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Outline

• Background on Climate Change 
(CC) 
–Sources and Effects

• Cities’ contributions and Drivers to 
CC and 

• CC impacts in cities





General public?



WARMING IS UNEQUIVOCAL

Over both the last 140 years and 

1000 years, the best estimate is 

that the global average surface 

temperature has increased by 0.6 ±

0.2°C

Hockey Stick Graph created 

by geophysicist Michael Mann.  

Despite uncertainty decreases 

in time (represented by the 

grey region) the rate and 

duration of warming of the 

20th century has been much 

greater than in any of the 

previous nine centuries.



The Climate is Changing

It’s changing at an increasingly rapid 
rate…and 

at a rate beyond historic experience…
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IPCC ARC5 (2013) 
“It is now considered even more certain
(> 95%) that human influence has been 
the dominant cause of the observed 
warming since the mid-20th century. 

Natural internal variability and natural 
external forcing (e.g. the sun) have 
contributed virtually nothing to the 
warming since 1950 – the share of these 
factors was narrowed down to ± 0.1 
degrees.”





The Greenhouse Effect

EPA
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The Greenhouse Effect
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The Greenhouse Effect
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• Carbon Dioxide (CO2): power, industry, transport

• Methane (CH4): agriculture, livestock, waste 
management

• Nitrous Oxide (N2O): agriculture, fertilizers

• Hydrofluorocarbons (HFC)

• Perfluorocarbons (PFC)

• Sulfur hexafluoride (SF6)

refrigeration systems, air conditions, fire suppression 
systems

Which are the main GHGs?



Human activities contributing to Climate 
Change

• Urbanisation (modification land surface)

• Deforestation (reduces the amount of carbon dioxide absorbed)

• Power stations
• Industry
• Transport
• Buildings
• Agriculture

Land Use

Changes

Fossil Fuel

Burning



Climate Change Effects and

Impacts
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Temperature 

Rainfall

Sea level rise

Changes in means









North Polar cap

25% reduction

in 25 years



Source: IPCC
RCPs: Representative Concentration Pathways



Source: IPCC RCPs: Representative Concentration Pathways



Source: NOAA

A detailed description of this evidence can be found on the CLIMATE.NASA 

website

http://climate.nasa.gov/evidence/


Changes in extremes

Djibouti-Ville flooded in April 2004



Hurricanes, cyclones, typhoons 
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Flooding
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Drought
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http://maps.grida.no/library/files/storage/number-of-disasters-per-year.jpg
http://maps.grida.no/library/files/storage/number-of-disasters-per-year.jpg


IMPACTS of Climate Change

• Casualties

• Famines

• Economic losses

• Diseases

• Infrastructure damages

• Biodiversity loss

• Increased “heat island 

effect”

• Water scarcity

• Loss of traditional lifestyles



Indirect IMPACTS of Climate Change

• Environmental 
refugees

• Accelerated 
urbanization

• Epidemics, worsening 
public health

• High energy demand 
for cooling



Source: UNEP / GRID-Arendal, 2007

Refer for report to

http://unfccc.int/resource/docs/publications/impacts.pdf

Mitigation Adaptation

http://unfccc.int/resource/docs/publications/impacts.pdf


What is driving climate

change?

How are humans and cities drive 
climate change?
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Mali, Burundi, Chad

Eritrea, Liberia, Tanzania. 

Mozambique, Niger

Malawi, CAR, Burkina F
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Industrialized countries have emitted the most 
anthropogenic CO2

(Area proportional to historical CO2 emissions from fossil fuel combustion, 1900-1999)

Source: WRI



2035 total emission estimate: 
11.71 billion tons of carbon

1995 total emissions: 
6.46 billion tons of carbon

Share of global GHG emissions

Source: OSTP





Key question - Which way will                   
Chinese / Indian cities go?

Note: Bubble size corresponds to total carbon dioxide emissions (kilotons).

Source: World Development Indicators World Bank.
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Cities cover about 2% of 

the earth's surface but 

are disproportionately 

responsible for causing 

climate change

70%
Source: UN Habitat, 2011



Cities produce 

surprisingly low 

carbon emissions 

per capita

30%
Greenhouse gas emissions of 

city dwellers are often far 

smaller than the national 

averages (Dodman, 2009)



Per person GHG emissions: 
Cities vs Nations



49

GHG emissions/person/year
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GHG emissions/person/year
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Which are the main drivers of GHG 
emissions in cities?

– Economic basis (balance of manufacturing / 
service industries)

– Individual consumption lifestyles

– Urban form and density

– Carbon intensity

– Energy use pattern related to weather conditions



Economic basis



tCO2e/capita for selected cities
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Consumption vs production 
based approaches

• Production vs Consumption based figures
– Production – location where GHGs are emitted
– Consumption – GHGs allocated to individuals based on GHG emission implications 

of the goods & services they use

• Consumption-based GHG allocations change figures
– Shanghai down; London up to 12 tonnes CO2e/person (15%)
– Setting cap on the half billion largest emitters
– Giving space for those who are poor & have very low consumption to meet their 

needs



Urban form and density





Densities matter when it comes to avoiding high-
carbon growth patterns

City Densities and their GHG Emissions per capita
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GHG emissions/person/year, Toronto

‘Fair-share’ 
global 
average
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Source: Eliot Allen, “Cool Spots”
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Low carbon cities and quality of life

• Places where a very high quality of life is possible without high GHGs

• Some evidence

– Porto Alegre & Sao Paulo; the low-energy using residential areas in 
Toronto

– Oslo, Stockholm below 4 tonnes CO2e/person/year

– Dramatic reduction in CO2 emissions in households that 
walk/bicycle/use public transport

– Copenhagen & Amsterdam vs Detroit & Houston

– High density low-energy use in homes is easy; many of the world’s most 
expensive/desirable residential areas are high density



Urban actions mitigation potential

Source: C40, 2014



Thousands of cities are undertaking Climate Action Plans 
and Mitigation commitments 

Yet, their aggregate impact on urban emissions is uncertain



Key messages

Our ability reduce global GHG depends on what kind
of cities and towns we will build

A large window of low carbon development
opportunities lie in guiding new urbanization in next
2-3 decades- urban areas are yet to be built

 Cities have great potential to reduce GHG emissions
and contribute to global and national mitigation
efforts



Climate change impacts, 
cities and Urbanization



TED talk on Urban CC 
vulnerability and adaptation

http://www.ted.com/talks/vicki_arroyo_let_s_p
repare_for_our_new_climate.html





Source: Projected Impacts of Climate Change 

(IPCC, 2007)









Urban Population in Low Elevation Coastal Zones 
for Selected Countries
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Climate impacts in cities

Cities face the greatest 
risks

• High concentration 
of population & 
assets 

• More extreme
storms/rainfall, heat 
waves, sea-level rise





Vulnerability of low-income households

and neighborhoods

• Greater exposure to hazards (e.g. through living on flood plains or unstable 
slopes);

• Lack of risk-reducing housing and infrastructure (e.g. poor-quality housing, 
lack of drainage systems);

• Less adaptive capacity (e.g. lacking the income or assets that allow a move 
to better quality housing or less dangerous sites);

• Less state provision for assistance in the event of a disaster (e.g. needed 
emergency responses and support for rebuilding or repairing homes and 
livelihoods; indeed, state action may increase exposure to hazards by 
limiting access to safe sites for housing); and

• Less legal and financial protection (e.g. a lack of legal tenure for housing 
sites, lack of insurance and disaster proof assets)

(UN-HABITAT, 

2011b;Godfrey and 

Savage, 2012)



What cities can do about

climate change?



Dealing with Climate Change:   

Mitigation and Adaptation

Mitigation activities

Reducing emissions of 

greenhouse gases

Adaptation activities 

Managing the change and 

impacts that occur due to 

climate change.  

http://images.google.com/imgres?imgurl=http://www.biodiversityproject.org/newsletters/Smokestack Pollution.jpg&imgrefurl=http://www.biodiversityproject.org/newsletters/news0103.htm&h=1968&w=3000&sz=244&tbnid=yT7ZzuTdQCK3DM:&tbnh=98&tbnw=150&prev=/images?q=smokestack&start=1&sa=X&oi=images&ct=image&cd=1
http://images.google.com/imgres?imgurl=http://www.biodiversityproject.org/newsletters/Smokestack Pollution.jpg&imgrefurl=http://www.biodiversityproject.org/newsletters/news0103.htm&h=1968&w=3000&sz=244&tbnid=yT7ZzuTdQCK3DM:&tbnh=98&tbnw=150&prev=/images?q=smokestack&start=1&sa=X&oi=images&ct=image&cd=1
http://townhall.townofchapelhill.org/planning/HWCC/hwt zoning closeup.jpg
http://townhall.townofchapelhill.org/planning/HWCC/hwt zoning closeup.jpg
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http://images.google.com/imgres?imgurl=http://www.wen.ncsu.edu/stories/images/upgrade in storm pipes.JPG&imgrefurl=http://www.wen.ncsu.edu/stories/craven1.htm&h=187&w=250&sz=12&hl=en&start=1&tbnid=e2NXz8IGAMHtaM:&tbnh=83&tbnw=111&prev=/images?q=storm+pipes&ndsp=18&svnum=10&hl=en&rls=GGLJ,GGLJ:2006-47,GGLJ:en&sa=N
http://www.usbr.gov/dataweb/dams/images/cleelum1b.jpg
http://www.usbr.gov/dataweb/dams/images/cleelum1b.jpg


Concluding remarks
• High urbanization rate and economic 

growth at global south is likely to drive 
emissions up

• Which (carbon) development path cities 
will follow? 

– Economic base

– Carbon intensity

– Urban form

– Consumption patterns and lifestyle

• Urbanization and climate impacts



s.grafakos@ihs.nl

Thank You
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