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Technical information

 http://www.pa.op.dlr.de/~RobertSausen/vorlesung/index.html
 Most recent update on the lecture
 Slides of the lecture (with some delay)

 See also LSF https://lsf.verwaltung.uni-muenchen.de/

 Contact: robert.sausen@dlr.de

 Further information:
 www.ipcc.ch
 www.de-ipcc.de
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General structure of chapter
 Coordinating Lead Authors
 Lead Authors
 Contributing Authors
 Review Editors
 Chapter Scientists
 Table of Contents
 Executive Summary
 Sections

 Boxes
 Acknowledgements
 Frequently Asked Questions
 References
 Appendices
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Chapter 1: Framing, context, and methods

Coordinating Lead Authors:

Deliang Chen (Sweden), Maisa Rojas (Chile), Bjørn H. Samset (Norway)

Lead Authors:

Kim Cobb (United States of America), Aida Diongue-Niang (Senegal), Paul Edwards (United 
States of America), Seita Emori (Japan), Sergio Henrique Faria (Spain/Brazil), Ed Hawkins 
(United Kingdom), Pandora Hope (Australia), Philippe Huybrechts (Belgium), Malte 
Meinshausen (Australia/Germany), Sawsan Khair Elsied Abdel Rahim Mustafa (Sudan), Gian-
Kasper Plattner (Switzerland), Anne Marie Treguier (France)
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Chapter 1: Framing, context, and methods
Contributing Authors:

Hui-Wen Lai (Sweden), Tania Villaseñor (Chile), Rondrotiana Barimalala (South Africa/Madagascar), Rosario Carmona (Chile), Peter M. 
Cox (United KingdomK), Wolfgang Cramer (France/Germany), Francisco J. Doblas-Reyes (Spain), Hans Dolman (The Netherlands), 
Alessandro Dosio (Italy), Veronika Eyring (Germany), Gregory M. Flato (Canada), Piers Forster (United Kingdom), David Frame (New 
Zealand), Katja Frieler (Germany), Jan S. Fuglestvedt (Norway), John C. Fyfe (Canada), Mathias Garschagen (Germany), Joelle Gergis
(Australia), Nathan P. Gillett (Canada), Michael Grose (Australia), Eric Guilyardi (France), Celine Guivarch (France), Susan Hassol
(United States of America), Zeke Hausfather (United States of America), Hans Hersbach (United Kingdom/The Netherlands), Helene T. 
Hewitt (United Kingdom), Mark Howden (Australia), Christian Huggel (Switzerland), Margot Hurlbert (Canada), Christopher Jones (United 
Kingdom), Richard G. Jones (United Kingdom), Darrell S. Kaufman (United States of America), Robert E. Kopp (United States of 
America), Anthony Leiserowitz (United States of America), Robert J. Lempert (United  States of America), Jared Lewis (Australia/New 
Zealand), Hong Liao (China), Nikki Lovenduski (United States of America), Marianne T. Lund (Norway), Katharine Mach (United States of 
America), Douglas Maraun (Austria/Germany), Jochem Marotzke (Germany), Jan Minx (Germany), Zebedee R.J. Nicholls (Australia), 
Brian C. O’Neill (United States of America), M. Giselle Ogaz (Chile), Friederike Otto (United Kingdom /Germany), Wendy Parker (United 
Kingdom), Camille Parmesan (France, United Kingdom/United States of America), Warren Pearce (United Kingdom), Roque Pedace
(Argentina), Andy Reisinger (New Zealand), James Renwick (New Zealand), Keywan Riahi (Austria), Paul Ritchie (United Kingdom), Joeri
Rogelj (United Kingdom/Belgium), Rodolfo Sapiains (Chile), Yusuke Satoh (Japan), Sonia I. Seneviratne (Switzerland), Theodore G. 
Shepherd (United Kingdom/Canada), Jana Sillmann (Norway/Germany), Lucas Silva (Portugal/Switzerland), Aimée B.A. Slangen (The 
Netherlands), Anna A. Sörensson (Argentina), Peter Steinle (Australia), Thomas F. Stocker (Switzerland), Martina Stockhause
(Germany), Daithi Stone (New Zealand), Abigail Swann (United States of America), Sophie Szopa (France), Izuru Takayabu (Japan), 
Claudia Tebaldi (United States of America), Laurent Terray (France), Peter W. Thorne (Ireland/ United Kingdom), Blair Trewin (Australia), 
Isabel Trigo Portugal), Maarten K. van Aalst (The Netherlands), Bart van den Hurk (The Netherlands), Detlef van Vuuren (The 
Netherlands), Robert Vautard (France), Carolina Vera (Argentina), David Viner (United Kingdom), Axel von Engeln (Germany), Karina von 
Schuckmann (France/Germany), Xuebin Zhang (Canada)
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Chapter 1: Framing, context, and methods

Review Editors:

Nares Chuersuwan (Thailand), Gabriele Hegerl (United Kingdom/Germany), Tetsuzo Yasunari (Japan)
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Statements in the Executive Summary 
Working Group I (WGI) of the Intergovernmental Panel on Climate Change (IPCC) assesses 
the current evidence on the physical science of climate change, evaluating knowledge gained 
from observations, reanalyses, paleoclimate archives and climate model simulations, as well 
as physical, chemical and biological climate processes. This chapter sets the scene for the 
WGI assessment, placing it in the context of ongoing global and regional changes, 
international policy responses, the history of climate science and the evolution from previous 
IPCC assessments, including the Special Reports prepared as part of this Assessment Cycle. 
Key concepts and methods, relevant recent developments, and the modelling and scenario 
framework used in this assessment are presented.

08.11.2022
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Statements in the Executive Summary 
Framing and Context of the WGI Report (1)

The WGI contribution to the IPCC Sixth Assessment Report (AR6) assesses new 
scientific evidence relevant for a world whose climate system is rapidly changing, 
overwhelmingly due to human influence. The five IPCC assessment cycles since 1990 
have comprehensively and consistently laid out the rapidly accumulating evidence of a 
changing climate system, with the Fourth Assessment Report (AR4, 2007) being the first to 
conclude that warming of the climate system is unequivocal. Sustained changes have been 
documented in all major elements of the climate system, including the atmosphere, land, 
cryosphere, biosphere and ocean. Multiple lines of evidence indicate the unprecedented 
nature of recent large-scale climatic changes in context of all human history, and that they 
represent a millennial-scale commitment for the slow-responding elements of the climate 
system, resulting in continued worldwide loss of ice, increase in ocean heat content, sea level 
rise and deep ocean acidification. {1.2.1, 1.3, Box 1.2, Appendix 1.A}

08.11.2022
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The structure of the AR6 WGI Report
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The structure of the AR6 WGI Report
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Main relations between AR5 WGI and AR6 WGI chapters
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Statements in the Executive Summary 
Framing and Context of the WGI Report (2)

Since the IPCC Fifth Assessment Report (AR5), the international policy context of IPCC 
reports has changed. The UN Framework Convention on Climate Change (UNFCCC, 1992) 
has the overarching objective of preventing ‘dangerous anthropogenic interference with the 
climate system’. Responding to that objective, the Paris Agreement (2015) established the 
long-term goals of ‘holding the increase in global average temperature to well below 2oC 
above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5oC 
above pre-industrial levels’ and of achieving ‘a balance between anthropogenic emissions by 
sources and removals by sinks of greenhouse gases in the second half of this century’. Parties 
to the Agreement have submitted Nationally Determined Contributions (NDCs) indicating their 
planned mitigation and adaptation strategies. However, the NDCs submitted as of 2020 are 
insufficient to reduce greenhouse gas emission enough to be consistent with trajectories 
limiting global warming to well below 2oC above pre-industrial levels (high confidence). {1.1, 
1.2}

08.11.2022
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Characterizing understanding and uncertainty in assessment findings 
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Statements in the Executive Summary 
Framing and Context of the WGI Report (3)

This report provides information of potential relevance to the 2023 global stocktake. 
The 5-yearly stocktakes called for in the Paris Agreement will evaluate alignment among the 
Agreement’s long-term goals, its means of implementation and support, and evolving global 
efforts in climate change mitigation (efforts to limit climate change) and adaptation (efforts to 
adapt to changes that cannot be avoided). In this context, WGI assesses, among other topics, 
remaining cumulative carbon emission budgets for a range of global warming levels, effects of 
long-lived and short-lived climate forcers, projected changes in sea level and extreme events, 
and attribution to anthropogenic climate change. {Cross-Chapter Box 1.1}

08.11.2022
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Statements in the Executive Summary 
Framing and Context of the WGI Report (4)

Understanding of the fundamental features of the climate system is robust and well 
established. Scientists in the 19th-century identified the major natural factors influencing the 
climate system. They also hypothesized the potential for anthropogenic climate change due to 
carbon dioxide (CO2) emitted by fossil fuel combustion. The principal natural drivers of climate 
change, including changes in incoming solar volcanic activity, orbital cycles, and changes in 
global biogeochemical cycles, have been studied systematically since the early 20th century. 
Other major anthropogenic drivers, such as atmospheric aerosols (fine solid particles or liquid 
droplets), land-use change and non-CO2 greenhouse gases, were identified by the 1970s. 
Since systematic scientific assessments began in the 1970s, the influence of human activity 
on the warming of the climate system has evolved from theory to established fact. Past 
projections of global surface temperature and the pattern of warming are broadly consistent 
with subsequent observations (limited evidence, high agreement), especially when accounting 
for the difference in radiative forcing scenarios used for making projections and the radiative 
forcings that actually occurred. {1.3.1 - 1.3.6}

08.11.2022
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Climate science milestones between 1817-2021
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Statements in the Executive Summary 
Framing and Context of the WGI Report (5)

Global surface temperatures increased by about 0.1oC (likely range –0.1oC to +0.3oC, 
medium confidence) between the period around 1750 and the 1850–1900 period, with 
anthropogenic factors responsible for a warming of 0.0oC – 0.2oC (likely range, medium 
confidence). This assessed change in temperature before 1850–1900 is not included in the 
AR6 assessment of global warming to date, to ensure consistency with previous IPCC 
assessment reports, and because of the lower confidence in the estimate. There was likely a 
net anthropogenic forcing of 0.0 – 0.3 Wm-2 in 1850–1900 relative to 1750 (medium 
confidence), with radiative forcing from increases in atmospheric greenhouse gas 
concentrations being partially offset by anthropogenic aerosol emissions and land-use change. 
Net radiative forcing from solar and volcanic activity is estimated to be smaller than
±0.1 Wm-2 for the same period. {Cross Chapter Box 1.2, 1.4.1, Cross Chapter Box 2.3}
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Changes are occurring throughout the climate system
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Jahresmittel der Temperatur am Hohenpeißenberg (seit 1781) 
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Wetterbeobachtung im Stift Kremsmünster (Österreich), seit 1762
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Long-term context of anthropogenic climate change
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Long-term context of anthropogenic climate change
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Long-term context of anthropogenic climate change
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Callendar’s
estimates of global 
land temperature 

variations
and their possible 
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Range of projected temperature change for 1990–2030 for various 
regions defined in IPCC First Assessment Report (FAR)
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Range of projected temperature change for 1990–2030 for various 
regions defined in IPCC First Assessment Report (FAR)
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Changes in radiative forcing from 1750 to 2019
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Statements in the Executive Summary 
Framing and Context of the WGI Report (6)

Natural climate variability can temporarily obscure or intensify anthropogenic climate 
change on decadal time scales, especially in regions with large internal interannual-to-
decadal variability. At the current level of global warming, an observed signal of 
temperature change relative to the 1850–1900 baseline has emerged above the levels of 
background variability over virtually all land regions (high confidence). Both the rate of 
long-term change and the amplitude of interannual (year-to-year) variability differ from global 
to regional to local scales, between regions and across climate variables, thus influencing 
when changes become apparent. Tropical regions have experienced less warming than most 
others, but also exhibit smaller interannual variations in temperature. Accordingly, the signal of 
change is more apparent in tropical regions than in regions with greater warming but larger 
interannual variations (high confidence). {1.4.2, FAQ1.2}
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Simulated changes in various climate indicators under historical
and RCP4.5 scenarios using the MPI ESM Grand Ensemble
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Simulated changes in various climate indicators under historical
and RCP4.5 scenarios using the MPI ESM Grand Ensemble

Sa
us

en
, K

lim
aä

nd
er

un
g 

1.
1

08.11.2022

IP
CC

 2
02

1,
 C

ha
p.

 1



41

Changes in tropopause height and surface temperature
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Observed variations in regional temperatures since 1850 
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Observed variations in regional temperatures since 1850 
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The observed emergence of changes in temperature. 
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The ‘cascade of uncertainties’ in CMIP6 projections
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Statements in the Executive Summary 
Framing and Context of the WGI Report (7)

The AR6 has adopted a unified framework of climate risk, supported by an increased 
focus in WGI on low-likelihood, high-impact events. Systematic risk framing is intended to 
aid the formulation of effective responses to the challenges posed by current and future 
climatic changes and to better inform risk assessment and decision-making. AR6 also makes 
use of the ‘storylines’ approach, which contributes to building a robust and comprehensive 
picture of climate information, allows a more flexible consideration and communication of risk, 
and can explicitly address low-likelihood, high-impact events. {1.1.2, 1.4.4, Cross-Chapter Box 
1.3}
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Illustrating concepts of low-likelihood scenarios
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Illustration of two types of tipping points: noise-induced and bifurcation
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Statements in the Executive Summary 
Framing and Context of the WGI Report (8)

The construction of climate change information and communication of scientific 
understanding are influenced by the values of the producers, the users and their 
broader audiences. Scientific knowledge interacts with pre-existing conceptions of weather 
and climate, including values and beliefs stemming from ethnic or national identity, traditions, 
religion or lived relationships to land and sea (high confidence). Science has values of its own, 
including objectivity, openness and evidence-based thinking. Social values may guide certain 
choices made during the construction, assessment and communication of information (high 
confidence). {1.2.3, Box 1.1}
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Choice of baseline matters
when comparing observations and model simulations
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Statements in the Executive Summary 
Data, Tools and Methods Used across the WGI Report (1)

Capabilities for observing the physical climate system have continued to improve and 
expand overall, but some reductions in observational capacity are also evident (high 
confidence). Improvements are particularly evident in ocean observing networks and remote-
sensing systems, and in paleoclimate reconstructions from proxy archives. However, some 
climate-relevant observations have been interrupted by the discontinuation of surface stations 
and radiosonde launches, and delays in the digitisation of records. Further reductions are 
expected to result from the COVID-19 pandemic. In addition, paleoclimate archives such as 
mid-latitude and tropical glaciers as well as modern natural archives used for calibration (e.g., 
corals and trees) are rapidly disappearing owing to a host of pressures, including increasing 
temperatures (high confidence). {1.5.1}
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Temporal coverage of selected instrumental climate observations 
(top) and selected paleoclimate archives (bottom)
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Statements in the Executive Summary 
Data, Tools and Methods Used across the WGI Report (2)

Reanalyses have improved since AR5 and are increasingly used as a line of evidence in 
assessments of the state and evolution of the climate system (high confidence). 
Reanalyses, where atmosphere or ocean forecast models are constrained by historical 
observational data to create a climate record of the past, provide consistency across multiple 
physical quantities and information about variables and locations that are not directly 
observed. Since AR5, new reanalyses have been developed with various combinations of 
increased resolution, extended records, more consistent data assimilation, estimation of 
uncertainty arising from the range of initial conditions, and an improved representation of the 
ocean. While noting their remaining limitations, the WGI report uses the most recent 
generation of reanalysis products alongside more standard observation-based datasets. 
{1.5.2, Annex 1}
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Statements in the Executive Summary 
Data, Tools and Methods Used across the WGI Report (3)

Since AR5, new techniques have provided greater confidence in attributing changes in 
climate extremes to climate change. Attribution is the process of evaluating the relative 
contributions of multiple causal factors to an observed change or event. This includes the 
attribution of the causal factors of changes in physical or biogeochemical weather or climate 
variables (e.g., temperature or atmospheric CO2) as done in, or of the impacts of these 
changes on natural and human systems (e.g., infrastructure damage or agricultural 
productivity), as done in WGII. Attributed causes include human activities (such as emissions 
of greenhouse gases and aerosols, or land-use change), and changes in other aspects of the 
climate, or natural or human systems. {Cross-WG Box 1.1}
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Statements in the Executive Summary 
Data, Tools and Methods Used across the WGI Report (4)

The latest generation of complex climate models has an improved representation of 
physical processes, and a wider range of Earth system models now represent 
biogeochemical cycles. Since the AR5, higher-resolution models that better capture 
smaller-scale processes and extreme events have become available. Key model 
intercomparisons supporting this assessment include the Coupled Model Intercomparison
Project Phase 6 (CMIP6) and the Coordinated Regional Climate Downscaling Experiment 
(CORDEX), for global and regional models respectively. Results using CMIP Phase 5 (CMIP5) 
simulations are also assessed. Since the AR5, large ensemble simulations, where individual 
models perform multiple simulations with the same climate forcings, are increasingly used to 
inform understanding of the relative roles of internal variability and forced change in the 
climate system, especially on regional scales. The broader availability of ensemble model 
simulations has contributed to better estimations of uncertainty in  projections of future change 
(high confidence). A broad set of simplified climate models is assessed and used as emulators 
to transfer climate information across research communities, such as for evaluating impacts or 
mitigation pathways consistent with certain levels of future warming. {1.4.2, 1.5.3, 1.5.4, 
Cross-chapter Box 30 7.1}
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A world map showing the increased diversity of modelling centres 
contributing to CMIP and CORDEX
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Structure of CMIP6,
the 6th phase of the 

Coupled Model 
Intercomparison

Project
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Resolution of the atmospheric and oceanic components of global 
climate models participating in CMIP5, CMIP6, and HighResMIP

Sa
us

en
, K

lim
aä

nd
er

un
g 

1.
1

08.11.2022
IPCC 2021, Chap. 1



69

Sa
us

en
, K

lim
aä

nd
er

un
g 

1.
1

08.11.2022
IPCC 2021, Chap. 1



70

Illustration of common types of model ensemble,
simulating the time evolution of a quantity Q
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Statements in the Executive Summary 
Data, Tools and Methods Used across the WGI Report (5)

Assessments of future climate change are integrated within and across the three IPCC 
Working Groups through the use of three core components: scenarios, global warming 
levels, and the relationship between cumulative carbon emissions and global warming. 
Scenarios have a long history in the IPCC as a method for systematically examining possible 
futures. A new set of scenarios, derived from the Shared Socio-economic Pathways (SSPs), is 
used to synthesize knowledge across the physical sciences, impact, and adaptation and 
mitigation research. The core set of SSP scenarios used in the WGI report, SSP1-1.9, SSP1-
2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5, cover a broad range of emission pathways, including 
new low-emissions pathways. The feasibility or likelihood of individual scenarios is not part of 
this assessment, which focuses on the climate response to possible, prescribed emission 
futures. Levels of global surface temperature change (global warming levels), which are 
closely related to a range of hazards and regional climate impacts, also serve as reference 
points within and across IPCC Working Groups. Cumulative carbon emissions, which have a 
nearly linear relationship to increases in global surface temperature, are also used. {1.6.1-
1.6.4, Cross-Chapter Box 1.5, Cross-Chapter Box 11.1}
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A simplified illustration of the scenario generation
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Comparison of the range of fossil and industrial CO2 emissions from 
scenarios used in previous assessments up to AR6. 
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The Dimensions of Integration across Chapters and Working Groups 
in the IPCC AR6 assessment
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Sample elements of climate understanding, observations and models 
as assessed in the IPCC First Assessment Report (1990) and Sixth 

Assessment Report (2021)
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