and 8.86 million RMB directed
economic losses. The media attention on Typhoon Bebinca followed, with 613 news
articles during 10-17 August 2018. The maximum total rainfall and maximum daily
rainfall caused by Typhoon Bebinca were 672.5 mm and 477.9 mm, respectively. The
directed economic losses were 270 million RMB, which is significantly higher than that
caused by Typhoon Cempaka. These findings also justified that low media attention

may lead to higher direct economic losses.

Figure 4.8 also shows the media attention before, during, and after flooding caused by
typhoon-induced rainstorms. The difference in the number of news articles before,
during, and after were more significant. Media attention on road transport damages
displayed an inverted V-shaped pattern. Before the surface water flood events, the
number of news articles remained conspicuously low. For example, the number of news
articles was 233 on 15 September 2018, which was one day before the flood caused by
Typhoon Mangkhut. On 18 September 2018, the volume of news articles dwindled to
333.
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Figure 4.8 Media attention before, during, and after different flood events caused by typhoon-induced
rainstorms
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Table 4.5 Flood events caused by typhoon-induced rainstorms (Guangdong Meteorological Service et al., 2018; Guangdong Meteorological Service et al., 2019; Guangdong

Meteorological Service et al., 2020; Guangdong Meteorological Service et al., 2021)

Year Typhoon Date Affected city Maximum rainfall Consequence
2018 Ewiniar 5-9 June Jiangmen, Guangzhou, Huizhou, Dongguan, Zhaoging, Zhongshan, Hong Total rainfall: 785 Death: 1.
Kong, Macao mm. Direct economic losses: 2.6
Daily rainfall: 286.4 billion RMB
mm.
Son-Tinh  17-24 July Shenzhen, Zhuhai, Zhongshan, Jiangmen, Guangzhou, Zhaoging Daily rainfall: 124.5 N/A
mm.
Bebinca 10-17 August Jiangmen, Zhuhai Total rainfall: 672.5 Affected people: 140 thousand.
mm. Direct economic losses: 270
Daily rainfall: 477.9 million RMB.
mm.
Hourly rainfall:
112.3 mm.
Mangkhut  16-17 Huizhou, Shenzhen, Guangzhou, Dongguan, Hong Kong, Macao, Zhuhai ~ Total rainfall: 254.1  Affected people: 1.66 million.
September mm. Death: 4.
Daily rainfall: 173.5 Direct economic losses: 11.75
mm. billion RMB.
2019 Wipha 31 July — 2 Jiangmen, Zhuhai, Hong Kong, Zhaoging, Huizhou, Shenzhen, Macao Total rainfall: 354.9 Injury: 20.
August mm. Direct economic losses: 52.12
Daily rainfall: 190.3 million RMB.
mm.
Bailu 25-26 August  Zhaoging, Hong Kong Total rainfall: 266.7 Direct economic losses: 10
mm. million RMB.
Daily rainfall: 178.3
mm.
2020 Yingwu 13-14 June Jiangmen, Foshan, Zhongshan, Shenzhen, Hong Kong Total rainfall: 71 N/A
mm.
Sinlaku 31 July — 2 Jiangmen, Zhuhai, Zhongshan, Shenzhen, Huizhou Total rainfall: 192 N/A
August mm.
Higos 18-20 August Hong Kong, Macao, Shenzhen, Zhuhai, Huizhou, Zhongshan, Jiangmen, Total rainfall: 150 Affected people: 61.3 thousand.
Guangzhou, Foshan, Dongguan, Zhaoging mm. Direct economic losses: 779

million RMB.
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Table 4.5 Flood events caused by typhoon-induced rainstorms (continue) (Guangdong Meteorological Service et al., 2018; Guangdong Meteorological Service et al., 2019;

Guangdong Meteorological Service et al., 2020; Guangdong Meteorological Service et al., 2021)

Year Num Data Affected city Maximum rainfall Consequence
2021 Xiaoxiong 11-13 June Zhuhai, Hong Kong, Macao Total rainfall: 214.3 N/A
mm.
Hourly rainfall: 100.2
mm.
Cempaka  18-22 July Shenzhen, Jiangmen, Hong Kong, Macao Total rainfall: 400 mm. Death: 1.
Direct economic losses: 8.86 million
RMB.
Lupit 3-5 August Shenzhen, Zhuhai, Jiangmen, Hong Kong, Macao Total rainfall: 249.4 N/A
mm.
Hourly rainfall: 76.4
mm.
Lionrock  7-10 October Hong Kong, Macao, Zhuhai Total rainfall: 718.3 Death: 2.
mm. Injury: 20.
Daily rainfall: 377.3 Direct economic losses: 189 million
mm. RMB.
Kompasu 12-14 Jiangmen, Zhuhai, Zhongshan, Shenzhen, Huizhou, Zhaoging, Hong  Total rainfall: 100 mm.  Affected people: 75.9 thousand.
October Kong, Macao Injury: 20.

Direct economic losses: 41 million
RMB.

115



4.5 Discussion

News media data analytics offers valuable insights into the temporal evolution of
historical flood damage on transport networks. There has been an increasing pattern of
news sentiment and a decreasing pattern of media attention in the GBA over the past
seven years (see Table 4.3 and Figure 4.4). The variation indicates an overall
improvement in flood management and public perception within the GBA during these
years. According to the Meteorological Development Plan for the Guangdong-Hong
Kong-Macao Greater Bay Area (2020-2035), the casualties caused by flood disasters
in the GBA have been decreasing yearly. Moreover, ‘zero casualties’ were achieved
during strong typhoons such as Typhoon Wilson, Seagull, Nida, and Haima (The China
Meteorological Administration 2020). It can be attributed to the effective
implementation of national (see Table 4.6) and local-specific measures in the GBA. For
example, the GBA was the first to establish a system for suspension of classes, work,

and business operations led by typhoons and rainstorm warning signals.

City authorities are inevitably stretched thin during sudden floods. During flood times,
the authorities are severely disadvantaged by a shortage of personnel and a lack of
information. Hence, effective and successful preparedness helps city authorities
respond to the flood better. News media analytics may provide answers regarding the
optimal timing for comprehensive preparedness efforts. Our research findings clearly
illustrate that news media activities peak during the wet season, while news sentiments
exhibit a more negative tone in this period compared to the dry season (see Figure 4.4).
The wet season in the GBA typically occurs during the summer months, from May to
September. This period corresponds with the monsoon season, characterised by
increased rainfall and higher humidity levels. The wet season is influenced by the
southwest monsoon winds, which bring moisture from the South China Sea, leading to
heavier precipitation across the region. During this time, the GBA experiences frequent
rain showers, thunderstorms, and occasional typhoons or tropical storms. These

weather phenomena contribute significantly to the accumulation of annual rainfall,
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support agricultural activities, and replenish water reservoirs. However, substantial
rainfall can also lead to challenges such as localised flooding, which affects

infrastructure, transport, and urban areas in the region.

Table 4.6 National measures for flood management adopted by (Lu et al., 2022)

Year Measures Description

2016 Code for Urban Planning on e+  The standard for flood control often varies based on
Urban Flood Control (GB factors such as population density, socioeconomic
51079 —2016) status, and flood characteristics (e.g., types, causes,

consequences, etc.).

2017 Sponge City Program (SCP)

Cities or areas must manage runoff from a rainfall event
with a 30-year return period and a duration of 24 hours.
. By 2030, over 80% of urban built-up areas are expected
to comply with SCP requirements.

2017 Technical Code for Urban <«  The permeable pavement should constitute more than
Flooding Prevention and 40% and 50% of new areas and areas at higher risk of
Control (GB5122-2017) waterlogging, respectively.

e The road inundation depth should not exceed 15 cm
during a 100-year urban flood.

2018 Specifications for Urban It offers ten types of standard annexes, such as one for

Waterlogging Risk urban land use investigation and risk assessment to
Investigation (QX/T 441- identify areas prone to waterlogging.
2018)

2021 Code for Design of Outdoor e  The stormwater sewer systems in central areas of
Wastewater Engineering (GB megacities were designed to meet a 3-year to 5-year
50014-2021) return period standard.

* In areas of higher importance, the stormwater sewer
systems were designed for a return period ranging from
5 years to 10 years.

Within the wet season, there was an increasing trend in media attention and a decreasing
trend in news sentiment (see Figure 4.5), particularly from the Dragon Boat Rain season
to the Tropical Cyclonic season. It can be found that media attention on typhoon-
induced floods was more significant than that on non-typhoon floods, even if they did
not lead to severe consequences. For example, the number of news articles related to
Typhoon Son-Tinh was 564, which is higher than those related to any non-typhoon
flood. According to the Guangdong-Hong Kong-Macao Greater Bay Area Climate
Bulletin 2018, no significant economic losses and casualties occurred during Typhoon
Son-Tinh (Guangdong Meteorological Service et al., 2021). Previous studies identified
that the rainfall of typhoon rainstorms is large, and the rainfall intensity is high (Chen

etal.,, 2019; Lin et al., 2017).
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Moreover, the disaster phenomena caused by typhoons include not only rainstorms but
also gales and storm surges (Wang and Yin et al., 2022). Therefore, the number of news
articles related to the typhoon-induced flood was higher than that related to non-
typhoon floods. Hence, city authorities should enhance awareness of information
disclosure during Dragon Boat Rain season. Media attention needs to be increased

during the Dragon Boat Rain season.

Media attention focused on situations with higher rainfall or severe casualties. This
phenomenon was notably evident during the non-typhoon floods. For example, the
number of news articles related to the non-typhoon from 27 August to 1 September
2018 was 478 due to its maximum total rainfall of 1394.6 mm. The number of news
articles related to rainstorms during 23-30 May 2019 and 11-16 April 2019 was closely
followed. They can be attributed to a maximum daily rainfall of 543.4 mm and a
casualty of 11 deaths, respectively. Low media attention sometimes leads to serious
economic consequences, such as the rainstorm from 5-9 June 2020. Hence, city
authorities should provide more information on the coming rainstorms to the public and

news organisations.

Media attention was paid to surface water flood damage on transport networks, which
displayed an inverted VV-shaped pattern (see Figure 4.9). There is less media attention
before surface water floods. Hence, this study recommended that more news articles
should be released before the flooding rather than only during the flooding. Furthermore,
integrating the consequences of past floods, such as traffic disruptions and vehicle
flooding, with early warning signals can enhance public awareness of flood

preparedness.
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Figure 4.9 The inverted V-shaped of media attention during surface water flood events

4.6 Summary

This chapter implemented the news media activity analysis outlined in Chapter 3 (see
Section 3.3). An analysis of media attention and news sentiment related to flood and
transport networks was undertaken from a spatial and temporal perspective. In

summary, the results showed that:

(a) News media activities related to flood and transport networks are uneven among
GBA cities. It can be found that media attention is concentrated in densely populated
and economically developed cities of the GBA, such as Guangzhou, Shenzhen, and
Hong Kong. As for the news sentiment, there is no such significant phenomenon. This
indicates that these news media outlets have no significant biases in the various cities
of the GBA. These news media can objectively reflect the information on transport

networks during surface water flood events.

(b) From the perspective of temporal evolution, there was a decrease in media attention
and an increase in news sentiment over the past seven years. The monthly distribution
of news articles mirrors that of rainfall, with concentrations typically occurring from
May to September during the wet season. News sentiment to surface water floods and

transport networks in the wet season was more negative than that in the dry season.
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(c) During the wet season, there was an increasing trend in media attention and a
decreasing trend in news sentiment, particularly from the Dragon Boat Rain season to
the Tropical Cyclonic season. It can be found that media attention on typhoon-induced
floods was more significant than that on non-typhoon floods, even if they did not lead
to serious consequences. Consequently, low media attention may lead to higher

economic losses, especially in situations with higher rainfall.

(d) A predominant observation is that most news articles were published during the
flood periods rather than preceding them. Media attention on road transportation
damages displayed an inverted VV-shaped pattern. Before the surface water flood events,

the number of news articles remained conspicuously low.

According to the results of news media activities related to flood and transport networks,
the effective implementation of both national and local-specific measures in the GBA
was reviewed in this chapter. Then, some recommendations were proposed to answer

the question of how to adopt news media for better preparedness and early warning.

Next, Chapter 5 focuses on response and recovery based on the network analysis

proposed in Chapter 3 (see Section 3.4).
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Chapter 5: Characterising government agency collaboration

during flood events

5.1 Introduction

Government agency collaboration plays a crucial role in flood management in transport
systems. Inadequate coordination among agencies can result in avoidable casualties and
harm to economies. The emphasis on flood management should shift from individual
agencies to collaborative partnerships, especially during the initial stages of the flood
management process, such as preparedness and response (Abdeen et al., 2021).
However, collaborating between government agencies is often difficult due to several
factors, including cultural, procedural, and systemic differences, varying motivations
and incentives, competition for limited resources, and a lack of coordination among the
agencies. Hence, it is essential to explore the role of different agencies in flood

management and the actual performance of government agency collaborations.

Previous studies often measure government agency networks through multiple sources
of data, such as interviews and questionnaires. Currently, event data coded by humans
from content analysis of news and published reports is utilised. The limitation of this
approach is the requirement for a lot of time and resources. As mentioned in Chapter 3,
the GDELT database includes a vast network of interconnected events, organisations,
locations, and themes, offering an additional data source to assess the effectiveness of

flood governance networks in adhering to their established policies and plans.

Based on the methodological framework proposed in Chapter 3 (see Section 3.4), this
chapter aims to explore the government agency collaboration for flood management in
the transport system. More specifically, this chapter analyses the performance of
government agency networks during flood response and recovery, using representative
annual flood events from 2017 to 2021 as cases. To achieve the aim, specific objectives

are as follows:
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(a) Investigate the engagement of different government agencies during the five flood

events.

(b) Identify the position of different agencies within the government agency

collaborative network.

(c) Discuss and compare the government agency collaboration during the five flood

events.
5.2 Government agency categorisation

According to China’s administrative relationships and functions (The State Council
2023), the government categories for capturing the government agency collaboration
analysis during the flood response and recovery are presented in Table 5.1. There are
26 national-level agencies and 50 local-level agencies according to their responsibilities.
Table 5.1 also presents the keywords of GDELT related to government agencies.
According to the roles or objectives of these agencies during the floods, some of the
key agencies involved include agencies responsible for water resources, meteorology,
emergency management, natural resources, finance, transport, civil affairs, public

security, and environmental protection.
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Table 5.1 Government agency list sorted alphabetically

NO National level Roles/Objectives Local level GDELT related keywords
1 Agriculture and Rural  Safeguarding agricultural production, supporting rural communities, and ensuring  Agriculture and Agriculture, Farm, Fisheries
Affairs food security during and after flood events. Rural Affairs
Animal Husbandry Animal Husbandry
Affairs
2 Audit Ensuring that resources are used efficiently, funds are allocated properly, and Audit Affairs Audit
operations are conducted in compliance with regulations during flood response and
recovery phases.
3 Civil Affairs Providing humanitarian aid, shelter, and support for displaced individuals and Civil Affairs Home Affairs, Civil Affairs

4 Commerce
5 Culture and Tourism
6 Customs

7 Defense and Military
Affairs

8 Development and
Reform Commission

9 Education

affected communities.

Facilitating economic recovery, ensuring business continuity, and mitigating the
economic impacts of floods on local businesses and industries.

Safeguarding cultural heritage, preserving tourism sites, and ensuring visitor safety
during flood events.

Expediting the clearance of humanitarian aid and essential supplies, while also
maintaining regulatory compliance and preventing misuse of the situation for illegal
activities during floods.

Leveraging their manpower, resources, and expertise to provide swift and effective
assistance to affected regions.

Aligning economic development goals with flood risk reduction strategies, ensuring
that developmental initiatives are resilient to potential flooding, and contributing to
the overall disaster risk reduction efforts.

Ensuring the well-being of students and educators, maintaining educational
continuity, and facilitating the recovery of educational facilities affected by flooding.

Trade Affairs
Commerce Affairs
Culture and Tourism
Affairs

Customs Affairs

Armed
Department
China
Commission
Defense Affairs
People’s Liberation
Army
Development
Reform Affairs

Forces

Military

and

Education Affairs

Trade
Commerce, Business
Culture, Cultural, Tourism

Customs

Armed Forces Department
China Military Commission

Defense
People’s Liberation Army

Development, Reform

Education

10  Emergency Coordinating disaster response and managing emergency operations, including flood Disaster Reduction Disaster Reduction
Management relief efforts and rescue operations. Affairs
Emergency Emergency
Management
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Table 5.1 Government agency list sorted alphabetically (continue)

NO National level Roles/Objectives Local level GDELT related keywords
11 Ecology and Safeguarding the environment, ensuring the resilience of ecosystems, and Ecology and Sanitation, Environmental
Environment minimizing the long-term environmental impact of floods on natural resources and Environment Affairs  Protection, Environment
communities.
12 Finance Allocating funds for flood management, relief, and recovery efforts, supporting Finance Affairs Finance, Economy, Economic
infrastructure repair and rehabilitation. Revenue Affairs Revenue, Tax
13 Foreign Affairs Leveraging international relations, cooperation, and resources to support the Foreign Affairs Foreign
country’s efforts in managing and recovering from the flood while ensuring a
positive global perception of the country’s response and resilience.
14 Health Preventing the outbreak of diseases, ensuring access to healthcare services, and Health Affairs Health
addressing health concerns that arise during and after flooding to safeguard public Hospital Hospital
health. International International Committee A Red
Committee A Red Cross
Cross
Medical  Products Drug
Affairs
15 Housing and Urban- Ensuring safe and sustainable urban development, minimising the vulnerability of Housing Affairs Housing
Rural Development urban areas to flooding, and facilitating recovery and reconstruction efforts in  Buildings Affairs Buildings
affected regions. Construction Affairs  Construction
Urban management Urban  Management, City
Affairs management, City
Administration
16  Human Resources Providing assistance, support, and necessary resources to help affected individuals Human Resources Human, Labour, Personnel
and Social Security recover from the impact of a flood, safeguarding their well-being, and facilitating Affairs
their return to normalcy as swiftly as possible. Family Planning Family Planning
Affairs
17 Industry and Supporting industries, maintaining operational continuity, and fostering recovery Industry Affairs Industry, Industrial
Information efforts to reduce the economic impact of flooding on businesses and infrastructure.  Information Affairs  Information
Technology
18  Justice Ensuring legal compliance, protecting rights, and providing legal support contribute  Justice Affairs Justice
significantly to the overall management and recovery efforts during and after Regulation Affairs Regulations
flooding events. Legislative Affairs Legislative
19  Meteorology Providing timely and accurate information to support decision-making, enhance Meteorology Affairs Meteorology, Weather,

preparedness, and mitigate the impacts of floods

Meteorological
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Table 5.1 Government agency list sorted alphabetically (continue)

NO National level Roles/Objectives Local level GDELT related keywords
20 Natural Focusing on land and water resources management, including flood risk assessmentand Natural Resources Planning, Land Resources,
Resources land-use planning. and Planning Affairs Land

21  Power Supply

22 Public Security

23 Science and

Technology
24 Statistics

25  Transportation

26  Water Resources

Maintaining continuous electricity supply, ensuring public safety, and facilitating the
recovery of affected communities during and after flood events.

Maintaining public order, enforcing evacuations if necessary, and managing security
during flood events.

Leveraging scientific research, technological innovations, and data analysis to enhance
flood prediction, response, and mitigation strategies, contributing significantly to
effective disaster management efforts.

Providing accurate, up-to-date information and analysis essential for informed decision-
making, resource allocation, and policy formulation during and after a flood event.
Ensuring the safety and functionality of transport networks during floods, enabling the
efficient movement of people, goods, and emergency services while contributing to the
overall emergency response and recovery efforts.

Encompassing both proactive measures to prevent flooding and reactive actions to
manage and minimize the impact of floods., including flood control, reservoir operations,
and river management.

Ocean Affairs
Forestry Affairs

Power Supply
Affairs

Public Security
Affairs

Fire Brigade
Science and

Technology Affairs
Statistics Affairs

Transportation

Affairs

Port Affairs

Water Resources
Affairs

River and Lake
Affairs

Ocean, Oceanic, Sea
Forest, Forestry
Power Supply

Public Security, Police

Fire
Science

Statistics

Transportation,
Transport

Port

Water, Irrigation, Hydrological,
Drainage

River, Lake

Traffic,
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5.3 Description of flooding events

According to the flood events presented in Table 4.4 and Table 4.5, this chapter selected
representative annual flood events from 2017 to 2021 as case studies. They are Typhoon
Hato-induced flood during 23-24 August 2017, Typhoon Mangkhut-induced flood
during 16-17 September 2018, non-typhoon flood during 19-20 April 2019, non-
typhoon flood during 5-9 June 2020, Typhoon Lionrock-induced flood during 7-10
October 2021. These floods led to severe damage in the GBA. Hence, these floods were
selected to explore government agency collaboration for flood management in the

transport system.
5.3.1 Typhoon Hato-induced flood in 2017

Typhoon Hato, an intense tropical cyclone, resulted in widespread damage in Vietnam
and Southern China during August 2017 (Takagi et al., 2018). Beginning as a tropical
depression east of Luzon on 19 August, it strengthened into a tropical storm on the next
day. On 23 August, Hato made landfall near Macao and Zhuhai, with maximum
sustained winds near its centre reaching 14 levels (45 meters/second) and a minimum
central pressure of 950 hPa (ESCAP/WMO Typhoon Committee 2017). The typhoon
intensity decreased as it passed through Guangxi the next day (Macau SMG 2017).

When Typhoon Hato made landfall, it coincided with an astronomical high tide, leading
to severe storm surges. Many stations recorded record-high sea levels. For instance,
Zhuhai station reported a maximum storm surge of 2.79 meters and a maximum sea
level of 6.14 meters. A-Ma station in Macao recorded a maximum sea level of 5.58
meters, the highest since records began in 1925. This storm was the most powerful to
strike Macao in 53 years and was the first time in 18 years that the Macao authorities
raised a No. 10 tropical cyclone signal. Some areas of the GBA experienced extremely
heavy rain, with Taishan in Jiangmen recording a maximum hourly rainfall of 126.3
mm, setting a record for a 1-in-50-year period of rainfall. Total rainfall between 22

August and 25 August ranged from 100 to 473 mm (Wang et al., 2019).
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Hato caused significant damage to the GBA, particularly Zhuhai, Hong Kong, and
Macao. In particular, coastal areas in Zhuhai, including underground car parks, have
experienced flooding. In Hong Kong, at least 129 individuals sustained injuries due to
the typhoon. The estimated economic impact was around HK$4 billion (Hong Kong
Observatory 2017). Macao suffered extensive damage, with severe flooding leading to
at least ten deaths and over 240 injuries. Direct losses amounted to MOP 8.31 billion,
with indirect losses reaching MOP 3.16 billion (Government of Macao Special

Administrative Region Statistics and Census Service 2018).
5.3.2 Typhoon Mangkhut-induced flood in 2018

Typhoon Mangkhut, a potent and destructive tropical cyclone, inflicted significant
damage in Guam, the Philippines, and South China in September 2018. It originated
over the western North Pacific east of Guam on 7 September. It made landfall near
Taishan in Jiangmen, Guangdong, on 16 September, with maximum sustained winds
of 14 levels (45 meters/second) near its centre and a minimum central pressure of 955
hPa (Guangdong Meteorological Service et al., 2018). Subsequently, Mangkhut lost
strength as it advanced into the western region of Guangdong (Hong Kong Observatory
2018) and eventually dissipated into a low-pressure area over Guangxi the next night

(Choy et al., 2020).

During the period affected by Typhoon Mangkhut, the GBA experienced heavy
rainstorms, particularly in Huiyang and Shenzhen. The average rainfall of 26
observation stations in the area reached 153.9 mm, with the highest total rainfall in
Taishan (254.1 mm) and the highest daily rainfall in Shenzhen (173.5 mm) on 16
September. On that day, 24 (92.3%) observation stations recorded rainfall above the
rainstorm threshold, with 18 (69.2%) stations experiencing rainfall above the heavy
rainstorm threshold. On 17 September, 13 (50%) observation stations recorded rainfall
above the rainstorm threshold. Typhoon Mangkhut also triggered a storm surge,
causing high tide levels with a 1-in-100-year return period at major tidal stations in
Guangdong, Dongguan, and Shenzhen. This broke historical extreme records and led
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to seawater backflow in many coastal areas. For example, tide levels at Guangzhou
Nansha Station, Huangpu Station, and Zhongda Station exceeded historical extreme

records, reaching 3.19 meters, 3.07 meters, and 3.28 meters, respectively.

On 16-17 September, nine mainland cities initiated a Level | Emergency Response for
wind prevention, implementing the suspension of work, business, markets, classes, and
operations. Shenzhen issued its longest effective Red Warning (24 hours) since its
warning signal was introduced in 1994. The Hong Kong Observatory raised Hurricane
Signal No. 10, which remained in effect for 10 hours. Additionally, on 16 September,
the observatory issued a Red Rainstorm Warning and a Special Announcement
regarding flooding in the Northern New Territories. The Macao Meteorological Bureau

suspended Hurricane Signal No. 10 for 9 hours, the longest suspension since 1968.

Despite the warnings, the impact of the rainstorm, storm surge, and high waves from
Mangkhut was severe in the GBA. Coastal areas in Hong Kong, Macao, Guangzhou,
Shenzhen, and Zhuhai were significantly inundated. In Hong Kong, for instance,
seawater submerged many private vehicles in Hung Fa Chuen and Tseung Kwan O
South. Cycling paths near the Shing Mun River in Shatin, the coastal region of Tolo
Harbour, and the Lam Tsuen River in Tai Po were also flooded. Road transportation
was severely disrupted, with sections of significant roads remaining closed, and public
transport services were unable to resume the following day due to flooding. Most public
bus services were halted, and at least 458 people sustained injuries during Mangkhut’s

passage in Hong Kong.
5.3.3 Non-typhoon flood during 19-20 April 2019

During 19-20 April, the GBA encountered widespread torrential to heavy torrential
rainstorms. The average cumulative precipitation recorded at 26 stations in the region
was 90.9 millimetres. Among these, 13 stations reported torrential rainstorms, and six
stations experienced heavy torrential rainstorms. Longcheng Town, Longmen County,
Huizhou, registered the highest processed rainfall of 411.1 millimetres. On the 19 April,

the highest daily rainfall of 209.5 millimetres occurred in Zhongluotan Town, Baiyun
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District, Guangzhou. The Hong Kong Observatory issued its first Red Rainstorm
Warning Signal of 2019 on the 20 April. The torrential rainstorm impacted 8,500
individuals in Shenzhen, Foshan, and Zhaoqing, leading to 2 fatalities due to flooding
and direct economic losses amounting to 150 million yuan. Additionally, in Hong Kong,
one hiker died from a lightning strike, and two individuals drowned after a sampan

capsized (Guangdong Meteorological Service et al., 2019).
5.3.4 Non-typhoon flood during 5-9 June 2020

From 5-9 June, the GBA witnessed its most intense rainfall event of 2020, with
precipitation levels surpassing those of torrential rainstorms in many regions. Cities
such as Guangzhou, Huizhou, Shenzhen, and Zhuhai experienced exceptionally heavy
torrential rainstorms. This event stood out for its prolonged duration, extensive
coverage of heavy torrential rainstorms, and significant cumulative rainfall in specific
areas. Huangbu Town in Huidong County of Huizhou recorded the highest daily rainfall
of 426.6 millimetres on 8 June, while Longtan Town in Longmen County reported the
highest total rainfall of 978.4 millimetres. Hong Kong also saw heavy showers from 6
June to 8 June, with most areas receiving over 250 millimetres of rainfall during this
period. The morning of 6 June experienced particularly heavy rainfall, leading to the
Hong Kong Observatory issuing its first black rainstorm warning signal since May 2017,

resulting in severe flooding in the Kwun Tong area of Kowloon (see Figure 5.1c).

This heavy rainfall disaster affected approximately 221,400 people across 16 counties
(districts) and 122 towns in five cities of the GBA, including Guangzhou, Zhuhai,
Foshan, Huizhou, and Zhaoging. Emergency relocations were required for 38,200
people. Secondary geological disasters caused one death and three injuries. The affected
agricultural area covered 30.28 thousand hectares, with 341 houses collapsing and a
direct economic loss amounting to 2.787 billion RMB. The direct economic loss was
estimated at around 37 million Hong Kong dollars in Hong Kong (Guangdong

Meteorological Service et al., 2020).
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Figure 5.1 Heavy rainstorms led to surface road flooding in Gaoping County in Conghua (a), Tangtang
County in Fogang (b), and Kowloon Kwun Tong in Hong Kong (c). Source: (Guangdong Meteorological
Service et al., 2020)

5.3.5 Typhoon Lionrock induced flood in 2021

On 8 October, the thermal low pressure in the South China Sea developed into the 17th
typhoon of 2021, named Lionrock (Wu et al., 2021). It made landfall as a tropical storm
along the coast of Hainan in Qionghai City at 22:55 on the 8 October. At the time of
landfall, the maximum wind force near the centre was at level 8 (20 meters/second),

and the central minimum pressure was 990 hPa (Yue et al., 2021).

As Typhoon Lionrock, combined with natural precipitation from cold air and artificial
rain enhancement operations, affected the GBA, the region experienced prolonged
heavy torrential rainstorms, with some areas facing extremely heavy rainstorms from 7
October to 10 October. Wanshan Town in Xiangzhou District, Zhuhai, recorded a
maximum total rainfall of 718.3 millimetres and a maximum daily rainfall of 377.3
millimetres on 10 October. On average, Hong Kong received over 400 millimetres of
rainfall, with parts of Hong Kong Island exceeding 700 millimetres. 8 October saw
particularly intense and sustained rainfall, setting a record daily rainfall for October at

the Hong Kong Observatory with 329.7 millimetres. The Macao Datanshan
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Meteorological Station recorded a total rainfall of 471.6 millimetres, with some stations
recording over 550 millimetres. On 10 October, Macao experienced several hours of
torrential rainstorms, with a daily rainfall of 244.4 millimetres, breaking the highest

daily rainfall record for October since 1952.

Due to the influence of Typhoon Lionrock, Hong Kong reported two fatalities and at
least 14 injuries. There were more than 1100 instances of fallen trees, six cases of
flooding, and three reports of landslides. Approximately 300 hectares of agricultural
land in the New Territories were affected. The direct economic loss for Hong Kong is
estimated to be around 189 million RMB. Widespread flooding occurred in Macao,

with the highest water level reaching 0.25 meters, resulting in injuries to six individuals.
5.4 Government agency network analysis
5.4.1 Network statistics

Table 5.2 shows network statistics of five flood events. The flood event with the most
agency engagement was in 2017, followed closely by the flood event in 2018. There
are 377 and 178 undirected ties in the 2017 flood and 2018 flood, respectively. On
average, each agency has about 16 and 8.9 ties in the 2017 flood and 2018 flood,
respectively. It can be found the agencies had a close collaboration during the 2017 and
2018 floods. The network with the lowest number of nodes and edges is the 2019 flood
network. That means the engagement and collaboration of government agencies were
low in the 2019 flood. It can be attributed to the consequences of the 2019 flood were

lower than the other four floods (see Table 4.4 and Table 4.5).

The diameter of the network is 3, 4, 5, 4, 4 in the 2017, 2018, 2019, 2020, and 2021
flood (see Table 5.2), respectively. It indicated that the two agencies are furthest apart
in terms of the shortest path between them, which is connected through about four other
agencies. The mean geodesic distance (i.e., average path length) is about 2, which
means that agencies in the network are situated two ‘degrees of separation’ away from

one another (Wasserman, Faust 1994). Hence, the five networks are closely connected
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networks. Generally, the spread of ideas, propagation of behaviours, and sharing of

resources and information are effective up to two degrees of separation.

The density of the five networks ranges from 0.228 to 0.349. Network density measures
the degree of completeness of the network. In other words, a network that is complete
has a density of 1 and every conceivable tie between its nodes. Network density is
calculated by summing the number of ties and dividing it by the total number of all
possible ties (Wasserman, Faust 1994). It means that the network has 34.9%, 22.8%,
23.8%, 29.9% and 25.9% of all possible ties in the 2017, 2018, 2019, 2020, and 2021

floods, respectively.

Average clustering coefficient measures the degree to which nodes are situated in
clusters or neighbourhoods of higher connectivity (Latapy 2008). Networks with a high
degree of clustering but a low average path length demonstrate ‘small world’ properties
such as faster diffusion of ideas and behaviour (Milgram 1967; Watts, Strogatz 1998).
The five networks were highly clustered but had a lower average path length. For
example, the average clustering coefficient and average path length of the 2017 flood
network were 0.713 and 1.789, respectively. It can be found that ‘small world’
properties, such as faster diffusion of ideas and behaviour, are significantly exhibited

in the five flood events.

Table 5.2 Network statistics during five flood events

Metrics Value

2017 2018 2019 2020 2021
Number of Nodes 47 40 22 27 27
Number of Edges 377 178 55 105 91
Average Degree 16.043 8.9 5 7.778 6.741
Network Diameter 3 4 5 4 4
Network Density 0.349 0.228 0.238 0.299 0.259
Modularity 0.156 0.238 0.42 0.143 0.385
Connected Components 1 1 2 1 1
Average Clustering Coefficient 0.713 0.558 0.628 0.675 0.708
Average Path Length 1.789 2.065 2.099 1.942 2.06

5.4.2 Most active and central agencies

The agencies with higher centrality were also more active, such as the ‘Public Security

Department’, ‘Finance Department’, ‘Natural Resources Department’, ‘Meteorology
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Department’, and ‘Transportation Department’. These agencies shoulder distinct
responsibilities to ensure an efficient response and recovery process. Each agency plays
a vital role in addressing specific aspects of flood management, aiming to minimise
damage, ensure public safety, and facilitate recovery efforts. The list of the most active

agencies in the five events can be found to be consistent (see Table 5.3).

Table 5.3 Ranking of engagement levels of active agencies in different events sorted alphabetically

National categories 2017 2018 2019 2020 2021
Commerce 12 5 1 11 2
Defense and Military Affairs 3 3 13 12 4
Finance 7 8 5 5 1
Housing and Urban-Rural Development 9 11 7 4 8
Meteorology 4 2 12 1 6
Natural Resources 6 7 4 10 7
Public Security 2 1 2 2 3
Transportation 5 4 6 3 5

The ‘Public Security Department’ was one of the most prominent agencies in the
government agency network during the most floods. This agency cooperated the most
with other agencies due to having the highest degree of centrality score (see Figure 5.2).
According to the closeness centrality score, the ‘Public Security Department’ had the
highest efficiency in communicating or spreading information to all other agencies.

Moreover, the ‘Public Security Department’ was active during the five flooding events.

The ‘Finance Department’ played an influential role in the multi-agency collaboration
network, especially during the 2017, 2020 and 2021 floods. The ‘Finance Department’
likely controls the flow of financial resources, allocating funds to different agencies
involved in flood relief and recovery. They might distribute budgets for emergency
response, infrastructure repair, relief supplies, or other critical needs. Table 5.2 presents
that the ‘Finance Department’ had a high engagement during the five floods, and its
ranking rose from 2017 to 2021.
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The ‘Transportation Department’ was also actively engaged in the five flooding events.
The ‘Transportation Department’ plays a crucial role in managing and ensuring the
safety and functionality of transport systems. The agency manages traffic flow, reroutes
vehicles away from flooded areas, and implements traffic control measures to ensure
public safety. It needs to provide real-time updates to the public about road closures,
alternate routes, and transportation disruptions. During and after flood events, this
agency inspects, maintains, and repairs roads, bridges, and tunnels to ensure their

structural integrity.

It can be found that the ‘Defense and Military Affairs Department’ was more active
during the typhoon-induced flood than the non-typhoon flood. The ‘Defense and
Military Affairs Department’ mobilises military resources, personnel, and equipment
to support relief efforts, including deploying specialised teams for rescue missions,
providing medical aid, and distributing essential supplies to affected areas. The
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‘Defense and Military Affairs Department’ also assists in reinforcing critical
infrastructure like levees, dams, or other flood control structures to minimize damage

and prevent further flooding.

In addition to these core agencies, some agencies occasionally exhibited very high
levels of engagement during the flood event. For example, the ‘Industry and
Information Technology Department’ had the highest number of times mentioned in
news articles during the 2017 flood. That can be attributed to the seriously damaging
communication infrastructures during 2017 Typhoon Hato. In Guangdong province,
10276 base stations have been decommissioned, and 338.5 kilometres of
communication lines were damaged on 23 August 2017. According to the overall
deployment and requirements of the Ministry of Industry and Information Technology,
the communication management bureaus of Guangdong provinces actively organise the

local communication industry to make every effort to prevent flood risks.

‘Industry and Information Technology Department’ is responsible for ensuring the
protection and continuity of critical information technology infrastructure, such as
communication networks, data centres, and essential utilities like electricity and water
supply. During flood events, the ‘Industry and Information Technology Department’
disseminates real-time updates, warnings, and safety instructions to the public using
information technology channels. This agency facilitates recovering and restoring
information technology services and infrastructure after flood events. However, the
‘Industry and Information Technology Department’ was inactive during the other flood
events. Besides, the ‘Culture and Tourism Department’ and ‘Education Department’
had the same phenomenon, with a high engagement in the 2019 and 2020 floods,

respectively. However, they had no significant engagement in the other three floods.
5.4.3 Government agency collaboration

Collaboration among multiple government agencies is crucial for an effective and
comprehensive response to flooding events. Before flooding, agencies collaborate in

planning response strategies, setting priorities, and making decisions. Different
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agencies should exchange information about weather forecasts, flood extent, affected
areas, and infrastructure damage during flooding. Then, they pool resources like human
resources, equipment, and supplies to optimise their utilisation. After flooding, agencies
conduct joint assessments to evaluate the damage, identify immediate needs, and plan

for long-term recovery efforts.

The government agency collaboration during typhoon-induced floods (i.e., the 2017,
2018, and 2021 floods) was closer than during non-typhoon floods (i.e., the 2019 and
2020 floods). 47, 40, and 27 agencies were engaging in the 2017, 2018, and 2021 floods,
respectively. The total agency connections in the three floods were 377, 178, and 91,
respectively. The number of agencies in the 2019 and 2020 floods was 22 (55
connections) and 27 (105 connections), respectively. It can be found that the number of
agencies involved during typhoon-induced floods is greater than during non-typhoon
floods. Typhoon-induced floods are often challenging to predict because of the
significant variability in ion budgets linked to typhoons (Chang et al., 2018). Non-
typhoon floods might exhibit a more predictable correlation between stream discharge
and ion budgets. Moreover, typhoon-induced floods are more complex than non-
typhoon floods. Hence, more agencies with different functions need to participate
during typhoon-induced floods. In the GBA, various agencies have effectively played

their roles in flood control and management.

In emergency practice, agencies with regular connections may collaborate more
efficiently, while it might be difficult for unfamiliar agencies (Fan et al., 2022). The
‘Public Security Department’ was one of the most collaborative agencies during the
five floods (see Figure 5.2). The collaboration between the ‘Public Security Department’
and other agencies ensures comprehensive disaster response, as the ‘Public Security
Department’ often acts as the backbone for emergency management. It can be found
that if the ‘Public Security Department’ fails or gets disrupted during the flood events,
it might significantly hamper the flow of information and resources, affecting the

overall response capability of the government agency collaboration network. By
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collaborating with various agencies, the ‘Public Security Department’ ensures efficient
coordination of resources, response strategies, and information dissemination. Its
partnership with agencies like the ‘Natural Resources and Planning Department’ and
‘Transportation Department’ strengthens response mechanisms, enabling effective
evacuation, resource allocation, and public safety measures. For example, the ‘Public
Security Department’ coordinated with the ‘Transportation Department’ for traffic flow
management, especially in affected areas prone to congestion or road closures due to
flooding, to ensure smooth movement of emergency vehicles and the public. There was
a substantial collaboration between the ‘Public Security Department’ and ‘Natural

Resources and Planning Department’ during the 2020 flood.

The ‘Transportation Department’” worked closely with the ‘Public Security
Department’, ‘Natural Resources and Planning Department’, ‘Finance Department’ and
‘Health Department’ (See Figure 5.2 and Table 5.4). The role of the ‘Transportation
Department’ during flood events is multifaceted and critical for ensuring public safety,
maintaining accessibility to essential services, and facilitating recovery efforts. The
collaboration between the ‘Transportation Department’ and ‘Public Security
Department’ is sought to provide alternative medical facilities, helicopter services, and
communication channels during floods (Dame et al., 2019). This is crucial when
infrastructure is damaged and accessibility to essential services is compromised. When
public health officials need to transport medical supplies, the ‘Transportation
Department’ provides critical information on route accessibility and collaborates with
state highway patrol and other agencies to ensure delivery (White 1993). Moreover, the
“Transportation Department’ is involved in initiating construction, maintenance, and
rehabilitation programs with the ‘Finance Department’ to enhance network structure
and incorporate low-impact development measures to reduce runoff volume and peak

discharge rates (Yang et al., 2019).
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Table 5.4 The top five agencies in collaboration with the transportation department

Year Agency 1 Agency 2 Weight
2017 Public Security Transportation 61
Natural Resources and Planning Transportation 57
Urban management Transportation 52
Agriculture and Rural Affairs Transportation 44
Animal Husbandry Transportation 41
2018 Public Security Transportation 12
Education Transportation 7
Health Transportation 7
Culture and Tourism Transportation 5
Meteorology Transportation 4
2019 Commerce Transportation 8
Finance Transportation 2
River and Lake Transportation 1
Ecology and Environment Transportation 1
2020 Finance Transportation 6
Public Security Transportation 5
Forestry Transportation 4
Natural Resources and Planning Transportation 4
Housing Transportation 2
Construction Transportation 2
Health Transportation 2
Agriculture and Rural Affairs Transportation 2
Revenue Transportation 2
Justice Transportation 2
Education Transportation 2
Audit Transportation 2
Port Transportation 2
2021 Ecology and Environment Transportation 2
Power Supply Transportation 1
Meteorology Transportation 1
Public Security Transportation 1
Education Transportation 1
Culture and Tourism Transportation 1

Conversely, collaboration between the ‘Transportation Department’ and ‘Meteorology
Department” was notably limited (see Table 5.4). There was no co-occurrence between
the two agencies during the 2019 and 2020 floods. The co-occurrences were 2, 4, and
1in the floods in 2017, 2018, and 2020, respectively. The integration of meteorological
data with transport management is essential. Meteorological systems that monitor and
forecast extreme weather events provide valuable data for transport management during
floods (Yu et al.,, 2023; Balogun et al., 2020). Historical events have shown the
importance of meteorological input in transport and hydraulic governance, leading to
significant changes in landscape management and government policy (Williamson
2016). Hence, the collaboration between the ‘Transportation Department’ and the

‘Meteorology Department’ needs to be improved in the GBA.
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Given the intricate and unpredictable nature of floods, city authorities should adopt a
comprehensive approach and an inclusive stance toward cooperation. They should also
emphasise occasional yet critical collaborations that significantly impact the overall
flood management efforts. Institutional designers should strive to optimise the system
network structure and establish mechanisms that ensure various departments, despite
their differences, collaborate effectively during extreme conditions. This proactive
approach enhances the efficiency of resource allocation, facilitating better response and

management strategies during flood events.
5.5 Summary

This chapter implemented the government agency network analysis outlined in Chapter
3 (see Section 3.4). An analysis of agency engagement and collaboration during flood
response and recovery was undertaken in the case study of representative annual flood

events from 2017 to 2021. In summary, the results showed that:

(a) The agencies with higher centrality were also more active, such as the ‘Public
Security Department’, ‘Finance Department’, ‘Natural Resources Department’,
‘Meteorology Department’, and ‘Transportation Department’. These agencies were the
key agencies involved in flood management in the road transport system, with distinct
responsibilities to ensure an efficient response and recovery process. Hence, the
disruption of these core agencies would significantly affect the overall response and

recovery capability during the flood events.

(b) The government agency collaboration during typhoon-induced floods was closer
than during non-typhoon floods. Moreover, the more severe the flood, the closer the
collaboration will be. Various agencies have collaborated in the GBA to cope with

floods and waterlogging.

(c) Agencies with regular connections may collaborate more easily, while it might be

difficult for unfamiliar agencies. If these core connections fail or get disrupted during
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flood events, it might significantly hamper the flow of information and resources,

affecting the overall response capability.

According to the results of the government agency collaboration analysis, some
recommendations were proposed to answer how to enhance the government agency
collaboration network for better flood response and recovery. Next, Chapter 6 applied
vulnerability assessment and news media analysis to explore the potential impacts of

the surface water flood on road infrastructure and transport.
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Chapter 6: Assessing potential flood impacts on transport

networks

6.1 Introduction

The adaptations of the joint multiple models have already been investigated to analyse
potential flood impacts on road transport networks (Ouyang et al., 2022; Pyatkova et
al., 2019). For example, Pregnolato et al., developed a modelling framework combining
flood simulation, transport network model, and vulnerability curve. The effects of
flood-related disruptions on the urban transportation network were analysed through a
case study conducted in Newcastle upon Tyne, United Kingdom (Maria Pregnolato et
al., 2017). An integrated framework was developed to determine road network
vulnerability, integrating meteorological information, land use functions,
hydrodynamic model, and safety speed function (Singh et al., 2018). Their study
contributed to analysing the potential impacts of surface water floods on the
performance of transport networks. These multivariate approaches provide valuable
information to better understand transport resilience to surface water flooding, yet such

complex approaches can be challenging to apply in standard flood impact assessments.

Media data is becoming a more popular and promising way to fill in the gaps in
conventional data by examining the effects of floods and modifying disaster
management (Fang et al., 2019; Wang et al., 2020a). For example, social media data
(Weibo) was adopted for rapid damage classification using a surface water flood in
Chongging from 18 to 20 August 2020 (Tan, Schultz 2021). Moreover, media data has
been integrated with the traditional model for flood assessment. For example, Ouyang
et al., employed a hydraulic model and social media data to explore flood inundation
impacts (Ouyang et al., 2022). Most applied studies of the road transport impacts of
surface water flooding rely upon social media data (Ahmad et al., 2019; Tan, Schultz
2021). However, social media data is often characterised by user-generated content that

may be subjective compared to the more reliable and objective news articles. Besides,
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social media data is often mined to analyse the characteristics of flood impacts at the
event level, making it hard to compare different areas. Hence, few studies have focused
on the effects and severity of floods on road infrastructure and transportation at a large

scale.

This chapter aims to address the identified issues to mitigate flood impacts in road
transport systems via integrating news media analysis and vulnerability assessment.
Compared with social media data, the application of news media data can help extract
flood hazard information and analyse the distribution in space and time (Liu et al.,
2018). Based on the methodological framework proposed in Chapter 3 (see Section 3.5),

this chapter fulfils the following objectives:

(a) Explore the potential direct tangible impact of surface water floods on road

infrastructures via the vulnerability index system developed in Chapter 3.

(b) Investigate the potential indirect tangible impact of surface water floods on road

transport through news media analytics.

(c) Discuss the potential of news media and vulnerability analysis to derive flood

damage and recommendations for flood management in the road transport system.
6.2 Direct tangible impacts: road infrastructure impacts
6.2.1 Exposure assessment

The distribution of surface road length is uneven due to the significant differences in
land area among GBA cities. As shown in Figure 6.1, Guangzhou has the longest
expressway with a length of 3,226.39 km, the longest national highway with a length
of 1,524.54 km, the longest provincial road with a length of 2,011.98 km, and the
longest township-level road with a length of 4,285.69 km. The longest county-level
road was discovered in Foshan, with a length of 2,284.09 km, followed by Shenzhen,
with a length of 2,022.53 km. The lowest road length value is found in Macao. Indeed,
the total length of all roads in Macao is 206 km, which can be attributed to its 32.9

square kilometre land area. It can be found that the total length of all roads in
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Guangzhou is more than 60 times longer than that in Macao. Zhaoqing has the largest
land area, but its road length (6,882.5 km) is shorter than Dongguan (7,102.1 km),
Shenzhen (8,048.03 km), Huizhou (8,591.88 km), Foshan (9,060.36 km) and
Guangzhou (13,030.43 km).
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Figure 6.1 The characteristics of various road lengths in GBA cities

As presented in Figure 6.2, Guangzhou has the highest surface road value (222.72
billion RMB), followed by Huizhou (143.3 billion RMB), Foshan (134.67 billion
RMB), and Shenzhen (117.11 billion RMB). The total surface value of these four cities
accounts for 57% of the total surface road value in the GBA. Macao has the lowest
surface road value (i.e., 2.26 billion RMB). Notably, the maximum value of surface
roads is about 100 times the minimum value of surface roads. Surface road grades and
lengths determine surface road value. Although the surface roads in Foshan are longer
than those in Huizhou, the surface road value of Foshan is lower than that of Huizhou.
It can be found that the total value of road length in Dongguan is higher than that in
Zhaoging and Jiangmen (see Figure 6.1). Nonetheless, Dongguan (95.55 billion RMB)
has a lower surface road value than Zhaoging (115.5 billion RMB) and Jiangmen
(113.05 bhillion RMB). The length of high-grade roads (i.e., expressway and national
highway) is 2,281.11 km, 2,187.39 km, and 1,635.58 km in Zhaoqing, Jiangmen, and

Dongguan, respectively.
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Figure 6.2 The characteristics of surface road value (billion RMB) in GBA cities

Figure 6.3a-e shows the distribution of various roads at the district scale in the GBA.
Significantly, there is no administrative district in Dongguan City and Zhongshan City.
This study considers Dongguan and Zhongshan as Dongguan District and Zhongshan
District, respectively. Hence, Dongguan District and Zhongshan District generally have
a higher surface road length than other districts. Except for the two districts, the districts
with a long length of expressway include Nanhai and Shunde District of Foshan,
Zengcheng, Baiyun and Conghua District of Guangzhou, Boluo and Huicheng District
of Huizhou (see Figure 6.3a). Nanhai District (543.77 km) has the longest expressway
length, followed by Zengcheng District (537.04 km) and Boluo District (523.86 km).

There are seven districts in Macao without expressways.

As shown in Figure 6.3b, Shunde District (420.07 km) has the longest length of the
national highway, followed by Nanhai District (368.72 km) and Boluo District (308.18
km). The number of districts without national highways is one, two, four, and eight in
Zhaoging, Shenzhen, Hongkong, and Macao, respectively. It can be discovered that
most of the expressways and national highways are distributed in the non-central
districts. As presented in Figure 6.3c, the top three districts with the longest length of
provincial roads include Nanhai District (541.78 km), Huicheng District (447.63 km),
and Baoan District (417.27 km) of Shenzhen. Figure 6.3d shows that Nanhai District
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and Shunde District have more than 700 km length of county-level roads. Indeed,
Nanhai District (794.47 km) has a longer county-level road than Zhongshan (741.40
km). As for the township-level roads (see Figure 6.3¢), the district with the longest

length is Huidong District (1,130.16 km) of Huizhou.

According to the distribution of various roads, the surface road value in the western
GBA is lower than that in the central and eastern GBA. As shown in Figure 6.3f,
Dongguan (95.55 billion RMB) has the highest surface road value, followed by
Zhongshan (50.63 billion RMB). The districts with more than 30 billion RMB surface
road value include Nanhai District (47.40 billion RMB), Shunde District (39.11 billion
RMB), Huicheng District (34.40 billion RMB), Luobo District (34.38 billion RMB),
Zengcheng District (33.18 billion RMB) and Baiyun District (32.85 billion RMB). The
districts with low surface road value are concentrated in Hong Kong and Macao due to
their low value of surface road length. Within a city, the surface road values in the
central districts are lower than those in the non-central districts. For example, the total
surface road value of central districts (including Tianhe, Haizhu, Liwan, and Yuexiu
District) is 32.06 billion RMB. The surface road value of Zengcheng and Baiyun
District is 33.12 billion RMB and 32.85 billion RMB, respectively.
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Figure 6.3 The distributions of various roads and surface road values in the GBA, (a) the length of
expressway (km), (b) the length of national highway (km), (c) the length of provincial road (km), (d) the
length of county-level road (km), (e) the length of township-level road (km), (f) surface road value
(billion RMB)

The results of the exposure were used in the natural breaks method to categorise at five
levels: very low (0.02-0.13), low (0.13-0.24), moderate (0.24-0.34), high (0.34-0.46),
and very high (0.46-0.74). Under normal rainfall conditions, 38.96% of total districts
have very high or high exposure to surface roads in GBA cities (see Figure 6.4a). Only
5 districts (6.49%) have very low exposure, i.e., Duanzhou District, Dinghu District,
Gaoyao District in Zhaoging, Nanshan District in Shenzhen, and Haizhu District in

Guangzhou. Figure 6.4b shows the proportions of districts with various grade exposures
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in different GBA cities. Most high-exposure districts are concentrated in Guangzhou
(7) and Hong Kong (13). Those districts with higher exposure are likely to suffer more
physical losses of road infrastructures when surface water floods occur. There is no

high or very high exposure district in Macao, Zhaoging and Zhongshan.
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Figure 6.4 Characteristics of exposure in the GBA cities. (a) The total count of districts at various
exposure index grades. (b) The ratio of districts at various exposure index grades in different GBA cities

Districts exhibiting characteristics of long road mileage, high road grades, and strong
annual rainfall were more sensitive to floods. As shown in Figure 6.5, the highest
exposure district was Dongguan, which can be attributed to the high value (95.5 billion
RMB) of high-grade roads (i.e., expressways, national highways, and provincial roads).
It is worth noting that Dongguan City does not encompass distinct administrative
districts; hence, it was treated as a single district within the scope of this study. Apart
from Dongguan, the district with the next highest level of exposure was Wong Tai Sin
District (0.614) in Hong Kong, followed closely by Longmen County (0.600) in
Huizhou and Sha Tin District (0.585) in Hong Kong. The annual rainfall in these three
districts exceeded 2000 mm, surpassing the average annual rainfall levels observed in

the broader context of the 77 districts.

Within a city, most Central Business Districts (CBDs) exhibited relatively lower
exposure levels due to the prevalence of low-grade surface roads, namely county-level
roads and township-level roads. In cities such as Foshan, Guangzhou, and Zhaoqging,
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the districts with the lower exposure levels were predominantly situated within CBDs,
including Chancheng District (0.291), Haizhu District (0.131), Yuexiu District (0.151),
and Duanzhou District (0.019). Notably, there was no significant difference in exposure
in the different districts of Macao, primarily owing to the limited geographical extent
of Macao as the smallest provincial city in China. In Macao, the district with the highest
exposure was Jiamo Tang District (0.280), while the district with the lowest road
infrastructure vulnerability was S& Francisco de Xavier District (0.278). In contrast,
the disparity between the districts with the highest and lowest exposure in Guangzhou

was notably higher, at 0.417.
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Figure 6.5 The distribution of exposure in the GBA

6.2.2 Disaster reduction capability assessment

Figure 6.6 shows the proportion of various roads in GBA cities. The proportion of low-
grade roads (i.e., county-level roads and township-level roads) is higher than that of
high-grade roads (i.e., expressways and national highways). The low-grade roads
account for more than 50% of Zhongshan (63.5%), Dongguan (60.3%), Zhuhai (57.5%),
Shenzhen (54.9%) and Foshan (54.1%). The high-grade roads account for more than
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30% of Guangzhou (36.5%), Huizhou (34.6%), Zhaogqing (33.2%), Hong Kong (33.2%)
and Jiangmen (32.9%). The proportion of national highways is low in most cities of the
GBA. Notably, the proportion of national highways (12.8%) is higher than expressways
(11.1%) and provincial roads (12.6%). The city with the most uneven proportion of
various roads is Macao. In Macao, the roads with the highest and lowest proportions
are provincial roads (54.5%) and national highways (0%). The proportion of various
roads is even in Foshan. In Foshan, the proportion of expressways, national highways,
provincial roads, county-level roads, and township-level roads is 16.7%, 12.9%, 16.3%,

25.2% and 28.9%, respectively.
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Figure 6.6 The proportion of various roads in GBA cities

As shown in Figure 6.7, the distributions of surface road density, road bridge density,
and road culvert density are uneven in GBA cities. It can be found that the cities with
large areas have sparse surface roads, bridges, and culverts. Figure 6.7a shows that
Macao has the highest surface road density (6.262 km/km?), followed by Shenzhen
(4.029 km/km?) and Dongguan (2.793 km/km?). The surface roads are sparse in
Zhaoging (0.462 km/km?), Huizhou (0.697 km/km?), and Jiangmen (0.757 km/km?).
As for road bridge density (see Figure 6.7b), Macao has the highest road bridge density
(1.585 km/km?), followed by Hong Kong (0.579 km/km?) and Shenzhen (0.466
km/km?). In the three largest cities (i.e., Zhaoging, Huizhou, and Jiangmen), the road
bridge density is less than 0.1 km/km?. Similarly, the three cities with the highest road
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culvert density are Macao (0.37 km/km?), Hong Kong (0.156 km/km?), and Shenzhen
(0.097 km/km?) (see Figure 6.7c). The three cities with the lowest road culvert density
are Jiangmen (0.005 km/km?), Huizhou (0.006 km/km?) and Zhaoging (0.006 km/km?).
Figure 6.7d shows that Hong Kong has the highest anti-disaster ability (4.614), which
can be attributed to the high proportion of expressways (26.7%) (see Figure 6.6). The
second-highest anti-disaster ability was observed in Guangzhou (4.546). Although
Macao has the highest density of surface roads, bridges, and culverts, its anti-disaster

ability is the lowest (2.885).
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Figure 6.7 Disaster reduction capability indicators in GBA cities, (a) surface road density, (b) road bridge
density, (c) road culvert density, and (d) road anti-disaster capability

Figure 6.8 presents the surface road density, road bridge density, road culvert density,
and road anti-disaster ability in different districts of GBA cities. As shown in Figure
6.8a, the districts with denser surface roads are located in the central GBA, including
the central and southern areas of Guangzhou, the eastern area of Foshan, the eastern
area of Zhuhai, Zhongshan, Dongguan, Shenzhen, Hong Kong, and Macao. The

average value of surface road density is 4.15 km/km? in GBA districts. Yau Tsim Mong
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District of Hong Kong has the highest surface road density (20.42 km/km?), followed
by Freguesia de S Loureng District (17.77 km/km?) and Freguesia de S& Lazaro
District (16.83 km/km?) of Macao. The three districts with the lowest surface road
density are located in Zhaoging, including Guangning County (0.31 km/km?), Huaiji
County (0.31 km/km?) and Fengkai County (0.32 km/km?).

As shown in Figure 6.8b-c, road bridges and road culverts are sparse in most districts.
Yau Tsim Mong District of Hong Kong has the densest road bridge (6.60 km/km?),
followed by SéFreguesias District (6.22 km/km?) and Freguesia de S& Lazaro District
(4.87 km/km?) of Macao. The three districts with the highest road culvert density are
Freguesia de S Loureng District (2.76 km/km?), Yau Tsim Mong District (2.52
km/km?), and Freguesia de S& Lazaro District (1.09 km/km?). With the exception of
the three districts, the road culvert density is less than 1 km/km? in the GBA. Moreover,
the districts with relatively high road bridge and culvert densities are located in Hong

Kong and Macao.
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Figure 6.8 The characteristics of disaster reduction capability indicators in GBA cities, (a) surface road
density, (b) road bridge density, (c) road culvert density, and (d) Road anti-disaster ability
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The districts with relatively low anti-disaster ability are located in the central GBA (see
Figure 6.8d), including the central area of Guangzhou, the eastern area of Foshan,
Zhuhai, Zhongshan, Dongguan, Shenzhen, and Macao. The three districts with the
highest anti-disaster ability are concentrated in Hong Kong, including Tsuen Wan
District (6.04), Sha Tin District (5.64) and Kwai Tsing District (5.55). The lowest anti-
disaster ability is found in St. Anthony Parish District (1.72), S& Francisco de Xavier
District (1.77) of Macao. Within a city, the anti-disaster ability of central districts is
lower than that of other districts. Taking Guangzhou as an example, the highest anti-
disaster ability is discovered in Conghua District (5.44). The anti-disaster ability in
Yuexiu District, Liwan District, and Huadu District is 3.93, 4.17, and 4.40, respectively.
That can be attributed to the high-grade roads being concentrated in the non-central

districts.

The results of the disaster reduction capability were used in the natural breaks method
to categorise at five levels: very low (0.014-0.184), low (0.184-0.283), moderate
(0.283-0.375), high (0.375-0.534), and very high (0.534-0.824). 44.16% of total
districts have low or very low disaster reduction capability of surface roads in GBA
cities (see Figure 6.9a). As shown in Figure 6.9b, the districts with higher disaster
reduction capabilities are located in Hong Kong and Macao. Notably, only two districts
have very high disaster reduction capability, i.e., Kwai Tsing District and Yau Tsim
Mong District (C Kowloon area) in Hong Kong. There is no high or very high exposure
district in Dongguan, Foshan, Huizhou, Jiangmen, Shenzhen, Zhaoqing, Zhongshan

and Zhuhai.
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Figure 6.9 Characteristics of disaster reduction capability in the GBA cities. (a) The total count of
districts at various disaster reduction capability index grades. (b) The ratio of districts at various disaster
reduction capability index grades in different GBA cities

Districts characterised by a dense network of roads, bridges, and culverts typically
exhibited a more excellent resistance against floods. As shown in Figure 6.10, it is
evident that the disaster reduction capabilities of the districts within the nine mainland
cities were notably lower when compared to those within the 2 SARs. This distinction
is primarily attributed to Hong Kong and Macao considerably higher road density than
the other nine cities. To delve into more detail, the district with the highest disaster
reduction capability was Yau Tsim Mong District (0.824) in Hong Kong. This district
boasted the most elevated levels of road density (20.4 km/km3, bridge density (6.6
km/km=, and culvert density (2.5 km/km= among all the districts in the GBA cities.
Apart from Hong Kong and Macao, the disaster reduction capability in the districts of
Guangzhou exceeded that of the districts in the remaining eight cities. Notably, districts
with moderate or higher disaster reduction capabilities were predominantly

concentrated in Guangzhou, Hong Kong, and Macao.
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Figure 6.10 The distribution of disaster reduction capability in the GBA

6.2.3 Vulnerability assessment

The results of the road infrastructure vulnerability were used in the natural breaks
method to categorise at five levels: very low (0.011-0.062), low (0.062-0.120),
moderate (0.120-0.179), high (0.179-0.248), and very high (0.248-0.397). Similar to
the statistical results of exposure assessment, most districts have moderate, low, or very
low vulnerabilities, accounting for 71.4% of total districts (Figure 6.11a). That is due
to the road infrastructure vulnerability being positively related to exposure. In relative
terms, the districts with the highest road infrastructure vulnerability are Dongguan (0.40)
and Southern District in Hong Kong (0.38). As shown in Figure 6.11b, no very high or

high road infrastructure vulnerability districts exist in Jiangmen and Zhaoqging.
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Figure 6.11 Characteristics of road infrastructure vulnerability in the GBA cities. (a) The total count of
districts at various road infrastructure vulnerability index grades. (b) The ratio of districts at various road
infrastructure vulnerability index grades in different GBA cities

As shown in Figure 6.12, the distribution of road infrastructure vulnerability exhibited
a notable resemblance to the distribution of exposure. Districts characterised by a
combination of sparse and high-grade roads were observed to be more directly and
physically vulnerable to surface water floods. Except for Dongguan, which represented
the district with the highest road infrastructure vulnerability, the district with the next
highest road infrastructure vulnerability was Southern District (0.377) in Hong Kong,
closely followed by Zengcheng District (0.248) in Guangzhou. In these districts, road
densities remained below 2 km/km=2while the annual rainfall consistently exceeded
1700 mm. It was discovered that the western regions of the GBA exhibited lower road

vulnerabilities in contrast to the central and eastern GBA.

Within a city, districts with low and very low road infrastructure vulnerability were
concentrated in the CBDs. For instance, in Guangzhou, the district with the lowest road
infrastructure vulnerability was Haizhu District (0.048), closely followed by Yuexiu
District (0.052) and Tianhe District (0.114), all of which represent the central districts
of Guangzhou. In CBDs, emergency rescue services can swiftly respond to flood
incidents, facilitating the minimisation of road damage and the restoration of
accessibility. Moreover, these areas typically boasted a dense network of bridges and

culverts, with fewer high-grade and costly roads. This pattern indicates that CBDs
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exhibited lower exposure levels and higher disaster reduction capabilities.
Consequently, CBDs demonstrated more excellent resistance to floods when compared

to non-central districts in GBA cities.
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Figure 6.12 The distribution of road infrastructure vulnerability in GBA cities

The assessment results of road infrastructure vulnerability indicated that not all districts
with higher exposure correspond to higher road infrastructure vulnerability. Some
districts had high disaster reduction capabilities; thus, even districts with high
exposures may have low road vulnerabilities. An illustrative example of this
phenomenon can be found in the Yau Tsim Mong District of Hong Kong, characterised
by both high exposure and an exceptionally high disaster reduction capability, resulting
in very low road infrastructure vulnerability in this district. A similar pattern was also
observed in Kowloon City District, Sham Shui Po District, and Kwai Tsing District of
Hong Kong, where the three districts boasted high exposure levels, high to moderate
disaster reduction capabilities, and notably lower road vulnerabilities. This was
primarily attributable to relatively higher road anti-disaster ability and high road density

in these districts.
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6.2.4 Results verification and sensitive analysis

This study used previous studies and historical surface water flood information to verify
the rationality of surface water flood vulnerability assessment of road infrastructure.
According to this study, the distribution characteristics of the road infrastructure
vulnerability are similar to the exposure distribution characteristics (Figure 6.5 and
Figure 6.12). It also indicates that the higher disaster reduction capability districts are
mainly concentrated in the districts with dense roads and developed traffic conditions
(Figure 6.10). The districts with relatively higher road infrastructure vulnerability are
near major expressways. These characteristic patterns agree with the previous studies

(Huang et al., 2013; Li et al., 2015; He et al., 2021).

In the past 30 years, the number of rainstorms that caused casualties or economic losses
is more than 30 in 8 districts of the GBA mainland cities (Wang and Zhai, et al., 2022).
In this study, most of these districts have a moderate and above vulnerability, including
Longmen County and Huicheng District of Huizhou, Shunde District of Foshan, Huaiji
County of Zhaoging, and Longgang District of Shenzhen. Moreover, Huaiji County and
Longmen County are the most physically vulnerable areas in Zhaoging and Huizhou,
respectively. It can be regarded that the high-vulnerability districts of surface water
floods in the GBA mainly suffer higher economic losses. Therefore, the vulnerability
index developed in this study can reflect the characteristics of the vulnerability of road

infrastructure to surface water floods.

Moreover, sensitivity analysis was conducted to explore the impacts of increasing the
length of different roads by 10% on road infrastructure vulnerability (see Table 6.1). It
can be found that variation in county-level road length has the greatest impact on road
infrastructure vulnerability. With the increasing length of county-level roads by 10%,
32 districts have a decreased road infrastructure vulnerability. The variations in
expressway length and national highway length have a low impact on road
infrastructure vulnerability. Hence, the length of low-grade roads is the major or

primary factor affecting road infrastructure vulnerability with no variation of other

157



factors. Meanwhile, sensitivity analysis was adopted to investigate the impact of other
factors and variations on road infrastructure vulnerability. An increase of 10% in annual

rainfall has no significant impact on road infrastructure vulnerability.

Table 6.1 Sensitivity factor sorting

Road grades Variation The variation in The number of districts
of road road Decreased road Increased road
length infrastructure infrastructure infrastructure

vulnerability vulnerability vulnerability

Expressway +10% -1.01%-1.86% 28 49

National highway +10% -1.30% - 2.47% 49 28

Provincial road +10% -1.04%-1.69% 32 45

County-level road +10% -1.43%-1.84% 50 27

Township-level road  +10% -24.44% - 9.89% 32 45

6.3 Indirect tangible impacts: road transport impacts
6.3.1 Categories of indirect impacts

Surface water build-up is the initial event and a significant hazard of floods to road
transport (Hooper 2013). As the flooding on roads increases in depth, traffic delays
would ensue and worsen over time. Deficient performance of road traffic can reduce
and even interrupt transport services (Lu et al., 2022a). Moreover, traffic accidents
would occur due to reducing drivers’ visibility and congestion. Traffic accidents during
flood events can pose significant challenges to road safety and transport. Hence,
indirect tangible impact was divided into four categories based on the GDELT themes,
including public transport, logistics transport, road traffic, and traffic accidents. Table
6.2 shows the themes pertaining to each category of potential issues caused by surface

road floods.

Public transport refers to the transport system that is available for use by the general
public, typically consisting of vehicles or infrastructure. The purpose of public transport
is to provide an efficient, affordable, and accessible means of moving people from one
place to another within a city, region, or country. In the GBA, public transport is well-
developed and offers various options for moving around the region. As shown in Table
6.2, there is no secondary classification of public transport. The frequency of public

transport is 41889.
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Logistics transport refers to the movement of goods, materials, and products using the
road or highway network as the primary mode of transport. In the GBA, the role of
highway logistics transport is to connect various cities and facilitate the movement of
goods within and beyond the region. Efficient roads and integrated multimodal
transport networks contribute to the seamless movement of goods and materials,
enhancing the competitiveness of the GBA as a major economic hub. According to the
GDELT project, there are three categories of logistics transport (see Table 6.2).
CRISISLEX_C04_LOGISTICS_TRANSPORT (41728) has the highest number of
media mentions among the three categories. This is because this theme was developed

to explore the use of news media for crisis and disaster response (CrisisLex.org 2014).

Road traffic refers to the movement of vehicles, pedestrians, and other users on roads,
streets, and highways. The GBA is known for its dynamic and busy road traffic due to
its high population density, economic activity, and connectivity between major cities.
Surface water floods can inundate roads, rendering them impassable. This leads to
temporary road congestions, closures, detours, and disruptions to normal traffic routes,
which can result in longer travel times and delays for commuters and goods transport.
As shown in Table 6.2, two themes of the GDELT project are related to road traffic,
i.e., WB_ 1810 TRAFFIC_CONTROL_AND_MONITORING (442) and TRAFFIC
(22233).

Surface water floods can create hazardous conditions that increase the risk of accidents
and incidents on the road. Heavy rainfall and floodwaters can significantly reduce
visibility for drivers. This limited visibility makes it difficult to see other vehicles, road
signs, and obstacles, increasing the likelihood of collisions. Aquaplaning occurs when
a layer of water builds up between the road surface and a vehicle’s tyres, causing the
tyres to lose traction. This can lead to loss of control and accidents, especially at higher
speeds. According to the theme information of the GDELT project, 10 themes are

related to traffic accidents, and 3 themes are related to safety.
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Table 6.2 Summary of the category list and its associated themes

Category Code GDELT theme Frequency
Public T101 PUBLIC_TRANSPORT 41889
transport
Logistics T201 CRISISLEX_C04 LOGISTICS TRANSPORT 41728
transport 7202 WB_793_TRANSPORT_AND_LOGISTICS_SERVICES 29409
T203 WB_1173_ TRANSPORT_LOGISTICS_PROVIDERS 102
Road T301 TRAFFIC 22233
traffic T302 WB_1810_TRAFFIC_CONTROL_AND_MONITORING 442
Traffic ~ T401 SOC_TRAFFICACCIDENT 1109
accident 1402 ROAD_INCIDENT 963
T403 MANMADE_DISASTER_CAR_ACCIDENT 447
T404 MANMADE_DISASTER_ROAD_ACCIDENT 172
T405 MANMADE_DISASTER_CAR_CRASH 49
T406 MANMADE_DISASTER_TRAFFIC_ACCIDENT 137
T407 MANMADE_DISASTER_VEHICLE_CRASH 32
T408 MANMADE_DISASTER_TRANSPORT DISASTER 9
T409 MANMADE_DISASTER_TRANSPORTATION_DISASTER 5
T410 ROAD_INCIDENT_CAR_ACCIDENT 4
T411 WB_1808_ TRANSPORT_SAFETY 456
T412 WB_1429 ROAD_SAFETY 234
T413 WB_784_TRAFFIC_AND_ROAD_SAFETY 234

6.3.2 Characteristics of indirect tangible impacts

Judging by the classified counts of the four damage categories, logistics transport has
the most damage reports (70194), accounting for 50.7% of the total news articles. The
second most reported damage category is public transport (41787), accounting for 30.2%
of the total news articles. Logistics transport and public transport were of the greatest
concern to news media. The level of these damage categories (i.e., logistics transport
and public transport) may also be more severe during surface water floods. The damage
category with the lowest news media attention is the traffic accident, with 3825 news
articles. It can be found that surface water floods lead to a few damages to traffic

accidents and the safety of the GBA.

Logistics transport has the highest news media attention in each city of the GBA,
followed by public transport (see Figure 6.13). The proportion of news articles related
to public transport in Foshan (31.3%), Hong Kong (36.0%), Macao (34.6%), and
Zhongshan (34.5%) is higher than the average value of all cities. More than half of news

articles are related to logistics transport in the five cities, including Foshan, Huizhou,
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Jiangmen, Shenzhen, Zhaoging (52.1%), and Zhuhai. In particular, more than 58% of
news articles are related to logistics transport in Zhuhai. The proportion of news articles
related to road traffic is 18.1%, 18.4%, 17.5%, and 19.0% in Dongguan, Guangzhou,
Huizhou and Zhongshan, respectively. The four values are higher than the average
value, which is 16.3%. Traffic accidents have the lowest news media attention in each
city of the GBA. The variation in the traffic accident proportion range is from 1.6% in

Hong Kong to 4.5% in Dongguan.
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Figure 6.13 The proportion of different indirect tangible impacts in each city of the GBA

From the perspective of the impact of information on cities, news media attention on
transport issues is uneven among GBA cities (see Figure 6.14). Guangzhou is the city
with the most news articles counts. In Guangzhou, the number of news articles related
to public transport, logistics transport, road traffic, and traffic accidents is 14922, 24689,
9374, and 1902, respectively. Shenzhen is closely followed, which has 11611, 20875,
5594, and 1902 news articles relating to public transport, logistics transport, road traffic,
and traffic accidents, respectively. It can be found that news media attention is
concentrated in densely populated and economically developed cities of the GBA.
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These cities have great pressure on urban traffic, public transport, and logistics transport.
Hence, surface water floods may impact road transport in these cities more. Moreover,
residents tend to have greater access to technology and social media in more developed
cities, which can increase the spread of news and information about surface water flood

events.
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Figure 6.14 The proportion of each impact in different cities.
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According to the four damage categories caused by surface water floods in Section
6.3.1, Table 6.3 shows the news sentiments to these damages. The value of news
sentiment to public transport, logistics transport, road traffic, and traffic accidents is -
1.18, -1.08, -1.34, and -2.16, respectively. It can be found that the indirect tangible
impact of extremely serious negative emotions is traffic accidents. The indirect tangible
impact with slight serious negative emotion is logistics transport. As mentioned in
Section 6.3.1, logistics transport has the highest number of news articles, while traffic
accidents have the lowest number of news articles. Notably, the ranking of the number
of news articles on the four impacts is exactly opposite to the ranking of their news
sentiment. The results indicate that surface water floods lead to few traffic accidents,

but the damage is often extremely serious. Surface water floods lead to frequent
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logistics disruption, but the damage is often slightly serious. It can be observed that the

lower the frequency of the damages, the more serious the consequences they bring.

From the perspective of the public transport damage in cities (see Table 6.3), Hong
Kong is the most negative city (-4.42), followed by Macao (-2.21) and Zhaoqing (-1.15).
Except for Hong Kong and Macao, the news sentiment in other cities is higher than the
average value of 11 cities. The highest value of news sentiment to public transport is
0.25 in Zhuhai, followed by -0.14 in Huizhou and -0.37 in Zhongshan. As for logistics
transport, Hong Kong has the lowest news sentiment value (-3.82). The top three cities
with the highest value of news sentiment are Zhuhai (-0.39), Jiangmen (-0.65), and
Guangzhou (-0.67). From the perspective of road traffic, cities with a value lower than
the average value of 11 cities included Foshan (-1.49), Hong Kong (-4.06), Huizhou (-
1.34), Macao (-2.24), Shenzhen (-1.35), Zhongshan (-1.38) and Zhuhai (-1.82). It can
be found that Hong Kong has the lowest news sentiment on public transport, logistics
transport, and road traffic. The lowest value of news sentiment to traffic accident exits
in Zhuhai (-4.25), closely followed by Hong Kong (-4.00), Foshan (-3.68), and Huizhou
(-2.80).

As shown in Table 6.3, news sentiments in road traffic damage and traffic accidents are
more negative than those in public transport damage and logistics transport damage in
Huizhou, Jiangmen, Shenzhen, and Zhuhai. Notably, the difference in news sentiment
in public transport damage and traffic accidents is 4.5 in Zhuhai. News sentiments in
logistics transport damage and traffic accidents are more negative than in public
transport damage and road traffic damage in Dongguan, Foshan, and Zhaoging. The
results indicate that surface water floods lead to more severe damages on logistics
transport and traffic accidents than on public transport and road traffic in the three cities.
All cities should pay more attention to the traffic accidents caused by surface water
floods. In addition, Huizhou, Jiangmen, Shenzhen, and Zhuhai should pay more
attention to road traffic damage, and Dongguan, Foshan, and Zhaoging should focus on

logistics transport damage.
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Table 6.3 The news sentiment to four damage categories in different cities

City Public transport  Logistics transport ~ Road traffic Traffic accident
Dongguan -0.83 -1.60 -1.09 -2.42
Foshan -0.69 -1.58 -1.49 -3.68
Guangzhou -1.07 -0.67 -0.86 -1.93
Hong Kong  -4.42 -3.82 -4.06 -4.00
Huizhou -0.14 -1.07 -1.34 -2.80
Jiangmen -0.38 -0.65 -1.08 -2.58
Macao -2.21 -2.17 -2.24 0.72
Shenzhen -0.77 -0.99 -1.35 -2.45
Zhaoging -1.15 -0.75 -1.13 -1.42
Zhongshan -0.37 -1.68 -1.38 -1.82
Zhuhai 0.25 -0.39 -1.82 -4.25

6.3.3 Flood-prone roads investigation

The roads in Shenzhen, Guangzhou, Zhuhai, Zhongshan, and Dongguan were
frequently mentioned in news articles (see Figure 6.15). Table 6.4 shows the top ten
roads with the most news articles in the GBA in the past seven years. There are 4 roads
and 3 roads located in Guangzhou and Shenzhen, respectively. The number of news
articles on the ten roads is 8217, accounting for more than 85% of the total news articles
on roads. These roads are the major roads of their cities, such as Shennan Avenue of
Shenzhen. These roads were of the greatest concern to news media, and the level of
these damaged roads may also be more severe in the surface water flood. Except for the
top ten roads, all others have been mentioned less than 100 times in the past seven years.
These roads were hardly affected by surface water flood and were operating normally

during the flood period.
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Figure 6.15 Word cloud of the mentioned road in the GBA

Shenzhen Shennan Avenue has the highest news media attention (4038), followed by
Shenzhen Jintian Road (1881) and Shenzhen Futian Road (613). Shennan Avenue is a
major thoroughfare and one of the most significant roads in the city of Shenzhen.
Shennan Avenue runs through the heart of Shenzhen and is often referred to as the city’s
‘central axis.” It serves as a key transportation artery, a commercial hub, and a symbol
of the city’s rapid development. Shennan Avenue is well-connected to transport
network in Shenzhen. It intersects with various major roads and highways, making it
easily accessible for both residents and visitors. Hence, surface water floods can have
significant impacts on Shennan Avenue, including disruptions in daily life, transport,
and business activities. It can be found that the top three roads with the highest news
media attention are located in Shenzhen. Notably, most sections of the three roads are
located in Futian District. Some sections of Shennan Avenue are located in Luohu and

Nanshan District.

Zhuhai Henggin Baohua Road has been mentioned 446 times, ranking fourth. Baohua
Road is a major road in the Henggin New Area, which is a special economic zone

located close to Macao. It has been developed as a hub for economic, tourism, and
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cultural activities. Baohua Road plays a significant role in connecting various parts of
Hengqin and facilitating transportation within the area. The following 4 roads are all
located in Guangzhou, i.e., Yuejiang West Road, Guangzhou Avenue, Yuejiang East
Road, and Yinhe North Road. Three of these four roads are located in Haizhu District,
and Yinhe North Road is located in Zengcheng District. In particular, Yuejiang West
Road is a prominent road that runs along the Pearl River and is known for its scenic

waterfront views and connectivity within the city.

Table 6.4 The top ten roads with the most news articles in the GBA

Rank  Road City District Frequency
1 Shennan Avenue Shenzhen Luohu district, Nanshan 4038
district, Futian district

2 Jintian Road Shenzhen Futian district 1881
3 Futian Road Shenzhen Futian district 613
4 Henggin Baohua Road Zhuhai Xiangzhou district 446
5 Yuejiang West Road Guangzhou  Haizhu district 382
6 Guangzhou Avenue Guangzhou  Haizhu district 226
7 Yuejiang East Road Guangzhou  Haizhu district 212
8 Yinhe North Road Guangzhou  Zengcheng district 174
9 Dongguan Dongcheng East Road Dongguan Dongguan 135
10 Zhongshan East Road Zhongshan  Zhongshan 110

The mentioned frequency of Dongguan Dongcheng East Road and Zhongshan East
Road is 135 and 110, respectively. Dongcheng East Road is situated in the Dongcheng
District, contributing to the accessibility and connectivity of the district. Given the
focus on manufacturing and economic development in Dongguan, Dongcheng East
Road might pass through or be near commercial areas, industrial zones, and business
districts. Zhongshan East Road is a major road within the city of Zhongshan, which
might pass through or be adjacent to commercial areas, business districts, shopping

centres, and other economic hubs.
6.4 Discussion

With the increasing exposure of road infrastructure to surface water floods, national
and local governments have emphasised the optimisation of the road network structure
to enhance disaster reduction capabilities (The State Council 2019b; The State Council
2016). Districts with high exposure, low to moderate disaster reduction capability, and

high road infrastructure vulnerability need to focus on increasing road density, such as
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Dongguan, Zengcheng District of Guangzhou, and Longmen County of Huizhou.
Increasing surface road density could enhance the accessibility of emergency rescue
services during surface water flood events in vulnerable districts. The results of this
study are consistent with current surface road planning. For example, the 14th Five-
Year Plan for Guangzhou Transportation mentions that increasing surface road density
is one of the critical objectives for the next five years (Guangzhou Municipal

Transportation Bureau, 2021).

Districts with low exposure, low disaster reduction capability, and moderate to high
road infrastructure vulnerability should focus on constructing high-grade roads and
bridges. Examples include S& Francisco de Xavier District of Macao, Huidong County
of Huizhou, and Guangning County of Zhaoging. Additionally, permeable pavements
(known as ‘Sponge Road’) should be integrated with increased standards for road
drainage systems in new road constructions (Guo et al., 2019; Li et al., 2021). For
instance, Dengliang Road in the central urban area of Shenzhen was the first ‘Sponge
Road’ constructed in 2017. Since its construction, road flooding has not occurred on

Dengliang Road (sznews.com 2018).

For districts with low exposure, high disaster reduction capability, and low road
infrastructure vulnerability, BGI is an efficient practice. These districts are primarily
found in Zhaoging, Guangzhou, Hong Kong, Macao, and Shenzhen, such as Duanzhou
District of Zhaoqing, Yuexiu District and Haizhu District of Guangzhou, Freguesia de
S. Louren District of Macao, and Nanshan District of Shenzhen. These districts are
typically located in the CBDs of cities. Improving the standards of drainage systems for
roads in these districts is challenging, as it would require extensive rebuilding of road
sections and retrofitting practices. For example, the local government needs to consider
the disruptions of existing infrastructure (e.g., water pipes, telecommunication cables,
etc.) when contemplating rebuilding sewer drainage systems, as seen in Beijing (Gong
etal., 2019). Additionally, there may be potential inconveniences to local communities

and increased costs associated with these disruptions (Pregnolato et al., 2017). Thus,
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raising the standards of road drainage systems for certain existing roads would result in
higher economic expenses compared to those caused by surface water floods (Koks et

al., 2019; Lu et al., 2022).

City authorities are increasingly turning to BGI as a solution to the economic challenge
of improving drainage system standards. BGI utilises water bodies and vegetation to
reduce surface runoff in urban areas (Li et al., 2021). For example, increasing the use
of green and blue-green spaces can boost urban stormwater intake by 30-40%.
Additionally, these green infrastructures can help restore the urban hydrological cycle
(Han et al., 2023). The construction of BGI in the GBA and other Chinese cities is a
common strategy to enhance resilience against surface water floods (Chan et al., 2018).
Bio-swales on roadsides are particularly crucial, as they can absorb sudden runoff from
intense rainstorms, reducing the pressure on urban drainage pipe networks. Previous
success stories in Nanning, Guangxi Province, have shown that implementing sponge
infrastructure can reduce urban stormwater runoff by about 45% due to the swales’
absorption capacity, which alleviates the pressure on urban drainage networks (Li et al.,

2019).

Integrating vulnerability and news media assessments can provide insights beyond road
infrastructure impacts, helping understand the effects on road transport activities. This
approach not only enhances the performance of the transport system but also stimulates
increased economic activity. The findings highlight an inverse relationship between
impact frequency and severity, indicating that even infrequent impacts can have highly
consequential outcomes. For example, while surface water floods may lead to few
traffic accidents, the consequences are often severe. Therefore, prioritising the
prevention of traffic accidents caused by surface water floods is crucial for all cities.
Furthermore, the results suggest tailored recommendations for specific cities. Huizhou,
Jiangmen, Shenzhen, and Zhuhai should focus on mitigating road traffic damage, while

Dongguan, Foshan, and Zhaoging would benefit more from addressing logistics
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transportation damage. Implementing these targeted strategies can significantly

enhance flood preparedness capabilities in these areas.
6.5 Summary

This chapter implemented the potential impact analysis outlined in Chapter 3 (see
Section 3.5). Both road infrastructure (i.e., direct tangible) and transport (i.e., indirect
tangible) impacts were assessed via vulnerability assessment and word frequency

analysis. In summary, the results showed that:

(a) Spatially, districts with sparse and high-grade roads are more physically vulnerable
to surface water floods. It was discovered that the road infrastructure vulnerabilities in
the western GBA districts are lower than in the central and eastern GBA districts.
Within a city, the low and very low road infrastructure vulnerability districts are

concentrated in the CBDs.

(b) The assessment results of road infrastructure vulnerability indicate that not all
districts with higher exposure correspond to higher road infrastructure vulnerability.
Some districts have high and very high disaster reduction capabilities, and thus, even
districts with high exposures may have low road infrastructure vulnerabilities. Some
districts have low and very low disaster reduction capabilities; thus, even districts with

low exposures may have moderate vulnerabilities.

(c) Surface water floods lead to few traffic accidents, but the damage is often extremely
serious. Surface water floods lead to frequent logistics disruption, but the damage is
often slightly serious. It can be observed that the lower the frequency of the damages,

the more serious the consequences they bring.

(d) From the perspective of the impact of information on cities, media attention on
transport issues is uneven among GBA cities, which is consistent with the results of
Chapter 4. Cities with dense populations and high economies have great pressure on
urban traffic, public transport, and logistics transport. Hence, surface water floods may
have more impacts on road transport in these cities.

169



Based on the key results of this chapter, implications for transport and flood managers
were discussed. It provided invaluable insights and policy directives for advancing
flood management within the road transport system. These recommendations span
various domains, including road design and planning and transport operations, all of

which enhance the overall resilience of the road transport system in the GBAs.

Finally, Chapter 7 draws overall conclusions from this study, outlining the main

achievements and considering the potential direction of future studies.
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Chapter 7: Discussion and conclusion

7.1 Introduction

Road transport networks are becoming increasingly vulnerable to adverse flood events
with rapid urbanisation and climate change. The inadequate performance of road
networks can cause significant disruptions to the urban system. It is crucial to prioritise
the development of flexible and adaptable strategies to effectively manage dynamic and
uncertain conditions. Based on a review of practical problems and existing academic
literature related to surface water flood and road transport, the following research

questions were defined:

How can flood management in the road transport system be enhanced via news media

data analytics?
The research also addresses the following sub-questions:

RQ (1): How to adopt the news media analysis for better flood preparedness and early

warning?

RQ (2): How useful is news media as a source for exploring government agency

collaboration for flood response and recovery?

RQ (3): How can potential flood impacts on the road transport system be assessed by

combining news media analytics and vulnerability assessment?

These questions have been explored through the integrated framework combining news
media data and conventional data through the above chapters of this thesis. To answer
these questions, the broader issues of surface water flood in road transport systems were
investigated, and the gaps in current scientific research were identified in Chapter 2.
An original integrated framework was developed to explore the adoption of news media
for flood management in road transport systems, as shown in Chapter 3. The framework
was applied to investigate news media activities related to surface water flood and
transport networks in Chapter 4. The government agency collaboration for flood
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response and recovery in the transport system was explored in Chapter 5. News media
analysis and vulnerability assessment were integrated to investigate the potential flood
impacts on road transport systems in Chapter 6. Moreover, Chapters 4-6 discussed the
recommendations for flood management in road transport systems based on analysis
results. Chapter 7 provides a concise summary of the research presented in this thesis,
emphasising its key accomplishments and innovative contributions. It also discusses
the main limitations encountered thus far and suggests potential directions for future

research.
7.2 Review of objectives and key findings
7.2.1 Current research progress and proposed framework

Objective (1): to review the current research progress on surface water flood and road
transport systems and propose an integrated framework, was achieved in Chapter 2 and
Chapter 3. In Chapter 2, publications on the surface water flood and road transport
systems were reviewed. Four limitations of existing literature were successfully
identified: (a) most of the previous studies focused on social media data analysis rather
than news media data analysis, (b) Limited understanding of how news media enhances
flood preparedness in the road transport system, (c) Few studies have conducted
network analysis to explore government agency engagement and collaboration during
flood events, and (d) Limited understanding of how to assess flood impacts on complex

transport networks by combining news media and vulnerability assessment.

This thesis tackles the identified problems by developing a unified framework, as
described in Chapter 3. The initial issue that guided this research was associated with
the increase in frequency and intensity of heavy rainfall in the context of climate change
and rapid urbanisation. Moreover, road transport networks are often damaged by heavy
rainfall-induced surface water floods. The proposed framework is coupled with the
major phases of flood management: ‘preparedness and early warning—response and
recovery—mitigation, risk and vulnerability modelling’. The method analysed the news

media activities related to the flood and transport networks and how to efficiently adopt
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news media for better preparedness and early warning. Then, government agency
collaboration for flood management in transport systems was explored based on the
network analysis, which can contribute to enhancing the performance of flood response
and recovery. Finally, potential flood impacts on road infrastructure and transport were
assessed, and recommendations for future road design and transport operations were

discussed.
7.2.2 Temporal and spatial pattern of news media activity

Objective (2): to investigate news media activities, including media attention and news
sentiment, related to surface water flood and transport networks, was achieved in
Chapter 4. According to the flood management cycle, Chapter 4 focused on the phase
of preparedness and early warning. An analysis of media attention and news sentiment
related to flood and transport networks was undertaken from a spatial and temporal

perspective. Key findings are as follows:

(a) Media attention is concentrated in densely populated and economically developed

cities of the GBA. As for the news sentiment, there is no such significant phenomenon.

(b) From the perspective of temporal evolution, there was a decrease in media attention
and an increase in news sentiment over the past seven years. The monthly distribution
of news articles mirrors that of rainfall, with concentrations typically occurring from

May to September during the wet season.

(c) Media attention on typhoon-induced floods was higher than that on non-typhoon
floods, even if they did not lead to severe consequences. As a consequence, low media
attention may lead to higher economic losses, especially in situations with higher

rainfall.

(d) Media attention on road transport damages displayed an inverted V-shaped pattern
during surface water flood events. A predominant observation is that most news articles

were published during the flood periods rather than preceding them.
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7.2.3 Government agency engagement and collaboration

Obijective (3): to explore government agency engagement and collaboration for flood
response and recovery, was achieved in Chapter 5. According to the flood management
cycle, Chapter 5 focused on the phase of response and recovery. It aims to explore the
government agency collaboration for flood management in the transport system. More
specifically, this chapter analyses the performance of government agency networks
using representative annual flood events from 2017 to 2021 as cases. Key findings are

as follows:

(a) The agencies with higher centrality were also more active. These agencies were the
key agencies involved in flood management in transport networks, with distinct

responsibilities to ensure an efficient response and recovery process.

(b) The government agency collaboration during typhoon-induced floods was closer
than during non-typhoon floods. Moreover, the more severe the flood, the closer the

collaboration will be.

(c) Agencies with regular connections may collaborate more easily, while it might be

difficult for unfamiliar agencies.
7.2.4 Potential flood impacts on road infrastructure and transport

Objective (4): to assess the potential impacts of surface water floods on road
infrastructure and transport, was achieved in Chapter 6. According to the flood
management cycle, Chapter 6 focused on the phase of mitigation, risk and vulnerability
modelling. It aims to address the identified issues to mitigate flood impacts in road
transport systems via integrating news media analysis and vulnerability assessment.

Key findings are as follows:

(a) Spatially, districts with sparse and high-grade roads are more physically vulnerable
to surface water floods. It was discovered that the road infrastructure vulnerabilities in

the western GBA districts are lower than in the central and eastern GBA districts.
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Within a city, the low and very low road infrastructure vulnerability districts are

concentrated in the CBDs.

(b) Some districts have high and very high disaster reduction capabilities, and thus,
even districts with high exposures may have low road infrastructure vulnerabilities.
Some districts have low and very low disaster reduction capabilities; thus, even districts

with low exposures may have moderate vulnerabilities.

(c) Surface water floods lead to few traffic accidents, but the damage is often extremely
serious. Surface water floods lead to frequent logistics disruption, but the damage is

often slightly severe.

(d) From the perspective of the impact of information on cities, media attention on
transport issues is uneven among GBA cities, which is consistent with the results of

Chapter 4.
7.3 Implications of this study
7.3.1 Theoretical contributions

This research contributes to the flood management theory in the road transport system
and proposes an integrated methodology for the adoption of news media analytics for
flood management. Based on the literature review in Chapter 2, previous studies have
primarily focused on social media data analysis due to the limited resources of news
media data collection. Since 2015, utilising advancements in digital media mining, a
promising technology with transformative potential in this domain has emerged: the
GKG of the GDELT project. Hence, this research expands the analysis model of news
media data and contributes to different phases of flood management via news media
analytics. This methodology is not only applicable to the GBA but also to other cities
in China and even the world. The following paragraphs present the theoretical

contributions in more detail.

Chapter 4 contributes to research related to the analysis of news media data for flood

preparedness. Previous studies focused on flood damages/hazards/characteristics
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through news media data analysis while neglecting the role of the news media itself.
News media is one of the most important channels to timely convey rainstorm
information, including the intensity, scope, and possible consequences of rainstorms.
Hence, the enthusiasm of news media may affect the dissemination of information and
response to floods. Chapter 4 conducted the analysis of news media activities (including
media attention and news sentiment) to explore the practical issues with existing news
media applications and how to utilise news media for better flood preparedness and
early warning. It can be found that this study sheds new light on the adoption of news

media analysis for flood preparedness and early warning.

Chapter 5 makes two important contributions to the research related to news media
analysis for flood response and recovery. Firstly, previous studies have largely focused
on conducting media data analysis to explore public response to flood events without
paying much attention to the actions of government agencies in response to floods. This
study provides the perspective and method for government network analysis via news
media data. Secondly, this study offers novel insights into the research on government
agency collaboration during flood response and recovery. Previous studies often
measure government agency networks through multiple sources of data, such as
interviews and questionnaires. These methods sometimes cannot objectively reflect the
real situation of agency engagement and collaboration. News media provides an
additional source of data to evaluate whether flood governance networks have operated

according to their designed policies and plans.

Chapter 6 contributes to the flood damage assessment by integrating news media
analytics and vulnerability assessment. This study confirms the utility of the
conventional method with news media data in flood damage investigations. Most
applied studies of the road transport impacts of flooding rely upon social media data.
The integrated method in this study can provide information that extends beyond road

infrastructure damages, providing an understanding of the effects on road transport
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activities at a large scale. Moreover, the proposed method can solve the challenges (e.g.,

subjective user-generated content, specific areas) of social media data.
7.3.2 Practical contributions

The GBA authorities have already worked under the umbrella of the cooperation
mechanism at the Guangdong Provincial level (that includes Hong Kong and Macao),
which has liaised with the climate change mitigations and adaptations (Chan, Yang, et
al., 2021). The governments of GBA cities have already focused heavily on enhancing
flood management. For example, the Guangzhou government has already enacted the
Guangzhou White Paper to improve flood protection (Guangzhou Water Bureau 2014).
In particular, increasing flood protection standards in central districts was a positive
approach. For example, areas besides the Pearl River should be equipped for a 1-in-

100-year return period.

However, GBA cities have experienced intensive rainstorms and enhanced floods
during the last five years, such as intensive rainstorms enhanced floods around the
Dragon Boat Festival, namely the ‘Dragon Boat Flood’ (Lu et al., 2022; Chan et al.,
2021b). Furthermore, flood events are expected to be more frequent with climate
change and impervious surface expansion (Chan et al., 2018; Wang et al., 2020). GBA
cities frequently face cyclonic effects on increasing intensive rainstorms, storm surges
and combined (compound flood hazards on rainfall and storm-surges and tidal effects)
flood hazards (Lai et al., 2021). Improving the current flood management plans
necessary to inter-connected and enact more resilient transport practices is urgent. This
research contributes to the flood management practices in the road transport system by

providing recommendations for city authorities.

Based on the key findings of news media activities related to flood and road transport
(see Chapter 4), this research recommended that city authorities should enhance
awareness of information disclosure during Dragon Boat Rain season. In other words,
media attention needs to be increased during Dragon Boat Rain season. Meanwhile,

city authorities should provide more information on the coming rainstorms to both the
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public and news organisations. More news articles should be released before the
flooding rather than only during the flooding. Moreover, the consequences of previous
floods, such as traffic disruption and car flooding, could be integrated with early

warning signals, which may enhance public awareness of flood preparation.

Based on the key findings of government agency engagement and collaboration (see
Chapter 5), this research recommended that more agencies with different functions need
to participate during non-typhoon floods. Given the intricate and unpredictable nature
of floods, city authorities should adopt a comprehensive approach and an inclusive
stance toward cooperation. They should also emphasise occasional yet critical
collaborations that significantly impact the overall flood management efforts.
Institutional designers should strive to optimise the system network’s structure and
establish mechanisms that ensure various departments, despite their differences,
collaborate effectively during extreme conditions. This proactive approach enhances
the efficiency of resource allocation, facilitating better response and management

strategies during flood events.

Based on the key findings of potential flood impacts on road infrastructure and transport
operation (see Chapter 6), this research recommended that the districts with high
exposure, low/moderate disaster reduction capability, and high physical vulnerability
need to focus on increasing road density. The districts with low exposure, low disaster
reduction capability, and moderate/high physical vulnerability need to focus on
constructing high-grade roads and bridges. As for the districts with low exposure, high
disaster reduction capability, and low physical vulnerability, BGI is an efficient practice.
As for transport operations, prioritising the prevention of traffic accidents caused by
surface water floods is essential for all cities. Furthermore, the results suggest tailored

recommendations for specific cities (see Section 6.4).
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7.4 Limitations and future studies
7.4.1 Limitations

Despite progress being made via this study, substantial limitations still require further

research.

Chapter 4 investigated the temporal and spatial patterns of news media activity related
to surface water flood and road transport. Moreover, the relationship between rainfall
intensity and news media activity has been explored based on the information on
specific flood events. However, owing to the lack of data such as real transport damage
data, the action mechanism of news media activity on road and transport damage is
vague and uncertain in this study. In other words, it is still unclear whether the level of
news media activity has an impact on the consequences of surface water floods. For
example, does more news media coverage before floods effectively reduce road
transport losses? The unclear relationship between flooding intensity and duration and

the slope of the V-shaped line also a significant limitation of this studies.

As for the network analysis, Chapter 5 only focused on government agency engagement
and collaboration. Notably, non-government organisations (NGOs) complement the
efforts of government agencies in responding to floods and helping communities
recover from their impacts. NGOs also raise public awareness about the importance of
flood preparedness. According to the data quality assessment, the quality of NGO
information in the GDELT project is not as good as that of government agencies. It is
challenging to extract NGOs from massive organisations in the GDELT project.

Regrettably, NGO network analysis was not conducted in this thesis.

Additionally, Chapter 6 analysed the potential flood impacts on road infrastructure and
transport via news media analytics and vulnerability assessment. However, this
research concentrated on the macroscopical analysis, and the results only reflected the
flood impacts on road transport systems (i.e., direct tangible impacts and indirect

tangible impacts). The understanding of transport damage impacts on the entire urban
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system was still limited, such as how transport disruptions affect socio-economic
activities. Such kind of analysis requires more data (e.qg., traffic flow data) and models

(e.g., hydrologic model and traffic model).

Therefore, this PhD thesis discussed only the beginning of the application of news
media analytics for flood management in the road transport system. Whereas some
limitations exist, this study clearly illustrates that the adoption of news media data

provided insights into flood management in the road transport system.
7.4.2 Future studies

There are various potential directions for future work identified from the research
detailed in this thesis. Here, this section provides a list of possible future research as

follows:

Firstly, more efforts can be made to collect real damage data, such as accurate transport
damage data, via data sharing with transport departments, questionnaires, and
interviews. For example, transport departments can share data on road closures,
infrastructure damage, and traffic disruptions caused by floods. They can also provide
information on the cost of repairs and the duration of disruptions. Additionally, surveys
and interviews can be conducted with transport users and stakeholders to gather
information on the impact of floods on transport services and infrastructure. If such real
data records are unavailable, developing image identification methods can explore the
flood damage from images or videos on social media platforms or news media websites.
Algorithms that can analyse images and videos can be developed to identify flooded
areas, damaged roads, and stranded vehicles. These methods can help gather data on

the extent and severity of flood damage when real data is lacking.

Based on the damage data, the correlation analysis between news media activity and
transport damage can answer whether news media activity can affect the consequences
of flood on transport and how news media activity can reduce the damage. For instance,

the study can analyse news coverage before, during, and after flood events to determine
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if increased media attention leads to better preparedness and response measures,
ultimately reducing transport damage. They can also examine how specific media
campaigns or messages influence public behaviour and decision-making during floods,

which can help identify effective strategies for reducing damage.

Secondly, a list of NGOs involved in flood management should be compiled to extract
NGO information from news media data. For example, a database of NGOs that are
active in flood management can be created as a reference for extracting NGO
information from news articles. Text mining algorithms can be developed to improve
the accuracy of NGO information extraction. These algorithms can be trained on a
dataset of news articles and NGO information to learn patterns and keywords associated
with NGOs. If there is a shortage of NGO information from news articles, social media
data (e.g., Weibo, Twitter) can be used as a supplement. For instance, future studies can
collect tweets or posts related to floods and extract information about NGOs mentioned
in these posts. Then, network analysis can be conducted to explore the engagement and
collaboration among NGOs or between government agencies and NGOs. The network
analysis may reveal gaps in collaboration or areas where coordination can be improved.
This information can be used to develop strategies for strengthening partnerships
between NGOs and government agencies, ultimately improving the effectiveness of
flood management efforts. Additionally, by understanding the network of organisations
involved in flood management, local communities can better prepare for future floods

and respond more effectively when they occur.

Finally, simulation models, such as the hydrodynamic model and traffic model, can be
combined with news media data to investigate intangible impacts of surface water flood
on road transport systems. Hydrodynamic models can be used to simulate the extent
and depth of flooding on roads, considering factors such as rainfall intensity and
topography. Traffic models can then be used to simulate how the flooding affects traffic
flow and travel times on affected roads. Additionally, social-economic data, such as

GDP per capita, can be integrated to explore socio-economic sensitivity caused by
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transport damage from surface water floods. Incorporating this data into simulation
models can offer a more holistic insight into how surface water floods affect road

transport systems and help identify strategies for reducing their socio-economic impact.

Moreover, the impacts analysis could consider different scenarios to predict future
long-term flood impacts on road transport. For example, future studies could develop
scenarios based on projected changes in climate and land use to assess how these factors
might affect the frequency and severity of surface water floods and their impacts on
road transport systems. Scenarios related to infrastructure development and
maintenance could also be considered to evaluate how investments in road
infrastructure could mitigate the impacts of floods. By analysing these scenarios,
potential future challenges and opportunities can be identified for road transport
systems in the face of surface water floods. This information can help policymakers
and planners develop strategies to enhance the resilience of road transport systems and

reduce their vulnerability to floods.
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Abbreviations

ABC: Active Beautiful and Clean

AHP: Analytic Hierarchy Process

AR: Rainfall amount

BGI: Blue-green infrastructures

BMPs: Best Management Practices

CBDs: Central Business District

ClI: Critical Infrastructure

CRITIC: Criteria Importance Though Intercrieria Correlation
DPSEEA: Driving Force-Pressure-State-Exposure-Effect-Action
DPSIR: Driving Force-Pressure-State-Impact-Response

DSR: Driving Force-State-Response

EWM: Entropy Weighting Method

GBA: Guangdong-Hong Kong-Macao Greater Bay Area
GDELT: Global Database of Events, Language and Tone
GDP: Gross Domestic Product

GKG: Global Knowledge Graph

LID: Low Impact Development

MEM: Ministry of Emergency Management

MHURD: Ministry of Housing and Urban-Rural Development

MOF: Ministry of Finance
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MOT: Ministry of Transport
MWR: Ministry of Water Resources
NBS: Nature-Based Solutions

NGO: Non-government Organisation

OECD: Organisation for Economic Cooperation and Development

OSM: OpenStreetMap

PRD: Pearl River Delta

PSR: Pressure-State-Response

RAA: Road anti-disaster ability

RBD: Road bridge density

RCD: Road culvert density

SARs: Special Administrative Regions
SAW: Simple additive weighting

SCP: Sponge City Program

SNA: Social Network Analysis

SPRC: Source-Pathway-Receptor-Consequence
SRD: Surface road density

SRV: Surface road value

SuDs: Sustainable Drainage Systems

TF: Term Frequency

TOPSIS: Technique for Order Preference by Similarity to Ideal Solution

WSUD: Water Sensitive Urban Design
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Appendices

Appendix 1 Sample data of news media data from the GDELT project
Here is a data record of the GDELT database:

1,2015/2/22,245,-2.49500998,

, TAX_DISEASE_TINNITUS, 7184, TAX_FNCACT_PROFESSOR,5293; TAX_F
NCACT_PROFESSOR,8124;TAX_FNCACT_PROFESSOR,9053;TAX_FNCACT_
DIRECTOR,4449; TAX_FNCACT_DIRECTOR,6905;RETIREMENT,8501;MEDIA
_MSM,4484,;MEDIA_MSM,4852; TAX_FNCACT_REPORTER,4484, TAX_FNCAC
T_REPORTER,4852;TAX_FNCACT_CHILD, 7805, TAX_FNCACT_CHILD,7836;T
AX_DISEASE_HEPATITIS,6183;HEALTH_SEXTRANSDISEASE,6183;SOC_POI
NTSOFINTEREST_HOSPITAL,4807,SOC_POINTSOFINTEREST_HOSPITAL,50
99;SOC_POINTSOFINTEREST_HOSPITAL,6875;SOC_POINTSOFINTEREST_H
OSPITAL,11739;TAX_DISEASE_CANCER,7255;TAX_DISEASE_CANCER,7342
; TAX_DISEASE_CANCER,7354;NEGOTIATIONS,9126; TAX_DISEASE_POISO
NING,4627; TAX_DISEASE_POISONING,6047; TAX_WORLDMAMMALS_LION
,5542; TAX_FNCACT_CITIZEN,8516; TAX_DISEASE_AMBLYOPIA,6980;ECON
_DEVELOPMENTORGS_WORLD_HEALTH_ORGANISATION,1244;ECON_DE
VELOPMENTORGS_WORLD_HEALTH_ORGANISATION,10917;ECON_DEVE
LOPMENTORGS_WORLD_HEALTH_ORGANISATION,11017; TAX_AIDGROU
PS,1244; TAX_AIDGROUPS,10917; TAX_AIDGROUPS,11017,GENERAL_HEAL
TH,1198,GENERAL_HEALTH,1231;GENERAL_HEALTH,1289;GENERAL_HEA

LTH,1602,GENERAL_HEALTH,4408,GENERAL_HEALTH,5214,GENERAL_HE
ALTH,5399;GENERAL_HEALTH,7427,GENERAL_HEALTH,7979;,GENERAL_H
EALTH,8012;GENERAL_HEALTH,10815;GENERAL_HEALTH,10874,GENERA
L_HEALTH,10904,GENERAL_HEALTH,11004;,MEDICAL,1198;MEDICAL,1231;
MEDICAL,1289;MEDICAL,1602;MEDICAL,4408,;MEDICAL,5214;MEDICAL,53
99;MEDICAL,7427,MEDICAL,7979;MEDICAL,8012;MEDICAL,10815;MEDICA

L,10874,MEDICAL,10904;MEDICAL,11004;NATURAL_DISASTER_FLOODED,
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10423;TAX_FNCACT_HERO,8708;GEN_HOLIDAY,787,GEN_HOLIDAY,3048;T
AX_FNCACT_PHYSICIAN,4838;TAX_FNCACT_CHAIRMAN,5277,EDUCATIO
N,4794,EDUCATION,6518;EDUCATION,9019;SOC_POINTSOFINTEREST_UNI
VERSITY,4794,SOC_POINTSOFINTEREST_UNIVERSITY,6518;SOC_POINTSO
FINTEREST_UNIVERSITY,9019;TAX_FOODSTAPLES_BREAD,11410;NATUR
AL_DISASTER_FLOOD,5283;NATURAL_DISASTER_FLOOD,5680;NATURAL
_DISASTER_FLOOD,5825;NATURAL_DISASTER_FLOOD,7290;NATURAL_DI
SASTER_FLOOD,9169;NATURAL_DISASTER_FLOOD,10448;NATURAL_DIS
ASTER_FLOOD,10514;NATURAL_DISASTER_EROSION,6393; TAX_DISEASE
_ULCERS,6385;MANMADE_DISASTER_IMPLIED,4556;MANMADE_DISASTE
R_IMPLIED,4693;PUBLIC_TRANSPORT,4556;PUBLIC_TRANSPORT,4693;TA
X_ETHNICITY_CHINESE,708; TAX_ETHNICITY_CHINESE,770; TAX_ETHNICI
TY_CHINESE,2794; TAX_ETHNICITY_CHINESE,2967;TAX_ETHNICITY_CHIN
ESE,3031;TAX_ETHNICITY_CHINESE,3955;TAX_ETHNICITY_CHINESE,4494;
TAX_ETHNICITY_CHINESE,4869; TAX_WORLDLANGUAGES_CHINESE,708;
TAX_WORLDLANGUAGES_CHINESE,770;TAX_WORLDLANGUAGES_CHIN
ESE,2794; TAX_WORLDLANGUAGES_CHINESE,2967, TAX_WORLDLANGUA
GES_CHINESE,3031;TAX_WORLDLANGUAGES_CHINESE,3955;TAX_WORL
DLANGUAGES_CHINESE,4494, TAX_WORLDLANGUAGES_CHINESE,4869;T
AX_FNCACT_GENTLEMAN,5363;’,’5#Inner Mongolia, Nei Mongol,
China#EG#CH20#13198#44#112#-1920094#9586;4#Shenzhen, Guangdong,
China#EG#CH30#13036#22.2#111.117#-1925267#4056;4#Shenzhen,  Guangdong,
CH30#13046#23.872#116.409#10074125#8213;1#Germany#EG#GM##51#9#GM#6
502;4#Hubei, Guangdong,
China#EG#CH30#13047#23.2656#116.054#10073728#482;4#Hubei,  Guangdong,
China#EG#CH30#13047#23.2656#116.054#10073728#2219;1#United
States#EG#HUS#H#38#-
97#US#5865;1#Chinese#EG#CH##35#105#CH#708;1#Chinese#EG#CH##35#105#
CH#770;1#Chinese#EGH#CH##35#105#CH#2794;1#Chinese#EG#CH##35#105#CH
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#2967;1#Chinese#EG#CH##35#105#CH#3031; 1#Chinese#EG#CH##35#105#CH#3
955;1#Chinese#EG#CH##35#105#CH#4494;1#Chinese#EG#CH##35#105#CH#486
9;1#Vietnam#EG#VM##16#106#VM#10986;4#Peking, Beijing,
China#EG#CH22#13001#39.9289#116.388#-

1898541#4776;1#China#EGH#CH##35#105#CH#278; 1#China#EG#CH##35#105#CH
#489;1#China#EG#CH##35#105#CH#603; 1#China#EG#CH##35#105#CH#1068; 1#
China#EG#CH##35#105#CH#2035;1#China#EG#CH##35#105#CH#2226;1#China#
EG#CH##35#105#CH#3668;1#China#EG#CH##35#105#CH#4063;1#China#EG#C
H##35#105#CH#4147; 1#China#EG#CH##35#105#CH#4662; 1#China#EG#CH##35
#105#CH#4783;1#China#EGH#CH##35#105#CH#5195;1#China#EG#CH##35#105#
CH#8086;1#China#EG#CH##35#105#CH#8144; 1#China#EG#CH##35#105#CH#82
20; 1#China#EG#CH##35#105#CH#8882; 1#China#EG#CH##35#105#CH#9593;1#C
hina#EG#CH##35#105#CH#9785; 1#China#EG#CH##35#105#CH#10673’,”Departm
ent Of Commerce,3810;Center Center,4440;Shanghai Fudan University Department Of
Sociology  Professor,9053;World  Health  Organisation,1244;World  Health
Organisation,10917;World Health Organisation,11017;Germany Hyde University
Medicine,6527;United  States,5865’,’Shandong  Habitat,42;Shandong  Channel
Phoenix,101;Shandong Habitat,147; New Year,3974;Chinese New Year,4107;Center
Center,4579;Chinese New Year,4644;Chinese New Year,5009;New Year,5075;United
States,6008;Germany Hyde University Medicine,6676;Beijing Military General
Hospital,7032;Zhou Rong Bin,7076;South China Normal Psychology Associate
Professor,8292;Shanghai Fudan University Department,9196;Sociology
Professor,9219;Features North,9700;Inner Mongolia,9757;West Country,9910;Zhao
Light,10692;World Health Organisation,11195’
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Appendix 2 Government-related word list

Government-related word list I: the words related to government organisation include
Department, Ministry, Administration, Agency, Bureau, Army, Committee, Authority,

Commission, Office, Police, Hospital.

Government-related word list I1: the word related to government agency category
include Agriculture, Farm, Fisheries, Animal Husbandry, Audit, Home Affairs, Civil
Affairs, Trade, Commerce, Business, Culture, Cultural, Tourism, Customs, Armed
Forces Department, China Military Commission, Defense, People’s Liberation Army,
Development, Reform, Education, Disaster Reduction, Emergency, Sanitation,
Environmental Protection, Environment, Finance, Economy, Economic, Revenue, Tax,
Foreign, Health, Hospital, International Committee A Red Cross, Drug, Housing,
Buildings, Construction, Urban Management, City management, City Administration,
Human, Labour, Personnel, Family Planning, Industry, Industrial, Information, Justice,
Regulations, Legislative, Meteorology, Weather, Meteorological, Planning, Land
Resources, Land, Ocean, Oceanic, Sea, Forest, Forestry, Power Supply, Public Security,
Police, Fire, Science, Statistics, Transportation, Traffic, Transport, Port, Water,

Irrigation, Hydrological, Drainage, River, Lake.
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Appendix 3 Results of government agency frequency

Appendix Table 1 Government agency frequency in the 2017 flood

Agency Frequency
Information 213
Public Security 153
Meteorology 152
Transportation 122
People’s Liberation Army 120
Finance 81
Natural Resources and Planning 69
Agriculture and Rural Affairs 62
Commerce 54
Urban Management 45
Police 36
Education 35
Regulation 34
Health 33
Ocean 33
Defense 27
Justice 26
Animal Husbandry 25
Water Resources 22
Economy 21
Ecology and Environment 20
Hospital 20
Construction 19
Audit 18
Development and Reform 17
Housing 16
River and Lake 16
Civil Affair 14
Forestry 14
Port 14
Culture and Tourism 12
Emergency Management 9
Foreign Affairs 9
Power Supply 9
Fire Brigade 8
Customs 6
Human Resources 6
Armed Forces Department 5
Industry 5
International Committee A Red Cross 4
Legislative 3
Medical Products 3
Revenue 3
Buildings Department 2
China Military Commission 2
Disaster Reduction 2
Science and Technology 2
Family Planning 1
Statistics 1
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Appendix Table 2 Government agency frequency in the 2018 flood

Agency Frequency
Police 646
Meteorology 567
Public Security 206
People’s Liberation Army 140
Transportation 121
Commerce 107
Defense 107
Power Supply 58
Education 49
Health 47
Culture and Tourism 41
Natural Resources and Planning 38
Ecology and Environment 33
Agriculture and Rural Affairs 32
Ocean 30
Finance 28
Civil Affair 24
Construction 23
Hospital 23
Revenue 23
Water Resources 17
Fire Brigade 14
Economy 13
Urban management 13
Justice 12
River and Lake 12
Armed Forces Department 11
Foreign Affairs 10
Forestry 8
Industry 8
Customs 5
Housing 5
Human Resources 5
Medical Products 5
Legislative 4
Port 4
Emergency Management 3
Statistics 3
Disaster Reduction 2
Audit 1
Buildings Department 1
Development and Reform 1
International Committee A Red Cross 1
Regulation 1
Trade 1

Appendix Table 3 Government agency frequency in the 2019 flood

Agency Frequency
Commerce 65
Public Security 59
Culture and Tourism 49
Transportation 28
Natural Resources and Planning 22
Finance 21
Construction 19
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Agency

Frequency

Forestry

Ecology and Environment
Education

Audit

Health

Meteorology

Finance

Defense

Justice

Revenue

Agriculture and Rural Affairs
Industry

Customs

Power Supply

Human resources

Hospital

Housing

Urban management

Fire Brigade

River and Lake

Ocean

Armed Forces Department
People’s Liberation Army
Development and Reform
Public Security

China Military Commission

19
18
16
15
14
11

(o]

PRPRPRPNNNOOWOWEDDNDNCIU OO

Appendix Table 4 Government agency frequency in the 2020 flood

Agency Frequency
Meteorology 63
Public Security 47
Transportation 33
Finance 27
Ecology and Environment 26
Construction 24
Education 24
Customs 21
Audit 20
Commerce 18
Natural Resources and Planning 15
Health 12
People’s Liberation Army 10
Housing 9
Fire Brigade 8
Regulation 7
Forestry 6
Development and Reform 5
Finance 5
Defense 4
River and Lake 4
Justice 4
Agriculture and Rural Affairs 4
Industry 4
Water Resources 4
Human Resources 4
Foreign Affairs 4
Port 3
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Agency

Frequency

Culture and Tourism
Public Security

Statistics

Revenue

Urban management
Armed Forces Department
Power Supply

Civil Affairs

P NDNMNNNDNDNDWW

Appendix Table 5 Government agency frequency in the 2021 flood

Agency Frequency
Finance 143
Commerce 62
Public Security 54
Defense 39
Transportation 30
Meteorology 21
Natural Resources and Planning 18
Education 18
Finance 13
Construction 13
Industry 12
Development and Reform 11
Justice 11
Human Resources 10
Culture and Tourism 8
Audit 8
Health 8
Agriculture and Rural Affairs 7
Housing 6
Ecology and Environment 6
Customs 4
Regulation 4
People’s Liberation Army 4
Hospital 3
River and Lake 3
Foreign Affairs 2
Power Supply 2
Ocean 1
Forestry 1
Armed Forces Department 1
Fire Brigade 1
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Appendix 4 Results of network centrality

Appendix Table 6 The top ten agencies in terms of degree centrality, betweenness centrality, and
closeness centrality during the five floods

Year Agency Degree Agency Betweenness  Agency Closeness
centrality centrality centrality
2017 Finance 36 Finance 133.84 Finance 0.79
Public Security 36 Public Security 91.96 Public Security 0.79
Commerce 33 Meteorology 76.97 Commerce 0.75
Natural Natural
Resources and 33 Hospital 68.37 Resources and 0.75
Planning Planning
Agriculture
Transportation 32 and Rural 66.67 Transportation  0.74
Affairs
Agriculture Agriculture
and Rural 29 Commerce 61.26 and Rural 0.71
Affairs Affairs
Natural
Construction 29 Resources and 56.44 Construction 0.71
Planning
Meteorology 29 Transportation  53.61 Meteorology 0.71
Housing 27 Health 39.88 Housing 0.68
Ecology —and g Housing 26.51 Ecology ~and
Environment Environment
2018 Public Security 25 Public Security 150.96 Public Security 0.70
Education 21 Meteorology 102.74 Education 0.64
Health 21 Health 85.69 Health 0.64
Natural 20 Finance 76.44 Meteorology 0.64
Resources and
Planning
Meteorology 19 Transportation  75.79 Natural 0.63
Resources and
Planning
Transportation 18 Education 68.74 Transportation  0.62
Commerce 17 Commerce 46.27 Commerce 0.61
Finance 17 Disaster 38.00 Finance 0.61
Reduction
Construction 16 Natural 35.11 Construction 0.60
Resources and
Planning
Ocean 16 Culture and 32.84 Ocean 0.59
Tourism
2019 Public Security 14 Public Security 62.42 Industry 1
Commerce 12 Ecology and 35.22 People’s 1
Environment Liberation
Army
Ecology and 10 Commerce 29.08 Public Security 0.70
Environment
Finance 9 Defense 21.83 Commerce 0.66
Natural 9 Education 19.47 Ecology and 0.63
Resources and Environment
Planning
Education 8 Transportation  18.00 Finance 0.59
Forestry 8 Finance 15.33 Natural 0.56
Resources and
Planning
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2020

2021

Transportation

Construction
Customs
Finance
Transportation
Education
Natural
Resources and
Planning
Public Security

Construction
Forestry
Health
Housing
Justice

Finance

Public Security
Justice
Commerce
Meteorology
Education
Defense
Construction
Natural
Resources and
Planning
Foreign Affairs

6

5

21
17
16
15

14

14
13
12
12
11
19
15
13
13
11
11
10

Natural
Resources and
Planning

Audit

Forestry
Finance
Meteorology
Construction
Natural
Resources and
Planning
Education

Transportation
Public Security
Housing
Health
Customs
Finance
Justice
Transportation
Public Security
Commerce
Education
Meteorology
Construction
Natural
Resources and
Planning
Defense

6.20

1.28
1.17
97.96
49.25
33.38
32.38

27.83

21.57
18.23
8.38

6.73

5.10

63.44
60.13
51.15
49.93
38.21
29.26
25.52
19.46
13.40

12.42

Education

Forestry
Customs
Finance
Education
Transportation
Construction

Natural
Resources and
Planning
Public Security
Health
Housing
Forestry
Justice

Finance

Public Security
Justice
Commerce
Meteorology
Education
Construction
Foreign Affairs
Natural
Resources and
Planning
Defense

0.56

0.54
0.53
0.81
0.69
0.68
0.66

0.64

0.63
0.63
0.63
0.61
0.61
0.70
0.67
0.63
0.60
0.60
0.58
0.58
0.57
0.55

0.54
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Appendix 5 Quantitative results of vulnerability

Appendix Table 7 The results of exposure, disaster reduction capability, and vulnerability

District Exposure  Disaster reduction capability Vulnerability
Dongguan District 0.744295  0.217412 0.397249
Southern District 0.569184  0.114144 0.376884
Zengcheng District 0.548067  0.300237 0.24776
Saint Francis parish 0.277865  0.014077 0.244898
Longmen District 0.600179  0.358104 0.241021
Central and Western District 0.571981  0.357057 0.230198
Sai Kung District 0.354957  0.126581 0.228669
Huangpu District 0.460214  0.257563 0.226652
Wan Chai District 0.558722  0.356445 0.225148
Eastern District 0.571411  0.375001 0.221494
Wong Tai Sin District 0.614381  0.421037 0.215725
Xiangzhou District 0.383842  0.1989 0.212655
Baiyun District 0.534437  0.364407 0.211818
Nanhai District 0.417099  0.258831 0.204898
Boluo District 0.441844  0.287953 0.204745
Jinwan District 0.356783  0.182796 0.204241
Shunde District 0.408143  0.259326 0.2003
Zhongshan District 0.341982  0.184174 0.195219
Dapeng District 0.331915  0.170261 0.194957
Huadu District 0.403787  0.282712 0.189091
Shatian District 0.58508 0.462373 0.187237
Guantang District 0.572722  0.458891 0.184752
Conghua District 0.452962  0.366308 0.178814
Enping District 0.431955  0.355502 0.174406
Doumen District 0.353608  0.264559 0.171729
Sanshui District 0.336951  0.252255 0.167717
Tai Po District 0.336303  0.254288 0.166716
Panyu District 0.297951  0.20112 0.164331
Huaiji District 0.322152  0.25751 0.158675
Kowloon City District 0.517994  0.481714 0.158477
Yantian District 0.369091  0.334203 0.155719
Sihui District 0.336335  0.291384 0.154782
Taishan District 0.331569  0.288874 0.153361
Cotai District 0.279276  0.214176 0.150029
Freguesia de Santo Ant&io 0.277975  0.216739 0.148563
Pengjiang District 0.292788  0.244945 0.147882
Longgang District 0.321663  0.29459 0.147077
Chancheng District 0.29135 0.252365 0.144987
Sham Shui Po District 0.524744  0.527912 0.143478
Liwan District 0.349335  0.354958 0.141207
Our Lady Of Carmel’s Parish 0.279748  0.253822 0.138809
Tsuen Wan District 0.43965 0.482413 0.134287
Huiyang District 0.29066 0.307139 0.129576
Jianghai District 0.26491 0.27815 0.125197
Yuen Long District 0.27596 0.300269 0.124743
Gaoming District 0.27676 0.3103 0.122592
Kwai Tsing District 0.58329 0.631759 0.119672
Tianhe District 0.360568  0.467285 0.11409
Deqing District 0.221622  0.240202 0.113004
Longhua District 0.220195  0.240754 0.112152
Luohu District 0.248235  0.316786 0.108519
Northern District 0.235402  0.29647 0.107228
Huidong District 0.182021  0.171758 0.106585
Pingshan District 0.193537  0.21232 0.104358
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District Exposure  Disaster reduction capability Vulnerability
Futian District 0.233531  0.316297 0.102193
Baoan District 0.206569  0.267592 0.099712
Our Lady Fatima Parish 0.279537  0.419618 0.098459
Huicheng District 0.216593  0.298972 0.098164
Nansha District 0.222976  0.323011 0.09625
Kaiping District 0.180712  0.246851 0.090927
SéFreguesias 0.279307  0.475874 0.086631
Heshan District 0.198921  0.33423 0.083919
Fengkai District 0.196436  0.335691 0.082623
Xinhui District 0.157872  0.241822 0.080238
Guangning District 0.130961  0.158889 0.078759
St. Lazarus Parish 0.278146  0.521021 0.077375
Tuen Mun District 0.176106  0.325609 0.075616
Freguesiade S Louren@ 0.278424  0.533753 0.075012
Guangming District 0.165761  0.301188 0.07479
Island District 0.151726  0.345857 0.062497
Nanshan District 0.120062  0.250135 0.060015
Yuexiu District 0.150624  0.429045 0.051963
Haizhu District 0.130766  0.403613 0.04769
Yau Tsim Mong District 0.507003  0.824012 0.046771
Gaoyao District 0.08955 0.336158 0.03763
Dinghu District 0.038932  0.262776 0.018975
Duanzhou District 0.019239  0.166574 0.011387
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Appendix 6 Python programme examples

Appendix Table 8 Examples for data collection

Data collection
#!/usr/bin/env python
# coding: utf-8

# In[1]:

import csv
import gzip
import os

# Define the file path, csv and output file
file_dir=r’C:/Users/gkg_record/’
csvtitle=‘data-1677052626680’

# Define the folder containing the zip files
folder = file_dir + ‘gkg_csv’

csvl _filename = file_dir + csvtitle + “.csv’
folder_filename = file_dir + folder + “.csv.gz’
output_filename = file_dir + “test.csv’

# Set the field size limit manually to 2°31-1
csv.field_size limit(2147483647)

# Read in the data from csv1
csvl data = {}
with open(csvl_filename, ‘r’, encoding=‘GB2312") as csv1_file:
csvl_reader = csv.reader(csvl_file)
next(csvl_reader) # skip header row
for row in csvl_reader:
csvl_data[row[0]] = row[1:]

# Write the matching data to output csv file
with open(output_filename, ‘w’, encoding=‘utf-8’, newline=**) as output_file:
output_writer = csv.writer(output_file)
output_writer.writerow([‘date’, ‘time’, ‘tone’, ‘lat’, ‘log’, ‘city’, ‘Documentldentifier’, ‘V2Counts’,
‘V2Tone’, ‘V2Themes’, ‘V2Locations’, ‘V2Persons’, ‘V20rganisations’,” AlINames’])
for filename in os.listdir(folder):
if filename.endswith(.csv.gz’):
zip_file_path = os.path.join(folder, filename)
with gzip.open(zip_file_path, ‘rt’, encoding=°utf-8”) as csv2_file:
csv2_reader = csv.reader(csv2_file)
next(csv2_reader) # skip header row
for row in csv2_reader:
if row[0] in csvl_data:
output_writer.writerow(csvl_data[row[0]] + row[1:])

#In[]:

Appendix Table 9 Examples for word frequency analysis
Data processing 1
import numpy as np
import pandas as pd
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import warnings
warnings.filterwarnings(‘ignore’)
# In[2]:

# Load the dataset into a pandas DataFrame
df = pd.read_csv(r’C:\Users\ /allname_zhuhai.csv’)

# Convert the date column to datetime format
df.head()
# In[27]:

# Split the V2Themes column into separate rows
df3 =
df.assign(AllNames=df.AlINames.str.split(‘;")).explode(‘ AlINames’).reset_index(drop=True)

# Extract the name and offset values into separate columns
df3[[‘allnames’, ‘Offset’]] = df3.AllNames.str.split(‘,”, expand=True)

# Drop the original AlINames column
df3 = df3.drop(columns=°AlINames”)
df3 = df3.drop(columns=‘Offset’)

# Drop rows with NaN values in Themes column
df3.dropna(subset=[‘allnames’], inplace=True)
df3 = df3[df3[‘allnames’] = ‘]

df3.head(35)
df3.to_csv(r’C:\Users\ /keywords_zhuhai.csv’)

Data processing 2

import pandas as pd
data = pd.read_csv(r’C:\Users\ \theme/theme_s2.csv’)
# del,

# del data[:’]
first_column = data.columns[0]

data = data.drop([first_column], axis=1)

data.to_csv(r’C:\Users\ \theme/theme_s3.csv’,encoding="‘utf-8’,index=0)

Word frequency counting

# encoding:utf-8
__author__ =‘admin’
__date =°2023/4/6°

def get_word(filePath):

X33

csv
:param filePath: csv
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:return word_list:
# utf-8-sig \ufeff
UTF-16
with open(filePath, ‘r’, encoding=°utf-8-sig’) as f:
text = f.read()
word_list = text.split(‘\n’) # \n’
word_list.remove(‘‘) #
return word_list

, windows BOM,

def str2csv(filePath, s):

X33

csv

:param filePath: csv

:param s: ( )

with open(filePath, ‘w’, encoding=°utf-8) as f:
f.write(s)

print(‘ , *+filePath+’ ")

def sortDictValue(dict, is_reverse):

X33

value
:param dict:
:param is_reverse:
‘return s: csv
# Jitems() key
Jitem[1] reverse

tups = sorted(dict.items(), key=lambda item: item[1], reverse=is_reverse)
S - (X3

for tup in tups: # csv
s=s+tup[0] + ¢, + str(tup[1]) + ‘\n’
return s

def build_matrix(word_list, is_reverse):

X33

:param word_list:
‘param is_reverse:

:return node_str: ( Ccsv )
node_dict={} # , + ( )
# 1 ,
for row_word in word_list:
row_word_list = row_word.split(‘,”) # :
# 2 ,
for index, pre_au in enumerate(row_word_list): # enumerate()
#

if pre_au not in node_dict:
node_dict[pre_au] =1
else:
node_dict[pre_au] += 1
# value

index
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node_str = sortDictValue(node_dict, is_reverse) #
return node_str

if _name__==°_main__":
readfilePath = r’C:\Users\ \theme\ \ \2015.csv’
writefilePathl = r’C:\Users\ \theme\ \ \2015n.csv’
# csv
word_list = get_word(readfilePath)
# , ( ),
node_str = build_matrix(word_list, is_reverse=True)
# csv

str2csv(writefilePathl, node_str)

Appendix Table 10 Examples of co-occurrence analysis

Data processing 1

#!/usr/bin/env python
# coding: utf-8

# In[1]:

import re
import pandas as pd

# Load the whole dataset into a pandas DataFrame( dataframe)
df = pd.read_csv(r’C:\Users\ \1025 \2017-o0rg.csv’)

# define a function to process each row

def process_themes(row):
# split the V2Themes string by semicolon
themes_str = row[ ‘theme’]
themes_list = themes_str.split(‘;”)

# create a set to keep track of unique themes
unique_themes = set()

# iterate through each theme and extract the theme name
cleaned_themes =[]
for theme_str in themes_list:
theme_name = theme_str.split(‘,”)[0]
if theme_name not in unique_themes:
unique_themes.add(theme_name)
cleaned_themes.append(theme_name)

# join the cleaned themes with semicolons and return as a string
return <;”.join(cleaned_themes)

# apply the process_row function to each row in the dataframe
df[‘theme’] = df.apply(process_themes, axis=1)

# In[3]:
# In[4]:

df.to_csv(r’C:\Users\ \1025 \s1.csv’)
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#In[]:

Data processing 2

import numpy as np
import pandas as pd

import warnings
warnings.filterwarnings(‘ignore’)

#In[2]:

# Load the dataset into a pandas DataFrame

df = pd.read_csv(r’C:\Users\ \1025 \sl.csv’)
df.head()

# In[27]:

# Split the V2Themes column into separate rows

df3 = df[‘theme’].str.split(*;’, expand=True)

df3.head()

df.drop([‘theme’], axis=1, inplace=True)

df3.head()

df3.to_csv(r’C:\Users\ \1025 \s2.csv?)

Data processing 3

# Python
import pandas as pd

test_data = pd.read_csv(r’ C:\Users\ \1025 \s2.csv”)
columns = test_data.columns.to_list()
test_data.head()

def col_split(data):

1333 5.9

1333

split_col =]
for i in columns:
num =0
temp = data[i].dropna()
if len(temp)>0 : #
for j in temp:
if < instr(j) :
num+=1
if num == len(temp):
split_col.append(i)

1333

1333

cleaned_data = pd.DataFrame()
for i in columns:
if i in split_col:
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temp = data[i].str.split(‘;’,expand=True)
cleaned_data[i] = temp[1] #

else:
cleaned_data[i] = data[i]
cleaned_data.to_csv(r’ C:\Users\ \1025 \s2.csv’,encoding="‘utf-8’,index=0)

return cleaned_data

col_split(test_data)

Co-occurrence matrix

# encoding:utf-8
__author__ = “admin’
__date =°2023/4/6

def get_Co_theme(filePath):

X33

csv
:param filePath: csv
:return co_theme_list:
# utf-8-sig \ufeff , windows BOM,
UTF-16
with open(filePath, ‘r’, encoding=‘utf-8-sig’) as f:
text = f.read()
co_theme_list = text.split(‘\n’) # A\n’
co_theme_list.remove(‘) #
return co_theme_list

def str2csv(filePath, s):

1333

csv

:param filePath: csv

param s: ( )

with open(filePath, ‘w’, encoding=‘utf-8’) as f:
f.write(s)

print(‘ , *+filePath+’ )

def sortDictValue(dict, is_reverse):

X33

value

:param dict:
‘param is_reverse:
‘return s: csv
# Jitems() key
Jitem[1] reverse
tups = sorted(dict.items(), key=lambda item: item[1], reverse=is_reverse)
s=*
for tup in tups: # csv

s=s+tup[0] + *,” + str(tup[1]) + ‘\n’
return s
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def build_matrix(co_theme_list, is_reverse):

1333

: ( )
:param co_theme_list:
:param is_reverse:
‘return node_str: ( csv
‘return edge_str: ( csv
#node dict={} # , + ( )
edge dict={} # , + + ( )

# 1 )

for row_theme in co_theme_list:
row_theme_list = row_theme.split(;”) # Y
# 2 )

for index, pre_au in enumerate(row_theme_list): # enumerate()

#
# if pre_au not in node_dict:
# node_dict[pre_au] =1
# else:
# node_dict[pre_au] +=1
## , ,
# if pre_au == row_theme_list[-1]:
# break
connect_list = row_theme_list[index+1:]
# 3 , ,
for next_au in connect_list:
A, B =pre_au, next_au

#
if A>B:
A B=B A
key = A+’ ’+B # AB ,
# 1,

if key not in edge_dict:
edge_dict[key] =1
else:
edge_dict[key] +=1
# value
# node_str = sortDictValue(node_dict, is_reverse) #
edge_str = sortDictValue(edge_dict, is_reverse) #
# return node_str, edge_str
return edge_str

if _name__ ==° main__ "
readfilePath = r’C:\Users\ \1025 \s2.csv”’
writefilePath2 = r’C:\Users\ \1025 \s2.csv”’

co_theme_list = get_Co_theme(readfilePath)

edge_str = build_matrix(co_theme_list, is_reverse=True)
# csv

# str2csv(writefilePath1, node_str)
str2csv(writefilePath2, edge str)

index

Appendix Table 11 Examples of Structured Query Language

Create table in PostgreSQL database

create table osm_road(
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osm_id varchar(50),
code varchar(50),

fclass varchar(50),

name varchar(100),

ref varchar(50),

oneway varchar(10),
maxspeed varchar(10),
layer varchar(10),

bridge varchar(10),
tunnel varchar (10),
adcode varchar(50),
name_2 varchar(100),
center varchar(50),
centroid varchar(50),
childrenNu varchar(50),
level varchar(50),

parent varchar(100),
subFeature varchar(100),
acroutes varchar(100),
length double precision);

create table GDELT_Flood(
record varchar(50),

date date,

time varchar(10),

tone double precision,

log double precision,

lat double precision,

city varchar(50) );

Data gueries

select to_char(date::DATE, ‘YYYY-MM*) as month, avg(tone),count(*), city from gdelt_flood group
by month, city order by month

select date, avg(rainfall), sum(tone_sum), sum(tone_count) from rainfall_ GBA where city=*
> or city=* > or city=* > or city=" > or city=* > or city=* > or
city=* > or city=" > or city=* > group by date

select * from organisation where org like '%Government%' or org like '%Agency%' or org like
‘%Ministry%' or org like '%Department%" or org like '%oBureau%' or org like '%6Commission%' or
org like '%Administration%' or org like '%Office%" or org like '%Institute%' or org like
"%Authority%' or org like '%Council%' or org like '%Committee%' or org like '%Government%' or
org like '%Secretariat%' or org like '%Army%' or org like '%Party%' or org like '%Commission%' or
org like '%Police%'

select theme, sum(frequency) from gdelt_flood where
theme=‘CRISISLEX_C04_LOGISTICS_TRANSPORT’

or theme=‘WB_793 TRANSPORT_AND_LOGISTICS SERVICES’

or theme=‘WB_1173 TRANSPORT_LOGISTICS PROVIDERS’ or
theme=‘WB_551_GAS_TRANSPORTATION_STORAGE_AND_DISTRIBUTION’ group by
theme
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