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Foreword

The Synthesis Report (SYR) distils and integrates the findings of the 
three Working Group contributions to the Fifth Assessment Report 
(AR5) of the Intergovernmental Panel on Climate Change (IPCC), the 
most comprehensive assessment of climate change undertaken thus 
far by the IPCC: Climate Change 2013: The Physical Science Basis; Cli-
mate Change 2014: Impacts, Adaptation, and Vulnerability; and Clima-
te Change 2014: Mitigation of Climate Change. The SYR also incorpo-
rates the findings of two Special Reports on Renewable Energy Sources 
and Climate Change Mitigation (2011) and on Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change Adaptation 
(2011). 

The SYR confirms that human influence on the climate system is clear 
and growing, with impacts observed across all continents and oceans. 
Many of the observed changes since the 1950s are unprecedented over 
decades to millennia. The IPCC is now 95 percent certain that humans 
are the main cause of current global warming. In addition, the SYR finds 
that the more human activities disrupt the climate, the greater the risks 
of severe, pervasive and irreversible impacts for people and ecosystems, 
and long-lasting changes in all components of the climate system. The 
SYR highlights that we have the means to limit climate change and 
its risks, with many solutions that allow for continued economic and 
human development. However, stabilizing temperature increase to 
below 2°C relative to pre-industrial levels will require an urgent and 
fundamental departure from business as usual. Moreover, the longer we 
wait to take action, the more it will cost and the greater the technologi-
cal, economic, social and institutional challenges we will face.

These and the other findings of the SYR have undoubtedly and consi-
derably enhanced our understanding of some of the most critical issues 
in relation to climate change: the role of greenhouse gas emissions; the 
severity of potential risks and impacts, especially for the least develo-
ped countries and vulnerable communities, given their limited ability 
to cope; and the options available to us and their underlying require-
ments to ensure that the effects of climate change remain manageable. 
As such, the SYR calls for the urgent attention of both policymakers 
and citizens of the world to tackle this challenge.

The timing of the SYR, which was released on 2nd November 2014 in 
Copenhagen, was crucial. Policymakers met in December 2014 in Lima 
at the 20th Conference of Parties under the United Nations Framework 
Convention on Climate Change (UNFCCC) to prepare the groundwork 
for the 21st Session in 2015 in Paris, when they have been tasked with 
concluding a new agreement to deal with climate change. It is our 
hope that the scientific findings of the SYR will be the basis of their 
motivation to find the way to a global agreement which can keep cli-
mate change to a manageable level, as the SYR gives us the knowledge 
to make informed choices, and enhances our vital understanding of the 
rationale for action � and the serious implications of inaction. Ignorance 
can no longer be an excuse for tergiversation. 

As an intergovernmental body jointly established in 1988 by the World 
Meteorological Organization (WMO) and the United Nations Environ-
ment Programme (UNEP), the Intergovernmental Panel on Climate 
Change (IPCC) has provided policymakers with the most authoritative 

and objective scientific and technical assessments in this field. Begin-
ning in 1990, this series of IPCC Assessment Reports, Special Reports, 
Technical Papers, Methodology Reports and other products have 
become standard works of reference.

The SYR was made possible thanks to the voluntary work, dedication 
and commitment of thousands of experts and scientists from around 
the globe, representing a range of views and disciplines. We would 
like to express our deep gratitude to all the members of the Core Wri-
ting Team of the SYR, members of the Extended Writing Team, and the 
Review Editors, all of whom enthusiastically took on the huge chal-
lenge of producing an outstanding SYR on top of the other tasks they 
had already committed to during the AR5 cycle. We would also like 
to thank the staff of the Technical Support Unit of the SYR and the 
IPCC Secretariat for their dedication in organizing the production of 
this IPCC report. 

We also wish to acknowledge and thank the governments of the IPCC 
member countries for their support of scientists in developing this 
report, and for their contributions to the IPCC Trust Fund to provide 
the essentials for participation of experts from developing countries 
and countries with economies in transition. We would like to express 
our appreciation to the government of Wallonia (Belgium) for hosting 
the Scoping Meeting of the SYR, to the governments of Norway, the 
Netherlands, Germany and Malaysia for hosting drafting sessions of the 
SYR, and to the government of Denmark for hosting the 40th Session of 
the IPCC where the SYR was approved. The generous financial support 
from the governments of Norway and the Netherlands, from the Korea 
Energy Economics Institute, and the in-kind support by the Netherlands 
Environmental Assessment Agency and The Energy and Resources Insti-
tute, New Delhi (India), enabled the smooth operation of the Technical 
Support Unit of the SYR. This is gratefully acknowledged.

We would particularly like to express our thanks to Dr Rajendra K. 
Pachauri, Chairman of the IPCC, for his leadership and constant gui-
dance throughout the production of this report.

Michel Jarraud
Secretary General
World Meteorological Organization

Achim Steiner
Executive Director
United Nations Environmental Programme
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Preface

The Synthesis Report (SYR), constituting the final product of the Fifth 
Assessment Report (AR5) of the Intergovernmental Panel on Climate 
Change (IPCC), is published under the title Climate Change 2014. This 
report distils, synthesizes and integrates the key findings of the three 
Working Group contributions � The Physical Science Basis, Impacts, 
Adaptation, and Vulnerability and Mitigation of Climate Change � to 
the AR5 in a concise document for the benefit of decision makers in 
the government, the private sector as well as the public at large. The 
SYR also draws on the findings of the two Special Reports brought out 
in 2011 dealing with Renewable Energy Sources and Climate Change 
Mitigation, and Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation. The SYR, therefore, is a compre- 
hensive up-to-date compilation of assessments dealing with climate 
change, based on the most recent scientific, technical and socio-economic  
literature in the field.

Scope of the Report

This document is the result of coordinated and carefully connected 
cross Working Group efforts to ensure coherent and comprehensive  
information on various aspects related to climate change. This SYR  
includes a consistent evaluation and assessment of uncertainties and 
risks; integrated costing and economic analysis; regional aspects; 
changes, impacts and responses related to water and earth systems, 
the carbon cycle including ocean acidification, cryosphere and sea 
level rise; as well as treatment of mitigation and adaptation options 
within the framework of sustainable development. Through the entire 
length of the SYR, information is also provided relevant to Article 2, 
the ultimate objective of the United Nations Framework Convention 
on Climate Change (UNFCCC).

Other aspects of climate change covered in this report include direct 
impacts of climate change on natural systems as well as both direct 
and indirect impacts on human systems, such as human health, food 
security and security of societal conditions. By embedding climate 
change risk and issues of adaptation and mitigation within the frame-
work of sustainable development, the SYR also highlights the fact that 
nearly all systems on this planet would be affected by the impacts 
of a changing climate, and that it is not possible to draw boundaries 
around climate change, its associated risks and impacts on the one 
hand and on the other, development which meets the needs of the 
present generation without compromising the ability of future gene-
rations to meet their own needs. The Report, therefore, also focuses 
on connections between these aspects and provides information on 
how climate change overlaps with and mainstreams into other deve-
lopmental issues.

Structure

The Report comprises a Summary for Policymakers (SPM) and a longer 
report from which the SPM is derived, as well as annexes. Even though 
the SPM follows a structure and sequence similar to that in the longer 

report, some specific issues covered under more than one topic of the 
longer report are summarized in one particular section of the SPM. 
Each paragraph of the SPM contains references to the respective text 
in the longer report. In turn, the latter contains extensive references to 
relevant chapters of the underlying Working Group Reports or the two 
Special Reports mentioned above. The SYR is essentially self-contained, 
and its SPM includes the most policy relevant material drawn from the 
longer report and the entire AR5.

All the three contributions to the AR5 including each Summary for  
Policymakers, each Technical Summary, frequently asked questions as 
well as the Synthesis Report in all official UN languages are available 
online on the IPCC website and in electronic offline versions. In these 
electronic versions, references in the SYR to relevant parts of the under-
lying material are provided as hyperlinks, thereby enabling the reader to 
easily find further scientific, technical and socio-economic information. 
A user guide, glossary of terms used and listing of acronyms, authors, 
Review Editors and Expert Reviewers are provided in the annexes to 
this report.

To facilitate access to the findings of the SYR for a wide readership 
and to enhance their usability for stakeholders, each section of the 
SPM carries highlighted headline statements. Taken together, these  
21 headline statements provide an overarching summary in simple and 
completely non-technical language for easy assimilation by readers 
from different walks of life. These headline statements have been craf-
ted by the authors of the Report, and approved by the member gover-
nments of the IPCC.

The longer report is structured around four topic headings as manda-
ted by the Panel:

Observed changes and their causes (Topic 1) integrates new information 
from the three Working Groups on observed changes in the climate  
system, including changes in the atmosphere, oceans, cryosphere and 
sea level; recent and past drivers and human influences affecting emis-
sion drivers; observed impacts, including changes in extreme weather 
and climate events; and attribution of climate changes and impacts. 

Future climate changes, risks and impacts (Topic 2) presents informa- 
tion about future climate change, risks and impacts. It integrates infor-
mation about key drivers of future climate, the relationship between 
cumulative emissions and temperature change, and projected changes 
in the climate system in the 21st century and beyond. It assesses future 
risks and impacts caused by a changing climate and the interaction of 
climate-related and other hazards. It provides information about long-
term changes including sea-level rise and ocean acidification, and the 
risk of irreversible and abrupt changes. 

Future Pathways for Adaptation, Mitigation and Sustainable Deve-
lopment (Topic 3) addresses future pathways for adaptation and  
mitigation as complementary strategies for reducing and managing 
the risks of climate change and assesses their interaction with sus-
tainable development. It describes analytical approaches for effective 
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decision-making and differences in risks of climate change, adaptation 
and mitigation in terms of timescale, magnitude and persistence. It 
analyses the characteristics of adaptation and mitigation pathways, 
and associated challenges, limits and benefits, including for different 
levels of future warming.

Adaptation and Mitigation (Topic 4) brings together information from 
Working Groups II and III on specific adaptation and mitigation opti-
ons, including environmentally sound technologies and infrastructure, 
sustainable livelihoods, behaviour and lifestyle choices. It describes 
common enabling factors and constraints, and policy approaches,  
finance and technology on which effective response measures depend. 
It shows opportunities for integrated responses and links adaptation 
and mitigation with other societal objectives.

Process

The SYR of the AR5 of the IPCC has been prepared in accordance with 
the procedures of the IPCC to ensure adequate effort and rigor being 
achieved in the process. For the AR5 the preparation of the SYR was 
taken in hand a year earlier than was the case with the Fourth Assess- 
ment Report (AR4) � while the Working Group Reports were still 
being completed � with a view to enhancing integration and ensuring  
adequate synthesis. A scoping meeting specifically for proposing the 
detailed outline of the AR5 Synthesis Report was held in LiŁge,  
Belgium in August, 2010, and the outline produced in that meeting was 
approved by the Panel in October, 2010 in Busan, Republic of Korea. 
In accordance with IPCC procedures, the IPCC Chair in consultation 
with the Co-Chairs of the Working Groups nominated authors for the 
Core Writing Team (CWT) of the SYR and a total of 45 CWT members 
and 9 Review Editors were selected and accepted by the IPCC Bureau 
in March, 2012. In addition, 14 Extended Writing Team (EWT) authors 
were selected by the CWT with the approval of the Chair of the IPCC, 
and this latter group contributed substantially to the material and the 
text provided in this report. During evolution of the contents of the 
SYR the IPCC Bureau was approached and it approved the inclusion 
of 6 additional CWT members and an additional Review Editor.  
This further enhanced and deepened the expertise required for the  
preparation of the Report. The final draft report which has undergone 
a combined review by experts and governments was submitted to the 
40th Session of the IPCC, held from 27 October to 1 November 2014 in 
Copenhagen, Denmark, where governments approved the SPM line by 
line and adopted the longer report section by section. 
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Dedication

Stephen H. Schneider 
(11 February 1945 – 19 July 2010)

The Synthesis Report of the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) is dedicated to 
the memory of Stephen H. Schneider, one of the foremost climate scientists of our time.

Steve Schneider, born in New York, trained as a plasma physicist, embraced scholarship in the �eld of climate science almost  
40 years ago and continued his relentless efforts creating new knowledge in the �eld and informing policymakers and the public 
at large on the growing problem of climate change and solutions for dealing with it. At all times Steve Schneider remained 
intrepid and forthright in expressing his views. His convictions were driven by the strength of his outstanding scienti�c expertise. 
He was highly respected as Founding Editor of the interdisciplinary journal Climatic Change and authored hundreds of books and 
papers, many of which were co-authored with scientists from diverse disciplines. His association with the IPCC began with the 
First Assessment Report which was published in 1990, and which played a major role in the scienti�c foundation of the UN Frame- 
work Convention on Climate Change. Subsequently, he was Lead Author, Coordinating Lead Author and Expert Reviewer for 
various Assessment Reports and a member of the Core Writing Team for the Synthesis Report of the Fourth Assessment Report. 
His life and accomplishments have inspired and motivated members of the Core Writing Team of this Report. Steve Schneider�s 
knowledge was a rare synthesis of several disciplines which are an essential part of the diversity inherent in climate science.
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Introduction

This Synthesis Report is based on the reports of the three Working Groups of the Intergovernmental Panel on Climate Change 
(IPCC), including relevant Special Reports. It provides an integrated view of climate change as the �nal part of the IPCC�s 
Fifth Assessment Report (AR5).

This summary follows the structure of the longer report which addresses the following topics: Observed changes and their 
causes; Future climate change, risks and impacts; Future pathways for adaptation, mitigation and sustainable development; 
Adaptation and mitigation.

In the Synthesis Report, the certainty in key assessment �ndings is communicated as in the Working Group Reports and 
Special Reports. It is based on the author teams� evaluations of underlying scienti�c understanding and is expressed as a 
qualitative level of con�dence (from very low to very high) and, when possible, probabilistically with a quanti�ed likelihood 
(from exceptionally unlikely to virtually certain)1. Where appropriate, �ndings are also formulated as statements of fact with-
out using uncertainty quali�ers.

This report includes information relevant to Article 2 of the United Nations Framework Convention on Climate Change 
(UNFCCC).

SPM 1.		 Observed Changes and their Causes

Human in�uence on the climate system is clear, and recent anthropogenic emissions of green-
house gases are the highest in history. Recent climate changes have had widespread impacts 
on human and natural systems. {1}

SPM 1.1		 Observed changes in the climate system

Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to millennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, and sea level has risen. {1.1}

Each of the last three decades has been successively warmer at the Earth�s surface than any preceding decade since 1850. The 
period from 1983 to 2012 was likely the warmest 30-year period of the last 1400 years in the Northern Hemisphere, where 
such assessment is possible (medium con�dence). The globally averaged combined land and ocean surface temperature 
data as calculated by a linear trend show a warming of 0.85 [0.65 to 1.06] °C 2 over the period 1880 to 2012, when multiple 
independently produced datasets exist (Figure SPM.1a). {1.1.1, Figure 1.1}

In addition to robust multi-decadal warming, the globally averaged surface temperature exhibits substantial decadal and 
interannual variability (Figure SPM.1a). Due to this natural variability, trends based on short records are very sensitive to the 
beginning and end dates and do not in general re�ect long-term climate trends. As one example, the rate of warming over 
  
1	 Each �nding is grounded in an evaluation of underlying evidence and agreement. In many cases, a synthesis of evidence and agreement supports an 

assignment of con�dence. The summary terms for evidence are: limited, medium or robust. For agreement, they are low, medium or high. A level of 
con�dence is expressed using �ve quali�ers: very low, low, medium, high and very high, and typeset in italics, e.g., medium con�dence. The follow-
ing terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99�100% probability, very likely 90�100%, 
likely 66�100%, about as likely as not 33�66%, unlikely 0�33%, very unlikely 0�10%, exceptionally unlikely 0�1%. Additional terms (extremely 
likely 95�100%, more likely than not >50�100%, more unlikely than likely 0�<50%, extremely unlikely 0�5%) may also be used when appropriate. 
Assessed likelihood is typeset in italics, e.g., very likely. See for more details: Mastrandrea, M.D., C.B. Field, T.F. Stocker, O. Edenhofer, K.L. Ebi, D.J. Frame, 
H. Held, E. Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe and F.W. Zwiers, 2010: Guidance Note for Lead Authors of the IPCC Fifth Assess-
ment Report on Consistent Treatment of Uncertainties, Intergovernmental Panel on Climate Change (IPCC), Geneva, Switzerland, 4 pp.

2	 Ranges in square brackets or following �–� are expected to have a 90% likelihood of including the value that is being estimated, unless otherwise 
stated.
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Figure SPM.1 |  The complex relationship between the observations (panels a, b, c, yellow background) and the emissions (panel d, 
light blue background) is addressed in Section 1.2 and Topic 1. Observations and other indicators of a changing global climate system. Observa-
tions: (a) Annually and globally averaged combined land and ocean surface temperature anomalies relative to the average over the period 1986 to 2005. 
Colours indicate different data sets. (b) Annually and globally averaged sea level change relative to the average over the period 1986 to 2005 in the 
longest-running dataset. Colours indicate different data sets. All datasets are aligned to have the same value in 1993, the �rst year of satellite altimetry 
data (red). Where assessed, uncertainties are indicated by coloured shading. (c) Atmospheric concentrations of the greenhouse gases carbon dioxide 
(CO2, green), methane (CH4, orange) and nitrous oxide (N2O, red) determined from ice core data (dots) and from direct atmospheric measurements (lines). 
Indicators: (d) Global anthropogenic CO2 emissions from forestry and other land use as well as from burning of fossil fuel, cement production and �aring. 
Cumulative emissions of CO2 from these sources and their uncertainties are shown as bars and whiskers, respectively, on the right hand side. The global 
effects of the accumulation of CH4 and N2O emissions are shown in panel c. Greenhouse gas emission data from 1970 to 2010 are shown in Figure SPM.2. 
{Figures 1.1, 1.3, 1.5}
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the past 15 years (1998�2012; 0.05 [�0.05 to 0.15] °C per decade), which begins with a strong El Niæo, is smaller than the 
rate calculated since 1951 (1951�2012; 0.12 [0.08 to 0.14] °C per decade). {1.1.1, Box 1.1}

Ocean warming dominates the increase in energy stored in the climate system, accounting for more than 90% of the energy 
accumulated between 1971 and 2010 (high con�dence), with only about 1% stored in the atmosphere. On a global scale, 
the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11 [0.09 to 0.13] °C per decade over the 
period 1971 to 2010. It is virtually certain that the upper ocean (0�700 m) warmed from 1971 to 2010, and it likely warmed 
between the 1870s and 1971. {1.1.2, Figure 1.2}

Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 1901 (medium  
con�dence before and high con�dence after 1951). For other latitudes, area-averaged long-term positive or negative trends 
have low con�dence. Observations of changes in ocean surface salinity also provide indirect evidence for changes in the 
global water cycle over the ocean (medium con�dence). It is very likely that regions of high salinity, where evaporation dom-
inates, have become more saline, while regions of low salinity, where precipitation dominates, have become fresher since 
the 1950s. {1.1.1, 1.1.2}

Since the beginning of the industrial era, oceanic uptake of CO2 has resulted in acidi�cation of the ocean; the pH of ocean 
surface water has decreased by 0.1 (high con�dence), corresponding to a 26% increase in acidity, measured as hydrogen ion 
concentration. {1.1.2}

Over the period 1992 to 2011, the Greenland and Antarctic ice sheets have been losing mass (high con�dence), likely at a 
larger rate over 2002 to 2011. Glaciers have continued to shrink almost worldwide (high con�dence). Northern Hemisphere 
spring snow cover has continued to decrease in extent (high con�dence). There is high con�dence that permafrost tempera-
tures have increased in most regions since the early 1980s in response to increased surface temperature and changing snow 
cover. {1.1.3}

The annual mean Arctic sea-ice extent decreased over the period 1979 to 2012, with a rate that was very likely in the range 
3.5 to 4.1% per decade. Arctic sea-ice extent has decreased in every season and in every successive decade since 1979, with 
the most rapid decrease in decadal mean extent in summer (high con�dence). It is very likely that the annual mean Antarctic 
sea-ice extent increased in the range of 1.2 to 1.8% per decade between 1979 and 2012. However, there is high con�dence 
that there are strong regional differences in Antarctica, with extent increasing in some regions and decreasing in others. 
{1.1.3, Figure 1.1}

Over the period 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m (Figure SPM.1b). The rate of sea level rise 
since the mid-19th century has been larger than the mean rate during the previous two millennia (high con�dence). {1.1.4, 
Figure 1.1}

SPM 1.2		 Causes of climate change

Anthropogenic greenhouse gas (GHG) emissions since the pre-industrial era have driven large increases in the atmospheric 
concentrations of carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) (Figure SPM.1c). Between 1750 and 2011, 
cumulative anthropogenic CO2 emissions to the atmosphere were 2040 – 310 GtCO2. About 40% of these emissions have 
remained in the atmosphere (880 – 35 GtCO2); the rest was removed from the atmosphere and stored on land (in plants and 
soils) and in the ocean. The ocean has absorbed about 30% of the emitted anthropogenic CO2, causing ocean acidi�cation. 
About half of the anthropogenic CO2 emissions between 1750 and 2011 have occurred in the last 40 years (high con�dence) 
(Figure SPM.1d). {1.2.1, 1.2.2}

Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven 
largely by economic and population growth, and are now higher than ever. This has led to atmo-
spheric concentrations of carbon dioxide, methane and nitrous oxide that are unprecedented in 
at least the last 800,000 years. Their effects, together with those of other anthropogenic driv-
ers, have been detected throughout the climate system and are extremely likely to have been 
the dominant cause of the observed warming since the mid-20th century. {1.2, 1.3.1}
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Total anthropogenic GHG emissions have continued to increase over 1970 to 2010 with larger absolute increases between 
2000 and 2010, despite a growing number of climate change mitigation policies. Anthropogenic GHG emissions in 2010 have 
reached 49 – 4.5 GtCO2-eq/yr 3. Emissions of CO2 from fossil fuel combustion and industrial processes contributed about 78% 
of the total GHG emissions increase from 1970 to 2010, with a similar percentage contribution for the increase during the 
period 2000 to 2010 (high con�dence) (Figure SPM.2). Globally, economic and population growth continued to be the most 
important drivers of increases in CO2 emissions from fossil fuel combustion. The contribution of population growth between 
2000 and 2010 remained roughly identical to the previous three decades, while the contribution of economic growth has 
risen sharply. Increased use of coal has reversed the long-standing trend of gradual decarbonization (i.e., reducing the carbon 
intensity of energy) of the world�s energy supply (high con�dence). {1.2.2}

The evidence for human in�uence on the climate system has grown since the IPCC Fourth Assessment Report (AR4). It is 
extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 2010 was 
caused by the anthropogenic increase in GHG concentrations and other anthropogenic forcings together. The best estimate 
of the human-induced contribution to warming is similar to the observed warming over this period (Figure SPM.3). Anthro-
pogenic forcings have likely made a substantial contribution to surface temperature increases since the mid-20th century 
over every continental region except Antarctica4. Anthropogenic in�uences have likely affected the global water cycle since 
1960 and contributed to the retreat of glaciers since the 1960s and to the increased surface melting of the Greenland ice 
sheet since 1993. Anthropogenic in�uences have very likely contributed to Arctic sea-ice loss since 1979 and have very likely 
made a substantial contribution to increases in global upper ocean heat content (0�700 m) and to global mean sea level rise 
observed since the 1970s. {1.3, Figure 1.10}

3	 Greenhouse gas emissions are quanti�ed as CO2-equivalent (GtCO2-eq) emissions using weightings based on the 100-year Global Warming Potentials, 
using IPCC Second Assessment Report values unless otherwise stated. {Box 3.2}

4	 For Antarctica, large observational uncertainties result in low con�dence that anthropogenic forcings have contributed to the observed warming aver-
aged over available stations.
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Figure SPM.2 |  Total annual anthropogenic greenhouse gas (GHG) emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) for the period 1970 
to 2010 by gases: CO2 from fossil fuel combustion and industrial processes; CO2 from Forestry and Other Land Use (FOLU); methane (CH4); nitrous oxide 
(N2O); �uorinated gases covered under the Kyoto Protocol (F-gases). Right hand side shows 2010 emissions, using alternatively CO2-equivalent emission 
weightings based on IPCC Second Assessment Report (SAR) and AR5 values. Unless otherwise stated, CO2-equivalent emissions in this report include the 
basket of Kyoto gases (CO2, CH4, N2O as well as F-gases) calculated based on 100-year Global Warming Potential (GWP100) values from the SAR (see Glos-
sary). Using the most recent GWP100 values from the AR5 (right-hand bars) would result in higher total annual GHG emissions (52 GtCO2-eq/yr) from an 
increased contribution of methane, but does not change the long-term trend signi�cantly. {Figure 1.6, Box 3.2}
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SPM 1.3		 Impacts of climate change

In recent decades, changes in climate have caused impacts on natural and human systems on 
all continents and across the oceans. Impacts are due to observed climate change, irrespec-
tive of its cause, indicating the sensitivity of natural and human systems to changing climate. 
{1.3.2}

Evidence of observed climate change impacts is strongest and most comprehensive for natural systems. In many regions, 
changing precipitation or melting snow and ice are altering hydrological systems, affecting water resources in terms of 
quantity and quality (medium con�dence). Many terrestrial, freshwater and marine species have shifted their geographic 
ranges, seasonal activities, migration patterns, abundances and species interactions in response to ongoing climate change 
(high con�dence). Some impacts on human systems have also been attributed to climate change, with a major or minor 
contribution of climate change distinguishable from other in�uences (Figure SPM.4). Assessment of many studies covering 
a wide range of regions and crops shows that negative impacts of climate change on crop yields have been more common 
than positive impacts (high con�dence). Some impacts of ocean acidi�cation on marine organisms have been attributed to 
human in�uence (medium con�dence). {1.3.2}
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Figure SPM.3 |  Assessed likely ranges (whiskers) and their mid-points (bars) for warming trends over the 1951�2010 period from well-mixed greenhouse 
gases, other anthropogenic forcings (including the cooling effect of aerosols and the effect of land use change), combined anthropogenic forcings, natural 
forcings and natural internal climate variability (which is the element of climate variability that arises spontaneously within the climate system even in the 
absence of forcings). The observed surface temperature change is shown in black, with the 5 to 95% uncertainty range due to observational uncertainty. 
The attributed warming ranges (colours) are based on observations combined with climate model simulations, in order to estimate the contribution of an 
individual external forcing to the observed warming. The contribution from the combined anthropogenic forcings can be estimated with less uncertainty 
than the contributions from greenhouse gases and from other anthropogenic forcings separately. This is because these two contributions partially compen-
sate, resulting in a combined signal that is better constrained by observations. {Figure 1.9}
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SPM 1.4		 Extreme events

Changes in many extreme weather and climate events have been observed since about 1950. 
Some of these changes have been linked to human in�uences, including a decrease in cold tem-
perature extremes, an increase in warm temperature extremes, an increase in extreme high sea 
levels and an increase in the number of heavy precipitation events in a number of regions. {1.4}

It is very likely that the number of cold days and nights has decreased and the number of warm days and nights has increased 
on the global scale. It is likely that the frequency of heat waves has increased in large parts of Europe, Asia and Australia. It is 
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Figure SPM.4 |  Based on the available scienti�c literature since the IPCC Fourth Assessment Report (AR4), there are substantially more impacts in recent 
decades now attributed to climate change. Attribution requires de�ned scienti�c evidence on the role of climate change. Absence from the map of addi-
tional impacts attributed to climate change does not imply that such impacts have not occurred. The publications supporting attributed impacts re�ect a 
growing knowledge base, but publications are still limited for many regions, systems and processes, highlighting gaps in data and studies. Symbols indicate 
categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact and con�dence in attribution. Each 
symbol refers to one or more entries in WGII Table SPM.A1, grouping related regional-scale impacts. Numbers in ovals indicate regional totals of climate 
change publications from 2001 to 2010, based on the Scopus bibliographic database for publications in English with individual countries mentioned in title, 
abstract or key words (as of July 2011). These numbers provide an overall measure of the available scienti�c literature on climate change across regions; 
they do not indicate the number of publications supporting attribution of climate change impacts in each region. Studies for polar regions and small islands 
are grouped with neighbouring continental regions. The inclusion of publications for assessment of attribution followed IPCC scienti�c evidence criteria 
de�ned in WGII Chapter 18. Publications considered in the attribution analyses come from a broader range of literature assessed in the WGII AR5. See WGII 
Table SPM.A1 for descriptions of the attributed impacts. {Figure 1.11}
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very likely that human in�uence has contributed to the observed global scale changes in the frequency and intensity of  
daily temperature extremes since the mid-20th century. It is likely that human in�uence has more than doubled the prob- 
ability of occurrence of heat waves in some locations. There is medium con�dence that the observed warming has increased 
heat-related human mortality and decreased cold-related human mortality in some regions. {1.4}

There are likely more land regions where the number of heavy precipitation events has increased than where it has decreased. 
Recent detection of increasing trends in extreme precipitation and discharge in some catchments implies greater risks of 
�ooding at regional scale (medium con�dence). It is likely that extreme sea levels (for example, as experienced in storm 
surges) have increased since 1970, being mainly a result of rising mean sea level. {1.4}

Impacts from recent climate-related extremes, such as heat waves, droughts, �oods, cyclones and wild�res, reveal signi�cant 
vulnerability and exposure of some ecosystems and many human systems to current climate variability (very high con�-
dence). {1.4}

SPM 2.		 Future Climate Changes, Risks and Impacts

Continued emission of greenhouse gases will cause further warming and long-lasting  
changes in all components of the climate system, increasing the likelihood of severe,  
pervasive and irreversible impacts for people and ecosystems. Limiting climate change would 
require substantial and sustained reductions in greenhouse gas emissions which, together 
with adaptation, can limit climate change risks. {2}

SPM 2.1		 Key drivers of future climate

Cumulative emissions of CO2 largely determine global mean surface warming by the late 
21st century and beyond. Projections of greenhouse gas emissions vary over a wide range, 
depending on both socio-economic development and climate policy. {2.1}

Anthropogenic GHG emissions are mainly driven by population size, economic activity, lifestyle, energy use, land use patterns, 
technology and climate policy. The Representative Concentration Pathways (RCPs), which are used for making projections 
based on these factors, describe four different 21st century pathways of GHG emissions and atmospheric concentrations, 
air pollutant emissions and land use. The RCPs include a stringent mitigation scenario (RCP2.6), two intermediate scenarios 
(RCP4.5 and RCP6.0) and one scenario with very high GHG emissions (RCP8.5). Scenarios without additional efforts to 
constrain emissions (�baseline scenarios�) lead to pathways ranging between RCP6.0 and RCP8.5 (Figure SPM.5a). RCP2.6 is 
representative of a scenario that aims to keep global warming likely below 2°C above pre-industrial temperatures. The RCPs 
are consistent with the wide range of scenarios in the literature as assessed by WGIII5. {2.1, Box 2.2, 4.3}

Multiple lines of evidence indicate a strong, consistent, almost linear relationship between cumulative CO2 emissions and 
projected global temperature change to the year 2100 in both the RCPs and the wider set of mitigation scenarios analysed 
in WGIII (Figure SPM.5b). Any given level of warming is associated with a range of cumulative CO2 emissions6, and therefore, 
e.g., higher emissions in earlier decades imply lower emissions later. {2.2.5, Table 2.2}

5	 Roughly 300 baseline scenarios and 900 mitigation scenarios are categorized by CO2-equivalent concentration (CO2-eq) by 2100. The CO2-eq includes 
the forcing due to all GHGs (including halogenated gases and tropospheric ozone), aerosols and albedo change.

6	 Quanti�cation of this range of CO2 emissions requires taking into account non-CO2 drivers.
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Figure SPM.5 |  (a) Emissions of carbon dioxide (CO2) alone in the Representative Concentration Pathways (RCPs) (lines) and the associated scenario 
categories used in WGIII (coloured areas show 5 to 95% range). The WGIII scenario categories summarize the wide range of emission scenarios published 
in the scienti�c literature and are de�ned on the basis of CO2-eq concentration levels (in ppm) in 2100. The time series of other greenhouse gas emissions 
are shown in Box 2.2, Figure 1. (b) Global mean surface temperature increase at the time global CO2 emissions reach a given net cumulative total, plotted 
as a function of that total, from various lines of evidence. Coloured plume shows the spread of past and future projections from a hierarchy of climate-
carbon cycle models driven by historical emissions and the four RCPs over all times out to 2100, and fades with the decreasing number of available models. 
Ellipses show total anthropogenic warming in 2100 versus cumulative CO2 emissions from 1870 to 2100 from a simple climate model (median climate 
response) under the scenario categories used in WGIII. The width of the ellipses in terms of temperature is caused by the impact of different scenarios for 
non-CO2 climate drivers. The �lled black ellipse shows observed emissions to 2005 and observed temperatures in the decade 2000�2009 with associated 
uncertainties. {Box 2.2, Figure 1; Figure 2.3}
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Multi-model results show that limiting total human-induced warming to less than 2°C relative to the period 1861�1880 with 
a probability of >66%7 would require cumulative CO2 emissions from all anthropogenic sources since 1870 to remain below 
about 2900 GtCO2 (with a range of 2550 to 3150 GtCO2 depending on non-CO2 drivers). About 1900 GtCO2

8 had already been 
emitted by 2011. For additional context see Table 2.2. {2.2.5}

SPM 2.2	 Projected changes in the climate system

Surface temperature is projected to rise over the 21st century under all assessed emission 
scenarios. It is very likely that heat waves will occur more often and last longer, and that 
extreme precipitation events will become more intense and frequent in many regions. The 
ocean will continue to warm and acidify, and global mean sea level to rise. {2.2}

The projected changes in Section SPM 2.2 are for 2081�2100 relative to 1986�2005, unless otherwise indicated.

Future climate will depend on committed warming caused by past anthropogenic emissions, as well as future anthropogenic 
emissions and natural climate variability. The global mean surface temperature change for the period 2016�2035 relative to 
1986�2005 is similar for the four RCPs and will likely be in the range 0.3°C to 0.7°C (medium con�dence). This assumes that 
there will be no major volcanic eruptions or changes in some natural sources (e.g., CH4 and N2O), or unexpected changes in 
total solar irradiance. By mid-21st century, the magnitude of the projected climate change is substantially affected by the 
choice of emissions scenario. {2.2.1, Table 2.1}

Relative to 1850�1900, global surface temperature change for the end of the 21st century (2081�2100) is projected to likely 
exceed 1.5°C for RCP4.5, RCP6.0 and RCP8.5 (high con�dence). Warming is likely to exceed 2°C for RCP6.0 and RCP8.5 
(high con�dence), more likely than not to exceed 2°C for RCP4.5 (medium con�dence), but unlikely to exceed 2°C for RCP2.6 
(medium con�dence). {2.2.1}

The increase of global mean surface temperature by the end of the 21st century (2081�2100) relative to 1986�2005 is likely 
to be 0.3°C to 1.7°C under RCP2.6, 1.1°C to 2.6°C under RCP4.5, 1.4°C to 3.1°C under RCP6.0 and 2.6°C to 4.8°C under 
RCP8.59. The Arctic region will continue to warm more rapidly than the global mean (Figure SPM.6a, Figure SPM.7a). {2.2.1, 
Figure 2.1, Figure 2.2, Table 2.1}

It is virtually certain that there will be more frequent hot and fewer cold temperature extremes over most land areas on daily 
and seasonal timescales, as global mean surface temperature increases. It is very likely that heat waves will occur with a 
higher frequency and longer duration. Occasional cold winter extremes will continue to occur. {2.2.1}

7	 Corresponding �gures for limiting warming to 2°C with a probability of >50% and >33% are 3000 GtCO2 (range of 2900 to 3200 GtCO2) and 3300 GtCO2 
(range of 2950 to 3800 GtCO2) respectively. Higher or lower temperature limits would imply larger or lower cumulative emissions respectively.

8	 This corresponds to about two thirds of the 2900 GtCO2 that would limit warming to less than 2°C with a probability of >66%; to about 63% of the total 
amount of 3000 GtCO2 that would limit warming to less than 2°C with a probability of >50%; and to about 58% of the total amount of 3300 GtCO2 
that would limit warming to less than 2°C with a probability of >33%.

9	 The period 1986�2005 is approximately 0.61 [0.55 to 0.67] °C warmer than 1850�1900. {2.2.1}
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Figure SPM.6 |  Global average surface temperature change (a) and global mean sea level rise10 (b) from 2006 to 2100 as determined by multi-model 
simulations. All changes are relative to 1986�2005. Time series of projections and a measure of uncertainty (shading) are shown for scenarios RCP2.6 
(blue) and RCP8.5 (red). The mean and associated uncertainties averaged over 2081�2100 are given for all RCP scenarios as coloured vertical bars at the 
right hand side of each panel. The number of Coupled Model Intercomparison Project Phase 5 (CMIP5) models used to calculate the multi-model mean is 
indicated. {2.2, Figure 2.1}

Changes in precipitation will not be uniform. The high latitudes and the equatorial Paci�c are likely to experience an increase 
in annual mean precipitation under the RCP8.5 scenario. In many mid-latitude and subtropical dry regions, mean precipi-
tation will likely decrease, while in many mid-latitude wet regions, mean precipitation will likely increase under the RCP8.5 
scenario (Figure SPM.7b). Extreme precipitation events over most of the mid-latitude land masses and over wet tropical 
regions will very likely become more intense and more frequent. {2.2.2, Figure 2.2}

The global ocean will continue to warm during the 21st century, with the strongest warming projected for the surface in 
tropical and Northern Hemisphere subtropical regions (Figure SPM.7a). {2.2.3, Figure 2.2}

10	 Based on current understanding (from observations, physical understanding and modelling), only the collapse of marine-based sectors of the Antarctic 
ice sheet, if initiated, could cause global mean sea level to rise substantially above the likely range during the 21st century. There is medium con�dence 
that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century.
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Earth System Models project a global increase in ocean acidi�cation for all RCP scenarios by the end of the 21st century, with 
a slow recovery after mid-century under RCP2.6. The decrease in surface ocean pH is in the range of 0.06 to 0.07 (15 to 17% 
increase in acidity) for RCP2.6, 0.14 to 0.15 (38 to 41%) for RCP4.5, 0.20 to 0.21 (58 to 62%) for RCP6.0 and 0.30 to 0.32 
(100 to 109%) for RCP8.5. {2.2.4, Figure 2.1}

Year-round reductions in Arctic sea ice are projected for all RCP scenarios. A nearly ice-free11 Arctic Ocean in the summer sea-
ice minimum in September before mid-century is likely for RCP8.512 (medium con�dence). {2.2.3, Figure 2.1}

It is virtually certain that near-surface permafrost extent at high northern latitudes will be reduced as global mean surface 
temperature increases, with the area of permafrost near the surface (upper 3.5 m) projected to decrease by 37% (RCP2.6) to 
81% (RCP8.5) for the multi-model average (medium con�dence). {2.2.3}

The global glacier volume, excluding glaciers on the periphery of Antarctica (and excluding the Greenland and Antarctic ice 
sheets), is projected to decrease by 15 to 55% for RCP2.6 and by 35 to 85% for RCP8.5 (medium con�dence). {2.2.3}

11	 When sea-ice extent is less than one million km2 for at least �ve consecutive years.
12	 Based on an assessment of the subset of models that most closely reproduce the climatological mean state and 1979�2012 trend of the Arctic sea-ice 

extent.
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Figure SPM.7 |  Change in average surface temperature (a) and change in average precipitation (b) based on multi-model mean projections for 
2081�2100 relative to 1986�2005 under the RCP2.6 (left) and RCP8.5 (right) scenarios. The number of models used to calculate the multi-model mean 
is indicated in the upper right corner of each panel. Stippling (i.e., dots) shows regions where the projected change is large compared to natural internal 
variability and where at least 90% of models agree on the sign of change. Hatching (i.e., diagonal lines) shows regions where the projected change is less 
than one standard deviation of the natural internal variability. {2.2, Figure 2.2}
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There has been signi�cant improvement in understanding and projection of sea level change since the AR4. Global mean sea 
level rise will continue during the 21st century, very likely at a faster rate than observed from 1971 to 2010. For the period 
2081�2100 relative to 1986�2005, the rise will likely be in the ranges of 0.26 to 0.55 m for RCP2.6, and of 0.45 to 0.82 m  
for RCP8.5 (medium con�dence)10 (Figure SPM.6b). Sea level rise will not be uniform across regions. By the end of the  
21st century, it is very likely that sea level will rise in more than about 95% of the ocean area. About 70% of the coastlines 
worldwide are projected to experience a sea level change within –20% of the global mean. {2.2.3}

SPM 2.3		 Future risks and impacts caused by a changing climate

Climate change will amplify existing risks and create new risks for natural and human sys-
tems. Risks are unevenly distributed and are generally greater for disadvantaged people and 
communities in countries at all levels of development. {2.3}

Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous events and 
trends) with the vulnerability and exposure of human and natural systems, including their ability to adapt. Rising rates and 
magnitudes of warming and other changes in the climate system, accompanied by ocean acidi�cation, increase the risk 
of severe, pervasive and in some cases irreversible detrimental impacts. Some risks are particularly relevant for individual 
regions (Figure SPM.8), while others are global. The overall risks of future climate change impacts can be reduced by limiting 
the rate and magnitude of climate change, including ocean acidi�cation. The precise levels of climate change suf�cient to 
trigger abrupt and irreversible change remain uncertain, but the risk associated with crossing such thresholds increases with 
rising temperature (medium con�dence). For risk assessment, it is important to evaluate the widest possible range of impacts, 
including low-probability outcomes with large consequences. {1.5, 2.3, 2.4, 3.3, Box Introduction.1, Box 2.3, Box 2.4}

A large fraction of species faces increased extinction risk due to climate change during and beyond the 21st century, espe-
cially as climate change interacts with other stressors (high con�dence). Most plant species cannot naturally shift their 
geographical ranges suf�ciently fast to keep up with current and high projected rates of climate change in most landscapes; 
most small mammals and freshwater molluscs will not be able to keep up at the rates projected under RCP4.5 and above 
in �at landscapes in this century (high con�dence). Future risk is indicated to be high by the observation that natural global 
climate change at rates lower than current anthropogenic climate change caused signi�cant ecosystem shifts and species 
extinctions during the past millions of years. Marine organisms will face progressively lower oxygen levels and high rates and 
magnitudes of ocean acidi�cation (high con�dence), with associated risks exacerbated by rising ocean temperature extremes 
(medium con�dence). Coral reefs and polar ecosystems are highly vulnerable. Coastal systems and low-lying areas are at 
risk from sea level rise, which will continue for centuries even if the global mean temperature is stabilized (high con�dence). 
{2.3, 2.4, Figure 2.5}

Climate change is projected to undermine food security (Figure SPM.9). Due to projected climate change by the mid-21st century 
and beyond, global marine species redistribution and marine biodiversity reduction in sensitive regions will challenge the sustained 
provision of �sheries productivity and other ecosystem services (high con�dence). For wheat, rice and maize in tropical and temper-
ate regions, climate change without adaptation is projected to negatively impact production for local temperature increases 
of 2°C or more above late 20th century levels, although individual locations may bene�t (medium con�dence). Global tem-
perature increases of ~4°C or more13 above late 20th century levels, combined with increasing food demand, would pose 
large risks to food security globally (high con�dence). Climate change is projected to reduce renewable surface water and 
groundwater resources in most dry subtropical regions (robust evidence, high agreement), intensifying competition for water 
among sectors (limited evidence, medium agreement). {2.3.1, 2.3.2}

13	 Projected warming averaged over land is larger than global average warming for all RCP scenarios for the period 2081�2100 relative to 1986�2005. 
For regional projections, see Figure SPM.7. {2.2}
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SPM

Until mid-century, projected climate change will impact human health mainly by exacerbating health problems that already 
exist (very high con�dence). Throughout the 21st century, climate change is expected to lead to increases in ill-health in many 
regions and especially in developing countries with low income, as compared to a baseline without climate change (high 
con�dence). By 2100 for RCP8.5, the combination of high temperature and humidity in some areas for parts of the year is 
expected to compromise common human activities, including growing food and working outdoors (high con�dence). {2.3.2}

In urban areas climate change is projected to increase risks for people, assets, economies and ecosystems, including risks 
from heat stress, storms and extreme precipitation, inland and coastal �ooding, landslides, air pollution, drought, water scar-
city, sea level rise and storm surges (very high con�dence). These risks are ampli�ed for those lacking essential infrastructure 
and services or living in exposed areas. {2.3.2}
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Figure SPM.9 |  (a) Projected global redistribution of maximum catch potential of ~1000 exploited marine �sh and invertebrate species. Projections 
compare the 10-year averages 2001�2010 and 2051�2060 using ocean conditions based on a single climate model under a moderate to high warming 
scenario, without analysis of potential impacts of over�shing or ocean acidi�cation. (b) Summary of projected changes in crop yields (mostly wheat, maize, 
rice and soy), due to climate change over the 21st century. Data for each timeframe sum to 100%, indicating the percentage of projections showing yield 
increases versus decreases. The �gure includes projections (based on 1090 data points) for different emission scenarios, for tropical and temperate regions 
and for adaptation and no-adaptation cases combined. Changes in crop yields are relative to late 20th century levels. {Figure 2.6a, Figure 2.7}
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