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Figure SPM.10 in IPCC, 2021

Accumulated (stored) CO2eq 
in the atmosphere and 
temperature change. A CO2 
molecule has a residence 
time in the atmosphere of 
>100 years.

Future temperature changes 
depends on the economic 
pathway (ssp) taken, which 
results in different outcomes 
(indicated by the radiative 
forcing)



The Paris Agreement and the 1.5°C limit

The agreement was to limit global warming to <2°C (compared to pre-industrial levels). This requires a 
radical reduction in GHG emissions.



https://wmo.int/publication-series/state-of-global-climate/state-of-global-climate-2025

WMO State of the Global Climate 2025

The increased concentration of GHGs in the atmosphere is modifying the Earth’s energy budget (increased heat 
storage), which results in global warming.



WMO State of the Global Climate 2025

Much of stored heat is in the Oceans, which contributes to sea-level rise.



Cities are focussed areas of resource use and waste generation. Although urbanised areas occupy less than 3% 
of available land area, they are responsible for more than 70% of global CO2 emissions. 

Cities are especially exposed to the consequences of climate change owing to their geography, concentration of 
critical infrastructure and of  built form.

Cities have management systems.
Oke et al, 2017 Urban Climates

Why cities?



Cities are exposed to a range of natural hazards.

Most cities are located at low elevation along rivers (flooding)
Many very large cities are situated along coastlines (flooding)
Many very large cities are located in hot climates (heat stress)



Source: Oke et al. (2017) Urban Climates. CUP

Exposure/Risk

Driver/Responsibility
Cities are political actors at the global scale



Urban effects within a larger climate context that regulates the nature of the urban effect.

Urban climate effects in context.

It is not possible to treat cities as isolated 
entities and many of the hazardous events 
(such as heatwaves) are much larger than the 
city. The city can adjust to this background 
climate.



Properties
• Built & Rough
• Paved & Impermeable
• Occupied & Emissions

Climate
• Latitude
• Continentality
• Topography

Climate change
• Warmer/heat waves
• Heavy precipitation
• Cyclone activity
• High sea level
 

Urban form & function Background climate

Urban effect/impacts
Air quality
Urban heat island
Runoff and flooding

Urban climate effects are a product of aspects of urban form and functions – how cities are 
built and operated. These properties also contribute to climate change. 

Cities have climate effects that can enhance background hazards 



Change in Energy Usage for Cooling and Heating Demands

CMIP6 - Future Climate Data (RCP8.5)  https://esgf-node.llnl.gov/search/cmip6/

Climate outcomes for cities in different climates

https://esgf-node.llnl.gov/search/cmip6/
https://esgf-node.llnl.gov/search/cmip6/
https://esgf-node.llnl.gov/search/cmip6/


Indoor Outdoor

Architecture/design
Building engineer
Private/commercial
Strong management
Comfort

Meteorology/climatology
Urban planning/design
Urban commons
Weak management
Heat island/Air quality/Flooding

Exchanges across 
the envelope
Strong/weak 
connections

One urban atmosphere

Our understanding of the urban system and the proposed solutions are often based on a myopic 
view its parts and how they function.  A key part of this is the integration of the study of the indoor 
and outdoor environments.



Understanding scale is critical to linking outcomes and actions at local (urban) scales to wider climate and 
climate change impacts.



Adapt

Mitigate

Climate change adaptation acknowledges that the 
global/regional climate is (will) changing and adjusts 
infrastructure and systems to account for enhanced 
risks. Adaptation can take the form of physical changes 
to the city to limit exposure and social-demographic 
changes to reduce vulnerability. 

Climate Resilient City Zero Carbon Cities

Climate change  mitigation addresses the drivers, 
which include greenhouse gas emissions and land-
cover change. Strategies seek to reduce fossil fuel use 
though infrastructure change (electrification and 
renewable energy) and managing energy demand(e.g. 
buildings and occupation, transport mode). 



Accounting for City emissions

Most systems account for Scope 1 and 2 emissions, which occur within city boundaries (1) or are due to 
the transfer of energy from outside the boundary (2). Scope 3 emissions includes the ‘embodied’ energy 
in the products consumed by the city (including building materials)



Adaptation & Mitigation

Mitigate
Urban hazards
• Pluvial flooding (permeable)
• Urban heat (shade and evaporation)
Global climate change
• Direct Carbon sequestration
• Indirect offset air conditioning demand

Adapt
Global + urban hazards
• Increased green cover
• Heatwave refuge (requires population 

response)

Scale dependency



An urban scientific infrastructure for climate change 

Adapt
Data on current risks: hazard, exposure & vulnerability.
Links to physical models (global-urban) to predict/project hazards.
Links to socio-economic models to estimate cost-benefits of options

Mitigate
Data on greenhouse gas emissions (inventory) and observations on concentrations.
Consistent reporting mechanisms to measure progress.
Links to socio-economic models to evaluate cost-benefits of options.



Our understanding of urban climate effects is embedded in general boundary layer theory that identifies distinct 
vertical layers and urban scales. The urban effect at each scale differs.

Urban Climate Science

City
Planning

Neighbourhood
Design Street/building

Architecture
Engineering

Climate change contribution



Urban effects



Development of an Urban Climate Science (1980-)

Observations of varying sophistication to detect urban microclimates



Modern urban observations

There has been extraordinary developments in the acquisition of data.
• Satellite availability providing urban-scale data (<1km) at global scales.
• Crowd-sourced data providing detailed information on city climates.

These data can fill in gaps in knowledge on urban climates outside of Europe/North America and 
provide much of the land-cover data that can be used in climate studies.

BUT
• Over-reliance on temperature 

observations.
• We are still lacking in sophisticated 

observations over urban landscapes – 
much of our knowledge is based on 
few cities. 

• We are only starting to explore the 
structure of the urban boundary layer.



Atmospheric models have become more diverse and widely available. Apart from sophisticated  
models that have high knowledge and data requirements, there are other models that run within 
GIS (e.g. UMEP) and require limited capacity.

Models

Outdoor Thermal Comfort: ExtremeFinder
Outdoor Thermal Comfort: SOLWEIG
Solar Radiation: Daily Shadow Pattern
 Solar Radiation: Solar Energy on Building Envelopes (SEBE)
Urban Energy Balance: GQF
Urban Energy Balance: LQF
Urban Energy Balance: Urban Energy Balance (SUEWS, 
simple)
Urban Energy Balance: Urban Energy Balance (SUEWS, 
advanced)
Urban Heat Island: TARGET
Urban Heat Island: Urban Weather Generator
Urban Wind Fields: URock

Urban Climate Science: Modelling

All models require numerical descriptions of the urban landscape.



Knowledge transfer
Local Climate Zones (LCZ)

The LCZ typology categorises neighbourhoods into distinct types. Each LCZ is associated with variables (parameters)
that describe the typical land cover.

Table 1A selection of urban canopy parameter data associated with built LCZ 
types, sourced from Stewart and Oke (2012). Columns represent the urban 
canopy parameters included in the thematic benchmark: the percentage of built 
(λB (%), ratio of building plan area to total plan area), impervious (λI (%), ratio of 
impervious plan area to total plan area), and total impervious (λT)), the mean 
height of roughness elements H (m), and the mean annual anthropogenic heat 
flux AHF (W m−2).

https://essd.copernicus.org/articles/14/3835/2022/#bib1.bibx155
https://essd.copernicus.org/articles/14/3835/2022/#bib1.bibx155
https://essd.copernicus.org/articles/14/3835/2022/#bib1.bibx155
https://essd.copernicus.org/articles/14/3835/2022/#bib1.bibx155


Increasing the vegetative fraction (reducing impervious surface cover) changes the exchanges at the urban surface 
and reduces UHI intensity.

Abstraction

co
ol

in
g

w
arm

ing



Applications: Integrated Urban Services

Some progress in development of IUS mostly in the 
context of weather (and warnings) rather than long-term 
planning issues. The WMO sees the creation of IUS by 
its members (mostly National Meteorological and 
Hydrological Services) as an important part of making 
cities more resilient. 

Cities are seen as a focus for integrated services owing 
to their exposure to a range of hazards and vulnerability 
across sectors.

In this context, urban effects are ‘amplifiers’ of wider weather/changes. 



London



https://www.reading.ac.uk/planet/climate-resources/climate-stripes



Source: Technical Assistance to Deliver London's Climate Action Plan Climate Action Planning 
Technical Assistance Programme Work Package 4: Impacts Assessment 18 May 2018

Climate projections



Geography: landscape



Energy Performance Certificates

Residential building stock

Data source: https://data.london.gov.uk/dataset/london-building-stock-model-2/

Geography: landscape



Climate impacts on London’s built 
environment sector, across the 
21st century

London’s main climate challenges are flood risk, drought, 
heat risk and “interconnected risks”. There are four 
objectives for adaptation, and this report has particular 
relevance to the first of these. 

• Understand and manage the risks and impacts of severe 
weather and future climate change in London on critical 
infrastructure, public services, buildings and people;

• Reduce risks and impacts of flooding in London on 
people and property and improve water quality in 
London’s rivers and waterways;

• Ensuring efficient, secure, resilient and affordable water 
supplies for Londoners; and

• London’s people, infrastructure and public services are 
better prepared for, and more resilient to, extreme heat 
events.

Adaptation: Climate change risks

Source: Technical Assistance to Deliver London's Climate Action Plan Climate Action Planning 
Technical Assistance Programme Work Package 4: Impacts Assessment 18 May 2018



London’s urban thermal effect



Heat risk                                                                        Canopy cover



https://www.c40knowledgehub.org/s/article/London-Environment-Strategy?language=en_US

In 2022, London’s emissions were 28.40 million tonnes (MtCO 2 e). 

Over the longer term, emissions are 37 per cent lower than 1990 levels and 44 per cent below the peak of 
emissions in 2000. Despite a 30 per cent increase in population since 1990 and significant economic growth 
over that period, London’s per capita emissions have reduced by 52 per cent, from 6.7 tCO 2 e in 1990 to 3.2 
tCO 2 e in 2022. Compared to the rest of the UK, London has the lowest per capita emissions of any region

Source 2010 2015 2020 2023
Percent 
of total

Domestic 15.26 12.77 10.93 8.74 31%
Industrial & Commercial 19.50 15.24 9.89 9.40 33%
Transport 9.06 9.99 7.32 8.72 31%
tCO2 per capita_all 5.69 4.68 3.40 3.20
Net CO2 45.72 40.34 30.03 28.53

A Greenhouse Gas Inventory

Mitigation



Transport emissions



Commercial & industrial emissions



Domestic emissions



All emissions

This shows the total emission of CO2 (per sq. km) across London presented as a heat map; the contribution 
of each borough is treated as a value at the borough centroid.



Tree Canopy Cover 2024

Total Carbon Stored: Approximately 
2.4 million tonnes of carbon are stored 
in London's trees.

Annual Carbon Sequestration: 
London’s trees remove (sequester) 
about 77,000 tonnes of carbon from 
the air every year.

Top Carbon Absorbers: The London 
Plane and Oak are among the best 
species for carbon storage in the UK 
due to their large size and long 
lifespans. 
i-Tree Tools

In 2023, London’s emissions were 28.61 million tonnes (MtCO2e), so the trees can sequester just 0.27% of the 
annual emissions. 

Planting trees to offset emissions.

Data source: https://data.london.gov.uk/dataset/tree-canopy-cover-2024-2w4m3



Mitigation policy

Achieving this will require many things, including:
• nearly 40 per cent reduction in the total heat demand of our buildings. This requires over 2 million homes and a 

quarter of a million non-domestic buildings to become properly insulated
• 2.2 million heat pumps in use in London by 2030
• 460,000 buildings connected to district heating networks by 2030
• a 27 per cent reduction in car vehicle kilometres travelled by 2030
• fossil fuel car and van sales ended by 2030, and enforced in line with Government’s existing commitments.

The Mayor of London has set a target for London to be net zero carbon by 2030. 

https://www.london.gov.uk/programmes-strategies/environment-and-climate-change/climate-change/zero-carbon-london/pathways-net-zero-carbon-2030

London Net Zero 2030: An Updated Pathway



Scenarios represents a different pathway to meeting London’s decarbonisation goals:
• Decentralised scenario promotes decentralised energy production and distribution. 
• High electrification scenario promotes electrification of heat and transport using an increasingly decarbonised 

electricity grid. 
• Decarbonised gas scenario promotes the conversion of London’s gas grid to 100% hydrogen by 2045.
• Patchwork scenario aims to represent a pragmatic, mixed pathway, encompassing aspects of all the above 

scenarios to meet carbon targets.



Conclusion

Cities have a background climate effect that has been accounted for in its engineering and building. These 
responses have relied on plentiful fossil-fuel based energy supplies.

The emission of GHG over hundreds of years is changing the background climate that cities experience. 
Cities have to adapt. 

Limiting GHG emissions (globally) can limit the magnitude of global climate change. Cities must mitigate.

Across city scales, adaptation and mitigation actions need to be systemic and consistent. The solutions are 
not simply technical and require innovative designs.

From a climate science point of view, we need new models that can better simulate the city system – its 
components and links – to develop coherent policies. 



Thank you

The Donore neighbourhood in Dublin, which 
represents some of the poor housing stock in 
Dublin and less affluent residents.
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