Concept Note for
Urban Infrastructure Resilience Studies
1. Context
The Coalition for Disaster Resilient Infrastructure (CDRI) as part of its 2021-2022 workplan, will
launch a suite of studies on urban infrastructure resilience, exploring global cities. The primary
lens of these urban resilience studies will be through examination of the infrastructure systems
which play a critical role in supporting the city’s ability to function and the wellbeing and
prosperity of the communities they serve.
These studies will explore major existing and future hazards and threats to urban infrastructure
systems, as well as exposure and vulnerability, and interdependencies between urban
infrastructure systems. Research will explore resilience measures in place (for each
infrastructure sector/system, and with respect to wider systems interdependencies) and
consider where the gaps are for selected cities. While infrastructure resilience will be the primary
focus of these studies, the scope will extend beyond considerations of infrastructure sectors and
sectoral interdependencies, to also consider wider social, economic and environmental
dependencies and interdependencies. For example, the cascading socio-economic impacts
related to the failure of a city’s water service, or the loss of energy provision.
Wider study considerations include the underlying institutional environment that governs and
can help or hinder the resilience of infrastructure in case study cities. This includes key
infrastructure stakeholders, legislation, regulatory mechanisms, governance frameworks and
organisational capacity, amongst other factors. While these studies will focus on natural hazards,
it acknowledges the importance of considering wider shocks and stresses through a resiliencebased framework and thinking.
This concept note provides technical framing to a series of studies that aim to provide an
assessment of the current infrastructure resilience capacity of case study cities and to provide a
list of priority actions for key stakeholders to address gaps and improve the resilience of
the city through improving the resilience of its infrastructure systems. It is also anticipated that
these studies will provide useful infrastructure resilience recommendations for cities of
similar typological characteristics to those identified in the research. Thirdly, these studies will
also generate cross-city learning and findings which will inform the future work of CDRI and
other actors in the fields of urban planning, infrastructure and resilience.

Page 1 of 36

2. Background
Urban areas are already home to 55 per cent of the world’s population, and that figure is expected
to grow to 68 per cent by 2050.1 Human wellbeing in cities relies on a complex web of
interconnected institutions, infrastructure and information. People are drawn to cities as centres
of economic activity, opportunity, and innovation. But cities are also places where stresses
accumulate, and/or sudden shocks occur that may result in social breakdown, physical collapse
or economic deprivation. That is, unless a city is resilient.
Cities have always faced threats, and many cities that have existed for centuries have
demonstrated their resilience in the face of resource shortages, natural hazards, and conflict. In
the 21st century, global pressures that play out at a city scale − such as climate change, pandemic
diseases, economic fluctuations, and terrorism − pose new challenges. The Lloyd’s City Risk Index
found that $4.6 trillion of the projected GDP of 301 of the world’s leading cities is at risk from 18
threats over the next decade.1
Urban risk is increasing due to the number of people living in cities. Risk is also increasingly
unpredictable due to the complexity of city systems and the uncertainty associated with many
hazards – notably climate change. Risk assessments and measures to reduce specific foreseeable
risks will continue to play an important role in urban planning.
By 2030 trillions of dollars will be invested in urban infrastructure, which must be directed
towards zero-carbon and resilient development; nearly a billion people will be added to the
global urban population, requiring low-carbon, resilient and inclusive places to live; and nearly
half of CO2 emissions must be reduced, with cities potentially delivering 58% of the energyrelated emission reductions needed to keep the global temperature increase well below 2°C.2
At a point when there are multiple agendas or priorities at work simultaneously, cities need to
ensure that their development strategies and investment decisions enhance, rather than
undermine, the city’s resilience. If governments, donors, investors, policymakers, and the private
sector are to collectively support and foster more resilient cities, there needs to be a common
understanding and emphasis on the opportunity for urban infrastructure to support the overall
resilience of the city.

2.1

Climate Change

The COVID-19 pandemic has also highlighted several key vulnerabilities of our societies and
economic system. The exposed vulnerabilities are particularly sobering when seen in the light of
an even bigger future threat to the global economy: environmental degradation driven by our
current economic system. 3
Climate change is expected to increase the incidence of extreme events, by altering average
climatic conditions and inducing greater climate variability, hence increasing extreme weather
events like floods and droughts. This also includes the possible occurrence of new threats, such
as sea-level rise, where they did not previously exist. 4
Infrastructure usually involves large investments in assets that are designed to operate over the
long term. For example, hydropower dams are large geotechnical structures that are designed to
last for up to 100 years.Error! Bookmark not defined. The design of these facilities has typically assumed
a future scenario that is similar to that of today. However, a changing climate and the resulting
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more extreme weather events mean those assumptions are becoming outdated, leaving
infrastructure operating outside of its tolerance levels. This can present direct threats to the
assets as well as significant knock-on effects for dependent systems and ultimately the
communities relying on the services those assets deliver.5
Infrastructure networks will be affected by the physical impacts of climate variability and change
but will also play an essential role in building resilience to those impacts. Extreme events
illustrate the extent of this potential exposure. For example, OECD modelling of the potential
impacts of a major flood in Paris found that 30% to 55% of the direct flood damages would be
suffered by the infrastructure sector, while 35% to 85% of business losses were caused by
disruption to the transportation and electricity supply and not by the flood itself. Ensuring that
infrastructure is climate resilient will help to reduce direct losses and reduce the indirect costs of
disruption. 6
In 2005, Mumbai experienced unprecedented flooding, causing direct economic damages
estimated at almost two billion USD and 500 fatalities. By the 2080s, an ‘upper bound’ climate
scenario could see the likelihood of a 2005-like event more than double. It is estimated that total
losses (direct plus indirect) associated with a 1-in-100 year event could triple compared with
current situation (to $690–$1,890 million USD), due to climate change alone. Continued rapid
urbanisation could further increase the risk level. However, adaptation could significantly reduce
future losses; for example, estimates suggest that by improving the drainage system in Mumbai,
losses associated with a 1-in-100 year flood event today could be reduced by as much as 70%.7
It is also crucial to consider the impact of infrastructure systems on climate risk in addition to the
converse. Sustainable infrastructure planning, design, delivery and use can make an important
contribution to lower carbon emissions and global and local efforts in climate change mitigation
and adaptation. See Annex IV for examples of impacts of climate change on infrastructure types.

Figure 3: Impact of a changing climate on urban systems © Arup
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Since 1992, and the establishment of the United Nations Framework Convention on Climate
Change (UNFCCC), the global community has sought to address the above challenges
collaboratively, through the lens of sustainable development. In 2015, the UNFCCC adopted the
Paris Agreement, with the long-term goal to keep the increase in the global average temperature
well below 2 °C. Thus far, the Agreement has been signed by 195 countries and ratified by 55.
In protecting the environment, infrastructure assets play a key role in conserving natural
resources and reducing the impact of climate change. Clean energy generation plants, for
example, are critical in reducing dependence on fossil fuels. By taking cars off roads, mass transit
systems contribute to the reduction in pollution and generation of greenhouse gases. In the US,
estimates are that if someone commuting 20 miles a day switches from driving to public
transportation, it would lower their carbon footprint by 4,800 pounds annually. 28
Approximately 70% of global greenhouse gas emissions come from infrastructure construction
and operations such as power plants, buildings, and transport. The World Health Organization
projects that the number of deaths attributable to the harmful effects of emissions from key
infrastructure industries will rise from the current 150,000 per year to 250,000 by 20308.
Alongside government commitments, we are now seeing a sea change in societal demands with
consumers increasingly choosing companies who share their environmental concerns. This shift
is driving an unprecedented level of confidence in the benefits of investing in a cleaner, more
sustainable future.

2.2

Additional Infrastructure Resilience Challenges and Opportunities

In the context an ever-increasing demand due to rapid urbanisation as well as during the Covid19 crisis, there are parts of our critical infrastructure that are lacking, and new opportunities and
needs are emerging.
Urbanisation and Population Growth
More than one half of the world population now lives in urban areas, and virtually all countries
of the world are becoming increasingly urbanized. This is a global phenomenon that has
nonetheless very different expressions across regions and development levels: richer countries
and those of Latin America and the Caribbean have already a large proportion of their population
residing in urban areas, whereas Africa and Asia, still mostly rural, will urbanize faster than other
regions over the coming decades. These trends are changing the landscape of human settlement,
with significant implications for living conditions, infrastructure requirements, the environment
and development in different parts of the world9.
Underinvestment
Growth and market demand have outpaced the provision of good quality infrastructure. Although
there is widespread consensus among governments and businesses on the importance of
infrastructure to a growing economy and evolving society, the world on average continues to
underinvest. We also need to layer the growth requirements and the replacement requirements
for the future. Worldwide investment in infrastructure is expected to be $79 trillion by 2040.10
However, the actual global investment need is closer to $97 trillion. To close this $18 trillion gap,
average annual global infrastructure investment would need to increase by approximately 23%
per year. While public-sector budgets may be insufficient to finance the infrastructure
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governments need to build, some are finding new ways to tap into the global capital markets and
encourage more private sector investment in the sector. For example, using concessional climate
finance from sources such as the Green Climate Fund and the Climate Investment Funds, it is
possible for governments to assume a first loss position, reducing risk for private investors.11
Ageing and stranded assets
Infrastructure in many developed countries was largely built during a post-war, post-colonial or
post-Soviet boom. Nearly eight decades on, much of it has deteriorated and needs to be replaced.
This provides opportunity to rehabilitate or retrofit infrastructure in a way that enhances the
overall resilience of the system and it is sustainable. This is particularly true in developed markets
where investment is predominantly required for infrastructure replacement and upgrading
purposes. Conversely, in developing countries there is an opportunity to develop sustainable and
resilient new infrastructure required to enable economic development and meet basic needs.
Pushed by the loss of demand due to Covid-19 and the pressure of international commitments,
there’s a drastic increase in stranded assets as well. For example, the International Energy Agency
has warned that, if we are to meet Paris’ “well below 2°C” target, 1715GW of fossil fuel power
generating infrastructure must be shut down before its expected lifetime. There’s no better time
for stakeholders to rethink their current assets that are not able to meet a viable economic return
and which are likely to see their economic life curtailed due to a combination of technology,
regulatory and/or market changes.

Automation, digitisation, and other technological innovation
The many opportunities associated with increasing digitisation include increasing efficiency,
flexibility and ability to anticipate issues and respond quickly.Error! Bookmark not defined. As a result,
critical Infrastructure around the world has become almost completely dependent on automated
control systems, often referred to as Operational Technology (OT) or Industrial Automation and
Control Systems (IACS). The Internet of Things is a reality in many other sectors; sensors and
wireless technologies enable equipment and assets to become “intelligent” by connecting them
with one another. Examples include power production and distribution, railway signaling, flight
control, traffic light control, water management and many more. Some of these systems may be
vital to a nation’s security. For all, safe and reliable operation is essential.
The advances in Information Technologies (ITs) are providing IACS with a great capacity for
interconnection and adaptability. Developing countries have also benefited by being able to
leapfrog to smarter, more sustainable systems. Digitisation of infrastructure comes with
increasing sophistication and ease of use but also brings an increasing chain of dependencies.
The impact of digital technologies on human factors, and vice versa is an important area to
understand.12 Consequently, it is essential to develop methodologies for the identification and
subsequent classification of the ICS that intervene in critical infrastructure assets with any level
of complexity, scalability and heterogeneity.13

International Commitments
Infrastructure is crucial for development. From transport systems to power-generation facilities
and water and sanitation networks, it provides the services that enable society to function and
economies to thrive. This puts infrastructure at the very heart of efforts to meet the Sustainable
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Development Goals (SDGs).14 The Covid-19 crisis is a wake-up call and an unprecedented
opportunity to build back better, with a renewed focus on resilience. Alongside COVID-19, there
is a more pressing crisis – the climate emergency. We are now at the stage where we must invest
more in building resilience and sustainability into our infrastructure.
The Paris Agreement, the 2030 Agenda for Sustainable Development—which supports the
Sustainable Developments Goals (SDGs) developed by UN member states—the New Urban
Agenda and the Sendai Framework for Disaster Risk Reduction all require investments that
deliver disaster resilient infrastructure that supports sustainable development.
Also in 2015, the Sendai Framework for Disaster Risk Reduction 2015 – 2030 set out to achieve
“[t]he substantial reduction of disaster risk and losses in lives, livelihoods and health and in the
economic, physical, social, cultural and environmental assets of persons, businesses,
communities and countries”. The Framework prioritises investing in disaster risk reduction for
resilience. In addition, the Framework highlights the enhancement of disaster preparedness to
effectively respond and to “Build Back Better” in recovery, rehabilitation, and reconstruction.
Building on all of the previous ambitions, in 2016, the United Nationals Conference on Housing
and Sustainable Urban Development (Habitat III), adopted the New Urban Agenda, a declaration
on sustainable cities and human settlements for all. It aligns itself with the Sendai Framework by
committing to “strengthening the resilience of cities and human settlements, including through
the development of quality infrastructure and spatial planning, by adopting and implementing
integrated, age- and gender-responsive policies and plans and ecosystem-based approaches” and
promoting the development of infrastructure that is both resilient and resource efficient,
including through the use of nature-based solutions.
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3. Key Concepts
3.1

Resilience

Resilience is defined as:
'the ability of a system or community, exposed to hazards, to resist and absorb the
hazard; recover from it or transform if conditions require it to, in a timely and
efficient manner, including through the preservation and restoration of its essential
basic services and functions.' 15
Resilient infrastructure is essential for the safety, well-being, sustainability, and economic
prosperity of cities. (Transformation through infrastructure, World Bank 2012). Goal 9 of the UN
Sustainable Development Goals (SDG) is to ‘Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation’. Resilient infrastructure also links with Goal
11: Making cities and human settlements inclusive, safe, resilient and sustainable, as well as being
a key aspect which underpins all other SDGs .16
Infrastructure resilience embraces three key concepts17:
1. Withstand and endure: The capacity of infrastructure systems to continue to perform and
provide their intended functions in the face of shocks and stresses.
E.g. A 8.2 magnitude earthquake in Concepcion, Chile in 2014 was the eighth largest in recorded
history, but only light damage to property and 7 fatalities– largely to due to the rigorous
implementation of building codes which require multiple-storey buildings to be capable of
withstanding a 9.0 earthquake. 17
2. Learn and adapt: The ongoing process of evaluating and adapting performance (systems,
processes and assets) to better cope with shocks and stresses. This can also be described as
‘adaptive capacity’.
E.g. The city of Ho Chi Minh in Vietnam sits low in the Mekong River delta and boasts a vast series
of flood-defence measures including a major dam. However, rapid urbanisation and climate
change have exposed the city to new flood vulnerability. Over recent years the city has retrofitted
and adapted existing defences, incorporated ecosystem management and undertaken water
supply interventions to improve existing water management, rather than build additional dykes.
Error! Bookmark not defined.

3. Achieve transformational change: Infrastructure functions evolve at system level to meet
rapidly changing urban needs and better support city-scale resilience.
E.g. The City of London has adopted a comprehensive transport mode shift strategy to address
congestion and manage exponential growth in network demand. A shift towards public and
passive transport modes prevented almost two million additional car trips per day during 2012
alone. Cycling is now the fastest growing transport mode in London.17
The City Resilience Index18 research also suggests that resilient systems also demonstrate
certain qualities – inclusiveness, integration, reflectiveness, resourcefulness, robustness,
redundancy and flexibility. (Annex I). These qualities can be helpful to inform the design of
infrastructure and other systems.
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These resilience concepts and qualities can be embedded throughout the infrastructure project
cycle from infrastructure planning and finance, through to design, construction, operation and
ultimate decommission. See section 3.7.
Resilience vs Disaster Risk Reduction/Management (DRR/M)
Traditionally, a DRR/DRM approach seeks to treat and reduce risk (hazard x exposure x
vulnerability) of particular assets and/or people, from specific, known hazards19. DRR/DRM has
traditionally focused on natural hazards such as earthquakes, flood etc. but has evolved to also
include human-induced hazards like war and pandemics. With resilience the focus is on building
underlying capacity of a system to manage uncertainty, including a range of hazards, both
known and unknown and various combinations of hazards and threats which may include
economic (financial crisis, unemployment), social (labour strike, unrest) etc.20 A resilience
approach places additional emphasis on our providing key services that protect us and connect
us whatever the future has in store. the facilitation of adaptation in the face of disruption.21 22
DRR/DRM and resilience can be considered complementary approaches to reducing the impact
of shocks and stresses.
The resilience concept offers the possibility to include societal aspects by taking into account the ability to absorb
external shocks.

While these studies will place additional focus on natural hazards, the focus will
extend beyond traditional disaster risk reduction which is founded on risk assessments that
relate to specific hazards. Instead, such a resilience approach responds to the idea that a wide
range of disruptive events – both stresses and shocks – can occur but these are not necessarily
predictable in nature or intensity.
Engaging with resilience
People and organisations have struggled to engage with resilience for various reasons. Efforts
have always been taken to help address the human suffering in the immediate aftermath of an
extreme event, but the scale of these disasters have been long in the making, due to a compendium
of social, economic, and environmental challenges, and because strategies that were designed to
address crisis and natural shocks were narrow. Resilience as a concept is still new and ill-defined
and spans many different disciplines, sectors, and silos. Although the current understanding of
the potential risks posed to stakeholders is improving, there has been much less emphasis on
understanding how stakeholders can use their influence to promote broader societal resilience
to climate-related perils.

3.2

Infrastructure Systems

A City system relies on the operation of a complex web of infrastructure, institutions, and
information systems to perform the essential functions every day. Systems may be physical
such as energy infrastructure, road and bridges, housing and shelter or ecosystems. They may be
non-physical/social processes/practices or behaviours such as labour standards and legal
rights, building codes & standards, culture, community cohesion or social relationships. It could
also be exchanges of material and influence between cities and surrounding landscapes.
Infrastructure systems should be understood as being part of wider complex socio-technical
systems. In a socio-technical system, the social infrastructure elements, technical infrastructure
elements and the environment continuously interact with each other and their behaviour cannot
be fully understood without acknowledging these interactions.23
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Urban infrastructure plays a critical role in enabling communities and businesses to survive and
flourish in the face of threats. Critical infrastructure comprises of those infrastructure elements
(facilities, systems, sites, property, information, people, networks and processes), the loss or
compromise of which would result in major detrimental impact on the availability, delivery or
integrity of essential services, leading to severe economic or social consequences, loss of life or
an irreversible change in the nature of the physical environment, including urban climate,
hydrology, and soils.
Cities around the world rely on a variety of infrastructure systems that support the wellbeing and
growth of cities, their communities and economies.24 A “systems” view can help to better
understand the essential functions that are provided by a combination of manmade assets,
natural ecosystems, social resources, finance, regulatory systems (governance), markets (end
user) and behaviours. (see Figure 1, below)

Figure 1. Urban Infrastructure Systems and Interdependencies © Arup 25
Urban infrastructure systems can be understood across three main functions, according to the
type of function they provide24:




Protect: Systems such as flood protection, landslide barriers and civil defences protect
urban settlements from natural and manmade hazards.
Provide: Systems that provide cities with resources to meet basic human needs, such as
water supply, energy networks and public health infrastructure.
Connect: Systems that support movement within and beyond city boundaries, including
flows of people, goods and services (transport networks) and information (ICT).

Urban infrastructure plays a critical role in enabling communities and businesses to survive and
flourish in the face of threats26. Yet, infrastructure systems are themselves subject to increasing
levels of risk, driven by a range of critical trends that are shaping cities globally.
Page 9 of 36

Infrastructure system performance can change under different conditions. Shocks and stresses
such as natural disasters and terrorism can place additional strain on infrastructure systems due
to direct damage, can change the role which an infrastructure system plays within a city, or can
trigger demand for new and additional resources to maintain or restore functionality.

3.3

Interdependencies between infrastructure systems

Infrastructure systems can support human wellbeing directly, such as the provision of potable
water. However, they can also support other infrastructure systems. For example: energy
networks provide power to operate water pumping stations, sewerage treatment plants and
hospitals. Any given system will be dependent upon other systems: energy systems depend upon
public and private transport infrastructure for fuel supply and access and repair of critical assets.
These interactions are commonly referred to as interdependencies. Understanding infrastructure
system interdependencies can demonstrate how changes in performance under shock or stress
events can have far-reaching impacts beyond a single infrastructure system. 17
Critical infrastructure is in constant interaction with its environment, using and transforming
input from the environment to provide outputs to the same environment. It is nearly impossible
to adequately analyse or understand the behaviour of a given infrastructure in isolation from the
other infrastructures or the environment.27
During the Great East Japan Earthquake in 2011, the initial earthquake caused a tsunami which
flooded the lower part of the Fukushima Daiichi reactors and led to three nuclear meltdowns,
three hydrogen explosions, and the release of radioactive contamination. These incidents show
that even well-prepared countries can be caught off guard. The Japanese example also shows that
the unexpected effects of cascading disasters on the environment can be felt for many years.
Contaminated water and soil management is still a problem in Fukushima today.
Figure 1 illustrates the complex web of connections between key urban systems in which
essential services which provide citizens with their basic needs, are in an interdependent
relationship with each other and wider social, economic and governance systems.
The interactions between critical infrastructure and its environment can be characterized into
three categories:






Dependencies on other systems. The products or services provided to one
infrastructure by another external infrastructure that are necessary to support its
operations and functions.
Internal dependencies. The interactions among internal operations, functions, and
purpose of the infrastructure. Internal dependencies are the internal links among the
assets constituting a critical infrastructure (e.g., an electric generating plant that depends
on cooling water from its own onsite water well).
Impacts on other systems. The consequences to a critical infrastructure’s users or
recipients from the degradation of the resources provided by a critical infrastructure.

Increased interconnection between critical infrastructure networks, such as electric power and
communications systems, has important implications for infrastructure reliability and security.
More recently, technology and automation have enabled better interconnections however, this
can also introduce new failure mechanisms: cyber-attacks may reach a larger number of critical
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components28 and outages may propagate through the network, increasing the risk of systemwide cascading failures.

3.4

Exposure and vulnerability of infrastructure systems

Cities are socioeconomic hubs29. In many countries, it is estimated that 70 to 80 per cent of the
gross domestic product (GDP) is produced in urban areas30. Indeed, cities are the locations where
the capacity of our economic development, the future of societies and the world’s ecosystem will
play out 29. The increasing concentration of population in urban areas, together with the high
density of assets and the socio-economic and spatial vulnerabilities that characterize many cities,
makes urban centres more susceptible to the risk of being severely affected by natural hazards
than rural settings31.

Figure 2. Relationship between Risk, Hazard, Exposure and Vulnerability, UNISDR 201732
According to UNDRR (2017) terminology, the definition of disaster risk reflects the concept of
hazardous events and disasters as the outcome of continuously present conditions of risk.
Hazard: A hazard is a process, phenomenon or human activity that may cause loss of life, injury
or other health impacts, property damage, social and economic disruption or environmental
degradation. Hazards may be natural, anthropogenic or socio-natural in origin.
Exposure: The situation of people, infrastructure, housing, production capacities and other
tangible human assets located in hazard-prone areas.
Vulnerability: The characteristics determined by physical, social, economic and environmental
factors or processes which increase the susceptibility of an individual, a community, assets or
systems to the impacts of hazards.
It is widely acknowledged that risk in cities is distributed unevenly, both socially and spatially.
When exploring who is most at risk – to everyday hazards, disasters and climate change impacts
– the term vulnerability is widely used because it brings in notions of threat, risk or stress, of
insecurity and of lack of power to address these. For example low-income households are often
hit hardest by extreme weather because of greater exposure to the hazards (as only on high risk
sites can they find accommodation), poor quality housing, lack of hazard-removing
infrastructure, less capacity to cope with the impacts, less adaptive capacity (to reduce risks from
future events), less state provision and less legal protection or insurance.
Vulnerabilities are especially high where infrastructures are subject to multiple threats and are
already stressed (e.g. over capacity, ageing) particularly when they are located in areas already
exposed to extreme events resulting sometimes in cascading impacts over several infrastructure
systems.
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For example, Cyclone Fani was the strongest tropical cyclone to strike the Indian state of Odisha
since the 1999 Odisha cyclone. It wrought havoc in the district affecting more than 3 million
people. Fani killed at least 89 people in eastern India and Bangladesh and caused about US$8.1
billion in damages in both India and Bangladesh, mostly in Odisha, in India. The storm destroyed
several transmission towers and uprooted 156,000 utility poles in the city of Cuttack. Most of the
city was cut off as road communication was disrupted due to uprooted trees at many places and
power supply was cut off. Consequently, lack of telephone, mobile and internet networks affected
communication in the district rendering emergency and essential services paralysed. The
combination of high density population and poor construction without effective cyclone
resistance made Cuttack highly vulnerable.
The inadequacy of the existing infrastructure in urban areas and poor management and
governance has reduced cities’ ability to cope and respond quickly to extreme events. Hence it is
important for cities to be able to undertake a rapid assessment of their exposure and
vulnerability, in order to understand where they need to build their capacity to plan for
adaptation, and to develop infrastructure systems which will not lead to cascading failures of
other elements or related systems and delivery of key services.

4. Priority Areas for Research
Two complementary agendas exist for building infrastructure resilience.


Upstream agendas seek to move away from sectoral approaches and create a pipeline of
infrastructure investment which delivers resilience to a given location, and the ability to
maintain critical service functionality with respect to protect, provide, connect.



Downstream agendas look at a specific infrastructure sector and consider how to build or
enhance resilience in that system, generally and/or to specific shocks and stresses.

An alternative way of considering infrastructure resilience is across the infrastructure lifecycle.
Resilience thinking must be embedded in each step of this journey. This can be achieved, for
example, by introducing strategies and measures that respond to the three key concepts of
infrastructure resilience and qualities of resilient systems presented in Section 3.1.
Planning and Prioritisation
In order for resilience to be effectively integrated into the lifecycle of infrastructure, a facilitating
enabling environment must be in place that factors in complexity and uncertainty. Plans and
policies must be sufficiently dynamic in order to account for multiplicity of economic, social,
spatial, and physical factors, involving a wide range of stakeholders. Hence, to ensure urban
resilience, decision-makers must integrate suitable approaches and practices across a multitude
of sectors such as transport and land use, public health, and housing33. These interventions can
mandate specific design and construction regulations, that literally build resilience into physical
assets, such as more robust flood defences, embracing the withstand and endure concept of
infrastructure resilience.
Alternatively, effective policy can steer public behaviour towards more resilient practices, such
as in the case of transport, by enabling access to and incentivising the use of public transport and
active travel options34. Often, decision-makers must combine both physical and non-physical
solutions, such as with land use policy, where a community must consider disaster risks and their
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spatial distribution, to steer more sustainable land development and use, and thereby reduce the
vulnerability of poor people who are often settled on degraded sites with significant risks and
constraints35.
Robust risk and vulnerability assessments help to determine the extent to which assets and
projects are exposed to and the capacity they have to adapt to shocks and stresses. Such
assessment will help planners to prioritise the most vulnerable aspects and focus solutions to
elevate, mitigate or adapt to the risks identified, thus enhancing the resilience of the asset
efficiently. The prioritisation process is made more robust by involving a set of relevant and
diverse stakeholder in the process36.
Feasibility, Project Preparation and Financing
It is no longer appropriate for infrastructure assets to be considered external from the natural
system in which they are situated, given the rapidity with which the boundaries of the natural
system are shifting. Infrastructure assets and systems must now be prepared for a changing
climate, more frequent and intense severe weather events and denser concentrations of
communities living in at-risk areas, such as in coastal region exposed to shocks and stresses, e.g.
seismic events, and sea level rise37. Resilient preparations must therefore internalise
contingencies to account for these changing conditions, to ensure continued coverage in the event
of the failure of the primary source.
Adequate budgeting strategies and financial safeguards that acknowledge such risks and
vulnerabilities contribute to more resilient resources. Such as in the case of insurance, which can
make a significant contribution to resilience in cities, through incentivising robust risk
management and providing financial and material support following loss events. In order to
achieve these aims, insurers require qualitative and quantitative measures of risk, together with
detailed analysis of potential concentrations of risk from extreme events38.
Resilient Design, Procurement and Construction
Resilient design should, when possible, consider numerous, occasionally competing aspects
including robustness, flexibility and redundancy. The actual risks in a given situation may not be
a straightforward choice between different infrastructure solutions39. For example, reafforestation upstream or re-planting of mangroves in a coastal delta may be more resilient than
‘hard’ engineering solutions such as debris flow or flood defence barriers, see Box 1 for more
details on nature based solutions. Different physical risks (e.g. sea-level rise and flooding) should
also be considered alongside other considerations (e.g. long-term sustainability, livelihoods) so
that a fail-safe is built in and resilience is not viewed as something that will affect the detailed
design of a piece of infrastructure, but rather sets the context for how overall community/local
economic resilience is delivered. Embracing the concept of learn and adapt will help to strengthen
adaptive capacity in this way.
At the very least, poor construction quality affects the usability and/or aesthetics of a building –
but in some cases, it can seriously impact the health and safety of those that live and work in
poorly built constructions. We saw the devastating effects of poor design quality when Grenfell
Tower caught fire in 2017 in London, which lead to the deaths of 72 people40.
Additionally, resilience can be integrated into the design and construction of infrastructure, by
procuring sustainable materials and sourcing local resources, such as supplies, labour and
knowledge where possible and appropriate41.
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Operation, Maintenance and Decommissioning
The dynamic and adaptive monitoring, control and security of critical infrastructure and
processes are extremely important aspects to consider in order to avoid the disruption of their
normal operation, either due to attacks, natural disasters or component failure, or to ensure that
these assets continue to function after an extreme weather event. Alongside fail-safes integrated
into the design of an asset, actions must be undertaken to continuously manage and anticipate
disruptions to normal operations, in order to respond to shocks and stresses rapidly and
effectively as and when they occur. Proactive management strategies can involve collecting data
on the condition of assets and taking actions in advance to help withstand or endure shocks and
stresses to prevent an impact on infrastructure services42. As an example, sector specific business
continuity measures that foresee disruption to a transport system linking employees with their
place of work might put into place early warning systems, informing workers of possible
disruption, mapping and communicating alternative routes to connect workers and businesses,
and enabling remote working when alternatives routes are unavailable or, as is the case with the
ongoing pandemic, traditional working environments present risks to employees. As with any
asset, resilient interlinkages between assets are therefore paramount to ensuring resilient
operations. Similarly, when considering the decommissioning of infrastructure assets, broader
considerations around the system at large must be taken into account. It is critical that the service
that the asset was providing, unless it has become obsolete as the system evolves, must be
performed by another asset or a system of other assets, so as to ensure that system resilience is
not compromised. This does not necessitate a like-for-like replacement and is more easily
achieved in a more integrated, holistically managed system43.
Wider Systems Resilience Building
As is the case with infrastructure projects, infrastructure systems must abide by the concepts of
withstand and endure, learn and adapt and achieve transformational change, in order to fulfil their
function to protect, provide and connect. It is therefore important to consider not just how
systems interact with each other spatially, but also how those systems can learn, adapt and
change over time. Similar to lifecycle considerations at the asset level, temporal consideration of
infrastructure systems is a useful tool in assessing the robustness of a system and understanding
how risks and vulnerabilities can be addressed to increase its resilience.
System-wide and high-level resilience planning and prioritisation can provide a robust
foundation for enhancing resilience throughout a system. As with assets, identifying the most
vulnerable aspects of a system through effective planning, can help to set intervention priorities
and increase the efficiency with which the system is made more resilient. In addition, a measure
of affordability can help to identify solutions that are most suitable when resources or budgets
are constrained 44.
To use the COVID-19 pandemic as an example, it has been critical that under prolonged strain,
transport, logistics, communication, health care and education, economic and socio-cultural
systems have continued to operate at sufficient capacity, so as to minimise the risks of individuals
exposed to the virus and to shore-up the system-of-systems, successful responses to the
pandemic are ones that achieved transformational change.
City Operational Resilience
By embracing the three key infrastructure resilience concepts outlined in Section 3.1 across the
entire lifecycle of an infrastructure asset or project and across the system more generally, as
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discussed above, a city can bolster its operational resilience. What the preceding sections
highlight, is that urban infrastructure does not operate within a vacuum, siloed from the assets
and resources surrounding it. As a highly complex system-of-systems, a city’s resilience, and its
ability to ensure business continuity in the wake and aftermath of shocks and stresses, must
therefore be addressed by each individual asset, within each system and across their numerous
interdependencies.
The immediate response to contain and triage the issue must therefore be rapid, thus ensuring
the minimising of damage and avoiding potential cascading failures across system interlinkages45.
Equally, robust recovery strategies must be in place to get resources back up and running after a
disaster has been contained, focussing on the most vulnerable and at-risk elements first. This will
ensure that the system-of-systems continues to operate at a sufficient, if reduced, capacity,
thereby safeguarding resilience.
In practice, delivering resilience will require coherence with the international agendas as well as
effective integration across multiple scales, from local to global. Some approaches to framing or
assessing resilience focus either on urban assets or systems, and consider man-made
infrastructure, the natural environment, urban management and human behaviour to varying
degrees. Asset-based approaches tend to focus on physical assets, rather than considering
intangible assets that influence human behaviour, such as culture, social networks and
knowledge33. They neglect the role that these assets play in city systems, and, therefore, overlook
the importance of assets outside the city boundary; for example, a reservoir that may be a critical
part of the water supply or flood management system. System-based approaches align more
closely with the concept of resilience, and the long-standing notion of cities as ‘systems of
systems’.6

Box 1: Green and Blue-Green Infrastructure
Not all infrastructure resilience measures, and supply solutions need concern hard
infrastructure interventions. Oftentimes, solutions that work with, or are inspired by nature
can be honed, in order to increase the resilience of the wider system. Nature-based solutions
(NbS) for climate change adaptation and disaster risk reduction are actions that work with and
enhance nature to restore and protect ecosystems and to help society adapt to the impacts of
climate change and slow further warming, while providing multiple additional benefits
(environmental, social and economic).46
Ecosystems and natural resources form part of the complex web of a larger city system. NbS as
an approach to green infrastructure (GI), can help to internalise and strengthens these systems
within the wider city ‘system-of-system’, offering complementary or alternative measures to
more traditional grey infrastructure solutions; a more holistic approach thus ensuring that
infrastructure is more climate resilient.
NbS provide an ecosystem-based, multi-functional and multi-dimensional approach to societal
challenges, such as climate change, disaster risk reduction and food and water security. Their
applications are wide-ranging, from the restoration of degraded farmland, to the protection of
watersheds in order to secure urban water supplies47. Given their holistic approach, often
providing cascading benefits and co-benefits over longer temporal scales, the process of
evaluating and quantifying their outcomes remains complex, relying on thorough analysis and
effective follow-up monitoring. Though often cost-effective, their implementation is hindered
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by the current policy environment. Proactive and innovative policy making could allow NbS to
be integrated into spatial development, strategy development, environmental protection, and
low carbon economy planning48. Influenced by society’s growing awareness of the need to
address climate change, the increased willingness to invest in cleaner, more sustainable futures
could provide the socio-cultural impetus needed for cities to integrate NbS into their
governance strategy, budgets, and planning approaches.
Blue-green infrastructure BGI solutions are most typically associated with managing urban
flood risks, such as through re-naturalised rivers and retention and detention ponds 49 and is
closely associated with urban greening, as a green infrastructure approach, which presents
another climate resilient solution to urban development. BGI and urban greening solutions
look to introduce multi-functional blue/green spaces and features, highlighting ecosystem
principles50. By connecting urban systems to the biosphere, BGI and urban greening promote
active travel and supports mental and physical wellbeing, thereby addressing and improving
the basic needs of the health and social welfare, which contribute to a more prosperous
livelihoods and robust economies within cities. Moreover, increased urban greening can
reduce the negative effects of urban heat islands and make cities more resilient to heat waves.
Parks, woodlands, and naturalised waterways also act as carbon stores, provide sustainable
drainage, and reduce run-off during flooding 51. These features combine to increase a city’s
resilience to natural hazards, whilst also strengthening the overall system.
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5.

Existing studies, tools and guidance for urban
and infrastructure resilience

In recent years, research on the resilience of critical infrastructure has increased considerably,
resulting in various resilience definitions, approaches, and enhanced strategies. Yet there remain
challenges implementing resilience in practice, the result of a complex web of research that
spread across numerous fields of study.
Annex III outlines key urban and/or infrastructure resilience assessment tools created in recent
years. This is not an exhaustive list but details some key frameworks which might influence the
infrastructure resilience assessments of this study. The tools and frameworks detailed in
annex III can largely be summarised as upstream and downstream resilience assessment
tools.
As discussed in section 3.7, the upstream tools move away from sectoral approaches and
examine the infrastructure investment pipeline (to protect, provide, connect) which
depending on how it is developed, may or may not deliver resilience to a given location. For
instance, the International Finance Corporation (IFC), the Green Climate Fund (GCF), the World
Bank are all advocating for the development of ‘resilient pipelines’ or programmes. That is
pipelines of investments that are generated based on vulnerability assessments for a country,
climate resilience goals, critical infrastructure and interdependency analysis and then financed
and implemented.
Other tools and frameworks take an even broader, more holistic approach, moving away from an
explicit infrastructure focus and instead focusing on wider aspects of urban resilience. These
frameworks include the Arup and The Rockefeller Foundation’s City Resilience Index, UNDRR’s
Unbreakable: Resilience Indicator Toolbox, CAT-I, City Resilience Program etc.
Downstream tools and/or frameworks look at a specific infrastructure sector or asset and
consider how to build or enhance resilience in that system, generally and/or to specific
shocks and stresses. These tools include Power Sector Resilience Planning Guidebook, WASH
Climate Resilience, CAESAR, GRRASP, Critical Infrastructure Protection Decision Support System
(CIPDSS) etc.
Some tools like the World Bank Resilience Infrastructure Tool may be a useful starting point to
conducting an infrastructure resilience assessment in a city. The tool includes detailed Activity
Checklists and Activity Forms that support the integration resilience considerations throughout
the project lifecycle, usable at any stage of the lifecycle. The tool positions climate-resilience as
the starting point for infrastructure design and is both simple and practical in nature, which
makes it very relevant for these studies. This can be used as is or developed for further adaptation
on notification to the World Bank.
The exact infrastructure resilience priorities/agendas of municipalities will depend on the stage
of development of that city with respect to infrastructure and wider institutional factors. There
is therefore value in conducting studies in cities across a range of contexts as detailed in Annex
II. Some cities will be at the stage of developing a sophisticated infrastructure resilience pipeline,
others will be prioritising the integration of fundamental risk reduction and resilience building
activities into existing infrastructure systems, while others will be somewhere in between. The
Resilience Infrastructure Tool might therefore, in some cases, be complemented by partial
integration of a more upstream focused framework.
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6.

Scope of work

The studies will involve an in-depth assessment of the infrastructure resilience of 20 target
cities. Assessments will involve both desktop research and in-depth primary field study. The
underlying sampling process for the selection of cities is detailed in annex II.
With Cuttack as a pilot city, all other studies will preferably be undertaken by one contracted
entity who will also produce a synthesis report on the study process and overarching findings.
Traditional infrastructure risk management involves a “predict and prevent” approach to
evaluate hazards and take appropriate action to mitigate critical infrastructure asset risk. This
approach is increasingly difficult in urban settings due to the diversity of hazards, size of assets,
population and GDP at risk, human vulnerability, complexity of urban systems and future
uncertainty. A “systems” view helps to better understand infrastructure-performance by looking
beyond manmade assets to also consider natural resources, human resources, finances,
governance structures and behaviours at the city scale. This has been illustrated in Figure 3.

Figure 4: Nested Systems and Increasing Scale ©Arup

These studies will explore the following aspects and identify any gaps in them:
a) Key urban infrastructure systems, their function and interdependencies
b) Major current/future hazards and threats to urban infrastructure systems, including existing
exposure and vulnerability, potential impact of future climate change scenarios, and
dependencies on other urban infrastructure systems.
c) Physical and operational resiliency measures in place (for each infrastructure sector/system
and with respect to wider systems interdependencies).
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d) Wider social, economic and environmental dependencies and interdependencies. E.g. the
cascading socio-economic impacts and/or resiliency of a city related to the failure of water
service, energy provision etc.
e) City governance, finance and broader institutional arrangements which support or limit the
level of resilience within city infrastructure systems (e.g. construction codes, emergency
arrangements, coordination mechanisms, revenue streams etc)
f) Analysis of the current status of upstream infrastructure resilience planning and the presence
of a pipeline which protect, provide and connect citizens in the face of current and future
shocks and stresses.
Steps a-f will be addressed through an infrastructure resilience framework(s). It will likely not be
necessary to create an entirely original assessment framework. Instead, the contracted entity is
encouraged to review existing urban infrastructure resilience frameworks, including those listed
in Annex 3, and select and or modify an appropriate framework which robustly captures the
above points a-f, and which can be applied across study cities. Section 4 identifies tools Disaster
Resilience Scorecard for Cities and Resilience Infrastructure Tool as particularly useful tools to
assess upstream and downstream infrastructure resilience, but modification and application will
depend on city context including stakeholder engagement and should therefore the assessment
framework should be formalised with CDRI during inception.
These studies will produce:
1. Individual city infrastructure resilience reports which:
 Outline the current city infrastructure resilience, addressing points a-f.
 Priority physical/operational recommendations to increase the resilience of specific
critical city infrastructure systems. Based on the gap analysis, this step could involve
robust financial analysis and an investment pipeline.
 Organisational measures to increase the resilience of specific critical city infrastructure
systems could be recommended based on the gap analysis, considering the relationship
and processes of key sector/system stakeholders.
 Institutional recommendations which may have broad application across city
infrastructure systems but which are grounded in local and national policy context.
2. An Urban Infrastructure Resilience Toolkit, which collates recommendations from an
analysis by city typology and provides overarching physical, organisational and institutional
infrastructure resilience recommendations.
***
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Annex I: Resilience Qualities
Reflective systems are accepting of the inherent and ever-increasing uncertainty and change in
today’s world. They have mechanisms to continuously evolve and will modify standards or norms
based on emerging evidence, rather than seeking permanent solutions based on the status quo.
As a result, people and institutions examine and systematically learn from their past experiences
and leverage this learning to inform future decision-making.
Robust systems include well-conceived, constructed and managed physical assets, so that they
can withstand the impacts of hazard events without significant damage or loss of function. Robust
design anticipates potential failures in systems, making provision to ensure failure is predictable,
safe, and not disproportionate to the cause. Over-reliance on a single asset, cascading failure and
design thresholds that might lead to catastrophic collapse if exceeded are actively avoided.
Redundancy refers to spare capacity purposely created within systems so that they can
accommodate disruption, extreme pressures or surges in demand. It includes diversity: the
presence of multiple ways to achieve a given need or fulfil a particular function. Examples include
distributed infrastructure networks and resource reserves. Redundancies should be intentional,
cost-effective and prioritised at a city-wide scale, and should not be an externality of inefficient
design.
Flexibility implies that systems can change, evolve and adapt in response to changing
circumstances. This may favour decentralised and modular approaches to infrastructure or
ecosystem management. Flexibility can be achieved through the introduction of new knowledge
and technologies, as needed. It also means considering and incorporating indigenous or
traditional knowledge and practices in new ways.
Resourcefulness implies that people and institutions are able to rapidly find different ways to
achieve their goals or meet their needs during a shock or when under stress. This may include
investing in capacity to anticipate future conditions, set priorities, and respond, for example, by
mobilising and coordinating wider human, financial and physical resources. Resourcefulness is
instrumental to a city’s ability to restore functionality of critical systems, potentially under
severely constrained conditions.
Inclusion emphasises the need for broad consultation and engagement of communities,
including the most vulnerable groups. Addressing the shocks or stresses faced by one sector,
location, or community in isolation of others is an anathema to the notion of resilience. An
inclusive approach contributes to a sense of shared ownership or a joint vision to build city
resilience.
Integration and alignment between city systems promotes consistency in decision-making and
ensures that all investments are mutually supportive to a common outcome. Integration is
evident within and between resilient systems, and across different scales of their operation.
Exchange of information between systems enables them to function collectively and respond
rapidly through shorter feedback loops throughout the city.
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Annex II: City Sampling Framework
This suite of studies should examine 20 global case study cities. With the criteria below as an
example in Figure 5, city typologies may be proposed or developed. One of the most valuable
objectives of this suite of studies is to develop a process template / workbank of solutions that
can be applicable within these different city types. A sample of location of cities by population
size and level of exposure to natural disaster is shown in Figure 6. Further suggestions of metrics
to select cities and city typologies are welcome.
The exact cities will be agreed between contracted entity and CDRI at time of inception.

Figure 5: City Sampling Framework
* The recommended framework #18 requires a level of stakeholder/city apetite and buy-in. (It has to be a
priority of the city to improve its urban infrastructure resileince. This coukd also be a criteria in ultimate
country/city selection.
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Figure 6: Location of cities by population size and level of exposure to natural disaster Source: World
Urbanization Prospects: The 2018 Revision; Dilley et al. (2005)
Disclaimer: The designations employed and the presentation of material on this map do not imply the expression of any opinion
whatsoever on the part of CDRI concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries.
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Annex III: Examples of existing studies, tools and
approaches of infrastructure resilience

Figure 7: Matrix of selected existing infrastructure resilience studies, tools and approaches.
Holistic Urban Resilience Studies and Frameworks
1. The World Bank Group and the Global Facility for Disaster Reduction and Recovery (GFDRR)
City Resilience Program (CRP) empowers cities to pursue investments that build greater
resilience to climate and disaster risks, and to provide support to financing necessary to
ensure those investments come to fruition. CRP pursues three strategic objectives to move
toward this vision:
a) Cities have increased access to tools and technical support to effectively plan for
resilience.
b) Cities have increased access to multiple sources of financing to ensure that more
investment in resilience come to fruition.
c) Cities can leverage global partnerships to support their resilience objectives.
CRP supports cities across three main thematic areas:
 Planning for Resilience focuses on providing technical support to ensure that capital
investment plans are risk informed.
 Finance for Resilience zeros in on capital mobilization around urban resilience.
 Partnership for Resilience concentrates on advocacy and convening global expertise.
Together, these three thematic areas are key to helping cities address the resilience challenges of
the future. This type of study can catalyze a shift toward longer term, more comprehensive
multi-disciplinary packages of technical and financial services, building the pipeline for
viable projects at the city level that, in turn, build resilience.
2. Cities Alliance Joint Work Programme on Resilient Cities (JWP) was officially launched at COP
21. The JWP brings together members and partners to promote local resilience strategies
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through inclusive, long-term, urban planning processes. In keeping with the niche of Cities
Alliance, the JWP focuses specifically on addressing the resilience challenges of informal
settlements and the working urban poor. Member organisations who typically work on
resilience from one particular angle – such as the environment, slum upgrading or
urban poverty reduction – using this platform, joined forces and knowledge to adopt a
more comprehensive approach for stronger results.
3. 100 Resilient Cities – pioneered by the Rockefeller Foundation (100RC), aimed to enhance
city resilience through a programme of activities, including the appointment of a City
Resilience Officer (CRO), creation of a Resilience Strategy in each participating city, and the
sharing of knowledge and best practice through a global network of cities and service
providers. City strategy development was developed through partnership between the city
government and an external city partner, funded by 100RC. The holistic, multi-stakeholder
strategy development process helps cities to improve the robustness, flexibility and
inclusiveness of their systems, and to build resilience capacity across stakeholder groups.
This strategy is designed to articulate solutions that make 100 cities around the world
more resilient not only to physical challenges, such as floods and aging infrastructure,
but also to social challenges, such as cohesion and urban health, which can be applied
here as well. Please see below for The City Resilience Index tool in the Resilience Tools
and Frameworks section.
4. The Making Cities Resilient Campaign (MCRC) - launched in May, 2010 - addresses issues of
local governance and urban risk. The Campaign is led by the United Nations Office for Disaster
Risk Reduction (UNDRR) but is self-motivating, partnership and city-driven with an aim to
raise the profile of resilience and disaster risk reduction among local governments and urban
communities worldwide. Since being launched, the Campaign has strengthened local level
leadership and increased political will for disaster risk reduction. Please see below for the
Disaster Resilience Scorecard for Cities tool in the Resilience Tools and Frameworks
section.
Box 2: Other studies studies / frameworks currently being developed
Presently, the University of Oxford’s Environmental Change Institute has developed a
methodology that is testing in Ghana in cooperation with the Global Center on Adaptation
(GCA). The publication ‘A System-Wide Approach for Infrastructure Resilience: Technical
Note’ (January 2021) by ADB and GCA presents the approach and existing case-studies. The
World Bank publications “Lifelines: The Resilient Infrastructure Opportunity. Sustainable
Infrastructure Series” also describes the approach and present methods used to conduct
complex interdependency analysis. 1 Vulnerability assessments are based on widely accepted
methodology and approaches. ISO standard is preparing ISO 14091:2020 (TBC) “Adaptation
to climate change - Vulnerability, impacts and risk assessment” (expected early 2020). This
will provide a detailed process for undertaking vulnerability, impact and risk assessment,
following the language and principles set out in 14090. The ISO Standard 14090 ISO
14090:2019 “Adaptation to climate change - Principles, requirements and guidelines” was
published in June 2019. However, city scale assessments on the impact of climate change on
infrastructure, and adaptation required is not covered in this guidance.1
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Specific Infrastructure Resilience Studies and Guidance
5. USAID and NREL’s Power Sector Resilience Planning Guidebook is a reference for power
sector resilience planning that introduces policymakers, power sector investors, planners,
system operators, and other energy-sector stakeholders to the key concepts and steps
involved in power sector resilience planning. Users can then apply this knowledge in the
development of strategic, country-specific processes and identify actions that increase power
sector resilience. The resources in the guidebook can facilitate the step-by-step process
of identifying threats to the power system and their associated impacts, assessing
potential vulnerabilities, evaluating risk, and developing strategies to increase
resilience.
6. Partnering with The Resilience Shift, The Rockefeller Foundation and SIWI, the Arup City
Water Resilience Approach (CWRA) responds to a demand for innovative approaches and
tools that help cities build water resilience at the urban scale. The CWRA was developed to
help cities grow their capacity to provide high quality water resources for all residents, to
protect them from water-related hazards, and to connect them through water-based
transportation networks (“provide, protect, connect”). The approach details five steps to
guide cities through initial stakeholder engagement and baseline assessment, through
action planning, implementation and monitoring of new initiatives that build water
resilience
7. WASH Climate Resilience –The Global Water Partnership (GWP) is a global action network
with over 3,000 Partner organisations in 179 countries. This Strategic Framework consists of
4 quadrants which provide guidance on how to ensure resilient WASH services. To support
the implementation of the Strategic Framework, a number of Technical Briefs have also been
developed. Applying the Framework will help reduce the impact of climate change on
WASH; strengthen the reliability of WASH services; and strengthen the capacities of
governments and communities to build resilience over time.
8. The European Union Joint Research Centre has launched the European Programme for
Critical Infrastructure Protection (EPCIP) to reduce the vulnerabilities of critical
infrastructures. This is a package of measures aimed at improving the protection of critical
infrastructure in Europe, across all EU States and in all relevant sectors of economic activity.
The three workstreams deal with the strategic aspects and the development of
measures horizontally applicable to all CIP work, measures implemented at a sectoral
level and measures to support Member States in their activities concerning National
Critical Infrastructures. This is however not at city scale.
Resilience tools and frameworks
9. The Tool CAESAR (Cascading Effect Simulation in urban Areas to assess and increase
Resilience) addresses the need to better understand the cascading effects of major disasters
in connected and interdependent urban infrastructure systems. CAESAR has the capacity to
identify the most vulnerable components within individual infrastructure grids and it allows
to assess potential damages within the grid as well as within coupled grids.
The CAESAR software estimates how much primary damage is caused by natural disasters,
e.g. a utility pole falling over. The simulation then propagates the damage caused by the entire
supply network. Two forms of cascade effects are considered: first, the propagation of a
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failure within the same network (for instance, if a utility pole falls over, this may lead to a
disruption of power supply of a substation) and second, the propagation of a failure beyond
the boundaries of that network (for example could the failure of electrical supply lead to a
disruption of mobile phone base stations). Physical dependencies between the different
infrastructures are displayed as probabilities. By using these dependencies, it is possible to
calculate to what extent, for example, power outages influence the functionality of the water
and cellular networks within simulations. CAESAR can determine which parts of the
infrastructure contribute to the cascade effect. Based on these identified critical parts,
CAESAR then provides possible strategies to increase the robustness against the
cascade effects
10. The Critical Infrastructure Protection Decision Support System (CIPDSS) is a risk-based tool
to help decision-makers prioritise infrastructures (seventeen types) to be protected within
the overall system. This is done through cross-sectoral impact analysis. The method is flexible
as it can be applied across a wide range of infrastructures. The tool simulates uncertainties
at input (event) and output level (impact), which makes it relevant to climate change.
It also considers interdependencies. Although it focuses mostly on ‘risk’ to the
infrastructure(s), and not on the resilience of the system which the infrastructure
supports.
11. The Capacity Assessment Tool for Infrastructure (CAT-I) is a tool developed by UNOPS to help
countries facilitate better infrastructure development. The tool is designed to help
governments identify gaps or challenges in the capacity of their enabling environment to plan,
deliver, and manage sustainable, resilient, and inclusive infrastructure systems. CAT-I can be
done to create a baseline and to identify actionable capacity building programmes and
projects. The tool can then be used to measure progress based on the outcome of
implemented capacity building programmes and projects and to identify continued
gaps in capacity. However, it is based on qualitative inputs of about 800 yes/no
questions which may not provide an objective picture in some instances.
12. The World Bank provides Climate and Disaster Risk Screening Tools for self-assessment to
provide a systematic, consistent, and transparent way of considering short- and long-term
climate and disaster risks in project and national/sector planning processes. The tools target
a range of sectors (both national/ policy and project levels): national plans, agricultural,
coastal flood protection, energy, health, roads, water, etc. This self-paced tool can provide
high-level screening at an early stage of program and/or project development. It does
not provide a detailed risk analysis, nor suggest specific options for increasing the
project’s resilience. It is intended to help determine the need for further studies,
consultation, and/or dialogue in the course of program or project design
13. The Geospatial Risk and Resilience Assessment Platform (GRRASP) can be used for the
analysis of complex networked systems taking into consideration cross-sectoral and crossborder interdependencies. GRRASP is an ensemble of tools that can be used for the analysis
of Critical Infrastructure disruptions and cascading effects at regional/state level, as well as
at EU level (depending on the type of infrastructure) and to estimate the economic impact of
such disruptions at state level. GRRASP can be used for the structural analysis of critical
infrastructure networks (e.g identify the most critical or most vulnerable elements of
a network). Its architecture allows end users to use their own datasets for performing
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analyses as well as develop modules that can be plugged in the GRRASP environment.
It does have a geographic limitation to Europe at the moment.
14. UNDRR’s Unbreakable: Resilience Indicator Toolbox provides an advanced tool to explore the
drivers of resilience, and to estimate the benefits of custom interventions. By manipulating
the sliders that can quantify specific indicators, a scenario can be created for a country and
how these shifts contribute to resilience in that country can be observed. This toolbox moves
beyond asset losses and extends risk assessment to estimate how natural disasters affect
well-being. Specifically, the analysis considers the different abilities of poor and nonpoor
people to cope with asset losses by modelling the effects of asset losses on income (accounting
for capital productivity and diversification of income sources) and consumption (accounting
for savings, remittances and social protection, and post disaster transfers). Consumption
losses are translated into well-being losses, taking into account the different impacts of a $1
loss on poor and nonpoor individuals. This tool could provide a country level insight into
not only how much benefit an intervention or project generates, but also who benefits.
The package of resilience-building policies discussed here would deliver benefits that
extend beyond the context of natural disasters: financial inclusion, access to health and
nonhealth insurance, and stronger social protection shield people against all sort of
shocks, facilitate investment and innovation, and promote development and poverty
reduction However, it may not support city level impact in its current form.
15. CityStrength is a rapid diagnostic that aims to help cities enhance their resilience to a variety
of shocks and stresses. CityStrength is a qualitative assessment developed with support from
the Global Facility for Disaster Reduction and Recovery (GFDRR). The diagnostic takes a
holistic and integrated approach and encourages collaboration between sectors to tackle
issues and unlock opportunities within the city more efficiently. CityStrength is flexible and
can adapt to different needs of clients in terms of depth and breadth and can be implemented
in any city or combination of cities within a country regardless of size, institutional capacity,
or phase of development. It can be used either as a diagnostic and/or as a means of
engaging with a new stakeholder, which will impact it’s focus. The process will need to
be followed by an engagement plan, studies and surveys to fill data gaps, feasibility
studies for critical infrastructure or programs, scope for technical assistance, and a
project concept.
16. The City Resilience Index developed by Arup with support from The Rockefeller Foundation,
is the first comprehensive tool for cities to understand and assess their resilience, enhancing
their ability to build sound strategies and plans for a strong future. Through an online
platform, it uses a comprehensive, holistic framework that is applicable at the city scale – one
that combined the physical aspects of cities with intangible aspects associated with human
behaviour which are often relevant in the context of economic, physical and social disruption.
The framework is based around 12 Goals and 52 indicators which contribute to urban
resilience.
Goals 1, 3, 7, 8 and 9 specifically concern physical urban infrastructure systems, while the
remaining Goals both contribute to the resilience of these infrastructure systems and are
influenced by the performance of these infrastructure systems. Goals 7 and 8 are particularly
relevant to the work of CDRI, highlighting some key factors which inform infrastructure
resilience. The CRI could potentially provide an initial lens through which to explore
urban infrastructure resilience, although this might be complemented by one of the
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below tools, which places a more detailed lens on the resilience within and
between specific infrastructure systems.
City Resilience Index Goals and Indicators Arup | Rockefeller (2014)
1 Minimal human
vulnerability

2 Diverse livelihood
& employment

3 Effective safeguards to
human health & life
4 Collective identity &
community support
5
Comprehensive
& rule of law

security

6 Sustainable economy

7 Reduced exposure
& fragility
8 Effective provision of
critical services

9 Reliable mobility
& communications
10 Effective leadership
& management

11 Empowered stakeholders

12 Integrated
development planning
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1.1 Safe and affordable housing
1.2 Adequate affordable energy supply
1.3 Inclusive access to safe drinking water
1.4 Effective sanitation
1.5 Sufficient affordable food supply
2.1 Inclusive labour policies
2.2 Relevant skills & training
2.3 Local business development and innovation
2.4 Supportive financing mechanisms
2.5 Diverse protection of livelihoods following a shock
3.1 Robust public health systems
3.2 Adequate access to quality healthcare
3.3 Emergency medical care
3.4 Effective emergency response services
4.1 Local community support
4.2 Cohesive communities
4.3 Strong city-wide identity & culture
4.4 Actively engaged citizens
5.1 Effective systems to deter crime
5.2 Proactive corruption prevention
5.3 Competent policing
5.4 Accessible criminal and civil justice
6.1 Well-managed public finances
6.2 Comprehensive business continuity planning
6.3 Diverse economic base
6.4 Attractive business environment
6.5 Strong integration with regional & global economies
7.1 Comprehensive hazard and exposure mapping
7.2 Appropriate codes, standards & enforcement
7.3 Effectively managed protective ecosystems
7.4 Robust protective infrastructure
8.1 Effective stewardship of ecosystems
8.2 Flexible infrastructure services
8.3. Retained spare capacity
8.4 Diligent maintenance & continuity
8.5 Adequate continuity for critical assets & services
9.1 Diverse and affordable transport networks
9.2 Effective transport operation & maintenance
9.3 Reliable communications technology
9.4 Secure technology networks
10.1 Appropriate government decision-making
10.2 Effective co-ordination with other government bodies
10.3 Proactive multi-stakeholder collaboration
10.4 Comprehensive hazard monitoring and risk assessment
10.5 Comprehensive government emergency management
11.1 Adequate education for all
11.2 Widespread community awareness & preparedness
11.3 Effective mechanisms for communities to engage
government
12.1 Comprehensive city monitoring & data management
12.2 Consultative planning process
12.3 Appropriate land use and zoning

with

12.4 Robust planning approval process

17. United Nations Office for Disaster Risk Reduction with the support of other partners and cities
participating in the Making Cities Resilient Campaign have updated the Disaster Resilience
Scorecard for Cities. The Scorecard is structured around the “Ten Essentials for Making Cities
Resilient”, first developed as part of the Hyogo Framework for Action in 2005, and then
updated to support implementation of the Sendai Framework for Disaster Risk Reduction:
2015-2030. The Ten Essentials for Making Cities Resilient offer a broad coverage of the many
issues cities need to address to become more disaster resilient:
• Essentials 1-3 cover governance and financial capacity;
• Essentials 4-8 cover the many dimensions of planning and disaster preparation;
• Essentials 9-10 cover the disaster response itself and post-event recovery.
The Scorecard offers the potential for scoring at two levels:




Level 1: Preliminary level , responding to key Sendai Framework targets and indicators,
and with some critical sub-questions. This approach is suggested for use in a 1 to 2 day
city multi-stakeholder workshop. In total there are 47 questions indicators, each with a 0
– 3 score;
Level 2: Detailed assessment. This approach is a multi-stakeholder exercise that may take
1 –4 months and can be a basis for a detailed city resilience action plan.
The detailed assessment includes 117 indicator criteria, each with a score of 0 – 5.

While the Scorecard could be a good starting point, and can be used to establish a
baseline measurement, increase awareness and understanding and enable dialogue
between key stakeholders, it is a qualitative scorecard which may not provide a
complete picture unless more in-depth analysis is done.
18. Within the framework of the Ghana Secondary Cities Support Program of the World Bank,
Arup developed a Resilience Infrastructure Tool for ensuring that resilience considerations
are integrated throughout the lifecycle of the development of projects. This tool has been
applied in 25 Ghanaian Municipalities, focussing on solid waste management, urban markets
and storm water drainage infrastructure. The tool has a double audience: one the one
hand, Ghana’s Municipal Assemblies and technical staff to ensure resilience is
integrated in the planning and delivery of urban infrastructure investments (storm
water drainage, solid waste management and urban markets); and, on the other, to
provide the Word Bank (or other funders) an instrument to monitor resilience
considerations in the projects supported by the overall Program.

The tool is readily applicable and can be applied in other location. Whilst an envisaged
method for using it is proposed, users are encouraged to use it in any way that suits their
context and objective. The Activity Checklist and Forms are easy to understand, provide
rationale and guiding questions for each stage and suggest which technical expertise will
be best placed to lead each element. Whilst the tool was designed for the Ghanaian
context, its contents and procedures are by no means exclusive to this context. Rather,
the tool is a guiding resource that, insofar as an enabling institutional environment is
present, can be openly replicated in different circumstances. Benefits of the tool include
its practicality and usability while still incorporating detailed Activity Checklists and
Activity Forms that support the integration resilience considerations throughout the
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project lifecycle. It can be used at any stage of the infrastructure lifecycle and aligns
well with the objectives of this note and of CDRI, putting climate-resilience as an
originating point for infrastructure design. This tool might be used as is or developed
/ further adapted depending on the context and circumstances of the assessment city
on notification to the World Bank.

STRATEGIC PLANNING
A. Identify current and future natural hazards relevant to the municipality through hazard mapping
B. Ensure updated municipality land-use plans exist
C. Ensure budget allocation is aligned with available funds
D. Establish a fair and ethical procurement processes
E. Develop an Information Management Strategy
F. Develop public education and strengthen climate resilience awareness

INFRASTRUCTURE PLANNING
Develop or update the multi-hazard risk assessment
Develop or update the infrastructure flood risk assessment
Develop an appropriate emergency preparedness/response plan for the proposed project.
Identify relevant legal and regulatory frameworks and identify gaps
Undertake an infrastructure governance mapping and identify additional coordination needs
Develop a baseline assessment for the existing infrastructure
Develop and establish current and future needs and performance criteria
Identify the skills mix required for the design of the infrastructure and improve knowledge and capacity/skills in the MAs
Identify external technical support required throughout the lifecycle of the proposed infrastructure (Planning, Design,
Construction, O&M)
Undertake a site investigation
Design and implement a data collection plan aligned with the information management strategy
Develop a business continuity plan for the proposed infrastructure
Develop or update mobility strategies related to the proposed service.
Develop a public engagement and education plan in relation to the proposed infrastructure
Improve regulation and law enforcement to avoid behaviours that impact the proposed infrastructure
DESIGN
Identify the skills mix required for the design of the infrastructure and develop a plan for meeting the needs of the team
and supporting project delivery
Develop relevant environmental and social safeguards instruments (ESIA, ESMP, RAP, ARAP)
Identify and assess infrastructure interdependencies
Review which future needs previously identified have been incorporated in the design
Design an acceptable O&M plan aligned with local skills and materials
Check and obtain necessary approvals to meet the relevant legal and normative frameworks
CONSTRUCTION / IMPLEMENTATION
Ensure that the capacity/skills/qualifications of the construction/implementation team are appropriate
Consider risks identified in the site selection investigation and identify risks associated with design
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Ensure site supervision and quality control (of workmanship and materials) is undertaken and check that it has been
constructed as per the design
OPERATION & MAINTENANCE
Identify knowledge gaps and improve knowledge and capacity/skills in the MAs for the operation of the infrastructure
Implement the O&M plan
Undertake performance assessments and collect lessons learnt
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Annex IV: Examples of impact of climate change on infrastructure typeslii

Figure 8: Adapted from Dawson,(2015) as cited in OECD(2017) and Mckinsey(2019). Available at https://www.mckinsey.com/businessfunctions/sustainability/our-insights/will-infrastructure-bend-or-break-under-climate-stress.
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