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Foreword

Climate Change 2014: Mitigation of Climate Change is the third part 
of the Fifth Assessment Report (AR5) of the Intergovernmental Panel 
on Climate Change (IPCC) — Climate Change 2013 / 2014 — and was 
prepared by its Working Group III. The volume provides a comprehen-
sive and transparent assessment of relevant options for mitigating 
climate change through limiting or preventing greenhouse gas (GHG) 
emissions, as well as activities that reduce their concentrations in the 
atmosphere. 

This report highlights that despite a growing number of mitigation 
policies, GHG emission growth has accelerated over the last decade. 
The evidence from hundreds of new mitigation scenarios suggests 
that stabilizing temperature increase within the 21st century requires 
a fundamental departure from business-as-usual. At the same time, it 
shows that a variety of emission pathways exists where the tempera-
ture  increase can be limited to below 2 °C relative to pre-industrial 
level. But this goal is associated with considerable technological, eco-
nomic and institutional challenges. A delay in mitigation efforts or the 
limited availability of low carbon technologies further increases these 
challenges. Less ambitious mitigation goals such as 2.5 °C or 3 °C 
involve similar challenges, but on a slower timescale. Complementing 
these insights, the report provides a comprehensive assessment of the 
technical and behavioural mitigation options available in the energy, 
transport, buildings, industry and land-use sectors and evaluates policy 
options across governance levels from the local to the international 
scale.

The findings in this report have considerably enhanced our understand-
ing of the range of mitigation pathways available and their underlying 
technological, economic and institutional requirements. The timing of 
this report is thus critical, as it can provide crucial information for the 
negotiators responsible for concluding a new agreement under the 
United Nations Framework Convention on Climate Change in 2015. 
The report therefore demands the urgent attention of both policymak-
ers and the general public.

As an intergovernmental body jointly established in 1988 by the 
World Meteorological Organization (WMO) and the United Nations 
Environment Programme (UNEP), the IPCC has successfully provided 
policymakers with the most authoritative and objective scientific and 
technical assessments, which are clearly policy relevant without being  
policy prescriptive. Beginning in 1990, this series of IPCC Assessment 
Reports, Special Reports, Technical Papers, Methodology Reports and 
other products have become standard works of reference.

This Working Group III assessment was made possible thanks to the 
commitment and dedication of many hundreds of experts, represent-
ing a wide range of regions and scientific disciplines. WMO and UNEP 
are proud that so many of the experts belong to their communities and 
networks.

We express our deep gratitude to all authors, review editors and expert 
reviewers for devoting their knowledge, expertise and time. We would 
like to thank the staff of the Working Group III Technical Support Unit 
and the IPCC Secretariat for their dedication.

We are also thankful to the governments that supported their scien-
tists’ participation in developing this report and that contributed to 
the IPCC Trust Fund to provide for the essential participation of experts 
from developing countries and countries with economies in transition.

We would like to express our appreciation to the government of 
Italy for hosting the scoping meeting for the IPCC’s Fifth Assessment 
Report, to the governments of Republic of Korea, New Zealand and 
Ethiopia as well as the University of Vigo and the Economics for Energy 
Research Centre in Spain for hosting drafting sessions of the Working 
Group III contribution and to the government of Germany for host-
ing the Twelfth Session of Working Group III in Berlin for approval of 
the Working Group III Report. In addition, we would like to thank the 
governments of India, Peru, Ghana, the United States and Germany for 
hosting the AR5 Expert meetings in Calcutta, Lima, Accra, Washington 
D. C., and Potsdam, respectively. The generous financial support by the 
government of Germany, and the logistical support by the Potsdam 
Institute for Climate Impact Research (Germany), enabled the effec-
tive operation of the Working Group III Technical Support Unit. This is 
gratefully acknowledged.

We would particularly like to thank Dr. Rajendra Pachauri, Chairman 
of the IPCC, for his direction and guidance of the IPCC and we express 
our deep gratitude to Professor Ottmar Edenhofer, Dr. Ramon Pichs-
Madruga, and Dr. Youba Sokona, the Co-Chairs of Working Group III for 
their tireless leadership throughout the development and production 
of this report.

M. Jarraud 
Secretary-General 
World Meteorological Organization

A. Steiner 
Executive Director  
United Nations Environment Programme
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Preface

The Working Group III contribution to the Fifth Assessment Report  
(AR5) of the Intergovernmental Panel on Climate Change (IPCC) pro-
vides a comprehensive and transparent assessment of the scientific lit-
erature on climate change mitigation. It builds upon the Working Group 
III contribution to the IPCC’s Fourth Assessment Report (AR4) in 2007, 
the Special Report on Renewable Energy Sources and Climate Change 
Mitigation (SRREN) in 2011 and previous reports and incorporates 
subsequent new findings and research. The report assesses mitigation 
options at different levels of governance and in different economic sec-
tors. It evaluates the societal implications of different mitigation poli-
cies, but does not recommend any particular option for mitigation.

Approach to the assessment

The Working Group III contribution to the AR5 explores the solution 
space of climate change mitigation drawing on experience and expec-
tations for the future. This exploration is based on a comprehensive 
and transparent assessment of the scientific, technical, and socio-eco-
nomic literature on the mitigation of climate change. 

The intent of the report is to facilitate an integrated and inclusive 
deliberation of alternative climate policy goals and the different pos-
sible means to achieve them (e. g., technologies, policies, institutional 
settings). It does so through informing the policymakers and general 
public about the practical implications of alternative policy options, 
i. e., their associated costs and benefits, risks and trade-offs.

During the AR5 cycle, the role of the Working Group III scientists was 
akin to that of a cartographer: they mapped out different pathways 
within the solution space and assessed potential practical consequences 
and trade-offs; at the same time, they clearly marked implicit value 
assumptions and uncertainties. Consequently, this report may now be 
used by policymakers like a map for navigating the widely unknown ter-
ritory of climate policy. Instead of providing recommendations for how 
to solve the complex policy problems, the report offers relevant informa-
tion that enables policymakers to assess alternative mitigation options. 

There are four major pillars to this cartography exercise:

Exploration of alternative climate policy goals: The report lays out 
the technological, economic and institutional requirements for stabiliz-
ing global mean temperature increases at different levels. It informs 
decision makers about the costs and benefits, risks and opportunities 
of these, acknowledging the fact that often more than one path can 
lead to a given policy goal. 

Transparency over value judgments: The decision which mitigation 
path to take is influenced by a series of sometimes disputed norma-
tive choices which relate to the long-term stabilization goal itself, the 

weighing of other social priorities and the policies for achieving the 
goal.  Facts are often inextricably interlinked with values and there is 
no purely scientific resolution of value dissent. What an assessment 
can do to support a rational public debate about value conflicts is to 
make implicit value judgments and ethical viewpoints as transparent 
as possible. Moreover, controversial policy goals and related ethical 
standpoints should be discussed in the context of the required means 
to reach these goals, in particular their possible consequences and 
side-effects. The potential for adverse side-effects of mitigation actions 
therefore requires an iterative assessment approach.

Multiple objectives in the context of sustainable development 
and equity: A comprehensive exploration of the solution space in the 
field of climate change mitigation recognizes that mitigation itself will 
only be one objective among others for decision makers. Decision mak-
ers may be interested in pursuing a broader concept of well-being. This 
broader concept also involves the sharing of limited resources within 
and across countries as well as across generations. Climate change 
mitigation is discussed here as a multi-objective problem embedded in 
a broader sustainable development and equity context. 

Risk management: Climate change mitigation can be framed as 
a risk management exercise. It may provide large opportunities to 
humankind, but will also be associated with risks and uncertainties. 
Some of those may be of a fundamental nature and cannot be easily 
reduced or managed. It is therefore a basic requirement for a scientific 
assessment to communicate these uncertainties, wherever possible, 
both in their quantitative and qualitative dimension. 

Scope of the report

During the process of scoping and approving the outline of the Work-
ing Group III contribution to the AR5, the IPCC focused on those 
aspects of the current understanding of the science of climate change 
mitigation that were judged to be most relevant to policymakers.

Working Group III included an extended framing section to provide 
full transparency over the concepts and methods used throughout the 
report, highlighting their underlying value judgments. This includes an 
improved treatment of risks and risk perception, uncertainties, ethical 
questions as well as sustainable development.

The exploration of the solution space for climate change mitigation 
starts from a new set of baseline and mitigation scenarios. The entire 
scenario set for the first time provides fully consistent information on 
radiative forcing and temperature in broad agreement with the infor-
mation provided in the Working Group I contribution to the AR5. The 
United Nations Framework Convention on Climate Change requested 
the IPCC to provide relevant scientific evidence for reviewing the 2 °C 
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goal as well as a potential 1.5 °C goal. Compared to the AR4 the 
report therefore assesses a large number of low stabilization scenarios 
broadly consistent with the 2 °C goal. It includes policy scenarios that 
investigate the impacts of delayed and fragmented international miti-
gation efforts and of restricted mitigation technologies portfolios on 
achieving specific mitigation goals and associated costs.

The WGIII contribution to the AR5 features several new elements. A full 
chapter is devoted to human settlements and infrastructures. Gover-
nance structures for the design of mitigation policies are discussed on 
the global, regional, national and sub-national level. The report closes 
with a novel chapter about investment needs and finance.

Structure of the report

The Working Group III contribution to the Fifth Assessment report is 
comprised of four parts:

Part I: Introduction (Chapter 1) 
Part II: Framing Issues (Chapters 2 – 4) 
Part III: Pathways for Mitigating Climate Change (Chapters 5 – 12) 
Part IV:  Assessment of Policies, Institutions and Finance (Chapters 

13 – 16)

Part I provides an introduction to the Working Group III contribution 
and sets the stage for the subsequent chapters. It describes the ‘Lessons 
learned since AR4’ and the ‘New challenges for AR5’. It gives a brief over-
view of ‘Historical, current and future trends’ regarding GHG emissions 
and discusses the issues involved in climate change response policies 
including the ultimate objective of the UNFCCC (Article 2) and the human 
dimensions of climate change (including sustainable development).

Part II deals with framing issues that provide transparency over method-
ological foundations and underlying concepts including the relevant value 
judgments for the detailed assessment of climate change mitigation poli-
cies and measures in the subsequent parts. Each chapter addresses key 
overarching issues (Chapter 2: Integrated Risk and Uncertainty Assess-
ment of Climate Change Response Policies; Chapter 3: Social, Economic 
and Ethical Concepts and Methods; Chapter 4: Sustainable Development 
and Equity) and acts as a reference point for subsequent chapters. 

Part III provides an integrated assessment of possible mitigation path-
ways and the respective sectoral contributions and implications. It 
combines cross-sectoral and sectoral information on long-term miti-
gation pathways and short- to mid-term mitigation options in major 
economic sectors. Chapter 5 (Drivers, Trends and Mitigation) provides 
the context for the subsequent chapters by outlining global trends in 
stocks and flows of greenhouse gases (GHGs) and short-lived climate 
pollutants by means of different accounting methods that provide 
complementary perspectives on the past. It also discusses emissions 
drivers, which informs the assessment of how GHG emissions have 
historically developed. Chapter 6 (Assessing Transformation Pathways) 

analyses 1200 new scenarios generated by 31 modelling teams around 
the world to explore the economic, technological and institutional 
prerequisites and implications of mitigation pathways with different 
levels of ambition. The sectoral chapters (Chapter 7 – 11) and Chapter 
12 (Human Settlements, Infrastructure and Spatial Planning) provide 
information on the different mitigation options across energy systems, 
transport, buildings, industry, agriculture, forestry and other land use 
as well as options specific to human settlements and infrastructure, 
including the possible co-benefits, adverse side-effects and costs that 
may be associated with each of these options. Pathways described in 
Chapter 6 are discussed in a sector-specific context.

Part IV assesses policies across governance scales. Beginning with inter-
national cooperation (Chapter 13), it proceeds to the regional (Chap-
ter 14), national and sub-national levels Chapter 15) before concluding 
with a chapter that assesses cross-cutting investment and financing 
issues (Chapter  16). It reviews experience with climate change miti-
gation policies — both the policies themselves and the interactions 
among policies across sectors and scales — to provide insights to poli-
cymakers on the structure of policies which best fulfill evaluation crite-
ria such as environmental and economic effectiveness, and others.

The assessment process

This Working Group III contribution to the AR5 represents the com-
bined efforts of hundreds of leading experts in the field of climate 
change mitigation and has been prepared in accordance with the rules 
and procedures established by the IPCC. A scoping meeting for the 
AR5 was held in July 2009 and the outlines for the contributions of the 
three Working Groups were approved at the 31st Session of the Panel 
in November 2009. Governments and IPCC observer organizations 
nominated experts for the author teams. The team of 235 Coordinating 
Lead Authors and Lead Authors plus 38 Review Editors selected by the 
Working Group III Bureau, was accepted at the 41st Session of the IPCC 
Bureau in May 2010. More than 170 Contributing Authors provided 
draft text and information to the author teams at their request. Drafts 
prepared by the authors were subject to two rounds of formal review 
and revision followed by a final round of government comments on the 
Summary for Policymakers. More than  38,000 written comments were 
submitted by more than 800 expert reviewers and 37 governments. 
The Review Editors for each chapter monitored the review process to 
ensure that all substantive review comments received appropriate con-
sideration. The Summary for Policymakers was approved line-by-line 
and the underlying chapters were then accepted at the 12th Session of 
IPCC Working Group III from 7 – 11 April 2014 in Berlin.

Acknowledgements
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Elinor Ostrom 
(7 August 1933 – 12 June 2012)

We dedicate this report to the memory of Elinor Ostrom, Professor of Political Science at Indiana University and Nobel Laureate in Eco-
nomics. Her work provided a fundamental contribution to the understanding of collective action, trust, and cooperation in the manage-
ment of common pool resources, including the atmosphere. She launched a research agenda that has encouraged scientists to explore 
how a variety of overlapping policies at city, national, regional, and international levels can enable humankind to manage the climate 
problem. The assessment of climate change mitigation across different levels of governance, sectors and regions has been a new focus of 
the Working Group III contribution to AR5. We have benefited greatly from the vision and intellectual leadership of Elinor Ostrom.
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In Memoriam

Luxin Huang (1965 – 2013) 
Lead Author in Chapter 12 on Human Settlements, Infrastructure and Spatial Planning

Leon Jay (Lee) Schipper (1947 – 2011) 
Review Editor in Chapter 8 on Transport

Luxin Huang contributed to Chapter 12 on Human Settlements, Infrastructure and Spatial Planning. During this time, he was the director of the 
Department of International Cooperation and Development at the China Academy of Urban Planning and Design (CAUPD) in Beijing, China, 
where he worked for 27 years. The untimely death of Luxin Huang at the young age of 48 has left the Intergovernmental Panel on Climate 
Change (IPCC) with great sorrow.

Lee Schipper was a leading scientist in the field of transport, energy and the environment. He was looking forward to his role as review editor 
for the Transport chapter when he passed away at the age of 64. Schipper had been intimately involved with the IPCC for many years, having 
contributed as a Lead Author to the IPCC’s Second Assessment Report’s chapter on Mitigation Options in the Transportation Sector. The IPCC 
misses his great expertise and guidance, as well as his humorous and musical contributions.

Both researchers were dedicated contributors to the IPCC assessment process. Their passing represents a deep loss for the international scien-
tific community. Luxin Huang and Lee Schipper are dearly remembered by the authors and members of the IPCC Working Group III.
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