
This Working Group I contribution to the IPCC’s Fourth 
Assessment Report (AR4) provides a comprehensive assessment of 
the physical science of climate change and continues to broaden the 
view of that science, following on from previous Working Group I 
assessments. The results presented here are based on the extensive 
scientific literature that has become available since completion of the 
IPCC’s Third Assessment Report, together with expanded data sets, 
new analyses, and more sophisticated climate modelling capabilities. 

This report has been prepared in accordance with rules and 
procedures established by the IPCC and used for previous assessment 
reports. The report outline was agreed at the 21st Session of the Panel in 
November 2003 and the lead authors were accepted at the 31st Session 
of the IPCC Bureau in April 2004. Drafts prepared by the authors were 
subject to two rounds of review and revision during which over 30,000 
written comments were submitted by over 650 individual experts 
as well as by governments and international organizations. Review 
Editors for each chapter have ensured that all substantive government 
and expert review comments received appropriate consideration. 
The Summary for Policymakers was approved line-by-line and the 
underlying chapters were then accepted at the 10th Session of IPCC 
Working Group I from 29 January to 1 February 2007.

Scope of the Report

The Working Group I report focuses on those aspects of the 
current understanding of the physical science of climate change that 
are judged to be most relevant to policymakers. It does not attempt 
to review the evolution of scientific understanding or to cover all of 
climate science. Furthermore, this assessment is based on the relevant 
scientific literature available to the authors in mid-2006 and the reader 
should recognize that some topics covered here may be subject to 
further rapid development. 

A feature of recent climate change research is the breadth of 
observations now available for different components of the climate 
system, including the atmosphere, oceans, and cryosphere.  Additional 
observations and new analyses have broadened our understanding and 
enabled many uncertainties to be reduced. New information has also 
led to some new questions in areas such as unanticipated changes in ice 
sheets, their potential effect on sea level rise, and the implications of 
complex interactions between climate change and biogeochemistry. 

In considering future projections of climate change, this report 
follows decisions made by the Panel during the AR4 scoping and 
approval process to use emission scenarios that have been previously 
assessed by the IPCC for consistency across the three Working Groups. 
However, the value of information from new climate models related to 
climate stabilization has also been recognized. In order to address both 
topics, climate modelling groups have conducted climate simulations 
that included idealized experiments in which atmospheric composition 
is held constant. Together with climate model ensemble simulations, 
including many model runs for the 20th and 21st centuries, this 
assessment has been able to consider far more simulations than any 
previous assessment of climate change. 

The IPCC assessment of the effects of climate change and of options 
for responding to or avoiding such effects, are assessed by Working 
Groups II and III and so are not covered here.  In particular, while 
this Working Group I report presents results for a range of emission 
scenarios consistent with previous reports, an updated assessment 
of the plausible range of future emissions can only be conducted by 
Working Group III. 

The Structure of this Report

This Working Group I assessment includes, for the first time, an 
introductory chapter, Chapter 1, which covers the ways in which 
climate change science has progressed, including an overview of the 
methods used in climate change science, the role of climate models 
and evolution in the treatment of uncertainties. 

Chapters 2 and 7 cover the changes in atmospheric constituents 
(both gases and aerosols) that affect the radiative energy balance in 
the atmosphere and determine the Earth’s climate. Chapter 2 presents 
a perspective based on observed change in the atmosphere and covers 
the central concept of radiative forcing. Chapter 7 complements this by 
considering the interactions between the biogeochemical cycles that 
affect atmospheric constituents and climate change, including aerosol/
cloud interactions. 

Chapters 3, 4 and 5 cover the extensive range of observations now 
available for the atmosphere and surface, for snow, ice and frozen 
ground, and for the oceans respectively. While observed changes 
in these components of the climate system are closely inter-related 
through physical processes, the separate chapters allow a more focused 
assessment of available data and their uncertainties, including remote 
sensing data from satellites. Chapter 5 includes observed changes in 
sea level, recognizing the strong interconnections between these and 
ocean heat content. 

Chapter 6 presents a palaeoclimatic perspective and assesses 
the evidence for past climate change and the extent to which that is 
explained by our present scientific understanding. It includes a new 
assessment of reconstructed temperatures for the past 1300 years. 

Chapter 8 covers the ways in which physical processes are 
simulated in climate models and the evaluation of models against 
observed climate, including its average state and variability. Chapter 
9 covers the closely related issue of the extent to which observed 
climate change can be attributed to different causes, both natural and 
anthropogenic. 

Chapter 10 covers the use of climate models for projections of 
global climate including their uncertainties. It shows results for 
different levels of future greenhouse gases, providing a probabilistic 
assessment of a range of physical climate system responses and the 
time scales and inertia associated with such responses. Chapter 11 
covers regional climate change projections consistent with the global 
projections. It includes an assessment of model reliability at regional 
levels and the factors that can significantly influence regional scale 
climate change.

The Summary for Policymakers (SPM) and Technical Summary 
(TS) of this report follow a parallel structure and each includes 
cross references to the chapter and section where the material being 
summarized can be found in the underlying report. In this way these 
summary components of the report provide a road-map to the content 
of the entire report and the reader is encouraged to use the SPM and 
TS in that way.  

An innovation in this report is the inclusion of 19 Frequently Asked 
Questions, in which the authors provide scientific answers to a range 
of general questions in a form that will be useful for a broad range 
of teaching purposes. Finally the report is accompanied by about 250 
pages of supplementary material that was reviewed along with the 
chapter drafts and is made available on CDRom and in web-based 
versions of the report to provide an additional level of detail, such as 
results for individual climate models. 
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How has the science of climate change advanced since the IPCC began? 1
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2, 6, 7

How has climate been observed to change during the period of instrumental 
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3, 4, 5
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How is climate projected to change in the future, globally and regionally? 10, 11

What is known about past and projected changes in sea level, including the role of 
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and how are they expected to change in the future?
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