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Climate change key concepts

Å Is a human intervention to reduce the sources or 

enhance the sinks of greenhouse gases. 

ÅExamples include: 

ïusing fossil fuels more efficiently for industrial processes or 

electricity generation 

ïswitching to solar energy or wind power

ï improving the insulation of buildings

ïexpanding forests and other "sinks" to remove greater 

amounts of carbon dioxide from the atmosphere.

Mitigation

Source: http://unfccc.int 



Climate change key concepts

Å Example of mitigation actions: Fuel Switch

Mitigation (Cont ´d)

Gasoline to Biodiesel

Outcome: GHG Emissions Reduction

Image source: http://www.symbols.com/gi.php?type=1&id=778&i=1

Image source: http://www.home-made-biodiesel.com/image-files/biodiesel-drop-small.jpg



Climate change key concepts

Å Adaptation refers to adjustments in ecological, social, or economic 

systems in response to actual or expected climatic stimuli and their 

effects or impacts. It refers to changes in processes, practices, and 

structures to moderate potential damages or to benefit from 

opportunities associated with climate change (UNFCCC definition)

Adaptation

Source: http://unfccc.int/focus/adaptation/items/6999.php



Climate change key concepts

ÅExample of adaptation: Reforestation

Adaptation (Cont ´d)

Landslide risk                                                                  Reforestation for landslide 

prevention



Climate change key concepts

Å Example of adaptation: Infrastructure change 

Adaptation (Cont ´d)

Flood risk                                                           Elevated community houses



Climate change key concepts

Disaster Risk is the potential disaster losses, in lives, 

health status, livelihoods, assets and services, which could 

occur to a particular community or a society over some 

specified future time period.

Disaster Risk 

Source: UNISDR. (2009). Terminology. Available online: https://www.unisdr.org/we/inform/terminology and 

http://www.unisdr.org/files/5654_DRRtoolsCCAUNFCC.pdf 

Disaster Risk =
Hazard x Vulnerability

Adaptive Capacity

https://www.unisdr.org/we/inform/terminology


Climate change key concepts

ÅVulnerability to climate change is the degree to which 

geophysical, biological and socio-economic systems are 

susceptible to, and unable to cope with, adverse 

impacts of climate change 

ÅThe three components of vulnerability are:

Å exposure

Å sensitivity

Å adaptive capacity

Vulnerability

Source: IPCC Climate Change 2007: Working Group II: Impacts, Adaptation and Vulnerability.



Climate change key concepts

ÅExample of Vulnerability

Vulnerability (Cont ´d)

Source: IPCC Climate Change 2007: Working Group II: Impacts, Adaptation and Vulnerability.

Vulnerable

Vulnerable

Non Vulnerable



Climate change key concepts
Risk

Å Is the final outcome of the overlap of three different but inter-related

factors:

V
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RISK



Climate change key concepts

Risk
Å Is the final outcome of the overlap of three different but inter-related

factors: Hazards, Exposure and Vulnerability

Source: IPCC (2014) Climate Change 2014: Impacts, Adaptation and Vulnerability. Contribution of Working Group II.



Climate change key concepts

Disaster Risk Reduction

ÅThe concept and practice of reducing disaster risks through 

systematic efforts to analyse and manage the causal factors of 

disasters, including through reduced exposure to hazards, 

lessened vulnerability of people and property, wise management of 

land and the environment, and improved preparedness for adverse 

events.

Source: UNISDR. (2009). Terminology. Available online: https://www.unisdr.org/we/inform/terminology

Examples of DRR include:

Å Improving early warning 

Å Improving institutional and community capacity to respond to disasters 

Å Improving infrastructure (e.g. evacuation routes, signs, and embankments) 

Å Improving land and ecosystem management

https://www.unisdr.org/we/inform/terminology


Climate change key concepts

ÅExample of Risk identification

Risk (Cont ´d)

flood risk

No inmediate

risk

landslide risk



Climate change key concepts

Å Capacity of a society/system to adapt to its changing 

surroundings (environment)

Å Includes indicators of behaviour, resources (natural and 

financial) and technology.

Adaptive capacity



Climate change key concepts

Example of adaptive capacity

Adaptation (Cont ´d)

Å No technical capacity

Å No financial capacity

Å No material capacity

Å Technical capacity

Å Financial capacity

Å Material capacity

Low Adaptive capacity High adaptive capacity



Adaptation

Climate change key concepts

Å The ability of a social or ecological system to absorb 

disturbances while retaining the same basic structure and 

ways of functioning, the capacity for self-organisation, and 

the capacity to adapt to stress and change. 

Resilience

Source: IPCC Climate Change 2007: Working Group II: Impacts, Adaptation and Vulnerability.

Resilience

Climate Change Impacts over time



Summing up Mitigation & Adaptation:

Climate actions and principles flowchart

Climate change

GHG Emissions

Climate hazards

Impact (Physical, 

Economic, 

Environmental)

Adaptation

Mitigation

Vulnerability 

assessment

Hazard 

identification

Emissions 

reduction

Source

Response

Outcome
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Cities as actors on climate 

change

ÅMajor urban settlements are drivers and recipients

ÅCities demand an intensive material flow (Including 

energy and goods)

ÅThe type of influence/hazards of the city on/from climate 

change is determined by certain criteria such as:

ïGeographical conditions (Coastal, Highland, Flatland etc.)

ïMain activity of the city (Industrial, commercial, Touristic)

ïWeather conditions (Summer, Winter)

ïNatural development of the city (City planning)

ïNumber of inhabitants



Cities as actors on climate 

change

ÅUrban areas account for between 71 % and 76 % of COϜ

emissions from global final energy use and between 67 ï

76 % of global energy use

ÅThe anticipated growth in urban population will require a 

massive build-up of urban infrastructure, which is a key 

driver of GHG emissions across multiple sectors

Source: IPCC, AR5, WG3, Chapter 12



Cities can be part of the Solution

ÅMost investments to reduce GHG emissions and adapt to 

climate change take place at the sub-national and local 

levels: 

ï50 to 80 percent for mitigation and 

ïup to 100 percent for adaptation. 

Source: UNDP, National/Sub-national Strategies



Cities can be part of the Solution

ÅLocal governments (LG) usually have roles and 

mandates that are crucial for the delivery of climate 

mitigation policies, programs and projects

ÅTypical LG mandates: 

ï75% have direct control over their transit system 

ï80% have control over roads 

ï80% control residential waste collection 

ïMost cities have control over building codes 

ïMany can mandate energy efficiency standards 

Source: V-NAMA project factsheet, GIZ, 2014 



Cities can be part of the Solution

Å Examples of strategies and instruments which cities can use for 

climate change mitigation and to avoid locking-in energy and 

carbon intensive infrastructure and uses:
ï Low emission urban development strategy and action plan 

(http://www.iclei.org/activities/our-agendas/low-carbon-city/gcc.html)

ï Target setting (GHG, RE, EE, etc.)

ï Regulation, codes and standards (e.g. Building codes, vehicle access, etc.)

ï Finance and incentives (taxes, waivers, etc.)

ï Integrated urban and energy planing (e.g. district heating systems)

ï Integrated urban and transport planing (e.g trasit oriented development)

ï Green procurement policies (products, services and projects)

ï Local service delivery and operation (e.g.: deployiment, user charges, ...)

Ådemonstrate new solutions (e.g. Reneable energy technologies, ICT systems, 

etc.) 

ÅLocal energy utilities to enchance use of renewable energy 

ï Capacity building and awareness raising

http://www.iclei.org/activities/our-agendas/low-carbon-city/gcc.html
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Urbanization and climate change

ÅEconomic activities, land use patterns and GHG 

emissions on urban areas are determined by 

economic, political and social conditions

ÅNon technical Urban expansion takes over carbon 

sinks (green areas when existing)

ÅEven without occupying existing green areas (e.g. a 

desert) urbanization demands energy and goods which 

generate emissions



Urbanization and climate change 

(cont'd )

Increase of urban areas 

= 

Increase of GHG 

emissions

Decrease of GHG 

sinks 

=

Increase of climate 

change



Urbanization and climate change 

(Cont'd )

Image source: https://stateimpact.npr.org/texas/2013/12/06/heres-what-climate-change-and-urban-sprawl-look-like-in-texas/

Impact of urbanization on forest (carbon sinks) ïSan Antonio Texas (1991-

2010)



Urbanization and climate change

ÅCompact cities
ïReduce green field development

ïReduce capital and operational costs of urban 
infrastructure (energy, transport, street lighting, water 
supply, waste management, etc.) 

ïReduce travel demand with potential multiple benefits  
for households (less travel cost and time) with 
consequences on emission of air polutants, GHG 
emissions and quality of life 

ÅSpatial and urban planning strategies to promote 
compact cities include:
ïUrban confinement

ïTransit oriented development

ïUrban infill development



Urbanization and climate change

Source: Litman, 2015



Urbanization and climate change

ÅLow carbon neighborhoods
ïDistrict energy systems (heating and cooling)

ÅReduce energy consumption by at least 10-15% in comparison 

with multiple individual building systems 

ÅEnable use of efficient or renewable energy technology options 

which might not be viable at single building-scale (e.g.: combined 

heat and power,  heat pumps, renewable energy, use of industrial 

waste heat, energy cascading, etc.) 

ÅStrategies to make district energy viable include:
ïUrban planning: zoning and density bonus

ïBuilding codes: district energy ready buildings



Urbanization and climate change

ÅBuildings

ïPassive house standard can reduce energy consumption 

in buildings by around 80-90%

ÅBioclimatic architecture (orientation, natural light, ...)

ÅBuilding envolope (insulation of floor, roof, walls, ...)

ïRenewable energy (solar thermal, biomass, etc.) 

ÅStrategies to promote near zero energy buildings 

include:

ïBuilding codes: requirements on building envolop and 

building energy systems

ïEnergy performance standards

ïEnergy monitoring and awareness raising



Decisions made today can lock -in 

emissions for many years to come

Expected life span

ÅUrban infrastructure 50-150 years

ÅBuildings 50-100 years

ÅCentral boiler 15-30 years

ÅLarge appliances 10-20 years

ÅSmall appliances 2-10 years
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Mitigation and adaptation at urban 

scale

Mitigation Adaptation Combined 

approach

Å Energy efficiency 

Å Renewable energy

Å Fuel change

ÅWaste management

Å Fuel efficiency

Å Energy Management 

system

Å Low emission zone

Å Transit management

Å Landslide prevention

Å Flooding prevention

Å Relocation of 

vulnerable 

settlements

Å Identification of 

invasive species

Å Air quality 

monitoring (SLCP)

ÅWater management 

Å Increase of 

urban green 

areas 

Å Building 

isolation

Å Green 

architecture

Å Urban 

agriculture

Å Sustainable 

habits
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Mitigation at urban scale
Case studies: COϜneutral city 

(multiple approach)

Copenhagen
Å COϜneutral by 2025

Å Copenhagen has adopted a strategy to set up 

more than 100 wind turbines

Å 37% of all citizens commute by bicycle and 50% 

ride their bike every day

Å The City has decided only to buy electric and 

hydrogen electric cars from 2011 on

Å One in every ten food purchases in Copenhagen 

is organic

Å It is official municipal policy in Copenhagen that 

all citizens must be able to reach a park or 

beach on foot in less than 15 minutes by 2015

Å Power production in one of the two primary 

power plants in the city is based on biomass

Å Green Purchasing Regulations have been in 

place since 1992



Mitigation at urban scale

Case studies: Sustainable Transport

Belo Horizonte
Å Political will and serious work Belo 

Horizonte was the first Brazilian city to 

develop a mobility plan ïthe PlanMob-

BHïthat was aligned to the National 

Urban Mobility Policy. 

Å Outlines the future expansion of transport 

and sustainable urban development.

Å Today, it carries 480,000 passengers daily 

on two corridors.

Å Reduces car demands, hence, fuel 

demands expressed in reduced COϜ
emissions



Mitigation at urban scale

Case studies: Waste management

Seoul
Å GHG emission will be reduced by 6% from -

17,263 MTCOϜ/day in 2009 to -18,330 

MTCOϜ/day in 2021. 

Å Includes separation at source, recycling, 

composting, mining, re-use and energy 

recovery

Å It is estimated that GHG emission is reduced 

by source reduction, reuse, material recovery 

and landfilling and increased by recycling of 

food wastes and incineration 

Å The number of job could be increased by 

17% from 11,195 in 2009 to 13,074 in 2021.

Å The number of job will be 3.35/annual 

thousand tons-MSW in 2021. 

Source: Korea Times photo by Hong 

In-ki



Adaptation at urban scale

Case studies: Climate resilient city

Tshwane Metropolitan 

Municipality (incl. Pretoria) 
Å ñTshwane Vision 2055ò contains the cityôs 

ambition to become a low carbon, resource 

efficient, climate resilient city. 

Å Tshwane conducted a baseline GHG inventory 

and a vulnerability assessment as first steps 

towards achieving its vision.

Å The city passed an innovative Green Buildings by-

law (1st in the country) and collaborated with the 

private sector on several projects to achieve 

sustainability and resilience to climate change 

impacts. 

Å The city is working towards a full-fledged 

Sustainability Financing Mechanism Strategy  -

which will put climate change adaptation in 

financial terms. 
Source: Wikimedia Commons


