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Executive Summary

Since ARS, cities and settlements (particularly unplanned and informal settlements) have continued to
grow at rapid rates and remain crucial both as sites of action on climate change and sites of increased
exposure to risk (high evidence, high agreement).

Ensuring the sustainability of cities and settlements, (both formal and informal) and urban
infrastructure is key to effective climate change action and reducing exposure to risk (high evidence,
high agreement). Another 2.5 billion people are predicted to live in urban areas by 2050, with up to 90
percent of this increase concentrated in the regions of Asia and Africa and in informal settlements, providing
an opportunity to build risk reduction into urban development {6.1}.

Systems of social and economic organisation in informal settlements have significant implications for
effective climate adaptation, exposure to risk and capacity to adapt particularly in the context of
extreme events (medium evidence, high agreement). Communities living in informal settlements have
higher exposure to climate risk and lower capacity to adapt {6.1, 6.2}. Most at risk are women and children
who make up the majority populations of these settlements {6.1}. Adaptation actions undertaken by and
including community actors in informal settlements are critical to resilience outcomes that can reduce risk
and enhance wellbeing {6.3,6.4}.

Changes in international policy architecture, including the Paris Agreement, the 2030 Sustainable
Development Agenda, the New Urban Agenda and the Sendai Framework for Disaster Risk Reduction
provide a global framework for city action for climate change (medium evidence, medium agreement)
{6.1}. City and community level action compliments and at times goes beyond national and international
level interventions {6.3}.

The concentration of exposure to risk, loss and damages in cities and settlements has increased since
ARS (strong evidence, high agreement). Observed changes in urban impacts and risks occur directly from
changes in climate (e.g. temperature, precipitation and air quality), and indirectly from urbanisation
processes interacting with climate systems in multiple, dynamic and complex ways that affect key socio-
economic sectors {6.2}.

Few risk management plans and projects in cities, settlements and for key infrastructure have
implemented these plans to manage complex interconnected risk, for example in the food energy-water-
health nexus or the inter-relationships of air quality and climate risk (medium evidence high agreement).
Community based planning and resilience actions are often amongst the most integrated and are able to
enhance wellbeing through adaptation and so meet the Sustainable Development Goal ambition of leaving
no-one behind (medium evidence, medium agreement) {6.3, 6.4}.

City populations are increasingly exposed to climate impacts in distant rural areas, through national
and international commodity flows (medium evidence, high agreement) {6.2}.

Levels of investment in new infrastructure in cities and settlements that explicitly addresses future
climate risk have not kept pace with increasing risk and loss (medium evidence, medium agreement).
Most innovation in adaptation has been led through advances in social and ecological infrastructures
including disaster risk management, social safety nets and green/blue infrastructure (medium evidence, high
agreement). Integrated development planning that connects innovation and investment in social, ecological
and physical infrastructures can significantly increase the adaptive capacity of urban settlements and cities
(medium evidence, high agreement){6.3}.

Adaptation in cities and settlements continues to be largely focussed on climate risk reduction, missing
opportunities to enhance inclusive and sustainable development. Pathways for transformative
adaptation that enable these multiple goals rest on inclusive and informed decision-making.
Transformative adaptation is most commonly observed where community organisations and city authorities
collaborate in open decision-making contexts, (medium evidence, high agreement). This has been observed
most frequently in larger cities of rich and poor countries, though there have been few scientific studies of
smaller settlements {6.3}.
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Future scenarios for urbanisation, its associated infrastructure and governance systems point towards a wide
range of possibilities for urban futures which could become more inclusive, sustainable and resilient - or
accelerate risk and loss, especially for the poorest including disproportionate numbers of women and
children. Key to enabling transformative adaptation that can help to transition urban development pathways
towards more inclusive, resilient and sustainable futures are trends in governance and dominant modes of
development (limited evidence, high agreement).

Multiple forms of urban leadership are key to achieving transformative climate adaptation (high
evidence, high agreement). Intersectional, gender-responsive and inclusive leadership is key for climate
change adaptation governance in formal and informal settlements (medium evidence, high agreement) {6.3}
and {6.4.7}. Institutional, financial, and governance structures can enhance resilience of and enable
adaptation in settlements, cities and key infrastructure {6.4}.

Changes of governance approach, finance, and insurance structures and investment in urban
infrastructure have not kept pace with new challenges related to climate change and rapid
urbanization, especially in small to medium sized cities and informal settlements. (medium evidence, high
agreement) {6.4}.

There is insufficient institutional capacity and few urban governance structures are capable of
addressing the challenge of integrating mitigation and adaptation strategies. (medium evidence,
medium agreement) {6.4}.

Local governments remain the key actors leading climate change adaptation in cities and settlements,
and there is little evidence of the presence of private and business sectors driving action. (medium evidence,
high agreement) Community adaptation programmes tend to focus on neighbourhood improvements and
emphasize incremental infrastructure strategies {6.4}.
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6.1 Introduction and Points of Departure
6.1.1 Background and Chapter Outline

Many of the significant global sustainable development initiatives that have been proposed and implemented
in the last five years recognise the critical importance of cities, settlements and key infrastructure in

responding to climate change. There is widespread acceptance of the effects that climate change will have on
these sectors, and of the need for far-reaching responses by actors from the local to the global scales to make
human settlements and infrastructure more resilient. There is recognition also of the considerable capacity in
settlements to meet climate change challenges, if the governance, financial and social conditions are in place.

Since the publication of ARS, there has been rapid expansion in policy, practice and research related to
climate change and human settlements. The 2030 Agenda for Sustainable Development (the Sustainable
Development Goals) was agreed in September 2015, followed shortly afterwards by the Paris Agreement
(December 2015). These make explicit mention of “sustainable cities and communities” (SDG11) and “cities
and subnational authorities” (Paris Agreement) as essential contributors to global goals. The New Urban
Agenda (October 2016), with its focus on housing and sustainable urban development, commits its
signatories to building resilient and responsive cities that foster climate change mitigation and adaptation.

These changes are reflected in the body of literature assessed for this report. In ARS, the section on ‘human
settlements, industry, and infrastructure’ contained three chapters: urban areas; rural areas; and key
economic sectors and services. This chapter therefore covers the full range of human settlements: from small
settlements in predominantly rural areas, to large metropolises in both high-income and low-income
countries. It also assesses evidence of climate change impacts, vulnerability and adaptation a full range of
infrastructures that incorporate social, ecosystem and productive dimensions. It builds on the findings of
ARS which highlighted the concentration of global climate risks in urban areas, the complex causal chains
which mediate climate impacts for smaller settlements and rural areas, and the multiple issues shaping and
influencing economic sectors and infrastructure. The treatment of these different settings and topics in a
single chapter enables a more detailed analysis of the inter-connected drivers of risk that affect human
settlements of different sizes, and of the ways in which the inter-connections within and between urban
areas, and between different types of infrastructure, accentuate or limit the effects of climate change. The
chapter therefore has a significant concentration on the institutional structures that mediate and govern these
relationships, as a critical element shaping the potential for adaptation.

This chapter has five main sections. The first elaborates on changes in the international policy architecture
since 2014, highlighting the implications that this has for responses to climate change in cities, settlements
and key infrastructure. Section 6.2 is focused on climate risks, paying particular attention to the ways in
which these are created through processes of urbanization and infrastructural investment. Section 6.3 takes
an integrated and holistic approach to adaptive actions undertaken by key infrastructures that form the
material basis for resilience in cities and settlements, drive economies, and are essential for human
wellbeing. The enabling environment and leadership qualities associated with adaptation processes that can
also meet the equity agenda of the Sustainable Development Goals — to leave no-one behind is assessed
through institutional, finance and governance structures in Section 6.4. Several case studies are used to
highlight how climate and other issues are inter-related in the creation (and reduction) of urban (climate) risk
— as such, these are not linked specifically to any particular risk or adaptation pathway. They also exemplify
how risk production/reduction plays out across a range of urban typologies, such as larger cities, unequal
cities, and networks of cities.

6.1.2 Points of Departure

The ARS conceptualised cities and settlements as complex interdependent systems that could be engaged in
supporting climate change adaptation (Revi et al., 2014 8.8.2). Effective municipal governance systems and
cooperative multilevel governance supported adaptation action. The ARS report expressed medium
confidence that governance interventions can help develop synergies across geographical and institutional
scales, because when urban areas already grapple with challenges such as infrastructure investment and
maintenance, land use management, livelihood creation, and ecosystem services protection. Further, the
report highlights that adaptation in urban locations provide openings for incremental and transformative
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changes to the developmental processes to build resilience and sustainable development. Multilevel urban
risk governance, alignment of policies and incentives, strengthening of local government and community
adaptation capacity, synergies with the private sector, and appropriate financing and institutional
development were some of the tools proposed. The assessment identified an opportunity in delivering action
in rapidly growing cities where institutions and infrastructure are still not established to meet the growing
demands of the cities. However, there was medium confidence that this is actually happening.

The framing of ‘key economic sectors and services’ in ARS focused primarily on three infrastructural areas
(energy, water services, transport) and on primary and secondary economic activities (including recreation
and tourism, insurance and financial services). This chapter addresses risk and adaptation pathways in these
same sectors, but positions them alongside a wider range of infrastructures (as described below).

Cities, settlements and key infrastructure are also referred to in the special reports released since ARS5. The
Special Report on Global Warming of 1.5°C makes widespread and far-reaching mention of urban systems
and infrastructure. It particularly highlights the risks facing residents of unplanned and informal urban
settlements, many of which are exposed to a range of climate-related hazards (Sections 3.4.8 and 4.4.1.3). It
identifies green infrastructure, sustainable land use and planning, and sustainable water management as key
adaptation options that can reduce risks in urban areas (SPM). Innovative governance arrangements that go
beyond formal ‘government’ and political arrangements and that include other actors, networks and informal
institutions are seen as being critical for addressing climate change and implementing responses to 1.5°C-
consistent pathways (Section 4.4.1 and 5.6.2). The report mentions, with high confidence, that the increase in
global warming, as projected, will negatively affect urban population via urban heat islands effects,
heatwaves and increasing risks from some vector-borne diseases, such as malaria and dengue fever.

The special report on oceans and cryosphere emphasises that effective governance helps reducing disaster
risk, considering relevant exposure factors such as planning, zoning, and urbanization pressures, as well as
vulnerability factors such as poverty, which can challenge efforts towards resilience and sustainable
development for communities. The report shows that the emerging challenges due to climate change are
changing the accessibility and availability of vital resources and the blurring of public and private boundaries
of risk and responsibility. According to the report, new governance arrangements are emerging to address
these challenges, including participatory and networked structures, and institutions linking formal and
informal networks and involving the state, the private sector, indigenous and civil society actors in different
configurations. The conclusion is a call for place-specific action because there is no single climate
governance panacea for the ocean, coasts, and cryosphere, although some examples emerge that suggest the
importance of inclusivity, fairness, deliberation, reflexivity, responsiveness, social learning, the co-
production of knowledge, and respect for ethical and cultural diversity.

An additional bridge between AR5 and AR6 was the CitiesIPCC Cities and Climate Change Science
conference in March 2018. This generated a ‘Global Research and Action Agenda on Cities and Climate
Change Science’ (Prieur-Richard, 2018), which highlights six topical research areas where more evidence is
needed to inform action: finance; informality; uncertainty; urban planning and design; built and green/blue
infrastructure; and sustainable consumption and production. While this chapter does not adopt this structure
in its entirety (and, indeed, some elements are more appropriately covered in Working Group 3), all the key
themes are addressed either in specific sections (finance; urban planning and design; built and green/blue
infrastructure) or as cross-cutting themes (informality).

6.1.3 Terminology and Definitions
This chapter covers both ‘cities and settlements’ and ‘key infrastructure’.

The chapter identifies ‘cities and settlements’ as referring urban to centres (whether small or large) that exist
along a continuum from unambiguously ‘rural’ to clearly ‘urban’ (Figure 6.1) and that are fundamentally
inter-connected to other urban centres and to rural areas as ‘nodes’ within broader urban networks (Figure
6.2). Key infrastructure therefore provides much of the material basis of cities and settlements, as well as the
mechanisms for enabling flows of people, goods, data and capital between these. A more sophisticated
framing for planetary urbanization is provided in Box 6.1 “Understanding climate change risks and
adaptation actions in the global urban hinterland”.

Do Not Cite, Quote or Distribute 6-6 Total pages: 134



(o) WV T SNV}

O o0

11
12
13
14
15
16
17

FIRST ORDER DRAFT

Chapter 6

IPCC WGII Sixth Assessment Report

RURAL

AMBIGUOUS

URBAN

Unambiguously rural
settlements with most of the
inhabitants deriving a living
from farming and/or forestry
or fishing

‘Large villages’, ‘small towns’
and ‘small urban centres’. The
proportion of the population in
rural and urban areas is
influenced by each nation’s
definition of ‘urban areas’

Unambiguously urban centres
with much of the economically
active population deriving their
living from manufacturing or
services

Populations of rural
settlements range from
farmsteads to a few hundred
inhabitants

Populations range from a few
hundred to 20,000 inhabitants

In virtually all nations,
settlements with 20,000+
inhabitants are considered as
urban

Increasing population size

v

Increasing importance of non-agricultural economic activities

Figure 6.1: Defining rural and urban areas [Source: (Satterthwaite, 2016)]

FRACTAL

multiple scales

learning labs

climate

city dialogues

city regions

City learning

Figure 6.2: The interconnected nature of cities, settlements and infrastructure. [PLACEHOLDER FOR SECOND

ORDER DRAFT: to be re-drawn]

The chapter takes a broad and holistic approach to understanding ‘key infrastructure’. This is based on a
framing of cities as complex entities where social, ecological and physical systems interact in planned and
unplanned ways. The chapter therefore builds on the AR5 chapter 10 conception of key economic sectors
and services (e.g. energy, water, transport) by positioning these within three major categories of
infrastructure: social, ecological and physical. This approach allows an understanding of adaptation that is
not constrained to the administrative boundaries of cities and settlements, but that includes the networks and
flows that link these together and with peri-urban and rural places. Both formal provision by government
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and informal provision by communities and individuals are considered as objects at risk from climate change
and as components of adaption pathways and actions.

The IPCC 1.5 Degrees Report commented that “The extent of risk depends on human vulnerability and the
effectiveness of adaptation for regions (coastal and non-coastal), informal settlements, and infrastructure
sectors (energy, water, and transport) (high confidence).” We take this statement as a starting point for
assessing the risks to cities, settlements and key infrastructure. Risks to climate change are understood as the
product of climate change associated hazards impacting on exposed and susceptible assets where adaptation
can reduce exposure and susceptibility and enable recovery and scope for transformation. Risks can be used
to describe present conditions but also future prospects. Direct attribution of hazards to climate change
remains limited to temperature extremes and sea-level rise, though we consider all hydrometeorological
hazards as systems associated with climate change processes.

The complexity of cities, settlements and key infrastructure where multiple functional systems continuously
interact makes it difficult to distinguish risks. The literature often resolves this by offering discrete
assessments for specific sectors. This fragmented approach to understanding climate change associated
impacts and risks is then reflected also in siloed risk management and adaptation financing. Recent literature,
and increasingly resilience planning, have begun to overcome this tendency by presenting climate change
impacts, losses and damages, and urban processes, as unfolding together in interacting pathways. The
chapter reflects this change in the literature by presenting climate change impacts through a series of risk
assessments, including by hazard type, through indirect impacts on agriculture and food security, through
impacts on key infrastructure systems, on land-use and human mobility. The integrated quality of
urbanization and risk production and reduction processes emphasises the contributions to adaptation made
from hazard and risk specific as well as more generic actions. The chapter assesses in detail the enabling
environment for adaptation options. This includes incremental and transformative adaptation. Transformative
adaptation is understood to be that which addresses fundamental systems attributes. In the context of the
Sustainable Development Goals mission to leave-no-one behind, transformative adaptation is that which
addresses fundamental systems functions to enable enhanced social and ecological wellbeing. Adaptation
that seeks only to defend existing development status will not contribute to enhanced wellbeing and is not
transformative, even if fundamental engineering or legislative systems are changed to maintain the status quo
in the face of increasing risk. Incremental and transformative adaptation are then both important, but serve
distinct roles in the interaction of urban systems, climate risk and risk management.

6.14 Global Urban Trends

Patterns and trends for urban population growth were described in detail in ARS. This provided regional and
global analysis of urban population projections for 2030 and 2050 based on UN data from 2012. The latest
population projections from the same source (UNDESA, 2018a) reinforce the trends identified previously,
with even higher estimates for global urban populations. The 2012 data used in ARS projected a global urban
population of 4,984 million in 2030 and 6,252 million in 2050; the 2018 revisions project 5,167 million and
6,680 million respectively. Particularly noteworthy is the higher projections provided for sub-Saharan
Africa’s urban population: increasing from 596 million to 666 million in 2030, and from 1,069 million to
1,258 million in 2050. These figures highlight the continued trend towards larger urban populations, and the
particular significance of this in areas which currently have relatively small proportions of their populations
living in towns and cities.

Globally, an additional 2.5 billion people are projected to be living in urban areas by 2050, with up to 90
percent of this increase concentrated in the regions of Asia and Africa, particularly in India, China and
Nigeria where 35 percent of this urban growth is projected to occur (UNDESA, 2018a). Much of this growth
continues to outstrip the ability of governments or the private sector to plan, fund and provide for sustainable
urban infrastructure and this is most marked in low-income and informal settlements.

[PLACEHOLDER FOR SECOND ORDER DRAF: Table could be inserted here. There could be lots more
on the demographic trends — happy to do this, although I’m not sure that it is necessary.]

One critical element of global urban trends, which was given prominence in both the Special Report on
1.5°C and the Research and Action Agenda, is informality. This refers both to the informal economy and to
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informal settlements, and is one of the key defining features of cities and settlements in the global south. In
almost all nations in the Global South, more than half the urban workforce work in informal employment;
the proportions are particularly high in South Asia (82 percent in informal employment) and sub-Saharan
Africa (66 percent) (Chen, 2014; Chen et al., 2016). The term ‘informal settlement’ refers to urban
settlements or neighbourhoods that developed outside the formal system that is meant to record land
ownership and tenure and without meeting a range of regulations relating to planning and land use, built
structures and health and safety. These are not the same as slums, the definitions for which are usually based
around measures of housing quality, service provision and overcrowding. While most countries do not
generate formal statistics on the number of people living in informal settlements, UN Habitat provides
regional and global estimates of the number of urban households that are ‘slum’ households which are likely
to include most residents of informal settlements. These estimates suggest that there were 880 million ‘slum
dwellers’ in 2016, including some 56 per cent of the urban population in sub-Saharan Africa and more than
30 percent of the urban population of South Asia (UN-Habitat, 2016). Informality is particularly important in
understanding climate risks and responses in cities and settlements, and also in relation to key infrastructure.
As highlighted in AR5, occupants of informal settlements are typically more exposed to climate events with
low-quality housing, limited capacity to cope, and limited or no risk-reducing infrastructure.

[START BOX 6.1 HERE]

Box 6.1: Understanding Climate Change Risks and Adaptation Actions in the Global Urban
Hinterland

There has long been a realization of the complex relationships that sustain urban areas. These are not just
relationships with the immediate region on which the urban area may depend for land and resources, but also
broader networks of dependence that extend in space, through what is understood as ‘urban teleconnections’
(Seto et al., 2012). Teleconnections means that there is a continuous interaction between multiple forms of
social and spatial organization that transcend space (Moser and Hart, 2015). For example, flood episodes in
Africa, such as the Limpopo floods that have taken place regularly in Maputo, Mozambique in the last
decade, relate to conditions of vulnerability that span long distance spatial relationships, such as the extent to
which debris blocks streams, the management of green spaces and the challenges from overflowing sewers
and therefore, urban flood management requires coordinated actions at local, regional and national level
(Douglas, 2017). These perspectives relate with emerging accounts of the urban condition in urban theory
that reject the singularity of Euclidean space as represented in a map, and highlight instead the urban as a
relational space constituted through material and social interactions: a relational, rather than a territorial,
urban space (Jayne et al., 2017).

This mode of thinking inspired a reimagination of the categories of human settlement, particularly
challenging the differentiation of characteristic spaces that separate ‘urban’ from ‘non-urban’ spaces, and
portray a mythical countryside (Brenner and Schmid, 2017). There has long been in the development
literature an emphasis on the rural-urban continuum not only to characterise the complex processes of rural-
urban migration but also to point out with different dimensions of access to natural (Ward and Shackleton,
2016). However, new theories of planetary urbanization (Brenner, 2014), that recognise the relational
character of urban settlements, go beyond this by arguing that there is not a constitutive ‘outside’ to
urbanisation, and that in today’s world space is configured in diverse ways in relation to the urban. Brenner
and Schmid (2017) suggest that this process of “planetary urbanization” is visible in four forms of socio-
spatial transformation that are taking place at a planetary scale:

1. The creation of new scales of urbanization, involving not just urban regions, but rather, larger
urbanization galaxies of a whole new size and order.

2. The blurring of boundary territories, with urban areas that reproduce characteristic once thought as rural
and vice versa.

3. The fragmentation and disintegration of the ‘hinterland’ that are inserted in productive functions, without
being urbanized completely.

4. The end of wilderness, with the enrolment of socio-ecological systems in urbanized territories which for
some is a reflection of a wider epochal change, the Anthropocene.
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The implications of growing evidence of the planetary scale of urbanization are far reaching for climate
change adaptation because there is an implication that a planetary scale of urbanization fosters new, more
radical intensities in the processes of resource exploitation (Arboleda, 2016b) and threatens the last
safeguards to protect large tracts of non-productive land, such as the Amazon (Wilson, 2018). There have
also been calls against the use of one single theoretical lens to examine urbanisation, which is, in summary,
an heterogeneous and plural process (Oswin, 2018). Nevertheless, the recognition of urbanization as a
planetary process has implications for the consideration of urban adaptation actions. For example, the
expansion of cities leads to both encroachment of and dependence on agricultural hinterland. In 2010/2011,
drought-exacerbated wildfires across Russia’s agricultural hinterland not only led to extreme air pollution in
Moscow and other large cities in the region, it also disrupted global supply chains of wheat and caused
skyrocketing global food prices (Zscheischler et al., 2018). Floods in Bangkok, Thailand, in 2011 destroyed
many foreign-owned factories, leading to a global shortfall in different types of IT equipment (Levermann,
2014).

Conceptualizing a planetary scale urbanization highlights the ambiguity of new urban spaces, with emerging
connected systems of small- and medium-sized cities and growth of metropolitan areas that transcend rural
and urban boundaries and traditional governance boundaries (Arboleda, 2016a; Davidson et al., 2019; Shaw,
2015). These key trends are highlighted in the UN World Urbanization Prospects (2018a). These trends have
also long been recognised in development planning with the concept of the peri-urban interface or the rural-
urban fringe. The peri-urban interface includes ‘transitional territories’ that are marked by the ambiguity of
built environment organizations and governance institutions. Politically defined municipal jurisdictions are
often superimposed upon ecological boundaries, while urban planning and policy mandates are divided
across local, regional, national, or even hybrid institutions that may have conflicting interests, priorities, or
mandates. As a result, adaptation actions are often difficult to implement (or even highlight contentious) in
these transitional territories. Medellin, Colombia, for example, is building a 46-mile-long green belt to
manage growth while also protecting urban forests, providing access to green spaces, and reducing urban
heat island effects (Anguelovski et al., 2016). Such a large-scale ‘green’ infrastructure project requires
coordination between regional transport authorities and the different municipalities in charge of housing and
public services (Chu et al., 2017). In this case, local and regional authorities have competing mandates —
such as a competition for taxpaying residents in peri-urban, ‘commuting’ zones — as well as different
infrastructure investment logics, political drivers, and constituent needs. Similarly, in Surat, India, where
flooding episodes of the Tapi River are being exacerbated by climate change, decisions about floodwater
release are made by a watershed management authority in consultation with state level organs across the
states of Gujarat, Maharashtra, and Madhya Pradesh (Bhat et al., 2013). The watershed authority, which is
constituted primarily to manage water for upstream agricultural purposes, is required to release water to
prevent overflow and inundation; however, there is no corresponding requirement to inform downstream
communities of increased outflow.

These unique specificities of peri-urban vulnerabilities are emergent in the literature of policy-making and
planning, which tends to focus on either rural or urban contexts (Sassen, 2015) Limited land ownership and
tenure insecurity, often characterising peri-urban spaces, could also hinder people's incentives to invest in
permanent infrastructure to buffer themselves from flood events, as witnessed in slums in peri-urban Nairobi
(Thorn et al., 2015). Further, because of the transitory nature of peri-urban contexts, approaches to building
resilience and adaptation that focus on community mobilization can be difficult. Social capital is constantly
eroded in peri-urban contexts through incidences of voluntary economic migration or forced relocation and
displacement.

Given the diversity in peri-urban settings, no blue-prints are possible in building adaptive capacity to the
impacts of climate change. However, studies show that creating social capital by promoting civic
engagement can be an important way of doing so (Narain et al., 2017). This requires building the capacity of
the community to engage with service providers. The ‘negotiated approach’ has also been tried to engage the
communities in dialogue with state agencies (Harris et al., 2018; Ziervogel et al., 2017), as demonstrated in
parts of peri-urban Kolkata, India and Khulna, Bangladesh (Gomes and Hermans, 2018; Gomes et al., 2018).
Given the diversity and social and economic heterogeneity in peri-urban settings, however, studies point to
the limited relevance of the concept of 'community resilience', critiquing the notion of 'community' as a
homogenous, monolithic whole (Shrestha, 2019). Enhancing adaptive capacity in a peri-urban context
requires instead a vision that views the populations and communities as an integrated system, in which
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urban and rural livelihoods are interdependent and mutually vulnerable (Eakin et al., 2010). When
environmental change is coupled with strong social and economic transition, the challenge of defining an
appropriate unit of governance becomes more complex.

A study on eight cities in East and West Africa — namely Kampala, Addis Ababa, Dar es Salaam, Douala,
Ibadan, Nairobi, Dakar and Accra — demonstrates the potential of urban and peri-urban agriculture and
forestry in mitigating and adapting to climate change in urban and peri-urban areas of East and West Africa
(Lwasa et al., 2014). The co-benefits of UPAF include storm protection, erosion control, flood regulation,
and micro climate moderation. Windstorm reduction and maintenance of soil hydrology are other benefits of
urban forestry.

Models of urban design and governance that emphasize pluralism of governance and public rather than
private securitisation of urban space are more likely to support climate resilient pathways (medium evidence,
high agreement).The challenges of new dimensions of planetary urbanization are not captured entirely in the
literature of the peri urban interface. Instead, some commentators identify a trend towards ‘global
suburbanism’ in which specific forms of ‘suburban’ development (neither urban nor rural) are transforming
our ways to understand settlements (Keil, 2018). Suburban development has two spatial implications: first,
there is a decentralisation of the urban, and as centres are taking away the governance logics of urban areas
become unusable. Alternative modes of controlling and governing the suburb emerge, often related to the
growth of enclaves and enclave urbanization that impacts directly on the appropriation of resources (Calvet
and Broto, 2016; Gammage, 2016). This constitutes new ways of appropriating spaces and resources that
constitute forms of climate change securitisation and provoke different forms of defensive urbanism that are
exclusionary and which exacerbate inequalities (Haase et al., 2017; Hodson, 2010). Second, suburbanization
is related to a move towards the privatization of public spaces and the decline of public infrastructures,
collective spaces and green projects, again leading to what it is increasingly known as climate gentrification
(Long and Rice, 2019; North et al., 2017).

m Large Portions of Major Urban Areas Are in Low-Elevation Coastal Zones

Urban centers
Urban centers Urban centers -

Note: "Urban centers” are cities and large urban areas; “urban clusters” are towns and suburbs or small urban areas.
Source: Center for International Earth Science Information Network (Columbia University), CUNY Institute for Demographic Research (City University of New York), and
the Institute of Development Studies. 2019. For the Coalition for Urban Transitions and the Global Commission on Adaptation.

Figure Box 6.1.1: [PLACEHOLDER FOR SECOND ORDER DRAFT]
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[END BOX 6.1 HERE]

6.1.5 International Policy Architecture: Points of Departure

Since ARS, cities and other settlements, and particularly unplanned and/or ‘informal’ settlements within
these centres, have continued to grow at rapid rates. As a result, cities and settlements remain crucial both as
sites of action on climate change and sites of increased exposure to risk (medium evidence, high agreement).

This section begins with a review of the changes in global policy architecture affecting urbanization and
climate adaptation since the ARS including first, new international policy agreements with global impact;
second, international policy agreements with regional and sectoral implications and third; how international
policies impact urban civil society and community-based initiatives. Discussion in the rest of this chapter
will review the implications and interrelations of climate change and urban settlements, cities and
infrastructure, considering risk management and integrated adaptation, mitigation and sustainable
development risks and infrastructure planning and action within and between urban systems and challenges
for governance, leadership, and policy-making.

Despite a rapid growth in literature about city level case studies, especially wealthy large cities (Lamb et al.,
2019), there is limited evidence of long-term urban climate research and few cross city and cross regional
comparative studies (Bai et al., 2018). However, emerging research has drawn attention to the consequences
of three significant changes in international policy architecture, influencing urban adaptation.

First, climate justice is becoming an increasing focus of climate change and urban policy, encouraged by
international frameworks (Agyeman et al., 2016; Bulkeley et al., 2014a; UN-Habitat, 2016). Second,
emerging literature highlights that the rapid multiplication of actors in climate change policy at the urban
level has not yet found voice in international policy and the effectiveness of new forms of poly-centric
governance for climate is uncertain (Hale, 2016; Hsu et al., 2017; Jordan et al., 2015). Third, new research
highlights the need to balance the overall emphasis on coordination of urban policy responses with the need
to address structural vulnerabilities within the specific conditions in which they occur (Castan Broto, 2017b;
Long and Ziervogel, 2020; Mason and Rigg, 2019).

One of the major challenges towards delivering international urban climate policy has been agreeing a
definition of urban settlements and identifying ‘slums’ or informal settlements in particular (UN-Habitat,
2015), and a focus in the literature on the preparation of large wealthy cities at the expense of small and
median sized cities in the global South (Lamb et al., 2019). A recent review suggest that fewer than half of
European cities of any size that have been tracked have developed climate adaptation plans (Reckien et al.,
2017), never the less the growth in city engagement in planning has ensured cities have become significant
actors in international and multilateral-regional global climate agreements (Béckstrand and Kuyper, 2017).

Since the AR5 was released six new international agreements and initiatives have been achieved, each of
which has far-reaching implications for the management of rapid urbanisation and climate change; these
include; the Paris Climate Agreement (United Nations, 2015b) the New Urban Agenda (United Nations,
2016); The 2030 Agenda for Sustainable Development including the Sustainable Development Goals
(United Nations, 2015¢); The Sendai Framework for Disaster Risk Reduction (UNISDR, 2015); and the
IPCC 1.5 report (Masson-Delmotte et al., 2018).

Table 6.1: Summary of international agreements (source: (Satterthwaite et al., 2018). [PLACEHOLDER FOR
SECOND ORDER DRAFT: to be modified to speak more explicitly to climate change]

Agenda Scope of agreement Key relevance for urban development and governance
(date of agreement)

Sendai Framework  Global agreement for Identifies rapid urbanisation as a key underlying risk factor for
for Disaster Risk reducing disaster risks in all disasters.

Reduction countries and at all levels ~ Promotes shift from disaster response to disaster risk reduction
(March 2015) among national and local governments.

Do Not Cite, Quote or Distribute 6-12 Total pages: 134



O 00 N N W AW N =

e e e e e
O 00 N N W AW = O

FIRST ORDER DRAFT Chapter 6 IPCC WGII Sixth Assessment Report

Is strong on importance of local governments for this, but weak on
urban governance for disaster risk reduction, including civil

society.
Addis Ababa Action Global agreement arising  Includes general comments on the importance of local actors and
Agenda from the International recognises the need for strengthening capacities of municipal and
(July 2015) Conference on Financing  local governments.
for Development Commits to “support” local governments to “mobilise revenues as
appropriate”.

Offers little on how to get finance to support local governments
addressing these commitments.

Transforming our Global agreement adopted Includes SDG11, which speaks explicitly to making cities

world: the 2030 by 193 governments that  “inclusive, safe, resilient and sustainable”. There is extensive
Agenda for includes the 17 Sustainable reference to universal provision of basic services in other SDGs
Sustainable Development Goals which will require substantial efforts in cities; equality and
Development (SDGs) governance are also stressed.

(September 2015) Focuses on national goals and national monitoring with insufficient

recognition of key roles of local and regional governments and
urban civil society in addressing most of the SDGs. This is despite
the sustained engagement of both local government networks and
associations and civil society representatives throughout the inter-
governmental negotiation process.

The Paris Global agreement under References “cities and subnational authorities” as one of many
Agreement UN Framework Convention non-Party stakeholders with no reference to their specific roles,
(December 2015) on Climate Change: signed responsibilities, capacities and need for support.
by 195 and ratified by 170  Encourages cities to develop specific agendas for action.
member states

The World Not an agreement, but a Includes five agreed ‘core responsibilities’ with relevance for
Humanitarian summit attended by urban areas, and commitments were made by professional
Summit representatives of 180 associations, non-governmental organizations and networks of
(May 2016) member states with more  local authorities to address these in towns and cities.
than 3,500 commitments to Urban governments were not well represented, and their key roles
action generated were not discussed extensively.
The New Urban Global agenda adopted at  Intended as the global guideline for sustainable urban development
Agenda (October UN Conference on Housing for 20 years, but little coherence with the other agreements and
2016) and Sustainable Urban little buy-in from the organisations seeking to implement them.

Development (Habitat III)  Has limited recognition of urban governments or civil society as
initiators and drivers of change.
Includes extensive mention of sub-national and local governments,
but mainly as implementers of national policies.

6.1.6 Changes in International Policy Architecture: Centrality of Climate Change and Urban
Development in International Development Agendas

Since ARS literature that has examined international agreements has documented three processes in
international policy that have direct relevance to this chapter. First, there has been a growing focus on both
climate change and urban development in international development agendas (Bulkeley, 2015b; Knieling,
2016; van der Heijden et al., 2018). On the one hand, some literature notes how urban and infrastructure
policy has become more visible in international arenas, in a response that has been described as urban
optimism in climate change policy (Barnett and Parnell, 2016).

On the other hand, as climate has become a prominent concern in urban international policy literature,
caution has been expressed that many cities, particularly smaller cities and informal settlements in the global
South where development is rapid, need greater support for local governance, more information, and more
diverse sources of finance to meet the vision of global climate agreements (Cohen, 2019; Greenwalt et al.,
2018). Moreover, the response of many cities to climate change is often constrained by wider political, social
and economic structures, development path dependences and high carbon lock-in (Johnson, 2018; Jordan et
al., 2015; Princeti, 2016).
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The debate on urban vulnerability and climate change also received greater global attention with the
adoption of the Sustainable Development Goals (SDGs) (United Nations, 2015c¢), which include goals on
urban areas (SDG 11) and on climate action (SDG13). As a blueprint for human dignity, the Sustainable
Development Goals emphasise the need to consider how to achieve a better and more sustainable future
while ‘leaving no one behind.” In doing so, they emphasise an agenda focused on wellbeing, inequality and
justice. One of the questions inherent to the SDGs is the extent to which trade-offs and synergies between
multiple development goals can be resolved by urban communities. For example, both SDG 11 and SDG 13
are closely interrelated (United Nations, 2015c¢). The objective for SDG11 is defined as: “Make cities and
human settlements inclusive, safe, resilient and sustainable” and has ten associated targets including ensuring
access for all to adequate, safe and affordable housing and basic services; participatory planning;
safeguarding heritage features; reducing disasters particularly water related disasters and economic impacts
on the poor; and promoting resource efficiency, mitigation and adaptation to climate change, resilience to
disasters, and develop and implement, in line with the Sendai Framework for Disaster Risk Reduction”.
However, as the IPCC 1.5 special report emphasized, adaptation strategies there are positive and negative
trade offs amongst SDGs and emphasis on just one such as health, can create unintended (and potentially
negative) consequences for another such as energy consumption and growth (International Council for
Science, 2017; Roy et al., 2018a). Through the Agenda 2030, national governments have been charged with
overall responsibility for enabling and monitoring adequate policies to deliver on the SDGs, but the role of
other institutions, including local government and the private sector, is also emphasised.

The Sendai Framework for Disaster Risk Reduction 2015-2030, signed in 2015, highlights urbanisation as
one of the key drivers of risk, which is also applicable to addressing climate change risk. The Sendai
Framework builds on the preceding Hyogo Framework which concluded in 2015. Where Hyogo placed
explicit attention on the aim of reducing risk root causes in development vision, planning and management,
the Sendai Framework has oriented more towards the integration of risk management into development
planning, including for cities, settlements and infrastructure. The ‘ten essentials’ on disaster risk, developed
by the UNISDR, and updated to incorporate the Sendai focus on risk reduction, highlight the need to
consider responses to chronic stressors and sudden shocks through governance and financial capacity;
planning and disaster preparation; disaster response and post-event recovery (UNISDR, 2017). These
principles have become widely accepted guidelines for local authorities dealing with risk in urban areas. The
Sendai Framework is explicit in supporting signatory governments working in collaboration with local
governments and non-governmental actors in risk reduction. The opportunity for managing and reducing risk
that come from non-state actors was highlighted also by the World Humanitarian Summit. The resulting
Grand Bargain aims to transform the humanitarian sector, placing more control into the hands of survivors
and building concrete mechanisms for building development gain into humanitarian action. Despite such
calls for integrated development planning with clear relevance to cities, the contribution cities could make to
international disaster recovery and sustainable development is hampered by, “meagre funding for
collaboration, and poor data collection and sharing” (Acuto, 2016). As a result, opportunities for effective
political commitments to reduce and respond to climate risk, while recognised, remains ill-defined in
emerging literature (Speckhard, 2016).

In many cases, international agreements have helped draw attention to the enormous gaps in resources and
capacities that local governments and other sub-national governments face (Satterthwaite et al., 2018). The
Addis Ababa Action Agenda (United Nations, 2015a), for example, has emphasised the need to ensure
adequate financing at all levels of government, especially sub-national and local governments to support
sustainable development, including infrastructure and international cooperation for financing large scale
projects for sustainable energy, transport, water and sanitation that contribute to climate change mitigation
and adaptation. However, the variability of institutional arrangements in different countries, including
variations of local governments financial and administrative independence, makes it difficult to develop a
universal framework challenges the use of traditional forms of funding such as grants, taxes or transfers
(UN-Habitat, 2016).

The Paris Agreement also highlights the role for subnational governance. The Intended Nationally
Determined Contributions provide the basis for urban responses, while there has also been an emphasis on
additional contributions made beyond these (Bickstrand and Kuyper, 2017). Over two-thirds — 113 out of
164 — of the submitted Intended Nationally Determined Contributions referenced urban responses in the
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context of sustainable development, climate mitigation and adaptation (UN-Habitat, 2016). Analysis of these
revealed 58 focused on urban climate adaptation, 17 focused on both adaptation and mitigation, and 4
focused on mitigation (UN-Habitat, 2017). Simultaneously, multiple efforts have emerge to align the actions
of nation states with those of other actors, including the Non-State Actor Zone for Climate Action Platform
for Sub-National Action (Hsu et al., 2017). While significant optimism has been gathered around the
possibility to intervene at subnational level, the most difficult challenge has been to establish a coherent view
of the overall contribution that cities and settlements are making (Chan et al., 2015b; Hale, 2016). Although
meeting the Paris goals will require staying within a ‘carbon budget’, supporting rapidly developing urban
areas in the global South to the same infrastructure level as developed cities may consume significant
proportions of this (Bai et al., 2018).

The New Urban Agenda (adopted in Quito in October 2016) posits national urban policies as a central device
to inform the role of cities and subnational governments in addressing sustainable development. However, it
contains only a limited recognition of the multiple forms of social innovation that have emerged in the last
two decades, including participatory budgeting, forms of social financing and crowdfunding, and forms of
low-cost urban infrastructure that are increasingly shown as being necessary for transformative urban
adaptation. The significance of the NUA for climate adaptation is largely in the way in which it frames the
role for cities within national and international systems, including an ongoing assessment of their
contribution to sustainability and resilience.

6.1.7 International Agreements with a Regional and Sectoral Focus

There is increasing international effort amongst non-Party stakeholders to the Paris Climate Agreement to
collaborate to meet the Paris Climate goals, from regions, states, cities and business in global climate
governance (Chan et al., 2015a; Data Driven Yale NewClimate Institute PBL, 2018). Recent reviews of
contributions by non- state actors estimate that 8,419 subnational actors, including 8,237 cities and
municipalities in 128 countries representing 16% (cities) and almost 15% (regions) together with 2,175
companies, headquartered in 54 countries, have pledged at least one climate commitment via a regional
climate platform including for example the European Union (EU) Covenant of Mayors, the Global Covenant
of Mayors for Climate and Energy and United Nations Framework Convention on Climate Change
(UNFCCC) Non-State Actor Zone for Climate Action (Data Driven Yale NewClimate Institute PBL, 2018).

There is significant scope for greater international collaboration via cross-city and regionally coordinated
urban system responses to climate change (medium evidence, high agreement). There is also a proliferation
of new non-governmental and public-private actors that address both adaptation and mitigation in cities and
settlements, including: the C40 Cities Climate Leadership Group, 100 Resilient Cities, We Mean Business,
and We Are Still In (Ireland and Clausen, 2019). However, there is as yet limited research into the
effectiveness of these initiatives in enhancing medium and small city adaptation and limited documentation
of climate adaptation actions by non-traditional agents, particularly in the global South (Lamb et al., 2019).

Emerging literature has also documented the regionally coordinated ways that some cities are responding to
infrastructure needs to identify cluster areas that are expected to experience similar warming trends locally,
and the opportunity for modelling the effect for example of increasing green cover and reducing building
density options (Emmanuel and Loconsole, 2015). There are also co-benefits in coordinating regional urban
assessments of eco-system based adaption, but relatively few examples of this coordination at regional scale
(Geneletti and Zardo, 2016).

6.1.8 International Policy Approaches with a Civil Society and Community-based Focus

Social movements and civil society play a key role in transforming cities and informal settlements to
advance climate justice and help integrate international efforts for climate adaptation and mitigation with
local action (medium evidence; high agreement). Analysis of patterns of participation since AR5 have
demonstrated the “continued importance of ‘traditional” actors in international climate politics, in particular
national governments and international organizations” (Chan et al., 2015a) however new urban activists and
stakeholders including youth, and indigenous and minority communities and Non Governmental
Organizations alongside business groups have also been visible in global urban climate debate, pressing for
faster, more far reaching change (Alves et al., 2019; Crnogorcevic and Leo, 2019; Frantzeskaki et al., 2016;
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O'Brien et al., 2018; Smith and Patterson, 2018). Emergent urban social movements for climate justice often
build on established international networks of local activists such as Shack and Slum Dwellers International
and are focused on human rights, indigenous sovereignty and land claims, and access to water,
intergenerational justice, and gender and have underscored calls for far-reaching transformative change in
ways that contribute to :pre-figurative” politics in ways supporting community capability to shift to more
socially and environmentally-just urban transformations (Akbulut et al., 2019; Foran, 2019; Smith and
Patterson, 2019; Vandepitte et al., 2019).

Social movements have traditionally been the drivers of wide spread societal change and the coordination of
global movements and protests together with support for local government leadership for change is
significant and important for legitimating and mobilizing challenges to business as usual (Dunlap and Brulle,
2015). New urban social movements also have the ability to reframe and refocus policy discussion for
example around mobility policy in cities in ways that bring inequality and climate justice to the fore in
discussion of transportation, and urban energy transitions (Sheller and Urry, 2016). Opportunities for
individual and community level engagement in climate adaptation and mitigation planning, for example in
energy and home insulation at the neighbourhood or street level, can also encouraging greater individual
engagement in urban climate policy discussion despite the challenges of individual lifestyle change due to
energy infrastructure lock-in (Tosun and Schoenefeld, 2017).

6.2 Impacts and Risks

This section assesses the impacts of hazards associated with climate change that will affect cities, settlements
and key infrastructure. In particular the ways in which climate systems and urban systems interact to produce
particular patterns of loss and risk. The IPCC Special Report on 1.5 degrees drew several conclusions that
are relevant to this, notably that “Global warming of 2°C is expected to pose greater risks to urban areas than
global warming of 1.5°C (medium confidence)” The sections below focus on hazards associated with
temperature extremes (and the urban heat island), flooding (including sea-level rise), landslides, drought and
air quality before addressing the key impacts and risks associated with particular sectors.

6.2.1 Dynamic Interaction of Urban Systems with Climate

One over-arching feature that cuts across a range of systems is the changing pattern of global urban exposure
to hazards (UNDESA, 2018b) (See Section 6.1 for a short summary of exposure to risk). Urban systems
interact with climate systems in multiple, dynamic and complex ways. Climate change can have direct
impacts on the functioning of urban systems, urban systems can substantially alter the local experiences of
climate change. There is a substantial body of evidence on both these topics, however there is less research
on the inter-relationships between multiple systems and climate change. This is despite the fact that many
cities are exposed to multiple climate-related hazards: more than 100 cities analysed as part of a 571 city
study in Europe were deemed vulnerable to two or more climate impacts (Guerreiro et al., 2018).

The local or regional scale impacts of the physical drivers of urbanisation can be considerable and enhances
exposure of urban populations independent of global climate change. Specifically in relation to floods and
droughts, Giineralp et al (2015) calculate that even without accounting for climate change, the extent of
urban areas exposed to flood hazards will increase 2.7 times between 2000 and 2030, the extent exposed to
drought hazards will increase about 2 times in this period, and urban land exposed to both floods and
droughts will increase more than 2.5 times.

6.2.1.1 Temperatures and Urban Heat Island

The urban heat island (UHI) is the discernible increase of surface and air temperatures in urban areas relative
to its surroundings; it is caused by physical changes to the surface energy balance of the pre-urban site upon
which the city is built on (Oke et al., 2017), combined with waste heat emissions from anthropogenic sources
e.g. heating/cooling in buildings, transportation, and biological metabolism (Chow et al., 2014; Sailor, 2011).
The size and shape of urban areas directly affect intensities of city-wide UHI, although considerable intra-
urban variations in urban temperatures exist depending on local-scale land use classification (Ching et al.,
2018; Stewart and Oke, 2012). Successful methods of reducing urban temperatures and UHI involve
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increasing the proportion of urban greenery, increasing reflectivity by raising urban albedo, and reducing
waste heat from transport and building heating/air conditioning (Akbari et al., 2016).

While the causes of UHI are predominantly local in origin, a considerable body of evidence exists on how
multi-scale impacts and consequent risks arise from elevated temperatures within settlements enhanced by
climate change (very likely, high confidence). The UHI itself is amplified during heat waves (Founda and
Santamouris, 2017; Li and Bou-Zeid, 2013; Mishra et al., 2015), the extent to which varies regionally and by
time of day (Ward et al., 2016; Zhao et al., 2018). Some evidence suggests that UHI intensities are more
suppressed under high temperature events (Scott et al., 2018), but amplification of night time UHI during
heat waves is expected to increase in all regions in future climates (Zhao et al., 2018). The interaction of heat
waves and urban heat island effects in cities present risks for numerous aspects of urban systems, primarily
for people and other living organisms and the supporting physical and energy infrastructure.

Human health and well-being are threatened by both independent and combined effects of heat waves and
the urban heat island in cities, especially during the warm seasons (Heaviside et al., 2017; Hondula et al.,
2017). The consequences of high temperatures on human mortality and morbidity are well-documented;
multi-city meta-analyses indicate that high temperatures increase mortality risk in most countries and regions
(very likely, high confidence); in one study of 384 cities across 13 countries, approximately 0.42% of total
mortality was attributable to high temperatures, with considerable city-to-city variability in the total effect
size (Gasparrini et al., 2015; Guo et al., 2014). Fewer studies exist for morbidity outcomes, but there is
strong evidence of significant effects across a wide suite of health events resulting from high temperatures
(Li et al., 2015; Phung et al., 2016). Not all health outcomes are consistently associated with heat events in
all geographic locations. Temperature-mortality and temperature-morbidity research is lacking in several
parts of the world including most of Africa, South America, southeast Asia, and the Middle East, but
evidence from some low- and middle-income regions points to a significant and measurable effect (Campbell
et al., 2018; Green et al., 2019; Odhiambo Sewe et al., 2018)(medium confidence).

While there are many studies that examine temperature-health effects with a focus on cities, few examine the
manner in which the temperature-mortality or temperature-morbidity association is modified by the UHI
(Schinasi et al., 2018). Very few studies formally attribute a fraction temperature-related health effects to the
urban heat island itself; one estimate from London suggests that approximately 50% of heat wave mortality
in 2003 resulted from the urban heat island (Heaviside et al., 2016). There is evidence from a limited set of
locations that adverse temperature-health events occur at higher rates in hotter parts of cities or regions
owing to urbanization effects (Burkart et al., 2016; Gran Castro and Ramos De Robles, 2019; Jenerette et al.,
2016; Ma et al., 2015)(medium confidence). These patterns likely result from overlapping social
vulnerabilities and historical development trends that place disadvantaged populations in part of cities with
stronger UHI; these from demographic (e.g. cities with a larger proportion of elderly or young populations
having greater exposure to heat events) and socio-economic (e.g. access to shelter) factors, as well as air
pollution events that are exacerbated by heat e.g. photochemical smog or ozone (Fernandez Milan and
Creutzig, 2015; Gronlund et al., 2015; Harlan et al., 2019; Sheffield et al., 2018; Voelkel et al., 2018; White-
Newsome et al., 2014).

Increasing heat extremes from UHI and climate change in cities result in emergent health risks and costs to
society, and can multiply existing urban health vulnerabilities across the lifespan, including heat stress and
illness, while decreasing safe outdoor activity hours for recreation, sports, and labor (International Labor
Organization 2019). Specifically, mass gatherings (e.g., cultural and sporting events), construction activities,
youth activities, and active transportation are impacted by the combined effects of urban heat and climate
change. These occupational or recreational activities require higher metabolic loads (e.g., athletes,
warfighters, occupational labor), thus heightening the risk of exertional heat illness or death. Specific
emerging risks for occupational and related heat illnesses are found in urban tropical or subtropical low-
income and middle-income countries (Andrews et al., 2018; Green et al., 2019). As urban warmth increases,
Recent research illustrates a direct decline in labour and thus economic output (Graff Zivin and Neidell,
2014; Yi and Chan, 2017) and lowered productivity (Houser et al., 2015; Stevens, 2017). In-situ monitoring
of micro-climates felt by outdoor workers provide helpful information to reduce risk, yet also come with
compliance costs (i.e., cancelling work/decreasing hours) to workers or the company, even for cities in more
temperate climates (Vanos et al., 2019).
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Globally, heat stress in urban areas are projected to reduce labour capacity by 20% in hot months by 2050
compared to a current 10% reduction (Dunne et al., 2013). Burke et al. (2015) demonstrate a non-linear
relationship between temperature and global economic productivity, with potential global losses of 23% by
2100 due to climate change alone. Zander et al. (2015) estimate heat-related reductions in urban labour
productivity to cost $5.2—7.3 billion Australian dollars per year, based on self-reported performance
reduction and absenteeism across 1,726 workers in 2013—14. In China, high-temperature subsidies are given
at outdoor air temperatures above 35°C, and is projected to increase to 250 billion yuan per year after 2030
(compared to 38.6 billion yuan per year for 1979-2005) (Zhao et al., 2016).

A key emerging risk for increased urban heat would be the detrimental impact on the biometeorology of
athletes participating in international sporting events held in cities. Extreme heat negatively affects athletic
performance, with serious concerns for heat stroke leading to death particularly given the highly competitive
and motivated nature of elite athletes (Brocherie et al., 2015; Casa et al., 2015). Professional athletes across
multiple sports have modulated their performance to account for the increased heat exposure (Nassis et al.,
2015; Smith et al., 2018), or increased athlete attrition occurs during competition - especially in endurance
events under heat extremes (Smith et al., 2016). The emergent risk also affects spectators to these events;
Heat extremes occurring during the Summer 2020 Olympic/Paralympic Games in Tokyo, Japan are a
concern for athletes, spectators, and workers/volunteers (Hosokawa et al., 2018; Kosaka et al., 2018;
Matzarakis et al., 2018; Vanos et al., 2019). The risk of unpredictable disruptions to an event arising from
climate concerns may cost billions of dollars based on years of planning, hundreds of thousands of people,
and large global media attention, yet such precautions may help avoid serious risk to athletes (Smith et al.,
2016).

Another emerging urban heat risk pertains to medical issues for urban residents. Chronic kidney disease,
which is associated with prolonged exposure to high heat and dehydration, potentially is the first documented
health epidemic associated with climate change and heat (Glaser et al., 2016). Research into the cause and
origin of this disease is ongoing, with recent reviews indicate that occupational heat exposure with physical
exertion and inadequate hydration may (Glaser et al., 2016; Wesseling et al., 2015) or may not (Herath et al.,
2018) be a causal factor. Heat stress and dehydration are also related to behavioral and learning concerns,
with dehydration impairing concentration and cognition for both adults and children (Merhej, 2019).

While emerging literature recognizes the agency or action that young citizens can take in responding to
climate change (Cutter-Mackenzie and Rousell, 2019; Nche et al., 2019) young children in cities are also
particularly sensitive to aspects of climate change for example heatwaves and may have little experience or
capacity to cope with heat extremes (Norwegian Red Cross, 2019). The vulnerability of youth his is
compounded with projected urbanisation rates and poor infrastructure particularly in Asian and African cities
(Smith, 2019) The emerging risks effecting these vulnerable demographic segments can develop in
conjunction with increased urban warmth. Literature on pediatric heat exposure is associated with increases
in emergency department visits for heat-related illnesses, electrolyte imbalances, fever, renal disease, and
respiratory disease in young children (Winquist et al., 2016) with less severe outcomes such as lethargy,
headaches, rashes, cramps, and exhaustion negatively affecting children in school and play environments
(Hyndman, 2017; Vanos, 2015); yet, comparatively less information regarding heat-health relationships and
emerging urban risks exist for children (Ahdoot and Pacheco, 2015; Xu et al., 2014). This lack of
information may be due to the nature of population-based data (grouped as 0-65 or >65 ages) or to a lack of
heat-related pediatric mortalities (versus associated morbidities), apart from documented cases of pediatric
vehicular heat stroke events in cities (Winquist et al., 2016).

Apart from increased risks related to physiological effects from urban warmth, there is also increased risk to
quality of life of urban dwellers. Social surveys from temperate and tropical cities point to reductions in the
quality of life during heat events, including increased incidence of personal discomfort in outdoor settings,
elevated anxiety, depression, and other indicators of adverse psychological health, and reductions in physical
activity, social interactions, work attendance, tourism, and recreation (very likely, high confidence) (Chow et
al., 2016; Elnabawi et al., 2016; Lam et al., 2018; Obradovich and Fowler, 2017; Wang et al., 2017; Wong et
al., 2017). These negative risks and impacts very likely apply to indoor thermal comfort due to climate
change, evidenced by negatively affected thermal comfort indices and/or increased number of overheating
hours is reported by many studies employing numerical simulations in which different climate scenarios
were used to project future climate data (high confidence) (e.g. Dino and Meral Akgiil, 2019; Dodoo and
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Gustavsson, 2016; Hamdy et al., 2017; Invidiata and Ghisi, 2016; Liu and Coley, 2015; Makantasi and
Mavrogianni, 2016; Mulville and Stravoravdis, 2016; Osman and Sevinc, 2019; Pérez-Andreu et al., 2018;
Roshan et al., 2019; Salthammer et al., 2018; Taylor et al., 2016; van Hooff et al., 2014; Vardoulakis et al.,
2015).

Enhanced urban warmth can place economic stresses on residents and households through higher demand for
utilities in the warm season (particularly electricity in regions where air conditioning is or will become more
prevalent), medical costs associated with care for heat illnesses and related health effects, missed work, and
other causes (Jovanovic et al., 2015; Liu et al., 2019; Schmeltz et al., 2016; Soebarto and Bennetts, 2014;
Zander et al., 2015; Zander and Mathew, 2019). Such stresses are projected to increase in many regions
associated with continuing global-scale climate change and urbanization (e.g. Ang et al., 2017; Véliz et al.,
2017), although some of these effects are offset by reduced stresses in winter associated with UHI or rising
temperatures more generally (Hirano and Fujita, 2012). There is evidence from some locations that
socioeconomically disadvantaged populations are more likely to reside in hotter parts of cities, and they are
also more likely to live in dwellings that are of poorer or older construction materials and have less effective
insulation (Harlan Sharon et al., 2013; Inostroza et al., 2016; Tomlinson et al., 2011). Thus, the economic
burden of the urban heat island effect, and heat waves, can be especially burdensome on residents who face
more economic challenges overall.

Considerable impacts to the physical infrastructure of cities is also subject to adverse effects from the
intersection of UHI effect and heat waves (very likely, high confidence). Utility systems are of particular
concern because of their interconnected nature and the potential for cascading effects within and across
systems with any disruptions (Rampurkar et al., 2016). Power systems are considered particularly vulnerable
to heat events because of the myriad connections between environmental conditions and power production
and transmission. Stresses on urban power systems during heat events include increased demand, especially
for air conditioning, in parts of the world where it is widely used (Ang et al., 2017; Bartos et al., 2016;
Santamouris et al., 2015). Furthermore, heat can decrease the efficiency of power transmission, increase
risks for failure of electrical system components, and constrain the availability of water resources used in
power production (Behrens et al., 2017; Clark et al., 2019; Panteli and Mancarella, 2015; Srinivasan et al.,
2018; Van Vliet et al., 2016). Water resources and systems that support urban areas are also subject to
disruption from heat events and UHI. Water consumption from multiple sectors increases with higher
temperatures, and water evaporates more readily into a warmer atmosphere, which can deplete surface water
supplies (Grouillet et al., 2015; Kifle Arsiso et al., 2017; McGloin et al., 2016; Nazif et al., 2017). A third
critical urban system subject to adverse heat wave and UHI is transportation. Road and rail network
performance can be compromised when paving materials and rail buckle or fail as a consequence of
expansion during high temperature events (Binti Sa’adin et al., 2016; Chinowsky et al., 2013; Ferranti et al.,
2016; Fletcher et al., 2015; Twerefou et al., 2015). Furthermore, airplane efficiency is reduced, or in some
cases disallowed, at certain temperature thresholds (Coffel and Horton, 2014). Stresses and vulnerabilities to
power, water, and transportation systems, combined with direct effects of high temperatures on agricultural
productivity and transportation, can challenge urban food systems (Berardy and Chester, 2017). Lastly, UHI
also increases the concentrations of atmospheric pollutants e.g. higher urban temperatures directly affects
ozone chemistry and releases ozone precursors (Knight et al., 2016).

The risks from heat islands and heat waves are projected to worsen (very likely, medium confidence).
Depending on the concentration pathway, between half (RCP2.6) to three-quarters (RCP8.5) of human
population could be exposed to periods of life-threatening climatic conditions arising from coupled impacts
of extreme heat and humidity by 2100 (Mora et al., 2017)[Figure 6.3 - overlaid population expansion of
urban areas up until 2100 overlaid with changing temperature under RCP2.6, 4.5 and 8.5 scenarios per (Mora
et al., 2017)]. Cities in mid-latitudes e.g. throughout Belgium by 2050 are potentially subject to twice the
levels of heat stress compared to their rural surroundings under all RCP scenarios (Wouters et al., 2017), but
a disproportionate level of exposure arises within tropical humid areas as cities in these climate regions (e.g.
Nairobi) have year-round warm temperatures and higher humidity, requiring less warming to exceed
“dangerous” thresholds (e.g. Scott et al., 2017). There is also evidence indicating that UHIs have a
synergistic coupling, i.e. warmer urban temperatures enhance heat waves, with the strength of synergy
dependent on time of day. This coupling is best observed at night for cities across the globe and will be
strengthened under all future climate scenarios (Zhao et al., 2018).
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Figure 6.3: [PLACEHOLDER FOR SECOND ORDER DRAFT: population and heat exposure. Up to six global maps
of heat distribution and urban places (large cities and urban regions) under past, current and specific model scenarios to
show exposure patterns and the relative influence of urban and climate dynamics in this over time. To developed in
collaboration with WGI]

6.2.1.2 Urban Flooding

Many cities lie in high-risk areas related to flooding from pluvial, fluvial and coastal inundation. An
estimated two-thirds of the world’s largest coastal cities being directly vulnerable to rising sea levels, local
and regional land subsidence, storm surges from severe storms, and changing intensities and frequencies of
precipitation events (Hoegh-Guldberg et al., 2018; Koop and van Leeuwen, 2017). Extreme precipitation
events - through either excessive amounts or prolonged deficits of rain and snowfall, are projected to
increase in a warming climate. While clear evidence exists on urbanisation directly affecting local or
regional temperatures, there is less confidence on the scale or influence of urbanisation on inducing or
disrupting precipitation in cities. Han et al. (2014) note that observational studies from 19 cities indicate that
urban areas affect spatial distribution and potentially increases precipitation amounts over and/or downwind
of settlements; however, larger-scale synotic factors appear to be more important in affecting precipitation
extremes. The occurrence of measured precipitation extremes within urban areas from 1973-2012 appear to
occur far less when compared to heat events; Mishra et al. (2015) note that out of 241 urban areas, only 17%
(10%) of sites experienced statistically significant increases in frequencies of extreme precipitation events
(annual maximum precipitation). Changes in urban flood vulnerabilities impart considerable stress unto
urban systems susceptible to impacts arising from flood events (Molenaar et al., 2015). The resultant water-
associated risks observed in cities are also strongly influenced by topographical factors related to elevation,
slope, and coastal location of cities that will heighten exposure to climate hazards [see Cross-Chapter Paper
2 for more information of observed risks from coastal cities]. The risks are also influenced by dynamic
developments in both the built form and population growth of settlements; disproportionate risk may arise
depending on the state of urban infrastructure e.g. transportation, drainage and water conveyance systems.

e Changes in risks of urban areas exposed to flooding through a combination of sea level rise, land
subsidence, and/or extreme precipitation from severe storms (case studies from Hurricane Sandy and
Harvey; see also literature from Section 4.3.3.2 in SROCC and from SR1.5 3.4.2 and 3.4.8)

e Projected risks from urban floods being driven by exposure from climate change per RCP scenarios, and
risks to physical and social urban infrastructure - including current economic damage and increased risks
to re-insurance.

e Long-term feedbacks between humans and floods may lead to complex phenomena such as coping
strategies, levee effects, call effects, adaptation effects, and poverty traps. Such phenomena cannot be
represented by traditional flood risk approaches that are based on scenarios. Instead, dynamic models of
the coupled human-flood interactions are needed (Barendrecht et al., 2017).

6.2.1.3 Urban Drought

e Overview of how regional drought (and drought types - meteorological, agricultural, socio-economic)
directly affects urban areas in terms of exposure through vulnerability framework historically and
presently (update from ARS; (Buurman et al., 2017); Giineralp et al (2015)

e Examination of studies projecting risks to urban areas from modelling studies (Liu et al., 2018; Sun et
al., 2017)

e Transboundary issues of drought exposure from surface and subsurface water access and storage and
variations between cities along river catchments that enhance risks at finer spatial scales (e.g. SR15
Section 3.4.2 and 3.4.8, (Chuah et al., 2018));

¢ Demand- and supply-side water resource management in settlements affecting current impacts and
vulnerability (particularly on sensitivity and adaptive capacity), and to future risks (Gober et al., 2016;
Marengo et al., 2017);

e Reference to Chapter case study box on Cape Town.
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6.2.14 Wind Storms

High wind speeds associated with cyclonic weather systems can cause significant structural damage to
buildings and key infrastructure as well as causing human injury through flying debris. This section will
assess the literature describing impacts and risks arising from urbanisation.

6.2.1.5 Landslides and Mass Movements

Landslides are secondary impacts of weather events when triggered by heavy rainfall. This section will
describe the conditions and occurrence of rain driven landslides, mudflows and other mass movements in
urban areas and affecting urban infrastructure networks. In addition to events occurring within urban areas, it
is frequent for road and communications infrastructure to be damaged by these hazards with significant
impacts on settlements and associated production processes or markets that are then cut off.

6.2.1.6 Cold Shocks, Ice Storms and Extreme Snow Fall

Frigid weather events are associated with climate change as a result of shifts in global atmospheric
circulation that can being unusually cold air masses over urban areas and their connected infrastructures.
This section will assess the literature on observed associations between these climatic phenomena and urban
events and their impacts.

6.2.2 Key Risks Arising from Urbanization Processes

The literature on key climate risks for cities and settlements highlight the comprehensive, multi-scalar, and
systemically inter-connected nature of such risks. Projected climatic changes — such as changing
precipitation patterns, temperatures, and sea levels — contribute to pressures on human wellbeing and
infrastructure systems. Furthermore, risks evolve due to macro-scale drivers of change such as urbanization,
economic development, land use changes and other emergent factors (Adger et al., 2018). This section
synthesises and assesses the emerging literature on key risks across several key domains: (1) risks to
agricultural systems across urban-rural settings; (2) risks to water, health, and energy infrastructures; (3)
risks to land use, housing, and community structures; and (4) risks to human security and mobility. For cities
and settlements, such risks are of particular concern due to a lack of adaptive capacity across many
economically important sectors, low levels of resource and capacity support to enhance adaptive capacity, as
well as uncertainties over how risks in one sector lead to ‘cascading’, compounding, or knock-on effects
across other sectors (Zscheischler and Seneviratne, 2017).

6.2.2.1 Risks to Agricultural Systems across Peri-Urban and Urban-Rural Settings and Subsequent Food
Security

Peri-urban areas are widely growing in importance and spread. There is no uniformly accepted definition of
the word peri-urban (Narain and Nischal, 2007; Narain and Singh, 2017), but broadly it refers to spaces in
transition that combine features of both rural and urban areas. They are located usually at the periphery of
cities, providing resources for urban expansion and receiving urban wastes, though scholars caution against
purely place based definitions of peri-urban, highlighting instead the importance of underlying institutional
contexts (Iaquinta and Drescher, 2000; Narain and Singh, 2017). They are socially and economically
heterogeneous, accommodating a wide variety of occupational interests. Urbanization processes affect
demand for natural resources, causing their reappropriation from rural to urban purposes; thus natural
resources are constantly under stress (Allen, 2003; Gomes and Hermans, 2018; Narain and Singh, 2017;
Shrestha et al., 2018). This may give rise to conflicts and contestations over natural resources, but may also
be associated with new forms of cooperation in the face of scarcity (Roth et al., 2019; Shrestha et al., 2018;
Vij et al., 2018).

Peri-urban spaces are relevant and important from the perspective of climate risks and vulnerability because
these spaces suffer from double exposure (Leichenko and O'Brien, 2002). On the one hand, they experience
stressors attributed to urbanization processes, such as loss of access to natural resources like land and water.
On the other hand, they suffer from climate change and variability. For instance, climate change poses
challenges to agricultural production and farmer livelihoods in both rural and urban settings. Recent research
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shows that climate change is projected to reduce production of the four major food crops — wheat, rice,
maize, and soybean — by more than 10% by 2050 (Tai et al., 2014). Temperate and sub-tropical regions, in
particular, may experience substantial crop yield losses due to extreme heat stress (Teixeira et al., 2013). In
Europe, for example, areas with Continental and Mediterranean climates will experience decreased crop
productivity due to increasing drought and water scarcity (Iglesias and Garrote, 2015; Iglesias et al., 2011).
Regions abutting the Atlantic Ocean will experience increased flood risks and sea level rise, leading to
coastal water intrusion and loss of soil quality. Boreal regions, however, may experience benefits attributed
to gradual warming (Iglesias et al., 2011). Recent research from the United States also show large negative
impacts of extreme heat on agricultural productivity (Burke and Emerick, 2016). Across the tropics,
agricultural yields are constrained because of reducing water availability rather than heat. Comparative
research from Southern Africa show a reduction in crop yields by as much as 20% by the 2080s due to
decreasing precipitation (Conway et al., 2015; Leck et al., 2015). This therefore potentially exacerbates food
insecurity across the Global South where many populations are already vulnerable to hunger and
malnutrition (Wheeler and Von Braun, 2013).

Climate adaptation in the agricultural sector entails diversifying farming systems, local planning, building
responsive governance systems, enhancing leadership skills, and building asset diversity (Campbell et al.,
2014; Lipper et al., 2014). Globally, recent research estimates that a US$225 billion investment is required
by 2050 to offset negative agricultural yields attributed to temperature and precipitation changes (Lobell et
al., 2013). Such investments in agricultural adaptation could increase crop yields by an average of 7% to
15% (Challinor et al., 2014; Thornton et al., 2014), though this is constrained due to the need for substantial
investments in irrigation infrastructure (Elliott et al., 2014). For example, in the Kumaon Hills of North West
India, local residents lost access to springs to new settlers who acquired lands around them to build hotels,
cottages, and luxury resorts (Narain and Singh, 2019). At the same time, changes in precipitation and decline
in snowmelt caused a reduction in groundwater recharge. Farmers thus had to shift from irrigated to rainfed
agriculture.

Furthermore, capital investments in more effective water use and management may improve adaptation
potential — such as in the case of maize, wheat, barley and other food crops in Europe (Moore and Lobell,
2014). This therefore points to the reality that adaptive capacity in the agricultural sector is not solely
determined by the presence of appropriate technology, but is also constrained by the lack of supporting
institutions, human capacity, and decision-making structures (Feola et al., 2015; Niles et al., 2015). For
example, a study of rural villages in Tanzania found a need to invest in rural infrastructure, particularly
targeting education systems, women’s empowerment, strengthening social capital, micro-credit, and
agricultural extension as effective adaptation strategies (Below et al., 2012). Research from Nepal also
shows important role played by local public, private, and civic institutions in co-producing climate sensitive
agricultural technologies (Chhetri et al., 2012).

In urban and peri-urban contexts, sustainable agriculture can enhance food security, productive greening,
ecosystem services, and promote overall resilience policy (de Zeeuw and Drechsel, 2015; Lwasa et al.,
2014). Urban agriculture can enable functionally sustainable landscape systems that achieve adaptation and
mitigation co-benefits, including in the context of food security, biodiversity conservation, and poverty
alleviation (Duguma et al., 2014; Harvey et al., 2014). For example, a study from Munich, Germany, found
that intensive urban agriculture could provide local fruit/vegetables, wastewater recycling and harvesting,
and biogas generation (Gondhalekar and Ramsauer, 2017). Other approaches — such as agroforestry (Mbow
et al., 2014), agro-ecology (Altieri and Nicholls, 2017), climate-smart agriculture (Lipper et al., 2014), and
climate resilient agriculture (Lal,2013) — can further achieve climate co-benefits through land restoration,
diversification, and water conversation while providing local economic benefits. Despite these perceived
adaptation benefits, urban and peri-urban agriculture continue to face decreasing land and water resources as
well as ineffective policies and poor governance (Padgham et al.,2015).

Finally, peri-urban populations suffer challenges addressing which can be hampered by a conventional rural-
urban dichotomy in planning and building adaptive capacity. A study of flood risk and vulnerability in
evolving peri-urban spaces in the Upper Lerma River Valley, Mexico demonstrated how livelihood and land
use change altered peri-urban residents' perceptions of risk and loss (Eakin et al., 2010). The approach of
planning authorities to see flooding as a rural and agricultural problem failed to take into account the role of
urbanization as a driver of flooding and water risk in the valley. Thus building resilience of peri urban
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communities to the impacts of climate change would require greater collaboration between rural and urban
governments.

6.2.2.2  Risks to Key Infrastructures

Infrastructure provides services such as lighting, heating, sanitation, and mobility that are essential for
modern society. The physical infrastructure that enables these services — roads, tracks, pipes, wires, stations,
ports, amongst many others — is rapidly growing around the world emphasizing its importance. However, the
quality and accessibility of infrastructure services are varied (Table 6.4).

Current variability is already causing impacts on infrastructure systems around the world. The Economist
Intelligence Unit (2015) estimates present value losses to the US$143tn of current manageable assets of
$4.2tn by 2100 under a 2:C scenario, which would rise to $13.8tn under a 6:C scenario. Extreme events are
associated with disruption or complete loss of these infrastructure services, whilst gradual changes in mean
conditions are altering infrastructure performance. Infrastructure is usually costly to repair and also have
significant impacts on people’s health and wellbeing.

Recent literature shows a number of climate-induced risks on infrastructure systems across different sectors.
Climate change can, for example, influence energy consumption patterns by changing how household and
industrial consumers respond to short-term weather shocks as well as how they adapt to long-term changes
(Auffhammer and Mansur, 2014). Recent studies from Stockholm, Sweden, show that future heating demand
will decrease while cooling demand will increase (Nik and Sasic Kalagasidis, 2013). At a building-scale, a
study from the United States showed that climate change will affect peak and annual building energy
consumption (Fri and Savitz, 2014). From an infrastructure standpoint, the vulnerability of current
hydropower and thermo-electric power generation systems may change due to changes in climate and water
systems and projected reduction of usable capacities (Byers et al., 2016; Van Vliet et al., 2016). These
examples show how energy infrastructure planning under climate change must take into account a greater
number of scenarios and investigate impacts on particular energy segments (Sharifi and Yamagata, 2016).

At a global scale, more than four billion people live under conditions of severe water scarcity, with nearly
half living in India and China (Mekonnen and Hoekstra, 2016). Much of the literature on the climate risks to
water explore the need to explore vulnerabilities in an integrated manner, across interlinked water, energy,
and land use systems (Dol et al., 2015). This nexus approach articulates a need to more efficiently use land,
water, energy, and other resources in a coordinated way to minimize trade-offs and maximize synergies
(Howells et al., 2013; Rasul and Sharma, 2016). Water-related risks — including droughts, floods, and other
water resource availability issues — lead to cascading risks for sectors reliant on water. A recent study from
the United Kingdom, for example, shows that changes in rainfall and evapotranspiration over the next 50
years could lead to changed river flow regimes and associated impacts on water quality, aquatic ecosystems,
and water freshwater availability (Watts et al., 2015). Conversely, emerging studies on extreme drought
events in California, United States, highlight the role of elevated mean temperatures in altering water
availability and overall drought intensity and impact (Diffenbaugh et al., 2015; Mann and Gleick, 2015),
which lead to long-term implications for agricultural production in the region (Cheng et al., 2016).

A recent Lancet study highlighted that climate risks can lead to under-nutrition, mental health impacts,
cardiovascular diseases, respiratory diseases, water-borne diseases, and vector-borne diseases (Watts et al.,
2017). From a nutrition standpoint, climate risks can increase dietary and weight-related problems, including
a 3.2% reduction in global food availability, 4.0% reduction in fruit and vegetable consumption, and 0.7%
reduction in red meat consumption by 2050 (Springmann et al., 2016). Climate stressors are also linked to
threats to mental health, with a recent study from the United States showing a 2% increase in the prevalence
of mental health issues associated with a 1°C of five-year warming (Obradovich et al., 2018). Climate risks
can further change the distribution of allergens, vector-borne, and infectious diseases, including typhus,
cholera, malaria, dengue, and West Nile virus infection (Caminade et al., 2014; Franchini and Mannucci,
2015). Climate change is also linked to air pollution and air pollution-related health impacts, as ozone and
fine particle-related mortalities are expected to increase (Orru et al., 2017). Although data on the climate
change burden of disease and injury is not refined enough for proper detection and attribution (Ebi Kristie et
al., 2017), evidence does suggests that climate-induced health risks can reinforce each other. For example,
differential exposure to heat and cold, air pollution, pollen, food safety risks, emerging infections, and flood
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are key climate risks influence health outcomes in the United Kingdom (Paavola, 2017). In Pacific Island
Countries, climate-related health risks include trauma from extreme events, heat-related illnesses, reduction
in food and water safety, vector-borne diseases, respiratory illnesses, and others, which are all exacerbated
by population pressures and health system deficiencies (Mclver et al., 2016). However, more generally,
additional research into non-communicable diseases, malnutrition, and mental health is needed (Verner et al.,
2016).

Give the different risks to energy, water, and health infrastructure, recent literature suggests that adaptation
should address these risks in an integrated and co-beneficial manner. For example, many studies show the
opportunities associated with ecosystem- or nature-based approaches, as interventions targeting biodiversity
and ecosystem services have the potential to improve food security, air/water quality, and reduce climate
vulnerability climate resilience (Lin et al., 2015; Voskamp and Van de Ven, 2015). Improving ecosystem
functions can offer climate mitigation benefits, such as carbon sequestration, energy conservation, and
improving air quality (Kabisch et al., 2016; McPhearson et al., 2016a; Salmond et al., 2016a; van Hooff et
al., 2014). Improved water and ecosystem management can also lead to positive health impacts (Demuzere et
al., 2014), although this means strengthening current disease control efforts while managing short-term
climate risks (Campbell-Lendrum et al., 2015). A recent study of Bulawayo (Zimbabwe), Cape Town (South
Africa), Dar es Salaam (Tanzania), and Cairo (Egypt) showed that looking cities and settlements as nexus
arenas maybe helpful to further risk management across energy, water, and health infrastructures (Chirisa
and Bandauko, 2015).

6.2.2.2.1 Information and Communication Technology infrastructure

Information and Communication Technology (ICT) comprises the integrated networks, systems and
components that enable the transmission, receipt, capture, storage and manipulation of information by users
on and across electronic devices (Fu et al., 2016). Communication and services support many activities in a
modern economy, from connecting small businesses in remote locations, to controlling traffic lights, and
handling trillions of dollars of trade in global markets. At the same time data and computer processing is
increasingly concentrated in data centres on fewer, larger, sites. This improves efficiency but can increase
impacts should those sites be compromised.

ICT infrastructure faces a number of climate risks. Increased frequency of coastal, fluvial or pluvial flooding
will damage key ICT assets such as cables, masts, pylons, data centres, telephone exchanges, base stations or
switching centres (Fu et al., 2016). This leads to loss of voice communications, inability to process financial

transactions and interruption to control and clock synchronization signals. Insufficient information about the

location and nature of many ICT assets limits detailed quantitative assessment of climate change risks.

Fixed line ICT networks that sprawl over large areas are especially susceptible to increases in the frequency
or intensity of storms would increase the risk of wind, ice and snow damage to overhead cables and damage
from wind-blown debris. More intense or longer droughts and heatwaves can cause ground shrinkage and
damage underground ICT infrastructure (Fu et al., 2016). High summer temperatures pose challenges
particularly to data centres, which may require increased cooling. In mountain and northern permafrost
regions, communications and other infrastructure networks are subject to subsidence as a result of warming
permafrost (Li et al., 2016; Melvin et al., 2017; Shiklomanov et al., 2017).

Radio systems can experience disruption from weather conditions. Over the last 20 years in the UK, the
incidence of rain disrupting radio frequencies above SGHz has increased (Ofcom, 2012). Increased altitude
of the boundary between liquid and solid hydrometeors (a water-based atmospheric phenomenon such as
clouds, rain, snow, or sleet) leads to greater rain attenuation on links with satellites (Paulson and Al-Mreri,
2011). Higher temperatures may increase sea surface ducting which can lead to greater interference between
signals (Naveed and Siddle, 2013).

6.2.2.2.2 Energy infrastructure

Energy infrastructure underpins modern economies and quality of life. Disruption to power or fuel supplies
impacts upon all other infrastructure sectors, and affects businesses, industry, healthcare, and other critical
services. The economic impacts of climate change risks are significant, for example in the EU the expected
annual damages to energy infrastructure, currently €0.5 billion per year, are projected to increase 1612% by
the 2080s (Forzieri et al., 2018). In China 33.9% of the population are vulnerable to electricity supply
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disruptions from a flood or drought (Hu et al., 2016), whilst in the USA, higher temperatures are projected to
increase power system costs by about $50billion by the year 2050 (Jaglom et al., 2014). Climate change is
expected to alter energy demand, for example heatwaves increase spot market prices (Pechan and Eisenack,
2014) with a disproportionate impact on the poorest and most vulnerable populations. This section focuses
on the aspects of energy infrastructure are susceptible to a range of climate risks (Cronin et al., 2018), whilst
issues pertaining to energy demand are considered in WG3.

6.2.2.2.3 Electricity generation

Generation infrastructure can be directly damaged by floods, storm and other severe weather events.
Furthermore, the performance of renewables (solar, hydro-electric, wind) is affected by changes in climate.
Most thermoelectric plants require water for cooling, many are therefore situated near rivers and coasts and
therefore vulnerable to flooding. Increases in water temperature or restrictions on cooling water availability
affect hydro-electric and thermoelectric plants. A 1°C increase in the temperature of water used as coolant
yields a decrease of 0.12-0.7% in power output (Ibrahim et al., 2014; Mima and Criqui, 2015). Excess
biological growth, accelerated by warmer water, increases risk of clogging water intakes (Cruz and
Krausmann, 2013). While some regions are expected to experience increased capacity under climate change
(India and Russia), global annual thermal power plant capacity is likely to be reduced by 7-12% in the mid-
century (Van Vliet et al., 2016). Worldwide, hydro-electric capacity reductions are projected 0.4-6.1% (Van
Vliet et al., 2016). Analysis of the UK’s water for energy generation abstractions showed that an energy mix
of high nuclear or carbon capture technologies could require as much as six times the current cooling water
demands (Byers et al., 2014; Byers et al., 2016).

Increasing temperatures improve the efficiency of solar heating, but decrease the efficiency of photovoltaic
panels, and deposition and abrasive effects of wind-blown sand and dust on solar energy plants can further
reduce power output, and the need for cleaning (Patt et al., 2013). Projected changes in wind and solar
potential are uncertain, the trends vary by region and season (Burnett et al., 2014; Cradden et al., 2015; Fant
et al., 2016). In an RCP8.5 scenario, Wild et al. (2015) conservatively calculate a global reduction of 1% per
decade between 2005-2049 for future solar power production changes due to changing solar resources as a
result of global warming and decreasing all-sky radiation over the coming decades. However, positive trends
are projected in large parts of Europe, South-East of North America and the South-East of China.

6.2.2.24 Electricity transmission and distribution

Electricity transmission and distribution networks span large distances, with overhead power lines often
traversing exposed areas. Power lines and other assets, such as substations, are often located near population
centres, including those in floodplains. Structural damage to overhead distribution lines will increase in areas
projected to see more ice or freezing rain (e.g. most of Canada), or wildfires (e.g. California) (Bompard et
al., 2013; Jeong et al., 2018; Mitchell, 2013; Sathaye et al., 2013). Increases in windstorm frequency and
intensity increase the likelihood of direct damage to overhead lines and pylons, in many locations this is
limited but Tyusov et al. (2017) calculate an increase as high as 30% in parts of Russia. Disruption is also
often a result of treefalls and debris damage (Schaeffer et al., 2012). Where failures modes are recorded,
transmission pylons are more susceptible to wind damage, whilst distribution pylons are more likely to be
affected by treefall and debris (Karagiannis et al., 2019). Increased temperatures can lead to the de-rating
(lower performance) of power lines whose resistance increases with temperature with efficiency reductions
of 2-14% being projected by 2100 (Bartos et al., 2016; Cradden and Harrison, 2013).

6.2.2.2.5 Fuels extraction and distribution

Non-electric energy infrastructure is susceptible to many of the same impacts as the electric infrastructure.
Extreme weather events impact extraction (onshore and offshore) and refining operations of petroleum, oil,
coal, gas and biofuels. Disruption of road, rail and shipping routes (Section 6.3.4.4) interrupts fuel supply
chains. However, there are a number of risks that are specific to these sectors. Heat can lead to expansion in
oil and gas pipes, increasing the risk of rupture (Sieber, 2013). Whilst heatwaves and droughts can reduce the
availability of biofuel (Moiseyev et al., 2011; Schaeffer et al., 2012). Subsidence and shrinkage of soils
damages underground assets such as pipes intakes (Cruz and Krausmann, 2013), permafrost thaw in Alaska
(USA) is estimated to lead to £33M damages (Melvin et al., 2017), but low lying coastal deltas are
particularly vulnerable (Schmidt, 2015).
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6.2.2.2.6 Transport

Transport infrastructure enables the movement of people, goods and services. It includes roads, railways,
waterways (manmade and natural), stations, ports and airports. Climate risks to transport infrastructure (from
heat- and cold waves, droughts, wildfires, river and coastal floods and windstorms) in Europe could rise
from €0.5bn to over €10bn by 2080s (Forzieri et al., 2018), whilst nearly four million people and 70% of
current infrastructure in the Arctic permafrost domain at risk by 2050 (Hjort et al., 2018). Globally, Koks et
al. (2019) calculate ~7.5% of road and railway assets are exposed to a 1/100 year flood event, and global
Expected Annual Damages (EAD) of US$2.9-20.2bn (mean $13.4bn) due to direct damage from cyclone
winds, surface and river flooding, and coastal flooding. The majority of this is caused by surface water and
fluvial flooding (mean $10.7bn). Although twice as much infrastructure is exposed to cyclone winds a mean
EAD of $0.5bn is significantly less that for coastal flooding ($2.3nb), as cyclone damages are largely limited
to bridge damage and the cost of removing trees fallen on road carriageways and railway tracks. This is
small relative to global GDP (~0.02%), but in some countries EAD equates to 0.5-1% of GDP, this is same
order of magnitude as typical national transport infrastructure budgets, but especially significant for
countries like Fiji that already spend 30% of their government budget on their transport system (World Bank
Group, 2017). Koks et al. (2019) did not assess future climate change impacts, but comparable studies
calculating changes in EAD from flooding based upon land use show increases of 170% - 1370% depending
on global greenhouse gas emissions (Alfieri et al., 2017; Winsemius et al., 2015). Moreover, Schweikert et
al., (2014) report that climate risks to transport infrastructure could cost as much as 5% of annual road
infrastructure budgets by 2100, with disproportionate impacts in some lower and lower middle-income
countries.

Increased river flows in many catchments will increase failures from bridge scours (Forzieri et al., 2018). HR
Wallingford (2014) calculate that the projected 8% increase in scouring from high river flows in the UK will
lead to 1 in 20 bridges being at high risk of failure by the 2080s, whilst in the USA the 129000 bridges
currently deficient could increase by 100,000 (Wright et al., 2012).

Analysis by Forzieri et al. (2018) concludes that heatwaves will be the most significant risk to EU transport
infrastructure in the 2080s as a result of buckling of roads and railways due to thermal expansion, melting of
road asphalt and softening of pavement material. In the USA, over 50% more roads will require
rehabilitation (Mallick et al., 2018), whilst $596m will be required through 2050 to maintain and repair roads
in Malawi, Mozambique, and Zambia (Chinowsky et al., 2013).

Changes in temperature and rainfall patterns are expected to increase geotechnical failures of embankments
and earthworks (Briggs et al., 2017; Powrie and Smethurst, 2018; Tang et al., 2018) from landslides,
subsidence, sinkholes, desiccation and freeze-thaw action. Pk et al. (2018) show this could lead to a 30%
reduction in the engineering factor of safety of earth embankments in Southern Ontario (Canada). Knott et al.
(2017) highlighted risks to coastal infrastructure where ~30cm sea level rise sea level rise would also push
up groundwater and reduce design life by 5-17% in New Hampshire (USA).

In addition to direct damages from flooding and heatwaves, disruption caused by road blockages will be
increased by more frequent flood events. For example in the city of Newcastle upon Tyne (UK), road travel
disruption across the city from a 1-in-50 year surface water flood event could increase by 66% by the 2080s
(Pregnolato et al., 2017) whilst heatwaves could treble railway speed restrictions in parts of the UK (Palin et
al., 2013).

Many airports, and by their nature ports, are in the low elevation coastal zone making them vulnerable to
flooding and sea level rise. Airport and port operations could be disrupted by icing of aircraft wings, vessels,
decks, riggings, and docks (Chhetri et al., 2015; Doll et al., 2014). Warming will increase microbiological
corrosion of steel marine structures (Chaves et al., 2016), and fog, higher winds and waves may increase in
frequency in some locations but these are uncertain and with regional variation (Boorman et al., 2010; Coll
et al., 2013).

Waterways are still important transport routes for goods in many parts of the world, although they are mostly
expected to benefit from reduced closure from ice (Jonkeren et al., 2014; Schweighofer, 2014), low flows
will likely lead to reduced navigability and increased closures, van Slobbe et al. (2016) estimate the Rhine
may reach a turning point for waterway transportation between 2070-2095. Obstruction due to debris and
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fallen vegetation of roads and rails and to inland and marine shipping from high winds are expected to
increase (Karagiannis et al., 2019; Kawai et al., 2018; Koks et al., 2019).

Within cities or nations the impacts of climate change on transport infrastructure are notable, but recent
analysis has highlighted the implications for disruption to global supply chains (Becker et al., 2018; Paté,
2015; Shughrue and Seto, 2018).

6.2.2.2.7 Surface water management

This section will consider risks to, and adaptation options for, urban drainage, stormwater management,
green infrastructure, sustainable urban drainage systems (see also sections 6.3.3.7 and 6.3.3.8). Key points
will include:

e The risk is increasing from changing hazard intensity, and urban development choices. Kendon et al.
(2014) and Ban et al. (2015) show that changes in high intensity, short duration (sub-daily), extreme
rainfall is likely, with projected changes in intensity of up to 40%. This would lead to changes in surface
water flood risk and combined sewer overflow frequencies and volumes (Arnbjerg-Nielsen et al., 2013).

e Global built up area is expected to increase three fold between 2010-2050 (Liu et al., 2016) increasing
the global fraction of impermeable land.

e Over time urban change can alter the fraction of impermeable space within developed cities, for example
this increased in cities in Great Britain from 37% to 44% between 2001-2016 (Foulkes et al., 2016).

e Studies in 4 cities suggested that urban development in 1984-2015 caused the flooded area to increase by
0-10% every time overall imperviousness increased by 1% (Skougaard Kaspersen et al., 2017).

Global exposure to surface water flooding is therefore increasing:

e Economic impacts are significant e.g. $79bn impacts through 2100 in 19 cities in the USA (Neumann et
al., 2015) but proactive adaptation could reduce impacts by $51bn.

e There is substantial variability in flooded area for the 1in10 year event across European cities, though in
general lower percentage of city flooded are in the north and west coastal areas of Europe, while the
higher percentages are seen in continental and Mediterranean areas (Guerreiro et al., 2017).

e Analysis in Korea study suggests possible increases of nearly 70% above current design standards by
2100 (Kang et al., 2016).

e In UK, expected annual damages from surface water flooding may increase by £60M-200M for 20C-40C
scenario; current adaptation insufficient to manage this, but enhanced adaptation could manage 20C
scenario (Sayers et al., 2015).

6.2.2.3 Risks to Land Use and Community Structures

Climate change will interact with on-going trends in urbanization and land use change across the world to
create regionally specific risk profiles. As global urbanization projections continue to increase (Jiang and
O’Neill, 2017), such trends will pose additional challenges to areas that already have high levels of poverty,
unemployment, informality, and housing and service backlogs (Williams et al., 2019). There is some
evidence to suggest that climate change is increasing urbanization rates, such as in Sub-Saharan Africa
where manufacturing towns have experienced growth due to droughts in agricultural hinterlands (Henderson
et al., 2017). However, much of the literature explores the new and emerging risks attributed to rapidly
expanding urban settlements, demographic change, and encroachment into natural and agricultural lands. For
example, between 2000 and 2030, rapid urbanization in Indonesia will elevate flood risks by 76-120% for
river and coastal floods, while sea level rise will further increase the exposure by 19-37% (Muis et al., 2015).
A similar study in Can Tho, Vietnam, showed that current urban development patterns put new assets and
infrastructure at risk due to sea level rise and river flooding. Beyond water-related risks(Arnell and Gosling,
2016; Kundzewicz et al., 2014; Tessler et al., 2015), there is evidence to suggest that urbanization is
exacerbating surface heat (Bounoua et al., 2015). For example, in the Beijing-Tianjin-Hebei metropolitan
area in China, urbanization increases annual mean surface air temperature by more than 1°C (Wang et al.,
2013). While in Sydney, Australia, research showed that rising temperatures is attributed to increased heat
capacity of urban structures and reduced evaporation in the city environment (Argiieso et al., 2014).
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Climate change also impact existing community and household structures across cities and settlements.
Research shows that the physical forms, social structures, economic pathways, and governance systems of
cities shape their risk profiles (Dodman et al., 2017b), while household vulnerabilities are mediated by
wealth and capacity (Romero-Lankao et al., 2016). The experience of risk is also mediated via different
social identities, such as through gender (Mersha and van Laerhoven, 2018), (Michael and Vakulabharanam,
2016), and other factors. As a result, poor, marginalized, and informal households are particularly at risk
(Brown and McGranahan, 2016). For example, a study from Guadalajara, Mexico, showed that informal
settlements are vulnerable due to scarce basic municipal services, inadequate government action, and
residents’ high acceptance of risk (Gran Castro and Ramos De Robles, 2019). Informal communities in
Kampala, Uganda, are also rendered more vulnerable, particularly in terms of water and sanitation as a
consequence of urbanization (Richmond et al., 2018). Finally, given its prevalence across many Global
South contexts, a spatial assessment of informality showed the 91% of the city of Bengaluru in India
continue to face a high degree of climate vulnerability (Kumar et al., 2016). In addition to facing emerging
water- and heat-related risks, such areas are also more vulnerable to the health impacts of climate change
(Scovronick et al., 2015).

6.2.24  Risks to Human Security and Mobility

Climate change-induced population movements include three potential outcomes: migration, displacement,
and immobility (Black et al., 2013). Migration is often a household strategy to diversify risk, and it interacts
with household composition, individual characteristics, social networks, and historical, political, and
economic contexts (Carmin et al., 2015; Hayward et al., 2019, forthcoming; Hunter et al., 2015). Migration
can however also be a strategy for urban settlements or tribal communities relocating in customary areas, for
example as in the case of small Pacific developing island states like Vunidogoloa in Fiji where an entire
settlement has already relocated within their own customary area (McMichael et al., 2019) (Hayward et al.
2019 forthcoming).

Climate change is often not a primary driver of decisions to migrate from rural to urban areas (Abu et al.,
2014). For example, in Ghana’s Volta River Delta, researchers have found different economic and political
factors influence intentions and decisions around migration as opposed to increasing exposure to flooding
(Codjoe et al., 2017). The literature notes that household socioeconomic vulnerability is often the most
important decision criteria (Warner and Afifi, 2014). Numerous studies highlight how precarious rural
livelihoods are a significant driver of out-migration, particularly in agriculture-dependent regions (Cai et al.,
2016). For example, a multi-year study conducted in rural Pakistan showed that heat stress increases long-
term migration of men, driven by a negative effect on farm income (Mueller et al., 2014). Another study
from Mexico also showed that temperature, but not precipitation, influenced migration patterns due to
unemployment in the agricultural sector (Nawrotzki et al., 2015). In Bangladesh, vulnerability of rural
populations is increasing, so many of the poorest employ migration as a ‘last resort’ strategy (Paprocki,
2018; Penning-Rowsell et al., 2013).

Climate change can also be a driver of displacement, as recent studies estimate that more than 200 million
people may be displaced by climate change by 2050 (Wyett, 2014). For example, sea level rise will lead to
the displacement of communities along the coastal zones of the United States, likely leading to demographic
shifts between the coast and interior of the country (Hauer, 2017). However, the literature also notes a need
for more robust theories to explain causality and associations between the two phenomena (Gemenne et al.,
2014). Initial research from Kenya and Sudan cite climate change as a ‘threat multiplier’, leading to the
erosion of social order, state failure, and violent conflicts (Scheffran et al., 2014). This may also lead to
adverse health and socioeconomic outcomes for individuals (McMichael et al., 2012). Other research notes a
stronger role of climate change as a driver of conflict (Ide et al., 2014; Theisen et al., 2013), where conflict
can further migratory patterns (Brzoska and Frohlich, 2016). For example, a recent study highlighted how
water and food insecurities, together with natural resource mismanagement, created conditions that
contributed to insecurity and unrest in Syria and Egypt in 2011 (Werrell et al., 2015). In the cases of Israel,
Jordan, and Syria, therefore, other studies have documented how the three countries have framed water,
climate change, and migration as national security concerns (Weinthal et al., 2015).

Finally, migration can be an adaptation strategy (Bettini, 2014). Such forms of human mobility are
particularly prevalent in Small Island Developing States and Atoll Island States (Betzold, 2015; Yamamoto
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and Esteban, 2017). For example, a study of the Cataret Islands in Papua New Guinea showed the
importance of migration as a livelihood strategy (Connell, 2016). In other regions, such as in the Western
Sahel (including Mali, Mauritania, and Senegal), migrant social networks can increase social resilience
through the transfer of knowledge, technology, remittances, and other resources (Scheffran et al., 2012).
However, the lack of resources and capacities to support mobility limits the effectiveness of migration as an
adaptation strategy, therefore leading to both displacement and trapped populations in the future (Adger et
al., 2015). For example, a study from the Peruvian Highlands showed that migration as an adaptation
strategy can be constrained due to high-levels of place attachment, resource barriers, and low mobility
potential (Adams, 2016). Given these differing accounts, the drivers of climate change-induced human
mobility are thus country or regionally specific, so generalizing narratives around climate and migration are
difficult (Gray and Wise, 2016).

6.2.3 Compounding and Cascading Risks

The presence of multiple forms of climate-induced risks leading to an impact is termed a concurrent or
compound event (Leonard et al., 2014). The co-occurrence of multiple risk factors speak to the need to go
beyond linear approaches to risk management to better address complex, multivariate, and interdependent
risks (AghaKouchak et al., 2014; Cavallo and Ireland, 2014). For example, across many rural areas, the
combination of droughts and heat waves can simultaneously lead to agricultural loss, forest mortality, and
water scarcity (Miralles et al., 2019). Along coastlines, wind and precipitation extremes are likely to co-
occur (Martius et al., 2016), while a recent study from Australia showed that extreme rainfall is likely to co-
occur with extreme storm surge events (Zheng et al., 2013). Similar studies from Taiwan highlight the
combination storm surge and freshwater discharge during flood events (Chen and Liu, 2014); while in the
Netherlands, hydrological extremes are a result of storm surges preventing water discharge into the ocean,
together local precipitation generating excessive water levels in the inland area (van den Hurk et al., 2015).
The joint occurrence of storm surge, precipitation, and river discharge pose significant flood risks across
other parts of Europe as well (Paprotny et al., 2018).

The co-occurrence of multiple climate-induced risks can also compound the impact of single or multiple
hazard episodes (Hao et al., 2018; Zscheischler and Seneviratne, 2017). For example, during the 2014
California droughts in the United States, drought conditions were compounded by simultaneous low
precipitation, extreme high temperatures, raging fires, record low water storage levels and snow pack
conditions (AghaKouchak et al., 2014). A number of recent studies have particularly highlighted the
compounding effect between sea level rise, rainfall, and storm surge, suggesting that the combined effect of
these risks are greater than each of these variables on its own. In the Netherlands, research suggests that the
probability of extreme storm surge conditions following extreme periods of rainfall is around three times
greater than when modelling storm surge and discharge separately (Kew et al., 2013). Further research
highlights the role of waves and tides, for example, as enforcing nonlinear interactions and feedbacks in the
event of sea level rise and storm surge (Vitousek et al., 2017). Waves can amplify the risks associated with
sea level rise by an average of 48-56% (Arns et al., 2017), and likely will more than double the frequency of
water-related extreme events across the Tropics, in particular, by 2050 (Vitousek et al., 2017).

The prevalence of compounding risks therefore necessitates scientific models that account for nonstationarity
attributed to multiple risk factors. For example, during the 2010/11 floods in Brisbane, Australia, sources of
nonstationarity included rainfall, evapotranspiration, and general land use changes across the urban
catchment area, which necessitated flood models that can address complexity over time (Leonard et al.,
2014). Similar studies across the coastal United States show that although long-term sea level rise is the main
driver of flooding, climate-induced storm surge and precipitate augment the flood potential across the region
(Wahl et al., 2015). In particular, data shows that sea level rise amplifies the occurrence of 100-year floods
along the coastal United States by approximately 40-fold by 2050 (Buchanan et al., 2017). Under such
circumstances, the lack of consideration of compounding risks may lead to a significant underestimation of
hazard potentials (Moftakhari et al., 2017b). Studies from Fuzhou City, China, for example, have already
highlighted how existing flood defence infrastructure is incapable of addressing the simultaneous risks posed
by increasing rainfall and tidal levels (Lian et al., 2013).

Cascading risks refer to the increasingly uncertain climate-induced stressors across time. At the global level,
the cascading risks of rising temperatures can lead to changing water availability, ecosystem boundaries, and
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global feedbacks across time (Xu et al., 2009). Studies in Europe have shown that warmer temperatures have
led to earlier spring snowmelt floods while delayed winter storms associated with polar warming have led to
later winter floods (Bloschl et al., 2017). Cascading risks can also be influenced by direct human action.
Research on the ‘Millennium Drought’ in Australia have showed that climate-driven changes in water
availability over time were significantly reduced by increasing water demand and water storage
augmentation (Mehran et al., 2017). Similar trends have been documented in Iran, where increasing
population levels and development patterns have heightened water withdrawal levels and worsened water
stress (Ashraf et al., 2018). Cascading risks can therefore significantly amplify the impact of single events
across space, scale, and time (Zuccaro et al., 2018).

Higher temperatures can exacerbate impacts to health from poor air quality (and also humidity, rainfall and
air movement in the city).

e Overview on current risks and impacts arising from urban respiration (Refer to (Baklanov et al., 2016),
which refers to primary and secondary gaseous pollutants and airborne particulates/aerosols from
settlements, especially megacities. Note also transboundary nature of air pollution from remote sources
that impact on cities and settlements e.g. southeast Asian transboundary haze.

e Risks of indoor air pollution from cooking and heating from low-income, slum developments in cities in
the Global South.

e Survey of how emitted urban air pollutants significantly impact on both regional viability (human health,
agricultural/ecosystem productivity, visibility), and global change issues (climate, ozone depletion,
oxidative capacity).

e Assessment of future risks related to urban residents from indoor and outdoor air pollution under RCP
scenarios.

Compound and cascading climate risks require a different way of accounting for cumulative hazard impacts.
Taken together, individual events can increase in frequency rapidly enough to impose significant social and
economic costs (Moftakhari et al., 2017a). Emerging literature on how to address compound and cascading
risks note the need for methodologies to assess multiple climate-induced hazards and risks, including
dynamic exposure and vulnerability (Gallina et al., 2016). In term of policy, case studies from London’s
resilience planning process stressed the need for intermodal coordination, hazard risk and infrastructure
mapping, clarifying tipping points and acceptable levels of risk, training citizens, strengthening emergency
preparedness, identifying relevant data sources, and developing scenarios and contingency plans (Pescaroli,
2018). Others also note the utility of a systems approach to analyzing risks and benefits, including
considerations of potential cascading ecological effects, full life cycle environmental impacts, and
unintended consequences, as well as possible co-benefits of responses (Ingwersen et al., 2014).

e Literature on climate related “existential” risk in cities arising from compounding and cascading risks?
(e.g. (Butler, 2018; Cohen, 2019)).

6.2.4 Impacts and Risks Arising from Adaptation

The emerging literature on assessing and evaluating risks associated with climate adaptation interventions
shows that adaptation progress is often hampered by incomplete information/knowledge, a lack of awareness
of cascading impacts, general mismanagement of actions, as well as opportunities for eroding long-term
sustainable development priorities (Juhola et al., 2016). This section assesses three broad categories of risk
associated with downstream adaptation impacts, including interventions that transfer vulnerability across
space and time, plans that yield socioeconomically exclusionary outcomes, and actions that undermine
sustainable and resilient development priorities in the long-term.

Emerging scholarship documenting strategies to cope with climate risks and hazards shows that adaptive
capacity is often unequally distributed across sectors and communities (Matin et al., 2018; Thomas et al.,
2018). As a result, particular adaptation interventions may lead to maladaptive outcomes at a different space
and time. For example, a recent study from Central Gonja District in Ghana showed that coping measures,
such as livelihoods diversification strategies like selling of firewood and charcoal production, together with
adaptation responses, such as agricultural intensification, can lead to maladaptive outcomes and promote
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lock-ins that exacerbate future vulnerabilities (Antwi-Agyei et al., 2018). Similarly, in Muzarabani,
Zimbabwe, adaptation strategies to flood risks such as stream bank cultivation and general infrastructure
upgrading may promote disaster risk accumulation processes and destroy the overall ecological integrity of
the area (Ncube-Phiri et al., 2014). Finally, in Muzaffapur District in India’s Bihar state, the reliance on river
embankments against flood risks is leading to an intensification of agricultural labor and household tasks,
thereby exacerbating vulnerability of women, children, and poorer social segments (Pritchard and
Thielemans, 2014). However, such incidences are not limited to developing countries. Recent assessments of
the response to 2007-2009 droughts in California, United States, shows that actions often increased
emissions of greenhouse gases, had high environmental opportunity costs, and led to a reduced incentive to
adapt, which increased vulnerability of ecosystems and social groups that rely on those ecosystems for their
health or employment (Christian-Smith et al., 2015). Many of these examples highlight the social
amplification of climate risk, where responses to perceived climate hazards, whether in anticipation or in
reaction, change the landscape of likelihood or consequence (Adger et al., 2018).

Some adaptation interventions can directly lead to exclusionary outcomes, particularly when adaptation
plans and actions are primarily assessed through the prism of economic and/or financial viability (Shi et al.,
2016). Numerous examples ranging from the ‘Great Garuda’ Plan in Jakarta Indonesia (Anguelovski et al.,
2016; Salim et al., 2019), fragmentation of urban infrastructure intended to promote climate resilience in
Manila, Philippines (Meerow, 2017), strategies to reduce risks in the event of mudslides in Sarno, Italy

(D’ Alisa and Kallis, 2016), and incidences of privileging wealth urban residents in urban greening projects
in Medellin, Colombia (Anguelovski et al., 2019; Chu et al., 2017) all point to how a purely economic logic
to adaptation can lead to exclusion and displacement of lower income or minority communities. The
literature is increasingly referring to these processes as climate or green ‘gentrification’, where public
officials and private investors are appropriating greening interventions, developing them, and repackaging
them for sale to the middle class (Anguelovski et al., 2018a; Gould and Lewis, 2018). For example, in
Miami-Dade County, Florida, United States, researchers found that adaptation functionality had a positive
effect on property values (Keenan et al., 2018). In Gold Coast and Sunshine Coast, South East Queensland,
Australia, where local communities have a strong preference for waterfront living, local governments are
pressured by property developers to protect these coastal zones (Torabi et al., 2018). The exclusionary
outcomes of some adaptation interventions can therefore further lead to the transfer of risk to communities
that are socioeconomically more vulnerable.

Finally, some adaptation policies or actions can erode the preconditions for sustainable and resilient
development by indirectly increasing society’s vulnerability (Juhola et al., 2016; Neset et al., 2019). For
example, recent research on Australia’s adaptation policy has highlighted how a focus on financial strategies,
preference for business-as-usual scenarios, and incremental change will not contribute to transformative
change (Granberg and Glover, 2014). Case studies from Surat, India, further show how a focus on adapting
industries and economically important assets in the city can divert policy attention away from general social
equity and urban sustainability priorities (Chu, 2016a). While in Cambodia, recent research highlighted the
conflict between adaptation practitioners and local communities, where the non-compliance with regulatory
safeguards is leading to conflict and potential for maladaptation (Work et al., 2018). Finally, researchers of
insurance-led adaptation actions have argued that since insurance regimes privilege normality, they tend to
structurally embed risky behaviour and inhibit change (O'Hare et al., 2016). All of these examples illustrate
how incremental strategies that rely on business-as-usual actions can further entrench unequal and
unsustainable development patterns in the long-term.

6.3 Adaptation Pathways and Consequences for Equity, Mitigation and Economics
6.3.1 Introduction

Cities are complex entities where social, ecological and physical systems interact in planned and unplanned
ways (Depietri and McPhearson, 2017; McPhearson et al., 2016a; McPhearson et al., 2016b). In adapting to
climate change, infrastructure systems offer multiple pathways for adaptation. In this section, we take a
broad view of the term infrastructure to include social systems, ecological systems and physical systems that
underpin safe, satisfying and productive life in the city and beyond (Grimm et al., 2016). Figure 6.4
describes how adaptation choices for specific infrastructures from household to city-wide are influenced by
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their interaction with development processes, and how these can be evaluated through lived experience or
expert knowledge. It is this diversity that leads to contested judgments on the appropriateness of
infrastructural adaptation.

POWER

- ECONOMIC
- POLITICAL
- DECISION MAKING

ey Ay | w ey | Wil el 1
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: TO I
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REALM OF REALM OF
THE LIVED EXPERTS
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Figure 6.4: Adaptation choices are framed by and interact with development processes

Many of these infrastructure systems and the adaptations that they undertake can impact beyond the city.
Indeed, seeing the city as a set of infrastructures broadly understood allows an assessment of adaptation that
is not constrained to the administrative boundaries of urban settlements but also includes the flows of
material, people and money between urban, peri-urban and more rural places.

This section is divided into three broad categories of infrastructure: Social (housing, health, education,
livelihoods and social safety nets, security, cultural heritage/institutions, disaster risk management and urban
planning), Ecological (clean air, flood protection, urban agriculture, temperature, water and sanitation) and
Physical (energy, transport, communications (digital), built form, solid waste management). For each
infrastructure type, we assess observed adaptations and adaptive capacity using a common approach that
draws out contributions to adaptation according to innovations in: technology and engineering,
ecological/biophysical interventions, social-cultural, economic and institutional-legal.

Three cross-cutting assessments allow comment across the infrastructures according to their contributions to:
Equity, Mitigation and Economics, and Finance.

Table 6.2 offers a summary of observed adaptation and future adaptive capacity by key risk type.
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1
2 Table 6.2: Observed adaptation and future adaptive capacity by key risk type. [PLACEHOLDER FOR SECOND
3 ORDER DRAFT: to be updated from ARS5 version shown]

Table 8-3 | Urban areas: Current and indicative future climate risks. Key risks are identified based on an assessment of the literature and expert judgments by Chapter 8 authors,
with the evaluation of evidence and agreement presented in supporting chapter sections. Each key risk is characterized as very low to very high. For the near-term era of
committed climate change (2030—2040), projected levels of global mean temperature increase do not diverge substantially across emission scenarios. For the longer-term era of
climate options (2080-2100), risk levels are presented for global mean temperature increases of 2°C and 4°C above pre-industrial levels. For each time frame, risk levels are
estimated for a continuation of current adaptation and for a hypathetical highly adapted state.
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Table 8-3 (continued)
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vulnerable, alongside upgrading of informal settlements, improved housing conditions
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protection.
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6.3.2 Social Infrastructure

Social infrastructure describes social, cultural and financial activities and institutions as well as associated
property, buildings and artefacts that can be deployed to reduce risk and recover from loss.
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6.3.2.1 Housing

[PLACHOLDER FOR SECOND ORDER DRAFT: to assess the literature on housing as a tool in adaptive
action and capacity. To include comment on strategies deployed in the formal and informal sectors. To draw
out the key role played by housing as a focal point for wider provision of key infrastructure in urban
development and in upgrading informal settlements. The opportunity that new building and upgrading
provide for integrating risk reduction in the fabric of the city, and how far this has been observed.]

6.3.2.2 Health

[PLACHOLDER FOR SECOND ORDER DRAFT: to assess the literature on health sector investments as a
tool in adaptive action and capacity. To include comment on strategies deployed in the formal and informal
sectors and though public and private institutions. To comment on the added value of investing in health care
as mechanisms to prevent cascading risks from direct impact to communicable disease.]

6.3.2.3 Education

Since AR5 there has been significant growth in research about climate education and activism (Simpson et
al., 2019b). Youth, adult communities, the social media and commercial media can have a significant impact
on advancing climate awareness and the legitimacy of adaptive action, particularly in large urban areas
(medium evidence; high agreement). Climate change education has increasingly focused in urban settlements
on enhancing children and young people’s political agency in schools, universities, and in formal and
informal media settings (Cutter-Mackenzie and Rousell, 2019). However, an ambiguous and cautious
framing of climate impacts and adaptation for example around the science of urban heat islands by media
can also exacerbate local community confusion and uncertainty (Iping et al., 2019). Communication
strategies deployed in the formal education and social media can be highly influential in exchanging
information and establishing narratives and viewpoints that frame what adaptive action is legitimate,
especially in large cities (Simpson et al., 2019b). However, the effectiveness of communication strategies for
change for example from Mayoral offices, can also be influenced by wider political and structural drivers
including community literacy or political partisanship (Boussalis et al., 2019).

6.3.24 Security

[PLACEHOLDER FOR SECOND ORDER DRAFT: to assess the literature on policing and security as a
tool in adaptive action and capacity. To include comment on strategies deployed in the state and community
or private firms to provide reduce risk and los from extreme events associated with climate.]

6.3.2.5 Cultural heritage/institutions

To assess the literature on the specific concerns of adapting the management and protection of cultural
heritage in the face of climate change risks in cities, including cascading risk, for example where temperature
and air quality combine to erode stonework, or where flooding can cause loss of culturally irreplaceable
buildings or artefacts.

There is consensus that built cultural heritage (BCH) is threated by the hazards of global climate change
(Bertolin and Camuffo, 2015; Leissner et al., 2014; Leissner et al., 2015), including increased air
temperature that hastens the deterioration rates due to salt deposits (Arnold and Zehnder, 1990; Camuffo et
al., 2010a; Camuffo et al., 2010b; Smith and McAlister, 1986; Smith et al., 2008), mechanical instability and
faster rates of fungal growth, pest damage and biological growth all of which contribute to decay (Sedlbauer,
2002; Sedlbauer et al., 2011) and material stress (Bonazza et al., 2009; Vegt, 2006). Flooding and sea-level
rise leads to physical decay (Camuffo et al., 2017), or, in extreme cases to total loss, while water infiltration
from post flood standing water exacerbates the decay (Camuffo, 2019). The freezing-thawing cycles of
melting permafrost in the Scandinavian Peninsula and the Arctic lead to the decomposition of built materials
(Grossi et al., 2007). Intersecting with all these impacts are the repercussions on the economic and social
patterns of BCH such as, “last chance tourism” (Lemieux et al., 2018) that leads to increased touristic
interest over a short time horizon.
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The climate change adaptation options (AOs) for built cultural heritage fall into seven categories (Fatorié¢
and Seekamp, 2017; Rockman et al., 2016). First, financial constraints constitute the primary barrier
hindering adaptation solutions lead to no action at all or to merely monitoring and documentation, or to
annual maintenance (Fatoric and Seekamp, 2017; Fatori¢ and Seekamp, 2017; Fatori¢ and Seekamp, 2018;
Sesana et al., 2019; Xiao et al., 2019). Core and shell preservation are cost effective when they improve the
condition of BCH (Bertolin and Loli, 2018; Loli and Bertolin, 2018a; Loli and Bertolin, 2018b), while
elevation and/or relocation are extremely costly and might jeopardize the historic value (Xiao et al., 2019).
To date, however, evidence indicates that adaptation actions prioritize archaeological sites (Carmichael et al.,
2017; Dawson, 2013; Fatori¢ and Seekamp, 2018; Pollard et al., 2014). The efficacy of adaptation historic
buildings can be increased through an increased and stable funding, incentives, stakeholder engagement, and
legal and political frameworks (Dutra et al., 2017; Fatoric and Seekamp, 2017; Fatori¢ and Seekamp, 2017;
Fatori¢ and Seekamp, 2018; Leijonhufvud, 2016; Phillips, 2015; Sesana et al., 2019; Sesana et al., 2018).

Other implementation barriers include, harnessing the expert and the local knowledge (of individuals and
organizations) to identify quantitative methods and indicators that connect the cultural significance and local
values vis-a-vis climatic change over time and that move beyond the prevalent high risk- or high
vulnerability-centred approaches (Carmichael et al., 2017; Dawson, 2013; Fatori¢ and Seekamp, 2018; Filipe
et al.,2017; Haugen et al., 2018; Kotova et al., 2019; Leijonhufvud, 2016; Pollard et al., 2014; Puente-
Rodriguez et al., 2016; Richards et al., 2018), and also, accessing local resources (craftmanship and materials
compatible with the originals) for improving built cultural heritage’s adaptation capacity (Phillips, 2015).

6.3.2.6 Emergency Management (Risk Monitoring)

There is growing evidence of the benefits of early warning systems (EWS) for preparedness decision-making
and action for climate and weather-related hazards such as cyclones and floods (Lumbroso et al., 2016;
Marchezini et al., 2017; Zia and Wagner, 2015). Climate forecasting is constantly evolving and becoming
increasingly accurate. Existing EWS remain insufficient and the complexity of urban landform makes
accurate and detailed early warning difficult (Jones et al., 2015). This is particularly the case in LMICS
where urban centers are often characterized by rapid expansion of interlinked formal and informal human
settlements and land use zones. Often, forecast-based action tends to follow linear structures where forecast
information is applied mainly for responding to negative impacts rather than anticipatory decision making
and preparation to avoid such impacts (Marchezini et al., 2017). Early warning systems are effective for
cyclonic activity but more limited for flooding. Probabilistic risk forecasting and forecast based early action
are only beginning to be applied to urban contexts and often those that are most vulnerable do not receive
warnings regarding hazardous events (Nissan et al., 2019). There is less capacity for EWS in LMICs with
key challenges linked to a lack of well-established risk baseline information; accessibility, communication
and understanding of forecast information, as well as political and institutional barriers and limited resources
and capacities to act on such information (Jones et al., 2015; Marchezini et al., 2017; Mustafa et al., 2015;
Zia and Wagner, 2015). Political and institutional barriers to the incorporation of climate information to
decision making are not limited to LMICs (Harvey et al., 2019). Indeed, Bruno Soares and Dessai’s (2016)
comprehensive study revealed that in Europe, where climate services are increasingly accessible and well
resourced, there is limited uptake of seasonal climate forecasts amongst most organizations across eight key
sectors in informing their decision-making processes.

While climate forecasting is an increasingly central tool for risk management agencies, a focus on urban
areas or key infrastructure is still considerably rare (Harvey et al., 2019; Lourenco et al., 2015; Nissan et al.,
2019). The urbanization of risks poses significant challenges to humanitarian agencies. Humanitarian
responses and local emergency management are vital for DRR yet are compromised in urban contexts where
it is difficult to confirm property ownership and where renters and informal dwellers are often excluded from
decision making and planning (Maynard et al., 2017; Parker and Maynard, 2015). Disaster survivors and
growing urban refugee populations are often displaced across the city thereby complicating efforts to track
and provide support (Maynard et al., 2017).

The inclusion of local knowledge and expertise in urban vulnerability and risk assessments can strongly
enhance local resilience but its effectiveness is constrained by wider decision-making and policy contexts
dominated by top-down approaches (Jones et al., 2015; Nissan et al., 2019; Sword-Daniels et al., 2018).
Disaster impact and recovery time are strongly influenced by the behavior and actions of individuals,
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communities, businesses, and government organizations. Aaerts et al (2018) review shows how the
limitations of existing risk assessment methods that tend to account for human behaviour in limited terms
can be addressed through innovative flood-risk assessments that integrate behavioural adaptation dynamics.
A growing literature highlights the need shows how multidisciplinary and inclusive approaches that include
local knowledges can achieve greater accuracy in risk characterization and support lasting impact of
investments into more robust climate services (Aerts et al., 2018; Harvey et al., 2019; Lourenco et al., 2015;
Nissan et al., 2019; Singh et al., 2018; Sword-Daniels et al., 2018). This literature highlights the need for
innovative approaches in urban contexts that transcend traditional approaches for local knowledge inclusion
widely applied in rural contexts, such as participatory rural appraisal. Established non-state actors such as
Shack and Slum Dwellers International are particularly effective at implementing inclusive approaches for
local knowledge incorporation into urban decision making. Climate change and disaster risk exacerbate
existing problems of economic development, yet macro-economic planning seldom incorporates adaptation.
When urban economic crises overlap with increased climate pressure and disaster risks, the impacts are
likely experienced in the city region and beyond (Pelling et al., 2018). The link between urban DRR,
adaptation to climate change and macro-level trends of economic development requires further research and
improved modes of communication to reach diverse city actors (Fankhauser and McDermott, 2016; World
Bank, 2019a).

Insurance is a risk transfer mechanism for middle and high-income countries, yet is less widely available in
LMICs (Surminski and Thieken, 2017). Additionally, where insurance options do exist in LMICs, these are
not usually available to large populations living or operating in the informal sector. However, there are
notable examples of low-income communities setting up their own disaster insurance mechanisms. For
example, the Community Development Funds (CDFs) for the Baan Mankong upgrading programme in
Thailand include disaster funds as insurance against housing damage (Archer, 2012). Flood insurance is
widely available in many Organisation for Economic Co-operation and Development (OECD) countries but
the demand and uptake differ significantly across countries (Hanger et al., 2018). This financial tool is
subject to increasing pressure under the changing climate with growing concerns around affordability and
availability. More holistic approaches are required where changes in the insurance industry are closely
linked to improved building standards and land-use planning and their application, particularly in LMICs
(Cremades et al., 2018). Such approaches also need to be closely linked to existing urban risk management
planning approaches where urban livelihoods are seldom integrated (Beringer and Kaewsuk, 2018).

6.3.2.7 Livelihoods and Social Safety Nets

At the heart of building urban resilience are the people that inhabit settlements and cities and use the
infrastructure (Bahadur & Tanner 2014). Understanding how livelihoods, particularly of the urban poor, are
both impacted by climate risk and how they might be strengthened is therefore central to understanding
urban climate adaptation (Dobson et al. 2015). Rapid urbanization and expanding infrastructure do not have
a clear relationship with improved outcomes for urban livelihoods of low-income residents (Soltesova et al.,
2014). Municipal and national efforts need to be closely aligned with building adaptive capacity of residents
themselves, often through community-based adaptation (Dobson et al., 2015; Soltesova et al., 2014).
Strengthening the financial and social infrastructure of poor households is a critical component of adaptive
and transformative capacity (Haque et al., 2014; Ziervogel et al., 2016). Social safety nets are one
mechanism for strengthening this capacity.

Social safety nets (social assistance) is the most influential of social protection systems, the other types
include social insurance and labor market policies. World Bank (2015) and IPCC (2014) introduced
“Adaptive Social Protection (ASP)” as a policy framework to address livelihood security and to increase the
resilience of vulnerable populations to climatic shocks. ASP integrates the tools and techniques of social
protection, climate change adaptation, and disaster risk reduction by providing predictable transfers and
helping the poor and vulnerable households develop their human capital, diversifying their livelihoods
(Hallegatte et al., 2016). The ASP was tested in Sahel countries and can be found similar mechanisms in
Africa and Asia developing countries, which demonstrated that ASP covers a larger spectrum along the
humanitarian-development continuum than most other shock-responsive social protection systems (Béné et
al., 2018a).
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Not all social protection is provided through formal institutions. In contexts of extreme poor or climatic

extremes, national provisions and market charities are complementary of where family and kinship networks
are weak and inadequate. The effective national interventions with a handful cases in urban areas (Table 6.3)
show that ASP can be recognized as potentially effective and transformative interventions both at the system

level (short-term and long-term coping strategies) and at the beneficiaries' level (vulnerable populations)
(Béné et al., 2018a).

In the short term, social protection schemes can act as a crucial complement to risk management tools
provided by communities and markets which tend to be insufficient in the face of large or systemic shocks,
and too often exclude the most vulnerable (Hallegatte et al., 2016). Social protection can also facilitate long-
term change and adaptation by improving education and health levels, as well as a proactive approach to
managing climate-induced migration in both rural and urban areas (Adger et al., 2014; Schwan and Yu,

2018).

Table 6.3: Some urban cases for adaptive social protection. Adapted from (World Bank, 2015). [PLACEHOLDER
FOR SECOND ORDER DRAFT: additional supporting literature]

Category

Example

Urban cases

Social safety
nets (or social
assistance)

Social
insurance

Labour market
policies

Conditional and unconditional cash transfers,
including non/contributory pensions and disability,
birth and death allowances;

Food stamps, rations, emergency food distribution,
school feeding and subsidies;

Cash or food for work programmes;

Free or subsidized health services;

Housing and utility subsidies;

Scholarships and fee waivers, etc.

Old age, survivor, and disability contributory
pensions;

Occupational injury benefit, sick or maternity leave;
Health insurance, etc.

Unemployment, severance, and early retirement
compensation;

Training, job sharing, and labor market services;
Wage subsidizes and other employment incentives,
including for disabled people, etc.

-A targeted asset transfer project for
urban extreme poor in Dhaka city
(Hossain and Rahman, 2018)

- Emergency food stockpiling in Japan;
safety net food stocks in India, Indonesia
and Malaysia (Lassa et al., 2019)
-Post-disaster relief in Beijing (Xie and
Xin, 2014)

-A child-focused cash transfer
programme for displaced Syrian
children in Lebanon (De Hoop et al.)

-A targeted asset transfer project for
urban extreme poor in Dhaka city
(Hossain and Rahman, 2018)
-Weather-index insurance in Guangzhou
(Swiss-Re China case)

-Public works in Africa, Asia

An inclusive, targeted, responsive and equitable social protection can support long-term transformations
toward more sustainable, adaptive and resilient societies (Adger et al., 2014; Béné et al., 2018a; Carter and
Janzen, 2018; Hallegatte et al., 2016; Shi et al., 2018). The ASP is an important approach to transformational
adaptation, and one which triggers a paradigm shift on the principles and mechanisms of social policy. The
intersection of social policy, disaster risk reduction, and ACC, which relates to a discourse of poverty
alleviation (in the WB, IPCC reports), may be shifted from a perspective with right-based or capability-based
SP to arisk-based approach, with decoupling the climate vulnerable group with the poor. Countries at all
income levels can set up ASP systems that increase resilience to natural hazards, but the systems need cost-
benefit, scalable and flexible to adjust with future increasing climate risk. Bastagli (2014) suggested a new
design for effective SP including: (i) increasing the amount or value of transfer; (ii) extending the coverage
of beneficiaries; and (iii) introducing extraordinary payments or creating an entirely new program.

Targeting accuracy and timely risk sharing (disaster assistance) would benefit for both efficiency and equity
of SP policy. Carter & Janzen (2018) find that the long-term level and depth of poverty can be improved by
incorporating vulnerability-targeted social protection into a conventional social protection system. Ulriksen
and Plagerson (2014) introduces citizens’ duties to sustainable social protection which can build stronger
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solidarity and social inclusion without segregating “the poor” from “non-poor”. Dulal & Shah (2014) argued
that successful deployment of social protection instruments depend on how low, medium and highly adaptive
households are targeted. In China, the national Targeted Poverty Alleviation strategy classified poverty
family with several common driving factors and offered them with diverse SP policies and resources.
Traditional disaster assistance is not a timely and cost-effective way as needed, especially for an providing
effective response to slow-onset disasters or low-probability, high-impact extreme events. Index-based risk
sharing (i.e., Weather insurance) is emerging to meet the gap and pre-finance the expected disasters. For
example, introducing Public-Private Insurance Mechanism in Austria has a noticeable impact on the total
monetary burden, causing it to fall by ~50% for regional governments with disaster risk reduction incentive
(Unterberger et al., 2019).

6.3.2.8 Urban Morphology

The lack of long-term studies that assess the climate change impacts on urban form, including informal
settlements (Bai et al., 2018; Ramyar et al., 2019), lead to impact assessments that often overlook urban form
(Ramyar et al., 2019). Additionally, context-specific spatial tools and community-based approaches lack a
precise connection to urban morphology. For example, there is a need for further studies that connect solar
radiation, urban morphology (e.g., aspect and plot ratio), and the UHI (Giridharan and Emmanuel, 2018; Li
et al., 2019).

Several tools and models that emerged in response to the recommendations of IPCC’s 5th assessment report,
including models that assess the impacts of urban heat island (UHI) (Ramyar et al., 2019), climatic
uncertainty (Dhar and Khirfan, 2017a), flood vulnerability (Abebe et al., 2018), and inundation (Barau et al.,
2015; Ford et al., 2019). For example, findings from Kano, Nigeria reveal that a lack of distribution of
certain urban morphological features, including open spaces and streets (both pervious and impervious), roof
and building materials (e.g., concrete and metallic), and urban ecological features (e.g., urban ponds and
ecological basin) exacerbates inundations and their associated impacts (Barau et al., 2015). Also, findings on
the urban forms of coastal settlements, particularly in small islands, reveal that they are experiencing severe
beach erosion due to sea-level rise and storm surge that leads to landward retreat of coastline which threatens
their social and economic activities (Dhar and Khirfan, 2016; Khirfan and El-Shayeb, 2019; Lane et al.,
2015).

6.3.2.9 Urban Formal Planning

Formal planning mechanisms for climate adaptation include: 1) conventional (Euclidean) zoning regulations
and land use planning (most prevalent); 2) conventional architectural and urban design regulations (to a
lesser extent); and 3) innovative architectural and urban design standards (relatively recent). Although these
conventional planning and design mechanisms are widely applied, often they are not implemented in climate
adaptation planning where the emphasis remains centred on vulnerability assessments, governance, and
social learning (Dhar and Khirfan, 2017b). Moreover, in LMICs mainstreaming resilience/adaptation will
deliver limited results either because urban development occurs outside the parameters of formal planning
mechanisms and/or due to the high degree of urban informality —both of which also diminish the
effectiveness of early warning systems (EWS) for reducing the impacts of climate-related risks (Dodman et
al., 2017b; Fraser et al., 2017).

Firstly, conventional (Euclidean) zoning regulations and land use planning range in scale from the regional
to the local and are deployed to minimize or altogether eliminate slow and/or rapid onset risks through three
primary measures, namely: protection, accommodation, or retreat. Protection entails, in addition to allocating
zones for protective urban infrastructure (like seawalls, levees and dykes, and slope revetments), avoidance
measures that restrict or prevent urban development (e.g., through growth containment and/or no-build
zones). Accommodation involves land use modifications and/or conversions while retreat requires either
compulsory or voluntary relocations and may entail buy outs (Butler et al., 2016; Le6n and March, 2016;
Lyles et al., 2018). The evidence indicates that risk eliminating retreat measures are less widely adopted than
other risk reducing zoning and land use measures (Anguelovski et al., 2016; Butler et al., 2016; Lyles et al.,
2018). This is attributed to the controversies of relocation and to the complexities of buyouts (Butler et al.,
2016; King et al., 2016).
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There is also high agreement that adaptation actions through zoning and land use are more effective when
combined with other planning measures, for example: with Ecosystem-based Adaptations (EbA) (e.g., for
flood management and curbing the urban heat island effect) (Anguelovski et al., 2016; Carter et al., 2015;
Larsen, 2015; Nalau and Becken, 2018; Nolon, 2016; Perera and Emmanuel, 2018); with Community-based
Adaptations (CbA) (trade-offs and valuations —i.e., which land uses are valued more) (Anguelovski et al.,
2016; Carter et al., 2015; Larsen, 2015; McPhearson et al., 2018; Nalau and Becken, 2018; Nolon, 2016;
Perera and Emmanuel, 2018); and with built form regulations and codes (Larsen, 2015; Leén and March,
2016; Nolon, 2016; Perera and Emmanuel, 2018; Straka and Sodoudi, 2019; Yiannakou and Salata, 2017);
Limited evidence indicates that a narrow-scope, risk-reduction approach yields land use adaptation policies
(accommodation and/or avoidance, specifically growth containment and no-build zones) that are better
integrated within larger urban plans, hence, it is likely to perform better than a broad-scope approach that
embeds adaptation planning within wider ranging community concerns (Lyles et al., 2018; Nalau and
Becken, 2018).

Generally speaking, however, there is high agreement and robust evidence of the limited implementation of
zoning and land use measures for climate adaptation from cities across diverse contexts. Studies from cities
across the globe reveal that land-use planning systems remain predominantly orientated towards facilitating
urban development without adequately considering disaster risk reduction (DRR) (see for example: such as
Castédn Broto’s (2014) on Maputo, Dodman et al.’s (2017b) on cities across sub-Saharan Africa, and
Jabareen’s (2015) on Amman, Moscow, and Delhi). Another body of robust evidence with high agreement
reveals that one or a combination of: lack clarity of implementation strategies for climate adaptation, lack of
funding, competing priorities (especially, among professional planners and politicians), and institutional
challenges face mainstreaming adaptation through land use planning whether through municipal or regional
plans. This evidence spans cities in the Global South equally as in richer countries (see Jabareen’s (2015)
study of 20 cities globally). More specifically, evidence from Legazpi City and Camalig municipality in the
Philippines points to the challenging of mainstreaming land use planning for climate adaptation (Cuevas,
2016; Cuevas et al., 2016) while evidence from Bangkok in Thailand points to competing priorities in land
use decision-making processes (Marks, 2015). Moreover, evidence from 44 US local climate change
adaptation plans (Woodruff and Stults, 2016) and from 31 coastal communities in Florida, USA (Butler et
al., 2016) points to weak and/or failed implementation especially with regards to spatial land use policies for
climate adaptation while evidence from 39 municipal plans in Canada’s British Columbia reveals very little
content surrounding land use for coastal protection combined with weak goals and policies relating to
climate change (Stevens and Senbel, 2017). This parallels evidence from three Australian city-regions
(South East Queensland, Melbourne, and Perth) that failed in deploying land use planning for water planning
(management and adaptation to drought) (Serrao-Neumann et al., 2017). Yet, limited evidence from cities
around the world such as: the urban Regions of Stuttgart and Berlin in Germany (Larsen, 2015), Greater
Manchester in the UK (Carter et al., 2015), and Colombo in Sri Lanka (Perera and Emmanuel, 2018) reveals
that risk reduction through zoning and land use effectively protected and expanded green infrastructure and
soft land cover to alleviate pluvial flooding and decrease the UHI effect.

It is essential to underscore that evidence from richer countries and from the Global South reveals that
Euclidean zoning and land use are more effective when governance systems facilitate the implementation of
land use policies for climate adaptation based on sound decisions that preclude negative human-nature
interactions and that curb spatial inequity —both of which trigger climate gentrification and render the, mostly
economic, disadvantaged groups in society more vulnerable to climate-related risks (Keenan et al., 2018;
Marks, 2015). Empirical evidence also points to the spill-over benefits of deploying zoning and land use
planning for climate adaptation. Mostly, the increase in soft land cover and green infrastructure also
contributes to mitigation through air quality enhancement, energy conservation, and carbon sequestration
while its ecological benefits include the preservation and expansion of habitats. Moreover, zoning and land
use that increase green (and blue) land cover consequently enhance the aesthetics of urban neighbourhoods
and improve their liveability (such as through enhancing the conditions for walkability and cycling, hence,
decreasing auto-dependency), which eventually attracts businesses and retail, stimulates economic
prosperity, and increases property values (Carter et al., 2015; Larsen, 2015). Such increase in property values
has also been observed in zones and areas protected from risks (such as flooding), where it triggers spatial
inequity leading to climate gentrification risks (Keenan et al., 2018; Marks, 2015).
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Secondly, conventional architectural and urban design regulations for urban form occur at different scales
from the single building (building codes) to the urban scale (urban design regulations). To begin with,
building codes and guidelines facilitate climate responsive buildings that adapt to a changing climate and
that simultaneously change collective behaviour during extreme weather events (Osman and Sevinc, 2019).
They include buildings that are adaptive to thermal comfort and to floods (e.g., building on stilts and
amphibian architecture). A decrease in indoor thermal comfort due to climate change, evidenced by
negatively affected thermal comfort indices and/or increased number of overheating hours is reported by
many studies (e.g. Dino and Meral Akgiil, 2019; Dodoo and Gustavsson, 2016; Hamdy et al., 2017; Invidiata
and Ghisi, 2016; Liu and Coley, 2015; Makantasi and Mavrogianni, 2016; Mulville and Stravoravdis, 2016;
Osman and Sevinc, 2019; Pérez-Andreu et al., 2018; Roshan et al., 2019; Salthammer et al., 2018; Taylor et
al., 2016; van Hooff et al., 2014; Vardoulakis et al., 2015), most of which employed numerical simulations in
which different climate scenarios were used to construct future climate data. The decrease in thermal comfort
and increased overheating risks in buildings depends on the building characteristics, such as the thermal
resistance, presence of solar shading, thermal mass, ventilation, orientation and geographical location (e.g.
Dino and Meral Akgiil, 2019; Dodoo and Gustavsson, 2016; Fisk, 2015; Hamdy et al., 2017; Invidiata and
Ghisi, 2016; Liu and Coley, 2015; Makantasi and Mavrogianni, 2016; van Hooff et al., 2014; Vardoulakis et
al., 2015). Research has shown that energy-efficient buildings with high insulation values and high
airtightness, which do not have sufficient protection from solar heat gains, and/or have limited ventilation
capabilities, are generally more vulnerable to overheating than older buildings (with low insulation levels)
(e.g. Fisk, 2015; Fosas et al., 2018; Hamdy et al., 2017; Makantasi and Mavrogianni, 2016; Mulville and
Stravoravdis, 2016; Ozarisoy and Elsharkawy, 2019; Salthammer et al., 2018; van Hooff et al., 2014;
Vardoulakis et al., 2015).

Studies on the adaptation of urban areas through urban design measures since 2015 have mainly focused on
the addition of green (e.g. Amani-Beni et al., 2018; Aminipouri et al., 2019; Andersson et al., 2019; de
Munck et al., 2018; Gromke et al., 2015; Gunawardena et al., 2017; Klemm et al., 2015; Lai et al., 2019;
Martins et al., 2016; Morille and Musy, 2017; Santamouris et al., 2017; Straka and Sodoudi, 2019; Taleghani
et al., 2019; Toparlar et al., 2018; Xu et al., 2019) and blue infrastructures (e.g. Amani-Beni et al., 2018;
Gunawardena et al., 2017; Lai et al., 2019; Martins et al., 2016; Montazeri et al., 2015; Montazeri et al.,
2017; Santamouris et al., 2017; Tominaga et al., 2015; Ulpiani et al., 2019a; Ulpiani et al., 2019b; Xu et al.,
2019), and the application of high albedo materials (increased short-wave reflectivity) (e.g. Kolokotsa et al.,
2018; Kyriakodis and Santamouris, 2018; Lai et al., 2019; Macintyre and Heaviside, 2019; Santamouris et
al., 2017; Straka and Sodoudi, 2019), to reduce urban air temperatures, increase outdoor thermal comfort,
and decrease heat stress. Specifically, there is high agreement and robust evidence that ratio stipulations for
green infrastructure, including (tree canopies, green roofs and walls, and pocket parks) introduce
pervious/permeable surfaces for stormwater management, alleviate the UHI effect, increase biodiversity, and
sequester CO2 (Eckart et al., 2017; Feitosa and Wilkinson, 2018; Geneletti and Zardo, 2016; Keeler et al.,
2019; Nolon, 2016; Shooshtarian et al., 2018; Straka and Sodoudi, 2019). The impact of high-albedo
materials on the canopy air temperature can be limited in particular cases and applying high-albedo materials
can even — despite the positive effect on air temperature — result in a decrease of pedestrian thermal comfort
due to higher mean radiant temperatures (Falasca et al., 2019; Lai et al., 2019; Morille and Musy, 2017;
Nazarian et al., 2019; Straka and Sodoudi, 2019; Taleghani, 2018a; Taleghani, 2018b). There is also limited
evidence that indicates ambivalence regarding other urban design measures depending on each context’s
specific conditions. For example, vertical compactness (increased canyon height or the proportion of
building height to road width) in Berlin improved daytime cooling at the pedestrian level (due to shading,
decreased radiation, and/or increased surface fraction) (Straka and Sodoudi, 2019), whereas in Thessaloniki,
Greece and in Colombo, Sri Lanka this same measure increased the UHI effect (due to heat and gas
pollutants trapping) (Perera and Emmanuel, 2018; Yiannakou and Salata, 2017). Conversely, horizontal
compactness (low-rise compact urban form with decreased canyon width) decreased the UHI in Colombo
(Perera and Emmanuel, 2018), but increased it in Berlin (Straka and Sodoudi, 2019). Lastly, there is limited
but growing evidence (e.g., from Iquique, Chile and from Volusia County, Florida) on the effectiveness of
the horizontal connectivity of the network of open spaces (streets, squares, parks ...etc. ) in providing
redundant and unobstructed alternatives for evacuation and recovery during rapid onset events (see Helderop
and Grubesic, 2019 on Volusia; Le6n and March, 2016 on Iquique; Sharifi, 2019).

Buildings can be adapted to the negative consequences of climate change by altering their characteristics, for
example increasing the insulation values (e.g. Barbosa et al., 2015; Fisk, 2015; Fosas et al., 2018; Invidiata
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and Ghisi, 2016; Makantasi and Mavrogianni, 2016; Pérez-Andreu et al., 2018; Taylor et al., 2018; Triana et
al., 2018; van Hooff et al., 2014), adding solar shading (e.g. Barbosa et al., 2015; Dodoo and Gustavsson,
2016; Invidiata and Ghisi, 2016; Makantasi and Mavrogianni, 2016; Osman and Sevinc, 2019; Pérez-Andreu
et al., 2018; Taylor et al., 2018; Triana et al., 2018; van Hooff et al., 2014), increasing natural ventilation,
preferably during the night (e.g. Cellura et al., 2017; Dino and Meral Akgiil, 2019; Dodoo and Gustavsson,
2016; Fosas et al., 2018; Makantasi and Mavrogianni, 2016; Mulville and Stravoravdis, 2016; Osman and
Sevinc, 2019; Pérez-Andreu et al., 2018; Triana et al., 2018; van Hooff et al., 2014), applying high-albedo
materials for the building envelope (Baniassadi et al., 2018; Invidiata and Ghisi, 2016; Triana et al., 2018;
van Hooff et al., 2014), altering the thermal mass (Din and Brotas, 2017; Mulville and Stravoravdis, 2016;
van Hooff et al., 2014), adding green roofs/facades to poorly insulated buildings (de Munck et al., 2018;
Feitosa and Wilkinson, 2018; Geneletti and Zardo, 2016; Skelhorn et al., 2014; van Hooff et al., 2014).

In general, the most promising adaptation measures are a combination of solar shading with increased levels
of insulation and ample possibilities to apply natural ventilation to cool down a building (e.g. Barbosa et al.,
2015; Dodoo and Gustavsson, 2016; Fosas et al., 2018; Makantasi and Mavrogianni, 2016; Taylor et al.,
2018; Triana et al., 2018; van Hooff et al., 2014); however, it must be noted that the cooling potential of
natural ventilation will decrease in the future due to increasing outdoor air temperatures. Similarly, air
conditioning performance also decreases with increasing outdoor temperatures, in addition to being
maladaptive where use is associated with carbon emitting electricity production systems.

Several reasons for a limited implementation of climate change adaptation measures are mentioned in
literature, such as the lack of regulations, the priority to a reduction of heating energy demand instead of
thermal comfort/cooling demands in a lot of countries, the lack of knowledge of building owners, the focus
on short term profits, and practical limitations such as the costs involved (Albers and Bosch, 2015;
Boezeman and de Vries, 2019; Hurlimann et al., 2018; Keskitalo et al., 2016; Roders and Straub, 2015), but
also practical constraints, for example, related to safety and privacy which limits the applicability of
increased natural ventilation as an adaptation measure at the building scale (Barbosa et al., 2015; van Hooff
et al., 2014).

The negative effects of climate change on indoor thermal comfort can lead to an increased use of active
cooling systems in buildings, which will lead to even higher outdoor temperatures and an increased emission
of CO2 (Dino and Meral Akgiil, 2019; Huang and Hwang, 2016; Pérez-Andreu et al., 2018). Regardless of
whether it is extreme heat or cold, context-specific building adaptation is either active (energy consuming) or
passive (no- or low energy consumption). Empirical evidence, however, reveals that is not possible to
achieve 100% thermal comfort without using mechanical cooling systems, but sustainable solar energy
powered systems ensure avoiding maladaptation (Osman and Sevinc, 2019).

Thirdly, innovative architectural and urban design standards and tools include form-based codes, Leadership
in Energy and Environmental Design-Neighbourhood Development (LEED-ND), low impact development
(LIDs), and Local climate zones (LCZs). To begin with, form-based codes (FBCs, also known as Smart
Code) and LEED Neighbourhood Development (LEED-ND) combine land use and urban design regulations
for built form. Rather than separating uses as in conventional zoning and land use planning, FBCs regulate
the three-dimensional form of buildings and spaces (massing, architectural character, and siting of streets,
squares, and green corridors...etc.) while allowing compatible uses to be incrementally established within
(Form-Based Codes, 2015). FBCs have been adopted to varying degrees and scales in North America, from
single development projects to cities (e.g., Miami, USA), to state-wide endorsement (e.g., California, USA)
(Garde, 2018; Garde et al., 2015). There is evidence on their adoption in some European cities (e.g.,
Stockholm and Malmo, Sweden) (Stojanovski, 2018), with more recent calls for their applications in Abu
Dhabi, the UAE (Sabri and Ahmed, 2019) and in port cities in South Korea (Hwang and Kim, 2017). As for
LEED-ND, it is an extension to the urban landscape of the globally applied LEED certification for buildings.
LEED-ND combines land use, transportation, ecological and green infrastructure, energy, and smart
materials criteria in the design, planning, and construction of neighbourhoods (Balsas, 2018). LEED-ND’s
rating system includes 41 design criteria distributed over five categories, three of which are strongly linked
to climate adaptation: 1) Smart Location and Linkage (SLL) (e.g., mixed-use development; transit; and

' FOOTNOTE: The two other categories are Regional Priority Credits (RPC) and Innovation and Design Process (IDP)
(Garde 2017; Nolon 2016).
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walkability and cycling), 2) Green Infrastructure and Buildings (GIB) ( energy, water, and natural resources
efficiency; decreased UHI and light pollution; historic preservation and adaptive reuse); and 3)
Neighbourhood Pattern and Design (NPD) (e.g., compact, mixed-use development with diverse housing
types; street design; and minimal surface parking) (Garde, 2018). Although LEED building designation is
widespread globally, LEED-ND has yet to gain traction (Balsas, 2018).

While there is a dearth of empirical studies that assess FBCs and LEED-ND vis-a-vis climate adaptation, the
limited empirical evidence highly agrees that these planning tools increased the ratios of impervious surfaces
that absorb rainwater runoff and green infrastructure providing an array of ecosystem services that address
various climatic hazards and risks (e.g., stormwater management, UHI, etc.) (Balsas, 2018; Garde, 2018;
Garde and Hoff, 2017; Garde and Kim, 2017). For example, evidence from Denver and nearly 40 cities in
California and, USA) reveals that their FBC plans that replaced conventional zoning and land use, integrate
LEED-ND’s 41 criteria for climate adaptation to a greater extent than their previous conventional zoning and
land use measures (Garde, 2018; Garde and Hoff, 2017; Garde and Kim, 2017). FBCs and LEED-NDs’s
focus on connectivity (transit, walkability, and cycling), energy efficiency and green infrastructure, and on
compact, mixed-use urban developments would ideally contribute to mitigation and equity (through the
provision of transit and movement modalities combined with a diversity of housing types). There is also
limited evidence that FBCs projects are more adaptive to the UHI effect than the conventional (Euclidean)
zoning (Heris, 2018). Yet, there is evidence that the that that LEED-ND standards do not include provisions
for low-income housing, combined with the costs associated with the certification lead to developments that
exclude economic and social diversity, hence, generate spatial inequity with spill-over gentrification impacts
for the surrounding neighbourhoods (Benson and Bereitschaft, 2019; Garde et al., 2015; Szibbo, 2016).

As for Low Impact Developments (LIDs), they were developed in Prince George’s County in Maryland,
USA at the turn of the millennium with a particular focus on stormwater management through the provision
of green infrastructure (Coffman, 1999). LIDs entail amendments to local land use and built form regulations
to include structural and non-structural techniques, such as: saving trees in situ, building restriction in
ecologically sensitive areas, road orientation, in situ wastewater treatment systems (e.g., sand filters), and
building codes (Eckart et al., 2017; Nolon, 2016). Globally, LID’s are paralleled by New Zealand’s low
impact urban design and development (LIUDD), Australia’s water sensitive urban design (WSUD), and
Europe’s sustainable urban drainage systems (SuDS) (Eckart et al., 2017). There is high agreement and high
confidence that LIDs effective at managing stormwater runoff, especially in the warmer seasons and for
shorter return period events (storm event of low intensity, duration, and antecedent moisture level) although
the outcomes are dependent on the context-specific conditions (e.g., soil types and organic content) (Chang
et al., 2018; Eckart et al., 2017; Giilbaz and Kazezyilmaz-Alhan, 2017; Larsen, 2015; Palla and Gnecco,
2015; Sohn et al., 2019). Simultaneously, there is limited evidence to indicate that LIDs’ effectiveness for
larger extreme events improves when combined/coordinated with conventional stormwater management
approaches (Eckart et al., 2017). Although LIDs might be less costly, the implementation timespan is long;
Maryland’s LIDs retrofitted 15,000 acres of impervious surface with green infrastructure over 15 years while
Philadelphia’s “Green City, Clean Water” program aims to convert 10,000 acres into green cover over 25
years. The former’s estimated cost was $1.2 billion secured through financing from long-term public—private
partnerships, while the latter is estimated to cost $1 billion (as opposed to $8 billion for retrofitting the
existing grey stormwater infrastructure system))(Larsen, 2015).

More recently, Local climate zones (LLCZs) have been deployed to provide a mapping tool that combines the
three-dimensional built form, land and building uses, and land cover while simultaneously accounting for
urban ventilation at scales ranging from the micro context-specific scale to the larger district scale
(Emmanuel and Loconsole, 2015; Lelovics et al., 2014; Perera and Emmanuel, 2018; Stewart and Oke, 2012;
Wang and Ouyang, 2017). There is limited but increasing evidence on this nascent tool’s potential for
climate adaptation especially in hot and humid topical urban centres (Giridharan and Emmanuel, 2018;
Perera and Emmanuel, 2018). The limited evidence thus far agrees that LCZs offer: (1) nuanced adaptation
options that account for the complexity of the factors contributing to UHI; (2) together with Local Thermal
Zones (LTZs) (classifications of the Land Surface Temperature (LST)), they offer monitoring and
evaluation mechanisms for the adaptation interventions (Hamstead et al., 2016; Perera, 2016; Perera and
Emmanuel, 2018; Wang and Ouyang, 2017); and (3) they incorporate social and economic considerations,
hence, identify instances of inequitable climate (Hamstead et al., 2018; Perera and Emmanuel, 2018). For
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example, in Colombo, LCZs revealed that new high-rise developments for housing disadvantaged
communities are in fact more heat stressed than the lightweight low-rise structures they replaced.

The barriers and future opportunities: The literature concurs that municipal plans, even when they discuss
climate adaptation, lack clear implementation strategies that operationalize climate adaptation especially
when compared to other aspects of urban planning (see for example Araos et al., 2017 on Dhaka; Carter et
al., 2015 on Greater Manchester, UK; Jabareen, 2015 on cities across the globe; Nordgren et al., 2016 on 85
organizations in the USA; Woodruff and Stults, 2016 on 44 local climate change adaptation plans in the
USA). Specifically, with regards to land use planning and built form regulations for climate adaptation, the
literature identifies an array of barriers to implementation that explain its limited mainstreaming. Firstly,
hazards, vulnerability, and risks and consequently, the ensuing adaptation options are localized. Yet, land use
planning systems are inherently hierarchical while climate models are rarely localized (Juhola, 2016).
Secondly, while there is improvement in fact-based plans (Stevens and Senbel, 2017; Woodruff and Stults,
2016), there is still a need for global and local data combinations for climate change and particularly for
spatially articulating climate data at the local scale , and in ways accessible to planners and inclusive of the
local ecological knowledge (LEK) (Carter et al., 2015; Cuevas, 2016; de Groot-Reichwein et al., 2018; Dhar
and Khirfan, 2017a; Pearce et al., 2015; Vogt et al., 2016; Yiannakou and Salata, 2017). Thirdly, there is a
need for more consistency in “uncertainty” levels to guide policy-making (Carter et al., 2015; Dhar and
Khirfan, 2017a; Woodruff and Stults, 2016). There is high agreement that climate uncertainty hinders the
translation of adaptation policies into action by rendering it difficult to set clear planning policies, to bring
stakeholders on board, and to estimate and allocate funding especially for long term spatial planning (Araos
et al.,2017; Butler et al., 2016; Carter et al., 2015; Juhola, 2016; Woodruff and Stults, 2016). Fourthly,
complexity preclude the mainstreaming of climate adaptation plans warrant cross-sectoral and cross-
disciplinary collaborations (researchers, planners, and policy-makers) across all governance levels (national,
regional, municipal) (Carter et al., 2015; Dhar and Khirfan, 2017a; Juhola, 2016; McClure and Baker, 2018).

Moreover, there is a need to produce consistent and integrated national scale policies that lead to developed
institutional capacities for adaptation planning at the local municipal scale. Also, important are the
commitment of elected officials the level of prioritization of climate change adaptation, the institutional
incentives, and clarity in the guidelines for mainstreaming climate adaptation plans into the local land use
plans (Araos et al., 2017; Cuevas, 2016; McClure and Baker, 2018; Shi et al., 2015). Lastly, there is a need
for developing clear indicators for measurable objectives for evaluating the climate adaptation components
of the plans (whether land use, urban design or other) (Doherty et al., 2016; Stevens and Senbel, 2017).

6.3.3 Nature-Based Solutions

Well-functioning ecosystems can play a significant role in buffering communities and infrastructure from
climate hazards at different scales. Widely recognized as “low-regret” measures for disaster risk reduction
and climate change adaptation green and blue infrastructure in cities can provide nature-based solutions to
mediate temperature shocks and provide natural flood defences, such as via mangrove stands in coastal areas
and wetland and stream restoration (Andersson et al., 2019; Frantzeskaki et al., 2019; McPhearson et al.,
2018). Grass and riparian buffers and forested watersheds can enhance flood and drought protection for cities
and settlements. Despite increasing knowledge on nature-based solutions (here encompassing literature on
ecosystem services for climate change adaptation and resilience, ecosystem-based adaptation, and benefits of
green and blue infrastructure for adaptation), recent studies indicate that nature-based approaches to
adaptation and resilience are still under-recognised in urban planning and development (Frantzeskaki et al.,
2019; Geneletti and Zardo, 2016; Matthews et al., 2015). While the literature on nature-based solutions to
climate change adaptation and disaster risk reduction in urban areas is growing extensively the potential

of ecosystem services for actually meeting the high demand for urban hazard related services while also
supporting health and well-being, particularly in low and middle-income countries, is uncertain. Grey
infrastructure often damages or eliminates biophysical processes necessary to sustain people, ecosystems and
habitats, and livelihoods, where green infrastructure can be more flexible and cost effective for providing
flood risk reduction and other benefits (Palmer et al., 2015). Hybrid approaches integrate green, blue and
grey (engineered) infrastructure in adaptation planning and hazard protection (Depietri and McPhearson,
2017; Grimm et al., 2016). Explicit policy uptake by city authorities is increasing (Hansen et al., 2015;
Holscher et al., 2019) such as in the case of New York where in 2010 the city committed to a hybrid
infrastructure plan for storm water management, investing US$ 5.3 billion over 20 years, of which US$2.4
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billion is targeted for green infrastructure investments (Depietri and McPhearson, 2017; McPhearson et al.,
2014). A subsect of services from urban ecosystems are being increasingly invested in as “nature-based
solutions” (NBS) for climate adaptation pathways (Frantzeskaki et al., 2019; Kabisch et al., 2016; Keeler et
al., 2019). Co-benefits of NBS are an additional reason that NBS are being increasingly taken up by cities for
adaptation including benefits for health and livelihoods, particularly for poor, marginalized groups (Cederlof,
2016; Maughan et al., 2018; Poulsen et al., 2015; Poulsen et al., 2017; Simon-Rojo, 2019). At the same time
concerns about unintended consequences of investing in green infrastructure for NBS such as how it may
contribute to gentrification (Anguelovski et al., 2018b; Haase et al., 2017; Turkelboom et al., 2018)
underline the challenges of investing in adaptation in complex urban systems.

6.3.3.1 Temperature Regulation

Nature-based strategies including street trees, green roofs, and other urban vegetation can reduce heat and
extreme heat by cooling private and public spaces. Vegetation through shading, evapotranspiration, and
change in surface albedo is the primary mechanism for urban cooling (Coutts et al., 2016). Shading reduces
mean radiant temperature, which is the dominant influence on outdoor human thermal comfort under warm,
sunny conditions (Thorsson et al., 2014). Apart from lowering temperature, nature-based solutions may also
contribute to lower energy costs by reducing demand for conventional sources of cooling (e.g. air
conditioning), especially during peak- demand periods. Homes with shade trees that are located in cities
where air conditioning systems are common can save over 30% of residential peak cooling demand (Doick et
al., 2014). Modelling has shown that green roofs, if employed widely throughout urban areas, have the
potential to significantly lower the regional heat profile of cities (Santamouris, 2014). Community or
allotment gardens, backyard greening, and other types of low vegetation, as well as lakes, ponds, rivers, and
streams, can also provide local cooling benefits to nearby residents (Gunawardena et al., 2017; Larondelle et
al., 2014).

Urban climate models show that increased vegetation cover results in reducing both mean air temperatures
and extreme temperatures during heat waves (Heaviside et al., 2015). Greater density and more canopy
coverage relative to other built and paved surfaces increases shade provision and evapotranspiration
(Hamstead et al., 2016). However, local cooling by vegetation depend on regional climate context,
geographic setting of the city, urban form, the density and placement of the trees, in addition to a variety of
other ecological, technical, and social factors (Salmond et al., 2016b). For example, green spaces less than
0.5-2.0 ha may have negligible cooling effects, beyond the shaded area itself (Gunawardena et al., 2017;
Zardo et al., 2017).

To maximize the adaptation benefits of NBS for regulating urban heat it is helpful to prioritize tree planting
and other urban greening initiatives in areas where heat vulnerability and risk are the highest, especially
communities that lack urban tree canopy, accessible parks to cool off during hot days or heat waves, and/or
mechanized home cooling systems (Keeler et al., 2019). Planting trees closely together and choosing tree
species with leaves that have the greatest leaf area index or the largest leaves, as those trees have the greatest
shading and evapotranspiration benefits that, in turn, provide the greatest cooling effects. Drought resistant
trees, often native trees, are ideal to avoid high watering costs. Native trees can provide additional benefits
for local biodiversity or if fruit or nut trees can provide co-benefits for local food production.

6.3.3.2  Air Quality Regulation

Planting trees or vegetated barriers along streets or in urban forests or parks can reduce particulate matter,
the ambient air pollutant with the largest global health burden (Janhill, 2015; McDonald et al., 2016; Tiwary
et al., 2008). However, findings show that trees can also positively or negatively affect ground-level ozone
(Calfapietra et al., 2013; Kroeger et al., 2014), airborne pollen concentrations (Willis and Petrokofsky,
2017), and indirectly affect air quality through reduced emissions from energy production offset by shade
provision (Keeler et al., 2019). Studies suggest that to minimize the potential of tree canopy to hold air
pollutants near the ground and increase human exposure, a single line of roadside trees with high PM
removal capacity should be planted along major roads, with enough spacing between tree canopies to allow
wind flow between trees (Faber and Krieg, 2002). Tree planting near schools, nursing homes, and hospitals
ensure that benefits provided by trees are delivered to the populations that stand to benefit the most from
improved air quality.

Do Not Cite, Quote or Distribute 6-45 Total pages: 134



O 00 N N W AW N =

[ O B O e S N S e S I S N S R O S S S e e R
N = O OV 0 N O L A W N = O OV 0 2 & W b LW NN~ O

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

FIRST ORDER DRAFT Chapter 6 IPCC WGII Sixth Assessment Report

Trees can also have negative effects by increasing pedestrian exposure to pollution if trees are introduced in
heavily travelled street canyons where air pollutants can be trapped. To maximize the adaptation benefits of
NBS for improving air quality planners and managers should target tree selection for species with low VOC
emissions, low allergen emissions, and high pollutant deposition potential (Keeler et al., 2019). It is also
important to consider the seasonality of trees since air quality impacts of deciduous varieties are minimal in
dormant seasons (Beckett et al., 2000; Yang et al., 2015a), as well the potential aerodynamic effects of urban
vegetation (Calfapietra et al., 2013). It may be useful to couple tree planting with point-source reductions
that reduce pollutant concentrations in urban environments.

6.3.3.3 Stormwater Regulation

Urban parks and open spaces, wetlands, green roofs and engineered stormwater treatment devices help
manage stormwater and wastewater by reducing the volume of stormwater runoff and/or reducing
contamination of runoff by pollutants (Keeler et al., 2019; Moore et al., 2016). Engineered devices include
bioswales, rain gardens, and detention and retention ponds, and are becoming common and standard
approaches to mitigate the negative effects of impervious surfaces on stormwater quality in cities (Zhou,
2014). Allotment gardens and street trees may also help reduce runoff and provide a stormwater retention
service. Modelling and empirical studies show that nature-based solutions at small spatial scales lead to
improvements in water quality and reduction of peak flows. There is less evidence of the effectiveness of
nature-based solutions at larger temporal and spatial scales. However, a modelling study in London
estimated peak runoff reduction of up to 85% with widespread installation of green roofs (Pochee and
Johnston, 2017).

Cities with combined sewer infrastructure are likely to see benefits from NBS due to reductions in
stormwater quantity and reduced sewage overflows. Cities where a large proportion of residents lack access
to piped infrastructure and drink surface water could be expected to see large benefits, especially to human
health, from NBS investments (Keeler et al., 2019). Where future large-scale upgrades or installation of grey
infrastructure will be necessary, growing cities may see large net benefits from investments in NBS. Older
cities, and new, rapidly urbanizing areas that lack large scale water infrastructure may see the greatest
benefits from enhanced NBS, relative to cities where heavy investments infrastructure upgrades have already
been made. Cities facing climate changes that including more frequent or extreme precipitation may also see
large water quality benefits from investment in NBS (Keeler et al., 2019).

During periods with intense precipitation, low-lying urban parks and open space, engineered devices, and
wetlands can play an important role in reducing stormwater runoff volumes, by providing places for water to
be stored and infiltrate during heavy storms (Moore et al., 2016). However, the magnitude of the runoff
reduction service will depend on the total area in green infrastructure, and its position on the landscape. The
performance of NBS depends on the degree to which their extent and spatial configuration in the city are
optimized to capture runoff (Fry and Maxwell, 2017). Overall, nature- based solutions are attractive
adaptation options compared to and in combination with grey infrastructure and cities where planners and
stormwater engineers are increasingly incorporating NBS in stormwater management.

6.3.34 Food Production and Security

Urban agriculture can contribute to food provisioning as well as multiple non-provisioning ecosystem
services such as cultural services including recreation, place-making, and mental health (Soga et al., 2017).
Several studies have attempted to estimate the extent to which urban agriculture could theoretically meet
urban total food or vegetable demand (Badami and Ramankutty, 2015; McClintock, 2014). Its role in urban
food security and social cohesion is context-dependent (arising partly from the intention of urban farmers
and communities) and is therefore difficult to generalize at the city, regional, or global scale.

To maximize the adaptation benefits of NBS for food production and security practitioners should embrace
the multi-functionality of urban agriculture rather than viewing it as being solely about food production. Its
food function (Pourias et al., 2016) or its contribution to food security are important across a range of
contexts. Across cities at the global scale, potential for open air urban food production may be practically
constrained by land availability (Badami and Ramankutty, 2015; Martellozzo et al., 2014). This is
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particularly true in some lower-income countries where rapid urbanization is occurring, which compounds
existing food insecurity (Satterthwaite et al., 2010; Vermeiren et al., 2013). Land availability and suitability
for gardens can be further constrained by land-use history, including past industrial uses that can contaminate
soils (e.g., with pollutants such as lead). Other fundamental ecological moderators for urban agriculture
provisioning include the availability of sunlight and freshwater. These moderators have the potential to
interact with each other and with non-ecological moderators in such a way as to affect production and
resource requirements. For example, a study conducted in Vancouver, Canada, demonstrated that light
attenuation from buildings and trees can both reduce crop yield and reduce water demand for crop growth
(Johnson et al., 2015).

Climate and climate change is an important potential moderator for food security. While urban agriculture
may provide benefits in terms of stability of food access in low-income households in some regions of the
Global South where the climate is warmer, the shorter growing seasons in colder climates will reduce the
role of outdoor urban agriculture in year-round food supply and diets. Higher heating costs to produce
vegetables indoors in cities during northern winters requires considerable amounts of energy and may result
in fossil fuel emissions depending on the energy source (e.g., natural gas heaters)(Goldstein et al., 2016).
Conversely, some regions (e.g., large tracts of South and Southeast Asia) can support multiple growing
cycles per year for some crops, particularly in tropical areas where irrigation is available.

6.3.3.5 Coastal Flood Protection
This section supports Cross-Chapter Paper 2: Cities and Settlements by the Sea.

Coastal ecosystems including coral and oyster reefs, coastal forests including mangroves and other tree
species, salt marshes and other types of wetland habitat, seagrass, dunes, and barrier islands can have strong
impacts on reducing flood losses and damage from storms (Boutwell and Westra, 2016; Bridges et al., 2015;
Narayan et al., 2017; World Bank, 2016; Yang et al., 2015b; Zhao et al., 2014). Recent literature highlights
the value of nature-based approaches for coastal protection in terms of avoided damages and human well-
being (Keeler et al., 2019; Narayan et al., 2017; Silva et al., 2016). For example, coastal and marine
vegetation and reefs dissipate wave energy, attenuate wave heights and nearshore currents, decrease the
extent of wave runup on beaches, and trap sediments (Bridges et al., 2015; Ferrario et al., 2014). These
effects result in lower water levels and reduce shoreline erosion, which in turn has potential to save lives and
prevent millions of dollars in property damages (Narayan et al., 2017).

Narayan et al. (2017) estimate that coastal wetlands alone reduced direct flood damages by US$625 million
during Hurricane Sandy in the United States in 2012. Similarly, Das and Vincent found that villages with
wider mangroves between them and the coast experienced significantly fewer deaths than villages with
narrow or no mangroves during a 1999 cyclone in India (World Bank, 2016). Recently, Arkema et al. (2017)
noted that the number of people, poor families, elderly and total value of residential property most exposed
to hazards along the entire coast of the USA can be reduced by half if existing coastal habitats remain fully
intact. Researchers, practitioners, and policy-makers are increasingly calling for the use of natural and
nature- based approaches to protect urban shorelines from coastal hazards (Bilkovic et al., 2017; Cunniff and
Schwartz, 2015). The expectation is that coastal ecosystems can help stabilize shorelines and protect
communities from flooding while providing other co-benefits for people and ecosystems. Vegetation along
protected coastlines, with higher frequency, lower intensity coastal hazards (National Research Council,
2014) may be more effective for stabilizing shorelines and reducing risk to coastal communities and
properties.

Still, coastal habitats also have limitations in their ability to protect coasts from extreme events. Some studies
suggest reduced effectiveness of vegetation and reefs for coastal protection from large storm waves and
surge (Guannel et al., 2016; Moller et al., 2014) and there is active debate in the literature about the ability of
ecosystems to mitigate the impact of tsunamis (Gillis et al., 2017). Further research is needed to understand
and quantify coastal protection services provided by these hybrid green-grey solutions, especially in urban
areas (Bilkovic et al., 2017).

To maximize the adaptation benefits of NBS for improving coastal flood protection research suggests that
cities should seek to restore and conserve the vegetation and reef types that are appropriate for the exposure
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setting and in sufficient abundance to be effective. In particular, planners and managers are advised (Keeler
et al., 2019) to use vegetation in protected bays as alternatives to hard infrastructure for shoreline
stabilization. However, the influence of ecosystems on flooding and erosion is variable and depends on a
suite of social, ecological, and infrastructural factors that vary within and among urban areas (Bridges et al.,
2015; Narayan et al., 2017; Ruckelshaus et al., 2016).

6.3.3.6 Riverine Flood Impact Reduction

Nature-based solutions reduce both the volume of floodwater and the impact of floods. NBS reduce the
volume of runoff by increasing infiltration and water storage (Salvadore et al., 2015; Shuster et al., 2005),
and affect the production and impact of flood waters through reducing river energy and flow speed through
physical blockage, stabilizing riverbanks during flood events, creating space for floodwaters to expand, and
combating land subsidence (Ahilan et al., 2018; Palmer et al., 2014).

Source reduction strategies include permeable areas such as parks and open spaces as well as engineered
devices like raingardens, bioswales, and retention ponds that help retain stormwater running off impervious
areas. River restoration can reduce flood peaks and provide space for floodwaters to expand. Planting and
maintaining vegetation along riverbanks, often in the form of parks or river restoration, maintains structural
integrity during flood events. Wetland construction and improved connectivity to floodplains also reduces
flood peaks.

To maximize the adaptation benefits of NBS for riverine flood protection studies suggest that planners and
managers should use nature-based solutions to reduce the impacts of urban flooding, especially for small to
medium-scale flood events (lower than 20% mean annual flood) by installing nature-based solutions to
increase infiltration on low slopes and high-permeability soils (Keeler et al., 2019). Efforts to restore
floodplains are important to create space for floodwaters and reduce exposure by moving people out of the
hazard zone. Floodplain restoration also provides access to the river that has multiple benefits, e.g.
recreation, access to water for domestic use, and other cultural ecosystem services. A key adaptation strategy
is to reduce streambank erosion (a result of high peak flow) using riparian vegetation, which is at least as
effective as engineered solutions (Keeler et al., 2019).

Cities manage flood risk using different types of adaptation and regulatory mechanisms (Naturally Resilient
Communities, 2017). Built flood-control infrastructure, such as levees and stream channelization, reduces the
demand for nature-based flood impact reduction. Cities facing flood risk that do not currently have extensive
grey flood-mitigation infrastructure may find nature-based solutions to be an appealing, lower cost solution
(Keeler et al., 2019). In cities where flood-control grey infrastructure already exists there is less demand for
nature-based solutions of flood protection, but nature-based solutions may provide important back-up,
especially in a changing climate that may increase flood hazards (City of Los Angeles, 2017; Elmqvist et al.,
2019).

6.3.3.7 Water Provisioning and Management

The role of nature-based solutions has been increasingly recognized for improving urban water management,
which emphasizes the central role of water management in building sustainable and liveable cities (Wong
and Brown, 2009). Nature-based solutions that protect or restore the natural infiltration capacity of a
watershed can increase the water supply service to various extents depending on whether they are through
street trees, parks and open space, community gardens, and engineered devices such as rain gardens,
bioswales or retention ponds that are designed to increase stormwater infiltration. Additional sources of
water may be available to replace the water supplied by nature-based solutions, such as rainwater harvesting,
inter-basin transfers, or desalination plants. Reliance on naturally sourced, locally available surface water
and groundwater is more energy-efficient and economical than desalination or water reuse for potable use,
while rainwater harvesting is even more economical. However, Bhaskar et al (2016) reviewed the effect of
urbanization and nature-based solutions on baseflow and suggest that the confounded effects of infiltration
and evapotranspiration losses, combined with the subsurface infrastructure (sewer systems) and geology,
makes it difficult to predict the magnitude of baseflow enhancement resulting from the implementation of
nature-based solutions in cities.
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The characteristics of the urban water system, including its environment, regulation, and built infrastructure
affect the demand on main surface and subsurface water sources (McDonald et al., 2014). Water demand
management measures, either structural (e.g. rainwater harvesting measures, water saving devices) or non-
structural (e.g. education) influence can modify the amount and seasonality of demand for water resources.
Additionally, technological factors including urban infrastructure such as groundwater wells and pumping
technologies increases the demand for water supply via groundwater recharge (Okotto et al., 2015).

To maximize the adaptation benefits of NBS for urban water supply research suggestions that managers and
planners should continue to use nature-based solutions as alternatives to traditional stormwater management
techniques, where possible, since these solutions can promote groundwater recharge. Green infrastructure is
increasingly being used for stormwater absorption in cities. It will be important to prioritize the use of rain
gardens, wetlands, or engineered infiltration ponds or bioswales over street trees as nature-based solutions
most likely to promote recharge and reduce evapotranspiration.

6.3.3.8 Sanitation

[PLACHOLDER FOR SECOND ORDER DRAFT: this section will assess the literature on ecosystem
services contribution to sanitation in places exposed to climate change associated risks and the scope for
further adaptive capacity and action from deploying this method of risk reduction.]

6.3.4 Productive Infrastructure

Productive infrastructure describes physical infrastructure with direct contributions to supporting the
functioning of urban and wider economies. Engineered measures for hazard mitigation such as seawalls,
slope revetments, river levees, as well as air conditioning are increasingly implemented in urban centres but
are less affordable and accessible in low and middle-income countries due to high construction and
maintenance costs. These adaptive measures can also counter mitigation objectives due to reliance on
climate polluting energy sources. Despite this, engineering measures such as seawalls for tsunami protection
and cooling areas in cities provide critical hazard reduction functions in urban contexts (Depietri and
McPhearson, 2017). Pelling et al (2018) highlight, sustainable risk reduction can be better achieved where
these engineering measures include the at-risk poor majority and inclusive planning to support pro-poor risk
reduction.

6.34.1 Physical Infrastructure

Substantial investment is planned and required to replace, upgrade and extend the world’s infrastructure.
Globally it is estimated that investment of $94tn between 2016 and 2040 is required (Oxford Economics,
2017). Infrastructure is a priority for adaptation because its performance is sensitive to climate (particularly
extreme events) and decisions on design and renovation have long-lasting implications and are hard to
reverse. To avoid longer-term impacts on society, the economy, and environment, it is crucial that future
investment, and retrofit of existing infrastructure, is undertaken in the context of the risks of climate change.

Table 6.4: Indication of the proliferation of infrastructure networks and their usage. [PLACEHOLDER FOR SECOND
ORDER DRAFT: consider usefulness of the context to reinforce the point about the importance of infrastructure to
modern living and also its rapid growth and for other sectors]

Infrastructure Scale Usage Coverage / Equity of References
access
Information and Worldwide: Worldwide: Europe: 85% population (ITU, 2019)
Communication 91M mobile phones 43,000 PB in 2014 are unique mobile (Vodafone, 2019)
Technology in 1995; 242,000 PB in 2018  subscribers (GSMA, 2019)
8.2BNin 2018 (*1PB = 1million Asia Pacific: 66%
worldwide GB) SSA: 45%
Electricity >20M km power 25721 TWh (2017)  Global: (IEA, 2019)
networks lines in Europe and 3130kWh/person (World Bank,
USA. Haiti: 39kWh/person 2019b)
Iceland: (ETSAP,2014)

53,832kWh/person
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Railways 2.69M km Switzerland: (Koks et al., 2019)
0.7m/person; 141m/kme
Canada: 2.2m/person;
8.6m/km:
India: 0.06m/person;
23m/kme
Roads 63.46M km Belgium: 15m/person; (Koks et al., 2019)
Skm/kme (WorldByMap,
Malawi: 1m/person; 2017)
164m/kme
Canada: 31m/person;
115m/kme
Water 3.3 million knr land This irrigated land Sub-Saharan Africa: (Grigg, 2019)
equipped for accounts for about 24% coverage of safely ~ (Lehner et al.,
irrigation 70% of total water ~ managed drinking water  2011)
withdrawals services, 28% safely (Lehner et al.,
The Global Reservoir managed sanitation 2019)
and Dam Database These dams can services (UN Water, 2018)
(conservatively retain over 7800kmr  Europe & N. America:
records) at least 7100  water. 94%, 78%
dams
[START BOX 6.2 HERE]

Box 6.2: Infrastructure Interdependencies

Infrastructures are increasingly dependent on each other—for power, control (via ICT) and access for
deliveries or servicing. Moreover, a range of other mechanisms can create interdependencies that impact
upon climate risks (Dawson et al., 2018). In the UK, all infrastructures utilities identify failure of
components in another utility as a risk to their systems (Dawson et al., 2018). Key interdependencies
include:

The use of ICT for data transfer, remote control of other systems, and clock synchronization. Pant et al.
(2016) show that ICT is crucial for the successful operation of the UK’s rail infrastructure. The study
shows that flooding of the ICT assets in the 1-in-200-year floodplain would disrupt 46% of passenger
journeys across the whole network;

Water to generate hydroelectricity and for cooling thermal power stations. Reductions in usable capacity
for 61-74% of the hydropower plants and 81-86% of the thermoelectric power plants worldwide for
2040-2069 (Van Vliet et al., 2016), which are sensitive to energy infrastructure choices (Byers et al.,
2016);

Energy to power other infrastructure systems. Failure of urban energy supply disrupts other
infrastructure services, with disproportionate impacts on the urban poor (Silver, 2015);

Transport systems that ensure access for resources such as fuel, personnel and emergency response.
Pregnolato et al. (2017) show disruption across the city from a 1-in-10 year storm event could increase
by 43% by the 2080s.

Geographical proximity of assets leads to multiple infrastructures being simultaneously exposed to the
same climate hazard. Disruption is disproportionately larger for interconnected networks (Fu et al.,
2014)

There is usually limited information on the risks between infrastructure sectors, and without frameworks
for collaborative working which, when coupled with commercial and security sensitivities, remain
barriers to routine sharing and cooperation between operators. Despite this methods to tackle
interdependence in climate risk analysis are emerging (Dawson, 2015) for example Thacker et al. (2017)
analysed the criticality of the UK’s infrastructure networks by integrating data on infrastructure location,
connectivity, interdependence, and usage. The analysis showed that criticality hotspots are typically
located around the periphery of urban areas where there are large facilities upon which many users
depend or where several critical infrastructures are concentrated in one location. As infrastructure
systems become increasingly interconnected, associated risks from climate change will increase and
require a cross-sectoral approach to adaptation (Dawson et al., 2018).

Do Not Cite, Quote or Distribute 6-50 Total pages: 134



O 00 N N W AW N =

W L L L L L A AR DR R R R R B DWW LW WWWWWRRNNERNRNNLNLD = s e e o s e e e
A O R O~ S 8 ®»AU SO EBOROSO OV X®ANDU REOLOLAS O ®AANGOEODN~,S 0 A0 N A W~ O

FIRST ORDER DRAFT Chapter 6 IPCC WGII Sixth Assessment Report

[END BOX 6.2 HERE]

6.34.2 Information and Communication Technology Infrastructure

Information and Communication Technologies (ICTs) are deeply intertwined with the functioning of urban
and infrastructure systems, and are at the core of the ‘smart city’ concept (Angelidou, 2015). Key elements in
urban, national and international communications systems will need to be strengthened. Whilst widely
diffused, low-cost technology tools and software-based applications need to be considered in the design and
implementation of smart-city solutions, in particular those related to climate change adaptation.

Although networked like many other infrastructure systems, ICT components have some distinctive
properties. They are relatively cheap, and the advent of wireless communications has enabled ICT to have
the widest reach of all infrastructures. Components can be rapidly deployed or repaired, and generally ICT
networks are therefore built with inherent redundancy and flexibility (Sakano et al., 2016). Components have
a wide range of expected lifetimes which leads to faster cycles of innovation and potentially therefore uptake
of climate resilience in this infrastructure sector. For example, mobile phones and computers may last as
little as a year, cables and switching units may be moved and upgraded to improve bandwidth every few
years, poles and masts are typically designed to last several decades, whilst exchanges and other critical
nodes can be in use for over half a century.

ICTs are playing an increasing role in resilience building and climate change adaptation by enabling access
to critical knowledge and information needed for decision-making, by facilitating learning and coordination
among stakeholders and building social capital, as well as by helping to monitor, visualize and disseminate
current and future climate impacts (Eakin et al., 2015; Haworth et al., 2018; Heeks and Ospina, 2019; Imam
et al., 2017). Advocacy and awareness raising through ICTs such social media applications can influence
behaviours and attitudes in support of adaptive pathways (Laspidou, 2014).

ICTs play a role in adaptive responses to both short-term shocks and long-term trends associated with
climate change. Timely access to information (e.g. early warning, temperature and rainfall, agricultural
advice) through ICTs (e.g. mobile devices, SMS, radio, social media) can be crucial to respond and mitigate
the impact of emergencies such as floods and drought, for identifying pest and disease prevalence, and for
informing livelihood options, key in adaptation pathways of vulnerable (Devkota and Phuyal, 2018; Panda et
al., 2019).

In addition to contributing to the robustness and stability of the critical infrastructure in the event of
disasters, ICTs can strengthen other attributes of resilient urban systems by enabling learning and community
self-organization, cross-scale networks and flexibility, helping vulnerable stakeholders, in particular, to
adjust to change and uncertainty (Heeks and Ospina, 2015; Heeks and Ospina, 2019). Big data is being used
to inform responses to humanitarian emergencies (Ali et al., 2016; Pham et al., 2014), as well as to generate
new forms of citizen engagement and reporting (e.g. community-based maps of flood-prone areas) that can
help to inform coping and adaptive responses.

ICT is inadequate on its own to make a significant difference (Toya and Skidmore, 2015). The availability of
locally relevant information (e.g. weather-based advisory messages, local market prices), the accessibility of
the information by all members of the community (e.g. using various text, audio and visual content, local
languages, addressing gender-related exclusion, cost and digital competencies), and the applicability of the
information at the appropriate scale (local, regional or national), including data quality and verification,
influence the role of ICTs in adaptive pathways (Haworth et al., 2018; Namukombo, 2016).

Information privacy and security, as well as the unintended impacts of ICTs on inequality and on widening
existing gaps (e.g. due to poverty, gender and power differentials), can also constrain the contribution of
ICTs to adaptation (Haworth et.al. 2018), and are among the key challenges that need to be addressed in
order to fully realize their potential.
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The selection and use of ICTs for adaptation needs to be fairly grounded in the broader socio-cultural,
economic, political and institutional context, to ensure that these tools effectively help address existing,
emerging and future adaptive needs.

Increased pervasiveness of ICT, in smart cities, smart infrastructure and day to day living, will evidently
have long term implications for climate change risks. For example, even if the ICT network is resilient
heatwaves, it is dependent on the electricity network to power it. Conversely, other networks are dependent
upon ICT for control systems, e.g., Smart Grids for energy. There is limited information on how these
interdependencies, and associated risks, will evolve.

[PLACEHOLDER FOR SECOND ORDER DRAFT: possible cross-cutting box (joint with WGIII) on ICT

at the nexus of adaptation and mitigation. ICT is a huge driver of change, offers many opportunities but

creates new threats. It receives only limited coverage in previous IPCC reports and elsewhere.

e ICT has huge potential to support adaptation and manage risks.

e However, it is also a driver of greenhouse gas emissions through cloud servers and data centres, printing,
personal computers and other hardware etc.

e [t also provides opportunities for reducing travel needs (e.g. videoconferencing), and optimising/demand
management on energy and transport infrastructure networks.

e Thus, if well designed and used ICT has potential to contribute positively to both adaptation and
mitigation agenda; conversely, if not, it can aggravate both.]

6.34.3 Energy Infrastructure

[PLACEHOLDER FOR SECOND ORDER DRAFT: This section will assess adaptation and risk
management in energy infrastructure and its wider implications for integrated systems e.g. on maintenance of
light, health systems and water pumping. This will include adaptation in energy systems sources from out-of-
city sights e.g. hydroelectric power, tidal and wave energy; advantages and disadvantages for adaptation of
centralised and decentralised energy production systems, and trends in low and zero carbon production.
Links will be made to Chapter 8, Working group III on the adaptiveness of low and zero carbon energy
production systems compared to existing systems.]

A number of measures are available to adapt existing energy infrastructure to climate change. Cables can be
upgraded in anticipation of reduced efficiency in a warmer climate, although in many locations this may be
achieved autonomously to meet growth in demand. Assets such as pylons can be strengthened, relocated, or
replaced with new equipment built to higher standards, an example of this is in the UK where a total of £172
million is being invested in between 2011-2023 to raise flood protection of substations to be resilient to the 1
in 1000 year flood (ENA, 2015).

Longer term strategies could include a combination of increased network redundancy and decentralization of
generation locations (Fu et al., 2016), or the use of ‘defensive islanding” which involves splitting the network
into stable islands in order to isolate components susceptible to failure and subsequently trigger a cascading
event (Panteli et al., 2016). Smart grids are being increasingly deployed within municipalities to provide
more efficient management of supply and demand and mitigate greenhouse gas emissions, however, there is
limited understanding of their performance and reliability during floods and other extreme weather events
(Feldpausch-Parker et al., 2018; Vasenev et al., 2016).

Adaptation and preparedness at the household level can minimize impacts during power outages, but
neighbourhood level assistance may be more appropriate to ensure support for vulnerable households, and
coordination of action and information (Ghanem et al., 2016). More generally, it is important for responder
organisations integrate energy needs in disaster preparedness and response plans. Whilst over the longer
term, reducing household and industrial demand for energy supply will reduce the need for capital
investments and upgrades (Fu et al., 2016).

As shown in Table 6.4 access to energy supply varies considerably, in particular many African countries
require substantial energy infrastructure to support their economic development. The combination of smart
technologies with solar and other renewable generation provides a huge opportunity (Anderson et al., 2017;
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Kolokotsa, 2017). However, care must be taken in rapidly developing cities as failure to ensure energy
access during urbanization can reduce resilience and lead to undesirable lock-in (Urge—Vorsatz et al., 2018).

6.344 Transport

A wide range of adaptation options are available for transport infrastructure and most provide a good benefit
cost ratio (Doll et al., 2014; Forzieri et al., 2018). Options include upgrading infrastructure (which can often
be achieved autonomously as part of standard repair and replacement schedules), strengthening, or relocating
(critical) assets. Wright et al. (2012) calculated that strengthening bridges in the USA would cost $140-
$250bn by 2090 (or several billion dollars a year), but costs are reduced by 30% if interventions are made
proactively. Koks et al. (2019) calculate a benefit cost ratio of greater than one for over 60% of the world’s
roads exposed to flooding. The greatest benefits are in low and middle income countries where reductions in
flood risk are typically between 40-80%. Pregnolato et al. (2017) showed that in the city of Newcastle upon
Tyne (UK) two carefully targeted interventions at key locations to manage surface water flooding reduced
the impacts of the 1 in 50 year event in 2050 by 32%.

Another approach is to deploy smart technologies and new designs can improve the resilience of cars, trains,
boats and other vehicles to cope with more extreme weather. Mobility transformations have the potential to
improve mobility and accessibility, to influence urban form and to reduce vehicular use, vehicle miles
travelled and vehicle-based emissions (Sperling et al., 2018). Carpooling operations in 8 countries across
Europe and South America doubled the average number of passengers per vehicle from 1.9 to 3.9 people and
cut carbon dioxide emissions by nearly 30 percent — the equivalent of 3 months’ traffic in Berlin (BlaBlaCar,
2019). Ride-hailing - matching nonprofessional drivers of private vehicles with paying passengers -
positively impacts low-income, low car ownership households in Los Angeles (Brown, 2018), and fills
market gaps in cities where public transit infrastructure is inadequate, unreliable or unsafe (Suatmadi et al.,
2019; Vanderschuren and Baufeldt, 2018). Whether the resulting impacts are positive or negative, largely
depends on local, national and international policy and practices.

Full system re-design may enable the greatest resilience but it does not usually have a good benefit cost ratio
(Doll et al., 2014). Moreover, Caparros -Midwood et al. (2019) show that transport infrastructure planners
will not always be able to resolve trade-offs between managing climate risks and mitigating greenhouse
gases without tackling other sectors. However, infrastructure planners should continually seek opportunities
for positive infrastructure lock-in where available (Urge-Vorsatz et al., 2018).

6.34.5 Built Form

In addition to nature-based solutions, interventions to reduce the UHI effect and deal with urban heat waves
include installing air conditioning, establishing public cooling centers (i.e., for use during heat waves), and
increasing surface albedo through “cool roofs” (i.e., with high-reflectance materials). The relative efficiency
of cool roofs compared to green roofs is variable, because while white roofs have similar potential to reduce
the UHI (Li et al., 2014), they can quickly turn grey due to dust and air pollution, losing their effectiveness
(Gunawardena et al., 2017). Passive cooling is a design-based, widely used strategy to create naturally
ventilated buildings, making it an important alternative to address the UHI for residential and commercial
buildings (Al-Obaidi et al., 2014). Generally, passive cooling is achieved by controlling the interactions
between the house envelope and the natural elements. Simple facade fixes such as overhangs, louvres, and
insulated walls are effective at shading buildings from solar radiation while complex ones such as texture
walls, diode roofs, and roof ponds are effective at minimizing heat gains from solar radiation and ambient
heat (Oropeza-Perez and @stergaard, 2018).

In addition, wind towers, solar chimneys, and air vents are features that facilitate cool air circulation within
buildings while dissipating heat. These features may be arranged to address hotspots or highly frequented
spaces within buildings. Similar to nature-based solutions, the effectiveness of passive cooling to ameliorate
the UHI varies widely depending on the location of the sun, wind direction, and the type of strategy used.
For instance, natural ventilation strategies (e.g. wind towers, solar chimneys, etc.) can result in temperature
reductions between 4°C and 15°C. Shading strategies alone can reduce indoor temperatures by 3°C, while
heat sinks (in which heat is directed at a medium such as water) may result in indoor temperatures up to 6 °C
lower than the outdoor temperature (Oropeza-Perez and @stergaard, 2018). Experience in Kano (Nigeria) has
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shown that incorporating indigenous knowledge into building design and urban planning can increase
resilience to heat and flood risks (Barau et al., 2015).

6.34.6 Surface Water Management

[PLACEHOLDER FOR SECOND ORDER DRAFT:

e Hard engineering interventions can increase the capacity of the waste/stormwater treatment plants and
drainage systems. However, this is expensive.

e Green infrastructure provides multi-functional adaptation with many benefits to health, wellbeing,
biodiversity etc. as well as surface water management (Demuzere et al., 2014).

e Unused roof space can represent up to 50% of the impermeable surfaces of cities — providing
opportunity (Mentens et al., 2006).

e However, challenges in uptake despite being more socially and environmentally equitable (Thorne et al.,
2018).

e Capacity limits to using solely green infrastructure as they are ineffective at managing high return period
floods so green infrastructure can only be part of the adaptation strategy in many areas (Pregnolato et al.,
2016).

e Examples from 5 leader cities (Liu and Jensen, 2018).

o 45 Blue/Green Cities Index (Van Leeuwen et al., 2016).

e Challenges and opportunities in informal settlements (e.g. Birtchnell et al., 2019; Douglas, 2018;
Herslund et al., 2018).]

6.3.5 Cross-Cutting Themes
6.3.5.1 Equity and Justice

It is clear that infrastructure, ranging from social to ecological to physical to digital, can help to reduce the
impacts of climate change (Stewart and Deng, 2014). In many places, however, poor infrastructure standards
and limited access to infrastructure can undermine the ability to adapt to climate risks. In African cities, for
example, where growing numbers of people live in informal settlements, there is a lack of risk-reducing
infrastructure such as piped water, sanitation and drains. Related to this exposure to health, flooding and
drought risks of people living in slums is a growing concern (Lilford et al., 2016). Not only are there deficits
but there are differences in who benefits from infrastructures, as they are inherently political (McFarlane and
Silver, 2017). They are embedded in social contexts, politics and cultural norms. An example, given by
Anand (2015), shows that fixing water leaks in Mumbai depends as much on the politics of who is involved
and whose knowledge is prioritised, as on the technical aspects. Increasing attention is being paid in the
literature to these issues of equity and injustice, recognising that it is inadequate to focus on the technical
nature of infrastructure alone (Bulkeley et al., 2014b).

This section focuses explicitly on equity and justice concerns as they relate to infrastructure and adaptation
pathways. Unfortunately, there is limited evidence of how infrastructures, implemented to reduce climate
risk, have reduced inequality. Rather, there is more evidence to suggest that current infrastructure
implementation pathways are increasing inequality (Anguelovski et al., 2016; Chu et al., 2016). For example,
in Jakarta and Boston, sea walls and temporary flood barriers respectively have been erected in economically
valuable areas, leading to precious resources protecting privileged groups rather than the poor (Anguelovski
et al., 2016; Salim et al., 2019). Exploring this and other examples of adaptation through the lens of
distributive and procedural justice, as established in previous climate justice work is important, whilst
acknowledging spatial and recognition injustices as important too (Chu and Michael, 2018; Fisher, 2015).

Distributive justice calls attention to unequal access to services, land, capital and technology. When residents
are unable to access adequate services and infrastructure their exposure to climate risks can be increased
(Castéan Broto, 2017b). Often infrastructure is not adequately implemented in low-income urban areas and
not equally accessible to all. For example, low-income neighbourhoods often have less green space and
therefore less associated cooling benefits. Understanding who has access to what infrastructure contributes to
the growing emphasis on redressing the drivers of social vulnerability, that are central to just urban
adaptation (Michael et al., 2018; Shi et al., 2016).
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The quality and maintenance of infrastructure is often unequal across cities. Property that is highly exposed
to risk is seen as dangerous and of lower value (Wamsley et al., 2015). Similarly, areas suffering from
disinvestment in infrastructure, might have a high risk of flooding (Haddock and Edwards, 2013). Zoning
and land use trade-offs have been seen to be unequally skewed in favour of prime real estate and
economically valuable assets (e.g., protecting factories and refineries from flooding) (Anguelovski et al.,
2016; Carter et al., 2015).

The location and type of housing, where urban residents reside, can determine the extent of vulnerability to
climate risks. Significant investment is needed to make a home resilient, which may be beyond the means of
many, especially residents of informal settlements. The lack of security of tenure results in a disincentive to
invest in improving housing (Haque et al., 2014; Porio, 2011). Landlords of houses or rooms for rent in
informal settlements also have little incentive to invest in improving their rental structures (Roy et al., 2013).

Changing land use and increasing green spaces to reduce climate risks and attract investments and job
opportunities has increased real estate values, triggered climate gentrification in some areas (Keenan et al.,
2018) and decreased access to affordable housing in some areas (Carter et al., 2015; Larsen, 2015).
Displacement through evictions and relocations linked to land use conversion has also increased people’s
vulnerability (Anguelovski et al., 2016).

Post-disaster resettlement has worsened land tenure insecurity at times. In Tacloban, in the Philippines,
following typhoon Haiyan, displaced persons are more likely to lack a claim to land or permanent housing
which may push them back to unsafe land (Oxfam 2014 cited in (Sovacool et al., 2018)). In the case of post-
disaster transition housing, the length of rental contracts may not suit the flexibility required of households
seeking to rebuild their lives. Opdyke et al (2017) find that 6-12 month contracts were more effective in
meeting the needs of households, compared to 2-year fixed contracts which meant households were more
likely to abandon the units in less than 12 months.

Thermal inequity can be seen as a distributive justice concern too (Mitchell and Chakraborty, 2018). Social
structure has been shown to disproportionately increase the exposure to urban heat, due to inadequate
housing and less access to air-conditioning for individuals of lower socioeconomic status. This is
exacerbated by a lack of public investment in landscape management of low-income neighborhoods, which
limits the potential energy savings from trees in these areas.

Understanding elites and their investment in infrastructure has implications for distributive justice,
particularly when there is secession from public infrastructure services that has financial implications for
viability. In the case of the Cape Town drought, wealthy households secured their water needs through off-
grid technologies such as rainwater tanks and boreholes. This resulted in less revenue being collected for
municipal water and less ability to cross-subsidise water for poor households (Simpson, 2019; Ziervogel,
2019b). More attention needs to be paid to how urban responses to climate change are configured by these
infrastructure networks (Bulkeley et al., 2014b) as well as how there might be a shift in infrastructure serving
the interests of urban elites and failure to adequately consider the needs of the disadvantaged (Shi et al.,
2016).

Procedural justice, which focuses on the institutional processes by which adaptation decisions are made,
brings attention to the lack of representation of diverse voices in urban adaptation pathways. Understanding
who is excluded and included is important. For example, in cities, increasing numbers of migrants are
confronted with lack of access to citizenship rights and housing tenure. Migrants often are not allowed to
formally claim public provisions in health, finance, and shelter in times of need, making them particularly
vulnerable to climate and other risks (Chu and Michael, 2018). Further, migrants and their settlements are
likely unrecognized in spatial or infrastructure development plans. In this context, social infrastructure,
zoning and land use planning for climate adaptation has triggered inequity through omission, as migrants, the
urban poor and their adaptation needs are often excluded from the planning process (Anguelovski et al.,
2016).

Procedural justice does, however, have the potential to produce transformational outcomes that can address
inequality (Holland, 2017). Transformative adaptation can be achieved if power shifts and people have the
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agency to influence decisions and exert change. To ensure that cities build and develop infrastructure that
serves the needs of the disadvantaged people, a shift in urban climate governance is required towards more
participation and inclusion (Anguelovski et al., 2016; Holscher et al., 2019; Ziervogel, 2019a). This can
stimulate innovation, surface power relations and address diverse needs (Chu et al., 2018; Martel and
Sutherland, 2019). Experiments in including marginalized groups in adaptation planning are starting to
emerge, such as in Quito (Ecuador) and Surat (India), where disadvantaged youth, informal settlers, and
other vulnerable communities are included in discussions of short-/long-term adaptation needs and fair
distribution of adaptation resources (Chu et al., 2016). These processes need to shift the focus to the rights of
citizens and how infrastructure might change rather than supporting the persistence of existing infrastructure
(Ziervogel et al., 2017).

A number of things need to be considered in order to respond to urban injustices. Understanding the nature
of vulnerability of residents, particularly those living in areas of high exposure to climate risk, can help to
identify who is most vulnerable and how best to adapt (Wilby and Keenan, 2012). Age and disability has a
direct link to higher vulnerability to heat stress (Conry et al., 2015). Similarly, those people pursuing outdoor
livelihoods are also more vulnerable to heat stress (Conry et al., 2015). In least developed countries, less than
60% of the urban population is estimated to have access to piped water. This has a direct impact on health
and well-being, and emphasizes the importance of alternative resources for these households (World Health
Organization et al., 2017).

Backlogs in infrastructure planning and delivery might lead to adaptation responses being undervalued
(Castéan Broto, 2017b). However, a range of infrastructure interventions can simultaneously address
inequality and adaptation. To avoid creating exclusionary ecological enclaves, planning tools can be used
including incentives, sponsorships, subsidies, or underwriting of costs by local governments (Larsen, 2015).
Additionally, alternative or complementary regulation responses can be used that focus more on equitable
spatial dimensions including form-based codes and LEED-ND. Hazard-specific approaches can also help
with adaptation, like low impact developments for urban flooding and local climate zones and local
temperature zones for UHI.

It is also important to understand differential adaptive capacity in order to assess who is less able to adapt to
climate risks sufficiently (Thomas et al., 2019). Poor, young, and old members of the population may have
few opportunities to relocate away from flooded areas in the long-term or to evacuate in the short term. It is
also harder for many from low-income areas to rebuild after an extreme event (Defeo et al., 2009; Peterson
and Lowe, 2009). Lack of housing tenure and sub-standard housing has been shown to limit the ability of
residents to improve and manage their landscapes and therefore it is hard for them to enhance energy
efficiency (Dempsey et al., 2011). Access to information is critical for adapting to climate risk and reducing
vulnerability to hazards, yet access to this information is often not equally available (Ma et al., 2014). For
example, low literacy can hamper ability to respond to early warning information (Dugan et al., 2011).

When looking at urban adaptation justice it is important to recognise that the adaptation of one individual or
household may have a negative impact elsewhere (Holland, 2017; Limthongsakul et al., 2017). For example,
the case of an area of peri-urban Bangkok experiencing localized flooding due to unregulated private sector
development saw households take both individual action (building flood walls around homes, digging
temporary drainage swales in the carriageway) and collective action (petitioning authorities, pumping water
into vacant land). These actions to a certain extent merely displaced the flood water to other areas, or
created new problems for example by damaging the carriageway, creating negative impacts on other
households and the wider community. However, ultimately it was the actions of improperly-regulated private
sector developers which was driving the need for this autonomous adaptation (Limthongsakul et al., 2017).

One of the tensions that emerge when addressing injustice is that the global provision of modern
infrastructure is increasingly seen as unfeasible. It is unfeasible, both in terms of the current high emissions
associated with infrastructure (World Bank, 2017) as well as the centralized, high standard ideal (Coutard
and Rutherford, 2015; Lawhon et al., 2018). The urban poor meet their basic needs through both ‘formal’
and ‘informal’ infrastructure technologies given their limited access to infrastructure networks. So, questions
emerge around alternative decentralized responses and the implications for justice and equity going forward.
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6.3.5.2 Mitigation and Adaptation

As analytical concepts, mitigation and adaptation have helped, over the years, to structure thinking and
action around climate change. However, during the period since the last ARS, there has been a growing
debate about the adequacy of a neat separation between adaptation and mitigation (Castan Broto, 2017b).
The delivery of climate change action has revealed numerous co-benefits between adaptation and mitigation,
around diverse areas such as implementing nature-based solutions and delivering health and development
benefits (Puppim de Oliveira and Doll, 2016; Spencer et al., 2017; Suckall et al., 2015; Urge—Vorsatz etal.,
2014). There has been a strong interest in delivering development benefits alongside climate mitigation, thus
benefiting the overall infrastructure base (Suckall et al., 2015). Some of these co-benefits have also emerged
in experiences of urban planning, pointing towards the dilemma of separating adaptation and mitigation in a
context in which integration, rather than an analytical differentiation, was seen as a need to transcend work
in silos (Aylett, 2015). As urban planning needs to consider carefully long timescales, the neat separation
between mitigation and adaptation runs counter to integrated forms of planning that consider scales (time
and space) carefully and that aimed to deliver the sustainable city as a whole (Bai, 2007; Davoudi et al.,
2009).

For example, the idea of climate compatible development was raised an attempt to consider the simultaneous
wins that emerge between adaptation, mitigation, and development, requiring institutional building and
partnerships to deliver triple win solutions (Mitchell and Maxwell, 2010; Seo et al., 2017; Stringer et al.,
2014). Clean cooking is an area where there are explicit interactions between the possibilities to deliver
health outcomes alongside better air quality, reduced heat island effect and emission reductions (e.g.,
examples from Ulan Bator or Sudan; check urban-specific evidence). However, evidence for the actual
possibility of achieving such triple wins is scarce (Tompkins et al., 2013). One commonly cited example has
been the use of air conditioning units as a means to manage urban heat island impacts. In densely populated
cities such as Hong Kong, the use of air conditioning may be integrated into a particular energy culture and,
as an incumbent solution, it may displace alternative options for cooling the urban environment through the
use of green infrastructure, public spaces and changes in cultural practices of thermal comfort (Castan Broto,
2019). Such focus also affects the most disadvantaged people who may not have access to appropriate
technology and floor area, especially for the over 200,000 Hong Kong inhabitants who live in precarious
sub-divided units (Castan Broto, 2019). In conclusion, in both urban environments and infrastructural
sectors, triple wins are only realizable through broader perspectives that link climate compatible
development to institutional change or the achievements of wider welfare objectives such as those enshrined
in the United Nations 2030 Agenda of Development (Castén Broto et al., 2015b; England et al., 2018)(High
agreement, medium evidence).

The aspiration to deliver climate change action within a broader agenda of transformative change received
renewed attention after the publication of the 1.5 degrees report which argues for a focus on urban
transformations and highlighted that informal settlements were vital to understand the delivery of these
transformations. Deep decarbonization has emerged as a new idea that regards the development of low or
zero carbon pathways as a condition for good adaptation in the long term, which becomes urgent in the face
of growing impacts attributable to climate change (Bataille et al., 2016; Ribera et al., 2015; Wesseling et al.,
2017). Urbanization opens opportunities for deep mitigation in low impact developments, and hence, it is
imperative to understand the implications of those opportunities for climate action (Mulugetta and Broto,
2018). However, as with previous attempts to deliver integration between mitigation and adaptation policy,
there is a limited understanding of the extent to which transformative gains exist, whether the focus to
achieve integration distracts attention from most immediate needs to deliver adaptation programmes on the
ground, and a need to explore the implications in terms of social justice, given that both adaptation and
mitigation policies may have detrimental impacts on the lives of the most deprived urban populations.

6.3.5.3 Economics and Finance

[PLACHOLDER FOR SECOND ORDER DRAFT: this section will assess the literature on the relationships
between adaptive actions on the macro-economy of urban areas and on individual livelihoods.]
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64 Institutional, Financial and Governance Structures that Enhance the Resilience of and Enable
Adaptation

Since IPCC ARS5, a growing body of literature identifies a need to move from adaptive capacity to
transformative capacity, and there is evidence that some new forms of urban governance are emerging which
include civil society and prioritise the concerns of marginalized voices, and future generations- as indicated
in the worldwide student mobilizations against climate change (Cloutier et al., 2018; Maor et al., 2017;
Wood, 2019). However, despite new literature, local financial institutions and urban governance structures
that can enhance urban resilience remain relatively undeveloped in practice (limited evidence, high
agreement).

Attention is increasing in the peer-reviewed literature to integrating multi-scale urban governance
approaches to climate change, but there is no “one size fits all” approach and new literature suggests many
settlements continue to face significant governance, social, and financial barriers in building adaptive
capacity for planning and implementation (Dilling et al., 2019; Tobén and Barton, 2019). Governance
mechanisms must adjust to the physical state of urban areas, finance, and cultural capital and the socio-
economic differentiation of cities and settlements.

6.4.1 Governance of Climate Change Adaptation and Mitigation

Since ARS5, the speed and scope of urban change, particularly in informal settlements of Africa and Asia and
cities of fewer than one million inhabitants increasingly highlight the need for a focus on inequity and
opportunities for community participation and accountability in urban planning (UN-Habitat, 2016). There is
also a need for local information and data management, and local access to adequate financing, and policy
coordination for sustainable planning including, for example, air quality, infrastructure, risk assessment,
health and wellbeing (Creutzig et al., 2019). Due to fast and often unplanned urbanization, especially West
Africa, East Africa, South Asia, and Southeast Asia, unexpected climate events and risks are growing. They
include urban flooding, heat stress, and droughts among others (Bai et al., 2018; Li et al., 2018). Many cities
are beginning to plan and design adaptation plans focusing on resilience building. However, there are
tensions between the conceptualization of resilience as a property of infrastructure systems or as a condition
related to socio-ecological relations underpinning structural drivers of vulnerability and the political
economy of disasters (Béné et al., 2018b). Resilient infrastructures, for example, may not respond to the
needs of poor people living in slum locations which bear the brunt of changing climate. Thus, infrastructure
interventions appropriate in some places may result in mal-adaptive outcomes in others, sometimes within
the same city or urban area (Torabi et al., 2018).

This sub-section assesses literature on institutional and governance issues in urban settings (including social
norms, regulations, and decision making processes) to understand policies and institutions for building
climate resilient pathways. This literature draws attention to institutional arrangements that address the
structural drivers of vulnerability and embed transformative institutions in societies, cultures, and economies
(Baeza et al., 2019; McEvoy, 2019). The spatial configuration of cities has significant effects on climate
change and has become essential to enacting adaptive responses within a resilience framework (Brunetta and
Caldarice, 2019). New literature highlights how urban planning approaches and capacity-building strategies
to deal with growing vulnerability to severe climate events and mounting demands for a shift to a low carbon
economy are becoming inadequate (Carter et al., 2015; Dhar and Khirfan, 2017b; Juhola, 2016). Also,
adaptation measures require an accompanying large-scale transformation of urban governance for a 1.5 °C-
warmer world. Efforts to adapt to the newer challenges may have to take up to speed, especially in urban
areas and settlements with lower levels of development where rapid urbanization, climate change
vulnerability, and environmental justice collide (Solecki et al., 2018).

6.4.2 Cases of Urban Adaptation: pointers for Institutional Development and Governance

The literature on the governance of adaptation has grown since the ARS, turning attention to urban areas in
all world regions, although there are still significant geographical gaps in the literature, with an absence of
cases from cities and settlements in the Middle East, North Africa, Central Asia, and former USSR countries.
Like in the Special Reports, empirical case studies show that successful adaptation to climate change is
context-specific and responsive to the particular needs of urban locations (Robust evidence, high agreement).
Emerging assessments of urban adaptation in cities and informal settlements in countries such as
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Bangladesh, India, South Korea, South Africa, Ethiopia, show opportunities for greater collaboration for
institutional governance to respond to the enormous challenges in the coming decades. Adaptation action has
grown in urban areas and settlements around the world. However, for governance scholars, there is a fear
that adaptation actions have not always been translated into clear outcomes on the ground and more recent
work has focused on the evaluation of adaptation actions (Reckien et al., 2015; Uittenbroek, 2016; Woodruff
and Stults, 2016) (high confidence, high agreement) (see also section 6.4.7). A common determinant of
successful adaptation actions is the inclusion of indigenous or local knowledge. Approaches to integrate
knowledge range from the extractive, where knowledge is included to enable planning outcomes, for
example by providing higher resolution understanding of land-use cover in urban settlements as part of flood
risk management; to participatory, where local stakeholders are included in identify key risks and proposing
resilience strategies. Box 6.3 provides a closer assessment of indigenous and local knowledge in adaptation
decision-making.

[START BOX 6.3 HERE]
Box 6.3: Mobilising Indigenous Knowledge and Local Knowledge in Cities and Settlements

The population of urban indigenous people is increasing in developed regions such as Canada (Statistics
Canada, 2016), the US (Norris et al., 2010), Latin America and the Caribbean (The World Bank, 2015) and
India (Government of India, 2011). Indigenous populations may be particularly vulnerable to climate risks in
relation to other sectors of the urban population because they may be disjointed from their livelihoods and
they may be exposed to structural drivers of vulnerability including poverty, segregation and unequal access
to basic services. These conditions may also hinder their adaptive capacity in urban areas.

The Indigenous/local knowledge (IK/LK) held by indigenous communities in urban areas is a practical
resource for informing climate resilient pathways for sustainable urban development. IK/LK helps in impact
detection and evaluation in urban areas. For instance, IK/LK helps identifying climate variability (Codjoe et
al., 2014). Recent studies document the rapidly expanding role and relevance of IK/LK in weather
forecasting in urban areas (Ebhuoma and Simatele, 2019; Magee et al., 2016), climate change adaptation in
urban agriculture (Solomon et al., 2016; Wahab and Popoola, 2018), urban food security (Simatele and
Simatele, 2015), planning and managing urban solid waste (Kosoe et al., 2019), urban flood management
(Hooli, 2016; Jameson and Baud, 2016; Thorn et al., 2015), drought perception and coping strategies
(Saboohi et al., 2019), and ecological restoration and urban commons management (Nagendra, 2016;
Nagendra and Mundoli, 2019). Thus, IK/LK is a useful source of information to build scientific
understanding about climate change impacts, vulnerability and adaptation in urban areas.

IK/LK has an important role to play in urban planning and management. For example, IK/LK helps to define
baselines of past changes both in climate and ecological terms, for example from indigenous place names in
places where historical records are lacking and recording names and characteristics of natural phenomenon
(see Businger et al., 2018 for a review of Hurricane history in Hawaiian newspapers; also Wickman, 2018).
Through inter-generational cumulative experience and oral narratives, locational histories and cultural
practices, IK/LK can provide a historical perspective on changes in urban commons such as lakes and trees
(Nagendra, 2016) as well as past climatic changes or climate baselines (Ajayi and Mafongoya, 2017) and
Shifting Baseline Syndrome (Fernandez-Llamazares et al., 2015; Soga and Gaston, 2018).

Recent evidence confirms the role of IK/LK and practices in management of climate risks through early
warning preparedness and response. These practices are particularly important where alternative early
warning methods are absent. For instance, Kasei, Joshua and Benefor (2019) show that IK gathered through
observations on changes in natural indicators (such as links between rainfall patterns, certain flora and fauna,
and temperature changes) could be applied to develop early warning of climate hazards (floods and
droughts) in informal urban settlements in African countries like Ghana. Similarly, Hiwaski, Luna and
Marcal (2015) show that observations of changes in the environment and celestial bodies are used to predict
climate-related hazards in Indonesia, the Philippines and Timor-Leste where communities in turn use local
materials and methods, and customary practices to respond to the impacts of climate change.

Climate change-related loss and damage that are intangible require more caution in assessment processes
(Andrei et al., 2015; Barnett et al., 2016; Roberts and Pelling, 2018; Thomas and Benjamin, 2018).
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Incorporating IK/LK can help in generating more people-oriented and place-specific scenarios leading to
developing adaptation policies that fosters identity, dignity, self-determination, and better collective
decision-making/capacity to act (McShane, 2017; Preston, 2017).

Traditional ecological knowledge is found to shape indigenous perceptions about climate change (see Pyhild
et al., 2016 for a review). Local perceptions about climate change in turn shape adaptation behaviour of the
community (Larcom et al., 2019; Lee et al., 2015). Therefore, addressing the loss of traditional/local
environmental knowledge is important in order to devise community appropriate climate adaptation response
(Fernandez-Llamazares et al., 2015).

The contributions of IK/LK to resilience through sustainable development strategies and choices, especially
where communities can apply their traditional knowledge to their new urban situation such as through
modern mass media and technology, need more attention. IK/LK when combined with modern digital
technology can be effectively used for mapping biodiversity as shown by the success of the tool called
Leafsnap in the US (Kress et al., 2018). While utilising IK/LK alongside modern Artificial Intelligence
techniques offer an effective tool to improve drought forecasting and prediction (Akanbi and Masinde,
2018), the incorporation of IK/LK into a drought prediction tool was found to improve the tool's resilience
and relevance to the countries in sub-Saharan Africa (Masinde, 2015). Evidence also show relevance and
successful incorporation of IK/LK into entrepreneurial projects. The aboriginal-owned and operated social
enterprise called Indigital, based in the Kakadu World Heritage Area in Australia, uses digital technology to
record sacred sites, knowledge and stories thus contributing both to heritage conservation and job creation in
the digital economy (Cooper et al., 2019). IK/LK’s potential for innovation and creative economies in urban
and peri-urban areas should be further explored and encouraged (see Choy et al., 2016; Thorn et al., 2015).

Indigenous people are mobilising against the use of their land for extractive purposes (Jacqueline-Andersen,
2018). Including IK/LK can help to disrupt historical path-dependency and address indigenous
dispossession, historical inequities and marginalisation of indigenous values in adaptation policy (see
Maldonado et al., 2016; Orlove et al., 2014; Parsons et al., 2019; Pearce et al., 2015). Inclusion of IK/LK can
enable energy justice by addressing the poor siting of power infrastructure, fuel poverty, and pollution and
livelihood impacts on marginalised communities (see Jenkins et al., 2016 for a review). Mobilisation of
IK/LK can help in taking decisions that better support ecosystems while also directly involving indigenous
communities and local institutions in the decision-making as seen in case of the Sami people of Finnmark
and wind farms (McCauley et al., 2015).

Given that indigenous and non-indigenous worlds are intertwined (Gombay and Palomino-Schalscha, 2018),
incorporating IK/LK can help identifying the values and cultural practices that shape perceptions of nature
and justice in indigenous communities (Necefer et al., 2015; Reid et al., 2014) thus challenging the dominant
knowledges/ideas and strengthening environmental stewardship.

IK/LK can help in identifying actions that can ensure effective institutions, strategies and choices for risk
management. IK/LK can be included in climate adaptations in urban areas through the process of facilitation.
This includes mobilising community to participate both cognitively and physically in adaption activities such
as through co-production of knowledge (Marfai et al., 2015); developing integrated observing systems such
as community based observation networks (Alessa et al 2015), integrating ecosystem based adaptation
strategies in institutional structures (Nalau et al., 2018), using Multiple Evidence Based Approach for
integrating IK/LK and scientific knowledges into decision making (Tengo et al., 2014), and adopting forms
of governance that centre stage indigenous people in decision making (Horn, 2018) while also providing
socio-economic benefits. For instance, Indigenous land management approaches and governance can involve
local people in ecological restoration, cultural heritage conservation, and income generation from sustainable
enterprises as seen in case of peri-urban landscapes of Australia (Wilson et al., 2018). Incorporating IK/LK
for integrated socio-ecological assessments to facilitate climate-induced community relocation and adaptive
governance strategies is necessary to foster adaptation and resilience in context of both urban and peri-urban
relocations (Bronen, 2015).

It is important to identify and address barriers to incorporation of IK/LK such as environmental injustice,
dominance of scientific knowledge, oppression and/or racism and fragmentation of IK/LK including gender
and generational divides (see Burke and Heynen, 2014; Kelly, 2019; Lovbrand et al., 2015; Victor, 2015;
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Whyte, 2017). Although IK/LK is increasingly seen as a valuable resource for environmental assessment and
sustainable development (see Reyes-Garcia et al., 2016 for a review), most studies focus on rural areas.
There is a need for context-based studies on the potential of IK/LK to shape climate resilient pathways in
urban areas that are affordable, participatory and sustainable.

[END BOX 6.3 HERE]

Adaptation action remains focused on institutional change and reform, which limits attention to the more
practical aspects of delivering adaptation on the ground (medium confidence, high agreement). For example,
we have reviewed 140 published cases of urban adaptation published in recent years, and 68% of them
focused on different processes of governance and institutional reform. There were two types of institutional
reform proposed in this sample of cases. On the one hand, about half of the cases focused on institutional
reform focus on a single actor that can provide leadership within the specific urban area. Analysis commonly
focused on the reform of local governments (Di Giulio et al., 2018; Koch, 2018; Pasquini et al., 2015;
Roberts and O’Donoghue, 2013). On the other hand, there is a set of studies that focuses on establishing
linkages between multiple organizations that can deliver action, through processes of coordination. This idea
is commonly linked to work inspired by theoretical analysis of multi-level governance (Barton, 2013; Jaglin,
2013; Reed et al., 2015; Restemeyer et al., 2017).

For example, in terms of examining the reform of a single actor, Pasquini et al (2015) document a case of
two municipalities in Cape Town, South Africa, explaining the factors that enabled action at the local
government level. The authors place high confidence and agreement on the fact that there were
environmental champions at the political leadership level who drove the agenda of urban adaptation. Success
was equivalent to mainstreaming adaptation, which in this case required access to a knowledge base,
resources at hand, political stability and the presence of dense social networks.

Mainstreaming and aligning adaptation objectives with other potential benefits of sustainable development is
a crucial aspect enabling action at the local level (High confidence, high agreement). For example, in
Ethiopia, Ogato et al (2017) evaluated the needs for mainstreaming climate change adaptation into urban
land use planning and management. They projected tactical activities in Ambo town that faces climate
related disaster risks such as urban flooding, water stress, and water shortages, increased urban heat, wind
and dust storms. There were, however, some limitations related to the extent to which the town
administration had succeeded in mainstreaming climate change adaptation into urban planning and
management.

Linking adaptation action aspirations with resources is another concern in this literature, that joins insights
from political economy to understand how adaptation to climate change is budgeted and financed. For
example, Lee and Kim (2018) examined adaptation in six metropolitan cities in South Korea. The authors
compared the adaptation plans and budget expenditures of six metropolitan cities in South Korea between
2012-2016. The outcomes showed that the actual implementation of adaptation programs diverged
substantially from the original plans, both in terms of total spending and sector-specific spending.
Infrastructure development, water management, and health sector expenditures for disaster risk reduction
topped the adaptation priorities. Overall the actual spending on climate change adaptation programs was less
than the planned budget. The adaption options prioritized also differed by cities depending on city-specific
issues and challenges. Chu (2016b) notes that climate change is progressively posing risks to infrastructure
and public services in human settlements in South Asia. Studying six climate change adaptation experiments
across the cities of Surat, Indore, and Bhubaneswar in India, the author exposes the politics behind how
experiments are considered, implemented, and reinforced considering local development needs. He shows
that policy experiments are often framed around achieving tangible urban economic benefits and maximizing
specific project complementarities, which allow emerging adaptation priorities access to established policy
directives and funding streams. The urban political-economic context shapes directly the results of actions
(high confidence, high agreement).

Studies that emphasise institutional coordination across levels of governance often focus on how national
governments can promote action at local level. The support of the national government is crucial for
effective action at the local level (medium confidence, high agreement). For example, Araos et al (2017)
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document the case of Dhaka which faces the risks of extreme heat and flooding. The national level plan for
Bangladesh projected several adaptation approaches. However, in the list of priorities, urban areas are
secondary compared to coastal protection and protecting the agricultural production system that support the
livelihoods of millions of impoverished Bangladeshis. The local government has minimal human and
financial resources which hinders coordination amongst different stakeholders. Lack of transparency also
constitutes a barrier in planning for adaptation at the municipal level. Adaptation policy is dictated from the
top with little opportunity to engage multiple stakeholders. The authors provide medium agreement and
confidence on the trickling effect of national urban adaptation directives to municipal governments if
appropriated coordination mechanisms are in place, but examples from elsewhere suggest that national
policy alone is not sufficient to deliver action on the ground without local support.

While there is a small subset of adaptation cases that focus explicitly on how to deliver interventions which
are specific to urban environments, geographically located case studies of interventions with a particular
objective to intervene in urban environments are still rare (high confidence, high agreement). In urban
settings, three key objectives are the most common:

1. addressing urban poverty and inequality to address the structural drivers of vulnerability, through
incremental infrastructure, slum upgrading and community-based adaptation (Ahmed et al., 2018;
Anguelovski et al., 2016; Chu et al., 2017; Kumar, 2013; Rumbach, 2017);

2. redefining socio-ecological relations, with a particular emphasis on developing governance for
ecosystem services (Cloutier et al., 2018; e Sousa and Rios-Touma, 2018; Mabon and Shih, 2018);

3. matching adaptation with ongoing programmes for urban development tied to the business community or
urban regeneration programmes (Heath et al., 2012; Huang-Lachmann et al., 2018; Huang-Lachmann
and Lovett, 2016; Lund, 2018).

There are many examples of community-based responses to climate impacts, often discussed under the label
of ‘coping’ strategies, which result predominantly in incremental improvements. Hambati and Yengoh
(2018), for example, have documented coping responses of communities residing on the disaster-prone steep
slopes of Mwanza, Tanzania. In response to multiple forms of disaster (floods, flash floods, landslides, and
storms), residents have adopted a variety of strategies to reduce impacts. Strategies include construction of
physical protection against flooding, through reforestation, construction of terraces, flood diversion
measures, and interventions to protect houses (such as raised doorstep or use of sandbags and adoption of
building techniques for making homes resilient to storms and landslides). Non-structural strategies include
seasonal migration to the highlands. As argued by Hambati and Yengoh, this form of responses provides
some protection against the impact of disasters but fail to address underlying structural causes of
vulnerability. Other studies of community-based adaptation have pointed towards the need to link local
responses to broader systems of governance, for example to address transboundary issues (Limthongsakul et
al., 2017), to support the up-scaling of local solutions (Daniere et al., 2016), to increase the uptake of
adaptation measures (Liang et al., 2017), or to inform the design of more effective policies for resilience
(Berquist et al., 2015; Odemerho, 2015).

Z6lch et al (2018) present the case of Germany where the use of ecosystem services and biodiversity to help
people adapt to climate change is increasingly considered as an alternative, compared to traditional,
engineering-based approaches. The authors investigate the implementation of urban ecosystem-based
adaptation in strategic adaptation planning in all German municipalities with population over 100,000. They
investigated the integration of ecosystem-based adaptation into municipal adaptation strategies. Their study
shows that there is no widespread uptake of ecosystem services principles in urban planning. While current
strategies differ expressively in their type, structure, scope, maturity, and content, conservation objectives
remain implicit. 76% of the assessed strategies include ecosystem-based adaptation measures, which focus
on enhancing the conservation, restoration, creation or sustainable management of ecosystems, and 25% of
all strategies highlight the multiple benefits of these measures. Better policy support and mainstreaming of
ecosystem-based adaptation will improve sustainable urban development (high confidence, high agreement)
(see also section 6.3).

Huang-Lachmann and Lovett (2016) provide examples of climate protection action that relies on urban
development and entrepreneurship. Making a comparison between the climate strategies of Hamburg and
Rotterdam, the authors find that local authorities in Hamburg emphasize climate proofing through regulatory
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mechanisms, whereas Rotterdam has provided an institutional environment that favors eco-innovation. In
Rotterdam, the municipal government has worked directly with the private sector to enhance protection
against flooding, for example by constructing a marketing strategy around the ‘floating city’ concept. This
approach has, according to their evidence, contributed to the expansion of a ‘floating housing’ market in the
urban area, which has produced benefits for the local real estate and construction industries and at the same
time opened up for export opportunities for businesses providing consultation expertise, delta technologies,
and architectural models. Rotterdam represents an example of an urban development strategy in which
climate risk (in the form of flooding) is converted into a set of opportunities for economic growth and
innovation. However, despite the enthusiasm for the green economy, such opportunities are rare and,
although not adaptation actions require investment, substantial public investment is often required to deliver
adaptation actions (high confidence, high agreement) (see also section 6.4.7 on finance and insurance).

These assessments do not give us a blueprint for institutional governance. Instead, they point out what could
be done to improve governance for better adaptation. The urban adaptation literature has focused on
institutional approaches. This work highlights the importance of bottom-up planning (high confidence, high
agreement), mainstreaming adaptation in land use planning (high confidence, high agreement), the operation
of environment champions as political workers (high confidence, high agreement), the need for explicit
support for adaptation influencing fund expenditure, the potential of multi-institutional coordination, and the
support that it is still needed for the development of policy and frameworks (high confidence, high
agreement). Different models of governance emerge, as explained below.

6.4.3 What Does it Mean to Deliver Adaptation Action which is Transformative?

There is increasingly agreement that what constitutes ‘urgent’ and ‘far-reaching’ transformation depends
both on the aspirations and opportunities for change within settlements and local community expectations
and ideas (Choko et al., 2019). There is no one transformative solution or approach just as there is no
consensus in the literature around a shared idea that settlements, cities and urban areas can be reduced to an
administrative unit (Chu et al., 2018; Goh, 2019; Shi, 2019). There is also a consensus against
representations of cities that reduce settlements to a homogeneous, single actors whose perspectives are
exemplified in the figure of the city Mayor (Gordon and Acuto, 2015). Instead, there is an increasing trend
towards the development of perspectives that acknowledge the inherent complexity of human settlements,
and how they develop from the coevolution between socio-economic, political, technological and ecological
systems.

Adaptation and related concepts of urban climate resilience emerge as specific concerns within a broader,
ever-expanding agenda of sustainable development (Wachsmuth et al., 2016). Urban areas can play a
positive role in advancing sustainability (Barnett and Parnell, 2016) (Medium evidence, high agreement).
Urbanisation as a transformative force can contribute to both climate change adaptation and mitigation
(Parnell, 2016) (median evidence, high agreement). The potential for urban communities to drive change is
noted in the New Urban Agenda. New literature is emerging about how these adaptive changes at the urban
level could be transformative, integrating both far reaching rapid emission reduction and community
protection (Rosenzweig and Solecki, 2018; Wamsler and Raggers, 2018; Ziervogel, 2019a). What is
transformative in an adaptation context is still under discussion.

Simultaneously, there is an increasing critique about the overall simplification of urban centres given the
diversity of settlements but also, in light of the complexity of urbanization processes (Angelo and
Wachsmuth, 2015). Moreover, there is an increasing consensus about the need to examine the governance of
urban areas within broader regions, so that urban transformations happen hand in hand with more general
processes of transition towards more sustainable societies and regions (Simon, 2016).

Table 6.5: Transformative change ideals depending on the view of the city. Own elaboration based on (Frantzeskaki et
al., 2017).

Perspectives on settlements Transition processes Pathways Strategies
As a system Activation of specific Alignment of different Foster coordination,
elements enables the components and orchestration

coordination of outcomes
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complete reconfiguration
of the system

As a process Competing ideas of Multiple trajectories Open up pathways,
change involved in a interact with uncertain disruptive innovations
political struggle for the = outcomes
definition of outcomes

6.4.3.1 Systems Perspective on Urban Areas and Human Settlements

The systems perspective on human settlements emphasize the interconnections across technological, social
and ecological domains (McPhearson et al., 2016a). Generally, changes in urban systems are thought as
happening alongside two separate domains: a socio-technical domain, and a socio-ecological domain.

6.4.3.1.1 Socio-technical vs. socio-ecological

The scholarship on socio-technical systems emphasise the coupling of certain forms of institutional and
social organisation with the integration of specific technologies within that particular system (Bergek et al.,
2015; Bulkeley et al., 2016; Bulkeley et al., 2014b; Frantzeskaki et al., 2017; Hansen and Coenen, 2015;
Rutherford and Coutard, 2014). Socio-ecological perspectives on urban change examine the coupling of
socio-economic systems and ecosystems, and the direct dependence of different forms of human organisation
from natural resources (Grimm et al., 2013; Haberl et al., 2014; Jepsen et al., 2015; Singh et al., 2012).

There have been, however, increasing efforts to rethink across these two perspectives, integrating both
aspects of socio-ecological and socio-technological change (Cousins and Newell, 2015; Guibrunet et al.,
2017; Newell and Cousins, 2015). The interdependence between technological and ecological systems
underpinning urban society comes to the fore, particularly, when discussing achieving urban resilience
(Boyd and Juhola, 2015; Meerow et al., 2016).

6.4.3.1.2 The possibility of urban transformations

The change of focus in literature towards the interlocking of drivers of change and vulnerability has
motivated an interest in fostering an urban transformation. However, while the idea of transformation has
been adopted across the field, there is not consensus about what an urban transformation that addresses
adaptation means (high confidence, high agreement).

For example, Restemeyer’s et al (2017) study the Delta Programme in the Netherlands to argue that the
major transformation requires changing an anthropocentric worldview, and let go of fantasies of control to
learn to leave with socio-ecological risks. Those illusions of control are the ones that create lock-in. The
focus here of the transformation is the change of management paradigm.

This kind of perspective resonates with other emerging approaches to transformation influenced by systems
thinking and the work of environmental philosophers such as Donella Meadows, who saw higher order
learning and innovation as the critical route towards resilience (a chief example of this is Fink (2019). Reed
et al (2015), for example, advocate greater citizen engagement as a means to facilitate policy objectives such
as the implementation of specific measures or the mainstreaming of environmental knowledge into
adaptation practices. Similarly, Cloutier et al (2018) advocate a process of DIY planning in which
stakeholders focus on creating and improving specific urban spaces they inhabit, such as it happens with
urban greening experiments led by civic stakeholders. Daniere et al (2016), for example, examine the cases
of Hanoi and Bangkok to explore the transformative potential of social learning through the activism and
possibilities of collaboration of informal settlement dwellers. Chu (2018b) argues particularly for local
governments to play an active role in bringing the citizen’s knowledge into the adaptation process. The
classic text by Dodman (2010) already argued that knowledge and most crucially learning at the level of the
community and the citizen was central to deliver adaptation. In many ways, the recognition of the
importance of local knowledge becomes supported by the evidence of material experiences of housing and
urban infrastructure including improper waste disposal, inadequate drainage, and poor sanitation (Douglas et
al.,2018; Roy et al., 2018b).

Do Not Cite, Quote or Distribute 6-64 Total pages: 134



O 00 N N W AW N =

[ O B O e S N S e S I S N S R O S S S e e R
N = O OV 0 N O L A W N = O OV 0 2 & W b LW NN~ O

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

FIRST ORDER DRAFT Chapter 6 IPCC WGII Sixth Assessment Report

In contrast, other approaches in literature, for example, Duijn & van Buuren (2017) focus on transformation
at the institutional level. This resonates with critiques of adaptation or risk reduction as an individual
responsibility (Sou, 2018). Here, the focus of adaptive transformations is on the coordination of collective
efforts ((Haque et al., 2014), see also section below). The coordination of multiple actors is a condition to
enable transformative institutions (Torabi et al., 2018). Transformation is also linked to development efforts
(Chu et al., 2017; Roberts and O’Donoghue, 2013). The role of communities and citizens in such approach is
ambiguous. For example, Limthongsakul et al (2017) regard citizen-led experimentation as autonomous
adaptation that substitutes for lack of action which causes additional risk, and hence, transformation requires
recognising this adaptation and regulate it. Daniere et al (2016) in contrast argued that citizens and
communities, such as those in informal settlements, form strong and durable networks that ultimately
provide an institutional setting that can support resilience.

Rojas et al (2015) also focus on institutions and their role in urbanization to produce and regulate risks, but
they take a historical approach to think how different institutional arrangements substitute each other to
respond to the demands of the context. In this sense, transformation is often linked with the emergence of
new paradigms of risk and resource management which link the theme of institutional development back to
the production of knowledge. Part of this change of paradigm involves the reconfiguration of socio-
ecological relations through new engagements with nature and green infrastructure (Roberts et al., 2012).
Often, indigenous and traditional traditions of nature management provide entry points for the sustainable
management of resources, such as seed banks, urban agriculture and the local management of watersheds
and floods which is at odds with conventional structures of expert knowledge (Chandra and Gaganis, 2016;
Cid-Aguayo, 2016). These traditions are vital both because of the solution space that they open in the local
context but also because how they serve to create resilience through collective and intergenerational learning
(Chandra and Gaganis, 2016). Using the case of a neglected neighbourhood in Mexico City, Chelleri (2015)
shows that transformation is intimately linked with both institutional development for the integration of
citizens in decision making and recognition of citizens’ knowledge. Despite the political nature of
transformative approaches and the evidence that transformative approaches rely on protest and political
activism, few authors recognise this strategy (but see (Bahadur and Tanner, 2014; Chu et al., 2017;
Dierwechter and Wessells, 2013; Merlinsky, 2016).

6.4.3.1.3 From adaptive to transformative capacity

In any case, the integration of systems perspectives poses significant governance challenges because of the
focus on realigning interlinked environmental, social and economic relations (Simon and Leck, 2015). Thus,
considerable effort has gone in recent years to deliver system-based paradigms to understand transformative
change, which has been translated into specific recommendations for institutional and governance
interventions.

The idea of transformative capacity has emerged like a new set of ideas responding directly to previous
concerns about adaptive capacity. Adaptive capacity is narrowly understood as the system’s capacity to
change to fit the new conditions in a changing external environment. However, in the current situation, the
adaptation challenge is not one of merely adapting, but rather, a transformation is needed to address current
impacts (Matyas and Pelling, 2015; Pelling, 2010). Transformation is a form of adaptation, but one that
challenges the principles in which a society is established (Pelling et al., 2015).

From a systems perspective, a transformation will mean a broader reconfiguration of multiple interconnected
systems. Because of the need to accept complexity and uncertainty as inherent parts of that transformation,
some of the literature has focused on how to make that transformation possible, rather than envisage ready-
made linear avenues towards urban transformations. The response to the peer reviewed literature on adaptive
capacity has been the term of ‘transformative capacity’ that aims to examine the capacity of a system to
respond to external changing conditions in a manner that transforms the system towards a more sustainable
state (Ziervogel et al., 2016).

6.4.3.14 Components of transformative capacity

Wolfram (2016) identifies a set of components of transformative capacity in urban areas that can be loosely
grouped into three categories (see Table 6.6): (1) agency and forms of interaction, (2) development processes
and (3) relational dimensions. Transformative capacity extends across multiple agency levels or geographical
locations, as well as multiple domains. The idea of transformative capacity follows both the socio-ecological
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transitions and socio-technical transitions literature to argue that reflective and iterative learning is integral to
fostering transformative capacity (c.f. Luederitz et al.,2017). The proposal is to consider the development
and application of novel governance arrangements based on broad participation, a diversity of actor
networks, socially embedded leadership, and empowerment of communities, alongside an understanding of
the system dynamics, which refers to system awareness, collective visions, practical experimentation,
reflexivity, capacity building, and institutional mainstreaming, and the multiple levels of agency or scales

which enable processes of transformation.

Table 6.6: Criteria for transformative governance (Wolfram, 2016).

Components of transformative governance

Satisfied when evidence (i.e. explicit references to) found for...

Inclusive, multiform urban governance (C1)
Participation / inclusiveness (C1.1)

Diverse governance modes / Networks (C1.2)

Sustained intermediaries and hybridization (C1.3)
Transformative leadership (C2)

Empowered communities (C3)
Social needs (C3.1)

Autonomous communities (C3.2)

System awareness (C4)

Baseline analysis and system(s) awareness (C4.1)
Recognition of path dependencies (C4.2)
Foresight (C5)

Co-production of knowledge (C5.1)

Collective vision for change (C5.2)

Alternative scenarios, future pathways (C5.3)

Experimentation with disruptive solutions (C6)

Innovation embedding (C7)

Resources for capacity development (C7.1)
Mainstreaming transformative action (C7.2)
Regulatory frameworks (C7.3)

Reflexivity and social learning (C8)

Working across human agency levels (C9)

Working across levels and scales (C10)

Citizens and/or civil society organizations participating directly in
planning and/or decision-making processes.

Different and various stakeholders working together and building
connections between sectors in different manners.

An intermediary positioned between the stakeholders of a project.
Leadership acting as a driving collaborative force in an initiative.

Either analysing or addressing social needs.

Integrating into the design of the project different aspects of
community empowerment.

Agendas aiming to tackle sustainability challenges after deliberate
analysis of urban systems.

Explicitly tackling systemic barriers to change.

Involvement of various and multiple stakeholders in knowledge
production processes.

An explicit future vision shared among stakeholders as a means
for motivating partners and fostering commitments.

Comparative scenarios that evaluate the mutual shaping of social,
ecological, economic and technological dimensions.

Deliberate use of experiments or ideas that seek to challenge the
existing landscape of established policies, technologies or social
practices.

Project stakeholders sharing resources for capacity development
outside the project to disseminate and multiply results.

Attempts to generalise the project operation or results beyond the
initial context of application.

New regulation was established as a result of the project or as part
of the project activities.

Stakeholders reflecting on learning and capacity building
processes.

Project activities contributing to capacity development across
human agency levels.

Project activities contributing to building capacity across
geographical or political-administrative levels.

While multiple aspects of this framework are already part of adaptation assessments, there is a strong need to
invest on governance mechanisms that facilitate the empowerment of communities, reflexivity and social
learning (Castan Broto et al., 2018). Thus, the transformative capacity framework emphasizes that alongside
different forms of technical expertise there is a need to broaden the interventions of disadvantaged
populations (Wolfram et al., 2019) . For example, transformative capacity frameworks may foster forms of
inclusive governance to deliver types of risks assessment that work for the poor in countries such as South
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Africa (Ziervogel, 2019a). Another feature has been claiming the growing importance of including sectors of
the population which have been traditionally excluded of climate change governance, such as children, but
this requires adapting current planning institutions in most of the world (Nordstrém and Wales, 2019).

6.4.3.1.5 Summary of the systems perspective

Overall, transformations within a systems perspective respond to the perceived need to forge alignments
between different systems. Both socio-ecological and socio-technical perspectives theorize the possibility of
tipping points, leverage points or disruptive technologies able to challenge the stable regime to create a
broader reconfiguration (O’Neill et al., 2018). Developing climate resilient pathways is about finding out
those intervention points and create the openings for transformative capacities that can take advantage of
those.

6.4.3.2  Socio-political Processes Obscured in Systems Perspectives

However, planners and urban theorists often find themselves uncomfortable with systems perspectives
because they tend to emphasize bio-physical connections over the structural systems of social and political
relations that shape urban systems (Westman et al., 2019).

Perspectives on the political economy of urban transformations, as well as in the field of urban political
ecology conceive of the city as a process in which diverse elements are maintained in circulation to sustain
hegemonic systems (Bulkeley et al., 2014b; Edwards and Bulkeley, 2017; Ernstson and Swyngedouw, 2018;
Keil and Macdonald, 2016; Silver, 2017). The central question about urban transformation in those
perspectives is urban transformation for whom, and at what price. However, the same literature regards
urban transformation as an opportunity to address simultaneously the unfairness inherent to socio-ecological
relations (which technologies and infrastructures mediate).

New literature in urban governance is increasingly concerned with a different understanding of pathways for
transformation and adaptive planning. A trajectory can be thought of as a linear route for urban change, from
state A to state B, accelerated with the application of a certain policy. However, numerous trajectories can
interact and open up the opportunity of different urban futures (Castan Broto, 2017a). All these different
trajectories can be aggregated in climate resilient pathways, in which different imaginations of the city, or
the settlement, exist sometimes questioning each other and closing down alternative destinations (Hodson et
al., 2015; Rydin et al., 2013). Pathways open up the possibility of having alternative courses of action within
a given city, recognizing the incommensurable values that shape sustainability policy (e.g. Marletto, 2014;
O’Neill et al., 2015; Rydin et al., 2012; Turnheim et al., 2015). As a result, the conceptualization of
settlements and cities as processes, subject to ongoing negotiation and political struggle (Rutherford and
Coutard, 2014) provides a very different perspective of change and one in which the competition between
different narratives of change within a single pathway is central to shaping the transformation outcomes.
Here, the emphasis is not on alignment but contrast, and the question is not where the points of intervention
are, but rather, how to create disruptions of the hegemonic regime.

The systems and process perspectives are not incompatible, but their different emphasis results in different
conceptualizations of change in urban areas, which has implications for the kind of actions that can take
place to bring about climate resilience pathways.

6.44 What Does Political and Societal Will for Change Look Like?
6.44.1 Multiple Actors Deliver Effective Adaptation Actions

There is a wide range of actors, public and private, within civil society and community groups, who can
deliver adaptation actions (high confidence, high agreement). Association between actors may enable
impacts across different locations and scales. However, their interventions are uneven. In our review of 140
cases of adaptation, we found that the local government maintains a prominent role leading adaptation at the
local scale. Like in previous assessments (e.g. Castan Broto and Bulkeley, 2013), more than half of cases
reviewed were led by local governments (although local government is also a heterogeneous category and
local governance arrangements vary across administrative and political context. This reflects an enduring
focus on government authorities as a key source of responsibility in local adaptation action (see also section
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6.4.3). The second largest category consists of articles that explicitly emphasize the need for multiple actors
to engage in local adaptation strategies, through collaborative processes of planning, learning,
experimentation, capacity building, construction of coalitions and channels for communication (see also
section 6.4.3). Many of these studies directly focus on institutional arrangements that facilitate these forms of
interaction between communities, experts, government representatives, firms and international organizations.
The third category consists of research uses community-based action as a main frame of reference. Some of
these neighbourhood-based level cases also include studies that address individual or household-driven
action or measures led by civil society organizations with a strong community-connection (see also section
6.4.3).

Ostensibly missing from the peer-reviewed literature is research with a primary focus on the private sector,
reflecting a wider shortcoming in urban adaptation, where the private sector appears to play a limited role
(Biagini and Miller, 2013; Linnenluecke et al., 2013; Pauw and Pegels, 2013; Surminski, 2013). On the one
hand, businesses have an essential role to play in adaptation actions, both through self-regulation or through
the provision of critical adaptive interventions (High confidence, high agreement). For example, consultancy
firms are identified as one form of business engaged in collaborative adaptation planning (Bahadur and
Tanner, 2014), businesses can provide new or rehabilitate existing green infrastructure (Kithiia and Dowling,
2010), and utility companies can work in partnerships to provide flooding protection (Lund, 2018) or
resilient services for the urban poor (Heath et al., 2012). There is an emerging interest in strategies to secure
private sector inputs into urban adaptation programs (Hardoy and Ruete, 2013), the shifting boundaries
between state and market in creating and implementing climate strategies (Hodson et al., 2013; Klein and
Juhola, 2018; Mees, 2017), as well as obstacles associated with reconciling private sector interests in local
climate programs (Anguelovski et al., 2016; Jaglin, 2013; Rumbach, 2017; Scoppetta, 2016). Frantzeskaki et
al (2014) report a port relocation project in Netherlands where sustainability principles drove private sector
participation. There are also public private partnership models for the development of infrastructure in
adaptation, although the model is in decline (Harman et al., 2015). Klein et al (2017) cite examples from two
cities - Helsinki and Copenhagen - where local authorities have shifted few adaptation responsibilities to
private actors through regulations and public problem ownership. The case shows that local authorities
decide where the private sector and citizens are required to take responsibilities and create policy and
regulative environments which forces private sectors to participate.

On the other hand, there is an absence of research that addresses how businesses can play a leading role in
urban adaptation. Overall, the private sector’s participation in adaptation initiatives in urban areas are almost
negligible (while the leading actor in more than 50 percent of the cases was local government) (see section
6.4.2). Another global assessment of role of private sector in urban adaptation using data from 402 cities
conducted by Klein et al (2018) throws some light on this trend. The study reveals that for governing
adaptation, regulation is not a very common approach. Most of the adaptation projects focus on the public
sector and do not address private sector concerns or local people’s participation. In the cases where they do,
the private sector is more often governed through partnerships and participation. Also, the more advanced a
city is, it is more likely that it would attract private sector investment. There are a few examples of private
sector engagement in Europe, but even then, there is lack of evidence that private sector participation has
been successful in other parts of the word (Pauw, 2015). This absence is particularly visible in developing
countries that feature the fastest urban growth (Nagendra et al., 2018). Despite the calls for private sector
participation there is weak evidence of involvement (Heurkens, 2016; Pauw, 2015). Further, the urban
adaptation literature so far has not engaged with the heterogeneity of firm responses to climate impacts or the
broader influence of business adaptation on the communities in which they operate (Linnenluecke and
McKnight, 2017; McKnight and Linnenluecke, 2016). This oversight is especially problematic in light of the
growing interest in sustainability-oriented business (Bocken et al., 2014; Schaltegger et al., 2016), which
signals the ambition of embedding ecological principles in core business activities.

A range of transnational municipal networks (TMNs) also support and encourage cities and settlements in
planning and implementing adaptation actions. Organisations such as 100 Resilient Cities have supported
and ICLEI have developed protocols and implemented projects for member cities. These also encourage the
sharing of information on appropriate practices between urban areas.

6.44.2 Conditions for Effective Urban Governance
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Urban areas are new arenas for responding to climate change (Castan Broto, 2017b; Holscher et al., 2019;
Solecki et al., 2018) but governance options are constrained or enabled by access to adequate financing, the
decision making of international insurers and support from national and international governance networks
civil society and local and international business interests and employers. Emerging literature suggests that
cities frequently face barriers of inadequate financing for climate adaptation and mitigation, but steering the
finance raising process through strategic co-benefit schemes for mitigation and climate adaptation may offer
new sources of revenue for urban planning (Cook and Chu, 2018).

What we have seen in the last years has been a growing range of actors intervening at multiple scales to
deliver climate change adaptation and sustainable development actions (Chan et al., 2015b). However, as
ARS acknowledged, there is low confidence that these actions can result in an overall transformation, simply
through their addition: what has been defined as the political action gap (Chan et al., 2015b). There has been
an emphasis on coordination through the orchestration of multiple actions in climate change governance
(Béckstrand and Kuyper, 2017; Gordon and Johnson, 2017).

As explained above, few scholars would question that leadership is central to deliver governance systems
able to bring cities into climate resilience pathways. Leadership is the one factor that repeatedly appears in
empirical studies of climate change adaptation. However, there is less reflection on the multiple models of
governance under which adaptation action emerges. Hence, under the buzzword of delivering, there is a wide
range of institutional approaches for governance. The research in the ARS showed that in a landscape of
good intentions, effective systemic action was not visible. Thus, political and social will for transformation
can take many forms (Figure 6.5). The following section discusses different styles of governance through
which adaptation is delivered in terms of achieving outcomes, integrating and mainstreaming climate change
action, facilitating orchestration, producing processes of coproduction, ensuring representation and justice,
and the generation and visioning of resilient futures.

Governance as...

...outcomes and evaluation

'XXY
W

...integration and mainstreaming

...orchestration

T
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> \
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X

...coproduction

...recognition and justice

l:\ P e
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Figure 6.5: Multiple forms of urban governance for adaptation
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64.4.2.1 Governance as outcomes and evaluation

There is an assumption that an adaptive response to climate change should be measurable. However, there
have been extensive debates about the extent to which adaptation outcomes in cities are even measurable
(Béné et al., 2018b). Visionary leadership should be one that achieves adaptation and resilience outcomes.

During the last years, there has been some debate about the problems of focusing on a set of measurable
arenas. Environmental politics has long been shaped by a concern with the dominance of forms of eco-
authoritarianism to the detriment of democratic and collaborative practices of environmental management.
Technocratic perspectives on environmental policy are particularly relevant concerning the question of how
local sustainability politics contribute to re-configurations of agency and power (Bulkeley, 2015a). In new
policy areas, there is a need to create logics, or rationalities, for legitimate intervention, which may
paradoxically lead to further reinforcing existing ones (Bulkeley et al., 2014b). The case of China, for
example, has received praise in terms of delivering urban policies that put climate change at its core, thus
suggesting its role providing leadership in climate change debates (Hilton et al., 2017). However, detailed
analysis of case studies of sustainable development in China demonstrates that sustainability is achieved to
the detriment of broader collaborative objectives, thus questioning the resilience of the whole enterprise
(Westman and Broto, 2018).

The other challenge for outcomes-oriented forms of leadership is that it may tend to ignore areas of action in
the city which may have an important role to play in improving resilience and enabling transformations.
Urban development planning scholars argue that we cannot achieve such urban transformation without the
incorporation of a highly gendered informal economy sector, from street vendors to waste collectors (Brown
and McGranahan, 2016).

Informal settlements and informal economies that sector of the economy not monitored or taxed by formal
institutions —are integral in managing urban resources for effective climate adaptation (Guibrunet and
Castéan Broto, 2016)(Limited evidence, High confidence).

6.44.2.2 Governance as integration and mainstreaming

Multiple forms of urban leadership are key to achieving transformative climate adaptation (medium
evidence, high agreement). The majority of efforts have been directed towards aligning climate change
outcomes with environmental and social co-benefits in urban areas (Aylett, 2014; Bain et al., 2016; Harlan
and Ruddell, 2011). In the European Union, for example, there has been an effort to mainstream climate
policy through ‘climate policy integration” with measures take through the EU budget, but the beliefs that
inform this are crucial to explaining this (Rietig, 2019). In this way, climate change policies have often
followed experiences and prescriptions developed for sustainable cities which have not always been
transformative (Hodson and Marvin, 2017).

Efforts to mainstreaming climate change in urban policy have often been seen as maintaining business-as-
usual and not always aligned with transformative efforts to address climate change. For example, the focus
on incremental actions is seen as an impediment for transformative innovation with critics arguing the
approach is maintaining business-as-usual and not always aligned with transformative efforts to address
climate change. (Aylett, 2014). Nevertheless, incremental actions for climate change mainstreaming
constitute a first step towards a city-wide transformative strategy.

6.4.4.2.3 Governance as orchestration

It is now widely accepted that achieving the 1.5-degree objectives will require aligning sub-national and
national-level action for a coordinated global response (Chan et al., 2015b). In this context, the UNFCCC has
adopted a role as an orchestrator of a range of state and non-state actors to steer action in the right direction
(Béckstrand and Kuyper, 2017). Simultaneously, other actors have adopted a similar approach, whether this
is at the local level of government or in other institutions such as disaster risks management institutes at the
national or regional level, or network coordinators.

Multi-level governance remains an influential paradigm that recognizes the influence of government
institutions operating at different scales, as well as diversification of actors from the private sector and civil
society intervening in public issues. This paradigm has been integrated with the commitment to tackling
fragmented and complex policy issues through collaboration between national governments and non-state
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actors, as explained in the 2030 Development Agenda, especially SDG17 (“Revitalize the global partnership
for sustainable development”). A critique of the concept of multi-level governance in terms of its
effectiveness across contexts and the transference of brunt of responsibility to less resourced local
government is another element of debate.

6.44.24 Governance as coproduction

All forms of leadership outlined above focus on some form of communicative rationality, in line with the
contemporary relevance of communicative approaches to decision-making in the environmental policy
domain (McGranahan, 2015; Moretto and Ranzato, 2017). However, the last years have seen a trend towards
considering coproduction as a center of the provision of urban services, particularly in terms of improving
urban resilience. The concept of coproduction emerges from a concern with public management (Ostrom,
1996). Service coproduction follows the integration of multiple actors in the management and delivery of
public services (Pestoff and Brandsen, 2013; Pestoff et al., 2013). In urban contexts, coproduction requires
citizens and communities to actively participate in decisions that affect how their services are provided,
working in partnership with the administrators, engineers, and managers who are traditionally responsible for
those public services (Brandsen and Honingh, 2016).

There is high confidence that co-production is an effective tool to advance urban sustainability and social
justice, which may be considered central to achieving the SDGs (Chowdhury et al., 2017; McGranahan,
2015; McGranahan and Mitlin, 2016; Moretto and Ranzato, 2017; Nastiti et al., 2017). These approaches
have become increasingly central in responses to climate change alongside other bottom-up strategies
(Vasconcelos et al., 2013). Note that in coproduction exercises there is a movement away from attempting to
coordinate or orchestrate the actions of multiple actors, focusing instead on the possibility to produce,
collaboratively, services that reduce the vulnerability of urban populations and increase their resilience.

Cooperative governance models provide insights for the design of forms of participatory and collaborative
planning through which communities and state actors can identify concrete actions and available resources to
improve services and mitigate structural vulnerabilities to disasters (Castan Broto et al., 2015b). Mitlin and
McGranahan (2016) have studied paradigmatic examples of the co-production of sanitation services to show
how co-production may improve outcomes while at the same time opening up avenues for grassroots
organizations to claim political influence. Coproduction may provide the opportunity to change institutions
in response to external interventions (Das, 2016). Although there are important risks in terms of the extent to
which coproduction can be used to legitimize unfair interventions within a given context, coproduction may
also be a tool for improving the accountability of dominant groups to vulnerable sectors of the population
(Nastiti et al., 2017).

6.44.2.5 Governance as recognition and justice

Climate and energy justice theories draw on the experiences of the environmental justice movement
(Bickerstaff, 2012; Bickerstaff et al., 2013; Hall et al., 2013; Perez et al., 2015). In this vein, they tend to
reproduce the well-established ‘three-legged’ framework, which considers justice in terms of distribution,
recognition and procedural justice (Fuller and McCauley, 2016; Jenkins et al., 2016; McCauley, 2018;
McCauley et al., 2016). This framework highlights, straight away, the need for an explicit focus on who
intervenes in the process of governance towards climate resilient pathways. However, there is less
confidence in the direct application of justice-based frameworks to advance climate change adaptation
policies (Fuller and McCauley, 2016).

Slogans such as ‘leave no one behind’ embedded in international urban policy recognize the connections
between systems of oppression and exclusion that reproduce and perpetuate urban inequality and the delivery
of urban services and security (Kabeer, 2016; Stuart and Woodroffe, 2016). Intersectionality theories
examine the multiplicity and interconnected nature of such systems of oppression and exclusion
(Grunenfelder and Schurr, 2015). In the context of climate change adaptation, intersectionality ties with the
idea of how multiple deprivations shape access to services (from sanitation to health and education) and the
exposition to environmental risks (Lau and Scales, 2016; Lievanos and Horne, 2017; Raza, 2017; Sicotte,
2014; Van Aelst and Holvoet, 2016; Yon and Nadimpalli, 2017).

For example, fisherwomen in the western coast of India rely on a complex arrangement of relationships
around categories of class, caste, and gender that shapes their possibilities to draw political resources to
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maintain their livelihoods, and hence, influence the dynamics of transformation (Thara, 2016).
Intersectionality is central to climate action (Khosla and Masaud, 2010; Reckien et al., 2017). It is a means to
ensure that actions to build resilience provide an opportunity for broader social and political transformations.
For example, including intersectionality deliberately in partnerships with communities can empower socially
excluded groups and highlight issues of justice, while aligning agendas with local development priorities
(Castéan Broto et al., 2015a). Despite the high confidence on the growing importance of intersectionality
concerns in the delivery of just environmental policies, there is limited evidence of its inclusion in adaptation
policies.

6.44.2.6 Governance as the creation and imagination of alternative futures

The future of urban transformations does not lie on the possibility to deliver resilience outcomes, or the
attempts at delivering resilience outcomes in fairer ways but rather, in the ability to imagine alternative urban
futures (Glaas et al., 2018). For those scholars of climate change governance interested in experimental,
voluntary approaches to climate change governance, the really attractive aspect of it is developing new and
unexpected alternatives (Bulkeley et al., 2014b; Chan et al., 2015b). The diversity of collaborative
arrangements for climate change experiments also suggests that climate policy diffusion is realized through a
greater heterogeneity of channels than previously known (Mai and Francesch-Huidobro, 2015).

The experimentation paradigm has attracted widespread interest from scholars, policymakers and societal
practitioners and it is driven by the awareness that current ways of organizing urban systems are
unsustainable, and that novel and often radically different forms of social or technological innovation are
required (Marvin et al., 2018). This focus on urban areas resonates with the sustainability transitions
literature that seeks to understand and spur possibilities for achieving widespread change through various
forms of experimentation and urban labs (Bulkeley et al., 2016; Nevens et al., 2013; Voytenko et al., 2016).

[START BOX 6.4 HERE]
Box 6.4: Resilience, Water Ecology, and Activism

In Bengaluru, India, communities have traditionally managed a network of water tanks of immense
ecological importance. In the last half-century, however, urban development has increasingly threatened this
blue network (Unnikrishnan and Nagendra, 2015). Bengaluru today depends on long-distance water transfers
that create political conflict, and on a dense network of private boreholes that are depleting the city’s water
resources. Local scholars see the restoration of the existing community-managed network of water tanks as a
more sustainable and socially just alternative for managing water resources. Citizens have turned towards
different forms of activism to ensure the protection of water resources (Nagendra, 2016).

Unnikrishnan et al (2018) have documented how the colonial and postcolonial history of water management
in Bangalore shapes the water infrastructure and systems of provision today. Water access inequalities can be
traced to the patterns of spatial development developed by colonial policies. In Bangalore, records from the
6th century onwards show how city rulers invested in an interconnected, community-managed network of
tanks and open wells, regularly recharged through harvested rainwater. The water system was changed at the
end of the 18th century, as first the colonial state, then the post-independence government of Karnataka took
responsibility for water management. Ideas of modernist planning influenced the development of new water
infrastructure and piped networks, including the first piped infrastructure, bringing water from sources 30km
away including the Hesarghatta and then the TG Halli reservoirs. The old network of tanks gradually
deteriorated as tanks became disused, polluted or built over. Longer and more costly water transfers took
place in the post-colonial period, delivering water from the Cauvery river in a massive engineering project
with a high energetic cost and enmeshed in inter-state conflicts over the use of water. Scarcity is still a
problem in Bangalore, whose inhabitants nevertheless see how the old tanks have not been transformed into
inaccessible and polluted areas.

The citizen response has been an activist movement to reclaim the tanks for the city, accompanied with a
plea to reconsider current water uses within the city. Unnikrishnan et al (2018) document different actions
led by citizen- led collectives including projects for lake rejuvenation, filtering technologies to treat sewage,
recovering the value of lakes through share of photos and art projects, and involvement of local knowledge
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in tank restoration. Those efforts suggest that there is an untapped potential to deliver adaptive green spaces
through the recovery of Bangalore’s tanks.

[END BOX 6.4 HERE].

6.4.5 What are the Institutions that Enable Far-reaching Change in Urban Areas?

As explained above, there is a strong focus on institutional development as a means to deliver governance
through multi-level coordination, intermediaries, partnerships, stakeholder involvement, private sector roles,
urban labs, community-based organizations and transnational networks of communities, other transnational
networks. Section 4.4.1.1 of the 1.5 Special Report (Hoegh-Guldberg et al., 2018) noted that institutions can
influence the viability of 1.5°C-consistent pathways. Specifically, institutions “would need to be
strengthened. .. with the goal of ensuring that these embrace equity, justice, poverty alleviation and
sustainable development...” (p.352). Recent scholarship reinforces the need to analyze interactions between
institutional structures and relevant actors, particularly in the context of ensuring stability and flexibility in
governance systems (Beunen et al., 2017). However, beyond a widespread acknowledgement that institutions
‘matter’, research into particular institutions and the drivers, processes, and outcomes of institutionalization
at the local level remain broadly theoretical, although empirical investigations are emerging. Much of this
research draws on seminal works on urban institutions and governance by Anguelovski and Carmin (2011),
Aylett (2015), Carmin et al. (2015), and others.

Conceptually, Patterson, Voogt, and Sapiains (2019) note that there is no single model of the
institutionalization of climate change into policy-making and planning at the local level, and ranges from
dedicated (Uittenbroek et al., 2014), strategic (Chu et al., 2016; Storbjérk and Uggla, 2015), to
comprehensive approaches. Institutionalization is often applied synonymously with ‘mainstreaming,” which
has long been explored in both theory and practice (Runhaar et al., 2018). For example, climate adaptation
can potentially be mainstreamed into parallel agendas around community and economic development (Ayers
et al., 2014), climate mitigation (Gopfert et al., 2019), spatial and infrastructure planning (Anguelovski et al.,
2014), urban finance (Keenan et al., 2019; Musah-Surugu et al., 2018), public health (Araos et al., 2015),
environmental management (Kabisch et al., 2016; Wamsler, 2015), multi-level decision-making (Ojea, 2015;
Visseren-Hamakers, 2015), and others. Early assessments broadly categorized approaches to mainstreaming
as integrating climate adaptation into long-range and sectoral plans (Anguelovski and Carmin, 2011; Aylett,
2015). A more recent assessment by Wamsler and Pauleit (2016) further disaggregated these substantive
categories into programmatic, managerial, intra-/inter-organizational, regulatory, and directed forms of
mainstreaming.

These various categories of mainstreaming adaptation in urban policy-making and planning rely on a
nuanced understanding of how institutions change across and within the public sector, private actors, and
civil society. Mainstreaming refers to the integration of climate adaptation into relevant institutional
arrangements, actors, and agendas; therefore, as noted by Patterson, Voogt, and Sapiains (2019), such forms
of institutional change should be understood as having input, procedural, and output components. A
longitudinal view of institutional change and institutionalization allows for the assessment of actors and
dynamics involved in integrating adaptation into the sectoral agendas or governance arrangements mentioned
above. Further, this allows for a deeper analysis beyond ‘visible’ changes to policy-making and planning, to
also consider whether or not rules-in-use have changed as well as the relationship to broader governance
dilemmas that impose pressure on an urban governance system (Patterson and Huitema, 2019). However,
institutional processes are complex, contested, and sporadic (Patterson et al., 2019) and are often inhibited by
unclear planning mandates, conflicting development priorities, lack of leadership, and resource and capacity
shortfalls (Anguelovski et al., 2014).

An input view of institutionalization focuses on the intrinsic capacities necessary to drive and incentivize
change at the local level. Input indicators are often referred to political capacity/capital (Diederichs and
Roberts, 2016; Rosenzweig and Solecki, 2018), existing or endogenous capacities (Moloney and Fiinfgeld,
2015; Wamsler and Brink, 2014), or enablers and local drivers for adaptation (Dilling et al., 2017). A recent
literature survey by Runhaar et al. (2018) showed that the most common drivers of institutionalizing
adaptation include political commitment, cooperation with private actors, the presence of policy

Do Not Cite, Quote or Distribute 6-73 Total pages: 134



O 00 N N W AW N =

[ O B O e S N S e S I S N S R O S S S e e R
N = O OV 0 N O L A W N = O OV 0 2 & W b LW NN~ O

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

FIRST ORDER DRAFT Chapter 6 IPCC WGII Sixth Assessment Report

entrepreneurs, and availability of subsidies from higher levels of government which is on par with framing
and linking to sectoral objectives. Research conducted across two municipalities in Western Cape, South
Africa, showed the importance of a dedicated environmental champion, experience of historical climate
impacts, as well as access to a knowledge base, the availability of resources, political stability, and the
presence of dense social networks all positively affect adaptation mainstreaming (Pasquini et al., 2015).
Research from In Sdo Paulo, Brazil, showed how intrinsic political capacities and contextual factors — such
as political ideology of elected officials — heavily shape the opportunities for embedding adaptation into
ongoing urban agendas (Di Giulio et al., 2018).

A processual view of institutionalization describes and explains the production or constitution of
adaptiveness in an urban governance setting (Patterson et al., 2019). This includes the production of
networks, interactions, actor coalitions, and other underlying institutional procedures leading up to change. A
study by Aylett (2015) noted the importance of internal networks between municipal departments, which
meant informal channels of communication and cultivating personal contacts and trust between the person or
team responsible for climate planning and staff within other local government agencies. Recent research
from the United States highlight the importance of such internal networks (Hughes, 2015), where greater
commitment by local elected officials, higher municipal expenditures per capita, and perceptions that the
climate is already changing are statistically significantly associated with cities engaging in adaptation
planning (Shi et al., 2015). Furthermore, decision-makers’ ways of thinking together with the types of
information and moral grounding provide keys rationales for institutional change (Carlson and McCormick,
2015). In urban areas in Africa, research on internal networks has been supplemented by investigations of
informal arrangements and systems. For example, in Zimbabwe, informal, traditional, and civil society
institutions are core arenas for issue discussion due to lower public sector capacities (Mubaya and
Mafongoya, 2017). In Durban, South Africa, local governments rely considerably on shadow systems and
informal spaces of information and knowledge exchange across their operations to introduce and sustain new
ideas (Leck and Roberts, 2015).

An output view of institutional change focuses on the strategies, plans, and policies resulting from
mainstreaming, as well as the evaluative metrics derived while reflecting back onto the process. Practically,
this includes changes in policy and legal frameworks that structure decision-making, changes in policy
instruments for implementation, changes in organizations to meet new objectives, and changes in
coordination arrangements between different actors (Bellinson and Chu, 2019; Patterson and Huitema,
2019). Much research has focused on the production of actual adaptation plans and policies as an early
indication of institutionalization. In a survey of 264 cities mainly in North America, Aylett (2015) found that
43% reported integrating adaptation into their long-range plans, 32% into broader sustainable development
plans, and 32% into existing sectoral plans. Canadian cities were, in particular, more likely to have a plan
specifically focused on adaptation and that it is being integrated into municipal long-range planning. In an
analysis of 885 local climate plans across the European Union, Reckien et al. (2018) found that the presence
of adaptation plans depended on the presence of a national climate legislation or, less common, an
international climate network. Institutionally, this often means creating climate policies and programs that
also help meet the existing priorities, goals, and core mandates of city agencies, creating interdepartmental
working groups, and directly bridging city agencies by hiring or designating staff within local government
agencies to coordinate that agency’s engagement with adaptation (Runhaar et al., 2018).

Having these different perspectives of institutionalization at the local level allows for a more nuanced
diagnosis of what is required to enable change. The input, processual, and output views of institutional
change are not mutually exclusive and may, in fact, be iterative. As Beunen et al. (2017) suggest,
institutional development for adapting to climate change will need to occur in situ to a large extent, by
reworking existing setups and introducing new elements to address gaps or failures. This has been illustrated
through various examples from around the world where cities are leveraging and enabling change through
targeting input, processual, output, or a combination of institutionalization strategies. For example, in
Manizales, Colombia, the city focused on incorporating climate adaptation into long-established
environmental policy (Biomanizales) and local environmental action plan (Bioplan). Hardoy and Velasquez
Barrero (2014) explains this strategy by highlighting the coherent, multi-level governance arrange in
Manizales, including capacity to integrate disaster risk reduction, climate adaptation, and land use planning
within a holistic view of development that includes the views of multiple stakeholders. Similarly,
municipalities in Sweden can be ‘pre-reactive’ because adequate strategic guidelines are in place to frame
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the accessibility, aesthetics, and adaptability of waterfront developments (Storbjork and Uggla, 2015).
According to Aylett (2015), Asian cities also report high output effectiveness, where they are more likely to
indicate the performance management contracts of senior local government officials, the budgeting
procedures of local government agencies, and the procedures that local government agencies use for
budgeting infrastructure spending.

Cities tend to leverage input and processual institutionalization strategies when there is lower public/political
awareness of climate change or where governance systems are less conducive to change. The importance of
targeting political leadership and capacity catalysts from the outset is important in the United States, for
example, where climate action tends to be lower on the policy agenda (Carlson and McCormick, 2015;
Hamin et al., 2014; Shi et al., 2015). In Mexico City, Mexico, the city government has invested in the
institutionalization of climate policy through the creation of a formal boundary organization, the Mexico
City Virtual Center for Climate Change, together with changes in the city’s climate law and the development
of inter-sectoral partnerships to implement climate goals (Hughes and Romero-Lankao, 2014). Other
examples of institutionalization via formal boundary organizations that enable processual change include the
Surat Climate Change Trust in Surat, India (Chu, 2016a), Initiative for Urban Climate Change and
Environment in Semarang, Indonesia (Taylor and Lassa, 2015), and others. In Saint Louis, Senegal, Vedeld
et al. (2016) further noted the importance of support from national and state level actors in enabling local
institutional change. Such processual levers maybe important in situations of political instability (which
disrupts patterns in champions and networks), clientelism (which can cause environmental projects to be
discontinued) (Pasquini et al., 2015), or in contexts where there are high political and socioeconomic
inequalities (Chu et al., 2016; Harris et al., 2018)( Chu, Anguelovski, and Carmin 2016).

In cities, although much of the rhetoric and drivers of institutional change are attributed to political agents
working within public sector authorities, the literature is increasingly documenting important sources of
change from non-state, civic, and private actors. Previous IPCC Assessment Reports noted how civil society
actors were either in need of further awareness, sensitization, and capacitation around climate adaptation or
how they were sources of locally based innovation (e.g., through community-based adaptation programs).
However, since then, civil society and private actors have emerged as core knowledge holders and drivers of
experimentation, even succeeding in changing public policy in the process.

From a procedural standpoint, locally driven forms of institutional change are distinct from locally based
approaches. The former involves institutional bricolage and gradual multi-directional change, often
redirected by interactive, co-productive, or even conflictual relationships between institutional actors (Chu et
al., 2016). Public participation is the most basic form of institutional bricolage, where diverse sets of citizen
interests, values, and ideals are brought together to inform change and solve public problems (Archer et al.,
2014; Bisaro et al., 2018; Sarzynski, 2015). For example, in three cities across the Czech Republic,
stakeholder participation exercises were used to prioritize climate change risks, provide impetus and
opportunity for knowledge co-production, and support adaptation planning (Krkoska Lorencova et al., 2018).
Similarly, in Quebec, Canada, citizens collaborated with the municipal authority to bring together climate
science and ‘ordinary’ urban management and design solutions (Cloutier et al., 2015). According to
Frantzeskaki et al. (2016), civil society-driven, co-productive approaches can pioneer new forms of
institutional relations and practices due to retreating public sector powers across many countries.

Social movements can also enable different forms of institutional change, as exemplified by recent Youth
Climate Strikes and Extinction Rebellion (limited evidence, medium agreement). Earlier social movements
on climate mitigation, such as the Transition Movement (Feola and Nunes, 2014), (Feola and Nunes, 2014),
may serve as an example for mobilizations more specifically about climate adaptation and the way new, net-
worked, grassroots citizen activism and community organisation can encourage urban institutional change
(Gunningham, 2019; Jordan et al., 2018; Wahlstrém et al., 2019). However emerging evidence also points to
the need for careful consideration of any action and the need to support local urban planning efforts with
national coordination (Inch, 2019). In the US, researchers are increasingly documenting the use of social
media and digital narratives for galvanizing awareness and action. The pilot project #0urChangingClimate is
one example of engaging youth with an understanding of their communities and their resilience or
vulnerability to climate change (Napawan et al., 2017).

Do Not Cite, Quote or Distribute 6-75 Total pages: 134



O 00 N N W AW N =

(O T S I N I S R O I N S R S N e
—_ O O 0 N AN N R WD = O OV 0NN R WD = O

FIRST ORDER DRAFT

Chapter 6

IPCC WGII Sixth Assessment Report

Locally driven institutional change can also be driven by private sector actors (Goldstein et al., 2019), who
often have particular interests in the wellbeing of workers, continuity of supply chains, as well as land,
property, and infrastructure asset protection.

Finally, locally driven institutional change can be driven by external actors, often transnational NGOs,
philanthropic bodies, or city networks. Since the late 1990s, transnational municipal networks (TMNs) have
increase awareness of climate change and served as a bridge for cities to access critical financial resources
from private and philanthropic sources (Fiinfgeld, 2015; Rashidi and Patt, 2018). Recently, transnational
municipal networks have taken on more programmatic functions, working with cities to strategize, plan, and
incrementally improve their organization functions in the face of climate change. For example, the
Rockefeller Foundation’s 100 Resilient Cities program (2014-2019) provided a two-year salary for a Chief
Resilience Office (CRO) to be situated in a municipal authority to bridge silos, incentivize change, and
develop climate-specific development strategies (Bellinson and Chu, 2019; Spaans and Waterhout, 2017).
This has resulted in external actors taking on the role of enabling broad organization change, pathways of
resource mobilization, and alternative forms of agenda-setting in cities (Chu, 2018a; Hakelberg, 2014).

Although the literature has documented a surge of civic and private actors support, co-producing, and
creatively engineering change at the local level, the degree to which these urban/local level changes actually
yield more effective climate adaptation strategies is unclear. For example, many studies document the ability
of divergent interests to ‘capture’ the agenda based on the needs of elite groups (Anguelovski et al., 2016).
Others critique the inability of local level adaptation actions to drive change at higher levels of governance,
particular at national or global levels (Bansard et al., 2017; Fuhr et al., 2018; van der Heijden et al., 2018).

Institutionalization is often associated with a need to deliver an overview of the range of instruments
available for mainstreaming adaptation concerns in local planning/policy. In many ways, these analyses
adapt previous concerns with mainstreaming sustainability policies (e.g., Table 6.7). The question is whether
we want to put forward a list of instruments, or it is better to focus on certain approaches such as

transformative capacity?

Table 6.7: Instruments for mainstreaming adaptation.

Objectives Type of Description Examples
instrument
Policy Information A diverse range of activities such ~ Urban-LEDS II Capacity Building
Instruments as training, research and Workshop for cities in Lao, arranged for
development, awareness local government by ICLEI Southeast Asia
campaigns to produce and share Secretariat and UN-Habitat (UN-Habitat,
information 2019)
Voluntary Practices such as codes, labelling,  Singapore Environmental Council’s Water
Instruments management standards or audits, Efficiency Labelling Scheme (WELS)
in a voluntary basis, that can (Tortajada and Joshi, 2013)
provide incentives for adaptation
Economic Taxes or subsidies can be used to ~ US Office for Coastal Management NOAA
Instruments promote adaptive activities Coastal Resilience Grants Program (NOOA,
2019)
Regulatory These include a range of Building codes to enhance structural
Instruments mandatory requirements through stability for storm resilience in Moore,
controls, bans, quotas, licensing, Oklahoma (US) (Ramseyer et al., 2016)
standards often applied when a
specific outcome is required
Process Visioning Events that bring together Rotterdam Resilient City participatory

Baseline studies

different stakeholders to produce
a city vision

Focus on understanding the
current conditions in a
neighbourhood or city from an
interdisciplinary perspective

processes to create resilience strategies
(Resilient Rotterdam, 2016)

Flood Risks, Climate

Change Impacts

and Adaptation Benefits

in Mumbai, an OECD assessment study
(Hallegatte et al., 2010)
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Development Specific methods to ensure an Participatory housing upgrading through the
priorities open definition of multiple Baan Mankong Program in Bangkok

priorities and contrasting values (Thailand) (Berquist et al., 2015)
that will inform the planning
process
Planning Profiles Develop a common understanding New York City Panel on Climate Change

Risk assessment

Impact
assessment
tools

Monitoring

systems and

indicators
Management  Budgets and
audits

of how a city’s sectors interact
with adaptation and the
governance capacity

This includes a range of
instruments to evaluate the impact
of risk

Tools such as Strategic Impact
Assessment or Sustainability
Assessment provide a means to
assess the impact of specific
policies and programmes in
relation to adaptive capacity
Systems to take measurements at
regular intervals to specify
progress against objectives and
revise the planning process
Methods for the periodic revision
of adaptation plans and policies

2019 Report (NYCPCC, 2019)

Climate risk assessment for Buenos Aires,
conducted by the World Bank (Mehrota et
al., 2009)

Economic Impact Assessment

of Climate Change in Key

Sectors in Nepal (Government of Nepal,
2014)

Climate Change Adaptation Indicators for
London (London climate change
partnership, 2018)

Helsinki Metropolitan area climate change
adaptation monitoring strategy (HSY, 2018)

6.4.6 Finance and Insurance to Address Climate Change in Cities, Settlements, and Infrastructure in
Cities in the Global North

Although many adaptation actions do not require significant resources, funding and financing are critical for
others. Many early leaders in climate adaptation are, therefore, perhaps unsurprisingly, political capitals or
financial centres in the global North with much larger resource envelopes and well-developed fiscal and
financing capacities (Shi et al., 2015; Westerhoff et al., 2011)(medium confidence, low agreement).

6.4.6.1 Options for Financing Climate Change Adaptation in Cities, Settlements, and Infrastructure

It is difficult to quantify the amount of resources required to address climate change in cities in the global
north. The funding required will depend on choices made about climate mitigation (the cost of adapting to a
global temperature increase of 1.50C will be a fraction of the cost of adapting to a global temperature
increase exceeding 30C); about climate adaptation (different adaptation options have different capital
requirements, operating costs and returns on investment); and the financing sources and mechanisms that are
selected (which incur different levels and kinds of costs). These options are further explained below.

Broadly, there are two options for adaptation investment: funding — direct expenditure in preparation for or
response to climate change impacts — and financing — the deployment of market-based instruments to attract
third-party resources to an adaptation action (Keenan et al., 2019). Finance must ultimately be paid for by
funding. Using funding can be a lower cost strategy, as there is no third party expecting a return on
investment. However, using financing can expand the total resource envelope available for adaptation (even
if ultimately, the total volume of finance is constrained by the total level of funding available (White and

Wahba, 2019)).

The choice of specific funding and financing mechanisms is often based on implicit economic world views
(Keenan et al., 2019) or the technical support available to subnational governments in, for example,
preparing municipal bonds or contracting for public-private partnerships. The urban finance literature has
long called for critical interrogation of these choices, since they have profound implications for the total
level and distribution of costs (Altshuler and Luberoff, 2004; Graham and Marvin, 2002); now that debate
must urgently be extended to adaptation investments (Harman et al., 2015; Keenan et al., 2019).
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To date, the climate imperative has not yet changing the landscape of urban infrastructure investment (White
and Wahba, 2019). Mobilising adaptation investment in cities of the global North continues to depend on
strengthening public finance capacities (particularly the ability to evaluate and integrate climate risk into
economic decisions) and/or meeting the expectations of private investors and lenders. There is a large body
of work on these relatively prosaic agendas. Climate change creates new investment risks as well as physical
risks (Martimort and Straub, 2016), and highlights the limitations of current models to account for risk and
uncertainty when pricing investments (Keenan, 2018). However, it does not yet seem that private investors
and lenders are likely to provide adaptation finance on terms that are significantly easier or cheaper than
conventional finance (White and Wahba, 2019).

6.4.6.2 Funding Availability

Cities in the global North typically have access to reasonably substantial volumes of funding that could be
used to enhance resilience and build adaptive capacity. This includes both the private resources of individual
households and firms (which varies significantly within and among cities) and the public budgets of different
tiers of government.

Depending on levels of fiscal devolution within a country, public revenues may be collected and managed
primarily at the national, state, metropolitan or local level. In federal countries, subnational governments
collect an average of 49.4% of public revenues compared to only 20.7% in unitary countries. Subnational
revenues represent over a quarter of total public revenues in Belgium, Canada, and Denmark, but less than
5% in Greece, Ireland and New Zealand (OECD/UCLG, 2019). The share of the national fiscus that is
transferred to subnational governments also varies significantly among countries: grants and subsidies
account for over three quarters of subnational government revenue in in Malta, but less than a quarter of
subnational revenue in Iceland (OECD/UCLG, 2019). The capacity of a local government to collect revenues
is further mediated by incomes within a city (which dictates the prospective tax base) and the capacity of
civil servants to administer taxes, fees and charges. The result is that the budgets of metropolitan and local
governments across the global North vary dramatically, even within countries. Loffler (2016) documents per
capita municipal budgets of $1,114 in Saskatoon and $2,682 in Peterborough (Canada), $2,635 in Leipzig
and $3,638 in Freiburg (Germany), to $4,907 in Bristol and $5,612 in Aberdeen (the United Kingdom).
Understanding levels of fiscal devolution within a country is essential to determine where the capacity and
responsibility for adaptation funding might plausibly sit within the government.

Although cities in the global North may have relatively substantial volumes of funding (even if not
controlled by local governments), these revenue streams are often insufficient relative to the scale of
adaptation requirements. Moreover, many local governments are unwilling to use their own funds for
adaptation purposes, meaning that resources for resilience must be allocated by higher levels of government
or other sources (Hughes, 2015; Wheeler, 2008)(Wheeler, 2008; Hughes, 2015) — which also perceive
opportunity costs to adaptation investments. Funding from non-state actors is therefore proving important,
particularly in U.S. cities where private foundations and non-profit organisations account for 17% and 16%
of adaptation support (Carmin et al., 2012). Tapping into these sources of funding raises complex questions
about accountability and ownership of urban adaptation (Chu, 2018a).

Climate risks and variability also threaten the fiscal models of many city governments and utilities. For
example, a drought may disrupt water revenues both by reducing total water consumption and by
incentivising households and firms to invest in independent water storage or supply infrastructure (Simpson
et al., 2019a). Storm surges and sea-level rise may threaten sunk investments in revenue-generating
infrastructures, such as toll roads or electricity generation and transmission systems. City governments,
therefore, need to anticipate climate shocks and stresses and design their operating models and investment
plans accordingly to ensure financial resilience (Clarvis et al., 2015).

6.4.6.3 Drivers of Finance

Adaptation financing entails attracting resources from a third party to cover the investment needs, which
must ultimately be repaid with funding (usually from an end user). Common sources of this finance might
include commercial banks, investment companies, pension funds, insurance companies and sovereign wealth
funds (Floater et al., 2017). These capital sources have different risk-return expectations and investment
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horizons, so will suit different types and stages of projects. Many subnational governments in the global
North have access to well-developed domestic, if not global, capital markets to raise and steer finance for
urban investment.

However, investments in ex ante urban climate adaptation may prove less attractive to these financiers than
other opportunities because of their long maturities, limited near-term returns and high levels of risk and
uncertainty (Keenan et al., 2019). Many generate economic returns primarily through avoided losses from
climate impacts, which are difficult to measure and are in any case more attractive to funders than financiers
(Kaufman, 2014). Ex post, insurance already plays a critical role in protecting urban households, firms and
other stakeholders from the full economic costs of high-severity, low-frequency events by sharing risk over
time and space. Insurance can also be designed to incentivise risk-reducing behaviors and investments.
However, the commercial feasibility of private-sector insurance depends on more robust estimates of current
and future risks, and premiums commensurate with the ability and willingness of consumers to pay.
Insurance schemes must, therefore, be complemented by ex-ante investments to improve climate modelling
and reduce climate risk (Surminski et al., 2016).

National governments typically determine the fiscal transfers that subnational governments receive and the
taxes, fees, and charges that they are permitted to collect. Local governments may be able to strengthen their
own-source revenue collection and management capacities to better exploit these funding streams and
improve their balance sheets, but their total budget will be limited to these funding sources (Ahmad et al.,
2019). The amount of local public funding available for urban adaptation depends on the relationships across
different levels of government.

Similarly, mobilising private finance for urban adaptation projects demands robust institutional, fiscal and
regulatory frameworks, which are typically the responsibility of national authorities. For local governments
to access private finance for adaptation may require national (or in federal countries, state) governments to
reform policies and rules governing municipal borrowing, public-private partnerships, land value capture
instruments, and other financing mechanisms. Such fiscal reforms tap into fundamental political and policy
issues, such as the autonomy of local governments or the tariff-setting powers of national ministries
(Gorelick, 2018; White and Wahba, 2019).

In sum, expanding the resource envelope available for adaptation investment is often beyond the authority or
competency of city governments. Sovereign and state governments have critical roles to play in providing
funding or securing finance for adaptation investments. This is particularly true where the impacts of climate
change are distributed inequitably across a country, so that the costs borne by a city may exceed local
budgets.

[START BOX 6.5 HERE]

Box 6.5: Finance and Insurance to Address Climate Change in Settlements, Infrastructure and
Services in African Cities

In Africa, the effort to provide growing, and in parts increasingly affluent, urban populations with the shelter,
infrastructure and services that will enable development in line with climate resilient pathways, requires an
increase in investment in technologies and projects; new investment in institutions and other enabling
conditions for climate resilient urban development; and investments that limit the impact on employees in
industries and population groups that stand to lose their livelihood due to either climate change itself or the
national commitment to towards low-carbon urban resilience (Robins, 2018).

Each of these three climate finance categories is subject to the same challenges that limit investment in
African cities more generally (UCLG, 2017; UNCTAD, 2019). The world is expected to invest around US$6
trillion per year in infrastructure by 2030 (The Global Commission on the Economy and Climate, 2016).
While a number of studies reveal the net economic benefit of climate resilient, low-carbon African cities
(Global Commission on Economy and Climate, 2017), structural impediments remain to mobilising
investment for the types of public good infrastructure that would unlock this benefit (Dodman et al., 2017a).
Since the 1960s Gross Capital Formation (sometimes called Gross Domestic Investment) has been less than
22% in Africa, whilst in East Asian countries it has risen to 42% (OECD, 2016). Africa faces an estimated
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40% infrastructure financing gap, but this gap is almost certainly higher in the continent’s rapidly growing
cities (Baker & McKenzie, 2015). Relative poverty, weak or absent local fiscal systems and contested tenure
that prevents land being used as collateral, has historically restricted investment in African cities (Berrisford
et al., 2018; Dodman et al., 2017b). Sub-Saharan African countries are reaching the 40%-urban threshold at
national per capita incomes of around $1,000 per annum; significantly poorer than South East Asian and
Latin American cities at the same level of urbanisation (Freire et al., 2014). Absolute poverty in conjunction
with weak revenue collection and low levels of investment, render conventional infrastructure finance
difficult, and limit the fiscal influence that can be applied to achieve urban density, ecosystem based
adaptation or low-carbon energy (Berrisford et al., 2018; Cirolia and Mizes, 2019; Global Commission on
Economy and Climate, 2017; Smolka, 2013). Sprawled urban development in Africa might make the
provision of public services both more energy intensive and three times more expensive than high-density
developments (Collier and Venables, 2016).

Data on private finance in African cities are inadequate (OECD, 2017) but all of Africa secured just 3.5%
($46 billion) of global FDI, in spite of a 10.9% increase in 2018 (UNCTAD, 2019). Mining and the
extraction and processing of fossil fuels accounted for almost a third of greenfield FDI in Africa in 2018
(UNCTAD, 2019). The FDI secured by cities, has tended to serve and urban elite, and been used to build
shopping malls, housing settlements and airlines (Watson, 2015). It is also unevenly distributed across the
continent and within cities. Five countries, Egypt, South Africa, Congo, Morocco and Ethiopia accounted for
more than half the total FDI in 2018 (UNCTAD, 2019), leaving large parts of Africa’s growing cities
described by financiers as “high risk” and their citizens deemed “unbankable” (UCLG, 2016).

Private financiers have begun entering public private partnerships with African cities, often supported by
bilateral agreements between the respective countries, including the growing number of Asian and Middle-
Eastern countries that have begun contributing to infrastructure in African cities (Cirolia and Rode, 2019). In
the absence of enforceable spatial plans and strong urban governance, the risk remains that individual
investment projects that are successfully completed will aggregate to create urban systems that are at risk
from climate change through the locking-in of inequality, urban sprawl, flooding and greenhouse gas
emissions (Dodman et al., 2017b; Wachsmuth et al., 2016). These risks will constitute a future burden for
asset owners, financiers and insurers and cause a progressive haemorrhaging of economic opportunities in
Africa’s urban centres (UCLG, 2016).

All but two African countries (Libya and Western Sahara) have submitted Nationally Determined
Contributions to the UNFCCC. Where it reaches sub-national governments, climate finance offers the
opportunity to overcome structural impediments to urban finance in Africa (UCLG, 2016). Since 2015,
renewable energy investment in developing and middle-income countries has exceeded that in developed
countries, and while global investment in renewable energy fell in 2018, investment in renewable energy in
Africa increased (Murdock et al., 2019). Ensuring that climate finance reaches the poorest communities in
Africa’s cities offers the prospect of sustainable development (Hallegatte and Mach, 2016). Examples
include the roll-out of efficient public transport as the preferred means of commuting for city workers, the
use of locally generated renewable energy, the introduction of waterless sanitation systems so as to reduce
the cost of water treatment and the need for bulk infrastructure and the elimination of fuels such as charcoal,
wood and paraffin.

Securing climate finance for urban development is contingent upon strong multi-level governance
arrangements (OECD/UN-Habitat, 2018; Tait and Euston-Brown, 2017). National treasuries are required to
align donor, DFI and private finance investments with domestic budgets allocations in supporting urban
climate resilience (UCLG, 2016). This is particularly necessary in cities that do not yet have the balance
sheets or rate-paying citizens necessary to enter financial markets on favourable terms. Similarly, Central
Banks have a crucial role to play in managing the transition risks within cities and limiting the systemic
impact of stranded urban assets due to technology shifts or sea-level rise for example (Safarzynska and van
den Bergh, 2017).

New energy, water and sanitation technologies are altering the public good nature of urban services and offer
novel opportunities for private sector financiers and blended finance, but financial sector innovation remains
necessary if technological innovation is to be scaled (Cities Climate Finance Leadership Alliance, 2015).
UNERP has cited anecdotal evidence of a “quiet revolution” towards a more developmental and sustainable
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global finance sector, in part due to global Environmental, Social and Governance requirements, and
industry initiatives within the financial and insurance sectors (UNEP, 2015). Six African countries have
launched the Lomé Initiative, a platform to aggregate demand for financing for large-scale photovoltaic
projects as part of the ISA’s Affordable Finance at Scale programme. Similarly, ICLEI’s Transformative
Actions Program focuses on driving capital flows to towns, cities and regions to strengthen their capacity to
attract climate investment. Scope remains to strengthen DFI programmes such as the World Bank’s City
Creditworthiness Programme and the activities of China’s ExIm Bank with a bespoke urban climate
dimension.

[END BOX 6.5 HERE]

6.4.7 Monitoring and Evaluation Frameworks

Monitoring and evaluation (M&E) frameworks for adaptation are far from being fully developed and
operationalised both in theory and in practice at the local scale (high confidence, high agreement). Despite
significant experience on the application of M&E in other sectors (e.g. health, water, industry or business) or
with other climate change objectives (e.g. emissions reduction), the assessment of adaptation efforts has been
to date under-theorised in current adaptation literature (Berrang-Ford et al., 2019). The challenges related to
the evaluation of adaptation progress (lack of methods, agreed metrics, data, and definitions including the
ambiguity of the concept of “adaptation”) have been widely recognised after the Paris agreement (Ford et al.,
2015; Magnan, 2016). However, the need to develop practical and efficient M&E frameworks to assess
adaptation progress across all levels of public and private decision-making is still patent. This not only
includes the assessment and consideration of public top-down adaptations but also, informal, bottom-up,
community actions or corporate-led programs developed to reduce vulnerabilities and climatic risks and
increase resilience and adaptive capacities of specific communities or territories (high confidence, high
agreement).

Adaptation M&E objectives remain the same regardless of the scale and sector in which adaptation occurs.
M&E processes are essential to ensure the sustainable consecution of adaptation goals and the validity of
adaptation decisions taken in the past, as part of projects or strategic programs and across public and private
policy scales. On the one hand, there is a need to guarantee that planned adaptation actions are implemented
in an efficient, just and equitable way (Olazabal et al.,2019). On the other hand, and to guarantee the
suitability of existing adaptation initiatives, there is a need to observe if and how environmental, social and
economic vulnerability and climatic risk conditions evolve with time. In a framework of continued
surveillance, M&E outputs facilitate adaptation decision-making by linking three aspects (Berrang-Ford et
al., 2019): (1) changing vulnerabilities and risks, (2) established adaptation goals and targets and (3)
adaptation efforts put in place. This way, M&E outputs help decide whether current adaptation efforts are
sufficient or adequate, thus, enabling the learning process that adaptation action requires.

Different assessment frameworks at local scale use the existence of a monitoring system as an indicator of
adaptation plan quality (Woodruff and Stults, 2016), adaptation policy credibility (Olazabal et al., 2019) or
climate preparedness (Heidrich et al., 2013). However, M&E systems are still far from being established and
operational in practise. Recent large-scale studies that have tracked urban adaptation documented public
initiatives in major cities around the globe (Araos et al., 2016) have found that M&E frameworks are largely
missing. The gap reveals: (1) a lack of awareness by local adaptation managers about the importance of
M&E systems in adaptation decision-making, (2) inadequacy, irrelevancy or underuse of available M&E
resources, or (3) the lack of knowledge, capacity, and resources to make M&E work in practice at city scale.

Olazabal et al (2019) argue that 6 components are at least required to make M&E operational at urban
adaptation planning scale: (1) the definition of a context-specific tailored M&E system adapted to local
existing institutions, (2) the definition of a responsible party (public authority, department, group or
organisation) that will be in charge of M&E system management, (3) the definition and assignation of
appropriate budget over time, (4) the identification of monitoring objectives and indicators, (5) the definition
of a method and/or process to evaluate outcomes of the monitoring process and eventually, (6) the reporting
process (how and who the outputs will be reported to). Klostermann et al. (2018) also emphasise the
importance of the learning process and the establishment of cyclic iterative approaches where monitoring
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objectives are selected, procedures are put in place, data is collected and evaluated, and information from the
evaluation process and from experience is used to manage adaptation policy and planning processes. Yet,
practical M&E exemplary approaches to operationalise these components across different urban contexts
(considering decision-making cultural differences, capacities, resources or data availability) are still missing.

In contrast, much has been discussed on the benefits and limits of adaptation metrics, and on types and uses
of such indicators (Christiansen et al., 2018). The IPCC’s Fifth Assessment Report provided accountability
of different frameworks used to develop adaptation metrics, highlighting the role of vulnerability-based
indicators. In relation to these, Ford and colleagues (2018) call for a re-evaluation of vulnerability
approaches as these often neglect contextual needs of the adaptation process which means that are typically
not conducted at the appropriate scale of decision making that adaptation action requires neither
accompanied by adequate context-specific assessment of institutions and organisations. Risk-based
approaches are seen as an alternative in a context where the monitoring of decision-relevant variables in
urban climate adaptation planning is essential to link climatic risk assessment and action (Hallegatte and
Engle, 2019; Kingsborough et al., 2016; McDermott and Surminski, 2018). McDermott and Surmisnki
(2018) moreover argue that because of the need to define normative frameworks for risk evaluation - what is
acceptable and what is not (Galarraga et al., 2018) - these approaches may offer an opportunity for the
generation of a shared understanding on goals and limitations of adaptation. However, risk-based indicators
may also create a bias towards quantifiable variables that tend to be based on climatic modelling outputs,
engineering or financial assessments. Based on this and various examples of urban development projects,
Hallegatte and Engle (2019) claim it is not only important to consider output-based indicators but also
process-based indicators that talk about government, voice and empowerment (see Box 6.6).

In spite of these debates, that are often science-oriented or project-focused, little has been studied on how to
make M&E approaches practical at the local scale. Cities across the globe face important social,
environmental, and economic conflicts related to resource scarcity, poverty, environmental pollution,
population growth, and that coexist with climatic risks. In this challenging context, cities and towns are
currently working towards wider global urban sustainability objectives (e.g. SDG 11 — The Urban SDG) that
should include climate change adaptation and disaster risk reduction (e.g. SDG 13). SDG and the New Urban
Agenda are ambitious and comprehensive plans and have the capacity to mobilise actors and resources
(Valencia et al., 2019). For this reason, it makes sense to integrate climate change adaptation assessment
goals and needs into existing frameworks for the sake of efficiency in the process of measuring, evaluating
and reporting. This will benefit more clearly to small urban areas and cities in developing regions that often
face data scarcity and may also find available indicators irrelevant for their realities and thus, be required to
adjust them (Simon et al., 2016).

M&E frameworks to assess adaptation at local scale need to be compatible with existing formal and informal
institutions (rules, norms, and procedures) already in place for the assessment of sustainability (e.g. Local
Agenda, sustainability appraisals), resilience (e.g. 100 Resilient Cities, new standards for urban resilience),
GHG emissions reporting (e.g. Global Covenant of Mayors for Energy & Climate). In a context where
adaptation efforts need to be aggregated and evaluated across nations (Magnan, 2016) and their implications
on wider objectives such as sustainable development and social justice need to be assessed (Long and Rice,
2019), urban adaptation M&E systems should also be able to inform upper policy levels, with special
emphasis in the national and international processes that enable a global stocktake of adaptation.

[START BOX 6.6 HERE]

Box 6.6: Learning from Environmental Performance Evaluation Urban Planning Frameworks to
Deliver Resilience Outcomes in Urban Adaptation

Delivering effective adaptation measures depends on the availability of adaptation frameworks that enable
ongoing evaluation. Adaptation governance is not a one-off but a long-term commitment, that requires an
active process of re-evaluation. Many of the problems of evaluation have already been faced in the delivery
of environmental outcomes. For that reason, adaptation evaluation can learn from other evaluation
frameworks, such as water resilience evaluation frameworks. These frameworks vary across a continuum
from those who focus on narrow quantitative indicators on the one hand, and those which expand the vision
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of evaluation to incorporate multiple social, technological and ecological dimensions of resilience and
vulnerability.

Temperature and rainfall extremes, severe storms, landslides and other disasters associated with a changing
climate have a negative effect on the quality of life of urban communities, particularly for women, children
and marginalized communities (Reese, 2018; Salmond et al., 2018; Santamouris and Kolokotsa, 2015). The
literature on the negative impact of climate change on combined indices of quality of life indicates that this
impact is most significant in cities of the global south compared with the global north. Further, there are
apparent regional differences and disparities between Africa, Latin America, and Asia. This is more in their
level of provisioning of urban infrastructure. Nagendra et al (2018) use a combination of indexes to compare
regional variations between cities of the global north and the global south. They use the city prosperity index
(includes six sub-dimensions - productivity index, infrastructure development index, qualify of life index,
environmental sustainability index, and urban governance and legislation index), infrastructure development
index (four sub-dimensions - housing infrastructure index that includes improved shelter with cement floor
and access to improved water, social infrastructure index including physicians density, information and
communication technology index that includes internet access and urban mobility index that includes the use
of public transport, average daily travel time and traffic fatalities) quality of life index (includes three sub-
dimensions: health index meaning life expectancy at birth, under-five mortality rate etc., education index
meaning literacy rate, mean years of schooling etc., and safety and security index including homicide rate
and environmental sustainability index (two sub-dimensions including air quality index and water and
energy index).

For example, to quantify water security, the Asian Development Bank (2016) developed a water security
framework that has five interdependent key dimensions. It defines water security when system manages their
resources and services to meet household’s water and sanitation needs, supports productive economies,
develop liveable cities and towns, restores healthy rivers and ecosystems and builds resilient communities
that can adapt to changes (Adb, 2016). The five key dimensions are — household water security (access to
piped water supply, improved sanitation and hygiene), economic water security (agricultural, Industrial and
energy water security), urban water security (water supply, wastewater treatment, Drainage/floods and
river’s health), environment water security (river health, hydrological alteration, governance of the
environment), resilience to water-related disasters (floods and windstorms, drought, storm surges and coastal
floods). Based on these five dimensions, water security is observed from the household level to water-related
disasters. It uses indicators and a scaling system to rank the progress of each of the 49 countries in the Asia
Pacific Region. Its first outlook in 2013 ranked the countries based on this assessment followed by a second
assessment in 2016 at the interval of five years. It showed that overall, the region had a positive trend in
strengthening water security since 2013 when 38 out of 49 countries were assessed as water insecure. In
2016, the number fell to 29 countries. Index based framework provides an overall understanding of where
the country is moving and could be used for larger level strategic change in policy directions at the country
level. It has been critiqued on the use of aggregation which does not cover the nuances at the local level.
Climate change issues are also not tackled in this framework.

Recognizing that the information about global water resources lacks a common framework that gives rise to
fragmented knowledge, Srinivasan et al (2012) analyse 22 human—water system case studies across the glove
to identify water resource system outcomes and the factors that drive them. Using the qualitative
comparative analysis, the cases are grouped into six “syndromes”: groundwater depletion, ecological
destruction, drought-driven conflicts, unmet subsistence needs, resource capture by the elite, and water
reallocation to nature (Srinivasan et al., 2012). Each of these groups were related to a set of factors such as
demand and supply changes, governance systems, and infrastructure. The study recommends that each
syndrome is generated by a limited set of causal pathways and highlight the importance of both immediate
and fundamental causes of forms of water resource utilization. This index gives a policy outlook on making
informed choices on harnessing water resources, leaving for nature, distributing water across sectors and
agents in ways that reflect inherent resource limitations, cultural values, historical context, and political
realities. Apart from global water-related indexes, there are sectoral indices that focus on assessment of an
area. For example, two indexes have been applied in flood risk governance integrating societal resilience,
resource efficiency, and legitimacy. Alexander, Priest, and Mees (2016) present a coherent evaluation
framework to evaluate flood defence and mitigation governance in England. It provides an essential step in
assessing, monitoring and strengthening flood risk governance. Radhakrishnan et al (2017) developed a
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framework for structuring the local adaptation responses using the inputs from numerous viewpoints in an
urban adaptation environment. Since the adaptation measures are derived from multiple viewpoints, it carries
increased flexibility in having a more important adaptation measures and amplified pathways. The enhanced
flexibility is considered in identifying the link between adaptation measures; determining the compatibility
of the actions with one another; and creating a knowledge base encompassing all plausible sequences and
time epochs at which the measure could be positioned based on external factors.

As an alternative, Eizenberg and Jabareen (2017) present the framework that relates water sustainability to
social sustainability. They theorise risk is a constitutive concept of sustainability. The risk evolving from
changing the climate and related uncertainties pose serious social, spatial, structural, and physical threats to
people and the place they live in. The social sustainability framework endeavours to confront risk while also
addressing social concerns. is the framework includes four interrelated concepts of socially oriented
practices, where each concept has a distinguishing function in the framework and includes major social
features. They consist of urban forms (physical dimensions of socially desired urban and community
physical forms), equity (Social, economic, and environmental injustices that pose risk to society), eco-
prosumption (responsibility of society to reduce future risk and help mitigate local and global efforts) and
safety (Safety and security for humans and non-humans is the fundamental requirement for social
sustainability).

Steele et al (2015) present the framework from urban climate justice perspective. They conceptualise
urbanisation and climate change that causes negative impacts on poor and marginalized people. Their
framework identifies how the most vulnerable have less power and capacity to respond to a changing climate
and its impacts. Vulnerabilities are intimately intertwined at the urban scale and according to the authors,
dealing with them requires an interdisciplinary urban climate justice agenda. Shi et al (2016) present a
roadmap to reorient research on the social dimensions of urban climate adaptation around four broad
areas related to equity and justice. First, expansion in the participation of the poor in adaptation planning.
Second, expanding adaptation to rapidly growing cities that has less financial or institutional capabilities.
Third, adopting a multilevel and multi-scalar approach to adaptation planning; and fourth, integrating
justice into infrastructure and urban design processes. They call for pathways to more transformative
adaptation policies in urban spaces.

These evaluation experiences have potential to inform climate change evaluation (high confidence, high
agreement).

[END BOX 6.6 HERE]

64.8 Conclusion

OVERALL: “Intersectional, gender-responsive and inclusive leadership is key for climate change adaptation

governance in formal and informal settlements” Key message (limited evidence, high agreement)

e Importance of situating adaptation governance (and finance, insurance) in a specific context, and
primarily focusing on informality/sub-serviced/poorly serviced areas (high confidence, high agreement)

e From a systems perspective, there is a need to recognize the multiple aspects of transformative capacity
frameworks, but these are not always actionable in practice (low confidence, high agreement)

e Remaining interest on local leadership as the dominant factor to deliver action on the ground, but with an
overall agreement on what leadership is and a growing emphasis on forms of leadership that emphasize
orchestration, enabling and co-production (low confidence)

e Growing interest in inclusive urbanization and inclusive climate adaptation needs to reflect upon
intersectionality theory as a means to understand the structural drivers of risk and exclusion and relate
adaptation to broader goals in the 2030 Sustainable Development Agenda (high confidence, high
agreement)

e Transformative and justice concerns are integrated into monitoring frameworks, helping move away
from static, indicator-based ones (medium confidence, high agreement)
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[START CASE STUDY 6.1 HERE]

Case Study 6.1: Himalaya: Urbanisation and Climate Change in Himalayas — Increased Water
Insecurity for the Poor
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Figure 6.6: Figure based on (Singh et al., 2019)).

The Hindu Kush Himalayan region extends 3,500 km over all or part of eight countries from Afghanistan in
the west to Myanmar in the east including major economies such as China and India. The region is home to
10 major river basins that feeds south and south-east Asia. As per 2017, the total population in the ten major
river basins with their headwaters in the region is around 1.9 billion, including the 240 million in the
mountain and hills of the Hindu Kush (Wester et al., 2019). The region is characterized by a unique
mountain topography, climate, hydrology and hydrogeology. Each one of these factors plays an important
role in determining the availability of water for people living in Himalayas. The total land mass that can
support physical infrastructure for towns to develop is much less in the Hindu Kush Himalayan region as
compared to the plains. Due to this physical constraint, the process of urbanization is slow in the region.
Only 3 per cent of the total population in the region live in larger cities and 8 per cent in smaller towns.
However, off late, there has been an increase in urbanization largely due to regional imbalances in providing
economic opportunities for the poor. People from rural areas are flocking to the nearest urban centres in
search of employment and other economic opportunities. As a result, the share of urban population is
increasing in the region, while that of rural population is declining. Projections show that by 2050, more than
50% of the population in Hindu Kush countries will live in cities (UNDESA, 2014).

One of the major challenges of urbanisation in Himalayas is sprawling small towns under the population of
100,000 (see Figure 6.6). These towns would become major urban centers with a decade due to high growth
rate. A recent study by Maharjan et al. (2018)(2018) on migration documented that 39% of rural
communities have at least one migrant, of whom 80% are internal and the remaining 20% are international.
Around 10 percent of the migration is reported as environmental displacement. The ever-expanding urban
population in Himalayas throw many challenges especially in the context of climate change adaption. First,
the unplanned urbanization is causing significant changes in land use and land cover with recharge areas of
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springs getting reduced. Most of the towns in Hindu Kush Himlayan region meet their water needs using
supplies from springs, ponds and lakes which largely interlinked systems. Second, climate induced changes
in the physical environment comprise of increase in rainfall variability. Due to this, heavy rains are
becoming frequent and are leading to more landslides. Third, global warming has increased the average
temperature in the Himalayas which has caused glacier melt and subsequent change in hydrological regimes
of the region. These critical stressors — climatic and non-climatic, are adversely affecting the socio-ecology
of urban conglomerations in region. Encroachment or degradation of natural water bodies and the
disappearance of traditional water systems such as springs are evident. While water availability in these
towns has been adversely affected by the climatic and socio-economic changes, demand for water has
increased many folds. Some of the towns are major tourist attractions that creates floating population in peak
tourist seasons challenging the carrying capacities of the towns. The residents have to cope with water
scarcity as demand of water increases in peak seasons and water distribution through the public water supply
systems becomes highly inequitable. The usual challenges of utilities being inefficient applies in these areas
too though it becomes much more critical as the sources of water are limited and the local geology hardly
supports accessing groundwater unlike in the plains. All these processes are resulting in increased water
insecurity for the poor and marginalised in urban towns of Hindu Kush.

[END CASE STUDY 6.1 HERE]

[START CASE STUDY 6.2 HERE]
Case Study 6.2: Semarang, Indonesia

The City of Semarang, on the northern coast of Central Java in Indonesia, has a population of nearly two
million and is vulnerable to sea level rise, urban flood and inundation, as well as associated public health and
sanitation risks (Suhelmi and Triwibowo, 2018; Yuniartanti et al., 2016). Together with the City of Bandar
Lampung in southern Sumatra, Semarang was a pilot city for the Asian Cities Climate Change Resilience
Network from 2009 to 2016, which was a Rockefeller Foundation-funded initiative to develop resilience
capacity across secondary and rapidly growing cities in South and Southeast Asia (Reed et al., 2015).
Through a participatory ‘Shared Learning Dialogue’ process based on the Institute for Social and
Environmental Transition-International’s ‘Climate Resilience Framework’ (Kernaghan and Da Silva, 2014;
Moench, 2014; Orleans Reed et al., 2013), Semarang’s adaptation planning process began with identifying
key vulnerabilities in the city — which included flooding and sea level rise — and designed a number of pilot
projects to address these, which included a community-based flood early warning system (Archer and
Dodman, 2015; Sari and Prayoga, 2018; Yuniartanti et al., 2016) . The planning process was led by a City
Team that included key municipal decision-makers from the Disaster Management Agency of Semarang
City, Water Resources Management Agency, as well as technical support from the non-governmental
organization (NGO) Mercy Corps Indonesia (Nugraha and Lassa, 2018).

The planning process focused on mainstreaming climate adaptation into flood management policies,
regulations, and budget allocations (Handayani et al., 2019). The process also allowed for policy
experimentation through different pilot projects as well as built networks with on-going national and regional
development frameworks, including the Mid-term Regional Development Plan of 2010-2015 (Lassa and
Nugraha, 2015). Building on Semarang’s ACCCRN experience, the city then became a member of the
Rockefeller Foundation’s 100 Resilient Cities program (2016-2018), and synthesised its experience in
climate adaptation planning by publishing the Resilient Semarang strategy in May 2016 (Semarang City
Government, 2016). The document has since catalysed further collaborative relationships between the city
and the National Disaster Management Agency and the National Ministry of Development Planning. Recent
assessments of Semarang’s experience have noted progress in integrating and institutionalising adaptation
and resilience building within existing local development frameworks but have simultaneously pointed out
constraints to wider participation and inclusion.

[END CASE STUDY 6.2 HERE]

[START CASE STUDY 6.3 HERE]
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Case Study 6.3: Beijing, China: Improving Urban Resilience to Rainstorms

Beijing is a mega city with more than 22 million population and per capita gross domestic product of USD
19100 in 2017. Although Beijing is at a lower risk to heavy rain than most of coastal Chinese cities, the heat
island effect and global climate change increase the frequency and intensity of extreme weathers in Beijing It
was hit by a 70-year-reccurence flood on 21 July 2012. Based on data from National Climate Centre, this
extreme event is generated due to a tropical cyclone over the South China Sea which providing plenty of
water vapor to Beijing basin area, which is characterized by its total precipitation (ranked at the 6th biggest
rainstorm since 1951), raining intensity (daily rainfall of 190.3mm), and affected areas (80% area in Beijing
above a major rainfall level of 100mm). The torrential rain affected 1.6 million people across the city (12.8%
of the total population in 2012), resulting in 79 deaths and direct economic losses (in Chinese currency
Renminbi) of RMB11.8 billion (about 0.07% of annual gross domestic product in Beijing). This catastrophe
provoked criticises and reflections to the government’s crisis management capacity and credibility from
academia to the public.

After the 7-21 rainstorm, Beijing has taken engineering and non-engineering measures, such as a higher
building code for drainage system and flood-proof infrastructure, enlarged coverage of early warning
systems, an intelligent traffic monitoring and service system, and so on. Shortly after the disaster,
“Regulations on the Protection of Beijing Rivers and Lakes” was revised to remove the illegal buildings on
the riverbank. The accountability of emergency management was improved by more efficient coordination
and timely information sharing between agencies. The weather forecast accuracy in 24 hours has also been
effectively improved in recent years. On the July 20+, 2016, Beijing encountered another severe rainstorm
exceeding the total precipitation of that in 2012. Owing to these effective actions, Beijing had no one death
from flood in this extreme weather. Besides, Beijing municipal government gave a priority investment to
disaster proofing and ecological restoration in the flood-prone zone, which contributes a higher resilience
performance at district level than before.

[END CASE STUDY 6.3 HERE]

[START CASE STUDY 6.4 HERE]
Case Study 6.4: San Juan: Climate Change Adaptation in San Juan, Puerto Rico

San Juan is the capital of Puerto Rico and where most urban residents are concentrated. San Juan is the
economic and main government hub of Puerto Rico, with most of its state and financial institutions located
therein. The city occupies 200 km2 and has a total population of 395,326. It is part of the San Juan
Metropolitan statistical area that contains more than 2.3 million people in 40 municipios (equivalent to
mainland counties) and covers an area of 3,730 km2. Mean annual rainfall in the basin increases from the
coast (1,500 mm) to the uplands (1,760 mm). The average annual high temperature in San Juan is 27.2°C,
and the average annual low is 23.9°C. San Juan residents are exposed to multiple climate risks, including
floods and storm surges from hurricanes and tropical storms, but also extreme precipitation events that lead
to pluvial floods (e.g., 80 urban floods were documented between 2004—2014). Most recently, the city has
suffered increasingly severe droughts, extremes and prolonged heat episodes during summers (Gould et al.,
2018).

In September 2017 Puerto Rico experienced one of the most catastrophic hurricane seasons in recent history
(Park and Hanna, 2017; Torres Gotay, 2017). Over a two-week period, the island was impacted by two
powerful hurricanes, Irma (category 5) and Maria (category 4). The compounding effects of these extreme
events decimated the island’s power, water, communications, and transportation infrastructure, and an
estimated 2975 people lost their lives (Milken Institute of Public Health, 2018). Hurricane Maria in
particular also exposed existing social and economic vulnerabilities, such as high inequality and poverty
rates, and a shrinking population as residents migrated away from the recent economic depression and fiscal
crises affecting Puerto Ricans (Miller et al., 2017).
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Hurricane Maria however spurred a surge in governmental and non-governmental initiatives to develop and
build adaptation pathways to impacts of climate change at city and island scales (Eakin et al., 2018). The
non-profit civic sector and well-organized community-based organizations took a protagonist role post-
Maria in local and regional adaptation planning (Lugo, 2019). The San Juan Bay Estuary Program, a local
NGO, recently launched alongside the Clinton Global Initiative a Commitment to Action to lead and help
develop the first Watershed-Based Mitigation Plan for the metro region. The Puerto Rico Community
Preparedness and Resiliency Initiative by the Fundacién Comunitaria de Puerto Ricois working with a
number of communities to design and implement risk reduction action plans, including nature-based
solutions to protect communities from climate hazards, floods and sea level rise. Together they have brought
together community development and climate change experts from the University of Puerto Rico (UPR), the
Education Development Center, and the Regional Education Laboratory Northeast & Islands to co-produce
the plans and strategies with community residents and support their implementation. The Rockefeller
Foundation’s 100 Resilient Cities, the Ford Foundation, and the Center for the New Economy joined forces
in the Relmagina Puerto Rico initiative to develop short and long-term resilient strategies for Puerto Rico,
many of which apply to San Juan but link the urban center with and other settled areas across the island. The
Relmagina Puerto Rico report was generated through with the participation of public, private, NGO sectors,
and the Puerto Rican diaspora, resulting in 97 concrete actions and recommendations to inform the rebuild
and resiliency efforts. In the energy sector, numerous communities and NGOs have also develop new action
plans to promote transitions to renewable energy and community-based micro grids, such as the Queremos
Sol initiative (https://www.queremossolpr.com/), and the establishment of solar panels in community centers
and residences by the Fundaciéon Comunitaria and Resilient Power Puerto Rico.

Adaptation in governance strategies include major new policy developments at the state level that support
climate adaptation in San Juan and island-wide. For example, the Puerto Rico Legislature approved in
summer 2018 Senate Bill PS 773 “Ley de Mitigacion, Adaptacion y Resiliencia para el Cambio Climético de
Puerto Rico” (Mitigation, Adaptation and Resilience Law for Climate Change in Puerto Rico) and more
recently approved the Puerto Rico Energy Public Policy Act (Senate Bill PS 1121) which sets the island on a
path to 100% renewable energy by 2050. In response to the Hurricane Maria, for the first time in Puerto
Rico’s history, the Puerto Rico Department of Natural Resources and Environment opened in 2019 a Call for
Proposals requesting projects to implement nature-based solutions and green infrastructure as a strategy to
adapt to climate change, including flood and heat.

[END CASE STUDY 6.4 HERE]

[START CASE STUDY 6.5 HERE]
Case Study 6.5: Cape Town

[PLACHOLDER FOR SECOND ORDER DRAFT: points to include:
e state of water resources in 2015 and how they worsened over 3 years
e role of climate change

e framing of drought

e crisis

e climate

e city-wide

e city level governance

¢ household response

e impact of drought

Can link to Working Group I case study on the analysis of the climate variability associated with the Cape
Town drought and related attribution.

Cape Town’s response to drought as an example of:
e how a city with high levels of inequality but substantial capacity responded
e how a technical managerial response had strengths and weaknesses
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e were able to roll out technical solutions that helped in some ways

e recognized the limit of infrastructure and the need to change behavior/water consumption

e ashift in how water is thought of and managed

e implications of households and business going off-grid and impacting on financial viability of the water
system and challenges for addressing inequality (as high water users used to subsidise poor households)

e climate-dependent water system that has shifted in some ways but not others

e importance of ecosystem

e hydrosocial nature of water]

[END CASE STUDY 6.5 HERE]
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Frequently Asked Questions

FAQ 6.1: Why are cities, settlements, and different types of infrastructure vulnerable to the impacts of
climate change?

[PLACEHOLDER FOR SECOND ORDER DRAFT]

FAQ 6.2: What actions are needed in cities and settlements to help reduce risks emerging from a
changing climate?

[PLACEHOLDER FOR SECOND ORDER DRAFT]

FAQ 6.3: How can citizens, scientists, and policymakers work together to identify and reduce risks to
infrastructure, cities and settlements?

[PLACEHOLDER FOR SECOND ORDER DRAFT]

FAQ 6.4: What decision-making and governance arrangements best enable cities and settlements to
prepare for climate change impacts?

[PLACEHOLDER FOR SECOND ORDER DRAFT]
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