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Abstract

This article presents a comprehensive review of urban climate risks in the Global South across four themes: vulnerability, risk
research, responses, and governance. Experts from nine research fields have contributed reviews summarising the current

state of knowledge in their respective fields. Their analyses highlight the challenges in responding to urban climate risks in the
Global South, as well as the gaps in current urban governance frameworks that need to be addressed to effectively manage
these risks. Drawing on the literature reviewed, the article also presents a citation network analysis to understand the ways in
which different fields contribute to integrated solutions for urban governance and climate risk management. The results indicate
that while there is some level of knowledge sharing across certain fields of expertise, others remain largely fragmented, and

no single discipline can fully address the complexity of urban climate risk. Therefore, effective solutions must be holistic and
multidisciplinary, grounded in the lived realities of urban dwellers.
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1. Introduction

The world’s human population is now more urban than rural, with urban dwellers facing increasing climate risks (UNHABITAT
2022). Extreme weather and slow-onset events have negatively affected infrastructure, including transportation, water,
sanitation, and energy systems, resulting in economic losses, service disruptions, and negative impacts on wellbeing (IPCC
2022). Particularly in the Global South, devastating impacts can be seen as climate risks are unevenly distributed, as are the
resources to adapt and react.

The projected increase in urbanisation will add 2.5 billion more inhabitants to cities by 2050 (IPCC 2022) with 90% of those
people inhabiting cities in Asia and Africa (UNDESA 2018). Urban environments in the Global South face a triple jeopardy due
to increasing frequency and intensity of weather-related hazards, population growth resulting in high levels of exposure, and
vulnerability due to their development status (Hugo 2011). In Africa, for example, high population growth and urbanisation in
low-elevation coastal zones will be major drivers of exposure to sea-level rise over the next 50 years (IPCC 2022). In East Asia,
high-risk settlements have expanded 60% faster than safe ones (Maruyama Rentschler et al. 2022).

Both scientists (Parry 2007) and governments (DEFR$ 2012) have defined and assessed climate risks which are actively being
discussed on various platforms. Climate risk can arise and intensify from both (potential) climate change impacts and from
human responses to climate change (Reisinger et al. 2020). The impacts are further exacerbated due to underlying conditions
such as poverty, conflicts, weak institutional structures, limited human, institutional, and financial capacity, and reliance on
climate-sensitive socio-economic activities (UNHABITAT 2022).

Urban governance plays a significant role in either exacerbating (through bad practices) or minimising (through effective
planning) exposure of urban dwellers to climate risks. Cities have become a battleground for climate change action. Indeed, the
Paris Agreement identifies cities as “important stakeholders, capable of mobilising strong and ambitious climate action” and the
United Nations Sustainable Development Goal (SDG) 11 calls for “inclusive, safe, resilient, and sustainable cities” (United Nations
n.d.). Hence, the ability of cities to respond to environmental crises, and create pathways towards resilience and sustainability,
are of particular interest to the post 2015 agenda.

Cities’ contributions to climate action are evident in the multitude of city governments involved in national and global
discussions of climate change adaptation and mitigation, as well as voluntary commitments, and engagement with the United
Nations Framework Convention on Climate Change (UNFCCC). Further, the large number of important policy documents
produced by, or for city governments and international agencies in high- and middle-income countries, speak to the priority that
is given to this topic (IPCC 2022). Still, however, the main policies and measures that are in place in cities around the world focus
on mitigation and less so on adaptation (Bulkeley 2010), leaving critical knowledge gaps in responding to urban risk.

The authors of this paper point to six specific gaps that need to be explored in depth to better understand how urban
governance can address climate risks effectively. Firstly, to better understand the ability and willingness to respond effectively,
particularly among the most vulnerable groups. Secondly, understanding differing perceptions of risk is critical to design
appropriate responses (UNDRR 2022; IPCC 2022). Thirdly, better use of technology and scientific advancement to improve urban
governance is yet to be fully explored. Fourthly, greater investigation of ways of tailoring risk financing strategies to meet the
needs of city managers and residents. Fifth, understanding the effects of social policy responses in improving wellbeing of urban
populations and lastly, understanding how e-governance can be used to better respond to climate risk.

To deal with the multi-faceted, wicked issues of climate risk and urban governance, diverse perspectives are needed (Sebestyén
2021). This has led the authors to a multi-disciplinary approach, using the current paper to set out the ways, and extent to which
the knowledge bases of our varied disciplines connect and contribute to integrated solutions. The specific research questions

that this paper tackles are:

RQ1: How do our various fields of expertise contribute to understanding the challenges of urban responses to climate risks in the
global South?

RQ2: To what extent do the different knowledge bases speak to each other?
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The paper is structured as follows: Section 2 describes the materials and methods used to conduct the literature reviews and
citation analysis. The literature reviews, grouped by the four themes (1) Vulnerability and climate risk, (2) Researching risk, (3)
Responses to risks and (4) Governance are presented in Section 3, while citations across themes and sub-themes are analysed in
Section 4. Section 5 discusses findings from both the reviews and analysis. Section 6 concludes.

2. Materials and Methods

The authors have disciplinary backgrounds that include Anthropology, Disaster Studies, Geography, Economics, Education,
Urban Planning, E-government, Information Systems, Migration Studies, Smart Cities, Social Studies and Social Work. We
consider ourselves a multi-disciplinary group in the sense of Stember (1991). That is, we work together, drawing on our
disciplinary knowledge.

To answer the first research question, we made use of our expertise in different fields to conduct targeted scoping reviews of the
lenses, theories and current research relevant to the identified knowledge gaps. We drew on reputable, seminal papers published
in peer-reviewed journals since 2015, the launch of the Sustainable Development Goals. We selected this year as the moment

in time from which integrated climate risk mitigation gained momentum. Some exceptions were allowed where earlier seminal
papers needed to be mentioned for context.

The resulting reviews were shared with the group in a series of discussions from the perspective of each discipline and the
authors discussed similarities, differences and points of intersection. Through this process, we identified four key themes. The
first is a focus on people in cities, their conditions of being and wellbeing, which we identify as (1) Vulnerability and climate risk.
The second is a focus on theoretical perspectives on risk as well as the data that could inform these. We identify this theme as (2)
Researching risk. The third theme, (3) Responses or risks, collects observations on common types of responses to urban climate
risks. The fourth theme identifies (4) Governance as an important element in addressing these complex problems. The reviews
were combined and refined in line with these themes and are presented in Section 3 below.

To answer the second research question, we explored the extent to which the literatures we accessed for the first research
question overlapped. We gathered 153 papers cited in the scoping reviews that were indexed on the Web of Science and analysed
their citation patterns. Papers were categorised by sub-theme, except for Theme 1, which was considered as a single sub-theme
due to the dense recurrence of ideas and theories. We then analysed the extent to which the cited papers share references to
understand whether the different disciplines share a common knowledge base. The analysis was done using VOSViewer, with
details presented in Section 4 below.

3. Thematic Reviews
Theme 1: Vulnerability and Climate Risk
Vulnerability

In climate science, vulnerability is the susceptibility or inability of a system to cope with the negative effects of climate change
which usually is a combination of a system’s exposure, sensitivity and adaptive capacity. There is a growing body of research
highlighting that in cities in the Global South, climate change is disproportionately and adversely affecting the most marginalised
individuals, households and communities (Krellenberg et al. 2017; Kim et al. 2018; Michael, Deshpande and Ziervogel 2019;
Habeeb and Javaid 2019; Greenberg 2021). Fraser (2017) emphasises the need to step away from the technical and often
hazards-centric approaches and unravel the social and structural drivers of urban risk, adding that social inclusion or exclusion
influences patterns of exposure and sensitivity. A dual interrelated state might better explain the vulnerabilities, where some
groups, such as migrants or displaced people, will have limited resources to respond to urban climate risk and at the same time
be more likely to move into high-risk areas of the city (Habeeb and Javaid 2019).



However, vulnerability to climate risk should not only be equated with the socio-economically weak or the poorest (McQuaid

et al. 2018). Inattention to other urban characteristics and layers contributes to the lack of durable and lasting solutions. For
example, scholars also argue that location (people living in high-risk locations), skills (lack of prior knowledge or training), and
access (to life-saving infrastructure and services) are three components that dictate climate change vulnerability (Twinomuhangi
et al. 2021). Ayeb-Karlsson (2020) suggests looking at non-economic losses like wellbeing, dignity, belonging, identity, quality of
life and social value to better understand vulnerability. Gender also interacts with socio-economic, institutional and situational
variables to produce different degrees of vulnerability (Ahmed et al. 2016; Djoudi et al. 2016; Van Aelst and Holvoet 2016). For
example, while urban living presents people of all genders with opportunities not necessarily available in rural settings (Eastin
2018), gender inequality continues to be an underlying driver of vulnerability to climate risk (Dodman, Archer and Satterthwaite
2019; Balikoowa et al. 2019; Umar et al. 2022; Ngigi, Mueller and Birner 2017).

However, simply pointing to ‘women’s vulnerabilities’ is insufficient for gender analysis (Rao et al. 2019; Rothe 2017; Rao

2019; Vercillo, Huggins and Cochrane 2021) as vulnerability also coexists with agency (Evertsen and van der Geest 2020). In
addition, those with binary approaches to gender analysis might overlook the specific patterns of vulnerability that gender
minorities experience (Gaillard, Gorman-Murray and Fordham 2017). Thus, gender analysis in the context of climate risk requires
understanding gender as an organising principle and a social construct (Lama, Hamza and Wester 2021) with consequences for
impacts and responses to environmental risk (Schofield and Gubbels 2019).

Recognizing that a range of characteristics intersect to shape adaptive capacity and vulnerability (Van Aelst and Holvoet

2016; Ngigi, Mueller and Birner 2017; Nyantakyi-Frimpong 2020), the concept of intersectionality is gaining prominence as a
critical conceptual lens to understand how different forms of vulnerability and inequalities overlap (Osborne 2015; Chu and
Michael 2019; Vercillo, Huggins and Cochrane 2021; Amorim-Maia et al. 2022). This is also seen in discussions on the politics of
vulnerability (Fraser 2017).

Moreover, rather than merely focusing on the who, we should aim to understand the ‘why’ of climate change vulnerability. The
motivation of people (to choose) to be in cities can help to contextualise risk and vulnerability (Hunt, Aktas, Mahalov et al. 2017).
For example, migrants and internally displaced people choose to go to cities to escape a crisis because cities have opportunities
for jobs, education, and access to services. However, these opportunities may come with constraints which exclude the people
seeking them.

Vulnerability thus needs to be examined alongside the complexity of increasing urbanisation and how it is conditioned or
compounded by climate risks. It would need understanding of existing assets of the city (physical, social, and mobility of assets),
entitlements, and the nature of climate shocks to which urban dwellers are exposed. The wellbeing of people in urban settings
depends on their access to and the reliability of urban systems (for food, water, energy, and transport, for example) and their
access to social infrastructure such as health services (Codjoe et al. 2020). Unequal access to resources and benefits, unequal
distribution of risks, and the lack of climate action on adaptation of vital services pervades urban developments (Greenberg
2021; Hunt et al. 2017; Codjoe et al. 2020).

Power and voice in urban governance

A resilient city needs to be inclusive in its decision-making, using open dialogue, participatory planning, accountability, and
collaboration (Hunt et al. 2017; McQuaid et al. 2018). However, just as more nuanced understandings are needed of how risks
and vulnerability are unevenly distributed across different groups, further work is also required on who is allowed to participate
to design desired changes (Desphande et al. 2019). Urbanisation practices that exclude the perspectives of the vulnerable and
marginalised run the risk of being ineffective, jeopardising sustainable urban development and urban resilience.

Those who lack power and voice are less able to shape outcomes, resulting in the perpetuation of existing patterns of poverty.
The exclusion of some urban residents from secure and formalised housing, increases their exposure to risk (Greenberg 2021)
and the non-recognition of migrants and displaced people (Chu and Michael 2019), are just a few examples of apparent social
and urban exclusion which limits participation in the institutional, social and political levels of the urban fabric (Habeeb and

Javaid 2019; Cobbinah et al. 2022). In the built environment, women’s voice in decision-making about urban planning remains
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limited (Araos et al. 2017; Eastin 2018) and private as well as public spaces are too often constructed in ways that increase
women’s vulnerabilities (Adeel and Yeh 2018; Jabeen 2019; Mejia-Dorantes and Soto Villagran 2020). Gender norms can inhibit
women from accessing information about climate risk and participating in decision-making around adaptation, as seen in slum
communities in Accra, Ghana (Owusu, Nursey-Bray and Rudd 2019).

Further, lack of political capital is often passed from one generation to the next (Cobbinah et al. 2022), making vulnerabilities
deep-rooted. Urbanisation does not take a static form and the vulnerabilities of inhabitants are created through a web of local,
national, regional, and global political-economic relations (Desphande et al. 2019). Such urban inter-generational and structural
climate injustices deserve scholarly attention (Chu and Michael. 2019). Global climate reports recognize that addressing root
causes of social and economic inequalities which drive exclusion and marginalisation, could contribute to more inclusive
urbanisation.

City governance shapes how people access and benefit from resources and assets. Vulnerable groups need to be better
incorporated in governance as they have different needs and face different risks (Kim et al. 2018; Habeeb and Javaid 2019;
Cobbinah et al. 2022). This inclusion should go beyond the technical (McQuaid et al. 2018; Fraser 2017). Integrating concepts of
gender and intersectionality into research, policy and practice on urban climate risk could promote a better and more holistic
understanding of vulnerabilities to climate change (Moser 2017; Chu and Cannon 2021; Reckien et al. 2017; Jordan, 2019; Mustafa
et al. 2015).

Theme 2: Researching risk
Risk perception and paradigms

Historical urbanisation processes have contributed to risks through conditioning hazards, exposure and vulnerability (de Souza
Ledo et al. 2021). Living in an urban environment conditions climate change risk awareness (Lee et al. 2015) and architecture and
planning can also inform risk perception and response (Shrestha et al. 2018). Framings of risk have moved from a focus on the
technical, to the socio-economic and more holistic understandings (Chan et al. 2018), recognising that cultural and psychological
aspects must be considered (Oakes 2019), and social and behavioural data is needed (de Koning and Filatova 2020), to fully
understand risk and create efficient responses. Still, policies tend to be dominated by the technical paradigm, assuming that
citizens will act in a predictable manner when faced with risks. Through this understanding, the solution to climate risk is better
risk information (Abdelhafez et al. 2021; Barbier 2015).

Technical understandings are limited (Yore and Walker 2020), or conditioned, by at least three other risk paradigms. Firstly,

even if citizens and decision makers receive appropriate information, they may not have the capacity to act (Lacassin and
Lavelle 2016). Under this socio-economic paradigm there are no “natural” disasters - hazards become disasters through
structural conditions which create vulnerabilities in exposed locations (Wisner 2020), and impacts are determined by household
characteristics and demographics (Lim et al. 2016). The socio-economic framing of risk is, like the technical framing, an objective
way of understanding risk. It is (in the main) measurable using methods from the natural, or economic sciences, such as mapping
of risk areas and the importance of vulnerability (Fussell 2015).

Secondly, under the psychological paradigm, it is recognised that people may have different thresholds of risk and interpret
and respond to risk in differentiated ways (Matin et al. 2018) informed by biases or heuristics. For example, in the United States
it has been found that Caucasian, young males are less risk-averse than other groups (Macias 2016). In other words, risk is not
absolute, but personal and subjective (Scolobig 2015). This is true both for individuals deciding for themselves, and decision-
makers who might be deciding for a city.

Thirdly, people “s interpretation and response are conditioned by cultural norms (Solecki et al. 2017) and thus the context in
which information is produced and perceived is critical to consider (Bronnimann and Wintzer 2019). Significant differences

in political tradition and societal milieu of a region may influence the social perception of flood risk (Raska et al. 2015) while
position on the political spectrum can affect adaptation to risks (Botzen et al. 2016). Due to cultural forces and norms, actions



and behaviours which may seem irrational, can appear more rational if the whole picture is considered (Cornia et al. 2016). For
example, place attachment can mean that citizens do not want to leave their homes and livelihoods can mean much more than
merely a source of income (Oakes 2019).

Just as cities are composed of a range of ethnicities, ages and vulnerabilities, they are also made up of different minds which
have varying ways of understanding and responding to risk (Lechowska 2018). It is crucial to avoid assumptions about what
communities will want to know about climate risks (Mabon 2020). Effective governance needs to recognise plurality and move
beyond simplistic assumptions about the ways in which people understand, interpret and act on risk information (Rufat et al.
2020), or, adaptation outcomes can exclude, or worsen the situation for marginalised groups (IPCC 2022).

Data and information

Disaster management systems have been in use for decades, drawing on data collected from climate records, city records

and operational systems, surveys and post-event analyses. Developments in information and communication technologies
make it possible to harvest data from new sources such as smart buildings, city air quality sensors, traffic monitors, social
media, satellites and unmanned aerial vehicles (Abid et al. 2021; Ragini et al. 2018; Sebestyén 2027; Yu et al. 2018). This data is
current and digital, removing delays and errors in capture. Research is concerned with data aggregation, integration, storage
and processing of both structured and unstructured data from multiple sources (Shah et al. 2019; Sun et al. 2020), privacy and
security of data, protecting computing infrastructure during disasters, standardisation (Shah et al. 2019) and the ethics of using
data for advanced analytical techniques, including environmental impacts (Nordgren 2022).

Large data sets enable the use of sophisticated statistical analytics which can enhance understanding of situations (Sebestyén
2021), enable real-time detection and management of fires, cyclones, floods, air and water pollution, earthquakes and tsunamis
(Abid et al. 2021, Wang et al 2016) as well as calculate emergency evacuation paths. Cities can use data from geographic
information systems (GIS), satellite images, social media, and Internet of Things (I0T) sensors to identify and respond to
disasters (Abid et al. 2021; Sebestyén 2021; Sinha et al. 2019, Wang et al. 2016; Yu et al. 2018; Zhou et al. 2021). Measures of
disaster resilience in terms of the recovery situation, the number of casualties, public opinion, disaster site situation, rescue
situations, emergency resource allocation and help request information are used to optimise algorithm-based responses
(Ragini et al. 2018; Sinha et al. 2019; Wang et al. 2016; Yu et al. 2018). Researchers have proposed architectures for emergency
management systems (Shah et al. 2019; Sinha et al. 2019) as well as frameworks for communication during disasters (Wang et
al. 2016; Zhou et al. 2021), and have analysed the use of technologies across the phases of disaster recovery from preparedness,
through response, recovery and long-term mitigation (Sebestyén 2021; Sun et al. 2020; Yu et al. 2018).

Research also examines the behaviour of people in disaster response situations, including technology adoption to support
responses (Zaman et al. 2021). Understandings of human behaviour are facilitated by large data sets where patterns of behaviour
can be detected. It may be possible to better understand subjective perceptions of risk through data sources such as social
media or discussion forums (Wang et al. 2016). Information-seeking behaviour has been studied in disaster situations (Abid et

al. 2021; Rahmi et al. 2019). People use a wide range of information sources including television, radio, internet, local authorities,
mobile phones, social media, oral sources, and interpersonal contacts (Wang et al. 2016; Zhou et al. 2021) with information
seeking behaviours changing over the course of a disaster situation. The sources that people use are greatly influenced by
culture and language, putting some people at greater risk of not finding necessary information or of being misinformed since the
reliability of sources is highly variable (Rahmi et al. 2019). This body of work may assist in using the cultural and psychological
paradigms of risk to understand behaviour.

Theme 3: Responses to risks
Technical responses

Research as far back as 2001 showed the benefits of electronic communication in disaster situations with e-mail, bulletin boards
and web pages being used to inform people about the disaster, relief efforts and for people to keep in touch with family and
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recovery services (Paul 2001).

More recent research is concerned with how to maintain communications infrastructure in disaster situations, the architecture of
resilient networks (Lee et al. 2018), and how to restore partially damaged networks and the design of resilient technologies such
as “balloon networks” that provide wireless nodes in the sky (Rengaraju 2021). Researchers analyse the protocols and standards
for loT to support disaster management efforts (Ray et al. 2017). Applications of IoT technologies to disaster situations have
been catalogued, including earthquake and tsunami detection devices, rugged, solar-powered I0T sensors that can adapt to
different available networks, flood detection devices mounted under bridges or floating, devices to detect and map lightning,
early warning sensors for landslides, apps that enable mobile phones to detect seismic activity (Ray et al. 2017) and loT data for
planning relief operations (Ragini et al. 2018; Sinah et al. 2019).

Others have been concerned with developing software systems to manage disaster situations and apps for individuals to use for
information (Sinah et al. 2019). While such technology-based responses are popular, their effectiveness is highly variable and
the reasons for failure are not well understood. Research efforts need to extend beyond hardware and software to include the
capacities of local governments and the extent to which they can draw on networks for support (Lee 2019).

There are applications of data analytics and artificial intelligence to the challenges of climate change (Cowls et al. 2015).
Researchers have reviewed the application of digital tools in the areas of insurance, disaster management, risk management
and human displacement and concluded that it is technically and politically feasible for digital technologies to be applied

in assessing loss and damage in ways that could change climate politics and justice (Bettini et al. 2020). However, these
technologies themselves have a high carbon footprint and it will be necessary to balance their use against the damage they
cause (Cowls et al. 2015).

Social protection responses

Over the last decades, social protection policies and programmes have gained momentum as effective strategies to reduce
poverty and improve livelihoods (Devereux 2016; Tirivayi et al. 2016). Cash transfer programmes, the most common social
protection tool in low- and middle-income countries (LMIC), have expanded, not least due to the COVID-19 crisis, with more than
1 billion recipients globally (Banerjee et al. 2017). These programmes provide financial support for vulnerable households and
communities, and have amongst others been found to reduce poverty, improve school attendance, and empower women (Bastagli
et al. 2019; Ulrichs et al. 2019).

More recently, there is growing recognition of the role of social protection to reduce climate risks and enhance resilience (Reckien
2017; Ulrichs et al. 2019; Tenzing 2020). Several examples from rural areas in LMICs show how regular cash transfers in response
to climate shocks protect beneficiaries from slipping into poverty (Agrawal et al. 2020; Asfaw et al. 2017). Moreover, traditional
social protection frameworks are supplemented with disaster risk management and climate change adaptation through ‘adaptive
social protection’ (Béné et al. 2018; Schnitzer 2019; Tenzing 2020). Within this framework, climate information is incorporated
into the scale-up of social protection schemes (Daron et al. 2021), aiming to alleviate chronic poverty exacerbated by disasters,
extreme events or long-term climate change.

However, the socio-economic context in which programs operate can generate important and sometimes undesired side effects
(Cunha, De Giorgi and Jayachandran 2019; Dietrich and Schmerzeck 2019; Filmer et al. 2023). While urbanisation and urban
poverty is rising, most social assistance programmes are implemented in rural areas, to reduce rural poverty (Cuesta et al.
2021). Conventional social protection targeting mechanisms that work well in rural areas, like geographical targeting or targeting
based on (proxy) means-tests, may be less accurate in urban settings where spatial dimensions of poverty are less clear, and
employment or housing conditions more vulnerable and volatile. Hence, designing and targeting appropriate urban social
assistance responses remains a key challenge (Cuesta et al. 2021). To date, there is little evidence on effective and inclusive
social assistance responses to climate vulnerabilities in cities, not least because reaching the urban poor remains challenging
where data and information are limited. Exceptions include studies from urban Indonesia, where social assistance fosters ex-
ante and ex-post coping strategies to floods (Fitrinitia et al. 2022), or Bangladesh, where asset transfers increase households’
adaptive capacity to climate shocks (Hossain et al. 2018).



An alternative or supplement to social assistance policies are microinsurance solutions that have proven to be effective
instruments to avoid disruptive coping strategies during and after climate shocks (Janzen and Carter 2019; Dietrich 2017). Yet,
despite substantial subsidies, the spread of microinsurance has remained below expectations, partly due to limited demand
particularly amongst the most poor and vulnerable populations (Carter, de Janvry, Sadoulet and Sarris 2017; Platteau, De Bock
and Gelade 2017). Poor outreach and understanding of who, when, and where citizens’ well-being is most severely affected by
climate shocks makes targeting scarce public resources complicated, so responding to urbanisation and growing climatic risks
will require social policy instruments tailored to the needs of urban populations.

Risk financing responses

With increasing urbanisation and disaster risk, the costs of disasters in infrastructure-rich urban areas are escalating (McPhillips
et al. 2018). City managers need coherent and holistic climate and disaster risk finance strategies to develop shock-responsive
and resilient urban governance and planning systems, including climate change adaptation and mitigation, disaster risk
reduction and management, and adaptive social protection measures.

Available public service funding is inadequate, so city managers must leverage both public and private investments (Taghizadeh-
Hesary et al. 2021) and integrate risk financing into urban development plans (Etinay et al. 2018). This requires understanding
the trade-offs inherent in market-based investments (Keenan et al. 2019), as well as the limitations of relying on public financing
(Simpson et al. 2019). Adaptive social protection can increase the resilience of urban residents, but how best to finance these
services is poorly understood (Tenzing 2020; Béné et al. 2018). City capacity to acquire funding is important, yet cities often face
hurdles that higher administrative levels do not (van der Heijden 2019). Importantly, small- and medium-sized cities often grow
more rapidly than mega-cities yet have proportionately lower budgets for risk management (Birkmann et al. 2016).

The available financing instruments include integrating risk management into planning processes and municipal budgets,
sharing costs through taxation and other value capture instruments, contingency and reserve funds, securitization and
structured finance, bonds, insurance, traditional development debt and grant finance, climate adaptation, mitigation and
disaster risk reduction funds, contingent credit, and public-private partnerships (Ishiwatari and Surjan 2019; Klose et al. 2016;
Lak et al. 2020; Linnerooth-Bayer and Hochrainer-Stigler 2015; Panwar and Sen 2020 2019; Panwar et al. 2022; Sovacool et al.
2018; Weber and Musshoff 2021). These instruments should be layered so resources are available when needed (Linnerooth-Bayer
and Hochrainer-Stigler 2015) while ensuring that critical infrastructure is financially protected (Simpson et al. 2020; Sun et al.
2016).

So far, research assesses projects financed by climate adaptation funds and city resilience levels (Dianat et al. 2021; Cardoso

et al. 2020; Ribeiro and Pena Jardim Gongalves 2019). Studies focus on isolated city elements, such as ports (Yang et al. 2018)

or on specific measures, such as those for ecosystem-based adaptation (van de Ven et al. 2016). Other considerations include
adequate risk information, understanding the timeliness of instruments, risk ownership and responsibility, the cost of capital,
and disbursal mechanisms including transparency and accountability (World Bank Group 2014). Without adequate investments,
the costs of loss and damage will be mostly borne by residents (Wang et al. 2023) so disaster risk finance cannot be disentangled
from issues of environmental justice and equity, including gender.

Theme 4: Governance

Integrative governance to address climate risks

A significant factor contributing to vulnerabilities in cities (Cramer et al. 2018) is the lack of collaboration between the numerous
stakeholders in adaptation processes. Consequently, studies have posited that the most complementary ways of understanding
and managing climate risk require integrative governance perspectives (Klinke and Renn 2012; Gerkensmeier and Ratter 2018).

Following these lines, governance in the Global South in progressing from a top-down decision-making process to a more multi-
layered, collaborative and integrative governance system (Marker et al. 2018).
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Integrative governance theories and practices focus on the relationships between public, private and hybrid policies and rules,
as well as actors and sectors implementing climate risk governance (Visseren-Hamakers 2015). Effective integrative governance
in climate risk adaptation provides an understanding of the mechanisms through which policies, actors, levels, and sectors can
be integrated and may inspire changes in societal debates, institutional settings and participatory approaches in climate risk
governance (Ishiwatari 2019; Slavikova 2018).

To achieve this integration, Forino et al. (2015) argue that mechanisms such as multi stakeholder platforms (MSPs) and learning
and sharing opportunities, can be used to enhance coordination and collaboration among stakeholders at different levels,

with different agendas. Similarly, Nalau et al. (2015) noted that involvement of non-state actors and the creation of mutual
partnerships minimise overlap and duplication of projects and programs, and lead to significant successes in implementing
integrative climate risk governance.

Nevertheless, integrative climate risk governance is vulnerable to tensions between actors and negative institutional
interactions. According to Becker (2018), there are six major factors influencing collaboration among organisations concerned
with climate risk governance. These factors include institutional histories, knowledge, practice, priority, scale, and language.
Studies such as Moshtari and Gongalves (2017), O’'Donnell et al. (2018) and Lee (2019) attribute low levels of collaboration among
stakeholders in disaster governance to factors such as the structure of interorganizational relations, leadership, ineffective
communication, fragmented responsibilities, permanent and temporary networks and lack of trust. Furthermore, the design of
national governance systems does not always facilitate collaboration among stakeholders (Becker et al. 2013). For instance, the
current architecture of Australia’s federal system makes it difficult to deal with complex issues like climate change and its risks.
Instead, the political system tends to encourage duplication of responsibilities, vagueness and conflict (Howes et al. 2015).

Despite the substantial research conducted on the prospect and challenges of climate risk governance, there is still a relative
paucity of comprehensive and practicable literature about how an integrative governance system can effectively address climate
risks in the urban environments of the Global South.

E-governance

Information and communication technologies (ICTs) give governments and other stakeholders two new capabilities to benefit
social progress and counteract climate change (Tan et al. 2022). These are the abilities (1) to collect and analyse data to better
understand urban climate risk and the effectiveness of responses and (2) to communicate and engage with each other in new
ways. These capabilities, applied to governance, constitute electronic governance (e-governance). New technologies can further
empower stakeholders with information and the means to communicate their interests, increasing awareness and potential for
participation and, in some cases, shifting the power dynamics between stakeholders (He et al. 2017). As stakeholders participate
to identify and understand problems, develop solutions and monitor their effectiveness, government entities take on new roles
and responsibilities, providing resources and coordinating activities (Millard 2018).

Governments use technologies to share information and get feedback from stakeholders (May and Ross 2018) while the

private sector, civil society and individuals use technologies to gather and share information and opinions (Sun and Yan 2020).
Government websites share information about environmental issues, but can use their authority to promote unsustainable
practices (Feldpausch-Parker and Peterson 2015). In turn, individuals have been able to use technology to track changes to
government websites that downplay or give misleading information about environmental issues (Nost et al. 2021). An important
component of successful e-governance is the level of sophistication of the “information infrastructure”, which consists of
information systems, information, standards, organisations, people and social structures, as well as the interactions between
these (Engvall and Flak 2022).

ICTs introduce new possibilities for individuals to be better informed about governance, to voice their opinions more effectively
and, in some cases, to collaborate in the design and delivery of public services. ICTs are used to mobilise around and gain media
coverage for community concerns (He et al. 2017). Community environmental initiatives sometimes meet with limited responses
from government and establishing meaningful partnerships takes time and political will (Carlson and Cohen 2018; Royo and



13

Yetano 2015). Governments have to regulate the harmful effects of the internet, and this can obstruct e-participation (He et al.
2017).

Inequity in access to technology limits the scope and fairness of public participation (Astrém et al. 2017, He et al. 2017), and
social identity plays a role in how people use e-participation tools (Carlson and Cohen 2018; He et al. 2017; May and Ross

2018; Royo and Yetano 2015; Kreiss 2015). Access goes beyond digital devices and networks to include capabilities and social
conditions. Although capability and supportive conditions have been a problem in traditional citizen engagement (He et al. 2017),
the possibility that digital solutions might further exclude the most vulnerable is a serious concern. In addition, technologies

can have undesirable social impacts which necessitate circumspection (Hantrais and Lenihan 2021). While e-government holds
promise, there is limited evidence of long-term effectiveness.

4. Network Analysis

This section examines the linkages between the scoping reviews and analyse the extent to which knowledge transfers occur
between topics. Data was gathered from the Web of Science for all 155 papers referenced in the scoping reviews and their
citation patterns analysed. The objective of this exercise is to understand the extent to which the different fields speak to each
other and draw from similar knowledge bases. Initial explorations showed few direct connections between scoping reviews.
There are few references in common, with only seven papers appearing in more than one review. The 155 papers cite each other
only 120 times, and a network built upon these citations has a relatively small largest connected component' of size 16. The
analysis thus turned to the extent to which the papers have shared references - their bibliographic couplings.

Figure 1shows a weighted network of bibliographic coupling of the papers generated by VOSViewer. Each node is a paper, and
a link is drawn between each pair that shares at least one bibliographic reference. The strength of each link is calculated by
summing the number of references shared by the pair, and pairs with stronger links are placed closer together in the graph.
Colours refer to the eight sub-themes of the scoping reviews. A first visual inspection indicates that similarly-coloured nodes
tend to be clustered closer together. This suggests that the connections within sub-themes tend to be stronger than the
connections between sub-themes, meaning that papers belonging to the same sub-theme draw more strongly from the same
literature than papers from different sub-themes.

Since a visual inspection can be misleading, network statistics were calculated for each of the sub-themes. Each node has a
total link strength equal to the sum of the strengths of links related to it. We can aggregate this for each sub-theme by adding
the total link strength of all nodes belonging to that sub-theme. However, this method brings two issues. First, we are interested
in comparing the connectedness of nodes within their sub-themes and across sub-themes. We then, for each node, differentiate
links that connect it to a node in the same sub-theme from links that connect it to nodes in other sub-themes. So, for each node,
we can calculate a within-theme total link strength and a between-theme total link strength. Again, we can aggregate these to
the sub-theme level.

The second issue comes from sub-themes having different numbers of references, meaning we need to consider average
values. Furthermore, between-theme connectedness will tend to be higher than within-theme connectedness because there
are always more papers in other sub-themes than within each sub-theme. So we use different denominators for averaging the
values: for within-theme connectedness, we average by the number of papers within the sub-theme; while for between-theme
connectedness, we average by the number of papers in all other sub-themes.

Table 1 presents two statistics for each sub-theme. The “average internal coupling” (AIC) of a sub-theme is the sum of the total
link strength of each node in that sub-theme, restricted to links to other nodes in the same sub-theme, divided by the number of
papers in that sub-theme. The “average external coupling (AEC) of a sub-theme is the sum of the total link strength of each node

1A connected component in a network is a subset of nodes in which any two such nodes can be connected by some path of links. So, if A is linked to B, who is
linked to C, A-B-C forms a connected component, even if A and C are not directly connected. Thus, the size of the largest connected component gives information
on the density of the network.
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in that sub-theme, restricted to links to nodes in other sub-themes, divided by the total number of papers in other sub-themes.
It is worth mentioning that, for the seven papers referenced in more than one sub-theme, their respective link strengths were
added to both such sub-themes, which is why the number of papers add up to 162 instead of 155.

In general, we can see that AIC tends to be considerably larger than AEC, confirming that papers are indeed more connected
within their sub-themes than to other sub-themes as observed before. The statistics also show that sub-themes are more
dissimilar in their external coupling than in their internal couplings, since there is more variation in AIC than in AEC.

Considering each scoping review separately, a few patterns can be observed. A first pattern is one of low connectivity, with
dominance of internal coupling. In Figure 1, data and information (red) and e-governance (green) nodes are positioned in the
periphery, suggesting that internal connections dominate connections to other scoping reviews. This is indeed confirmed by

the network statistics, particularly for data and information, which has the lowest AEC/AIC ratio. The low connectivity is also
shared with technical responses (dark blue). This is not easily noticed in Figure 1 because this sub-theme is different in having an
external coupling higher than its internal coupling, although this is mostly due to a very low value of AIC.

An additional pattern can be seen for risk financing (light blue) and social protection (orange) which exhibit high connectivity,
although still with dominance of internal couplings. In Figure 1, this pattern is expressed by these sub-themes having a group
of nodes which are also in the periphery, while another group of nodes are placed towards the centre, and closer to other sub-
themes.

We further observe a pattern of very high connectivity with vulnerability (brown), which has the highest AEC. Internal couplings
still dominate, but mostly driven by its AIC, which is also the highest and very significantly above others. In Figure 1, nodes
belonging to this sub-theme are also placed in a corner, but their high connectivity means that nodes from other sub-themes in
the centre of the graph gravitate towards them.

A final pattern can be seen for integrative governance (yellow) and particularly for risk perception (purple). Their couplings are
mid-range, but their AEC is somewhat high for their values of AIC, meaning that they are more connected to other sub-themes
than expected for their level of connectivity. Accordingly, in Figure 1, their nodes are placed towards the middle of the graph and,
particularly for integrative governance, are quite spread through other sub-themes, looking less clustered together than the
others.

In summary, our findings show that the connectedness of scoping reviews varies significantly, but also that they are more
internally connected than externally. In Table 1, this is shown by the ratio of AEC/AIC being lower than one for all sub-themes
except one. For technical responses this ratio was higher than 1 due to a significantly low internal connectedness. Our research
is exploratory and differences could be related to authors choice of papers, rather than fields, or to the way the sub-themes were
defined. This analysis and our discussions more generally showed that our different disciplines have similar discussions that are
often held in parallel but reflected in disjointed literatures that are segmented from each other.



15

abid @021)
- sw(?.ﬂzm
90 p(2020)
arga! 21) panwar,
‘u
moshtari (2017)
P sebesygs (2oz1) . le€(2019)
panwar(2022) .

s : rufati2020) .
i1 @slavikova (2018) . dietrichi(2017) janze2019)

& @

¢ 105tﬁ021)$ |eChW‘!01B]_ U | wisnen(2020)
NN ! k@zo‘fs 12016
b 2018 al imi2016)
) it )’ cha ngmsb ;
maciagi(2016) » diana(2021)
W evertsep (202@ asfaw({2017)
mustaf@(2015) womes ri@ro (2&5 9) “lwrlvaygpﬂm)
adeelg2018) g b d5 2 baner]eetzo‘l?i
W“m‘ﬁ QS‘E W17 & ulrichg§2019)

d 2019
bahka&(zm" & W % -,,
ﬁln@'lﬂ bene (201 :
easungmm deawg) tenzing (200 ST (2019)
lama (@
% aﬁ:n“.a (2022) 2'e

ahm%2016] * mucha‘}lﬂw)
© rac(@019a) @

& VOSviewer

Figure 1. Bibliographic coupling network of papers cited in the review.

Note: Results based on all references cited in the scoping reviews that could be found on the Web of Science. blue=risk financing, orange=social protection, dark
blue=technical responses, green=e-governance, brown=vulnerability, purple=risk perception, yellow=integrative governance, red= data and information.

Sub-theme Colour in Fig.1 | Number of papers A;::iﬁz'g":::g;l AIC rank Ag:::ﬁi;’zrég;l AEC rank Ratio AEC/AIC
Data and information | red 12 4.83 4 0.66 6 0.4
E-governance green 12 1.00 7 0.40 8 0.40
Technical responses | dark blue 7 0.14 8 0.51 7 3.59
Integrative

governance yellow 14 2.14 6 mm 5 0.52

Risk perception purple 25 344 5 2.34 4 0.68
Risk financing light blue 25 7.84 3 3.45 2 0.44
Social protection orange 22 8.50 2 2.78 3 .53
Vulnerability brown 43 19.21 1 4.75 1 0.25

Table 1. Network statistics for the sub-themes of the review.
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5. Discussion
Mapping the multi-disciplinary landscape of urban climate risk scholarship

Our first research question asks “How do our various disciplinary knowledge-bases contribute to understanding the challenges
of urban responses to climate risks in the global South?” Our review reveals that we have at our disposal a rich set of constructs
and theories to build on to understand and improve governance through integrative and participatory approaches.

For example, literature from Theme 1: Vulnerability and climate risk, provides an important reminder that to achieve inclusive
and integrated urbanisation, poor, marginalised and vulnerable communities, along with their embedded knowledge, should be
recognised as partners in policy making and planning towards more sustainable futures. This includes going beyond technical
paradigms, to recognise socio-economic factors but also a range of other urban (contextual) characteristics that render people
vulnerable. Gender, here, is a useful tool to consider the socially differentiated nature of climate change impacts in the city.
However, in order to avoid either oversimplifying or emphasising the importance of gender over other factors, an intersectional
approach could be more useful. An intersectional lens on urban policy has synergies with climate justice and recognitional
justice, approaches that also surfaced within this theme, and offer a broader and more structural approach to dealing with the
root causes, rather than the symptoms of, vulnerability. Based on our review, this includes understanding why people move into
high-risk areas in the first place as well as the services and resources offered and distributed by cities. A multi-scale perspective
here can help us understand how risk and vulnerability, and the responses of cities are situated within and conditioned by a
multi-scale web of relations.

Literature from Theme 2: Researching risk reminds us that the public is a large heterogeneous body and has nuanced views on
climate risk. This complexity in risk perception tells us that if assumptions are made about the way in which people perceive

and respond to risk, responses to urban climate risks are less likely to succeed. There may not always be an objectively correct
response to a risk, but recognising and validating the positions of different members of urban societies will enable more nuanced
responses. Synergies with Theme 1 are clear, with the emphasis on not approach climate risk from a solely technological
framework but rather to acknowledge the plurality and subjectivity of how risk is understood, interpreted and acted upon. If
cities can co-design acceptable solutions with residents, and the message is couched within the psychological and cultural
language of their milieu, more effective community-level responses may be possible and vulnerabilities can be addressed rather
than exacerbated.

Literature within this theme also suggests that a better understanding of risk perceptions may result from innovative uses of
data and information. New insights into human movement, habits, behaviours, or sentiments are available using data from
smartphones, sensors, or social media interactions. In addition, satellite and street view imagery for cities makes it possible
to link individual outcomes to neighbourhood conditions. Such data may provide ways to confirm and better understand the
cultural and psychological paradigms of risk which are fundamental to understanding behaviours.

Literature from Theme 3: Responses to risks, examines specific responses to climate risks including technical solutions to
predict and manage disaster situations, social protection programs that provide resources for individuals, and disaster financing
mechanisms that cities can access to prepare for and respond to events. These responses could benefit from more nuanced
understandings of vulnerability and context to facilitate, for example, the application of technologies or the adaptation of social
assistance programs from rural to urban areas. Insights from Themes 1 and 2 could contribute to developing knowledge in this
regard and support the tailoring of responses to meet needs more effectively.

Theme 4: Governance, highlights the important role of governance in dealing with climate risks through frameworks for
coordination, policy development, resource allocation, transparency, and risk management. Recognising the multitude of
perspectives and solutions available, integrative governance becomes essential to ensure the cross-pollination of these through
increased collaboration, coordination, and knowledge transfers. The theme also highlights the potential of electronic governance
practices and tools to facilitate integrative governance and to support the processes of knowledge-making and sharing. Again,
the insights of Themes 1and 2 would be invaluable to inform the implementation of integrative governance and the design of
effective e-government practices and tools.



Mapping disciplinary (dis)connections to climate risk

From reviewing our various themes, it becomes clear that no one approach or discipline is sufficient to address the complexity
of urban climate risk and that holistic, multi-disciplinary responses grounded in the lived realities of urban dwellers are
essential. Despite a wide set of theories available to apply in developing responses to urban climate risk, numerous gaps exist

in the intersection between urban governance, climate risks, and the vulnerable. Our second research question asks “To what
extent do the different disciplinary knowledge bases speak to each other?” This review found siloed research which inhibits
more integrated, inclusive responses to climate risks in the city and exacerbates knowledge gaps. For example, whilst some
sub-themes do already share knowledge (measured by the connectedness of their references), others are largely independent,
despite the common overarching topic of climate risks in cities in the Global South. At the same time, we also find that our
various disciplines could speak to each other and have, based on our review, significant potential to complement and strengthen
each other.

Specifically, our results show that the cited literature on technical responses to climate risks, including the use of technology,
risk financing, and social protection, has few connections to other sub-themes. For instance, this literature does not reference
risk perception, which is, as discussed, a crucial factor for designing effective responses. The literature on information systems
(IS) is similarly disconnected from other sub-themes. Given the potential of IS and the reliance of many solutions on data,
analysis and IS, this would appear to be a significant shortcoming in research into climate risk. Is this a lack of awareness of I1S?
The discipline of IS grew apart from the discipline of computer science in the 1980s, following the realisation that the interaction
between computers and society was a separate field of study. Our analysis suggests that the social dimensions of IS is relatively
unknown in other fields.

Greater engagement between fields could help develop more effective responses and innovations. Our results represent a first
exploratory inquiry into this matter. We believe that consolidating knowledge bases would help to improve our understanding of
urban governance responses to climate risks in the Global South.

It is also worth mentioning that an analysis of co-authorship by country of affiliation suggests that authors are largely based

in the Global North. (Our data does not allow us to analyse the country of origin of authors.) The top fifteen countries, both in
number of papers and in co-authorship connections, are Global North countries, plus India and China. Ghana features in the top
fifteen by number of papers but not by co-authorship connections. Greater collaboration should also consider the diversification
of the countries that participate in the debate.

Limitations of the study

This study relied on the subject expertise of the authors to identify relevant key texts on the topic. The review was not
systematic. We also relied on the author’s interpretations of the definitions and boundaries of their fields. This means that

the results are indicative only and not conclusive. Our decision to consider only papers published in the Web of Science, while
ensuring quality, would also have limited the selection. In particular it would have limited papers originating from the Global
South and in the sub-discipline of IS, ICT for development (ICT4D), where many key papers are published in less prominent
journals or in conference proceedings. Whether the disciplinary disconnects identified in this study can be generalised to entire
disciplines is thus beyond the scope of this paper.

6. Conclusion

Sharing the different disciplinary perspectives on climate change risks and responses to risk in cities, and grouping the

results in overarching themes helped us to identify commonalities in research questions but also to acknowledge disciplinary

idiosyncrasies. While perspectives and terminologies often differed, this effort showed broad overlap in research interests and
the potential of enriching knowledge transfers between disciplines. A significant amount of work is still needed to understand

how effective urban governance can reduce exposure to climate risks and improve the adaptive capacity of not just vulnerable
groups but all urban dwellers.
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In the process, it became clear that climate risk is explored and addressed in diverse ways, ranging from more targeted and
technical responses to more critical and structural ones. However, perhaps more importantly, designing effective solutions to
mitigate the impacts of climate changes in cities requires a comprehensive and nuanced understanding of the complex systems
that connect climate risks, governance, and social welfare outcomes. Encouraging multi-disciplinary research collaborations
and establishing sharing points could facilitate the transmission of knowledge between disciplines. Our experience of working
together has highlighted the potential and benefit in linking four UNU institutes. This transnational network will, we hope, lead
to innovative research, shared learnings and, ultimately, will enhance city-level capacity to respond to urban climate risks.
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