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Overview 

§  Climate Convention in a nutshell 

§  What does science tells us: 
Results from IPCC’s 5th assessment report 

§  Role of risk and risk management in IPCC’s 
assessment 

§  Lima update 

§  Compensation: the Loss & Damage debate 

§  2 degree pathways 
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Peru work on flood risk and 
development 
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20th Conference of the Parties 
to  the Climate Convention 
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UNFCCC process in a nutshell 

§  1992: UN Framework Convention on Climate Change (UNFCCC)  
o  established 1992: framework for action aimed at stabilizing 

atmospheric concentrations of greenhouse gases (GHGs) to 
avoid “dangerous anthropogenic interference with the climate 
system.”  

o  Entered into force on 1994, now 196 parties.  

§  1997: Kyoto Protocol 1997, entered  into force 2005, 
Industrialized countries to reduce emissions by 5% from 1990 
to average over 2008-12: successful! 

§  2010: 2 degree target agreed 
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UNFCCC process in a nutshell 

§  2011:  
o  2nd committment period of Kyoto: less countries (18% 

reduction to 1990, 15% of global emissions) until 2020 
o  Green Climate Fund (there are other funds) 
o  Mandate “to develop a protocol, another legal instrument or 

an agreed outcome with legal force under the Convention 
applicable to all Parties, to be complete by 2015, and enter 
into force in 2020’ 

o  Explore actions to work towards 2°C target. 
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UNFCCC process in a nutshell 

§  2013: 
o  INDCs: intended nationally determined contributions 
o  Establishment of Warsaw International Mechanism on Loss and 

Damage 
o  Warsaw REDD+ Framework (deforestation and land degradation) 

§  2014 
o  ‘Lima Call for Climate Action’ confirms ambition to work towards a 

global climate deal in Paris at COP21 
o  Notes 2 °C and 1.5 °C warming goals  
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Lima climate change talks reach global
warming agreement
Deal would for first time commit all countries – including developing nations – to cutting
emissions

Full text of the deal (pdf)

COP20 president and the Peruvian minister of environment, Manuel Pulgar, claps after approving the proposed compromise

document. Photograph: CRIS BOURONCLE/AFP/Getty Images

Suzanne Goldenberg in Lima
Sunday 14 December 2014 

16.21 GMT

International negotiators at the Lima climate change talks have agreed on a plan to fight global

warming that would for the first time commit all countries to cutting their greenhouse gas

emissions.

The plan, agreed at United Nations talks on Sunday, was hailed as an important first step

towards a climate change deal due to be finalised in Paris next year. The proposals call on

countries to reveal how they will cut carbon pollution, ideally by March next year.

“As a text it’s not perfect, but it includes the positions of the parties,” said Manuel Pulgar-

Vidal, the Peruvian environment minister, who presided over the talks.

However, negotiators acknowledged they had put off the most difficult decisions for later.

And with 2014 on course to be the hottest year on record, campaigners warned the plan was

far too weak to limit warming to the internationally agreed limit of 2C above pre-industrial

levels, or to protect poor countries from climate change.

“It’s definitely watered down from what we expected,” said Alden Meyer of the Union of
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IPCC’s 5th assessment report:  
key findings 



The Intergovernmental Panel 
on Climate Change - IPCC 
 
 
§  Intergovernmental Body compiling information regarding 

climate change set up by UNEP and WMO  in 1988  
-  194 member governments 

§  5 assessment reports and a number of special reports written 
bythe  global climate research community (pro bono) 

§  3 Working groups: Climate science-impacts and adaptation-
mitigation 

§  Science-policy:  
§  Summaries for policymakers are used as the state of the art 

for climate negitaions etc. 
§  Reports are policy-relevant not policy-prescriptive:  

 
 



Working Group I: Climate Science 



Global warming ongoing 
 

“Warming unequivocal… human influence 
extremely likely the dominant cause” 

Twelfth Session of Working Group I  Approved Summary for Policymakers 

IPCC WGI AR5 SPM-30 27 September 2013 

Figure SPM.4 [FIGURE SUBJECT TO FINAL COPYEDIT] 
 

 
  



Climate extremes  
 
 
 

 
Key messages 
•  A changing climate leads to changes in extreme weather and climate events 
•  There is evidence that anthropogenic influences, including increasing 

atmospheric greenhouse gas concentrations, have changed these extremes 



Projections: changing extremes 

Increases expected in  
 
§  Warm days– virtually certain (high confidence) 

§  Heatwaves: very likely (high confidence) 

§  Heavy precipitation –  likely (high confidence)  

§  Droughts– medium confidence 
 
§  Average tropical cyclone maximum wind speed 

- likely (high confidence) 

§  Global frequency of tropical cyclones will either 
decrease or remain essentially unchanged - 
likely (high confidence) 



Working Group  II: Impacts, 
Adaptation and Vulnerability 



A CHANGING WORLD 

WIDESPREAD 
OBSERVED IMPACTS  









ALREADY OCCURING 
ADAPTATION IS 





Risk in the recent IPCC report 

Chris Field, IPCC Working Group II 
Co-Chair: 
“Climate change is a threat 
multiplier that adds new 
dimensions and complexity to the 
development challenges we’re 
already facing.” 
 “Fundamentally, the challenge of 
managing climate change is a 
challenge of managing and 
reducing risk. We know plenty, but 
we need a transition from the 
perspective of knowing lots to doing 
lots.” 



Risk and the UNFCCC 

§  Responds to UNFCCC Article 2: 
“..the ultimate objective of this Convention…is to 
achieve…stabilization of greenhouse gas concentrations 
in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate 
system.” 

§  Thresholds and tipping point perspective: 5 reasons for 
concern 

§  Also understanding of large and deep uncertainty ley:  
halfway between risk-based and precautionary decision-
support 



1.   Unique and threatened systems: Some unique and threatened systems, 
including ecosystems and cultures, are already at risk from climate change (high 
confidence). Example: coral-reef systems.  

2.   Extreme weather events: Climate-change-related risks from extreme events, 
such as heat waves, extreme precipitation, and coastal flooding, are already 
moderate (high confidence) and high with 1°C additional warming (medium 
confidence) 

3.   Distribution of impacts: Risks are unevenly distributed and are generally 
greater for disadvantaged people and communities in countries at all levels of 
development.  
Example: water availability 

4.   Global aggregate impacts: Risks of global aggregate impacts are moderate for 
additional warming between 1-2°C, reflecting impacts to both Earth’s 
biodiversity and the overall global economy (medium confidence).  
Example: biodiversity loss  

5.   Large-scale singular events: With increasing warming some physical systems 
or ecosystems may be at risk of abrupt and drastic changes. 

      Example: Wet Antarctic Iceshield 

Idealized risk 
5  Reasons for Concern/
burning embers 
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Assessment Box SPM.1 Figure 1. 
 
  

2 degrees 
 

The 5  Reasons for Concern/
burning embers diagram 

AR5 



Working group II: Risk 
perspective 



§  asset relocation 
§  weather-proofing assets 
§  early warning systems 
§  migration 

§  poverty reduction 
§  flood protection 
§  better education and 

awareness 
§  Improved governance 

§  reduction of greenhouse gas 
emissions 

§   improved forecasting and 
warning systems 

 

Entry points to the solution 
space: Climate change as 

threat multiplier? 



Calculated risk 
Africa & Crop productivity 



Losses from coastal and 
riverine flooding- Europe 

Diskussionsforum+IPCC/Bericht+AG+2+ 8+Diskussionsforum+IPCC/Bericht+AG+2+
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Ökonomische+Schäden+durch+Fluss/und++

Küstenhochwässer+/+Europa+

(Kapitel+23.2,.23.7)+

•  “Harte”+Resilienzmassnahmen:+Dämme+und+Deiche+

•  Renaturierung+von+Flussauen,+RetenMonsflächen+etc.+
•  Mit+hohen+Kosten+verbunden+



Forest fires- North America:  
Impacts on ecosystems, mortality 
and structures 

Diskussionsforum+IPCC/Bericht+AG+2+ 9+Diskussionsforum+IPCC/Bericht+AG+2+

Waldbrände/+Nordamerika:++
Schäden+für+Ökosysteme,+Mortalität+und+(Infra)+

Struktur+(Kapitel+26.4,+26.8)+

•  Kontrollierte+Waldbrände+
•  Feuerrresiliente+VegetaMon+
•  Anpassungspotenzial+beschränkt+aufgrund+hohen+

Siedlungsdrucks+

APPROVED SPM – Copyedit Pending     IPCC WGII AR5 Summary for Policymakers 
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Coral reefs: Impact on 
biodoversity, fisheries, coastal 
protection 

Diskussionsforum+IPCC/Bericht+AG+2+ 10+Diskussionsforum+IPCC/Bericht+AG+2+

Korallenriffe:+Verluste+für+Biodiversität,+
Fischbestände,+Küstenschutz++

(Kapitel+5,6,30)+

•  Wenig+Evidenz+für+rasche+natürliche+Anpassungsfähigkeit++
•  Geringe+Wirkung+menschlich+induzierter+

Anpassungsmassnahmen+(RedukMon+Tourismus,+Verbesserung+
Wasserqualität)+

APPROVED SPM – Copyedit Pending     IPCC WGII AR5 Summary for Policymakers 
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Working Group III 



Key message  

§  Ottmar Edenhofer- co-Chair WG III:  
“It does not cost the world to save the planet” 

§  Mitigation scenarios that reach atmospheric concentrations of about 450ppm CO2eq by 2100 
entail losses in global consumption of  
1% to 4% (median: 1.7%) in 2030,  
2% to 6% (median: 3.4%) in 2050,  
3% to 11% (median: 4.8%) in 2100  
 
relative to consumption in baseline scenarios that grows anywhere from 300% to more than 
900% over the century. 

§  These numbers correspond to an annualized reduction of consumption growth by 0.04 
to 0.14 (median: 0.06) percentage points over the century relative to annualized 
consumption growth in the baseline that is between 1.6% and 3% per year.  

§  Carbon capture and storage is in the assumptions 
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IPCC uptake 
6/22/14 7:13 AMClimate change: In the balance | The Economist
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Climate change

In the balance
A new report from the IPCC implies that “climate exceptionalism”, the notion that
global warming is a problem like no other, is coming to an end

Apr 5th 2014 | YOKOHAMA | From the print edition

IN SCIENCE, more information is supposed to lead to

better conclusions and greater consensus. The

Intergovernmental Panel on Climate Change (IPCC),

which published its latest report on March 31st,

certainly has more information. The new study

synthesises 73,000 published works (a quarter of

them in Chinese). This represents a 100-fold increase

in about 30 years. But consensus remains elusive.

Richard Tol of Sussex University, in Britain, disparagingly appraised the report’s conclusions as “the

four horsemen of the apocalypse”. The final version appears to have been fought over paragraph and

comma between those (such as Dr Tol) who want to describe dispassionately what they think is

happening and those who want to scare the world into taking action.

Every six or so years, the IPCC produces a three-part encyclopedia of the climate. This report is the

second tranche of its latest effort. The first, on the science of climate change, came out last

September. It argued that the process is accelerating even though the world’s surface temperatures

are currently flatlining (a phenomenon most climate scientists regard as merely a pause in an

upward trend). This, second, volume asks how the climate is affecting ecosystems, the economy and

people’s livelihoods.

Profoundly, is the headline answer. It argues that climate change is having an impact on every

ecosystem from the equator to the poles. It suggests that although there are some benefits to a

warmer climate, most effects are negative and will get worse. It talks of “extreme weather events

leading to breakdown of…critical services such as electricity, water supply and health and

emergency services” and it sounds the alarm about “the breakdown of food systems, linked to



 Lima progress 
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Progress Lima on 3 building 
blocks 

§  Mitigation 

§  Adaptation 

§  Financing   
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Progress Lima 

§  Mitigation 
§  All countries to reduce: firewall between developed and 

developing countries off 
§  INDCs voluntary for now 
§  Release information about INDCs and review process, 

but no monitoring  
§  Review process 
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Progress Lima 

§  Adaptation 

§  Loss and Damage in final declaration 
§  Executive Committee of Loss and Damage Mechanism 

confirmed 
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Progress Lima 

§  Financing 
§  GCF capitalized with USD 10.2 Billion USD 
§  For 4 years 
§  Ambition is USD 100 Billion annually in 2020 
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One key aspect 
The Loss & Damage mechanism 



§  Establishment of the “Warsaw 
international mechanism for loss and 
damage:” to deal with support for residual 
climate-related damages after adaptation 

 
§  “3rd pillar of the work under the 

UNFCCC in addition to mitigation and 
adaptation” 

§  Contested terrain 
§  ‘Southern countries’ at risk (such as 

AOSIS countries) demand climate 
justice and compensation 

§  OECD negotiators willing to support 
good risk management, but liability and 
compensation considered red lines 

 
 

Why and how is risk perspective 
useful? 
Loss & Damage Mechanism as a 
contested terrain…   



Pakistan floods, 2010 
6 million left homeless 

Background:  Climate signal in 
observed economic losses is unclear 

42 

•  Increasing exposure of people and assets has been 
the major cause of changes in disaster losses. 

•  But: Vulnerability ill measured, and as a consequence “a 
role for climate change has not been excluded” 

IPCC, 2012 



Adaptation deficit large in disaster risk 
management 

Repair and rebuild: 87% 

Prevent: 13% 



Disaster management options  

Type EX ANTE RISK MANAGEMENT  EX POST DISASTER MANAGEMENT 

Risk assessment Prevention                                 Preparedness      Risk sharing and 
financing 

Response Reconstruction and 
rehabilitating   

Effect Assessing risk Reduces risk 
addressing 
underlying factors 

Reduces risk in the 
onset of an event 

Transfers risk (reduces 
variability and longer 
term consequences) 

Responding to 
an event 

Rebuilding and 
rehabilitating  post 
event 

Key 
options 

Hazard 
assessment and 
monitoring 
(frequency, 
magnitude and 
location, 
including 
climate change) 

Physical and 
structural risk 
reduction works 
(e.g. irrigation, 
embankments) 

Early warning 
systems, 
communication 
systems 

Risk transfer (by 
means of (re-) 
insurance) for public 
infra-structure and 
private assets, 
microinsurance 

Humanitarian 
assistance  

Rehabilitation/ 
reconstruction of 
damaged critical 
infrastructure  

Vulnerability 
assessment 
(population and 
assets exposed) 

Land-use planning 
and building 
codes 

Emergency 
response 

Alternative risk 
transfer 

Clean-up, 
temporary 
repairs and 
restoration of 
services 

Revitalization for 
affected sectors 
(tourism, 
agriculture, exports 
etc.) 

Risk assessment 
as a function of 
hazard, exposure 
and vulnerability 

Economic 
incentives for 
proactive risk 
management 

Networks of 
emergency 
responders 
(local/national) 

National and local 
reserve funds 

Damage 
assessments 

Macroeconomic and 
budget 
management 
(stabilization, 
protection of social 
expenditures) 

Mainstreaming 
risk into 
development 
planning 

Education, 
training and 
awareness raising  
about risks and 
prevention 

Shelter facilities 
and evacuation 
plans 

Calamity Funds 
(national or local 
level) 

Mobilization of 
recovery 
resources 
(public/ 
multilateral/
insurance) 

Incorporation of 
disaster mitigation 
components in 
reconstruction 
activities 
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to violence at various scales. ❐
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COMMENTARY:

Managing unnatural disaster 
risk from climate extremes
Reinhard Mechler, Laurens M. Bouwer, Joanne Linnerooth-Bayer, Stefan Hochrainer-Stigler, 
Jeroen C. J. H. Aerts, Swenja Surminski and Keith Williges

Truly understanding climate-related disaster risk, and the management of that risk, can inform e!ective 
action on climate adaptation and the loss and damage mechanism, the main vehicle under the UN 
Climate Convention for dealing with climate-related e!ects, including residual impacts after adaptation.

Despite a dramatic start concurrent 
with the massive destruction 
wrought by typhoon Haiyan on the 

Philippines, the 19th Conference of the 
Parties to the UN Climate Convention 
has been considered as another one with 
little impact. Literally in the last minute, 
however, it saw the establishment of 
the Warsaw International Mechanism 
for Loss and Damage. "e exact form 
of this vehicle, which is scheduled for 
further development, is still largely 
unclear and will be heavily debated over 
the coming three years. As the #rst of 
a number of functions, it is to focus on 
“Enhancing knowledge and understanding 
of comprehensive risk management 
approaches…”1.

Climate-related disaster risk 
management is a central focus of the 
mechanism, and has been fundamental 
for climate policy and science2. Recent 
commentaries in Nature Climate Change 
suggested the upgrading of vulnerability 
and risk assessments3, working towards 
climate attribution4 and using stress-testing 
techniques as ways towards an improved 
understanding of the risk5. Yet, what else is 

speci#cally necessary for comprehensively 
tackling disaster risk and risk management 
in light of climate change? In particular, 

regarding debate on the loss and damage 
mechanism, how can some of the 
stumbling blocks be avoided?

Compensation beyond the limits of adaptation

Public and donor post-disaster assistance necessary;
insurers are reluctant to cover risks

Risk reduction is 
frequently the most 

cost-e!cient 
response

Risk financing may be the
most appropriate response

if risk reduction is not 
cost-e!cient
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Figure 1 | Layered disaster risk management.
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Risk layering 

§  Providing targeted support to highly exposed and vulnerable 
communities and countries 

§  First, it provides support for enhancing the uptake of risk 
management (today 13% risk management vs. 87% post event  
response and reconstruction) 

§  Second, it provides finance for absorbing losses and damages 
that go beyond stress thresholds and beyond adaptation 

§  Avoids blame game (game cannot be played anyway today), 
focusses on needs and human agency 



Risk layering and risk 
management 

Climate risk management focusses on Adaptation 
and Mitigation decisions in the context of 
Sustainable Development in order to 

1.  Truly support decisions on adaptation and risk 
management 

2.  Understand limits of adaptation, impacts of in-
action and need for transformation: inform 
mitigation 



African Risk Capacity Pool 

§ Pool launched 5/2014 with five countries 
insured for US$ 135 million against 
drought for a premium of US$ 17.5 
million: Kenya, Mauritania, Mozambique, 
Niger, Senegal  

§ Max. coverage is US $30 million per 
country per season for drought events 
with recurrency of > 5 years 

§  Initially capitalized by KfW and DFID 



African Risk Capacity’s 
Extreme Climate Facility (XCF) Theory to 

practice: 
 

Extreme Climate Index (ECI) 

• An objective, weather data-based  regional 
index that tracks extremes in heat, drought, 
cyclones, flood and other relevant weather 
events over the XCF adaptation period 
 

• If extremes occur during the adaptation 
period, the ECI increases with each event  
 

• No or small increases in the ECI would mean 
no significant change in extremes from the 
baseline period 
 

• An increasing ECI could indicate a change in 
the climate regime with respect to the 
frequency and intensity of extremes 
 

ECI: A composite index based on the 
average of several underlying extreme 
weather indictors including e.g.:1 

 

• % of region in severe drought 
according to the Standardized 
Precipitation Index (SPI) 

• % of region in severe moisture 
surplus according to the SPI 

• % of region with maximum 
temperatures much above normal 

• etc… 
 
 

1 The ECI will be based on existing extreme climate indicators, e.g. World 
Meteorological Organization, 2009: Guidelines on Analysis of Extremes in a 
Changing Climate in Support of Informed Decision for Adaptation, Climate Data 
and Monitoring, WCDMP-No. 72; Karin L. Gleason, Jay H. Lawrimore, David H. 
Levinson, Thomas R. Karl, and David J. Karoly, 2008: A Revised U.S. Climate 
Extremes Index. J. Climate, 21, 2124–2137. 

Wilcox  (2014) 
 



Pathways for 2 degrees 
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The challenge: towards a  
2 degree world 

Chart source: World Bank, 2010 

Emissions in Annex I countries to be reduced by 80-95% by 2050 if 
global warming is to be limited to 2 C above preindustrial values 
(IPCC, 2007)  
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Growth vs. CO2 
Austria 
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Source: Mechler, Rezai 
and Stagl, 2010 

Hot air 
effect 

Growth vs. CO2 
Austria 
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Reality check Austria 

•  Kyoto: reduce emissions by 13% compared to 1990 levels 
•  About 27% over 1990 levels at end of 2012 
•  Spent about 1.4 billion Euro domestically since 2008 on climate 

mitigation projects 
•  Purchased “hot air” via flexible mechanisms: about 700 Million 

Euro to the end of the Kyoto period 
§  Since 2008: 550 million Euro for 48 million tons CO2 eq. at 9 

Euro/ton 
§  2012: 160 million Euro for 32 million tons tons CO2 eq. at 5 Euro/

ton 
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For 2 degree target much more  
needed  

Source: Mechler, Rezai and Stagl, 2010 

Curves suggest two options 
• Massively decrease carbon intensity in terms of CO2/GDP (factor of 10) 
• Stagnate or reduce GDP to achieve target 

greener 

smaller 
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State of play - global 

63 
Climate Action Tracker, 
Dec 10th 2014  



Greening the planet? 
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Calling the Growth Busters the 
right answer? 



•  Stabilizing global climate change to 2°C 
above pre-industrial levels in the 21st century  

•  Enhanced energy security by diversification 
and resilience of energy supply (particularly the 
dependence on  imported oil),  

•  Eliminating household and ambient air 
pollution, and  

•  Universal access to modern energy 
services by 2030.  

Alternative: 
Transformative pathways 



Need for change 
1. Lack of energy Access 

Summaries Technical Summary

37

on less than US$2 a day, with about 1.4 billion living in extreme poverty, 
on less than US$1.25 a day. The number of people with no access to 
electricity is 1.4 billion. Around 2.7 billion people rely on traditional bio-
mass, such as fuel wood, charcoal, and agricultural residues (including 
animal dung), for cooking and heating, and another 400 million cook 
and/or heat with coal, making a total of around three billion people who 
rely on solid fuels for cooking and heating (see  Figure TS-4 ). 

 Providing access to modern energy carriers and end-use conversion 
devices, such as cleaner cookstoves, is a major step to enable people 
living in poverty to improve their lives and reach the United Nations 
Millennium Development Goals and beyond. 

 Enhanced access to electricity, fuels and cleaner cooking systems can be 
an effective tool for improving health, for example by reducing air pol-
lution, and can combat extreme hunger by increasing food productivity 
and reducing post-harvest losses. The energy technologies needed are 
relatively affordable, can often be produced locally, and in many cases 
do not require large-scale centralized energy supply options or costly 
infrastructure. Modern energy carriers, such as electricity and cleaner 
burning fuels, and end-use conversion devices can also improve educa-
tion and school attendance by providing better energy services, such as 
lighting, heating, and cooling services. Electrifying rural health centers 
enables medical services to be provided at night, medicines to be pre-
served, and more-advanced medical equipment to be used.      

 Modern carriers and end-use conversion devices also encourage invest-
ments in capital goods that use electricity, which, in turn, allows the 
establishment of advanced agro-processing industries in rural areas, 
such as sugar production, milk cooling, grain milling, and food preserva-
tion. Processing will help make more food edible for longer, keep more 
money in local communities if the processing is done locally, and, in some 

cases, help farmers retain control of sales. These not only enhance rural 
incomes through increased sales and better prices, they also increase 
food production, and thereby contribute to reducing extreme hunger. 
Enhancing access among poor people, especially poor women, Is thus 
important for increasing their standard of living. Reducing the propor-
tional cost of energy services is also important, particularly for the rural 
poor, who spend a significant part of their time and disposable income 
on energy. This can liberate financial and human resources for other 
important activities or expenses, such as education, purchasing more 
and better-quality food, and expanding income-generating activities. 

  2.3     Energy Security  6   

 Energy security, that is, the uninterrupted provision of vital energy services, 
is critical for every nation. For many industrial countries, the key energy 
security challenges are dependence on imported fossil fuels and reliability 
of infrastructure. Many emerging economies have additional vulnerabili-
ties, such as insufficient power generation capacity, high energy intensity, 
and rapid demand growth. In many low-income countries, multiple vul-
nerabilities of energy systems overlap, making them especially insecure. 

 Oil is at the center of contemporary energy-security concerns for most 
nations, regions, and communities. Oil products provide over 90% of 
transport energy in almost all countries. Thus, disruptions of oil supplies 
may have catastrophic effects, not only on personal mobility, but also on 
food production and distribution, medical care, national security, manu-
facturing, and other vital functions of modern societies. At the same time, 
conventional oil resources are increasingly concentrated in just a few 
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 Figure TS-4   |    Density of population lacking access to modern energy carriers in 2005. Colored areas show people per km 2  without access to electricity and those that use solid 
fuels for cooking, e.g., dark blue and red areas show where people do not have access to electricity and cook predominately using solid fuels. Source:  Chapters 17  and  19 .  

  6      Section TS-2.3  is based on  Chapter 5 .  



•  Energy systems currently responsible for a large proportion of the global 
burden of disease 

•  in the order of five million premature deaths annually from air pollution and 
other energy-related causes and more than 8% of all ill health (lost healthy life 
years from both morbidity and premature mortality)  

•  Air pollution from incomplete combustion of fuels and biomass burning is a 
major contributor  

•  Occupational health impacts, particularly from harvesting/mining and 
processing biomass and coal 

•  Nuclear power systems: mostly with high-consequence but low- probability 
accidents.  

•  Climate change contributing as well 

Need for change 
2. Ill Health 
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Need for change 
3. Lack of energy security 
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regions. The concerns over political stability affecting resource extrac-
tion and transport add to uncertainty. Moreover, the global production 
capacity of conventional oil is widely perceived as limited (see Section 
TS-3.1.1). Furthermore, the demand for transport fuels is steadily rising, 
especially rapidly in emerging Asian economies. Thus, for most countries, 
an ever higher share of their oil, or even all of it, must be imported. More 
than three billion people live in countries that import more than 75% of 
the oil and petroleum products they use (see  Figure TS-5 ). An additional 
1.7 billion people living in countries with limited domestic oil resources 
(including China) are likely to experience similarly high levels of import 
dependence in the coming decades.      

 The increasing concentration of conventional oil production, and the rapidly 
shifting global demand patterns, make some analysts and politicians fear 
a ‘scramble for energy’ or even ‘resource wars’. These factors result in ris-
ing and volatile oil prices that affect all economies, especially low-income 
countries, almost all of which import over 80% of their oil supplies. The 
costs of energy imports (primarily oil products) exceed 20% of the export 
earnings in 35 countries that together are home to 2.5 billion people. 

 Import dependence is also common in countries that extensively use nat-
ural gas. Almost 650 million people live in countries that import over 75% 
of their gas. Most of these countries rely on a very limited number of gas 
suppliers (in many cases just one) and import routes. The risks of supply 
disruptions and price fluctuations are often the most serious energy secur-
ity issues in such countries. The potential of recent shale gas technology 
developments to alleviate these concerns is at present uncertain. 

 Electricity systems in many low- and middle-income countries have inad-
equate generation capacity, low diversity of generation options, and low 
reliability of transmission and distribution systems. In over two-thirds of 
low-income countries, electricity supply is interrupted for at least one 
hour each day. Over 700 million people live in countries that derive a 
significant proportion of their electricity from only one or two major 
dams. Hydroelectric power production may also become insecure due to 
increased stress on global water supplies through increased population, 

agriculture, energy production, and climate change, which may affect 
seasonal water availability. 

 Many countries using nuclear power are experiencing an aging of the 
reactor fleet and workforce, as well as problems obtaining the capital 
and technologies to renew or expand nuclear programs. Twenty-one out 
of 29 countries with nuclear power plants have not started to build a 
new reactor in the last 20 years, and in 19 of these countries the average 
age of nuclear power plants is over 25 years. Large-scale enrichment, 
reactor manufacturing, and reprocessing technologies are currently con-
centrated in just a few countries (see  Figure 5.5  in  Chapter 5 ). The spread 
of enrichment or reprocessing to a larger number of countries is opposed 
by concerns over nuclear weapons proliferation – one of the main con-
troversies – and the risks and costs associated with nuclear energy. 

Another  energy security issue is ‘demand security’. Vital energy export 
revenues play a major part in the economies of some 15–20 mainly 
low- or middle-income countries. In many cases these revenues are not 
expected to last for more than one generation, and in several cases they 
may cease in less than a decade. In addition, poor energy-exporting 
nations are at a high risk of the ‘resource curse’: economic and polit-
ical instability eventually affecting human development and security. 
The present economic and social importance of energy export revenues 
should be recognized in international arrangements, while diversifying 
the economies of countries excessively dependent on energy exports is 
also a high priority in dealing with ‘demand security’.  

  2.4     Environment  7   

 Linkages between the energy system and the environment are seen on 
multiple levels and scales – from local to global. While the local environ-
mental and ecological consequences of resource extraction, processing, 
and energy conversion have been long recognized, attention is increas-
ingly turning toward the growing evidence that humanity has reached 
a phase when anthropogenic pressures on Earth systems – the climate, 
oceans, freshwater, and the biosphere – risk irreversible disruption to 
biophysical processes on the planetary scale. The risk is that systems on 
Earth may then reach tipping points, resulting in non-linear, abrupt, and 
potentially irreversible change, such as destabilization of the Greenland 
ice sheet or tropical rainforest systems. 

 The challenges are illustrated in  Figure TS-6 , showing planetary bound-
aries for nine Earth system processes, which together define a safe oper-
ating space for humanity (indicated by the green area), within which 
human development stands a good chance of proceeding without 
large-scale deleterious change. Estimates indicate that the safe levels 
are being approached or, in some cases, transgressed. Energy systems 
contribute to humanity’s approach to many of the planetary boundaries, 
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 Figure TS-5   |    Number of people in countries that are dependent on imported oil, gas 
and coal. Source: data from  Chapter 5 .    7      Section TS-2.4  is based on  Chapters 3  and  17 .  



•  GEA-Efficiency pathways focus on efficiency regarding demand-side 
R&D and solutions to limit energy demand for services.  

•  GEA-Supply features a major focus on the rapid up-scaling of 
advanced and cleaner supply-side technologies 

  
•  GEA-Mix pathways are intermediate with respect to many scenario 

characteristics, such as efficiency focus and the up-scaling of all 
supply-side options.  

Transformative pathways 



Transformative pathways 
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 The GEA makes the case that energy system transformation requires an iterative and dynamic transformation of the 
policy and regulatory landscape, thereby fostering a buildup of skills and institutions that encourage innovation to 
thrive, create conditions for business to invest, and generate new jobs and livelihood opportunities. 

 A major finding of the GEA is that some energy options provide multiple benefits. This is particularly true of energy 
efficiency, renewables, and the coproduction of synthetic transportation fuels, cooking fuels, and electricity with 
co-gasification of coal and biomass with CCS, which offer advantages in terms of supporting all of the goals related 
to economic growth, jobs, energy security, local and regional environmental benefits, health, and climate change 
mitigation. All these advantages imply the creation of value in terms of sustainability. This value should be incorporated 
into the evaluation of these and other measures and in creating incentives for their use. 

 One implication of this is that nations and corporations can invest in efficiency and renewable energy for the reasons 
that are important to them, not just because of a global concern about, for example, climate change mitigation or 
energy security. But incentives for individual actors to invest in options with large societal values must be strong and 
effective. 

 The GEA explored 60 possible transformation pathways and found that 41 of them satisfy all the GEA goals 
simultaneously for the same level of economic development and demographic changes, including three groups of 
illustrative pathways that represent alternative evolutions of the energy system toward sustainable futures.  3   The 
pathways imply radically changed ways in which humanity uses energy, ranging from much more energy-efficient 
houses, mobility, products, and industrial processes to a different mix of energy supply – with a much larger proportion 
of renewable energy and fossil advanced fossil fuel technologies (see  Figure SPM-3 ).      
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 Figure SPM-3.   |    Development of primary energy to 2008 and in the three illustrative GEA pathways for the years 2030 and 2050. Source: based on  Figures TS-24  and  17.13 , 
 Chapter 17 . For further details of the GEA pathways see the interactive web-based GEA scenario database hosted by IIASA: www.iiasa.ac.at/web-apps/ene/geadb.  

  3     The pathways encompass eleven world regions, grouped into fi ve GEA regions and energy sectors, including supply and demand, with a full range 
of associated social, economic, environmental and technological developments.  
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  Enhanced energy security  for nations and regions is another key element of a sustainable future. Reduced global 
interdependence via reduced import/export balances, and increased diversity and resilience of energy supply have been 
adopted as key energy-related metrics. The targets for these goals were assessed ex-post through the GEA pathways 
analysis ( Chapter 17 ), identifying the need for energy efficiency improvements and deployment of renewables to 
increase the share of domestic (national or regional) supply in primary energy by a factor of two and thus significantly 
decrease import dependency (by 2050). At the same time, the share of oil in global energy trade is reduced from the 
present 75% to below 40% and no other fuel assumes a similarly dominant position in the future. 

 The  climate change mitigation  goal is to contain the global mean temperature increase to less than 2°C above the 
preindustrial level, with a success probability of at least 50%. This implies global CO 2  emissions reductions from energy 
and industry to 30–70% of 2000 levels by 2050, and approaching almost zero or net negative emissions in the second 
half of the century ( Figure SPM-2 ).      

  Health  goals relating to energy systems include controlling household and ambient air pollution. Emissions reductions 
through the use of advanced fuels and end-use technologies (such as low-emissions biomass cookstoves) for household 
cooking and heating can significantly reduce human morbidity and mortality due to exposure to household air pollution, 
as well as help reduce ambient pollution. In the GEA pathways, this is assumed to occur for the vast majority of the 
world’s households by 2030. Similarly, a majority of the world’s population is also expected to meet the World Health 
Organization’s (WHO) air quality guidelines (annual PM2.5 concentration < 10 µg/m 3  by 2030), while remaining 
populations are expected to stay well within the WHO Tier I-III levels (15–35 µg/m 3  by 2030). In addition, there needs to 
be a major expansion of occupational health legislation and enforcement in the energy sector.      

 Linkages between the energy system and the  environment  are at multiple levels and scales – from local to global. 
While the local environmental and ecological consequences of resource extraction, processing and energy conversion 
have been long recognized, attention is increasingly turning towards the growing evidence that humanity has reached 
a phase when anthropogenic pressures on Earth systems – the climate, oceans, fresh water, and the biosphere – risk 
irreversible disruption to biophysical processes on the planetary scale. The risk is that systems on Earth may then 
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by IIASA: www.iiasa.ac.at/web-apps/ene/geadb.  



•  Regulation & standards  
•  Externality pricing  
•  Carefully designed subsidies  
•  Capacity building  

How: 
Mechanisms for change and 
transformation 



•  Competition and synergies between the future production of 
bioenergy and food biofuels and food prices are a concern, 
particularly in poorer areas of the world 

•  Bioenergy and impacts on maintenance of forests, areas with 
high biodiversity value, or protected areas 

•  Competing uses of water – for human consumption, hydro and 
thermal power generation, manufacturing, agriculture, water 
security, bioen- ergy, and so on 

Constraints: food, 
biodiversity, water 
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•  Science being listened to, but progress at climate 
summits very slow 

 
•  Massive decarbonization still to be achieved 

•  Compensation entering the ring, and may support 
mitigation action 

•  Co-benefits strategy integrating climate policy with 
development seems a way forward 

Final remarks 
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