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CONTENTS An introduction to Climate change impacts within cities 

After decades of inaction the climate crisis has become a 
reality for millions of people across the planet. However, 
even as the impacts of this crisis worsen with every 
passing year, pledges to reduce emissions are failing to 
limit global temperature rise to 1.5°C meaning that the 
escalating impacts of climate change are now inevitable.  

The world’s expanding urban populations are particularly 
vulnerable to climate hazards. From extreme heat and 
flooding, to storms and the spread of disease, urban 
areas have the capacity to exacerbate the impacts of 
the climate crisis. This creates an interesting dilemma 
as cities not only play a key part in driving the climate 
crisis, but are extremely vulnerable to its impacts

“Cities should be at the forefront of our minds when 
we think of adaptation. Today over than half the 
world’s population today live in cities, and by 2050 that 
number will grow to 68%, with 3 billion people living 
in vulnerable informal settlements,” says Alice Creasy, 
Consultant in WSP’s Net Zero Cities team, “These 
hazards not only put people and nature at risk, but they 
also pose huge financial risks to cities.“

In response to these climate risks many cities are 
seeking to address the impacts of climate change on 
their communities, assets and organisations. However, 
they face significant barriers to implementing climate 
adaptation measures. From a global adaptation funding 
gap and a significant lack of data to a lack of institutional 
capacity and public awareness about climate risks. This 
is particularly evident in cities across the Global South 
where the impacts of the climate crisis are often the 
most extreme.  

To achieve Paris Agreement objectives and to 
future-proof communities, cities need to take bold 
action in both responding to climate hazards and 
identifying innovative financing mechanisms to deliver 
change ‘on the ground’. 

This introductory handbook sets out three common 
climate hazards experienced by global cities, explores 
innovative solutions cities can implement to address 
these and the wider benefits they can bring for 
communities.
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Climate hazards and city responses

What’s the hazard? 
Known as the ‘silent killer’, extreme heat is one of the 
deadliest climate risks. The planet’s cities are particularly 
vulnerable to rising temperatures as the urban heat 
island effect means that neighbourhoods with little 
green or blue space are often several degrees warmer 
than their rural surroundings. As a result, cities are 
likely to experience rising temperatures more acutely 
leading to poor health outcomes, worsening air quality, 
damage to infrastructure and the disruption of vital 
services.

Currently over 200 million city dwellers experience 
summer temperatures of over 35°C and by 2050 it is 
expected that 40% of the worlds urban population will 
experience regular extreme heat events. The impacts of 
extreme heat will have a disproportionate impact on 
vulnerable communities and cities across the Global 
South, with rising temperatures rendering parts of Asia 
and Africa uninhabitable in the coming decades.

What are cities doing about extreme heat?

Community engagement in Miami Dade

In response to the growing intensity of extreme heat 
Miami Dade has appointed the world’s first Chief Heat 
Officer (CHO) and joined the City Champions for Heat 
Action (CCHA) initiative- a program of the Extreme 
Heat Resilience Alliance (EHRA).

In 2021 the County ran a multi-lingual public 
information campaign which reached over 250,000 
people to raise awareness about the risks of extreme 
heat. The County also developed a Climate and Heat 
Health Toolkit that provides information about what can 
be done to better manage and mitigate extreme heat. 

Alongside ongoing consultation exercises and 
the development of a three-year plan to improve 
coordination and accelerate action, the County’s CHO 
has developed a heat enhancement training for the 
County’s Citizen Emergency Response Team (CERT) 
disaster volunteers. 

Mapping extreme heat in Durban 

Working with researchers and drawing on data such 
as temperature projections and information on urban 
surface materials, Durban created an Urban Heat Island 
Intensity map. This map was overlaid with socio-
economic data relating to heat sensitivity to develop 
a social vulnerability index for sensitivity to heat. The 
resulting maps highlight the correlation between heat 
stress and socio-economic vulnerability. 

Cool roofs, pavements, and roads in New York 

During a typical summers’ day in New York, black 
asphalt can be 30°C hotter than the surrounding air 
temperature. This has a huge impact on the overall city 
temperature which can often be several degrees hotter 
than surrounding areas. 

To combat this the city has created a cool roof 
programme which employs local job seekers to install 
energy-saving reflective rooftops to the city’s buildings. 
Cool roofs have the potential to reduce building 
temperature by up to 30%, thus reducing energy demand 
and tackling the Urban Heat Island Effect. Every 2,500 
square feet of roof that is coated can reduce the city’s 
carbon footprint by 1 ton of CO2.

Restoring blue and green infrastructure in Seoul 

Blue infrastructure and green spaces play a key role 
in combating the Urban Heat Island Effect. In 2003 
Seoul began work to restore a river in the centre of the 
city that had been covered by a highway for decades. 
The restoration of this blue infrastructure has been 
accompanied by a 5.8km lateral park that snakes 
through the city. In Seoul the river and surrounding park 
have reduced air temperatures by an average of 2.5°C 
and increased local biodiversity by 639% between 2003 
and 2008.

Extreme Heat 

https://education.nationalgeographic.org/resource/urban-heat-island/
https://education.nationalgeographic.org/resource/urban-heat-island/
https://www.c40.org/what-we-do/scaling-up-climate-action/adaptation-water/the-future-we-dont-want/heat-extremes/
https://www.washingtonpost.com/climate-environment/2022/10/11/extreme-heat-heatwave-deaths/
https://www.miamidade.gov/global/economy/environment/heat.page
https://link.springer.com/article/10.1007/s10584-020-02908-x
http://overlaid with socio-economic data
http://overlaid with socio-economic data
https://www1.nyc.gov/nycbusiness/article/nyc-coolroofs
https://www1.nyc.gov/nycbusiness/article/nyc-coolroofs
https://www.coolgeography.co.uk/advanced/River_Restoration_Conservation.php#:~:text=The%20total%20length%20of%20the,restoration%20scheme%20was%20%24281million.
https://www.coolgeography.co.uk/advanced/River_Restoration_Conservation.php#:~:text=The%20total%20length%20of%20the,restoration%20scheme%20was%20%24281million.
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Climate hazards and city responses

What’s the hazard? 
As global temperatures increase, flood events are set to 
worsen. Surface water flooding is a key issue for cities 
as hard surfaces such as roads, buildings and pavements 
prevent rainwater from being absorbed. During extreme 
rainfall, this can overwhelm drainage systems and 
increases the likelihood, extent, and impact of flooding. 

Urban residents are also more vulnerable to 
precipitation-triggered landslides – a key challenge 
for cities where rapid, informal urbanisation has 
contributed to localised deforestation, weakening slopes, 
and leaving residents vulnerable to landslides during 
extreme rainfall events. The indirect impacts of flooding 
such as supply disruptions and mass migration will also 
have significant impacts on cities. 

Extreme weather events disproportionately impact 
poor and marginalised communities and flooding is no 
different. Lower income residents are more likely to live 
in flood-prone areas and often have little protection and 
few resources to recover from floods. For this reason, 
extreme flood events are set to exacerbate poverty and 
inequality in cities across the world.

What are cities doing about flood risk? 

Urban forests in Freetown

Heavy rains and deforestation in and around the city 
have left Freetown vulnerable to flooding and landslides. 
To address this the city has developed a programme 
of reforestation across Freetown. The initiative (name 
‘TreetownTheFreetown’) aims to increase canopy cover 
by 50% from 2018 levels by the end of 2022 and has 
succeeded in planting over 560,000 trees since its 
launch in 2020. Extensive community engagement has 
been carried out as part of the project and the initiative 
provides supplementary income for local tree nurseries 
and over 500 growers who plant and maintain the trees.

Resilient Storm Water Management in Hong Kong

Hong Kong’s Drainage Services Department (DSD) have 
developed a series of Drainage Master Plans which 
cover all flood prone areas of the city. To combat the 
challenge of urban flooding, these plans have guided the 
construction of 2,400km of storm water drainage pipes 
360 km of river channels, 21 km of drainage tunnels, 4 
underground flood storage tanks and 27 village polder 

schemes. As part of these interventions the DSD have 
developed an Inter-Reservoir Transfer Scheme (IRTS) 
which transfers surface runoff during rainfall between 
reservoirs which increases the systems water storage 
capacity and reduces reservoir overflow downstream. 
This system also generates an annual additional 
freshwater yield of 3.4M m3 with minimal recurrent 
costs.

The City of Charlotte’s Floodplain Buyout Program

Like many cities and towns across the world, 
development on flood plains has put hundreds of 
residents and businesses at risk of flooding in Charlotte, 
North Carolina. To combat this, since 1999 Storm 
Water Services has purchased over 400 flood-prone 
houses, apartment buildings and businesses that were 
on floodplains throughout the city. These buyouts have 
meant that over 700 families have voluntarily moved 
to safer areas and 185 acres of public space has been 
“undeveloped” to provide recreational spaces and allow 
the floodplain to function during heavy rain.

Since 1999, the buyout program has invested $67 million 
in removing buildings from the floodplain (43% federal, 
2% state, 48% local, 7% other). While this may seem like 
a significant amount of money Storm Water Services 
estimates that this program has avoided $25 million in 
losses and will ultimately avoid over $300 million in 
future losses. The city has also updated building codes to 
prevent further construction in vulnerable areas.

Super Levees in Tokyo

Most of Tokyo lies below the flood level of the city’s 
three main rivers and, with the climate crisis predicted 
to increase peak river discharge frequencies, raise 
high tide, and increase the intensity and frequency of 
typhoons, the city is increasingly at risk from extreme 
flooding. 

In response to these risks Tokyo has developed the 
concept of the super levee- a robust broad river 
embankment resistant to overflow and seepage. Seismic 
enforcement also means that the levee is resistant to 
earthquakes. The size and stability of the dyke allows 
buildings and public spaces to constructed on top of it.

Flooding

https://storymaps.arcgis.com/stories/75508f9fac8c43bda366ae545fb60ec8
https://storymaps.arcgis.com/stories/75508f9fac8c43bda366ae545fb60ec8
https://www.c40cff.org/knowledge-library/banking-on-a-just-and-green-recovery-lessons-from-9-cities
https://www.transformfreetown.org/initiatives/project-one-8xtt2
https://fcc.gov.sl/wp-content/uploads/2022/03/Transform-Freetown-3-Year-Report.pdf
https://www.c40.org/case-studies/resilient-water-systems-hong-kong/
https://charlottenc.gov/StormWater/Flooding/Pages/FloodplainBuyoutProgram.aspx
https://charlottenc.gov/StormWater/Flooding/Pages/FloodplainBuyoutProgram.aspx
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Climate hazards and city responses

What’s the hazard?
As the surface of the planet warms the earth’s lower atmosphere is becoming warmer and moister leading to 
a greater likelihood of more frequent and intense storms. Over the coming decades the National Oceanic and 
Atmospheric Administration predicts an increase in Category 4 and 5 hurricanes, alongside increased hurricane 
wind speeds. Warmer sea temperatures will also cause wetter hurricanes, with 10-15% more precipitation from 
storms. Sea level rise will continue to make coastal storms more severe and as mid-latitudes warm storms are likely 
to occur more frequently across the world. 

Evidence suggests that urban geographies have the capacity to provoke, worsen and prolong storms. Research in 
Houston and Kansas City has shown that the combination of air pollution and concrete has the potential to amplify 
adverse weather and may even steer storms towards cities.

With sea level rise now inevitable, storm surges are an increasingly important challenge for people across the world. 
Roughly 40% of the world’s population currently lives within 100 kilometres of the coast and 10% live in cities or 
semi-urban settlements situated less than 10 meters above sea level. 

As urban populations rise rapidly, storms are likely to impact an increasing number of people, as well as cause 
significant damage to economies and infrastructure. For example, in 2020 there were 22 separate billion-dollar 
weather and climate disasters across the United States. In one case alone, a single severe winter storm in Texas cost 
an estimated $50 billion in lost economic activity and energy infrastructure damage. 

Storms
What are cities doing about storm risk? 

Building resilience after disaster in New Orleans

The low-lying city of New Orleans is one of the most 
vulnerable cities in the United States to the impacts 
of climate change. Since the devastation caused by 
Hurricane Katrina in 2005 the city has developed a 
series of climate adaptation projects. This includes hard 
engineering solutions including a 2-mile-long surge 
barrier, alongside nature-based solutions such as coastal 
restoration projects. 

The city has also set up an early warning system 
that provides real time updates to residents and has 
implemented new building codes to enhance structural 
resilience. Alongside the work of the local government 
there are a number of grass-roots organisations working 
with communities to build neighbourhood resilience 
and adaptive capacity. 

Collaboration in Southeast Florida

As sea surface temperatures increase hurricanes will 
become more frequent across the Florida Panhandle and 
the Western Gulf Coast. These extreme weather events 
pay no heed to jurisdictional, sectoral or geographic 
boundaries which means that local actors must work 
together to build resilience. 

In 2009 Broward, Miami-Dade, Monroe and Palm 
Beach Counties worked together to create the Southeast 
Florida Regional Compact. This compact helps to 
coordinate action across the region and allows the 
participating stakeholders to share tools, knowledge.  

Restoring coastal ecosystems in Ho Chi Minh 

Mangroves provide vital protection against storms. 
Every 100 meters of mangrove forest reduces the height 
of a storm surge by up to 20%. Mangroves also mitigate 
coastal erosion and improve local biodiversity. 

Despite these benefits mangroves have been decreasing 
across the world. In Vietnam mangrove cover has 
decreased by 60% since the 1960s, largely due to 
chemical warfare during the Vietnam/American war as 
well as clearances for farming and fishing.

To tackle this the low-lying city of Ho Chi Minh has 
created one of the world’s largest mangrove forests- the 
Can Gio Mangrove Biosphere reserve. Over the last 35 
years, the city has restored existing forest and re-planted 
over 160km of mangroves. Engaging with local people 
by creating employment opportunities and including 
them in the development and maintenance of mangrove 
forests has been critical to the success of this project. 

Flood Park in NYC

New York is vulnerable to changing tides and extreme 
weather events. To help address this City Officials have 
implemented a range of flood-prevention measures 
including the creation of Hunter’s Point South Park- an 
11-acre floodable park located in Queens.

The park includes hidden channels to help storm water 
drain away, paving areas constructed with porous 
concrete and marshland to help absorb the high tide 
which rolls over parts of the park twice a day. To avoid 
overloading the urban sewer system, the park instead 
takes a “catch and release” approach, purposefully 
collecting water in certain areas and using a planned 
run-off system to drain it at a steady pace. The park 
also includes wooden ‘rafts’, kayak launch sites and 
a playpark. This former industrial area successfully 
integrates resilient planting with hard landscaping and 
flood defences and has been heralded as “a new model of 
urban waterfront development”.

However, it’s important to note that such developments 
are not without controversy. A similar project which 
plans to rebuild Manhattan’s East River Park to make 
it a buffer from storm surges has sparked a fierce 
debate over the impacts of these projects on Green 
Gentrification.

https://royalsociety.org/topics-policy/projects/climate-change-evidence-causes/question-13/#:~:text=13.-,How%20does%20climate%20change%20affect%20the%20strength%20and%20frequency%20of,droughts%2C%20hurricanes%2C%20and%20tornadoes%3F&text=Earth's%20lower%20atmosphere%20is%20becoming,and%20certain%20extreme%20weather%20events.
https://www.c2es.org/content/hurricanes-and-climate-change/#:~:text=Based%20on%20modeling%2C%20the%20National,more%20precipitation%20from%20storms%20projected.
https://www.eurekalert.org/news-releases/621946
https://www.theguardian.com/environment/2022/aug/29/major-sea-level-rise-caused-by-melting-of-greenland-ice-cap-is-now-inevitable-27cm-climate
https://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/oceans_seas_coasts/pop_coastal_areas.pdf
https://phys.org/news/2019-10-seas-threaten-low-lying-coastal-cities.html
https://www.climate.gov/disasters2020
https://www.independent.co.uk/news/world/americas/winter-storm-texas-cost-damages-repairs-b1805037.html
http://resilientnola.org/
https://stories.iseechange.org/new-orleans-building-community-climate-resilience/
https://www.washingtonpost.com/climate-environment/2022/09/27/florida-hurricane-vulnerability-explainer/
https://www.washingtonpost.com/climate-environment/2022/09/27/florida-hurricane-vulnerability-explainer/
https://www.mckinsey.com/~/media/McKinsey/Business Functions/Sustainability/Our Insights/Can coastal cities turn the tide on rising flood risk/MGI-Can-coastal-cities-turn-the-tide-on-rising-flood-risk.pdf
https://www.c40knowledgehub.org/s/article/How-to-adapt-your-city-to-sea-level-rise-and-coastal-flooding?language=en_US
https://www.wsp.com/en-gb/insights/how-can-cities-use-nature-based-solutions-to-tackle-urban-flooding
https://archello.com/project/hunters-point-south-waterfront-park-2
https://archello.com/project/hunters-point-south-waterfront-park-2
https://www.theguardian.com/us-news/2021/oct/31/east-river-park-battle-adapt-climate-change-new-york-city
https://www.theguardian.com/us-news/2021/oct/31/east-river-park-battle-adapt-climate-change-new-york-city
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Despite the challenges, cities across the world are finding ways to invest in adaptation. As the case studies 
highlighted here show, this investment not only protects communities and infrastructure from the impact of the 
climate crisis, but has the potential to deliver wider community benefits. 

Cities must urgently undertake the difficult task of understanding and planning for multiple physical hazards. In 
a difficult global economic climate, they also need to build understanding of the capital costs of investment and 
develop the technical knowledge required to design and enact plans. Several considerations in can help improve the 
business case for early adaptation investment, these include:
   

Building partnerships and planning for future urban growth
The climate crisis does not recognise geographical or sectoral boundaries. For this reason, forming 
partnerships across jurisdictional and sectoral borders is vital in responding effectively to climate 
hazards. Formal partnerships help to increase institutional capacity and allow actors to share tools, 
knowledge, and resources. They also help to legitimise action and increase political will towards this 
issue. 

Global land coverage of cities is set to triple by 2030, with much of this growth is set to take place 
across the Global South. There is an urgent need to build local, regional, national and global cross-
sector partnerships that can support cities most at risk from climate change.  

Community engagement, health and wellbeing 
While adapting to the climate crisis is vital, it is equally important that interventions do not 
exacerbate social and economic inequalities. For this reason, meaningful community engagement is 
vital in developing sustainable, accessible and successful adaptation interventions.

Adaptation projects have the potential not only to protect cities from the impacts of the climate crisis, 
but to improve urban environments and support local economies and enhance people’s health and 
wellbeing. To maximise the impact of adaptation interventions we must consider wider co-benefits 
and the ways they can enhance both the physical and mental health of urban communities. 

Economic risks and opportunities
One of the reasons why adaptation projects face funding challenges is that they are designed to 
protect people and assets, rather than generate revenue. However, as the world edges closer to 
irreversible climate breakdown, early action on adaptation will help prevent both catastrophic and 
gradual loss of economic activity and livelihoods from both physical (e.g., storms, heat, etc.,) and 
transition (political, economic, regulatory compliance, etc.,) climate risks. At the same time, adaptation 
projects have the potential to create important investment and employment opportunities, especially 
in the Global South, where action is most needed. 

What do cities need to consider when planning adaptation actions? Glossary of Terms

Climate Resilience
The ability of a system or community to cope with and recover from the impacts of the climate crisis. 

Adaptation
Actions taken to prepare for and adjust to current and future climate events. 

Climate risk assessment 
The process by which future hazards and their potential risks are identified.

Adaptation action strategy
A document that acts as a reference point and sets out actions and their expected outcomes. 

Physical risk
Acute and chronic risks resulting from a climactic event such as a flood or wildfire.

Transition Risk 
Risk associated with changing policies and investments as society transitions away from fossil fuels.  

Co-benefit 
The additional benefits from climate projects that benefit society more broadly.  

Nature based solutions
When natural features or processes are incorporated into the built environment to improve adaptation. 

Urban heat island
This occurs when natural land cover is replaced with surfaces that absorb and retain heat (such as concrete or 
tarmac). This increases air temperatures in neighbourhoods with little green or blue space.
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