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UCRMC Course Overview

Welcome to the Urban Climate Resilience Masterclass! You are about to startModule 4.
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Housekeeping

Listen

——-\

Listen carefully, follow
along and make your
own notes.

Ask the trainers
guestions or
clarifications at any
time.

Your own experience Is
valuable and we
encourage you to share
It.

Discuss

——-\
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Share and discuss
with others during
exercises, breaks and
reflections.
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Why This Topic Matters
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Infrastructure Is the
backbone of urban
systems.
Infrastructure &
services are vital for
ensuring the
necessities of life and
promoting economic
activity.

Climate change
poses risks to urban
Infrastructure
iIncluding loss,
damage and service
disruption, leading to
cascading impacts
across sectors.

City planners need to
understand how to
make sure that urban
Infrastructure and
services are resilient
to climate change so
that they are not
damaged and
disrupted by climate
hazards.

Investing in climate
resilient
Infrastructure makes
economic sense,
reduces post-disaster
expenditure, and
ensures continuity of
urban services during
disasters, helping
minimise losses.
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This module
Introduces a range of
approaches to
building climate
resilience of urban
Infrastructure,
Including structural
measures, non-
structural measures
and Nature-based
Solutions (NbS).






Learning Objectives

By the end of Module 4 participants will be able to:

Be familiar with a systems
approach to understanding
complex issues at the nexus of
urban planning and climate
change and associated
solutions.

Understand how to mainstream
climate risk and resilience into
Infrastructure planning
processes and instruments.

Understand the cascading
Impacts of climate change on
urban infrastructure.

Understand the various Be familiar with Nature -based
ways of building climate solutions (NbS) as an approach
resilience in urban to deliver climate resilience in
Infrastructure, including urban infrastructure.

through hard and soft
Infrastructure.
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Concepts & Definitions

Ecosystem Services
% The benefits that nature provides to people.

Resilient Infrastructure

Infrastructure systems and networks, and the
services they provide, that can resist and absorb
disaster impacts, maintain adequate levels of
service continuity during crises, and swiftly recover
so that future risks are reduced or prevented.

They include carbon storage and sequestration,
biodiversity maintenance, food and water
provision, recreation and tourism, opportunities
for income etc.

Ecosystem-based Adaptation (EbA)
PAlnatyretbaséedtsoluyian that bamnespes < !

Structural Measures / Grey Infrastructure

Qi ztjdbm!tztufnt!sfrvj)sfe
Including roads, bridges, telecommunications, biodiversity and ecosystem services to reduce
transportation networks, energy generation and vulnerability and build resilience to climate

distribution systems etc. change.

Non-Structural Measures / Soft Infrastructure
Human capital and institutions required to maintain a
society and economy, including laws, rules, systems
and the people, inputs and outputs involved in
delivering services such as healthcare, financial
Institutions, law enforcement, and education.




Concepts & Definitions

Blue Infrastructure
Characterized by natural and artificial water

Nature-based Solutions (NbS)

Actions that address societal and environmental
challenges through the protection, sustainable systems, including wetlands, ponds, lakes,
management and restoration of ecosystems, streams rivers, riverbank and storm water
benefiting both human well -being & biodiversity. provision.

NbS have the potential to enhance resilience to

climate change and reduce the impact of

disasters. NbS can include green, blue and blue

green infrastructures.

Blue-Green Infrastructure
Nature-based (structural) infrastructure using

Green Infrastructure

Characterized by wellHunctioning biophysical
systems, mostly related to green spaces that the capacities of green space and water,
support biodiversity and natural ecological Includes green roofs for stormwater runoff
processes, such as mangroves, coastal salt management, coastal reforestation of
marshes, coral reefs, sea grasses, sand mangroves.

beaches, dunes, forests, street trees,

grasslands.




Review Exercise
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Test your knowledge, and challenge i . \ Resilient g 2 ' Nature-based
those around you: \ Gl ) infrastructure '\ ! Solutions (NbS)
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Choose one of the definitions. | : ; Grey Infrastructure | ‘}; Green Infrastructure
\ DTRY, \ j
N e
In 2 mins, draw a simple sketch of what you I/ \\ I/ \
think this concept would look like in real life. l\ " 8 | Soft Infrastructure ! | Blue Infrastructure
N () / N /
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Challenge someone else on your table to
guess which of the definitions you have

~
/ : J \ Blue-Green
\ . -
drawn. ' % , Ecosystem Services '\J/\;
V4

; Infrastructure

/

I' /\, Y, Ecosystem-based
\ a g , Adaptation (EbA)

Do you have any questions on the definitions or ~-

concepts?
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A Infrastructure systems consist of interconnected networks of assets that deliver vital services to support urban lives and
economies.

A Physical assets form the building blocks of urban infrastructure upon which all urban services are built.
A Some critical infrastructure for cities include roads and transportation networks, energy systems, telecommunications
networks, buildings and housing, water supply systems, sewage and waste management facilities, healthcare facilities,

and public spaces.

A In addition to assets, infrastructure systems also include operational organizations and regulatory authorities
responsible for governing service provision at various levels.
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Infrastructure & services are critically interconnected
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Recap: Climate resilient infrastructure

Cities need to climate proof existing and future infrastructure & services so that they are resilient to climate change.
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How climate change impacts urban infrastructure

Asset damage

Climate change can cause direct physical damage to infrastructure
assets. Asset damage leads to additional costs and deterioration in
the performance and value of the asset and the services it provides.

Service disruption

Climate change can cause disruptions in the provision of infrastructure
services. This can cause additional costs to maintain the same level of
service under different climatic conditions (e.g. larger reservoirs are
needed to address more variable precipitation).

Changing demand for infrastructure services

Climate change impacts the demand for infrastructure services, putting
pressure on service providers.

Examples

Heatwaves lead to overheating of
power generation equipment, causing
failure.

Flooded and washed-out roads,
bridges, ports and railways cause
disruption to public transport
services and impact supply chains.

Increased electricity demand for
cooling due to increased
temperatures, which can lead to
power outages and grid overloads.



How climate change impacts urban infrastructure

Transportation

Heatwaves

A Overheating of road
surfaces and rall tracks,
leading to deformations and
service disruptions.

A Thermal expansion causes
vehicle engines and transit
system components to
overheat and malfunction.

A Overheating of power
generation equipment
reduces efficiency and
increases risk of outages.

A Increased electricity
demand for cooling leads to
power outages and grid
overloads.

Storms & Cyclones

A Damage to bridges, roads,
and transit facilities from
strong winds and flying
debris.

A Disruptions in air and sea
port operations due to high
winds and severe weather.

A High winds damage power
lines and energy production
facilities.

A Disruption of energy supply

chains due to damage to
substations, transmission
towers and lines.

Flooding

A Waterlogged roads and
transit systems leads to
service disruptions,
particularly in low-lying
areas.

A Sediment and debris
accumulation on transport
routes, hinders movement.

A Flooding disrupts power
production and distribution,
affecting substations and
grid connections.

A Contamination of fuel
supplies leading to
generator and power station
failures.

Sea-Level Rise

A Coastal erosion damages
roads and rail lines near
shorelines.

A Submergence and saltwater
corrosion of coastal
transportation infrastructure

A Submergence of low-lying
power plants and
transformer stations due to
rising sea levels.

A Accelerated corrosion and
wear of energy
infrastructure in coastal
ZOones.




How climate change impacts urban infrastructure

Heatwaves

A Additional burden to cool
equipment in exchanges and
base stations, resulting in
increased failure rates and
Impacting service delivery.

(2)

Telecoms

A Increased burden on telecoms
for emergency response
exacerbates system loads.

A Increased energy demand
for air conditioning strains
electrical systems, risking
outages,

A Heat exacerbates
deterioration of building
materials, leading to faster
degradation.

Buildings

Storms & Cyclones

A Structural damage to
antennas and satellite
dishes impairs
communication services.

A Power outages during
storms lead to loss of
telecom services when
backup systems fail.

A Structural damage to
buildings from wind,
Impacting roofs and
windows.

A Frequent need for structural
repairs and reinforcements
in buildings in cyclone-prone
areas, increasing costs.

Flooding

A Water damage to
underground cables and
telecom equipment disrupts
services.

A Inundation of key network
nodes disrupts telecom
services.

A Flooding causes significant
damage to lower floors and
basements, necessitating
costly repairs.

A Moisture and mold
problems persist long after
initial floodwaters recede.

Sea-Level Rise

A Corrosion and functional
degradation of telecom
equipment in coastal areas
due to saltwater exposure.

A Rising maintenance and
repair costs for
infrastructure exposed to
marine environments.

A Soil erosion and instability
lead to foundational issues
in coastal buildings.

A Risk of higher insurance

premiums and challenges in
maintaining property values
In coastal areas.




How climate change impacts urban infrastructure

Water

Heatwaves

A Increased evaporation rates
reduce water supplies,
impacting availability.

A Higher water temperatures
affect water quality,
increasing treatment
challenges.

A Higher temperatures
increase the risk of waste
combustion and fires in
disposal sites.

A Increased waste generation
from disposables used
during heatwaves, such as
plastic water bottles and
cooling products.

Storms & Cyclones

A Damage to water
Infrastructure such as pipes
and treatment plants during
storms.

A Storm runoff contaminates
water supply with pollutants
and debris.

A Damage to waste
management infrastructure
like recycling centers and
landfills.

A Storms disrupt collection
and processing, leading to
waste accumulation across
communities.

Flooding

A Damage to water
distribution systems, such
as burst pipes leading to
disrupted services.

A Flooding overwhelms water
treatment facilities, leading
to contamination of water

supply.

A Disruption of waste
collection routes due to
flooded roads and damaged
infrastructure.

A Floodwaters spread waste
and hazardous materials,
complicating cleanup
efforts.

Sea-Level Rise

A Loss of coastal water
Infrastructure and natural
water buffers like wetlands.

A Saltwater intrusion
compromises the quality of
freshwater resources.

A Sealevel rise leads to
inundation of landfills near
coastlines, risking the
release of contaminants into
surrounding areas and water

bodies.




How climate change impacts urban infrastructure

W

Health & Sanitation

Public Spaces

Heatwaves

A Heatwaves lead to a surge
in heat-related illnesses,
overloading healthcare
facilities.

A Increased demand for
emergency services and
medical care during periods
of extreme heat.

A Extreme heat reduces the
usability of outdoor spaces,
affecting citizen health and
decreasing community
engagement.

Storms & Cyclones

A Damage to healthcare
infrastructure hampers
emergency response.

A Disrupted access to
healthcare services due to
damaged transport routes
and facilities.

A Damage to landscaping,
trees, and recreational
facilities reduces the
availability of public spaces.

A Increased maintenance and
restoration costs for public
spaces after storm events

Flooding

A Flooding compromises
sanitation systems,
escalating the risk of
waterborne diseases.

A Damage to health care
facilities, for example due to
water ingress.

A Parks and public gardens
become waterlogged,
restricting recreation and
community events.

A Long-term impacts on the
ecological health of public
spaces due to repeated
flooding.

Sea-Level Rise

A Sealevel rise leads to
saltwater intrusion into
freshwater systems,
compromising water quality
and sanitation facilities at
coastal medical centers.

A Permanent inundation of
low-lying public areas like
parks and beaches, reducing
available recreational space
and altering the landscape.

A Erosion of coastal public
spaces resulting in loss of
land and damage to
infrastructure.




Cascading Impacts of Climate Change

Cascading impacts of climate change

Infrastructure increasingly operates as an

jouf sefgf oedf-omt dzt mt UK hn
Infrastructure assets depend on each other for
delivering urban services

However, this also means there is potential for
cascading failures and systemic risks due to
climate impacts

A single climate impact on one infrastructure
asset or service in a city can cause a cascade of
Impacts across other assets & services, leading
to more severe and pronounced negative
consequences for a city.

Health and safety

Environmental and social impacts
Financial impacts

Reputation

boj oh!

Equipment performance
Infrastructure stress

Workforce productivity

Impact on city 0 E.g., Rising temperatures
system

Impact at
asset level

Climate
hazard



Cascading Impacts of Climate Change

Case Study | Ghana Flooding

Dmj nbuf!sjptlt!up! Hi bob!t
and landslides, could cause USD $3.9 billion in
damages by 2050, nearly triple the USD $1.3 billion
Invested in transport infrastructure in 2019.

The impact of flooding could severely damage roads
and transportation infrastructure in Eastern, Central
and Western districts in Ghana. This could lead to
cascading impacts on healthcare systems. It could
Isolate over 80% of the population from accessing
healthcare, which would disproportionately affect
women who are frequent users of these services.

Building the climate resilience of infrastructure &
services should be viewed in the context of the entire
system, rather than focusing on a single asset or
service.




Climate Impacts on Vulnerable Groups

People Living in Informal Settlements

A Increased temperatures put pressure on an
already-stressed water supply, which has a
disproportionate effect on urban poor living in
Informal settlements. They have to pay high prices
to buy water from informal vendors when it is not
available.

A Heat-related illnesses, especially of children and
the elderly, increase living costs as public health
facilities have limited capacity to provide care at
affordable cost.

A Insecure tenure of informal settlements restricts
household access to electricity to cope with heat.
They experience loadshedding more often and
need to rely on services from informal vendors.




Climate Impacts on Vulnerable Groups

Informal Settlement Riverine Communities

A Communities in informal settlements, are often
located near rivers.

A Climate change has increased the risks they face
owing to their location.

A Heavy rainfall and flooding due to extreme
weather events have damaged or washed away
houses in riverine communities and put lives at
risk.

A Informal workers who run their businesses on
the roadside and open spaces lose businesses
during intense rainfall and waterlogging.




Climate Impacts on Vulnerable Groups

Women and Girls

A Women and girls often suffer the impact of
climate impacts on infrastructure.

A Increased drought can lead to water scarcity,
which disproportionately puts burden on
women who often spend significant time
collecting water if they do not have access to
piped water.
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A Changing rainfall patterns leading to
waterlogging and and flooding of roads make
Xpnfol!t!boeldi | mesfo(t!
unsafe. The cost of travelling for work
Increases when roads are flooded. Women,
who often use public transport and walk to
work, suffer most.

Y

S

)

%
9 \%ﬁ

Bij dy:S'arqﬁi Raihway S/l




A x)
Jo10ud M\Em uiay
. .

.

i

’
b

'im:é‘

&

ke

=1
e ng,_'n-

(

05 | Clima



Impacts of climate change on critical infrastructure

Transportation

A Increased flooding has caused damage to roads,
airports and railway infrastructure, which in turn
has caused disruption of transport related
services.

A Sea level rise has led to coastal flooding and
erosion, affecting infrastructure such as ports
and coastal roads.




Impacts of climate change on critical infrastructure

Energy Generation & Transmission

A More frequent and intense extreme weather
events such as storms, heavy rainfall, and
strong winds have damaged energy
transmission lines, towers, and substations,
leading to disruptions in electricity supply.

A Extreme high temperatures have increased
evaporation from reservoirs, impacting
hydropower generation e.g. in Kisumu, Nairobi
and Arid and Semi Arid lands (ASALS) such as
Wajir, Garissa
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Impacts of climate change on critical infrastructure
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Buildings

A Extreme rainfall has damaged buildings. The heavy
rains that struck East Africa from March to May
2024 resulted in a new level of pressure on aging
and unplanned buildings and basic infrastructure.
Some buildings collapsed while others were
completely ruined by heavy rains and flooding.

A Extreme rainfall has also damaged other built
Infrastructure such as dams. The heavy rains that
struck East Africa from March to May 2024 caused
some dams to collapse, including the Old Kijabe
Dam, resulting in massive damage and fatalities.

A The National Disaster Operations Centre considers
192 dams in Kenya to be at highrisk due to water
levels being at, or over, capacity. This threatens
downstream communities with flood damages.
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Impacts of climate change on critical infrastructure

A Droughts have led to reduced water availability
and water scarcity, affecting water supply and
sanitation systems.

A Water scarcity can also put strain on
manufacturing & industry, small businesses,
agriculture and other economic activities that
relies on reliable water supply.

A Water stress puts a disproportionate impact on
poor and marginalized groups who already tend
to have lower access to reliable water sources.




Impacts of climate change on critical infrastructure

A With increasing waste volumes in Nairobi, there
IS also expected to be a rise in the emissions
that not only pollute the environment but also
pose a health risk to informal waste workers.

A The waste sector can contribute to cascading
climate impacts, as poor waste collection can
lead to urban pollution that clogs drainage
Infrastructure and increase urban flood risk.




Impacts of climate change on critical infrastructure

Health & Sanitation

A More frequent and severe droughts and floods
lead to contaminated water sources. Combined
with inadequate sanitation facilities, this poses
significant risks to public health, spreading
diarrheal diseases, cholera, and other water
related illnesses.

A Flooding has led to inundation of sanitation
Infrastructure e.g. overloading of sewer systems

A Higher temperatures contribute to heat waves
and the urban heat island effect, increasing heat-
related health risks such as heat stress e.g. in
Mombasa, Kisumu and Nairobi.




