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1 Global warming of 1.5°C: an IPCC special report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context 
of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty (SR1.5); Climate Change and Land: an IPCC special report on 
climate change, desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems (SRCCL); IPCC Special Report on the Ocean and 
Cryosphere in a Changing Climate (SROCC).

The Working Group I (WGI) contribution to the Sixth Assessment 
Report (AR6) of the Intergovernmental Panel on Climate Change 
(IPCC) focuses on a full and comprehensive assessment of the physical 
science basis of climate change, based on evidence from more than 
14,000 scientific publications available by 31 January 2021. 

This Report reflects recent climate science advances resulting from 
progress in, and the integration of, multiple lines of evidence, 
including: in situ and remote observations; paleoclimate information; 
understanding of climate drivers and physical, chemical and biological 
processes and feedbacks; and global and regional climate modelling; 
as well as advances in methods of analyses and insights from the 
growing field of climate services.

The AR6 WGI Report builds on the WGI contribution to the IPCC’s 
Fifth Assessment Report (AR5) in 2013, and the AR6 Special Reports1 
released in 2018 and 2019.

The report considers the current state of the climate in the long-term 
context, the understanding of human influence, the state of knowledge 
about possible climate futures, climate information relevant for 
climate-related risk assessment and regional adaptation, and the 
physical science basis on limiting human-induced climate change.

Scope of the Report

As part of the scoping process and approval of the outline of the IPCC 
Sixth Assessment Report, the WGI contribution evolved from the 
structure of past WGI assessment reports, reflecting developments 
in climate science and the assessment of global and regional climate 
information that is relevant to inform decision-making. 

Some key new topics assessed by WGI include the global response 
to new illustrative emissions scenarios, physical climate storylines, 
low-likelihood, high-impact outcomes, and physical climate 
conditions that affect society and/or ecosystems (defined as climatic 
impact-drivers). 

The integration of multiple lines of evidence strengthens 
the  understanding of past, current and possible future changes 
in the climate system and the distillation of regional climate change 
information at regional scale. The new structure of the WGI Report is 
designed to facilitate this integration for end-to-end assessment of 
key topics and to enhance the visibility of knowledge developments 
for global and regional climate change. This includes climate 
information that is relevant for risk assessment, regional adaptation 
and for mitigation. It is also designed to inform decision-making 

without being policy prescriptive and to facilitate the integration 
of the WGI key findings with the other AR6 Working Group reports.

Structure of the Report

This Report consists of thirteen thematic chapters with their 
supporting supplementary material, ten annexes (including the report 
Glossary, which is developed in coordination with Working Groups 
II and III where relevant), an integrative Technical Summary, and 
a Summary for Policymakers. An innovation in this Working Group I 
assessment is the online Interactive Atlas (https://interactive-atlas.
ipcc.ch), a  novel tool for flexible spatial and temporal analyses of 
observed and projected climate change information, which enhances 
accessibility for stakeholders and users to the data assessed in 
the Report.

The Summary for Policymakers and Technical Summary include the line 
of sight, indicated in curly brackets, to the chapters and the specific 
sections therein where the detailed assessment can be found. In this 
way, these summary components of the Report provide a roadmap to 
the contents of the entire report and a synthesis of the major findings 
that is traceable to the underlying literature and assessment.

The introduction (Chapter 1) of the Report frames the WGI 
assessment within the broader AR6 and global climate policy 
context and introduces the key concepts, lines of evidence, and 
major developments. The remainder of the Report is structured in 
three segments. The first segment focuses on large-scale climate 
change (Chapters 2–4). These chapters provide an updated and 
comprehensive assessment of knowledge about the current state 
of the climate system, human influence and projections of future 
change on key large-scale indicators of the climate system. Chapter 2 
assesses observed large-scale changes in the climate system in the 
long-term paleoclimate context. Chapter 3 updates the assessment 
of human influence on the climate system, considering natural 
variability, model performance and detection and attribution. 
Chapter 4 covers global climate projections spanning time horizons 
from the near term (2021–2040) to the mid-term (2041–2060), long 
term (2081–2100) and beyond.

The second segment of the report is dedicated to climate system 
components and processes that play key roles in global and regional 
climate (Chapters 5–9), including carbon and other biogeochemical 
cycles, energy, and water; short-lived climate forcers (SLCFs) and 
their link to air quality; and changes in the ocean, cryosphere 
and sea level. Chapter 5 addresses the assessment of the global 
biogeochemical budgets for carbon dioxide, methane, and nitrous 
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oxide and the assessment of carbon and other biogeochemical 
feedbacks. Chapter  6 assesses changes in the emissions and 
abundances of individual SLCFs, how these changes affect 
Earth’s energy balance through radiative forcing and feedback in 
the climate system, the implications of changing climate on air 
quality, and the implications of SLCF mitigation for climate and 
for air quality. Chapter 7 addresses Earth’s energy budget through 
advances in observations, understanding and quantification of 
effective radiative forcing, and the assessment of feedbacks and 
climate sensitivity. Chapter 8 assesses observed and projected 
changes in the global water cycle, the physical understanding of 
the complexity of its response to multiple drivers, and implications 
for water availability. The physical processes underlying global 
and regional changes in the ocean, cryosphere and sea level and 
the understanding of observed and projected future changes since 
the AR5 and Special Report on the Ocean and Cryosphere in a 
Changing Climate are assessed in Chapter 9.

The final four chapters of the Report (Chapters 10–12 and the Atlas) 
are dedicated to the assessment and distillation of regional climate 
information from multiple lines of evidence at sub-continental to 
local scales (including urban climate), building on information from 
previous chapters on large-scale climate and process understanding, 
with a focus on recent and projected regional changes in mean 
climate, extremes, and climatic impact-drivers. Chapter 10 assesses 
the foundations of how regional climate information is distilled from 
multiple lines of evidence and the interplay between anthropogenic 
causes and internal variability at regional scales. Chapter 11 addresses 
changes in weather and climate extremes on global and regional 
scales, including observed changes and their attribution, as well as 
projected changes. Chapter 12 assesses the climatic conditions that 
may lead to impacts and risks across the world’s regions. Changes 
in mean climate at regional scales, in particular observed trends and 
their attribution and projected future changes in temperature 
and precipitation, are assessed in the Atlas chapter.

The Interactive Atlas allows flexible spatial and temporal analyses 
of climate variables, extreme indices and climatic impact-drivers, 
including datasets underpinning assessment findings across report 
chapters and syntheses of regional changes.

Specific regional case studies are considered in different chapters, 
including rainfall changes in the Sahel and Western Africa, 
South-Western North America, and South-Eastern South America; 
climate information relevant for water resources in small islands, 
for Cape Town drought, for the Indian summer monsoon, for 
Mediterranean summer warming, and for the Hindu Kush Himalaya 
region; urban climate processes and trends; and the influence of the 
Arctic on mid-latitude climate.

All chapters contain Frequently Asked Questions, which are grounded 
in the assessment and written in language that is more accessible 
to a broad readership and can serve as a resource for teaching 
and outreach. 

Each chapter is accompanied by Supplementary Material, which 
is available online and provides traceability and transparency for 

technical aspects of the assessment, such as descriptions of datasets, 
models or methodologies supporting chapter analyses.

The Process

This WGI Assessment Report represents the combined efforts of 
hundreds of leading experts in the field of climate science and has 
been prepared in accordance with principles and procedures of 
the IPCC. 

A scoping meeting for the Sixth Assessment Report was held in May 
2017, and the outlines for the contributions of the three Working 
Groups were approved at the 46th Session of the Panel in September 
2017. Governments and IPCC observer organizations nominated 
experts for the author team. The team of 198 Coordinating Lead 
Authors and Lead Authors plus 36 Review Editors selected by the 
WGI Bureau was accepted at the 55th Session of the IPCC Bureau 
in January 2018. During the report preparation, a few changes have 
taken place to address core expertise gaps and to replace authors 
who were not available anymore. In addition, 615  Contributing 
Authors provided 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. A total of 78,007 
written review comments were submitted by 1891 individual expert 
reviewers and 47 governments. The Review Editors for each chapter 
monitored the review process to ensure that all review comments 
received appropriate consideration. All review comments and 
responses are available online on the report website. 

Three in-person Lead Author Meetings took place to enhance progress 
and coordination in the assessment process. These were particularly 
critical for the intense cross-chapter coordination implied by the new 
report outline.

We strived to foster an inclusive environment that achieves a rigorous 
and transparent assessment process. These efforts included greater 
attention to addressing implicit biases and technical considerations 
to enhance the participation in the process and increasing the 
accessibility of the assessed information.

For the first time in the IPCC, WGI recommended the implementation 
of FAIR (findable, accessible, interoperable, reusable) data principles 
in the assessment to document and curate the data assessed and 
included in report figures. The motivation was to increase transparency 
and accessibility of the assessment, support implementation of the 
IPCC Error Protocol, and provide for the long-term curation of 
the assessed digital information. This process was supported by our 
close collaboration with the IPCC Task Group on Data Support for 
Climate Change Assessments (TG-Data) established in March 2018.

The COVID-19 pandemic was declared by the World Health 
Organization at the start the Second Order Draft review. Following 
an extensive consultation process with IPCC member countries, 
authors and the scientific community, including editors of relevant 
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science journals, the timeline of the report was extended by four 
months to balance the delays and challenges faced by authors 
and the scientific community with maintaining momentum and 
timeliness in the assessment process. The review process is critical 
for the rigor, objectivity and comprehensiveness of the assessment. 
The adjustments to the timeline facilitated broad participation from 
scientists and governments in the review process. Stringent scientific 
rigor and quality of the assessment were maintained despite 
the pandemic.

The fourth Lead Author Meeting, due to be held in June 2020, 
was replaced by extensive virtual activities to address the Second 
Order Draft review comments and topics that cut across multiple 
chapters. A final virtual Lead Author Meeting was held in February 
2021 to finalize the report. Drafting meetings for the Summary for 
Policymakers also took place through virtual meetings.

Addressing the implications of the COVID-19 pandemic on the 
assessment process required innovation to facilitate international 
virtual collaboration, including extra support and training for 
participants and facilitators, support for participants with internet 
connectivity challenges, additional advance preparation, shorter 
and more focused meetings with clear agendas and objectives and 
duplicated to account for time zones of participants, high levels 
of transparency – including the provision of written summaries 
of meetings and decisions, and allotting time for asynchronous 
contributions to the discussion and decision-making process. 

Documenting and understanding barriers to participation due to 
an increased reliance on online activities and the use of inclusive 
practices required priority attention in these novel conditions. We 
gained experience in applying methods to facilitate participatory and 
inclusive processes in the assessment and recognized the necessity 
of fostering these approaches over the course of the assessment 
process, both during and in-between meetings, to build a stronger 
community of practice within this unique international context. This 
will be an important legacy for future assessment cycles.

The preparation of the WGI AR6 report was also informed by 
recommendations from several IPCC expert meetings. The first 
meeting focused on assessing climate information for regions 
(in 2018, co-organized by WGI and WGII, and hosted at ICTP, Trieste, 
Italy), which provided a scoping of the Interactive Atlas. A  second 
meeting focused on short-lived climate forcers (in 2018, co-organized 
by TFI and WGI, and hosted by the World Meteorological Organization 
in Geneva, Switzerland), which identified science advances in the 
understanding of emissions and climate effects of SLCFs and needs 
for improvements in emission inventories and methodologies. A 
third meeting on mitigation, sustainability, and climate stabilization 
scenarios (in 2019, organized by WGIII in Addis Ababa, Ethiopia), led 
to cross-WG coordination related to scenarios. Recommendations 
for clarity and readability from the 2016 IPCC Expert Meeting 
on Communication (organized by the IPCC Secretariat in Oslo, 
Norway) were taken into account in developing technical guidance, 
training and resources provided to authors and in particular for the 
preparation of the text and figures of the Frequently Asked Questions 
and the Summary for Policymakers.

The Summary for Policymakers was approved line-by-line during the 
first-ever virtual IPCC approval session, the 14th Session of IPCC 
Working Group I from 26 July – 06 August 2021, and the underlying 
Report was accepted during the 54th Session of the IPCC on the 
6th August 2021.
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