
1

COMMUNICATING
CLIMATE RISK
A TOOLKIT

A
 p

ub
lic

at
io

n
 o

f t
h

e 
A

n
al

ys
is

 U
n

d
er

 U
n

ce
rt

ai
n

ty
 f
or

 D
ec

is
io

n
 M

ak
er

s 
N

et
w

or
k



COMMUNICATING CLIMATE RISK: 
A TOOLKIT

A PUBLICATION OF THE
ANALYSIS UNDER UNCERTAINTY for DECISION-MAKERS NETWORK

Written by
Jo Lindsay Walton and Polina Levontin 

With additional contributions from 
Martine J. Barons, Mark Workman,  
Erik Mackie, and Jana Kleineberg

Layout and design by
Jana Kleineberg, http://kleineberg.co.uk/

Published by AU4DM, London, UK.
This Toolkit is licensed under a CC BY-NC-SA 4.0 license.
1st edition, Nov. 2021

isbn: 978-1-912802-06-7 
doi: https://www.doi.org/10.33774/coe-2021-mrx1f
Also: bit.ly/CommunicatingClimateRisk

Copyright and license
Copyrights are held by contributing authors. This publication is licensed under a Creative Commons 
Attribution-NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0).

Recommended citation
Walton, J.L., Levontin, P., Barons, M.J., Workman, M., Mackie, E., and Kleineberg, J.
Communicating Climate Risk: A Toolkit (London, UK: AU4DM, 2021).

Disclaimer
The opinions expressed in this publication are those of the authors.  
They do not purport to reflect the opinions or views of the COP26 Universities Network.

http://kleineberg.co.uk/
https://www.doi.org/10.33774/coe-2021-mrx1f
http://bit.ly/CommunicatingClimateRisk
https://www.gla.ac.uk/research/cop26/
https://www.gla.ac.uk/research/cop26/
https://www.zero.cam.ac.uk/
https://www.sussex.ac.uk/
https://au4dmnetworks.co.uk/
https://warwick.ac.uk/
https://www.imperial.ac.uk/
https://www.imperial.ac.uk/grantham/


FIRST EDITION 
VERSION 1.1

COMMUNICATING CLIMATE RISK:  
A TOOLKIT



 Copyright /Impressum .................................................................. 2
 Executive summary ....................................................................... 6
 Key messages ................................................................................. 7

chapter 1. Introduction
Jo Lindsay Walton, Martine J. Barons, Polina Levontin, and Mark Workman

 Overview ....................................................................................... 8
 Uncertainty and climate risk communication ................................ 9
 The IPCC and the AR6 ...............................................................11
 Budgets, bombs, and uncertainty about uncertainty:  
  an example of climate risk communication .............................. 12
 Uncertainty rebranded? ................................................................13
 Risk vs. uncertainty ..................................................................... 15
 References ....................................................................................16

chapter 2. Understanding Audiences
Jo Lindsay Walton, Mark Workman, Martine J. Barons, and Polina Levontin

 Who are the experts, the decision-makers,  
  and the stakeholders? ................................................................17
 The decision value chain .............................................................. 20
 Decision analysis: an interdisciplinary field, 
  rooted in economics and statistics ............................................ 22
 Storytelling vs. decision support: a checklist ............................... 24
 References ................................................................................... 25

chapter 3. Tipping points, deep uncertainty
Jo Lindsay Walton, Polina Levontin, and Erik Mackie

 What are tipping points .............................................................. 27
 The many emotions of apocalypse ................................................31
 What’s wrong with a little apocalypse ..........................................33
 Where do we talk about climate risks such as tipping points? ..... 34
 Tipping points and the IPCC model ensemble ............................36
 Communicating around deep uncertainty ....................................37
 “Participatory uncertainty” ...........................................................39
 Visualising deep uncertainty ....................................................... 40
 References ....................................................................................41

TABLE OF  
CONTENTS



chapter 4. AR6 and modelling uncertainty
Jo Lindsay Walton, Polina Levontin, and Jana Kleineberg

 Introduction ................................................................................ 44
 Sources of uncertainty in modelling ............................................ 46
 The AR6 50 model ensemble ....................................................... 48  
 Regional distribution of modelling ..............................................49
 Evaluating models ........................................................................50
 Language to describe uncertainty in AR6 WGI ..........................52
 Visualisations of uncertainties ......................................................53
 Visualising precipitation trends ....................................................54
 Climatic impact drivers (CIDs) in SPM .......................................56
 The AR6 WGI Interactive Atlas ..................................................58
 Seven recommendations for the IPCC  
  and the modelling community .................................................59
 References ....................................................................................62

chapter 5. Hacks, Insights, and Resources
Jo Lindsay Walton and Polina Levontin

 Introduction ................................................................................ 63
 5 tips for using data visualisations 
  to communicate about climate change ..................................... 64 
 5 tips for using photo resources 
  to communicate about climate change ......................................65
 10 tips for dialogue with policymakers ........................................ 66
 Reported challenges around communication ...............................67
  Responses from a questionnaire ...............................................67
  Highlights from the Zoom chat ...............................................68 
 Definitions of risk, uncertainty, and related terms  
  from the IPCC .........................................................................69
 Classifying uncertainty ................................................................71
 Tools and resources ......................................................................72

endmatter Authors, contributing experts, and acknowledgements ................74
 The story behind the cover ............................................................75



AR6 continues to demonstrate the IPCC’s commitment to quantifying and 
communicating uncertainty in order to support transparency in science and 
inform robust decision-making. AR6 also includes greater emphasis on deep 
uncertainty, e.g. in domains such as tipping points and cascade risks. Risk 
assessment and risk management are assumed in AR6 as key frameworks 
that underpin global mitigation and adaptation efforts. However, more needs 
to be done to connect scientific understandings of uncertainty to risk-based 
decision-making by policymakers, NGOs, industry, and other actors span-
ning diverse epistemological, cultural and social contexts. Specific kinds of 
uncertainty such as model uncertainty and deep uncertainty are challenging 
to communicate and are typically not well-understood by decision-makers, 
even those who are risk-literate. Key concepts and methodologies differ across 
and within different domains of science and policy, creating the potential for 
information to be lost or misinterpreted. 

This Communicating Climate Risk Toolkit (‘the Toolkit’), from the 
COP26 Universities Network (COP26 UN) and the Analysis under Un-
certainty for Decision-Makers Network (AU4DM), seeks to narrow the gap 
between climate science and climate action, by providing insights, recom-
mendations, and practical tools to support dialogue between scientists, de-
cision-makers, and many diverse communities. The Toolkit also endeavours 
to identify open problems and pose questions for further study and debate. 
Topics covered include varying conceptions of uncertainty and risk, best 
practice in visualising uncertainty data, case studies on tipping points and 
model uncertainty. Based on close collaboration across decision science, cli-
mate risk modelling, statistics, the environmental humanities, and science 
communication, the Toolkit seeks to drive a step change in achieving holistic, 
joined-up, and participatory climate action, equal to the scale of the task of 
the decade ahead. 

The Toolkit was developed as part of the COP26 Universities Network 
Climate Risk project in 2021, and is usefully read in conjunction with the 
project’s other outputs: Climate Action Unit’s Communicating Climate 
Risk: A Handbook, which explores the science / policy interface, informed 
by neuroscience, climate journalism, and other fields, and which provides 
practical tips for writing and engaging in dialogues around climate risk; and 
the COP Conversations series, which summarises recent research in the areas 
of tipping points, cascade risks; coastal flood hazard modelling; compound 
hot-dry events such as heatwaves, wildfires and droughts; and attribution of 
extreme events.

EXECUTIVE 
SUMMARY

https://www.ucl.ac.uk/public-policy/sites/public_policy/files/communicating_climate_risk_-_a_handbook.pdf
https://www.ucl.ac.uk/public-policy/sites/public_policy/files/communicating_climate_risk_-_a_handbook.pdf
https://theplanetpod.com/cop-conversations/


1. Taking an integrated, 
whole-economy approach 
to decision-making means 
connecting scientific practices 
around uncertainty to other 
understandings of risk across 
policy, business, the third 
sector, and communities 
affected by climate risk, within 
a just transition framework.

2. When uncertainty is 
appropriately quantified 
and communicated, it can 
deepen collaboration between 
experts, decision-makers, and 
other stakeholders. However, 
many kinds of uncertainty 
are challenging to quantify 
and/or communicate.

3. Quantifying uncertainty 
is not always possible, 
e.g. where there is deep 
uncertainty or data poverty. 

4. Attempting to quantify 
uncertainty is not ethically 
and politically “neutral,” and 
may sometimes be undesirable, 
e.g. incompatible with the goals 
of transparency, inclusion and 
justice, or unduly disadvantaging 
to particular stakeholder groups. 

5. Improving transparency and 
equity means considering 
proportionality when 
communicating uncertainty. 
Comprehensive and prominent 
uncertainty information 
will be appropriate for some 
contexts but not all. 

6. Narratives and communicative 
practices around model 
uncertainty need to 
be strengthened, and 
lack of diversity in the 
modelling community 
needs to be addressed.

7. The regional disparities 
in modelling are also 
problematic. Data and research-
poor regions are often the ones 
for which model predictions 
are least informative. Yet these 
same regions are often the most 
vulnerable, while lacking both 
forecasts that could support 
decision-making or means 
to implement adaptation and 
risk mitigation measures.

8. Climate risk communication 
implies not only technical 
questions but also political 
ones, because it is inherently 
concerned with the 
representation and weighting 
of the voices of diverse 
societal stakeholders.

9. More can be done to deepen 
the participatory character 
of climate action. Real 
transfer of decision-making 
power needs to be improved. 
Comparative studies and 
peer-to-peer learning allow 
different countries and localities 
to benefit from one another’s 
experiences of strengthening 
participatory action.

10. Well-established terminology 
for actors at the science-
policy interface, including 
expert, decision-maker, 
stakeholder, and public, remains 
indispensable; better attention 
can be paid to such terms’ 
presuppositions and their 
potential to limit inclusivity 
and participation. In particular, 
the interconnected nature of 
climate risk tends to expand 
the meaning of stakeholder.

11. The context in which we are 
communicating is always being 
shaped by social movements 
that help draw attention to 
the historical, economic and 
cultural politics of climate 
change. Societal backlash will 
occur if climate mitigation and 
adaptation is imposed top-down. 

12. Climate risk communication is a 
field with many open problems, 
and there is clear value to 
interdisciplinary collaboration 
across science, social science, 
and arts (e.g. graphic design) and 
humanities (e.g. environmental 
humanities). However such 
collaborations also demand 
significant time and energy, 
and in most national contexts 
the pace of academic funding, 
research and impact is unsuited 
to the urgency of climate risk.

COMMUNICATING CLIMATE RISK: 
KEY MESSAGES
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OVERVIEW
What you’ll find in this toolkit (and what you won’t) 

This Toolkit aims to improve the 
communication of climate risks. It 
has been guided by a few principles:

• The need to improve dialogue 
between climate scientists, 
policymakers, and other 
stakeholders, to rapidly reduce 
net emissions to zero and to 
build resilience to climate risks.

• The fact that climate risks 
are faced across society 
and around the globe, and 
the need for holistic and 
participatory approaches to 
communication, with strong 
regard for equity and inclusion.

• The many uncertainties 
associated with climate 
risks, and the need for 
robust understandings of 
and communication about 
those uncertainties.

• The urgency of climate change, 
and the need for immediate 
action of unprecedented 
type and scale, even given 
imperfect information, tools, 
experience, and terminology.

Where policy and climate science 
intersect, things can get complicated 
fast. The UK Government Office for 
Science (GO-Science) recommends 
policymakers adopt a joined-up and 
participatory approach to integrat-
ing scientific and other expert ad-
vice into policy. GO-Science advises 
that issues which need input from 
experts and communities should be 
identified early. Policymakers should 
seek advice from a wide range of ex-
perts; the more uncertainty there is, 
the stronger the rationale for widen-
ing the variety of experts consulted. 
These processes should be made as 
transparent and participatory as pos-

sible, to permit scrutiny by key stake-
holders and the public (The Govern-
ment Chief Scientific and Adviser 
2010; Garb, Pulver, and VanDeveer 
2008).

These are all sensible principles 
from GO-Science. In practice they 
imply a lot of dialogue involving a 
lot of different participants. These 
participants don’t just bring their 
own expertise and values to these 
dialogues. They also bring their own 
ways of talking and thinking about 
the issues. For example, key terms 
like uncertainty and risk often come 
with different associations. These 
terms might even be considered ex-
amples of the “imperfect terminolo-
gy” mentioned in the four principles 
above. What’s more, participants 
bring their own norms about what 
counts as acceptable or good com-
municative practice. 

i

Subsections 
Overview
Uncertainty and climate risk communication
The IPCC and the AR6
Budgets, bombs, and uncertainty about uncertainty:  
an example of climate risk communication
Uncertainty rebranded?
Sidebar: Risk vs. uncertainty 
References

 
INTRODUCTIONChapter 1

What if those who are most willing to listen 
are not those who most need to hear?
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Because these conversations 
are about climate change — or 
“everything change”, as the specula-
tive fiction author Margaret Atwood 
aptly put it — they need to include 
an unprecedented variety of par-
ticipants. That means that effective 
communication is more challenging 
than ever. The scope for misinter-
pretation and information loss is 
vast. Sometimes, participants may 
even struggle to find the right kinds 
of questions to ask. At other times, 
participants may leave feeling satis-
fied, without recognising they have 
been speaking at cross-purposes. 

There is also scope for disen-
gagement, and disintegration of 
the spaces where dialogue might 
occur. Policymakers tend to have 
many pressures on their time. A 
policymaker may sense that a sci-
entist has something important to 
tell them — about extreme weath-
er events, about knock-on effects, 
about the uncertainty in upscaling 
novel technology — yet not be able 
to connect it to their everyday de-
cision-making. The policymaker 
may suppose the scientist has good 
reasons for saying ‘extreme precipi-
tation’ rather than ‘floods,’ or for say-
ing ‘it is unequivocal’ rather than ‘we 

are completely certain.’ But the pol-
icymaker may not understand what 
those reasons are, and may not have 
the capacity to figure it out in the 
time available.

And of course, it’s not just science 
that has its own technical vocabulary 
and norms. The wider world of pol-
icy, industry, and society can present 
as opaque and inaccessible to scien-
tific experts. Despite the extensive 
resources devoted to realising pol-
icy impact, many scientific experts 
still lack the necessary knowledge 
of policymaking to communicate in 
ways that make it “harder for climate 
policymakers to evade the practical 
consequences of the knowledge base 
they already accept” (Geden 2018). 
Because climate risk is so ubiqui-
tous, and involves impacts that can 
cascade right through society, ex-
perts even face challenges in pri-
oritising which decision-makers 
to seek out — let alone learning to 
speak their languages. What if those 
who are most willing to listen are not 
those who most need to hear?

To effectively address climate risk, 
we need to communicate effectively 
about climate risk. This Toolkit has 
been assembled by experts from de-
cision science, statistics, modelling, 

neuroscience, the environmental 
humanities, and climate journalism 
backgrounds. It contains recom-
mendations and insights for improv-
ing dialogue between scientific ex-
perts and the many decision-makers 
dealing with climate risks. We don’t 

have all the answers — the Toolkit 
also identifies challenges and open 
problems, and provides case stud-
ies to inspire you to form your own 
views. The Toolkit won’t tell you ex-
actly what word or what visual to use 
in every context to get your point 
across. But it will help us all to start 
asking one another the right ques-
tions.

UNCERTAINTY AND CLIMATE RISK COMMUNICATION
Why it’s hard to talk about uncertainty, and why we should talk about uncertainty

“I was telling a client that the like-
lihood had been estimated as one in 
fifty. But then the scientists said, 
‘That doesn’t mean anything without 
the uncertainty.’ I asked them, ‘What 
do you mean, uncertainty? I thought 
one in fifty was already uncertain?’”
(Interview Respondent,  
September 2021)

It is not enough to understand what 
is happening to our planet. Climate 
experts need to communicate what 
they know to non-experts — to people 

with power to do things about it. This 
means climate experts often need to 
communicate what they know about 
what they don’t know. In other words, 
climate experts need to communi-
cate the uncertainty that is an inher-
ent part of scientific expertise.

To someone from a non-scientif-
ic background, the word uncertainty 
is associated with hesitancy, doubts, 
and indecisiveness. When a person 
from a non-scientific background 
tells you they are uncertain about 
something, they are usually imply-

ing, “I’m not really the right person 
to ask. Don’t rely too heavily on my 
advice.” But to scientists, uncertainty 
means something different. Uncer-
tainty isn’t just an absence of infor-
mation: often uncertainty is its own 
kind of information, and it can be 
useful for making better decisions 
(Morgan 2009). 

Nonetheless, when it comes to 
climate change, it can be hard to talk 
about uncertainty. When uncertain-
ty is mentioned, experts may be seen 
as lacking faith in their own science. 

To effectively address 
climate risk, we need 

to communicate 
effectively about 

climate risk.

https://medium.com/matter/it-s-not-climate-change-it-s-everything-change-8fd9aa671804
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They may be suspected of merely 
trying to save face, in case they turn 
out to be wrong about something. 
Or they may be perceived as being 
too wrapped up in the details, too 
out of touch with reality to ever give 
a straight answer, or the type of an-
swer that is being sought. 

Uncertainty may also send the 
message that we should wait until 
we can be more certain. This can be 
exacerbated by the continued spread 
of climate change disinformation, 
by powerful incumbent interests or 
by malicious rogue actors (Boykoff 
2008; Supran and Oreskes 2017; 
McCright and Dunlap 2003). As 
Maxwell Boykoff puts it, “Uncer-
tainty can be reframed as scientific 
incompetence” (in Liverman et al. 
2008).

Quantifying uncertainty is not 
always possible (see Chapter 3:  
Communicating around tipping 
points) or desirable. For example, 
relying on quantitative forms of risk 
assessment might be incompatible 
with the goals of transparency and 
inclusion, in some cases disadvan-
taging indigenous voices and other 
relevant epistemologies and meth-
odologies (Russill and Nyssa 2009). 

For all these reasons and more, it 
can be hard to talk about uncertainty. 
But sometimes we need to talk about 
uncertainty. In particular, climate 
change is characterised by

multiple intersecting and uncertain 
future hazards to natural and human 
systems, that are expected to unfold 

1 It has been argued that “most policymakers and political leaders are not keen to reduce  
uncertainties and overcome ambiguities — these are a source of political flexibility” (Geden 2018).

over a very large range of spatial and 
temporal scales, and whose proba-
bilities may be difficult, or in some 
cases impossible, to quantify precisely 
(because of intrinsic and/or irreduc-
ible uncertainties about the future). 
It is a risk multiplier that interacts 
with other stressors to create new or 
alter existing risks[.]
(Weaver et al. 2017)

Just as climate change is char-
acterised by many uncertainties, so 
too are our efforts to mitigate and 
to adapt. Uncertainty can be “rep-
resented by quantitative measures 
(e.g. a probability density function) 
or by qualitative statements (e.g. re-
flecting the judgment of a team of 
experts)” (AR6 WGI 2021). When 
uncertainty is carefully quantified 
and communicated, it can deepen 
understandings and strengthen col-
laborations between experts, deci-
sion-makers, and other stakeholders. 
Uncertainty communication can 
underpin more robust decisions, 
decisions that make sense across the 
whole range of possible futures — not 
simply the future that is most likely, 
or the one that strikes the imagina-
tion most forcefully. Scientists who 
communicate uncertainty can also 
“demonstrate the trustworthiness of 
their science by showing a commit-
ment to transparency” (Padilla et al. 
2021). 

Uncertainty is also significant in 
interdisciplinary collaboration. Ex-
perts in the social sciences and hu-
manities sometimes criticise phys-

ical scientists rather sweepingly for 
“scientism,” a dangerous conviction 
in their own objectivity and compre-
hensiveness of scientific knowledge; 
better communication of uncer-
tainty can enhance interdisciplinary 
understanding of existing scientif-
ic practices of self-reflection and 
self-governance, and explore con-
crete opportunities for improvement.

Finally, uncertainty is important 
for participatory decision-making, 
since areas of uncertainty can be ar-
eas where parties with different in-
terests or perspectives can find space 
for mutually acceptable solutions1. 
Even more broadly, by embracing 
uncertainty, we also remind ourselves 
that the future is still open, and can 
still be fundamentally shaped by the 
choices we make today. 

Just as there is equivocation on 
the word uncertainty, so too is there 
equivocation on the word risk. What 
does the word risk mean to you? 
Does risk mean the same thing to 
those with whom you are commu-
nicating, or those whose lives you 
seek through your research, deci-
sion-making, and/or advocacy? How 
confident are you that you know 
these answers? This topic is explored 
in greater depth in the next subsec-
tion.

When uncertainty is carefully quantified and communicated, 
it can deepen understandings and strengthen collaborations 

between experts, decision-makers, and other stakeholders.
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THE IPCC AND THE AR6
How the global scientific authority on climate talks about uncertainty and risk

The Intergovernmental Panel on 
Climate Change (IPCC) is an inter-
governmental body of the United 
Nations, which for over thirty years 
has worked to assess the drivers and 
impacts of climate change and to 
formulate policy options. It is the 
global authority on climate science. 
The IPCC does not exist to conduct 
original research, but rather to review 
and communicate the current state of 
global climate research. At the time of 
writing, the IPCC is reaching the end 
of its sixth assessment cycle (2015-
2022), and in the midst of publishing 
its sixth major report (AR6). At pres-
ent the first part of this report, AR6 
Working Group I (AR WGI), focusing 
on the physical science basis, is avail-
able in a near-final form (AR6 WGI 
2021).

The IPCC tends to carefully avoid 
normative language. It tries not to 
tell us what we ‘should’ do. Nonethe-
less, the headline message of AR6 
WGI is crystal clear: we need to cut 
emissions rapidly, and we need to 
safely store more carbon; we need 
to do this while shoring up against 
floods, droughts, heatwaves, wild-
fires, and many more impacts; these 
impacts are happening already, and 
will get worse. While there have 
been many advances in science in 
recent years, the AR6 results are 

broadly consistent with every As-
sessment Report ever issued by the 
IPCC. The greatest difference is that 
time is more short than ever.

In order to mitigate and adapt to 
climate change, scientific expertise 
must feed transformations in policy 
and strategy at many different levels 
and scales throughout society. AR6 
WGI continues to demonstrate the 
IPCC’s commitment to quantify-
ing and communicating uncer-
tainty in order to support transpar-
ency in science and inform robust 
decision-making. AR6 WGI also 
includes greater emphasis on deep 
uncertainty, e.g. in domains such as 
tipping points and cascade risks (see 
Chapter 4). Furthermore, risk as-
sessment and risk management are 
assumed in AR6 WGI as key frame-
works that underpin global miti-
gation and adaptation efforts. See 
‘Some IPCC Definitions’ for more 
information (in Chapter 5).

However, more needs to be done 
to connect scientific understand-
ings of uncertainty to risk-based 
decision-making by policymakers, 
NGOs, industry, and other actors 
spanning diverse epistemological, 
cultural and social contexts. Many 
kinds of uncertainty such as model 
uncertainty and deep uncertainty 
are challenging to communicate and 

are typically not well-understood by 
decision-makers, even those who 
are risk-literate. Key concepts and 
methodologies differ across and 
within different domains of science 
and policy, creating the potential for 
information to be lost or misinter-
preted. 

Moreover, to those unfamiliar 
with climate science and policy, the 
emphasis on uncertainty and risk can 
be perplexing. As described in the 
last subsection, the everyday mean-
ings of these words may be associ-
ated with reluctance to give advice 
or to take action. For a lay audience, 
references to uncertainty and risk 
may weaken the cognitive or emo-
tional impact of climate information. 
Participation may also be disincen-
tivised, if stakeholders are made to 
feel they must acquire technical un-
derstandings of uncertainty and risk, 
in order to legitimately engage with 
climate science or with the policy it 
informs. 

The headline message of AR6 WGI is crystal clear:  
we need to cut emissions rapidly, and we need to  
safely store more carbon.
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BUDGETS, BOMBS, AND UNCERTAINTY ABOUT UNCERTAINTY:  
AN EXAMPLE OF CLIMATE RISK COMMUNICATION
Should we always talk about uncertainty?  
This mini-case study reveals there are arguments on both sides ...

2 IPCC AR6 “suggests a remaining budget of about 420 GtCO2 for a two-thirds chance of limiting warm-
ing to 1.5°C, and of about 580 GtCO2 for an even chance (medium confidence). The remaining carbon budget is defined 
here as cumulative CO2 emissions from the start of 2018 until the time of net zero”(IPCC WGI et al. 2021)

There are many “pragmatic and 
ethical reasons why communicating 
uncertainty is critical” (Padilla et 
al. 2021), and many organizations, 
including the IPCC, strongly advo-
cate for communicating uncertainty 
about climate risk (IPCC WGI 
et al. 2021). There is also evidence 
that in many contexts uncertainty 
is currently not being appropriately 
communicated (van der Bles et al. 
2019; Budescu, Por, and Broomell 
2012). But are there times where 
we simply shouldn’t talk about 
uncertainty, or at least not about all 
uncertainties? For example, Climate 
Action Unit suggest that attempts to 
communicate uncertainty all the way 
down the decision chain may have 
“hindered rather than helped policy 
formulation and decision making” 
(CAU 2021).

This Toolkit focuses on providing 
decision-makers with climate infor-
mation, including uncertainty. How-
ever, that does not mean we think it 
appropriate always to fully convey all 
known uncertainties within any giv-
en communication. We recommend 
that the audience, the aim, the avail-
able resources, the opportunity cost, 
and other relevant factors should all 
be weighed up, and that propor-
tionate attempts should be made to 
convey uncertainty. 

There can be no rigid formula for 
determining what is proportionate. 
We also emphasise the strong ethi-
cal aspect to such judgments: “pro-
portionality” should never be used 
as an excuse to evade obligations 
to transparency. However, two sec-
tions in the next chapter provide 
some support for making such judg-
ments: the decision value chain, and 
the communicating for decision sup-
port vs. communicating for story-
telling checklist. The decision value 
chain is there to invite you to think 
holistically about how beliefs about 
uncertainty propagate through net-
works of actors. The communicating 
for decision support vs. communi-
cating for storytelling checklist rec-
ommends that communicators can 
use an “opt in vs. opt out” framework 
to uncertainty.

Let’s now look at an example of 
what is arguably very effective cli-
mate risk communication, the Mer-
cator Research Institute on Global 
Commons and Climate Change 
(MCC) Carbon Clock (www.
mcc-berlin.net/en/research/co2-
budget.html). This miniature case 
study brings out some of the com-
plexity around deciding whether to 
include uncertainty information in 
the first place.

The MCC Carbon Clock is a 
simple animation of our world, as 

a spinning blue marble suspended 
in space, with white text superim-
posed. At the top the text gives a 
figure for CO2 emissions in tonnes 
per second, and at the bottom, CO2 
budget2 remaining, also in tonnes. In 
the top corners, you can toggle be-
tween a 1.5 degrees scenario and a 
2.0 degrees scenario. In the middle 
is a set of rapidly counting down 
figures — years, months, days, hours, 
minutes, seconds — representing the 
estimated time till we exhaust our 
carbon budget.

The MCC Carbon Clock effec-
tively conveys a sense of urgency. It 
takes a subject matter that may feel 
remote and complex, and it portrays 
it as a ticking time bomb. At the 
time of writing, under the 1.5 degree 
scenario, the Carbon Clock une-
quivocally tells its audience: we only 
have seven years and nine months 
left. Whereas climate science often 
speaks about the decades or centu-
ries ahead, the Carbon Clock pre-
sents a far more relatable timescale. 
You probably have items of clothing 
that are older than seven years. A 
Facebook algorithm might decide 
to resurface a photograph of you and 
your friends seven years previously. 
How time flies: look at him, he looks 
just the same! The planet doesn’t.

Although it aims to convey ur-
gency, MCC Clock also seeks to be 

…are there times where we simply shouldn’t talk about 
uncertainty, or at least not about all uncertainties?

http://www.mcc-berlin.net/en/research/co2-budget.html
http://www.mcc-berlin.net/en/research/co2-budget.html
http://www.mcc-berlin.net/en/research/co2-budget.html
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transparent in its methodology. It 
describes the Clock as follows (em-
phasis in the original), prominently 
including a link to a key table in the 
AR6 WGI Summary for Policy-
makers (SPM) on which it is based:

The MCC Carbon Clock shows 
how much CO2 can be released 
into the atmosphere to limit global 
warming to a maximum of 1.5°C 
and 2°C, respectively. With just 
a few clicks, you can compare the 
estimates for both temperature 
targets and see how much time is 
left in each scenario.

As to the scientific basis of the carbon 
clock, we exclusively draw on data 
from the Intergovernmental Panel 
on Climate Change (IPCC), 
which represents the verified state 
of research. The IPCC last updated 
its estimate of the remaining carbon 
budget in summer 2021, with the 
presentation of the first part of its 
Sixth Assessment Report.

According to a report (see here, table 
SMP.2), on the 1.5 degree Celsius 
target, the atmosphere can absorb, 
calculated from the beginning of 
2020, no more than 400 gigatonnes 
(Gt) of CO2 if we are to stay below 

the 1.5°C threshold. Annual emis-
sions of CO2 — from burning fossil 
fuels, industrial processes and land-
use change — are estimated to be 42.2 
Gt per year, the equivalent of 1,337 
tonnes per second. With emissions at 
a constant level, the budget would 
be expected to be used up in less than 
eight years from now. The budget 
for staying below the 2°C threshold, 
for its part, of 1,150 Gt, would be 
exhausted in about 25 years. The 
budgets are calculated in such a way 
that it is highly likely that the respec-
tive temperature target will be met, 
that is in two thirds of the climate 
scenarios examined.

The MCC offers further qualifi-
cations and invitations to explore, 
including this note on uncertainties:

While the Carbon Clock appears to be 
a precise measurement of the time left 
to ensure climate protection, many 
uncertainty factors remain, such as 
different definitions of the 1.5°C 
target as well as different assump-
tions about the climate sensitivity, 
the actually attained degree of global 
warming, and the future devel-
opment of other greenhouse gases. 
Furthermore, for the time being, the 

calculation is based on the assump-
tion that annual emissions, after a 
dip in the pandemic year of 2020, 
will remain at the 2019 level from 
2021 onwards.

Nevertheless, the MCC Carbon 
Clock can be criticised in at least 
two ways. First, the Clock relies 
on metaphors which can be mis-
interpreted. For example, in mov-
ies featuring tense countdowns, the 
hero often snips the wire at the last 
second — and saves the day, with no 
harm done at all. Bombs in block-
busters do not gradually explode as 
their timers tick down. Insofar as 
these cultural associations may be ac-
tive in the MCC Carbon Clock, the 
Clock could convey the sense that 
sudden, drastic action after about 
seven years’ delay will be adequate 
to limit global warming to below 1.5 
degrees. More subtly, the Clock may 
carry traces of the ‘population time 
bomb’ concept that has thankfully 
has now largely fallen out of favour. 
This involved an estimated planetary 
carrying capacity expressed in terms 
of global population. (Given differ-
ent demographic dynamics global-
ly, such anxiety around population 
growth often had racist undertones).

the term ‘uncertainty’ is deeply embedded 
in scientific discourse. But is it fit-for-purpose? 
Whether or not it is, the term is deeply embedded 
in scientific discourse. It is unlikely to be going 
anywhere soon. Nevertheless, in light of the many 
misleading associations the term can give rise 
to among non-scientific audiences, it is worth 
exploring alternative vocabulary for conveying the 

same information, as a workaround for situations 
where extensive dialogue to inform such audiences 
is not feasible. In some contexts it may be more 
illuminating to use words like “reliability” to qualify 
forecasts. But could we go even further in creating 
more accessible language to talk about scientific 
uncertainty? 

UNCERTAINTY REBRANDED? 
IS THE TERM UNCERTAINT Y FIT-FOR-PURPOSE?
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Furthermore, by bringing vivid-
ly to life the carbon budget frame-
work, the MCC Carbon Clock ex-
acerbates the inadequacies of the 
‘budget’ analogy. Financial budgets 
are for spending; for some budget 
holders, failing to spend a budget 
by a particular date means needing 
to return the unspent funds, and 
even the threat of a reduced budget 
the following year. There may also 
be the implication that the carbon 
budget is ‘what we can safely get 
away with,’ an interpretation which 
is at odds with the literature on 
tipping points, for example. From 
paleoclimate records we know that 
tipping points exist — profound and 
irreversible changes in major Earth 
systems — and there are concerns 
that several tipping points may be 
approaching or have already been 
crossed (see Chapter 3). The less 
CO2 is emitted, the less likely we are 
to cross any tipping points which we 
have not already crossed. Reasoning 
about probabilities that are largely 
unknown, as in the case of tipping 
points, should be very different than 
contemplating if we want to avoid 
1.5 degrees warming with a proba-
bility of 0.67 or 0.83. 

Although it does seem to be im-
plied that the Clock will be regularly 
updated to reflect the current rate of 
emissions, there is no detail about 
this prominently presented. It may 
therefore be misconstrued that the 
Clock is a model offering a predic-
tion, i.e. that it expects emissions to 
remain constant because of a failure 
of mitigation (reducing energy de-
mand, scaling up renewable sources, 
storing more carbon).

Second, the Clock presupposes 
the collapsing or even suppression 
of uncertainty. Carbon budget cal-
culations depend on model projec-
tions and change as models evolve. 
The calculated budget is higher in 
the AR6 than it was in AR5. The 
budget will be recalculated in AR7 
and may be higher or lower depend-

ing on new model runs, that will re-
flect changes in science that moves 
at a brisk pace, bringing new knowl-
edge and reducing some aspects of 
uncertainty. 

Saying that the budget runs out 
after seven years implies that the 
probability of meeting 1.5 degrees 
becomes zero. In fact, continu-
ing emissions at the current level 
for twice as long (fourteen years), 
according to the same set of pro-
jections by the IPCC AR6 WGI, 
reduces the probability of meeting 
that target (from 67% to 17%), but 
does not make it impossible. High-
er or lower reductions in non-CO2 
emissions such as methane may also 
increase or decrease the values of the 
estimated carbon budgets by around 
220 Gt (or give or take five years, at 
the current level of emissions). 

Not disclosing that its calculations 
are based on explicitly probabilistic 
data, the Clock does not prominent-
ly mention, nor attempt to justify, 
basing its countdown on the IPCC 
table’s 0.67 probability column. “Se-
lecting a remaining carbon budget 
requires two normative choices as a 
minimum: the global warming level 
that is to be avoided, and the like-
lihood or chance with which this is 
achieved” (Rogelj 2021). The Clock 
does allow the user to set the level 
to either 1.5 or 2.0 degrees, but does 
not reveal anything about the like-
lihood or chance of achieving that 
limit, should net zero be reached be-
fore the estimated carbon budget is 
depleted. 

The Clock illustrates some of the 
difficult trade-offs a communicator 
faces. By mobiling metaphors and 
by collapsing uncertainty — while 
also making efforts toward trans-
parency — the Clock creates a sense 
of urgency without creating a sense 
of helplessness. But focusing exclu-
sively on the relationship between 
current emission rates and current 
estimate carbon budgets creates op-
portunities for misunderstanding, 

and sidelines the systemic nature 
of climate risk — lower chance of 
staying under the selected target is 
associated with higher likelihood of 
extreme events, increasing chances 
of triggering tipping points, and un-
leashing cascades of socio-economic 
disruptions. 

One can easily imagine an in-
teractive tool which captures more 
uncertainty through customizable 
settings. The user might specify the 
probability at 0.17 and see the time 
remaining jump up. The user might 
set it at 0.83 and watch the time 
shrink to even less than seven years. 
Different scenarios for rate of CO2 
emissions, and non-CO2 emissions, 
or for deployment of carbon sinks, 
could be overlaid. Playing with such 
a tool might shape an intuitive sense 
of the estimated carbon budgets and 
various sources of uncertainty. How-
ever, it would also be likely to un-
dermine the urgency of the Clock’s 
message. Global warming would be 
encountered as a relatively pliable 
phenomenon, something one can 
frighten oneself with for a thrill, and 
then push safely into the remote fu-
ture with a few altered assumptions. 
In such interactions, the aggregates 
of many complex political, social, 
economic, and ecological processes 
would be modelled as though they 
were merely options available to the 
individual user. Could such a tool re-
ally be admired as ‘more transparent’ 
than the Clock, despite its greater 
fidelity to underlying assumptions?

Viewed from the perspective 
of speculative design, the MCC 
Carbon Clock is an impactful and 
worthwhile intervention. It demon-
strates the challenges around how 
and whether to include uncertainty 
in climate communication when ad-
dressing different audiences. Is the 
MCC Carbon Clock a proportion-
ate attempt to convey uncertainty 
in climate risk communication? 
We leave it to you to judge.
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despite some well-known definitions, 
meanings and nuances vary from context to 
context.

There are no universally accepted definitions of 
risk and uncertainty, and hence no universally 
accepted distinction between the two. For the 
purposes of this Toolkit, we avoid fixed definitions 
of risk and uncertainty. However, as background, 
we will briefly outline some important definitions 
of risk, and indicate some of their relations to 
uncertainty.

In everyday speech, the word ‘risk’ often carries 
more negative connotations than ‘uncertainty’ 
does. This is formalised in the IPCC definition of 
risk as the potential for adverse consequences. 
More fully, risk is: 

[t]he potential for adverse consequences for 
human or ecological systems, recognising 
the diversity of values and objectives 
associated with such systems. In the 
context of climate change, risks can arise 
from potential impacts of climate change 
as well as human responses to climate 
change. Relevant adverse consequences 
include those on lives, livelihoods, health 
and wellbeing, economic, social and cultural 
assets and investments, infrastructure, 
services (including ecosystem services), 
ecosystems and species. (Reisinger et al. 
2020)

For the IPCC, the uncertainty implied by the 
word potential “does not necessarily have to 
be quantified,” but it is recommended that 
authors “provide some sense of the nature and 
degree of uncertainty to allow a meaningful risk 
assessment and risk management responses to 
be undertaken” (Reisinger et al. 2020). See ‘Some 
IPCC Definitions’ for more on the IPCC’s approach 
to risk and uncertainty.

In other contexts, however, ‘risk’ is the probability 
of an event occurring multiplied by the magnitude 
of its impact, regardless of whether this is positive 
or negative.

Within finance and some business contexts, a 
mention of ‘risk’ may conjure up the association of 
the risk-return spectrum (also known as the risk-
reward spectrum). Very crudely, the higher the return 
that is sought, the more risk must be accepted. In 
this respect, the connotations of ‘risk’ can be exciting, 
and perhaps positive. An organization that is ‘hungry 
for risk’ may be trying out innovative activities, with 
a relatively high chance of failure, but also a relatively 
large pay-off. Risk in this usage is something that 
should be managed, but not all risks should be 
avoided or minimised. Sometimes risk will be 
deliberately incurred. 

In yet another approach, ‘risk’ describes conditions 
where the probabilities of different outcomes are 
known, and ‘uncertainty’ (or ‘ambiguity’) describes 
conditions where this probability distribution is 
not known (Knight 1921). Again, the connotations 
of risk are not entirely negative. Roughly speaking, 
you don’t know what is going to happen, but you 
know what might happen and how likely it is, so 
you can choose and prepare accordingly.

Universal convergence on a standard vocabulary 
of risk and uncertainty does not appear feasible, 
especially not on the urgent timescales required 
by climate action. Efforts to create greater 
consistency within a given organisation, project, 
partnership, network, sector, etc. may be of value. 
The IPCC definitions provide obvious reference 
points to which many different actors might align 
their usage (see also Chapter 5). However, in this 
respect the Toolkit’s key recommendation is: 
understandings of risk and uncertainty may vary, 
and clarity should be sought through dialogue 
on a case-by-case basis.

A U T H O R  C O N T R I B U T I O N S  
Conceptualization: JLW, MJB, PL, and MW; Research: JLW, PL, MJB, and MW; Writing: JLW, MJB, and PL.

RISK VS. UNCERTAINTY
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UNDERSTANDING 
AUDIENCESChapter 2

There need to be structural changes in society that allow for 
easier access to participatory forms of communication.

WHO ARE THE EXPERTS, THE DECISION-MAKERS,  
AND THE STAKEHOLDERS? 
For mainstreaming more participatory approaches, these concepts are indispensable.  
But who might they leave out?

This chapter shifts the focus to who 
is communicating with whom. As 
Evans et al. (2018) describe,

there need to be structural changes 
in society that allow for easier access 
to participatory forms of commu-
nication that enable the ordinary 
citizens, governments and the 
business sector to discuss and debate 
issues pertaining to climate change. 
Climate change communication is 
central to effective and sustainable 
mainstreaming of climate change in 
development policies, mitigation and 
adaptation policies, collective behav-
ioural change, and more specifically 
attitudes towards climate change 
mitigation for improved efforts 
towards reducing greenhouse gas 
emissions. (108)

Within climate communication 
research, recipients of informa-
tion are typically imagined as deci-
sion-makers and stakeholders, as 
well as policymakers, the public, 
communities, audiences, or indi-
viduals. Sometimes scientists and 
other experts are also characterised 
as recipients of climate information. 
More granular terms also sometimes 
appear.

These are all useful terms, and we 
use them in this Toolkit. Nonethe-
less these can also be slippery terms. 
So we open this chapter with some 
reflections on them. What might 
such terms presuppose? What do 
they invite us to imagine about these 
participants, which may not really be 
the case? For example, it has been 
suggested that “[w]hen thinking 

about the policy relevance of their 
work, climate researchers tend to 
address imagined rather than actual 
policymakers” (Geden 2018). Who 
concretely belongs to these catego-
ries? Who is capable of action that 
makes a communicator feel satisfied 
(rightly or wrongly) that they have 
consulted an expert, supported a de-
cision-maker, engaged a stakehold-
er? And when participatory mecha-
nisms are devised and implemented 
using them, do these really connect 
the lives that will be most affected?

The word expert is perhaps the 
most slippery of the entire list. Gov-
ernments and organisations often 
aspire to evidence-based policy cre-
ation. This means experts are rou-
tinely consulted for any number of 
problem-solving activities, from 

i

Subsections 
Who are the experts, the decision-makers, and the stakeholders?
The decision value chain
Decision analysis: an interdisciplinary field, rooted in economics and statistics
Storytelling vs. decision support: a checklist
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government calls for evidence to 
consultancy toward bespoke solu-
tions. Typically, expertise is taken 
into account in informal or un-
structured ways, even though this 
type of practice is open to well-
known cognitive frailties (Kah-
neman, Slovic, and Tversky 1982; 
Burgman 2016), both within the 
consulted experts and among those 
who are synthesising their evidence 
in unstructured or informal ways 
(Sutherland and Burgman 2015). 
Structured approaches to eliciting 
expert judgements have been shown 
to ameliorate many cognitive biases. 
A broad range of expertise also pro-
vides more robust results (Hanea et 
al. 2018; Burgman 2016).

A strong understanding of the 
uncertainties within a system is im-
portant in generating evidence for 
policy decisions that are relevant and 
reliable. Many uncertainties can be 
classified and quantified. Experts 
also develop intuitive understand-
ings of uncertainties. Relative to a 
‘well-calibrated’ expert, an overcon-
fident expert will tend to underesti-
mate the uncertainties and an under-
confident expert will overestimate 
the uncertainties. Experts become 
well-calibrated by having frequent 
feedback on the accuracy of their 
assessments, which is why surgeons 
are generally better calibrated than 
General Practitioners; in the latter 
case there are many reasons why a 
patient may not return besides the 
prescribed treatment being effective. 

At what point does someone start 
being treated as an expert, and by 
whom? Expertise is often defined by 
credentials, but highly regarded ex-
perts can be no better than so-called 
novice experts in some situations. 
Not all relevant expertise is ac-
companied by credentials. Trained 
scientists are also members of com-
munities, and some citizen groups 
can develop considerable scientific 

expertise (Oakden et al. 2021). Fur-
thermore, the expertise of those with 
lived experience is increasingly being 
recognised, particularly with regard 
to social ills and impacts (Gallegos 
and Chilton 2019). Burgman (2016) 
recommends seeking broad-based 
expertise and taking measures to 
avoid groupthink: “Ideally, expert 
groups should be as diverse as pos-
sible, and systems for engagement 
should encourage people to listen 
and integrate information from as 
many sources as possible, and to ex-
plore competing explanations. The 
basic idea is that groups made up of 
individuals with diverse experiences, 
backgrounds and contexts will draw 
on different sources of information, 
form independent initial estimates 
and avoid shared professional my-
opia. They will not anchor on com-
mon points nor be motivated by 
common personal goals.”

There are well-established ethical 
rationales for including the voices 
of communities in policy formation. 
This expertise also becomes vital at 
the point where policy implementa-
tion relies on the actions and choices 
of community members. These com-
munity members are experts in their 
own lives and the lived experiences 
of their environments. Success-
ful policy implementation needs to 
mesh with the needs, aspirations and 
worldviews of those who will either 
ensure its success, or will game the 
system to meet their needs, thus un-
dermining policy implementation. 

There is not extensive literature on 
the structured elicitation of lived ex-
perience. However relevant insights 
are available under rubrics such as: 
stakeholder analysis and engage-
ment, public engagement and citizen 
participation, participatory policy-
making, participatory design, mu-
nicipalism, participatory democracy, 
direct democracy, radical democracy. 
We highlight five points: 

• A ‘campaigning’ mentality risks 
alienating people. Genuinely 
participatory processes allow 
for emergent scope. Taking time 
to understand the motivations 
and priorities of members of the 
community has been fruitful in 
aligning aspirations, for example 
harnessing rewilding to support 
tackling rural poverty in the UK. 

• As is often the case in 
climate risk communication, 
interdisciplinary collaboration 
can yield better results. For 
example, the Affric Highlands 
Scheme employed a psychologist 
alongside conservationists for a 
rewilding scheme (Weston 2021). 

• More vulnerable groups and 
individuals may also be those 
less able to access participatory 
processes. Participatory 
processes can replicate historical 
patterns of exclusion (McNulty 
2019). Practical support should 
be offered, and more research is 
needed into eliciting community 
expertise, taking into account e.g. 
interactions between cognitive 
biases, asymmetries in lived 
experience, payoff structures 
and strategic interaction, power 
discrepancies, and cultural 
and psychological factors.

• Stakeholder engagement is most 
effective when stakeholders 
acquire real influence on 
outcomes. This may include 
joint projects and/or transfer of 
appropriate decision-making 
powers and resources to 
stakeholders; however where this 
is less than feasible, meaningful 
influence can still be achieved 
by ‘full stack’ stakeholder 
engagement integrated into 
the governance, strategy, and 
operations of relevant entities.
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• International comparative 
approaches are invaluable; for 
example, other countries can 
learn from the experiences of 
several Latin American countries 
which in recent years have taken 
measures aimed at strengthening 
participatory governance.

A second slippery term is de-
cision-maker. It is widely used in 
decision theory, and it reflects the 
discipline’s aspiration to be rele-
vant to many different contexts. A 
decision-maker may be an actual 
person such as a senior executive, 
an elected official or a civil servant. 
Or a decision-maker may be an or-
ganization or some other entity. But 
despite this broadness, the term 
decision-maker may sometimes lead 
to overly narrow thinking. For ex-
ample, we may slide into thinking 
of a decision-maker as necessari-
ly someone who wields significant 
political, social, or economic power. 
But as just touched on, many other 
categories of actors are constantly 
making decisions pertinent to the 
success, and the moral significance, 
of climate policy.

Furthermore, expecting to find 
a decision-maker may sometimes 
close down other possibilities, where 
agency to drive change does not map 
neatly onto any individual or organ-
izational unit. Climate risk invites 
unprecedented depth and speed of 
organizational and cultural change, 
and so the decisions that need to be 
made may be unlike any decisions 
made in the past. To date, studies 
of decision-making under uncer-
tainty “rarely speak to the organiza-
tional and political context in which 
triggers for evaluative action occur” 

(Sowell 2019). Within a given man-
agement system, the decisions that 
drive mitigation and adaptation may 
clearly sit with specific roles. But 
the network of actors best placed to 
recognise, legitimate, and enact ap-
propriate action may also cut across 
disparate roles, areas of responsibil-
ity, forms of formal and informal 
power, and even organisations and 
sectors. Critical threshold may need 
to be reached where a decision be-
comes available to collectives that 
are not available to individuals. In 
communicating climate information 
to drive mitigation and resilience, it 
may not always be appropriate to fo-
cus exclusively on the decision-mak-
ers who most obviously have their 
hands on the levers. Especially where 
such decision-makers prove resistive, 
it is important to stay open-minded 
about the nature and origin of posi-
tive change within organizations and 
sectors.

Similarly, the term stakehold-
er reflects stakeholder theory and 
is widely used across government, 
industry, the third sector and oth-
er contexts. Typically a stakeholder 
is defined as anybody who can po-
tentially impact or be impacted by 
a given policy, project, product, or 
other entity of interest. However, 
where climate policy is concerned, 
the highly interconnected nature 
of climate risk means that it is dif-
ficult, and probably undesirable, to 
completely exclude anybody from 
stakeholder status. Furthermore, 
taking a stakeholder analysis and en-
gagement perspective can sometimes 
obscure the differences between dif-
ferent concrete individuals belong-
ing to the same stakeholder catego-

ry, especially when some individuals 
are more vocal than others. In this 
way, individuals may be permitted to 
speak on behalf of those whom they 
have no legitimate right to represent. 
Finally, terms like public, community, 
and (to a lesser extent) audience and 
individuals, can be used to conflate 
the membership of a population 
with whichever subset is most avail-
able for dialogue.

These concepts are imperfect 
but useful. Awareness of their lim-
itations will be helpful in creating 
processes which are truly partici-
patory, not only in name only. De-
cision-making in climate risk pol-
icy relies on a ‘decision value chain’ 
or cascade of information between 
those who undertake cutting-edge 
research, through policy design, to 
those whose everyday lives are affect-
ed by the resulting policies (Barons 
and Kleve 2021). The modes of com-
munication which make this a suc-
cessful enterprise need to take into 
account the language, culture, expec-
tations and motivations of the actors 
involved (Yusha’u and Servaes 2021). 
Scenarios and storytelling can play a 
significant role in how information 
(including uncertainty) is lost, pre-
served, added, transformed, and/or 
re-prioritised as it moves through 
the chain. Ideally participants in this 
process will also regularly reflect on 
the limitations of their participatory 
concepts and mechanisms, draw les-
sons from historical and internation-
al counterparts, and seek options for 
improvement. We also recommend 
that where possible, narrower and 
more concrete terminology should 
be used to identify participants in 
dialogues.

Community members are experts in their own lives 
and the lived experiences of their environments.
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THE DECISION VALUE CHAIN
The decision value chain is one way of thinking about evidence-based  
(or at least evidence-informed) policymaking

The last section indicated the 
complexity of communicating climate 
risk. But we also need frameworks for 
organizing this complexity, even if 
they mean simplifying things more 
than we would ideally like. Ulti-
mately, closer engagement between 
analytical and policy communities 
will allow for a more critical inter-
rogation of how decision support 
is brought into decision-making 
and policy design (Sutherland and 
Burgman 2015). To highlight the 
issues that need to be considered in 
the communication of climate risk, 
we offer the stylised ‘decision value 
chain’ (discussed in this section) 
as well as the ‘storytelling vs. deci-
sion support’ checklist (in the next 
section).

Communicating climate risk is an 
integral component to translating 
decision support into policy, creating 
traction with relevant audiences, and 
gaining societal buy-in. However, 
the extent of research in this area is 
limited and there is fragmentation 
amongst different ontologies. The 
concept of “policy paradigms” (Burns, 
Calvo, and Carson 2009) highlights 
that rather than a clear-cut distinc-
tion between analytical and deci-
sion-making functions in policy 
design, divergent interests, agendas 
and values shape policymaking. The 
role of co-production and boundary 
work around science and policy in 
conferring legitimacy on analytical 
policy inputs is well-documented 
(Beck and Mahony 2018). However, 
beyond the politics of climate policy, 
the psychology as to how decisions 
regarding policy are actually formu-
lated, the role of detailed analysis 
and expertise in the process of pol-
icy development, and its role in final 
policy output and decision-making, 
are not well-understood (Conway 
and Gore 2019). 

What is known is that heuristics 
and biases are prevalent, particularly 
around issues involving deep uncer-
tainty. Moreover, dialogue between 
analytical and policymaking com-
munities is marked by very different 
cultures, processes and lexica (Kah-
neman and Klein 2009; Kahneman, 
Slovic, and Tversky 1982; G. A. Klein 
2013; Kahneman and Klein 2009; 
G. Klein et al. 2007). With so much 
translation going on, there are many 
opportunities for useful information 
to get lost in translation. Dubois et 
al. (2018) divide the flow from anal-
ysis through policy into five phases: 
pre-existing knowledge, projec-
tion, impact assessment, adapta-
tion strategy, and adaptation plan. 
Using content analysis of relevant 
documents (focusing on uncertainty 
communication and visualizations), 
they confirm that “the richness and 
completeness of the information are 
reduced” as it moves along the chain. 

Nevertheless we stress that the 
participation of multiple actors in 
policy formation is also an advan-
tage, with the potential to integrate 
plural forms of expertise and to 
generate greater legitimacy and buy-
in. 

Below a circular ‘decision value 
chain’ is suggested as a way to sche-
matise the flow of information, while 
thinking more inclusively about who 
applies expertise, and where impor-
tant decisions occur. The decision 
value chain shows the pattern of in-
formation flow from discovery and 
foresight, to synthesis and insight, 
to design, to implementation, to im-
pact, then informing later discovery 
and foresight. 

Value in the form of expertise can 
be introduced all the way around 
the chain. We would not want to 
live in a world where scientists made 
all the decisions. Policymakers have 
experience and insight about policy 

discovery &
foresight
▶ Fundamental 

science
▶ Scientists with 

responsibility for 
particular domains 
of decision-
making

▶ Interdisciplinary 
expertise

▶ Para-academic 
expertise

synthesis & 
insight
▶ Technical officers 

and other 
researchers, 
advisors and 
consultants, 
professional 
services

▶ Summaries 
compiled for 
policy-makers

design
▶ Policy designers
▶ Legislative counsel

implementation
▶ Elected officials
▶ Civil servants

decisions
Elected officials and civil servants etc. 
make many key decisions; however, under 
true participatory processes decisions can 
also be pushed out to relevant stakeholders 
anywhere in the chain.

impact
Disparate 
communities, 
sectors, 
organisations, 
individuals, 
affected by policy 
and implement-
ing change

DECISION 
VALUE CHAIN

Figure 1. Decision value chain
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levers and trends; communities and 
individuals have a wealth of lived 
experience and tacit knowledge, and 
so on. While climate information 
may degrade in certain respects as it 
transfers from one participant to the 
next, it can also be enriched by new 
expertise, and be subjected to diverse 
forms of scrutiny and validation. 

Just as expertise can be added all 
the way around the chain, so too can 
decisions occur all the way around 
the chain. Many key decisions be-
come ‘finalised’ in the diagram’s low-
er left zone by policy designers, par-

liamentary counsel, politicians and 
civil servants (or local equivalents). 
However, decisions can also be made 
by other participants, either because 
there are formal participatory mech-
anisms to delegate decision-making 
power, or because participants find 
the power to take action in ways that 
are informal or unauthorised.

The sequence of the chain indi-
cates only the broad direction of 
travel within a network where deci-
sion value can potentially also move 
between any of the participants 
(including ‘upstream’ or ‘shortcut 

across’ the central hub). Participants 
may join or leave the chain halfway 
through the process; the form of 
connection between them may alter 
(in terms of bandwidth, responsibili-
ties, etc.); these transformations may 
be the result of internal evolutionary 
dynamics, external shocks, and/or 
deliberate redesign and reconfigu-
ration. Indeed, exploring different 
connective configurations, giving 
careful regard to evidence from in-
ternational comparative democratic 
politics, is key to strengthening par-
ticipatory climate policy formation.

UNCERTAINTY AND THE DECISION VALUE CHAIN: EIGHT RECOMMENDATIONS
Dubois et al., focusing on uncer-
tainty, make several recommenda-
tions for improving the transfer of 
uncertainty information from science 
into policy. These include:

1. Encouraging the actors involved 
in different phases to work in 
parallel, rather than sequentially.

2. Adopting more 
participatory approaches, 
such as empowering 
societal stakeholders in 
methodological choices.

3. Adopting more consistent 
conventions for uncertainty 
representation and the use of 
visualisations, by: 
a. developing best practice 
guidelines at the national, local, 
and/or sector-specific level; 
b. conducting more research 
into visualisation tools, since 
the drivers of their efficacy 
across different contexts are 
still not well-understood.

4. Training end users to 
understand scientists better 
(e.g. basics of climatology 
and decision theory).

5. Training scientists to 
understand end users 
better (e.g. communication, 
social and political context 
of climate policy). 

These recommendations appear 
credible, and we broadly endorse 
them. This Toolkit may be seen as a 
small contribution toward the fourth 
and especially fifth recommenda-
tions. We propose three further rec-
ommendations to improve the flow 
of decision value.

6. Placing participants outside 
their usual roles to gain 
visibility and experience, both 
upstream and downstream. 
For example, funding more 
extended collaborations between 
scientists, technical officers, 
policy designers, communications 
experts from the social sciences 
(including experts in comparative 
democratic politics) and from the 
arts and humanities, and societal 
stakeholders. Such collaborations 
can embed a communications 
orientation from the very start 
(rather than as an afterthought), 
can contribute to forming new 
classes of multi-disciplinary 
experts, and can improve 
understandings and transparency 
on the political and ethical 
choices that decarbonisation 
entails. Placements could also 
contribute to international 
peer-to-peer collaboration and 
learning.

7. Addressing substantive 
barriers and incentives to 
participation, including 
socioeconomic inequality, 
linguistic and cultural factors, 
geographic distance, health 
and wellbeing inequalities, and 
traditional patterns of exclusion 
around gender, class, race, 
disability, and wealth. Measures 
to improve the participation of 
hard-to-reach groups should 
continue to be implemented, 
but the need for rapid action 
also means there may not 
always be time to wait for the 
results of such outreach. Where 
timescales dictate, innovative 
methods of eliciting community 
expertise and integrating it 
into the decision value chain 
should be explored, alongside 
more standard outreach.

8. Multiplying channels 
for participation and 
cooperation via which decision 
value may transfer among 
different participants, e.g. 
(a) public- and community-
oriented institutions such 
as citizens assemblies, 
democratic engagement 
platforms, mandated 
participatory budgeting 
processes, national council 
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systems, citizens enquiries, 
participatory planning and 
investment processes in 
local government, village 
committees, neighbourhood 
and employee councils, habitat 
and biodiversity conservation 
plans, trade unions, and 
innovative public fora based on 
models used in issue-specific 
strategic engagement, as well 
as (b) more targeted channels 
between specific segments of 
the value chain. We recommend 
bold and exploratory research 
into the range of connectivity 
mechanisms, especially 
around inclusion, equity, and 
translations of uncertainty and 
risk information across science, 
policy, and wider deliberative 
and participatory contexts.

At the same time, caution is also 
necessary. In following any of the 
eight recommendations above, we 
should be mindful of the following 
caveats.

• What is timescale appropriate? 
Is it necessary to find a more 
rapid workaround, perhaps 
in parallel with longer 
term structural change?

• What are the opportunity costs? 
Collaboration, translation, and 
working outside one’s niche takes 
time, energy, and resources. 
Take the example of training 
(recommendations 4 and 5). 
What are the opportunity costs 
of training end users to think 
more like scientists, and/or 
scientists to think more like end 
users? If more time is devoted 

to training, is less time devoted 
to other activities? If more 
skills are added to a role, does 
it narrow the pool of potential 
candidates who can feasibly fill 
that role? If new content is added 
to a curriculum, what content 
is dislodged or de-emphasised? 
How does training also increase 
the influence of educators 
within the decision value chain 
— another set of actors with 
personal biases who may likewise 
adapt information, introduce 
new information, and summarise 
and synthesise information? 

• Participatory approaches should 
be accompanied by careful 
attention to how stakeholders are 
identified and mapped, and who 
is empowered or disempowered 

in this toolkit, we frequently mention decisions, 
decision-making, and uncertainty. When we do 
so, we are speaking principally from within the 
field of decision analysis. In other words, we are 
particularly interested in how decisions can be 
formally modelled, for the purposes of evaluating 
alternative actions, and how competency in 
decision-making can be assessed. Decision analysis 
has its roots in economics and statistics. While it 
remains closely tied to these disciplines today, it 
is also an increasingly open and interdisciplinary 
field, drawing insight from across the sciences, 
social sciences, and arts and humanities. This 
rich interdisciplinarity is all the more important 
when we consider communication, a topic which 
necessarily includes themes such as authority, 
trust, interpretation, persuasion, and power.

Even mentioning uncertainty in the context 
of climate runs the risk, in some contexts, of 
undermining the confidence in robust scientific 
findings. Nonetheless, the IPCC has championed 
transparent approaches to communication of 
uncertainties, and strived to reflect degrees 
of confidence in discussing specific elements 
of assessments of climate risk both in text, 
graphically, and most recently in its interactive 
online Atlas. The confidence varies from virtually 
certain ‘facts’, that humans are responsible for 
climate change on a global scale, to high levels 
of uncertainty regarding specific regional future 
climate risks, tipping points or cascading risks. 

DECISION ANALYSIS: AN INTERDISCIPLINARY FIELD,  
ROOTED IN ECONOMICS AND STATISTICS
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by a given participatory process. 
Stakeholders include stakeholders 
who may be impacted by a policy, 
stakeholders who may influence 
its outcomes, stakeholders of 
potential alternative policies, 
stakeholders with whom there 
are existing or potential tensions, 
and stakeholders engaged to 
broaden diversity of perspectives, 

backgrounds, and lived 
experience. Other stakeholders 
include future generations 
and nonhuman actors. Where 
stakeholders have influence 
on one another this influence, 
including its type, should ideally 
be taken into account. Ultimately 
where climate is concerned, 
there is nobody who is not a 

stakeholder. See also above, the 
section ‘Who are the experts, 
the decision-makers, and the 
stakeholders?’ in this chapter. 

• How might the measure be 
gamed, particularly by those 
with relatively extensive financial 
and / or ICT resources? 

STORYTELLING VS. DECISION SUPPORT: A CHECKLIST
Popper (2019) draws a broad distinc-
tion between two cultures: the 
numerate, reductionist analytical 
community, rooted in deductive 
logic, and the culture of policy, which 
is more narrative based and framed 
in the logic of abductive reasoning. 
Following this distinction, we can 
think about climate risk communi-
cations in at least two ways. Climate 
risk can support decisions. At the 
same time, they can tell stories, 
transforming attitudes and behaviour 
in ways that are difficult to directly 
measure. 

For the communicator, decision 
support and storytelling are not rig-
id and mutually exclusive categories. 
Instead they serve as ‘lenses’ through 
which you can reflect on and improve 
your practice. In particular, they can 
help you to decide how to present 
uncertainty. When deciding how to 
do this, consider your purpose and 
your intended (and unintended) au-
diences. You can start by answering 
the following ten questions. 

1. Who is this communication for, 
e.g. what are their background, 
motivations, needs?

2. Who else might encounter 
this communication?

3. What are your criteria for 
successful communication?

4. Are there alternative ways 
the communication could 
make a positive impact?

5. Do you expect to receive 
information to evaluate 
its success? If so, how?

6. What concepts, frameworks, 
and methodologies (if 
any) could be used to talk 
about uncertainty, and how 
familiar do you expect your 
audience to be with these?

7. Can you give specific 
examples of behaviours, 
decisions, skills, and/or values 
you want to influence?

8. Can you give specific examples 
of how including or excluding 
uncertainty information 
(e.g. model uncertainty) 
could alter the results of 
your communication?

9. How do your recipients perceive 
you, and what do they expect 
from you (if anything) prior 
to the communication?

10. Do you think these perceptions 
may change, and if so how?

Remember, these questions are 
not designed to cover everything 
you might want to consider as a 
communicator. They are designed to 
serve a specific purpose: to help you 
think about your communication as 
decision support and as storytelling, 
and to reflect on how to frame un-
certainty in your communications, 
to ensure it is understood accurately 
and constructively. 

Once you have answered these 
questions, read through the two ar-
chetypes below and relate them to 
your situation. If you wish, you can 
assign each bolded statement a val-
ue between one and ten (1: strongly 
disagree, 5: neither agree nor disa-
gree; 10: strongly agree).

In reality, communications don’t 
neatly fit into either archetype, but 
always combine aspects of both. For 
example, scenarios play a prominent 
role in communication for decision 
support. Furthermore, even when 
you are not deliberately using sce-
nario-based methods, your infor-
mation will still ‘tell a story’ to the 
decision-makers who interpret it. 
On the flip side, any compelling nar-
rative has the potential to influence 
our future decision-making. 



1) YOU ARE ENGAGING WITH 
AN AUDIENCE. 

 » You may already know who your 
audience are. Or you may be telling a 
story in hope of finding an audience.

 » You may reach an audience who are 
mostly similar to one another. Or you may 
reach an audience with diverse interests, 
values, perspectives, motives, levels of 
engagement and agency, and so on.

 » If you do reach a mixed audience, you may 
or may not have the chance to tailor your 
communications to each segment.

2) YOUR AUDIENCE MAY HAVE 
MULTIPLE DIFFERENT MOTIVES 
FOR ENGAGING YOU, SUCH AS:

 » acquiring new skills, knowledge, and/or values;

 » testing their existing skills, 
knowledge, and/or values;

 » fulfilling their curiosity;

 » entertaining themselves;

 » acquiring evidence to progress agendas;

 » fulfilling obligations to engage.

3) YOU MAY HAVE MULTIPLE 
MOTIVES FOR ENGAGING 
YOUR AUDIENCE, SUCH AS:

 » raising awareness; seeking alternative 
perspectives to enhance your expertise;

 » encouraging your audience to reassess the 
importance of the subject matter to themselves;

 » encouraging your audience 
to change behaviours;

 » confronting misinformation or common 
misconceptions about the subject matter;

 » improving your audience’s literacy for future 
communications about the subject matter;

 » equipping your audience with the 
conceptual and emotional resources

 » to engage with the subject matter in the future;

 » giving your audience insights to pass 
on to their own audiences;

 » trying out metaphors and analogies;

 » supporting decision-making.

1) YOU ARE ENGAGING WITH 
A DECISION-MAKER / 
DECISION-MAKERS. 

 » It is mostly clear who is in the decision-
maker role. For example, this could be a 
particular person, or a decision-making 
process involving various stakeholders.

2) THEY ARE ENGAGING WITH 
YOU AS AN EXPERT.

 » The decision-maker recognises you as 
an authority in the subject matter and 
is actively seeking your advice. 

 » The decision-maker may be relying on 
you exclusively. Or the decision-maker 
may be receiving input from other experts 
in the same domains and/or in different 
domains, and/or from other stakeholders.

3) THERE ARE MOSTLY GOOD 
CONDITIONS FOR ANALYSIS, 
COMMUNICATION, AND 
DECISION-MAKING.

 » For example, it is clear what kinds of decision 
are relevant. This may be a specific decision, or 
all the decisions pertaining to a particular area 
of responsibility or a particular policy aim.

 » Experts and decision-makers have 
enough time and capacity to engage 
thoroughly in the process.

 » There is typically a shared commitment 
to making the ‘best’ decision.

 » The criteria for evaluating which decision is 
the best may be fixed in advance. Or such 
criteria may be transformed or developed 
in the course of co-production.

COMMUNICATING 
TO SUPPORT DECISIONS

COMMUNICATING  
TO TELL A STORY
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WHAT ARE TIPPING POINTS? 
AND HOW SHOULD WE COMMUNICATE ABOUT THEM?

[R]egardless of whether it is being 
communicated to policy makers or the 
public […] [u]sing scientific termi-
nology, such as ‘tipping points’ and 
‘ feed-back loops’, is complex and can 
be difficult to grasp. When climate 
change is presented in the form of 
predictions and graphs it can also 
appear inaccessible, as too big, or 
disengaging, when not paired with 
solutions.
(Huxley 2018).

In this chapter we examine some of 
the challenges of communicating 
around tipping points, an area often 
characterised by deep uncertainty. 
Googling ‘tipping point’ in October 
2021, we found that our top results 

were all about the British game show 
Tipping Point. Could we take this as 
one small indication that the science 
about tipping points has not yet pene-
trated popular discourse to the extent 
that we would wish?

A tipping point is a critical 
threshold beyond which a system 
reorganises, often abruptly and/
or irreversibly. For example, over 
two million cubic kilometres of ice 
locked in the Western Antarctic Ice 
Sheet could collapse and pour into 
the ocean, causing sea levels to soar 
by three metres or more. The IPCC 
believes with medium confidence that 
it won’t collapse this century; Chris 
Rapley, formerly Director of the 
British Antarctic Survey, has already 

said of the Western Antarctic Ice 
Sheet, “I would argue that this is 
now an awakened giant” (Rapley et 
al. 2006).

The probability of triggering a 
tipping point may be low (or difficult 
or impossible to quantify) at a giv-
en level of global warming, yet with 
consequences that are catastrophic 
and far-reaching. Some potential 
tipping points of concern include:

1. Collapse of the Western 
Antarctic Ice Sheet and/or other 
major ice formations (Arctic sea 
ice, Greenland ice sheet, Wilkes 
basin in East Antarctica), leading 
to much higher sea level rises.
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COMMUNICATING around 
TIPPING POINTSChapter 3

‘Look at the world around you,’ Gladwell argues. ‘It may 
seem like an immovable, implacable place. It is not. With the 
slightest push — in just the right place — it can be tipped.’ 
(Gladwell 2015) 
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2. Permafrost thaw releasing 
methane, a powerful 
greenhouse gas, accelerating 
global warming.1

3. Massive loss of forests including 
Boreal forests2 and Amazon 
rainforest3 — meaning not only 
profound loss of biodiversity, but 
also the release of vast amounts 
of extra greenhouse gases, 
accelerating global warming.

4. Mass extinctions of animals, 
plants and other life forms 
unable to adapt to rapid climate 
change (Barnosky et al. 2011).

5. A shutdown of a major system 
of ocean currents (AMOC) that 
conveys heat from the tropics 
into the Northern Hemisphere.

6. Increase in El Niño–Southern 
Oscillation (ENSO) leading 
to drought in South East 
Asia4 (Lenton et al. 2008).

7. West African Monsoon shift 
and potential recurring droughts 

1 IPCC AR6 WGI notes that it is “very unlikely that gas clathrates (mostly methane) in deeper terrestrial perma-
frost and subsea clathrates will lead to a detectable departure from the emissions trajectory during this century”.

2 “Boreal forest dieback is not expected to change the atmospheric CO2 concentration substantially because forest loss at 
the south is partly compensated by (i) temperate forest invasion into the previous boreal area and (ii) boreal forest gain at the 
north (Friend et al., 2014; Kicklighter et al., 2014; Schaphoff et al., 2016) (medium confidence)” (IPCC AR6 WGI).

3 IPCC AR6 WGI puts an upper limit of how much CO2 can be released by Amazon forest dieback as 0.5ppm per year (the current 
concentration is 442 ppm): “This implies an upper limit to the release of tropical land carbon of <200 PgC over the 21st century  
(assuming tropical warming of <4oC, and no CO2-fertilisation), which translates to dCO2/dt < 0.5 ppm yr-1 (IPCC AR6 WGI).”

4 “Given also that past climate changes have been accompanied by changes in ENSO, we differ from IPCC and consider there to be 
a significant probability of a future increase in ENSO amplitude. The required warming can be accessed this century with the transi-
tion happening within a millennium, but the existence and location of any threshold is particularly uncertain” (Lenton et al. 2008).

5 “Such greening of the Sahara/Sahel is a rare example of a beneficial potential tipping element.”(Lenton et al. 2008)

6 Human history is replete with evidence that dramatic shifts in societies can happen in response to relatively small envi-
ronmental drivers, an idea popularised by Jared Diamond in Collapse: How Societies Choose to Fail or Survive (Diamond 
2011). But social tipping points are also discussed in a positive context: Otto et al. (2020) describe the tipping points 
they identified that if triggered would enable a radical decarbonisation of society that is currently required.

across Mauritania, Senegal, 
Burkina Faso, Mali, and Niger.

8. Greening of the Sahara leading 
to greater local biodiversity.5

9. Indian Monsoon shift and 
potential recurring droughts 
on the Indian subcontinent.

10. More generally, tipping 
points can occur at regional 
rather than global levels, and 
have severe local impacts.

11. Tipping points can also affect 
marine ecosystems; for example, 
abrupt West Tropical Indian 
Oceanic Bloom, caused by a 
sudden increase in deep water 
upwelling that brings nutrients 
to the upper layers of the ocean, 
leading to gains in productivity 
from microorganisms to 
fisheries (Drijfhout et al. 2015).

12. Disappearance of coral 
reefs, leading to the loss of 
biodiversity, habitats, greater 
coastal erosion as well as 
cultural and economic losses.

Many of these tipping points have 
implications for food harvests and 
for extreme weather such as floods, 
storms, and wildfires. Other effects 
could include disintegration of sys-
tems that produce and distribute 
goods and services; and destruction 
of infrastructures which supply peo-
ple with energy, food, water, light, 
heating; infrastructures which store 
data and carry voices and images 
around the world; infrastructures 
which dispose safely of waste and 
sewage; they could include failures 
of healthcare, social care, security, fi-
nance, housing, transport, education, 
emergency services; and the unravel-
ling of societies as homes, jobs, and 
communities are lost, populations 
are scattered, governance of organ-
isations and institutions weakens 
or collapses, and wars and conflicts 
intensify and spread. For those who 
have been fortunate enough to live 
under conditions of relative peace, 
tipping points represent the tear-
ing apart of our taken-for-granted 
world.6

A tipping point is a critical threshold beyond which a 
system reorganises, often abruptly and/or irreversibly.
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Many tipping points also have 
implications for the feasibility of 
achieving net zero GHG emis-
sions. For example, shrinking of 
the Amazon rainforest and Boreal 
forest through drying, forest fires, 
pests, habitat loss and other factors, 
could result in large, swift releases 
of GHGs.7 Likewise, carbon release 
(including methane release) from 
permafrost thaw may mean that re-
maining carbon “budgets” are small-
er than we think (Comyn-Platt et al. 
2018).8 The range of socioeconomic 
risks mentioned in the previous par-
agraph also could deplete our capac-
ity to mitigate GHGs, e.g. climate 
technologies may be more difficult 
to develop and deploy at scale in the 
midst of mass movements of popu-
lations, rolling pandemics, famines, 
wars, and so on. In this sense tipping 
points are closely associated with 
dynamics that have been variously 
imagined as domino effects, cascade 
risks, feedback loops, vicious circles, 
cliff edges, points of no return, situa-
tions spiralling out of control, runa-
way processes, and so on.

Now let’s take a step back, and 
focus on communication. This list 
we’ve given above includes some-
what inadequate summaries of 
complex topics of interdisciplinary 
inquiry. It also veils numerous qual-
ifications and interconnections: to 
take just one example, a warming cli-
mate could bring about droughts to 

7 IPCC AR6 WGI: “Based on the evidence presented in this section, we conclude that abrupt changes and tipping points 
in the biogeochemical cycles lead to additional uncertainty in 21st century GHG concentrations changes, but these are very 
likely to be small compared to the uncertainty associated with future anthropogenic emissions (high confidence).”

8 Recent releases of methane have been impossible to quantify due to the lack of large scale baseline data, and on 
a larger time scale “several independent lines of evidence indicate that permafrost thaw did not release vast quanti-
ties of fossil CH4 associated with the transient warming events of the LDT, suggesting that large emissions of CH4 from 
old carbon sources will not to occur in response to future warming (medium confidence)” (IPCC AR6 WGI 2021).

the Sahel region of West Africa (#7), 
or could actually bring more rainfall 
to the Sahel and the growth of vege-
tation in southern parts of the Saha-
ra (#8). The list scarcely reflects any 
disparities in climate vulnerabilities, 
for example the devastating impact 
of Amazon die-back on indigenous 
societies. Interactions between tip-
ping elements are also a source of 
deep uncertainty: what is expected is 
that crossing any major tipping point 
threshold will have implications for 
other tipping points, and that tem-
poral sequence is important. Overall, 
the list above also includes some lan-
guage that may strike many experts 
as somewhat loose and clumsy.

Despite these drawbacks, this list 
is also our attempt to illustrate some 
good practice in communicating 
around tipping points. Tipping 
points are characterised by com-
plexity and uncertainty. It is easy for 
experts to become preoccupied with 
the puzzle of vividly communicat-
ing this uncertainty and complexity, 
and to overlook more basic problems 
of communication which might be 
more easily addressed. Audiences may 
not connect with terms like AMOC, 
monsoon shift, biome shift, die-back, 
food security, circulation shutdown. It 
can be helpful to add words like rain, 
fire, snow, hunger, storms, winds, 
ocean currents, floods, droughts, 
famines, forests, animals, birds, 
plants, and so on — words that con-

nect to the imagination and the sens-
es. Audiences may know that disap-
pearing rainforest, weakening ocean 
currents, or sea level rises are unde-
sirable, but could benefit from brief 
discreet reminders why.

Attention to the basics is certainly 
recommended in communications 
aimed at policymakers or the pub-
lic. Furthermore, experts could also 
challenge themselves to bring viv-
idness to more technical commu-
nications too. There are three good 
reasons: (a) to practice these skills; 
(b) to uncover where experts may 
actually not share the understand-
ings they assumed they did; (c) texts 
can often circulate beyond their in-
tended audiences. Interdisciplinary 
and multi-professional collabora-
tion is also always worth supporting 
and celebrating: not every scientist 
should be expected to be a poet as 
well, and the arts and humanities 
have much to contribute.

Visualising connections be-
tween tipping points might also 
help communicate complex inter-
actions that increase systemic risks 
(Figure 1). Here again, experts are 
encouraged to cater for a wide audi-
ence where possible. They can con-
sider visualising some more basic, 
“core” concepts in climate change, 
and/or to use visualisations that may 
allow audiences to connect climate 
risk with what they already care 
about or can already vividly imagine. 

Many of these tipping points have implications for food harvests 
and for extreme weather such as floods, storms, and wildfires.
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Clear, accessible visualisation of 
GHG emissions and global warm-
ing, for example, can be framed as 
useful context for the narrower topic 
of tipping points.

Figure 1 shows an interconnected 
system of potential climate tipping 
that could have the property where 
small changes (even below 1.5 de-
gree warming) can trigger outsized 
impacts that interactively propagate 
through the system, altering climate 
drastically and causing large-scale 
devastation. Such tipping points 
might have been triggered in the 
past simply by internal variabili-

9 Regrettably recalling the word “hysteria,” which Tasca et al. (2012), describe as “the first mental health disorder 
attributable to women,” and which became a highly disciplinary and punitive diagnosis employed by patriarchal medicine 
in the 19th and 20th century (and also a locus of adaptation and resistance by women; cf. Showalter 1987).

ty (called noise-induced tipping), 
but the risk is higher when exter-
nal forcings such as human-cased 
GHG emissions are present. The 
interpretation of evidence for abrupt 
changes in Earth’s historical record 
is now accompanied by a greater un-
derstanding of possible mechanisms 
by which a climate might respond to 
small stochastic variations not with 
gradual changes but sudden shifts 
(Wunderling et al. 2021). Further, 
once some threshold is crossed (in 
cases of bifurcation tipping) and 
changes are underway, stopping ex-
ternal forcing (e.g. achieving net 

zero GHG emissions or better) will 
not impede the transformation to 
a new state, and a reversal may be 
difficult or impossible: one term for 
this is   “hysteresis.”9 Other tipping 
points, like the Arctic Sea Ice melt, 
could be reversible within decades 
(Masson-Delmotte et al. 2021).

One of the first triggers to be ac-
tivated is thought to be AMOC, a 
major system of ocean currents that 
already has noticeably weakened. It 
is possible that AMOC is a self-rein-
forcing system that can switch from 
one state to another with a relative-
ly small push (it is believed to be an 

Collapse of Ice Sheets and/or 
major ice formations → 
much higher sea levels.

Permafrost thaw releases methane → 
acceleration of global warming.

Massive loss of forests → 
loss of biodiversity & 
release of greenhouse gases → 
acceleration of global warming.

Rapid climate change → 
mass extinctions of animals, 
plants, other life forms.

Shutdown of Atlantic Meridional 
Overturning Circulation (amoc) →  
Cooling of Northern Hemisphere 
(amoc conveys heat from the tropics).

Increase in El Niño–Southern 
Oscillation (enso) → 
drought in South East Asia.

West African Monsoon →
droughts across Mauritania, Senegal, 
Burkina Faso, Mali, and Niger.

Greening of the Sahara →  
greater local biodiversity.

Indian Monsoon shift →
droughts on the Indian subcontinent.

Tipping points at regional levels →  
severe local impacts on all continents.

Changed marine ecosystems → 
abrupt West Tropical Indian Oceanic 
Bloom (sudden increase in deep water 
upwelling brings nutrients to the upper layers of 
ocean, leading to gains in productivity from 
microorganisms to fisheries).

Disappearance of coral reefs → 
loss of biodiversity, habitats, coastal 
erosion, cultural and economic losses.
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Figure 1. Conceptual model for tipping points
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example of noise-induced tipping, 
e.g. there is no explicit threshold to 
cross as in bifurcation). Weakening 
this global ocean circulatory pattern 
could have an effect of weakening it 
further, perhaps until the circulation 
functionally shuts down, as might 
have happened repeatedly through-
out Earth’s history. This in itself 

10 Referring to repeated abrupt shifts, some associated with AMOC, throughout Earth’s history, the IPCC AR6 WGI report notes 
that the sensitivity of the response to a rise in temperature is uncertain: “The paleoclimate record indicates that tipping elements exist 
in the climate system where processes undergo sudden shifts toward a different sensitivity to forcing, such as during a major deglaci-
ation, where one degree of temperature change might correspond to a large or small ice sheet mass loss during different stages.”

would be a disaster for agriculture, 
human health and biodiversity, due 
to loss of rainfall, rise in extreme 
cold and heat, and loss of entire 
habitats. One of the key centers of 
biodiversity that is especially threat-
ened by AMOC shutdown is Am-
azon rainforest (Cai, Lenton, and 
Lontzek 2016). The next domino 

to fall might be the West Antarctic 
and Greenland ice sheets10, whose 
disintegration would unleash long-
term irreversible sea level rises of 
several meters or more, drowning 
cities, coastlines and low-lying coun-
tries — China, United States, Japan 
and Netherlands would be especially 
affected.

THE MANY EMOTIONS OF APOCALYPSE
The science of tipping points can lend itself to apocalyptic storytelling. 
What are some of the pros and cons?

“Are you getting this on camera, that 
this tornado just came and erased the 
Hollywood sign? The Hollywood sign 
is gone, it’s just shredded.”
— Character in The Day After 
Tomorrow (2004)

From the perspective of climate 
risk communication, tipping points 
can be associated with apocalyptic 
and cataclysmic narratives. The 
tipping points session at the COP26 
Universities Network Climate Risk 
Summit, late 2021, provides an illus-
tration (Mackie 2021). The session 
opened with a slide alluding to the 
2004 Hollywood blockbuster The Day 
After Tomorrow. Of course, this movie 
stretches science in ways that are 
regrettably familiar. “Scenarios that 
take place over a few days or weeks 
in the movie would actually require 
centuries to occur” (National Snow 
& Ice Data Center 2004). Nonethe-
less, The Day After Tomorrow does 

represent a real tipping element: the 
potential shutdown of AMOC, a 
large system of ocean currents that 
conveys warm water from the trop-
ics northwards, which is responsible 
for the relative warmth of the North 
Hemisphere.

Movies like The Day After To-
morrow vividly communicate the 
fragility of human lives — as torna-
does tear apart the Los Angeles sky-
line and toss cars through the air, as 
New Yorkers scramble down narrow 
streets from oncoming tsunami-like 
waves — in ways that are not al-
ways captured by terminology such 
as “extreme weather events.” In the 
broader context of climate action, is 
it useful to tug on the heartstrings in 
this way? Much of the literature on 
catastrophic narratives and climate 
storytelling focuses on a distinction 
between fear and hope. An overre-
liance on fear has been quite widely 
criticised.

[…] some studies suggest that there 
are better chances to engage an audi-
ence by including positive messages in 
film narratives about environmen-
tal risks, especially climate change, 
rather than adopting the strategy of 
fear, which would instead distance 
and disengage them, making them 
feel overwhelmed and helpless […]
(Leal Filho et al. 2017)

However, one thing we should 
remember is that apocalypses are 
about many more emotions than 
fear and hope. A movie like The Day 
After Tomorrow showcases a range 
of emotions including exhilaration, 
confusion, companionship, desire, 
curiosity, anger, encounters with 
the sublime, and even moments of 
humour, both grim and sweet. As 
many scriptwriters will tell you, an 
immersive narrative needs emotion-
al variety, or the audience will in-
troduce variety of their own — they 

Apocalypses are about many more emotions than fear and hope. 
…the end of the world can feel alluring.
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will daydream, feel bored, pick holes 
in the plot, or find their own things 
to laugh about. Apocalyptic hearts 
are full hearts: there is probably no 
human emotion that cannot find 
some niche in narratives of disaster 
and collapse. Indeed, the end of the 
world can feel alluring. The more 
dissatisfied people are with their ex-
isting lives, the more alluring it may 
feel. As the recent ASU Apocalyp-
tic Narratives and Climate Change 
project describes (focusing on the 
US context):

From infectious disease to war, a 
broad swath of the public has long 
interpreted social and environmen-
tal crisis through the prism of apoc-
alypse, casting potential catastro-
phes and their causes in religious 
and moral terms. These apocalyptic 
visions are often narrated from the 
point of view of the survivors (the 
“elect”), thus reinforcing a sense that 
the end times need to be survived by 
remaining among the elect, rather 
than prevented through pragmatic 
action.
(CSRC 2020)

Alternatively, an apocalyptic or 
eschatalogical idiom can sometimes 
make climate change feel like noth-
ing special. When has the world not 
been ending? “For at least 3,000 
years, a fluctuating proportion of 
the world’s population has believed 
that the end of the world is immi-
nent” (Garrard 2004). Insofar as 
apocalyptic framings feel extreme 
yet in a familiar way, they can be 
counterproductive, especially with 
audiences who are already wary. 
This includes those who are ready to 
view anthropogenic climate change 
as a left wing conspiracy (perpetrat-
ed by charlatan scientists to secure 
themselves power and funding, in 
cahoots with governments that aim 
to justify increasingly authoritarian, 
totalitarian, and unjust policies) or as 
a neocolonialist agenda (perpetrated 

by the rich countries of the world to 
impose new forms of domination, 
indebtedness, and exploitation on 
the Global South).

De Meyer et al. (2021) offer an in-
triguing spin on the respective merits 
of fear, hope, and other emotions: they 
suggest that current debates on cli-
mate communication have exagger-
ated the role of emotions altogether. 
Instead they advocate for a focus on 
practice, by storytelling (and doing 
other things) to create spaces where 
new audiences can experience agen-
cy in relation to the climate, at many 
different scales and in many different 
circumstances. People should be able 
to see what they can do.

Here, we propose that both place-
based, localized action storytelling, 
and practice-based action storytell-
ing have a role to play in expand-
ing climate agency. As examples of 
the latter, for creative writers and 
journalists the required agency 
would be about knowing how to 
make action on climate change part 
of their stories; for architects, how 
to bring climate change into build-
ing design; for teachers, how to 
teach about climate action within 
the constraints of the curriculum; 
for fund managers, how to bring 
climate risk into their investment 
decisions; for health professionals, to 
support the creation of place-based 
community systems that respond to 
the health impacts of climate change. 
These examples of communities of 
practice provide different opportu-
nities and challenges to expand the 
notions of climate action beyond the 
current notions of consumer choice 
and activism.
De Meyer et al. (2021)

Let’s summarise, then, some ap-
proaches to effective climate risk 
communication. One approach is 
to focus on information. How can 
information be clearly expressed and 
tailored for users to easily incorporate 

it into their decision-making? A sec-
ond approach (partly in response to 
perceived shortcomings of the first) 
places more emphasis on emotion. 
What mixture of emotions should 
be appealed to in order to motivate 
action? This focus on emotion is also 
implicitly a focus on moral norma-
tivity, an appeal to the heart rather 
than the head (there is of course a 
great body of literature deriding this 
split between reason and emotion, 
which in reality are always mutual-
ly entangled). More recently we are 
seeing the emergence of a third ap-
proach, not strictly supplanting but 
rather complementing the other two, 
which focuses on practice.

The distinction between a “prac-
tice” focus vs. a focus on “informa-
tive and tailored stories” or “stories 
of hope not fear” is a bit subtle. Of 
course the three may often overlap. 
It may be helpful to think about 
what the “practice” focus means in 
the longer term. In the longer term, 
each new representational domain 
of climate agency will not emerge 
solely through hopeful portrayals of 
an agent (e.g. journalist, architect, 
teacher, fund manager) exempli-
fying an orthodox version of their 
role-specific climate action, howev-
er cognitively and affectively well-
judged. Telling these stories may 
certainly be the priority in the short 
term. But what they should hope 
to kickstart are diverse stories filled 
with diverse agents, affects, and val-
ues: stories which superficially con-
tradict each other in many ways, 
but whose deeper presuppositions 
mesh to create fields of imaginable 
action that can accommodate the 
particularity and the creativity of 
real people. “Environmental activist” 
is a social role that is available for 
real people to fill precisely because it 
can be filled in many ways (not just 
one way) and because it means many 
contradictory things (not just one 
thing). The same is true of the figure 
of the ethical consumer.
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Audiences are more likely to en-
gage with stories about the world 
they live in, than about who they 
must be in that world. Successful 
rapid mitigation and adaptation 
entails shifting to more participa-
tory and equitable societies. Many 
audiences with centrist or conserv-
ative leanings may struggle to see 

11 Britain Talks COP26: New insights on what the UK public want from the climate summit (Wang et al. 2021) is one small 
example of exploring (in the UK context) how climate risk communication might be diversified to appeal to myriad differ-
ent political and ethical values. It does not (and we should not expect every such study to) engage with the challenging ques-
tions about which values fall beyond the scope of those that are compatible with a participatory and just transition. 

themselves accepted within such 
societies. They may reject realistic 
climate narratives as hoaxes, or even 
welcome the end times: revel in fan-
tasies of courage, ingenuity, largesse 
and revenge, set amid the ruins of 
civilisation. More can be done to 
create narratives that accommodate 
a range of self-reported aspirational 

virtues across the political spectrum, 
in ways that are cohesive with an 
overall just transition.11 Storytelling 
that focuses on multiplying domains 
of agency also entails interventions 
beyond representational techniques 
altogether, transforming the materi-
al contexts in which people seek to 
exercise agency.

WHAT’S WRONG WITH A LITTLE APOCALYPSE?
Are experts sometimes overly wary of apocalyptic connotations?

For reasons described in the previ-
ous section, apocalyptic framing and 
imagery should be used with care. 
Moreover, it can be difficult to narra-
tively reconcile tipping points with 
the Paris Agreement target of 1.5 
degrees. As already mentioned, with 
regards to action, there is no contra-
diction at all. Reducing emissions as 
rapidly as possible will make cross-
ing tipping points less probable, and 
will make it more likely to stay under 
the 1.5 degrees threshold. But with 
regards to storytelling, it may often feel 
simpler to give your audience one or 
the other to focus on.

However, experts can also stray 
into different problems when they 
are too averse to apocalyptic associ-
ations. Consider another example 
from the AR6 WG1 report that in 
trying to distance itself from apoc-
alyptic storytelling, in style, gets se-
mantically tangled up.

In summary, while there is a strong 
theoretical expectation that Amazon 
drying and deforestation can cause a 
rapid change in the regional water 
cycle, currently there is limited model 
evidence to verify this response, hence 
there is low confidence that such a 
change will occur by 2100.
(Masson-Delmotte et al. 2021)

Firstly, there is an ambiguity 
about the word ‘change’ in the last 
sentence: does it refer to Amazon 
deforestation on the whole, or to 
the regional water cycle (the two are 
also connected, so the uncertainty 
is not just linguistic but epistemo-
logical — would one cause another, 
and how to interpret ‘a strong the-
oretical expectation’ that it would, 
despite being told that such changes 
are implausible)? It seems that the 
epistemological uncertainty over 
the mechanism for change is low 
(the theoretical understanding of 
the process is solid) while modelling 
uncertainty is high and evidence is 
lacking, and as a result there is low 
confidence about the risk of a rap-
id undesirable change. And how to 
interpret this? How should we feel 
as a result of reading this sentence? 
What are the appropriate ethical or 
judgment responses?

It is also worth noting that cata-
clysmic storytelling around tipping 
points preceded their acceptance 
within academic circles. The nar-
rative about tipping points within 
dominant climate science is rela-
tively recent, emerging around 2005. 
Previously it was considered “too 
alarmist for proper scientific circles” 
(Russill and Nyssa 2009), although 

there was earlier scientific explora-
tion of large-scale discontinuities, 
especially associated with warming 
in excess of 2 degrees. Russill and 
Nyssa (2009) found the timeline 
disconcerting, asking, “Should we 
draw any conclusions from the fact 
that popular discourse on tipping 
points precedes use of the concept 
in peer-reviewed climate change sci-
ence?” But we might also then ask: 
should we be worried about travel-
ling by air, or using touch screen de-
vices, simply because these practices 
appeared in science fiction before 
they became reality? ‘Tipping points’ 
are an example of diegetic prototyp-
ing (Kirby 2010), whereby an idea 
arrives from the popular imagination 
to aid the development or articula-
tion of technology or science — in 
this case, the science of climate risk 
modelling.

The tipping point metaphor is an 
example of the less common reverse 
journey, beginning as a rhetorical 
device to communicate the dangers 
of abrupt climate change to the public 
(in 2005–2007) and then develop-
ing into a theory-constitutive meta-
phor in the climate sciences (2007 
onwards). While the exegetical func-
tion of the metaphor aims at explain-
ing the underlying process to others, 
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in the theory-constitutive phase, the 
metaphor starts shaping a subdomain 
of climate science.
(van der Hel, Hellsten, and Steen 
2018)

Tipping points are now a lot 
more prominent in both popular 
and scientific cultures. The context 
in which we communicate changes 
rapidly; if it was perhaps true that 

in the early 2000s that “[t]he desire 
to increase public urgency is driving 
the mainstreaming of tipping points 
in climate change communication, 
not the reporting of peer-reviewed 
research” (Russill and Nyssa 2009), 
then the scientific research in the 
last decade has matured consider-
ably. However, their research poses 
questions that are still relevant today, 

especially since ‘climate anxiety’ has 
entered mental health professionals’ 
list of symptoms: “Do tipping points 
induce unwarranted anxiety and 
perhaps fatalism […], or, on the oth-
er hand, do they help correct for the 
‘false sense of security’ produced by 
smooth projections of change, which 
can lull society into inactivity?” 
(Clayton 2020; Thompson 2021).

WHERE DO WE TALK ABOUT CLIMATE RISKS SUCH AS TIPPING POINTS?
Climate storytelling tends to be siloed, which reduces its impact. 
How can we help to spread it more widely through our cultures?

Science fiction across various forms 
(literature, movies, games, etc.) has 
a long history with climate change 
themes, and provides one key cultural 
context for communicating climate 
risk. Here is a description of tipping 
points, from Fifty Degrees Below, a 
novel by Kim Stanley Robinson:

They had passed the point of critical-
ity, they had tipped over the tipping 
point in the same way a kid running 
up a seesaw will get past the axis 
and somewhere beyond and above 
it plummet down on the falling 
board. They were in the next mode, 
and coming into the second winter of 
abrupt climate change.
(Robinson 2006)

This passage is also quoted by van 
der Hel, Hellsten, and Steen (2018) 
who are interested specifically in the 
physicality of the metaphor, notic-
ing that the “image of the earth on 
the edge of a cliff, only inches away 
from tipping over and falling into 
the abyss” is pervasive in all forms 
of communication. The research-
ers combed through a vast array of 
scientific papers, popular media and 

journalism around tipping points, 
and found four linguistic and discur-
sive archetypes:

“(1) In the climate sciences, the 
tipping point metaphor was first 
introduced from 2005 onwards as a 
rhetorical device, warning the public 
and scientific peers for abrupt and 
possibly irreversible changes in the 
climate system. This use of the meta-
phor is characterized by occasion-
ally clearly deliberate metaphorical 
language use explaining tipping 
points as motion in space.

(2) Meanwhile, journalists adopted 
and employed the notion of a tipping 
point in climate change as a meta-
phorical scientific concept with soci-
etal implications, also occasionally 
exhibiting features of deliberate 
metaphorical use.

(3) From around 2007, the tipping 
point phrase becomes popular as a 
theory-constitutive metaphorical 
model for research in the climate 
sciences.

(4) Finally, from around 2011, 
notions of tipping points in news 

media on climate change become 
used as conventionalized ideas and 
expressions for important impend-
ing change, no longer automatically 
drawing attention to the metaphori-
cal status of the phrase.” (van der Hel, 
Hellsten, and Steen 2018)

There is a lack of consensus about 
the relative roles of metaphors, sci-
entific information and narratives in 
terms of translating into actions, es-
pecially in the face of climate emer-
gency (De Meyer et al. 2020). What 
is clearly significant in this respect is 
one’s politics (Kahan 2012). Wheth-
er scientists like it or not, questions 
about politics and climate science 
will be asked. The inclusion of po-
litical considerations in discourse 
about effective climate communi-
cation partly reflects a frustration 
with the use of “the need for better 
public engagement” to distract from 
well-attested economic and political 
obstacles to effective climate action. 
Furthermore, the example, the ex-
tent to which political climate could 
influence science, especially mod-
elling results (one may question on 

The climate storytelling that does exist plays out against a 
background of intensive cultural production which undermines it 
and crowds out its perspectives and possibilities.
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this basis the extremely low value for 
climate sensitivity in Russian mod-
els) and their interpretations, has to 
be addressed in some constructive 
way. The more limited the scientific 
evidence the greater is the potential 
for the social and political back-
grounds to be reflected in the nar-
rative about climate risks. Assessing 
that influence can be tricky, since 
“the standard ways of using proba-
bilities to separate ethical and social 
values from scientific practice cannot 
be applied in a great deal of climate 
modeling, because the roles of val-
ues in creating the models cannot be 
discerned after the fact—the models 
are too complex and the result of too 
much distributed epistemic labor” 
(Winsberg 2012).

The production and circulation 
of this knowledge is also shaped 
by (among other things) structur-
al power and by the counterpower 
of social movements, such as Black 
Lives Matter and many others, which 
critically foreground the historical, 
economic and cultural politics of cli-
mate change. In this way the cultur-
al politics of climate change aspire 
to echo post-colonial discourse in 
“paying attention to histories of vul-
nerability and responsibility” (O’Ri-
ordan and Lenton 2013). Moreover, 
recent reframings of climate change 
in terms of extractivist and neocolo-
nial histories have not yet translated 
into the effort to redress these his-
torical injustices by cancelling debts, 
or providing proportionate level of 
support through grants for adapta-
tion and mitigation in developing 
countries — or what is referred to be 
the “compensatory justice” or pollut-
er-must-pay component of climate 
justice (Okereke 2010). The other 
important aspect of climate justice is 
“procedural justice”:

12  This is not to conclude that the tipping point discourse is always on the right side of anti-racist theory and practice. 
Consider the following passage that links tipping points to population growth (in Africa and Asia) and frantically calls for ‘dras-
tic action’: “The Earth is within decades of reaching an irreversible tipping point that could result in ‘planetary collapse,’ scientists 
warned yesterday. They called for drastic action, such as rapid curbs on population growth, to prevent food supplies being threat-
ened by major changes to farming caused by climate change. (Dalton, 2012)” in (van der Hel, Hellsten, and Steen 2018).

Despite the elevation of certain 
‘methods and prescriptions in our 
epistemologies’ and the increasingly 
‘scientized veneer’ of modern climate 
debate, it is well known that deci-
sions on targets, metrics, emission 
counting methodologies, and report-
ing systems all involve both technical 
and political considerations. Hence, 
figuring out how to ensure broad and 
effective participation of all countries 
in the decision-making process repre-
sents another important dimension of 
justice in the climate regime.
(Okereke 2010)

O’Riordan and Lenton (2013) 
propose that “six features — global 
pervasiveness, uncertainty, inter-
dependency, the reverberations of 
history, interdisciplinarity, and tem-
porality — form the cultural foun-
dation on which media engagement 
with climate change has developed 
and will continue to unfold.” Yet one 
perennial problem with climate risk 
communication is that it is usual-
ly so clearly identifiable as climate 
risk communication, or nearby dis-
courses like apocalyptic or superd-
isaster narratives, or science fiction 
(especially subgenres such as cli-fi 
or solarpunk). Heavy-handed fram-
ing risks limiting the audiences who 
engage with it, limiting the variety 
of cognitive and affective resources 
with which climate risk is construed, 
and limiting the proliferation of ac-
tion-based storytelling. At the same 
time, the climate storytelling that 
does exist plays out against a back-
ground of intensive cultural produc-
tion which undermines it and crowds 
out its perspectives and possibilities. 
It is even tempting to indulge in 
dubious fantasies of controlling all 
the stories that are told, to ensure 
full-bandwidth climate messaging. 

Setting aside the ethically unten-
able presuppositions of such fan-
tasies, they also miss the point: the 
aim should be to encourage climate 
action themes to spread through-
out culture and to hybridise with its 
preexisting variety in ways that are 
surprising, generative, and perhaps 
sometimes discomfiting — even to 
lose control of the messages. In this 
spirit, there are strategies that poli-
cymakers, third sector, environmen-
tal activists and creators, and other 
stakeholders might explore to help 
break climate storytelling out of its 
traditional well-marked boxes.

But Okereke’s procedural justice 
also requires representation not just 
in the decision-making process or the 
cultural contexts which broadly in-
form it, but also in the production of 
knowledge that feeds it, especially if 
the knowledge is deeply uncertain.12 

The next sections begin to explore 
how tipping points, and other kinds 
of deep uncertainty, tend to expose 
the polycentric character of knowl-
edge. All knowledge is distributed 
across specific knowing persons (and 
the technological systems in which 
they are embedded). Knowledge 
about climate change, for example, 
is embedded across a vast variety of 
different perspectives, values, inter-
ests, and levels and forms of power, 
all of which inform the nature of that 
knowledge. So if deep uncertainty is 
understood as a lack of agreement 
about how to model a system, it raises 
the question of who has been invited 
to agree in the first place — the ques-
tion of whose voices count.

https://www.tandfonline.com/doi/full/10.1080/17524032.2017.1410198#
https://www.zotero.org/google-docs/?HXJW0X
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TIPPING POINTS AND THE IPCC MODEL ENSEMBLE
Do tipping points come with cultural baggage that constrains their integration into 
climate policy?

13  IPCC AR6 WGI report notes that abrupt changes do show up in ensemble simulations but very rarely and corre-
late with less plausible scenarios and narrow regions of parameter space: “At the regional scale, abrupt changes and 
tipping points, such as Amazon forest dieback and permafrost collapse, have occurred in projections with Earth System 
Models (Drijfhout et al., 2015; Bathiany et al., 2020; Chapter 4, Section 4.7.3). In such simulations, tipping points occur 
in narrow regions of parameter space (e.g., CO2 concentration or temperature increase), and for specific climate back-
ground states. This makes them difficult to predict using ESMs relying on parameterizations of known processes.”

Action is the focus with which 
Chatham House, the well-respected 
UK policy think tank, introduces 
tipping points in its 2021 Climate 
Change Risk Assessment (Quig-
gin et al. 2021). Overall, the brief-
ing paper is an exemplary piece of 
communication, whose expression 
and organisation is lucid, detailed and 
punchy. However, the paper tends not 
to communicate uncertainty infor-
mation. At least, it avoids using the 
word ‘uncertainty,’ except for a few 
occasions — and tipping points is not 
one of them.

Ice sheets are crucial for the stability 
of the climate system as a whole, and 
are already at risk of transgressing 
their temperature thresholds within 
the Paris range of 1.5°–2°C. A 
domino-like effect has recently been 
identified between various tipping 
points, which can lead to abrupt 
non-linear responses. Tipping point 
cascades (two or more tipping points 
being initiated for a given temper-
ature level) have been identified in 
more than 60 percent of simulations, 
for which the initial trigger is likely 
to be polar ice sheet melting, with the 
Atlantic Meridional Overturning 
Circulation (AMOC) acting as a 
mediator transmitting cascades.
(Quiggin et al. 2021)

Notice the firm, guardedly urgent 
tone of phrases like “already at risk,” 
“has recently been identified,” and 
“identified in more than 60 per cent 
of simulations.” There is some im-
portant implied uncertainty here, e.g. 
“60 percent of simulations” sounds 
like something to be worried about 
(especially given the magnitude of 
the impact), but it is nowhere near 
certitude. But what kind of uncer-
tainty is it? Readers might reason-
ably mistake “60 percent of simula-
tions” as referring to the main IPCC 
projections, e.g. those used to calcu-
late the carbon budget. In reality tip-
ping points occur in such projections 
rarely if at all13.

Processes that change on long times-
cales—particularly AMOC, ocean 
heat content, and ice sheets—require 
additional projections beyond the 
CMIP scenarios to explore longer 
term commitment, post-forcing 
recovery measured in centuries rather 
than years or decades, and potential 
tipping points and thresholds. There 
were only a few new studies focussed 
on longer timescales and none based 
on CMIP6 models.
(IPCC AR6 WGI)

The study (Wunderling et al. 2021) 
cited as a reference, by contrast, cre-

ates more space for considering un-
certainty. It takes as its premise that 
these high-profile IPCC models are 
not able to adequately capture tip-
ping point dynamics. Tipping point 
dynamics “cannot be fully analysed 
with state-of-the-art Earth system 
models due to computational con-
straints as well as some missing and 
uncertain process representations of 
certain tipping elements” (Wunder-
ling et al. 2021). Due to this epis-
temological uncertainty, the study 
instead adopts a conceptual network 
model. This is constructed based on 
expert judgements about plausible 
interactions that might trigger tip-
ping points. Such models are suit-
able for exploring consequences of 
different scientific beliefs that are 
not amenable to other methods.

This is not to say that the authors 
of the Chatham House article are 
sweeping anything under the car-
pet. But they have made the prag-
matic decision not to lead with the 
distinction between tipping point 
conceptual network modelling (and 
its uncertainties) and other sorts of 
climate modelling (and their un-
certainties). This communicative 
strategy can be read as symptomat-
ic of the topic’s lingering awkward 
associations, both in terms of the 

The IPCC definition of “low-likelihood, high-impact outcome”  
deserves to be closely examined. Might this term mislead non-experts?
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discursive shaping of tipping points 
within popular culture (see previous 
section), and the perceived authori-
ty of conceptual network models vs. 
Earth Systems Models (which in 
turn reflects a lack of strong narra-
tives around model reliability, their 
groundness in data and experimental 
evidence; see next chapter).

It is worth exploring ways of 
conceptual model techniques much 
more richly into climate deci-
sion-making, especially as part of a 
shift toward more holistic and par-
ticipatory frameworks. However, 
the IPCC has yet to figure out how 
to deal satisfactorily with the more 
speculative character of such ap-
proaches (for example, Wunderling 
et al. 2021 does not appear in the 
thousands of articles consulted and 
synthesised); the AR6 contents itself 
with describing evidence for tipping 
point as “limited” and “characterised 
by deep uncertainty”:

There is limited evidence for 
low-likelihood , high-impact 
outcomes (resulting from ice sheet 
instability processes characterized by 
deep uncertainty and in some cases 
involving tipping points)
(IPCC WGI AR6 2021).

Excerpts from meeting notes on 
the approval of text for the IPCC 
AR6 WGI Summary for Policymak-
ers offer insight into the politics of 
discussing deep-uncertainty events, 
as well as the limitations to the ca-
pacity of political forces to subvert a 
scientific process:

‘C.3: This subsection addresses 
low-likelihood outcomes. On the 
Headline Statement on low-like-
lihood outcomes being impossible to 
rule out and being part of risk assess-
ment, in di a  objected to such spec-
ulative language. s au di ar abi a 
said the uncertainty was unhelpful. 
denm ar k, supported by norwa y, 
lux embourg, ger m an y, s ain t 
k i t t s  a n d  n e v i s ,  m e x i c o , 
fr a nce, and spa i n, underscored 
that low-likelihood high-impact 
events are highly policy-relevant. 
Several countries requested specify-
ing “tipping points,” and denm ar k, 
luxembourg, and the uk requested 
further examples, such as Amazon 
diebacks. japa n  preferred “risk to 
be considered” or “risk” over “risk 
assessment.”

‘C.3.2: On this paragraph dealing 
with occurrence of low-likelihood, 
high-impact outcomes in all GHG 

emissions scenarios, delegates called 
for: inclusion of quantitative infor-
mation; more specificity regarding 
levels of probability in the different 
scenarios; and addition of levels of 
confidence. During discussion, the 
paragraph was revised to: note like-
lihood that, high-impact outcomes 
“could” occur, rather than “may;” 
specify the reference to tipping points 
“of the climate system”; and add 
forest dieback as another example of 
abrupt response. The paragraph was 
approved after the authors clarified 
that “cannot be ruled out” is the best 
estimate that can be given since no 
actual likelihood assessment can be 
made for issues with deep uncer-
tainty such as a strongly increased 
Antarctic Ice Sheet melt.’
(Bansard and Akanle Eni-ibukun, 
n.d.)

Several things can be inferred. 
Politics clearly is a factor. Uncertain-
ty is disliked, at least in this case: it 
is found objectionable and unhelp-
ful. Quantitative information is pre-
ferred, although the scientists can 
and do push back, refusing to pro-
duce numbers where only words are 
valid.

COMMUNICATING AROUND DEEP UNCERTAINTY
Tipping points pose special challenges for climate communication. 
How do we address the deep uncertainty around tipping points?

The forecasting of tipping points, 
and even the observation of tipping 
points that may be underway, is 
associated with deep uncertainty. 
The IPCC state that “[e]stablishing 
links between specific GWLs (global 
warming levels) with tipping points 
and irreversible behaviour is chal-
lenging due to model uncertainties 
and lack of observations, but their 
occurrence cannot be excluded, and 
their likelihood of occurrence gener-
ally increases at greater warming 

levels” (IPCC AR6 WGI, 2021). 
They further emphasise that “[i]t is 
not currently possible to carry out a 
full assessment of proposed abrupt 
changes and tipping points in the 
biogeochemical cycles,” and suggest 
that the potential for improving such 
assessments in the future is limited 
because “[t]he rare nature of such 
events and the limited availability 
of relevant data makes it difficult to 
estimate their occurrence probability” 
(IPCC AR6 WGI 2021).

The term deep uncertainty does 
not have a precise and universally ac-
cepted definition. It may be under-
stood as characterising problems or 
situations whose uncertainty cannot 
be quantified, cannot be quantified 
given available resources or data, and/
or whose quantification is not desir-
able. Under deep uncertainty, there is 
no authoritative model that captures 
all the relevant driving forces and 
their relationships — perhaps be-
cause there is not enough knowledge 
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about the processes or parameters to 
build such a model, or perhaps be-
cause there are multiple inconsist-
ent models (Lempert, Popper, and 
Bankes 2003).14 Deep uncertainty is 
also intrinsically linked to themes of 
participatory governance and just 
climate transition.

Strictly speaking, a tipping point 
refers to a point at which a system 
reorganises, often abruptly and/
or irreversibly. Low probability or 
deep uncertainty per se are not what 
characterise the tipping point con-
cept (even though the major climate 
tipping points of concern have these 
features, in other areas of science 
such as epidemiology tipping points 
are more predictable), but rather this 
dynamic of reorganisation which is 
rapid and/or irreversible. It is im-
portant to remember this, in order 
to appreciate the IPCC’s approach 
to tipping points, especially how 
tipping points overlap with what 
the IPCC calls ‘low-likelihood, 
high-impact outcomes.’ Not all 
low-likelihood, high-impact out-
comes involve tipping points, as this 
quotation demonstrates (our em-
phasis):

There is limited evidence for low-like-
lihood, high-impact outcomes (result-
ing from ice sheet instability processes 
characterized by deep uncertainty 

14 In this sense, the concept of deep uncertainty overlaps somewhat with that of wicked problems (Rittel and Webber 1973).

15 We note the linguistic ambiguity of the phrase “there is limited evidence.” Should reading such a sentence make 
one adjust one’s perception of risk upward or downward? The intended sense in the quoted passage is that you should 
adjust it upward slightly: there is evidence for x, although this evidence is limited. But an alternative interpreta-
tion might be that the statement is a tacit refutation of x, loosely speaking: “Given the large efforts made to show that 
x is the case, and the still small amount of evidence in favor of x, in our opinion x is probably not the case.”

16 The tipping points explored in this chapter thus fall into the category of ‘unknown risks’ — risks 
that are undertaken involuntarily, whose consequences are delayed, and which seem not fully known to 
science — factors that have been shown to increase risk sensitivity (Fischhoff et al. 1978).

and in some cases involving tipping 
points) that would strongly increase 
ice loss from the Antarctic Ice Sheet 
for centuries under high GHG emis-
sions scenarios.15

(AR6 WGI 2021)

The IPCC definition of “low-like-
lihood, high-impact outcome” 
deserves to be closely examined. 
Might this term mislead non-ex-
perts? Might it distort the discourse 
around tipping points? According 
to the IPCC, the term “low-likeli-
hood high-impact” should be used 
of events or outcomes whose

probability of occurrence is low or 
not well known (as in the context of 
deep uncertainty) but whose poten-
tial impacts on society and ecosystems 
could be high.
(AR6 WGI Annex VII, 
emphasis added).

When asked the probability that 
a low-likelihood high-impact event 
will occur, a reasonable respondent 
might well answer, “Obviously the 
probability is low!” They may add 
that it’s still worth worrying about. 
By contrast, what reasonable person 
would guess that the probability of 
a “low-likelihood high impact” event 
occurring is not actually “low” — but 
rather “low or not well-known”! A 
closely-related slippage of mean-

ing may also occur, especially when 
communicating with policymakers 
or the public: when an expert de-
scribes an event as being of low like-
lihood, audiences may reasonably 
infer that the expert is confident that 
an assessment of probability could 
be made.16

It is also important to recognise 
that the science and evidence around 
each different tipping element is very 
different, and undergoing evolution. 
It is true that the field as a whole of-
fers many forms of deep uncertainty. 
But we should be careful not to con-
flate all these uncertainties, nor to 
forget where potential tipping points 
have been investigated and ruled out, 
rather than filed under “deeply un-
certain.” For example, consider the 
distinction the IPCC draws between 
Arctic and Antarctic ice: “There is 
no tipping point for this loss of Arc-
tic summer sea ice (high confidence)” 
(AR6 WGI 2021), whereas Antarc-
tic ice is considered a low-likelihood 
high-impact risk due to instability of 
the West Antarctic Ice Sheet.

Nor should we jump to conclu-
sions about a given deep uncertain-
ty being permanent; one relevant 
example here might be statistical 
time series analyses, which some 
research suggests may allow obser-
vational detection of “early warning 
signals,” where a certain tipping el-

Sometimes (a little paradoxically) uncertainty 
can simplify the task of communication.
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ement has lost stability and may be 
approaching a tipping point (Boers 
2021).17 The broad point here is that 
when we communicate about tip-
ping points, conveying uncertainty 
must not mean downgrading them 
to speculative storytelling.

Standard Earth System Mod-
els can still be useful in identifying 
and investigating tipping points. The 
models that were downweighted in 
the CMIP6 50 model ensemble, be-
cause they appear to be less plausible, 
can actually be useful in constructing 
narratives around tipping points:

A real-world ECS higher than the 
assessed very likely range (2°C – 5°C) 
would require a strong histori-
cal aerosol cooling and/or a trend 
towards stronger warming from 

17 However, other studies have indicated that due to the stochastic behaviour of tipping points,  
such as AMOC, detection of warning signs is not possible (Ditlevsen and Johnsen 2010).

positive feedbacks linked to changes 
in SST patterns (pattern effects), 
combined with a strong positive cloud 
feedback and substantial biases in 
paleoclimate reconstructions — each 
of which is assessed as either unlikely 
or very unlikely, but not ruled out. 
Since CMIP6 contains several 
ESMs that exceed the upper bound 
of the assessed very likely range in 
future surface warming, these models 
can be used to develop low-likelihood, 
high warming storylines to explore 
risks and vulnerabilities, even in the 
absence of a quantitative assessment 
of likelihood
(IPCC AR WGI 2021).

Because of their complexity and 
deep uncertainty, tipping points 
pose special challenges for com-

munication. Yet at the same time, 
tipping points give us some of the 
most straightforward messages we 
are likely to find anywhere in cli-
mate science. We must reduce net 
carbon emissions to zero as rapidly 
as possible. We must build resilience 
around the world as rapidly as possi-
ble. Sometimes (a little paradoxical-
ly) uncertainty can simplify the task 
of communication. Because trigger 
thresholds usually cannot be known 
with confidence, and because the 
impacts would be catastrophic, de-
ciding what to do using cost-benefit 
logic becomes crystal clear: as much 
as we can, with everything we have. In 
some respects, we are saved the com-
plexity of the question: but will it be 
enough?

“PARTICIPATORY UNCERTAINTY”
Low-likelihood high-impact outcomes deserve further study,  
but our best response is a just and participatory transition

There are many good reasons to 
change how we think, and how we 
communicate, about low-likelihood 
high-impact events. We can reject the 
priority of quantitative reasoning over 
qualitative, emphasise conceptual 
models over Earth Systems Models, 
and emphasise participatory deci-
sion-making under conditions of deep 
uncertainty. These considerations are 
relevant throughout this Toolkit, but 
especially when it comes to tipping 
points.

Deep uncertainty has been used to 
describe situations where “analysts 
do not know, or the parties to a 
decision cannot agree on, (1) the 
appropriate conceptual models that 
describe the relationships among the 
key driving forces that will shape the 
long-term future, (2) the probability 

distributions used to represent 
uncertainty about key variables 
and parameters in the mathematical 
representations of these conceptual 
models, and/or (3) how to value the 
desirability of alternative outcomes”
(Lempert, Popper, and Bankes 
2003).

This definition has the benefit of 
clarifying what deep uncertainty is. 
However, it does make it impossi-
ble to definitively say where deep 
uncertainty begins and ends. Deep 
uncertainty tends to draw in other 
forms of uncertainty. For example, 
ambiguity may also be relevant, in-
sofar as parties might believe them-
selves to agree or to disagree, but be 
mistaken about the state of consen-
sus. Currency may also be relevant, 
insofar as values and beliefs change 

over time. Even if everyone who is 
involved can agree today, beliefs can 
diverge tomorrow.

More loosely speaking, when we 
take the perspective of deep uncer-
tainty, we are reminding ourselves to 
have epistemological humility. We 
are recognising that, however good 
we get at thinking about uncertain-
ty, reality is full of surprises: “the 
long-term future may be dominat-
ed by factors that are very different 
from the current drivers and hard to 
imagine based on today’s experienc-
es” (Lempert, Popper, and Bankes 
2003).

So for almost any domain (per-
haps any domain), deep uncertainty 
becomes a lens which may be used. 
When some decision seems to be de-
murely contained within neat models 
to everybody’s satisfaction and de-
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light, it is simple to reintroduce deep 
uncertainty merely by expanding the 
scope of ‘everybody’ — to include, for 
example, the participation of those 
with profoundly different political or 
ethical views. But for some domains, 
including tipping points, deep un-
certainty is something else: a lens 
which cannot reasonably be refused. 
And for such domains, we might 
speak of “operating under conditions 
of deep uncertainty.”

Deep uncertainty resists quanti-
fication and any type of modelling, 
even loose conceptual modelling. 
However, many measures have been 
suggested to accommodate deep 
uncertainty. Among the most im-
portant are:

• improving the participatory, 
deliberative, and democratic 
qualities of decision-
making processes18;

18 We would also add a less-well-known term, “agonistic.” Agonism is used by democratic theorists to describe participatory 
processes that express (or “sublimate”) real social conflicts, rather than disguise those conflicts under a pretense of rational repre-
sentative and/or participatory consensus. However, agonism also requires that adversaries are not merely competitors, but deeply and 
materially acknowledge and support one another’s legitimacy in the participatory process, implying strong limits as to how far they 
would go to score a political win. “While antagonism is a we/they relation in which the two sides are enemies who do not share any 
common ground, agonism is a we/they relation where the conflicting parties, although acknowledging that there is no rational solu-
tion to their conflict, nevertheless recognize the legitimacy of their opponents. They are ‘adversaries’ not enemies” (Mouffe 2005).

• improving equity to build 
generic resilience;

• exploring ways to make decisions 
more flexible to adapt to new 
information as it arises; and

• finding ways to challenge our 
presuppositions about the 
parameters of the decision 
space, and to discover new 
potential pathways.

These are overlapping and mu-
tually reinforcing. They further im-
ply that quantification can still be 
helpful under conditions of deep 
uncertainty, so long as it is explor-
atory, and used to clarify reasoning 
and keep questions open — not shut 
them down or put precise price tags 
on uncertainties. In this way, deep 
uncertainty has inspired new ways 
of using probability theory in de-
cision support, such as the Robust 
Decision Making model (RDM) 

approach. This can include the delib-
erative integration of multiple plau-
sible probability distributions, based 
on expert, stakeholder, and/or group 
judgments.

There are at least four broad ra-
tionales to address deep uncertainty 
by improving participatory deci-
sion-making: informational (partic-
ipatory processes acknowledge that 
expertise may be generated not 
only by accredited experts but by 
all); behavioral (participatory pro-
cesses improve societal buy-in and 
mitigate against societal backlash); 
anticipatory (participatory process-
es go hand-in-hand with broader 
socioeconomic equity that has been 
shown as a form of resilience in its 
own right); and existential (partici-
patory processes can distribute more 
widely the moral responsibility for 
actions whose outcomes are deeply 
uncertain).

Deep uncertainty has been used to describe situations 
where “analysts do not know, or the parties to a decision 

cannot agree on, (1) the appropriate conceptual models 
that describe the relationships among the key driving 

forces that will shape the long-term future, (2) the 
probability distributions used to represent uncertainty 

about key variables and parameters in the mathematical 
representations of these conceptual models, and/or (3) 

how to value the desirability of alternative outcomes”
(Lempert, Popper, and Bankes 2003).
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VISUALISING DEEP UNCERTAINTY
Can deep uncertainty be visualised, or perhaps perceptualised in innovative ways?

One of the promising options to 
communicate the systemic risks poten-
tially hidden at the tails of the distribu-
tions is Figure 2. Here the low risk does 
not fade to the safety of zero but turns 
into something potentially worse, a 
whiteness that feels hot and dangerous, 
perhaps because it invokes a seman-
tic metaphor for lightning — white 
hot explosion of plasma that reaches 
27,000ºC, hotter than the sun. That is 
the region where risk is labeled ‘unde-
tectable’ invoking the concept of deep 
uncertainty (van der Hel, Hellsten, and 
Steen 2018).

More commonly, deep uncertainty 
resists visualisation just as much as it 
resists quantification and modelling. 
Visualisation is often used in science 
communication to convey uncertain-
ty information. There is evidence that 
visualisation of uncertainty affects 
many aspects of decision-making; for 
example, choices about the graphical 
presentation of hurricane forecasts 
have been shown to influence peo-
ple’s decisions on whether or not to 
follow evacuation orders. Even when 
graphics are not used, a user’s reason-
ing around a subject may nonetheless 

be influenced by both the visual pres-
entation of the information, and the 
kinds of imagery invoked in the user 
(whether deliberately or not). In this 
sense, the visual character of uncer-
tainty can be key to interpretation, 
decision-making, and action. But deep 
uncertainty offers serious challenges 
to visualisation:

First, it is assumed that uncertainty, or 
at least uncertainty of interest, is both 
knowable and identifiable. Similarly, 
to be visualized, uncertainty must be 
quantifiable, such as through statis-
tical estimates, quantitative ranges, 
or qualitative statements (e.g., less or 
more uncertain). Moreover, evalua-
tions define effectiveness as an abil-
ity to identify specific uncertainty 
values, which assumes that identi-
fying specific uncertainty values is 
useful to decision-makers and that the 
values of interest can be quantified. 
Lastly, there is an assumption that the 

quantification of uncertainty is bene-
ficial, applicable to the decision task, 
and usable by the decision-maker, 
even if users do not currently work 
with uncertainty in that way. These 
assumptions pose a challenge for visu-
alizing uncertainty to support deci-
sion making under deep uncertainty, 
where quantification of uncertainty 
is not possible or necessarily desira-
ble. In this way, current approaches 
to uncertainty visualization are more 
normative in nature, reflecting what 
researchers think decision-makers need 
to know about uncertainty.
(Deitrick and Wentz 2015)

Dynamic visualisations and inter-
active media may be promising, in-
sofar as interactive media can incor-
porate their own nonlinear dynamics 
suggestive of the deep uncertainties of 
climate risk, and can also act as aids 
in participatory processes involving 
many different stakeholders. The de-
velopment and use of such tools do 
bring their own special considerations 
vis-a-vis equity and a just transition to 
sustainable society. Challenges around 
filtering and prioritising climate risk 
communications are pertinent, as 
communication is likely to multiply 
and diversify in the years ahead, as 
transition becomes more central to 
more societies. Exploring these issues 
in any detail is outside of the scope of 
this Toolkit, but we suggest that useful 
perspectives may be discovered in the 
literature on structured elicitation as 
well as in the fields of the philosophy 
of science and technology and critical 
data studies, particularly work on met-
ric power and algorithmic governmen-
tality. Democratic theory, e.g. high lev-
el conceptualisations of deliberative vs. 
agonistic democracy (Mouffe 2005), is 
another important source.

Bar chart with risk represented via colour 
purple: high risk; red: medium risk; white: unknown risk.

Cumulative distribution function
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Probability
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center line = median (50% percentile)
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Figure 2. Visualising probabilities and risk.
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INTRODUCTION
The IPCC AR6 WGI report represents an extraordinary challenge  
for climate risk communication.

Three working groups are responsible 
for AR6, each looking at a different 
aspect of climate change: The Physical 
Science Basis (AR6 WGI); Impacts, 
Adaptation, and Vulnerability (AR6 
WGII); and Mitigation of Climate 
Change (AR6 WGIII). There is also 
a Task Force on National Green-
house Gas Inventories. In this case 
study we look at The Physical Science 
Basis (AR6 WGI) (AR6 WGI 
2021). Specifically, we dive into the 
Summary for Policymakers (SPM) 
(IPCC WGI et al. 2021), and the new 
online visualization tool — the IPCC 
WGI Interactive Atlas — that offers 

novel ways to explore climate change 
projections on flexible spatial and 
temporal scales (Iturbide, Maialen 
et al. 2021). 

The SPM represents an extraordi-
nary challenge for climate risk com-
munication. The complete AR6 WGI 
report is based on an assessment of 
over 14,000 scientific publications 
on topics like greenhouse gases and 
aerosols in the atmosphere; temper-
ature changes in air, land, and ocean; 
the hydrological cycle and changing 
patterns of rain and snow; extreme 
weather events; the behaviors of gla-
ciers and ice sheets; oceans and sea 

level rise; biogeochemistry and the 
carbon cycle; and climate sensitivity. 
The report runs to nearly 4,000 pages, 
which the SPM shrinks to just forty. 

In this chapter we look at the 
principles, strengths and weaknesses 
of how the new IPCC report com-
municates uncertainty, with some fo-
cus on the SPM. Expressions of con-
fidence are attached to many kinds of 
statements in AR6 WGI, but since 
the vast majority of findings relate to 
modelling, we focus here on model 
uncertainty. The next section out-
lines three major sources of uncer-
tainty in model-based projections. 

i
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AR6 AND  
MODELLING UNCERTAINTYChapter 4

Decision-makers without an understanding of the 
uncertainty in a forecast may be underinformed, 
placing undue levels of confidence in a forecast.

https://www.zotero.org/google-docs/?nU3dnU
https://www.zotero.org/google-docs/?nU3dnU
https://interactive-atlas.ipcc.ch/
https://interactive-atlas.ipcc.ch/
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Another motivation for engaging 
with model uncertainty is that pub-
lic discourse on this topic is relatively 
weak. It is a difficult subject (despite 
being now a bit more familiar to the 
public, because of recent coverage 
of epidemiological models by the 
mainstream media), and is relatively 
easily exploited by climate deniers. 
So it is essential to consider ways we 
can build a narrative about model 
uncertainty in order to sustain cred-
ibility, trust, and action on climate. 
We will hone in on model uncer-
tainty, exploring a range of models 
in the AR6 ensemble; how they and 
other models are evaluated (and the 
challenges in doing so); and a range 
of interrelated geographical and so-
cioeconomic disparities. 

Then we turn to strategies of 
communication, including language 
choice, visualisation, and the inter-
active tools of the AR6. The IPCC 
is known for its efforts to encourage 
communication of uncertainty, in-
cluding standardised terminology 
(although not yet for modelling), and 
consistent visualisation conventions 
(although only in the more wide-
ly-read sections). Challenges clearly 
remain (Budescu, Por, and Broomell 
2012; van der Bles et al. 2019; Dieck-
mann et al. 2017). For example, a look 
at some of the figures deep in the AR6 

WGI report makes it clear that not 
all authors have followed good prac-
tice on visualisations. There are other 
inconsistencies and choices in design 
‘language’ that are problematic. 

For example, in some figures in 
the AR6 WGI report, hatched lines 
indicating model disagreement are 
overlaid on top of colour-coded 
values (Figure 1). However, at oth-
er times the areas that are uncertain 
are left colour-free (Figure 2). This 
invites different interpretations: in 
the colour version, the results might 
be interpreted as informative but 

uncertain, whereas entirely remov-
ing the colour conveys that reliable 
regional predictions cannot be made. 
The lack of a consistent visual vocab-
ulary is not helpful to the audiences 
that need to relearn graphical con-
ventions for different figures. Visual-
ly, the colour-free option is also more 
legible (Figure 2). Overlaying the 
lines on the colour background make 
it very difficult to distinguish areas 
where the models agree from areas 
where they don’t (Figure 1). The in-
teractive Atlas (mostly) wisely opts 
for the blank background option. 

FOR ILLUSTRATIVE PURPOSES ONLY: Map does not display actual data!

Figure 1. Representing modelling uncertainty as hatched lines overlaid on top of the 
model-based predictions that are in colour makes it tricky to see where the modelling 
predictions are reliable and where they are not, as areas free of hatched lines are 
hard to notice. However, this type of representation of modelling uncertainty is the 
default option in the AR6 WGI report (print version).

Trust in climate models is also not independent of trust in 
other models; comparisons (fair or not) between complex 
climate models and complex economic models are often 
made. The inability of mainstream economic and financial 
modelling to predict the 2008 economic crisis was damaging 
to the trust people placed in models. Government decisions 
informed by epidemiological modelling during the Covid-19 
pandemic reinforced perceptions of a lack of independence 
between politics and modelling.
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Consistency is clearly to be pre-
ferred, all else being equal. Of course, 
there may sometimes be a rationale 
for tailoring conventions. The type 
of uncertainty representation cho-
sen should also take account of the 
expected size it would be viewed as. 

Representations of modelling un-
certainty are clearer in the interac-
tive online Atlas which, unlike the 
PDFs, is more likely to be viewed 
on smaller screens or mobile phones, 
Figure 2.

 

Beyond the observations of our case 
study here, research is needed to test 
the effectiveness of the IPCC’s strat-
egies to improve communication of 
uncertainty. For example, are authors 
really using uncertainty language 
consistently? How are such com-
munications being received by dif-
ferent users, and how easily can they 
translate their information into their 
own familiar frameworks (e.g. in risk 
management)? How effectively is 
uncertainty being communicated in 
visualisations and interactive tools? 
Do the conventions that have been 
devised and discussed with respect 
to a given data set behave the same 
when the data changes? Greater 
consistency and more testing would 
likely improve user comprehension 
of these visualisations.

The deeper question remains: how 
to translate these visualisations into 
meaningful information about the 
world? What would it feel like, for 
example, to live in the world predict-
ed by these snow projections (Figure 
2)? What would a ½ mm decrease in 
daily snow precipitation mean for my 
grandchildren as far as cross-coun-
try skiing or snow fights go? Would 
there be fewer days when they could 
make snow angels, would they miss a 
climate they did not know? 

SOURCES OF UNCERTAINTY IN MODELLING
There are at least three major types of uncertainty  
in model-based projection

There are many types of models 
in the AR6 WGI report. We first 
consider those in the ensemble — a 
set of Earth System Models that 
are run in parallel — to produce 
key projections for future climate 
under different emissions scenarios. 
Uncertainty in model based projec-
tions is described in the AR6 WGI 
as arising from three main sources:  

• model uncertainty, 
• internal variability, and 
• scenario uncertainty. 

Model uncertainty is also some-
times known as structural model 
uncertainty or scientific uncertainty. 
Knowledge may be lacking to choose 
between different theories of how 
something works, so different mod-
els reflect different understandings 

of the world. Different Equilibrium 
Climate Sensitivity (ECS) values 
emerge as a result of epistemologi-
cal uncertainties. Model uncertainty 
is related to model weighting; some 
models are downgraded for not 
performing well according to some 
criteria, usually in confrontations 
with observational data. Ideas of 
how to weigh models vary. One of 
the ways to filter models could be to 

Figure 2. Interactive Atlas example, representing modelling uncertainty.  
Source: the “Medium Term (2041-2060) SSP1 2.6 (rel. to 1981-2010)-Annual  
(27 models)” scenario. The darkest colour denotes a change of about-0.5mm per day. 

https://interactive-atlas.ipcc.ch/regional-information#
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require them to reproduce specific 
features that are related to risk, such 
as the weakening of the Atlantic 
Meridional Overturning Circulation 
system of currents (AMOC) that 
has been detected and that might 
be implicated in triggering tipping 
points. Models that don’t reproduce 
these observations could be argued 
to be unsuitable for assessing future 
risk of climate change as they are 
likely to underestimate them. 

Internal variability, by contrast, 
refers to modelled variability in cli-
mate behaviour (for example, the 
Atlantic Multi-decadal Oscillation 
(AMO), El Niño-Southern Oscilla-
tion (ENSO) or The Pacific Decadal 
Oscillation (PDO)). Other sources 
of variations might be traceable to 
exogenous events such as volcan-
ic eruptions (if modelled) or fluc-
tuations in energy received from 
the sun. Internal variability should 
mimic natural variability  — climate 
is a complex stochastic system and 

1 As stated in the AR6 WGI: “Internal variability is an irreducible source of uncertainty for mid-to-long-term projec-
tions with an amplitude that typically decreases with increasing spatial scale and lead time (Section 1.4.3; Section 
4.2.1). However, regional-scale studies show that both large- and local scale internal variability together can still repre-
sent a substantial fraction of the total uncertainty related to hydrological cycle variables, even at the end of the 21st 
century (Lafaysse et al., 2014; Vidal et al., 2016; Aalbers et al., 2018; Gu et al., 2018)” (AR6 WGI 2021).

many perturbations would still be 
there regardless of how much data 
we collect and how much better we 
are able to understand and model 
various processes.

Finally, scenario uncertainty 
refers to all the uncertainties con-
nected with future human action on 
mitigation. Additionally, many other 
sources of uncertainty that don’t fall 
into either of these three catego-
ries (e.g. some of those indicated in 
Chapter 5) may also be relevant.

The impact of these three forms 
of uncertainty on variability in pro-
jections depends on how far along 
into the future we are looking, on 
what spatial scale, and also what we 
are projecting (e.g. the hydrological 
cycle is an example where the in-
fluence of internal variability on the 
total uncertainty extends to long-
term projections, whereas usually 
internal variability is more influen-
tial on the spread in near-term).1 

Very generally: 

• Internal variability and initial 
conditions account for most 
of the uncertainty near the 
start of the forecast and persist 
throughout projections as an 
irreducible source of uncertainty. 
However, it diminishes over time, 
in most cases, as a proportion of 
the whole variability range, due 
to the growing prevalence of 
other sources of uncertainty. 

• Model uncertainty is important 
at all temporal scales, and 
generally grows over time.

• Scenario uncertainty has little 
influence at the beginning of 
the time series, but accounts for 
a substantial proportion of the 
variability in the long term. 

Two types of visualisations are 
helpful to communicate relative in-
fluence of these main types of uncer-
tainty (Figure 3).

Internal Variability Model Uncertainty Scenario Uncertainty
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Figure 3. The relative roles of different sources of uncertainty in projections 
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THE AR6 50 MODEL ENSEMBLE
We should always keep in mind not just what we are communicating,  
but who is producing the knowledge we communicate ...

2   The equilibrium values (ECS) are higher than the transient climate response (TCR) expected under the same models 
at the time of CO2 doubling (as opposed to after climate reaches a new equilibrium); for TCR, the upper value esti-
mated is 3°C as opposed to 5.6°C for ECS (see ECS values in Figure 4). From a policy perspective, if we are thinking 
decades ahead then the TCR is more relevant, if centuries then the ECS might be a better guide (Meehl et al. 2020). 

The AR6 uses an ensemble of 50 
main models, each of which imagines 
temperature responses to an increase 
in GHGs rather differently. They 
differ in spatial resolution: climate 
models divide the world into grid 
cells, the size of the cell can be coarse 
(100km length) or very fine (1km 
length). They differ with respect to 
exactly what and how they model. 
They differ with respect to who runs 
them, and on what computers. Some 
models describe climates very sensi-
tive to doubling CO2, others less so. 

Not all models are treated as 
equally plausible, so the more ex-
treme versions are given less of a say 
in the overall results. Figure 3 shows 
a histogram of equilibrium climate 
sensitivity (ECS) values from the 
50 model ensemble (data available 
from Mark Zelinka). These values 
correspond to how much warming 
each model would predict in a long-
term equilibrium if CO2 doubles.2 
The optimistic low values on the left 
are two Russian models (Schmidt 
2021), see also Figure 4. The 66% 
‘likely’ interval bar, above the his-
togram in Figure 4, refers to the in-
tegrated ECS distribution of all 50 
models (IPCC WGI et al. 2021). It 
shows the impact of downweight-
ing extreme models, as it clearly has 
lower variability than the histogram 

where all models have equal weight. 
If IPCC AR6 had treated all models 
as equally likely (i.e. had not used any 
model weighting) in its ensemble, its 
projections (as well as carbon budget 
calculations) would have come out 
much more uncertain.

The models are not strictly 
speaking independent; some of the 
models have many components in 
common, share chunks of code, are 
based around the same theoretical 
understanding of various processes 
shaping climates, or use the same as-
sumptions (Abramowitz et al. 2019). 
There are clusters — some models 
are more similar than others. All this 
complicates interpreting the ensem-

ble model mean, and raises concern 
that all models might be similarly 
biased.

It is important to keep in mind 
not only who we are communicat-
ing with but also who is producing 
the knowledge that is being com-
municated (van der Bles et al. 2019). 
The institutes that have produced the 
50 models are clustered in Europe, 
North America, and East Asia (see 
Figure 5). Location is significant, 
as the next section explores. The re-
gional disparity within the ensemble 
also exists in the larger set of models 
used across the whole of AR6 WGI.

IPCC AR6
CMIP6 climate models
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Figure 4. The 50 AR6 ensemble models are characterised by  
the equilibrium climate sensitivity parameter (ECS). 

It is important to keep in mind not only who we are 
communicating with but also who is producing  
the knowledge that is being communicated.

https://github.com/mzelinka/cmip56_forcing_feedback_ecs/blob/master/CMIP6_ECS_ERF_fbks.txt
https://www.zotero.org/google-docs/?0anGww
https://www.zotero.org/google-docs/?0anGww
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REGIONAL DISTRIBUTION OF MODELLING
If you’re modelling the whole world, does it matter where in the world you do it?  
It might …

More research institutions are devel-
oping and running climate models 
than was the case for AR5, but they 
are not representative. The world is 
large and detailed, and scientists are 
relatively few, fewer in some places 
than in others. Inequities in the 
distribution of funds available for 
research, training and data collection 
contribute to these regional dispari-
ties. Despite the fact that nearly 40% 
of the global population is expected to 

live in Africa by 2100 (INED 2019), 
there is a striking lack of models in 
the ensemble from African research 
centers. There are not only regional 
inequalities in the location of CMIP6 
institutions (Figures 5 and 6), but also 
in the availability of data, the scope 
for evaluating different models, and 
how informative modelling is for 
different regions.

Model development has advanced in 
the world, but Africa still lags as a 
focus and in its contribution (James 
et al., 2018). None of the current 
generation of general circulation 
models (GCMs) was developed in 
Africa (Watterson et al., 2014), and 
the relevant processes in the conti-
nent have not been the priority for 
model development but treated in 
a one-size-fit-all approach (James 
et al., 2018) except for a few studies 
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Figure 5. Locations of the institutes contributing to the CMIP6 modelling ensemble  
that produce projections for IPCC AR6 (data source). 
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that focused on convective-permit-
ting climate projections (Stratton 
et al., 2018; Kendon et al., 2019). 
However, there are growing efforts 
to boost African climate science by 
running and evaluating climate 
models over Africa (Endris et al., 
2013; Kalognomou et al., 2013; 
Gbobaniyi et al., 2014; Engelbre-
cht et al., 2015; Klutse et al., 2016; 
Gibba et al., 2019). 
(AR6 WGI 2021)

Decision-makers are often in-
terested in predictions for specific 
regions and for specific climate fea-
tures. Data and research-poor re-
gions are often the ones for which 
predictions are least informative. 
Yet these same regions are often the 
most vulnerable, while lacking both 
forecasts that could support decision 
making or means to implement ad-
aptation and risk mitigation meas-
ures. Such regions, Central Africa 
for example, are also the one with 
the least responsibility for the cli-
mate crisis. A lack of well-distribut-
ed models also poses the serious risk 
that some countries will encounter 
climate mitigation and climate ad-
aptation as an externally-imposed 

3   “In fact, when using observations for model evaluation, there are multiple examples where inter-ob-
servational uncertainty is as large as the inter-model variability” (AR6 WGI 2021).

4   “There is high confidence that an ensemble of multiple observational references at a regional 
scale is fundamental for model performance assessment”(AR6 WGI 2021).

agenda, an agenda freighted with 
neocolonial significance. 

Efforts, such as downscaling, are 
under way to improve regional fore-
casts. The new set of models used in 
AR6 is believed to be more robust 
in assessing future global surface 
temperature, ocean warming, and 
sea-level rise. In model evaluations, 
the new ensemble does better than 
the previous one on many criteria, 
but not on all. What does this mean 
for a more general audience? How 
do we synthesise and interpret the 
information on model performance 
when scientists themselves don’t in-
terpret performance metrics in the 
same way, or always agree on as-
sessments of model skill? If a mod-
el seems to perform well in some 
places but not in others, would the 
perceived importance (data richness) 
of one region over another influence 
our judgment of the overall model’s 
fitness? How can we strengthen nar-
ratives and communicative practices 
around uncertainty in model-based 
projections? And given that uncer-
tainty can reflect many viewpoints 
and plausible interpretations of the 
evidence being brought together, can 

we recognise the value of increasing 
uncertainty in some contexts?

Model evaluation, explored in 
more detail in the next section, is the 
practice of testing how well a mod-
el is performing. The challenges of 
model evaluation also vary region 
by region, in ways which also re-
flect colonial histories and existing 
socioeconomic inequalities. Padilla 
et al. (2021) imply that the need to 
communicate the reliability of mod-
elling may be especially strong where 
there are large humanitarian needs:

the humanitarian sector is increas-
ingly developing standard oper-
ating procedures for anticipatory 
action (Pichon, 2019), including 
impact-based risk assessments that 
require policymakers to under-
stand both geophysical and socioec-
onomic uncertainty (WMO, 2015; 
Forzieri et al., 2016; Taylor et al., 
2021). Decision-makers without an 
understanding of the uncertainty in 
a forecast may be underinformed, 
placing undue levels of confidence in 
a forecast (Fischhoff, 2012; Fischhoff 
and Davis, 2014). 
(Padilla et al. 2021)

EVALUATING MODELS
Climate models are complex, so they are also complex to evaluate

Lots of data means that the models 
will fit some historical observations 
and not others, at some geographical 
scales but not at others, sometimes 
preserving the expected patterns of 
correlations between observations 
and sometimes not.3 Given that the 
observations themselves are uncer-
tain and potentially conflicting (or 

missing), we should not really expect 
good models to fit all the data well. 

If a model does fit the historical 
data really well, it may sometimes 
have no real predictive power. Usu-
ally this happens when a model is 
overparameterized — many parame-
ters enable the fit, but can result in 
too much noise to make meaningful 

forecasts.4 Or it can happen because 
the processes that shape climate 
are themselves non-stationary, and 
structural assumptions are either in-
consistent with historical data or in-
valid for the future. Getting around 
the fact that external data is lacking 
when your model makes forecasts 
on a 100 year scale is not easy: the 
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only option is pretty much to sub-
stitute another model for the real 
world to simulate ‘external’ data for 
validation (which is an actual part of 
some model evaluation protocols). 
Furthermore, what it means for data 
to fit a model ‘well’ is rarely well-de-
fined, although in weighting differ-
ent models within an ensemble, the 
weighting procedure selected de-
pends on explicit fitness criteria.

There should be different ap-
proaches to evaluating models, 
but having a unifying framework 

would be useful. Although there are 
efforts to have a generic open-source 
framework for evaluating climate 
models such as ESMValTool, nei-
ther methodologies nor terminology 
on model evaluation are standard-
ised. In various chapters of the AR6 
WGI report, the authors speak of 
model skill, model performance, fit-
ness for purpose, plausibility, Type 1 
and Type 2 errors, biases, and so on. 
Some terms, more common in mod-
elling in other fields, such as ‘model 
validation’ or ‘hindcasting’ — where 

some historical data is taken away 
from the model so it can try to pre-
dict it — rarely appear in the AR6 
WGI report, and various synonyms 
are used instead. 

A key problem with using histor-
ical data to assess models are uncer-
tainties in data, especially at regional 
scales. “The evaluation of model per-
formance at historical variability and 
long-term changes provides further 
relevant information (Flato et al., 
2014). Trend evaluation may pro-
vide very useful insight, but has lim-
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Figure 6. Earth System Grid Federation (ESGF) data nodes and modelling centers  
contributing to AR6 WGI simulations (data source). 
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itations in particular at the regional 
scale, mainly due to multi-decadal 
internal climate variability (Section 
10.3.3.8), observational uncertain-
ty (in both driving reanalysis and 
local trends; Section 10.2), and the 
fact that often not all regional forc-
ings are known, and that past trends 
may be driven by forcings other than 
those driving future trends (Sections 
10.4.1 and 10.6.3)” (AR6 WGI 
2021). 

It is far easier to improve models 
that make predictions that can be 
tested often, e.g. weather models. 
The scarce opportunities for climate 
models to be confronted with exter-
nal data presents further challenges. 
In particular, when they do occur 
and appear not to go well (e.g. ‘hia-
tus’5), trust in climate modelling gets 
damaged. Trust in climate models 
is also not independent of trust in 
other models; comparisons (fair or 
not) between complex climate mod-

5   Trust is easy to lose, and hard to regain. Making bad predictions can damage perception. Negative confrontation with data tends 
to receive more attention and stick in the public imagination: “One of the topics widely discussed even outside of the climate science 
community was the apparent ‘failure’ of the CMIP5 models to reproduce the warming hiatus seen in observations of the global mean 
warming rates from 1998 to 2013. Because of the high attention this topic received, there were even potential implications on the 
public perception of the trustworthiness of climate models and climate projections in general. It has been shown that the hiatus was 
likely predominantly a result of internal climate variability with the phase of the IPO playing an important role” (Bock et al. 2020). 

6   “There is limited evidence about the performance of GCMs and RCMs in representing the current climate 
of southwest Asia due to very few studies evaluating models over this region, but literature is now emerg-
ing particularly on CMIP5/CMIP6 and CORDEX simulations” (AR6 WGI 2021).

els and complex economic mod-
els are often made. The inability of 
mainstream economic and financial 
modelling to predict the 2008 eco-
nomic crisis was damaging to the 
trust people placed in models. Gov-
ernment decisions informed by ep-
idemiological modelling during the 
Covid-19 pandemic reinforced per-
ceptions of a lack of independence 
between politics and modelling.

Evaluation of models is also un-
even across regions, often follow-
ing the same geographical patterns 
as data availability and reliability 
of predictions. For example, there 
are relatively few studies examining 
model performance over Southwest 
Asia.6 Sometimes it is Catch-22: to 
assess if a model is fit-for-purpose 
demands a more detailed model 
that is harder to parameterise in da-
ta-poor regions. 

Within a given geographical re-
gion, model performance may also 

depend on the aspect of the climate 
being modelled. For example, in Af-
rica some features of current climate 
are captured by some of the climate 
models while others (such as rain-
fall over Uganda) are not (Kisem-
be et al. 2019). Some regions (e.g. 
Central Africa) might lack histor-
ical observations, not only leading 
to poor quality predictions, but also 
making it difficult to assess if the 
model is fit-for-purpose as such 
evaluations sometimes must rely on 
more detailed models (that require 
higher resolution data and longer 
time series data to be properly con-
ditioned). “Fitness-for-purpose can 
also be assessed by comparing the 
simulated response of a model with 
simulations of higher resolution 
models that better represent relevant 
processes (Baumberger et al., 2017)” 
(AR6 WGI 2021).

LANGUAGE TO DESCRIBE UNCERTAINTY IN AR6 WGI
Efforts have been made to improve the consistency of uncertainty language,  
but there is more work to be done when it comes to model uncertainty

The IPCC has held workshops, issued 
guidance, and held discussions on 
how to reduce linguistic uncertainty 
and judgment uncertainties (see Box 
1.1, Figure 1 in AR6 WGI). The aim 
was to have a standardised language 
to describe uncertainty, so that at 
least the report is internally consist-
ent when it comes to expressions of 
confidence and likelihood, terms 
known to have very subjective mean-
ings. In ‘Confident, likely, or both? 

The implementation of the uncer-
tainty language framework in IPCC 
special reports,’ Janzwood reports 
on the results of interviews with 
many of the scientists involved in the 
IPCC. Despite available guidance, 
these terms remain stubbornly hard 
to apply consistently across various 
contexts in the special reports, and 
subjectivity remains hard to subdue 
( Janzwood 2020). For example, 
they find that “high confidence” can 

mean either subjective belief about 
a level of agreement among experts, 
perception by the author of the state 
of existing literature, interpretations 
of agreement between models, rela-
tivist perceptions on the abundance 
and quality of evidence/data, and so 
forth. Lower gradings could easily 
fail to differentiate between short-
comings in data, knowledge, model 
agreement, consensus among experts, 
etc. (Janzwood 2020). 
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The term ‘virtually certain’ is used 
in the AR6 WGI relatively infre-
quently but sometimes crucially: “It 
is virtually certain that global sur-
face temperature rise and associat-
ed changes can be limited through 
rapid and substantial reductions in 
global GHG emissions.” 

There is a category above ‘virtually 
certain’ that is called ‘fact’ in the re-
port. Table TS.1 names two facts: the 
world has warmed and we caused it 
(AR6 WGI 2021). The report is vir-
tually certain that extreme warming 
events will increase in frequency as 
the climate continues to warm.7 It is 
virtually certain that the Northern 
Hemisphere will see less snow. It is 
virtually certain about ocean acidifi-

7   “Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using 
five qualifiers: very low, low, medium, high and very high, and typeset in italics, for example, medium confidence. 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%, and extremely unlikely 0–5%) may also be used when 
appropriate. Assessed likelihood is typeset in italics, for example, very likely. This is consistent with AR5. In this Report, unless 
stated otherwise, square brackets [x to y] are used to provide the assessed very likely range, or 90% interval” (AR6 WGI 2021).

cation and changes in stratification. 
However, the likelihood and the 
direction of changes is often insuffi-
cient for decision-makers who want 
to know the magnitude, location and 
time period (and the relevant uncer-
tainties). 

While there was investment in 
harmonising the process by which 
authors report on uncertainty in 
general, there is less consistency 
about the language used to describe 
uncertainty related to modelling. 
While generic tools are being de-
veloped to test models, appraisals of 
models’ predictive skills and com-
parisons between relative reliability 
of models are not transparent. 

It is difficult to find uniformly 

described information in the AR6 
WGI report (or elsewhere) about 
what uncertainties are important in 
what models and why, which un-
certainties the modellers were able 
to account for and which ones they 
could not, how the models were 
validated, tested or evaluated, what 
appears to be the main concerns in 
terms of sensitivity of the results, and 
so forth. How were these uncertain-
ties elicited in the first place? Was 
there an assessment of consensus 
among the experts? Greater trans-
parency about uncertainties in mod-
elling and their fitness for purpose 
in various relevant decision-making 
contexts is required. 

VISUALISATIONS OF UNCERTAINTIES 
Here’s our verdict on two visualisations from the SPM

There are two general categories of 
uncertainty visualization: 

• Intrinsic representation 
techniques integrate 
uncertainty by varying the 
appearance of the variable being 
visualised (e.g. shape, texture, 
brightness, opacity, hue) 

• Extrinsic representation 
techniques involve addition of 
geometry to describe uncertainty 
(e.g. arrows, error bars, 
charts, glyphs)

AR6 WGI uses both techniques, 
sometimes in the same figure, for 
example AR6 WGI Figure SPM.3 
(partly reproduced below as Figure 7). 

Ideally uncertainty visualisations are 
evaluated through testing, using ro-
bust methodology that does not only 
rely on self-reporting. In this chap-
ter we make do with close interpre-
tative readings, guided by principles 
such as the principle of appropriate 
knowledge and the semantic princi-
ple (see Chapter 5, ‘Hacks, Insights, 
and Resources’). 

The term ‘virtually certain’ is used in the AR6 WGI relatively 
infrequently but sometimes crucially: “It is virtually certain 
that global surface temperature rise and associated changes 
can be limited through rapid and substantial reductions in 
global GHG emissions.” 



54 •  COMMUNICATING CLIMATE RISK  A TOOLKIT

VISUALISING PRECIPITATION TRENDS
Figure 7 shows part of Figure SPM.3, 
which visualises observed change 
in precipitation worldwide and the 
confidence with which it can be 
attributed to human-caused climate 
change. We also present a slightly 
modified version (Figure 8) to aid in 
the discussion.

Several sources of uncertainty 
related to attribution are aggregat-
ed into one measure called “Con-
fidence in human contribution.” 
Confidence in attributions has three 
levels (high, medium, low), and four 
options (high, medium, low due to 
limited agreement, low due to lim-
ited data). For this Toolkit, we have 
not been able to run objective tests 
on comprehension of these visual-
isations, but we invite readers to 
consider several questions to eval-
uate them informally. For example: 
Do they communicate effectively to 
core users? Do they provide accessi-
ble pathways for audiences who are 

not core users, but are nonetheless 
interested? Do they capture the at-
tention of people who really should 
be core users, whether they know it 
or not? How easy is it to find the rel-
evant information? Are these figures 
aesthetically expressive? Will the 
conventions chosen reinforce, rath-
er than undermine, what the figures 
need to communicate? Are there 
potential unintended associations, 
such as grey diagonal stripes repre-
senting rain, or the ‘blank’ interior of 
Africa invoking neocolonial imag-
inaries (see the semantic principle 
in Chapter 5, ‘Hacks, Insights, and 
Resources’)? 

For many audiences, the most 
striking message of Figure 7 will be 
that so many parts of South Amer-
ica and Africa are characterised by 
“limited data and/or literature” on 
observed change (with North Amer-
ica, Australasia, and the South Pa-
cific also patchy, containing several 

regions characterised by “low agree-
ment in the type of change”). Part of 
the explanatory text reads: 

The IPCC AR6 WGI inhabited 
regions are displayed as hexagons 
[grouped in an anthropocentric way 
to reflect where people live, described 
elsewhere in the report] with iden-
tical size in their approximate 
geographical location (see legend for 
regional acronyms). All assessments 
are made for each region as a whole 
and for the 1950s to the present. 
Assessments made on different time 
scales or more local spatial scales 
might differ from what is shown in 
the figure.

The last bit involved some con-
troversy during the SPM approval 
process. A number of delegates, es-
pecially from Global South coun-
tries, objected to their regions being 
characterised as having insufficient 
evidence.

ANGOLA noted that for AR5, 
there was information on precipi-
tation in Africa, generally indicat-
ing precipitation had decreased, but 
Figure SPM.3 contradicts AR5 in 
claiming insufficient evidence. The 
authors said the regions were aggre-
gated at the subcontinental level to 
be large enough to generate a good 
evidence base from the modeling, to 
then be matched to evidence from the 
literature, and that much regional 
evidence is assessed in the underlying 
chapter but is insufficient to be aggre-
gated to the scale of Figure SPM.3. 
(Bansard and Akanle Eni-ibukun, 
n.d.)

Trends detectable in one location 
do not necessarily translate into de-
tectable trends on a larger scale, even 
if all local trends within a larger area 
show significant trends. This can 
happen if trends in adjacent areas are 
in conflict, when they should agree. 
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Figure 7. Part of IPCC WGI AR6 SPM.3, recreated.
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Disagreement with geographically 
adjacent trends can be a sign that re-
gional predictions are of poor quality 
and not fit for purpose. The delegates’ 
discussion illustrates how even ex-
perts are challenged by the fact that 
you may appear to know something 
at a smaller geographical scale only 
to see that knowledge questioned 
at a more aggregated level. Usually 
it is the other way around — we can 
estimate global trends, e.g. temper-
ature, more reliably than local ones. 
More generally, confusion over un-
certainty at different spatial scales is 
a persistent problem for communi-
cating climate risk: 

There is no one-size-fits-all method 
for representing robustness or uncer-
tainty in future climate projections 
from a multi-model ensemble. One of 
the main challenges is the dependence 
of the significance on the spatial scale 
of interest: while a significant trend 
may not be detected at every loca-
tion, a fraction of locations showing 
significant trends can be sufficient to 
indicate a significant change over a 
region, particularly for extremes (e.g., 
it is likely that annual maximum 
1-day precipitation has intensified 
over the land regions globally even 
though there are only about 10% of 
weather stations showing significant 
trends; Figure 11.13). The approach 
adopted in WGI works at a grid-box 
level and, therefore, is not inform-
ative for assessing climate change 
signals over larger spatial scales. For 
instance, an assessment of the amount 
of warming required for a robust 
climate change signal to emerge can 
strongly depend on the considered 
spatial scale. A robust change in the 
precipitation extremes averaged over 
a region or a number of grid-boxes 
emerge at a lower level of warming 
than at the grid-box level because of 
larger variability at the smaller scale 
(Cross-Chapter Box Atlas.1, Figure 
2). 
(AR6 WGI 2021)

The delegates eventually agreed 
amendments “to distinguish between 
low confidence [in human contribu-
tion] due to limited agreement and 
that due to limited evidence, as well 
as between low agreement in the 
type of change and limited data and/
or literature”(Bansard and Akanle 
Eni-ibukun, n.d.). Presumably when 
there is low confidence in the type 
of change, there cannot be sufficient 
confidence in human contribution. 
The fact that there are no grey hex-
agons with black dots seems to con-
firm this. Of course, some redun-
dancy is not necessarily a bad thing 
in data visualisation; however, these 
amendments do bear the hallmarks 
of the context of deliberation, pol-
iticking and compromise in which 
they arose. Is there any alternative? 
Perhaps a structured collaboration 
between scientists and graphic de-
signers to refine visualisation prob-
lems, explore creative solutions, test 
graphics with audiences, and present 
options for review and approval.

The amendments also demon-
strate the challenge of choosing the 
right level of detail in communicat-
ing uncertainty. Considering Ango-
la’s concerns (and setting aside the 
attribution aspect), the delegates’ 
decision to differentiate “insufficient 
evidence” into “low agreement” and 
“limited data and/or literature” argu-
ably only makes things worse. 

Given the reasonable assumption 
that users will expect information 
about where heavy rain or snow 
may be increasing or decreasing, 
and given the fact the figure makes 
some differentiations between differ-
ent forms of insufficient evidence, 
perhaps even more detail is neces-
sary about why the figure does not 
provide trend information for some 
regions. Without more information, 
there is a risk of playing into a long 
history of colonial Western cartogra-
phy, in which Africa has been shown 
as blank (Bassil 2011; Jarosz 1992). 
For example, the summary could 

have mentioned that in some places 
the time-series data are shorter and 
hence noisier, obscuring trends (if 
that was the case). What this map 
does say is that we can already detect 
human-caused impacts of climate 
change on precipitation in two re-
gions (Northern Europe (NEU) and 
Central North America (CNA)) 
with at least medium confidence. It 
would be unlikely for climate change 
to manifest uniformly across space 
and time, so there are likely natural 
reasons for these discrepancies also. 

Another aspect of Figure 7 that is 
worthy of consideration is the use of 
colour to represent both the assessed 
quantity (increase or decrease in ob-
served precipitation) and reliability 
of assessment.

The colours in each panel represent 
the four outcomes of the assessment on 
observed changes. White and light 
grey striped hexagons are used where 
there is low agreement in the type of 
change for the region as a whole, and 
grey hexagons are used when there is 
limited data and/or literature that 
prevents an assessment of the region 
as a whole. Other colours indicate 
at least medium confidence in the 
observed change. 
(AR6 WGI 2021)

Glyphs in terms of stripes rep-
resent model disagreement, but it 
might have been better to use blank 
space to denote limited evidence, es-
pecially because the colour grey being 
used to denote limited evidence has 
other semantic connotations in this 
context (grey skies filled with rain 
and snow). The use of stripes to rep-
resent disagreement in predictions is 
more or less consistent throughout 
the report as well as online (interac-
tive-atlas.ipcc.ch/). Grey is not used 
as a signifier of limited evidence in 
the Atlas: a more consistent graphi-
cal language that bridges both static 
and interactive illustrations should 
be explored. Leaving the grey hex-
agons blank, as we illustrate in Fig-

https://interactive-atlas.ipcc.ch/
https://interactive-atlas.ipcc.ch/
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ure 8, would also be more internally 
consistent with blank circles repre-
senting limited evidence in attribu-
tion studies, as Figure’s explanatory 
text describes:

The confidence level for the human 
influence on these observed changes 
is based on assessing trend detection 

and attribution and event attribu-
tion literature, and it is indicated 
by the number of dots: three dots for 
high confidence, two dots for medium 
confidence and one dot for low confi-
dence (filled: limited agreement; 
empty: limited evidence)
(AR6 WGI 2021)

Overall, the graphic looks clean 
and appealing, but it is open to de-
bate whether the information on 
uncertainty is being represented 
well, so that people can read and 
understand the information off the 
chart correctly and efficiently. 

CLIMATIC IMPACT DRIVERS (CIDS) IN SPM
Climatic impact drivers (CID) refers 
to many different physical climate 
system conditions such as heat-
waves and cold spells, snowstorms 
and avalanches, cyclones and dust 
storms, f loods and droughts, and 
other means, events, extremes, that 
can affect ecosystems and societies. 
Figure SPM.9 presents a synthesis of 
AR6 WGI reference regions where 
CIDs are projected to change. High 
and medium confidence are differ-
entiated with dark and light shades 
within a stacked bar chart, where 
the bars sit against a background of 
an even lighter ‘envelope’ that repre-
sents the number of regions where the 
analysis is relevant. 

There are several sensible design 
choices made here. Lighter shades 
have been chosen to represent less 
confidence, and the lighter ink is 
more distant from the axis. See Vis-
ualising Uncertainty: A Shport Intro-
duction (Levontin et al. 2020) for 
more on hue, saturation and colour 
value, as well as modifications such 
as blurring and pixelation, to convey 
uncertainty. The phrases “number of 
land & coastal regions” and “number 
of open ocean regions” both appear 
twice, relatively prominently, to help 
preclude the misinterpretation that 
the chart is something to do with 
the magnitude of projected chang-
es, rather than the number of areas 
in which changes are projected. The 
relatively prominent separation of 
the Open Ocean is also appropriate; 
however, on the other hand (as dis-

cussed below) it is perhaps still not 
prominent enough, perhaps invit-
ing illegitimate comparisons across 
the two columns. Furthermore, the 
‘Assessed Future Changes’ legend is 
formatted in a way that opens it to 
misinterpretation: does it refer to the 
whole chart, or only column B? 

A summary of discussion on this 
figure (SPM.9) at the intergovern-
mental negotiations offers further 
insights into the politics of visual-
isations. Representations are never 
‘objective’ or ‘neutral’ but reflect sub-
tly cultural, political and social val-
ues — a fact that is rarely acknowl-
edged, but that might be explored 
by close textual analysis of delibera-
tions, or notes based thereon. 

The US suggested specifying that all 
regions are “projected to” experience 
changes in at least five CIDs, instead 
of “will,” and specifying this is the 
case “at 2°C warming.” LUXEM-
BOURG requested adjusting the 
visualization so that the upper end 
of scales on the number of regions 
aligns with the maximum number 
of land and ocean regions consid-
ered. CANADA called for specify-
ing the number of regions for which 
each CID is applicable, noting that 
for instance, only some regions have 
snow glaciers. The REPUBLIC 
OF KOREA and the US requested 
clarifying whether changes relate 
to increases in frequency, inten-
sity, or duration, noting this is 
not evident for all CIDs. The 

NETHERLANDS, SPAIN, and 
MEXICO called for presenting 
information in a more region-specific 
manner to increase policy relevance. 
Other comments related to: reinstat-
ing a map showing the regions that 
are considered in the figure; includ-
ing meteorological droughts; and 
referring to coastal and “open ocean” 
CIDs, instead of “oceanic.” The US 
asked what type of assessment was 
conducted for agricultural and ecolog-
ical droughts, noting some indices are 
highly dependent on temperature. 
The authors noted they did not use 
any metric based on temperature, 
primarily relying on soil moisture. 
The figure was approved, with revi-
sions including the addition of an 
“envelope” representing the maxi-
mum number of regions for which a 
CID is relevant. 
(Bansard and Akanle Eni-ibukun, 
n.d.)

Poor visualisations is one of the 
costs of the institutional arrange-
ment for agreeing on visualisation 
that precludes a possibility of testing 
the proposed amendments to graph-
ics with audiences. One risk is that 
multiple amendments will be con-
sidered separately and approved as 
good ideas, but interact in adverse 
ways. A potential benefit of the de-
liberative process is the generation of 
relatively ample explanatory notes, 
although there may also be a tenden-
cy to over-rely on them throughout 
AR6 WGI. With any iterative de-
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sign process, there is always the risk 
that the final stage of amendments 
prior to a release will introduce en-
tirely new problems. This can partly 
be addressed by insisting on further 
review where amendments are other 
than very minor; in the context of 
visualisation, however, even an ap-
parently very minor amendment can 
sometimes have a large impact on 
how the visualisation works. 

In the case of the SPM.9, the 
added ‘envelope’ (the pale, symmet-
rically ragged background to the 
bars) is a relatively poor visualis-
ation element which is open to be-
ing misinterpreted or ignored. For 
example, the number of regions for 

which a CID was found to be sig-
nificant might easily be confused 
with the magnitude of an impact, 
despite the text telling us otherwise. 
It is also misleading in the way that 
extreme events over oceans appear 
‘less likely’ (the smaller envelope on 
the right). However this is only due 
to the fact that there are much few-
er regions. Increases in hazards, such 
as heat waves and acidity, are in fact 
expected to occur over 100% of the 
area (ocean), yet they look less like-
ly than heat waves on land that are 
also projected to occur over 100% 
of the area (landmass), only because 
the area (landmass) was subdivided 
into more parts, making the enve-

lopes larger and the heights of the 
bars in the figure higher. Further, it 
is left unclear what the baseline is (is 
it starting in 1890 or 1960?). 

Other approaches could be ex-
plored and tested. There could be an 
argument for transposing the chart 
sideways. On the downside, the dis-
tinction between increase and de-
crease would be less marked on such 
a rotated version, and would require 
careful and prominent labelling. On 
the other hand, the labels of each 
CID might be more easily read. 
There also might be a slightly easier 
on-ramp for the audience, likely to 
start at the top of the list with some 
relatively obvious CIDs (mean sur-
face temperature, extreme heat, cold 
spell). On the actual visualisation, 
the eye is drawn to spend more time 
at the centre of the diagram. 

Why is the figure whose main 
point is the geographical extent of 
specific changes not plotted on a 
map, perhaps with fewer CIDs rep-
resented or more aggregation? An-
other option to explore would be a 
set of mini-maps (perhaps one for 
‘Heat & Cold,’ one for ‘Wet & Dry,’ 
and so on). In Figure 9, the wide 
range of different CIDs considered 
and the ambitious compression of 
information has led to the ambigu-
ities noted by the delegates from the 
Republic of Korea and the USA (‘in-
crease’ or ‘decrease’ in what sense?), 
which could perhaps be resolved 
by differentiating into separate mi-
ni-maps.

Overall, the figure is once more 
clean and elegant, with several 
sensible choices, but there may be 
room for further experimentation 
and improvement.

Figure 9. Partial reproduction of SPM. 9 (IPCC WGI et al. 2021)

Poor visualisations is one of the costs of the institutional 
arrangement for agreeing on visualisation that precludes a 
possibility of testing the proposed amendments to graphics 
with audiences.



THE AR6 WGI INTERACTIVE ATLAS
The interactive Atlas represents a 
major step forward in communicating 
climate risk by the IPCC. In particu-
lar, there is much more consistency 
to representing uncertainty in maps. 
Further, researchers tested proposed 
visualisations with the audiences. It 
is always recommended to do so. The 
research found: 

[...] wide-ranging interpretations 
and varied understandings of climate 
information amongst respondents 
due to the choice of visuals. In addi-
tion, Taylor et al. (2015) found that 
preferences for a particular visu-
alization approach do not always 
align with approaches that achieve 
greatest accuracy in interpretation. 
Choosing appropriate visuals for a 
particular purpose and audience can 
be informed by testing and evalua-
tion with target groups. 
(AR6 WGI 2021)

Who is the Atlas for? The in-
tended audience includes everyone, 
including policymakers, but not nec-
essarily in all situations:

Communication aimed at inform-
ing the general public about assessed 
scientific findings on climate change 
have a different purpose and format 
than if intended to inform a specific 
target audience to support adapta-
tion or mitigation policies (Whetton 
et al., 2016). The growing societal 
engagement with climate change 
means IPCC reports are increas-
ingly used directly by businesses, the 
financial sector, health practitioners, 
civil society, the media, and educators 
at all levels. The IPCC reports could 
effectively be considered a tiered set of 
products with information relevant 
to a range of audiences.

The Interactive Atlas does provide 
access to a collection of observational 
and modelling datasets, presented 
in a form that supports the distil-
lation of information on observed 
and projected climate trends at the 
regional scale. Access to the reposi-
tory of underlying datasets enables 
further processing for particular 
purposes. As noted above, it is not 
the intention nor the ambition of this 
IPCC assessment and the Interactive 
Atlas component to provide a climate 
service for supporting targeted poli-
cies. For this an increasing number of 
dedicated climate change assessment 
programs have been carried out, 
aiming at mapping climate change 
information relevant for adaptation 
and mitigation decision support. 
(AR6 WGI 2021)

Representing uncertainty as 
clearly and eloquently as the At-
las endeavours is not without risks. 
Communicating about uncertainty 
and reliability is seen by many sci-
entists as the basis of maintaining 
trust in science within a larger so-
ciety (cf. e.g. O’Neill, 2012; Stock-
er et al., 2013; Van Der Bles et al., 
2020; Padilla et al. 2021). During 
the COP26 Universities Network’s 
Climate Risk Summit, we asked 
participating scientists whether they 
believed that uncertainty should be 
communicated even when uncer-
tainty is small — 100% replied ‘yes’. 

Nevertheless, uncertainty in cli-
mate science has been derided, po-
liticised, and weaponised across the 
political spectrum (Silver 2013). 
Uncertainty has served both to sow 
doubt about the urgency of ad-
dressing climate emergency and to 
heighten a sense of emergency. The 

obstacles to reasonable climate ac-
tion often are not clarity and cred-
ibility, but rather economics and 
politics, and so it is often certitude 
that is demanded by decision-mak-
ers, environmental activists, and con-
cerned citizens. And it is certitude 
that is sometimes provided (often 
with good cause) by the scientists. 

Hopefully the Atlas will serve to 
increase popular understanding of 
both models’ usefulness and their 
limitations. Nevertheless, it is clear-
ly only a first step, and one which 
poses many questions. Which users 
have appropriate knowledge to cor-
rectly interpret the displays? Can 
the Atlas come with more resources 
aimed at developing the knowledge 
and graphicacy needed to interpret 
it? What VR, AR and other immer-
sive storytelling implementations 
may spin off from the Atlas? Does 
the Atlas presage more interactive 
decision support tools which are 
more explicitly designed to integrate 
modelling and stakeholder deliber-
ation, and what dangers might this 
pose for unaccountable “black box-
es” in participatory decision-making 
processes? The Interactive Atlas is 
interactive, but is it playful? Does it 
encourage learning, creativity, collab-
oration, exploration and the sharing 
of knowledge? How do the Atlas’s 
maps compare to the many other 
alluring interactive maps available 
online (such as Google Maps)? The 
IPCC’s texts and visuals have been 
created with the tacit assumption 
that others will translate them into 
many different appropriate contexts; 
does the Atlas supply appropriate re-
sources for interactive designers?

“In a society accustomed to overconfident forecasters who mistake 
the confidence they express in a forecast for its veracity, expressions 

of uncertainty are not seen as a winning strategy by either side.”
(Silver 2013)
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SEVEN RECOMMENDATIONS  
FOR THE IPCC AND THE MODELLING COMMUNITY
Recommended areas for action and further research

1) Communicate key assumptions 
around model uncertainty: “Global 
model includes all relevant regional 
forcings and realistically simulates all 
relevant regional scale processes and 
feedbacks and their dependence on 
large-scale climate. Parameterisations 
are valid in future climate” (IPCC 
WGI et al. 2021). For example, all 
future projections depend on the 
assumptions that existing knowledge 
of the processes that shape the climate 
system is accurate and applicable in 
the future. Under what conditions 
would this assumption be invalid? 
Can the processes change, e.g. if the 
climate crosses a tipping point? Can 
our knowledge about them change 
so as to lead to entirely different 
forecasts? Only qualitative answers 
to these questions are often possible, 
and measuring consensus (see below) 
becomes especially important for 
communication.

2) Explore how to better foster inter-
disciplinarity. When developing 
visualisation formats, or other means 
of communicating model uncertainty, 
favour interdisciplinary teams across 
the sciences, social sciences, arts and 
humanities, as well as non-academic 
participants, especially core end users. 
The case to do so is even stronger in 
respect of interactive formats such 
as the Atlas and any successors, and 
might include for example social 
scientists and arts and humanities 
with expertise in AI and automation 
and critical data studies, as well as 
more obvious fields such as the envi-
ronmental humanities.

3) Encourage scientists to adopt a 
common vocabulary for discussing 
models’ predictive skill, methods 
to assess whether a model is fit for 
purpose, and procedure for weigh-
ing or rejecting models. Conduct 

workshops dedicated to f inding 
common approaches to communi-
cating the results of these evaluations. 

4) Improve representation in the 
modelling community. There is 
a need for a wider discourse on 
model validation, the subjectivities 
it involves — this is one reason to 
include in the research (e.g. work-
shops mentioned above) a greater 
diversity of participants. Similarly, 
collect and report data on representa-
tion (especially race and gender) 
among the climate modelling teams, 
and take strong measures to improve 
representation. Modelling is a quan-
titative way to create narratives about 
our futures, and narratives empower us 
to intervene in these futures via shared 
cultural imaginaries. African futures, 
for example, should not be forecast by 
teams that exclude Africans.

5) Develop more best practice for 
communicating the reliability 
of forecasts. Find ways to disen-
gage if necessary. One of the hard-
est things for a modeller to say is, 
“I don’t think my model is good 
enough for the question you are 
asking.” Where there is high uncer-
tainty but no feasible opportunity to 
communicate it to the relevant deci-
sion-maker given the available time 
and resources, there is the danger that 
modelling can no longer serve trans-
parency or robust decision-making. 
Visualisations, such as Figure 11, can 
help scientists communicate how a 
model’s skill varies across temporal 
and spatial scales — it is generally 
easier to predict changes for large 
areas in the near future, than on a 
finer scale and far into the future. 

 Figure 10. Illustrating how model prediction skill  
depends on spatial and temporal scales.
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(b) visualizing responses of a group of experts

b.ii

b.iv

Line thickness: Thicker lines represent multiple answers.
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Visualisation approach suggested by Leach et al. 2014.

y-axis: 

Importance 
The 5-point scale range: 

Mi Minimal 
Mr Minor
Md Moderate
Mj Major
Mv Massive

x-axis: 

Represented
The 5-point scale range:  

VWR Very Well Represented to
VPR Very Poorly Represented  
 (=not at all)

The bubble-size shows 
the Uncertainty rating.

small bubble = 
low uncertainty

larger bubble = 
higher uncertainty

(a) visualizing responses by individual experts
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Visualisation approach suggested by Leach et al. 2014.

Figure 11. Prioritising uncertainties 
based on a formal expert elicitation 

process that also accesses consensus 
(Leach et al. 2014).

First, conduct expert elications and/or literature review to scope 
a list of relevant uncertainties, and group them in pertinent ways 

(e.g. data and processes). Use a formal process to investigate 
perceptions of uncertainties identified in the scoping stage among 

the scientists collaborating on a specific modelling project.

https://www.zotero.org/google-docs/?bYvioh
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6) Address a mismatch between the 
expectations of decision-makers 
and perceived ability of models to 
make predictions meaningful to 
policy on regional scales:

While the ability of global models 
to simulate large-scale indicators of 
climate change has improved since 
AR5 (Chapter 3), the simulation of 
regional climate and climate change 
poses an additional challenge. Users 
demand regional climate projections 
for decision making and have high 
expectations regarding accuracy and 
resolution (Rössler et al., 2019a), but 
some scientists consider such projec-
tions still a matter of basic research 
(Hewitson et al., 2014a).

Policymakers often want fore-
casts on specific temporal and spatial 
scales. Currently, models are rarely 
fit for purpose to make such predic-
tions. Even models that appear relia-
ble when it comes to predicting aver-
ages might not be so when it comes 
to predicting rare events that live in 
the hard to estimate tails of prob-
ability distributions. It is not only 
harder to make predictions about the 
tails, having less data to estimate rare 
events means also having less data to 
evaluate the quality of predictions. 
The IPCC AR6 are open about such 
difficulties but not necessarily trans-
parent because of the language used 
to communicate this: 

In particular extreme events are 
often caused by specific, in some 
cases persistent, circulation patterns 
(Sections 11.3–11.7). It is therefore 
important for climate models to 
reasonably represent not only conti-
nental, but also regional climate and 
its variability for such extremes. As 
explained in Section 3.3.3, standard 

resolution GCMs can suffer biases in 
the location, occurrence frequency or 
intensity of large-scale phenomena, 
such that statements about a specific 
regional climate and its change can be 
highly uncertain (Hall, 2014).

7) Measure and visualise consen-
sus (or its lack) on uncertainties. 
First, conduct expert elications and/
or literature review to scope a list of 
relevant uncertainties, and group 
them in pertinent ways (e.g. data and 
processes). Use a formal process to 
investigate perceptions of uncertain-
ties identified in the scoping stage 
among the scientists collaborating 
on a specific modelling project. 

A visualisation approach suggest-
ed below (Leach et al. 2014) can be a 
useful tool to prioritise uncertainties 
that need to be communicated. It is 
also a useful exercise for helping re-
searchers reflect on their current re-
search in new and fruitful ways, and 
perhaps shape future priorities.

Three aspects of each source of 
uncertainty should be investigated 
(Figure 11a): 

• Importance: believed potential 
to affect modelling results (e.g. 
how sensitive are model results 
to small changes in the source of 
uncertainty). Shown on y-axis.

• Level of uncertainty: ranging 
from “low” where a variable is 
believed to be well understood 
to “high” where there is little 
information about the variable 
or it is known to be highly 
uncertain. Shown on x-axis.

• Representation: to what extent 
analysis already accounts for 
this source of uncertainty. 
Shown by bubble size.

The background of Figure 11 in-
tends to provide an additional visual 
cue as to which uncertainties should 
be prioritised but the standard ‘traf-
fic light’ red-green spectrum has 
been replaced to make the figure 
colourblind-friendly (Katsnelson 
2021). Sources of uncertainty that 
end up in the upper-right “red” cor-
ner (Figure 11 aii) are high priority: 
they are those that respondents be-
lieved to be important, are associated 
with high levels of (epistemological) 
uncertainty, and are not yet to be 
properly accounted for in modelling 
or risk assessment. Those in the bot-
tom-left “green” corner (Figure 11 
ai) can probably be left out of wider 
conversations with stakeholders, as 
they are believed not to impact re-
sults, and are well understood and 
accounted for. 

There is often an assumption that 
scientists share views on uncertain-
ty. But formal elicitations can reveal 
surprising differences. Figure 11b 
demonstrates how results might look 
based on actual surveys we conduct-
ed (Leach et al. 2014). Each ring is 
a response from a scientist. Since the 
answers are on discrete 5-point scales 
some answers will overlap and this is 
represented by ring thickness. Scien-
tists might agree on everything: the 
importance of a particular source of 
uncertainty, on how uncertain they 
are about it, and on how well it is 
already accounted for or ‘represent-
ed’ in the model (Figure 11 b.i). Or 
elications might show a total lack of 
consensus (Figure 11 b.iv). 

Once perceptions of uncertainty 
are clarified and priorities are iden-
tified, we can plan how to communi-
cate them. Caveat: Scientists can be 
wrong at predicting how important a 
source of uncertainty is. 

A U T H O R  C O N T R I B U T I O N S : 
Conceptualization: PL and JLW; Research: PL; Writing: JLW and PL; Figures: JK and PL.
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HACKS, INSIGHTS, 
AND RESOURCESChapter 5

INTRODUCTION 
As climate risk communication grows more important in society,  
what tools and insights will be of use to communicators?

This final chapter is something of a 
grab-bag. It contains tips for using 
visuals in climate risk communica-
tion, tips for communicating with 
policymakers, some provocations 
collected from the COP26 Universi-
ties Network Climate Risk Summit 
workshop on climate risk communi-
cation (October 2021), some useful 
definitions about uncertainty and 
risk, and the beginnings of a growing 
directory of climate risk commu-
nication resources, also available 
here as a living document (bit.ly/
ClimateCommsTools).

The authors of this Toolkit are 
hopeful that future iterations will be 
possible to expand this practice-ori-
ented content, and we welcome feed-
back, recommendations, and offers 
of collaboration and co-production. 
In the years to come climate risk 
communication will be an increas-
ingly important theme, and there is 
every chance that the field will di-
versify, mutate, and undergo frag-
mentation while also being shaped 
by projects of inventory, synthesis, 
simplification and curation. 

What is the future of climate risk 
communication? Whatever it is, it’s 
coming at us fast. There are already a 
wealth of available resources out there 
about communicating with policy and 
the general public, a small handful of 
which are signposted below. Many 

of these resources conceptualise cli-
mate risk communication in a fairly 
generic and high level way; creating 
such resources, exploring innovations, 
testing them empirically and refin-
ing them, and introducing them into 
new contexts will remain important 
work going forward. However, our 
experience of assembling this Toolkit 
has also suggested the need for more 
tools and resources doing the follow-
ing seven things.

(a) Innovate on scope, including 
much more targeted and niche 
approaches aimed at a smaller 
number of users and applicable to 
a smaller number situations, but in 
more specific and concrete ways; 

(b) Innovate on participation, 
including tools which embed the 
insights of international and histor-
ical global perspectives, and a real 
orientation to substantive equity and 
just transition;

(c) Innovate on standards and 
scores, including tools which seek to 
address the shortcomings and risks 
of league tables and other excellence 
frameworks, standards and certifica-
tion, and gamification;

(d) Innovate on customisation, 
modularity, and recombinancy, 
exploring for example how more 
tailored tools (as in (a) above) can be 
created at scale, using robust proce-
dural generation methods;

(e) Innovate on framing, exploring 
for example ways to spread climate 
change and climate action through-
out culture and society, rather than 
letting it be boxed off as a specific 
topic or theme;

(f) Innovate on reflexivity, includ-
ing tools which help users to reflect 
on the tools’ own limitations, under-
stand where those tools may need to 
be adapted, or where users might go 
to find a more appropriate tool (or 
where the material circumstances are 
not adequate to achieve the desired 
purposes, no matter what communi-
cations and/or decision support tool 
is used);

(g) Innovate on findability. It’s 
already a crowded landscape, and 
it’s likely to get more crowded. This 
may mean meta-resources (curated 
directories etc.), and other ways of 
getting resources to those who need 
them when they need them.

i

Subsections 
Introduction
5 Tips for using data visualisation to communicate about climate change 
5 Tips for using photo resources to communicate about climate change
10 tips for dialogue with policymakers
Conversations at the COP26 Universities Network’s Climate Risk Summit
 Some of the most recent chatter about climate risk communication
 Responses from a questionnaire
 Highlights from the Zoom chat
 When words mean different things in different contexts
Definitions of risk, uncertainty, and related terms from the IPCC
Classifying uncertainty
Tools and resources
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THE PRINCIPLE OF 
EXPRESSIVENESS

 » A data visualisation should encode all the relevant 
information, and no irrelevant information.

 » Avoid unnecessary decoration and ‘chart junk.’

 » however: there can be exceptions; for instance, 
a truly novel or clever presentation may be more 
eye-catching and memorable for some users.

THE PRINCIPLE OF 
APPROPRIATE 

KNOWLEDGE

THE SEMANTIC 
PRINCIPLE

COLLABORATE  
ACROSS DISCIPLINE

TEST YOUR 
VISUALISATION

 » Make sure your user knows the conventions 
for extracting the relevant information.

 » E.g. you can: provide a clear key and explanatory notes; use 
conventions that are well-established; provide training.

 » however: if a user is interpreting a visualisation ‘wrongly’ there 
may be a deeper reason. So be prepared to listen and adjust 
your own expectations about what is and is not relevant.

 » Choose conventions that will support correct interpretation, 
even in the absence of appropriate knowledge.

 » This can be thought of as making ‘natural’ or ‘common sense’ 
choices, aligned with common schemas such as ‘bigger means 
more’ or ‘red or orange means conflict / danger / heat.’

 » however: visual elements come with baggage you can’t 
wish away, and which will be different for different users.

 » For example, visualisation teams can bring together climate 
experts, end users, graphic designers, science communication 
practitioners, as well as researchers across the social sciences and 
arts and humanities (especially the digital humanities and the 
environmental humanities), and wider stakeholder communities.

 » however: reaching consensus across diverse 
roles is not a substitute for robust testing.

 » Ideally you should test comprehension and decision 
quality with the actual end users, in the actual use 
setting, using an objective methodology.

 » Self-reporting is not reliable. A graphic designer’s satisfied 
client is not the same as a user making good choices.

 » however: some testing is always better 
than none, even if it is informal.

5 TIPS FOR USING DATA VISUALISATIONS  
TO COMMUNICATE ABOUT CLIMATE CHANGE
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MAKE IT SPECIFIC

EVERYBODY LOVES 
A CRYSTAL BALL

KNOW YOUR AUDIENCE  
(EVEN BETTER, 

LISTEN TO THEM)

EXPERIMENT

CONSIDER THE 
CONTEXT

 » As with any form of communication, it helps to know your 
audience or — even better! — to engage in dialogue with them. 

 » Remember to listen openly, and be prepared 
to adjust your own perceptions.

 » Remember, what you see is not necessarily what they see.

 » Don’t rely exclusively on familiar climate images 
such as melting ice caps or smoke stacks.

 » Climate change affects everything. Make fresh 
connections and tell new stories.

 » Sometimes imaginative artistic and curatorial choices can 
make a usually cliched subjects feel fresh and new.

 » How do your images relate to your text? To each 
other? What emergent story do they tell?

 » What other associations might your images have that you 
didn’t intend? Deciding those associations aren’t relevant 
doesn’t mean they won’t impact your audience. You 
can’t wish them away, but you can be aware of them.

 » Working with arts and humanities researchers (e.g. 
environmental humanities) may help to understand the context.

 » Show real people’s everyday lives. Avoid stock 
photography or scenes that look very staged.

 » Show human subjects. But be cautious when 
representing causes of climate change: it may be better 
to try to show the causes on larger scales, rather than 
‘blaming’ individual consumers, for example.

 » Show specific, serious impacts at a local scale, and use 
captions and text to tell your audience what they’re seeing.

 » People want to see ‘how we will live in the future.’ 
Photos are not the most obvious way to do this ...

 » … however, showing low carbon behavior and other 
climate ‘solutions’ can at least prefigure the future. 
They can also produce more positive emotional 
responses, and they are usually less polarising. 

 » Also take care not to imply that you are illustrating 
the future, if that’s not what you’re doing.

5 TIPS FOR USING PHOTO RESOURCES  
TO COMMUNICATE ABOUT CLIMATE CHANGE
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1. Listen actively to create real 
dialogue. The temptation to go into 
“lecture mode” is real. It can help to 
prepare structured interactive formats 
in advance. The presence of a trained 
and experienced facilitator can make 
a big difference. Keep in mind your 
policymaker(s) may have many kinds 
of expertise of their own. Later, 
when you follow up (e.g. a letter of 
thanks), show that you are listening 
to policymakers’ expertise, agendas, 
priorities, and needs. 

2. Prepare key insights in advance. 
Make your advice memorable; “make 
your advice concise” (Tyler 2013). 
Do communicate complexity and 
uncertainty around your key insights, 
don’t obscure those insights. Come 
prepared, but be cautious of becoming 
too attached to any pre-prepared 
insights (or to specific ways of 
expressing them). A real commitment 
to dialogue implies adaptability.

3. Give options and talk about the 
pros and cons of each. You want to 
strike a balance between “I think 
you should do x” and “I’m here with 
the facts, what happens next is your 
problem.” When you present options 
in a balanced way, policymakers 
can integrate their own insider 
expertise on policy trends, political 
acceptability, policy levers, and their 
own understandings of uncertainty. 
Be supportive and attentive, and 
ready to clarify, reframe, or update 
your options if necessary. “Policy 
making is iterative; the art of the 
possible” (Tyler 2013). 

4. Expect policymakers’ time to be 
limited. Do your homework about 
who you are speaking to, so you can 
make the most of whatever time 
you have together. A pragmatic 
science-policy co-production 
process may consist of several short 
sessions with different groups of 
policymakers (De Meyer et al. 2021). 

5. Try to meet policymakers where 
they are. Remember that in many 
policy areas, “[s]tarting policies from 
scratch is very rarely an option” (Tyler 
2013). Deep and rapid changes are 
necessary, but options always need 
to take into account what is already 
there. Connect your information 
with the structures, risks and 
opportunities that policymakers 
already intuitively understand. 
This may involve their specific area 
of responsibility, and/or broader 
concerns such as jobs or national 
security. Climate risk affects all 
aspects of society, so you should be 
able to find ways to connect with 
policymakers where they are already.

6. If the mood is against you, try 
saying it another way. At any given 
moment and policy context, there 
will be assumptions which are 
very hard for you to shift. When 
assumptions cannot go unchallenged, 
then of course you should have the 
courage to do so. But also be aware 
that you may be seen as unreasonable, 
even when the evidence is firmly 
on your side. Your other option is 
to remove the jarring elements of 
your message, and find some other 
way of expressing the same thing.

7. Bring all your expertise, and bring 
your networks too. Be prepared to 
speak beyond the specific research 
you are engaging in. Also look 
out for emergent opportunities to 
facilitate connections. You may not 
be speaking to exactly the right 
policymaker, or you may not be 
exactly the right expert for this 
policymaker to be speaking to.

8. Celebrate positive and plural 
action. Climate change is polarising, 
but climate change is also urgent. 
Mitigation and resilience should not 
be unduly delayed by efforts to get 
everyone on the same page. If you are 
at an impasse with policymakers, try 
to support them to take some positive 
action in the short term (even when 
based on reasons you disagree with) 
and keep dialogue open in the longer 
term. Mutually exclusive frameworks 
can still give rise to policies that 
are mutually complementary. 

9. Be ambitious in shifting the bigger 
narratives around climate risk. 
Consider how you might engage 
with less obvious departments 
and agencies. Explore both direct 
and indirect engagement with 
policymakers, e.g. through the media, 
grassroots organizations, community 
groups, think tanks, pressure 
groups, consultants, professional 
services networks, industry and 
third sector, social media and 
broader cultural production. 

10. Rapport changes the rules. Where 
possible, seek to build longer-
term relationships, especially 
at the more local level. “Policy 
makers are people” (Tyler 2013).

RECOMMENDED FURTHER READING: 
De Meyer, Kris, Freya Roberts and 
Lucy Hubble-Rose, ‘Risk for Elephants: 
Three insights from the sciences of brain 
and mind to understand and improve risk 
communication’ and ‘Golden nuggets: 
communicating with policymakers’ 
(Climate Action Unit, 2021). https://
www.doi.org/10.14324/000.rp.10137325

Sutherland, William J., David 
Spiegelhalter, and Mark Burgman. 
2013. ‘Policy: Twenty Tips for Inter-
preting Scientific Claims’. Nature 
503 (7476): 335–37. https://www.doi.
org/10.1038/503335a.

Tyler, Chris. 2013. ‘Top 20 Things Scien-
tists Need to Know about Policy-Mak-
ing’. The Guardian, 2013. https://www.
theguardian.com/science/2013/dec/02/
scientists-policy-governments-science.

10 TIPS FOR DIALOGUE WITH  POLICYMAKERS
THESE TEN TIPS FOCUS ON THE UK CONTEXT, BUT THEY ARE APPLICABLE IN MANY PLACES . . .

https://www.doi.org/10.14324/000.rp.10137325
https://www.doi.org/10.1038/503335a
https://www.doi.org/10.1038/503335a
https://www.theguardian.com/science/2013/dec/02/scientists-policy-governments-science
https://www.theguardian.com/science/2013/dec/02/scientists-policy-governments-science
https://www.theguardian.com/science/2013/dec/02/scientists-policy-governments-science
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SOME OF THE MOST RECENT CHATTER ABOUT  
CLIMATE RISK COMMUNICATION
COP26 Universities Network 
Climate Risk Summit took place over 
three days from the 29th September 
to the 1st October 2021. The last 

day was dedicated to an interactive 
workshop with just under a hundred 
participants (scientists, policymakers, 
consultants, engineers, lawyers, etc.) 

exploring the theme of communicat-
ing climate risks. Here are a few ques-
tions and insights shared on the day; 
this Toolkit is, in part, our response.

RESPONSES FROM A QUESTIONNAIRE

The question we asked was: “Please 
give a specific example of a challenge you 
have faced around climate risk commu-
nication and decision-making. (For 
example, a challenge in communicating 
information, or a challenge in finding 
and interpreting the information you 
need. It could be a past challenge, or an 
ongoing challenge. Try to be as specific 
as possible).” 

See Climate Risk Communication 
engagement form. 

Contributions may be incorporated 
into any future iteration of this 
Toolkit.

Some of the challenges that 
respondents mentioned:

• Desire for “sound bites” not contextual understanding 

• Trust in the wrong even openly (science-)fictional sources of information

• Political bias

• Perceived lack of agency in response to risk

• Perceived irrelevance to lived experience

• Uncertainty over what values one holds

• Difficulty in grasping complex non-linear systemic risks 

• Scientists assuming that everyone thinks like them

• Peer-review system denying scientists an opportunity 
to encounter diverse audiences

• Jargon and responsibility the scientists feel necessary to 
communicate details and caveats instead of a simplified narrative

• Tendency to emotionally reject information that entails large changes

• Tendency for people to interpret new information in 
support of prior beliefs regardless of its content

• Inaccessible styles of communication (long complex sentences)

• Uncertainty of what someone’s baseline knowledge is

• Making unambiguous and intuitive visualisation that 
preserve the detail and uncertainty of science

• Communicating uncertainty effectively, ensuring 
that it is correctly understood

• Communicating modelling uncertainty while not 
miscommunicating a sense of urgency and credibility of results

• Finding up to date and relevant local information in the developing world 

• Making information about the distant future feel pertinent

• Making information about risks in distant places feel pertinent 

• Constructing ‘what if?’ future scenarios based on 
current knowledge across different timelines

• Connecting climate risks to actions in indirectly 
impacted domains, such as cardiology 

CONVERSATIONS AT THE  
COP26 UNIVERSITIES NETWORK’S CLIMATE RISK SUMMIT

https://www.zero.cam.ac.uk/stories/cop26-universities-climate-risk-summit-blog-communicating-climate-risk?
https://www.zero.cam.ac.uk/stories/cop26-universities-climate-risk-summit-blog-communicating-climate-risk?
https://bit.ly/BuildClimateToolkit
https://bit.ly/BuildClimateToolkit


68 • Communicating Climate Risk: A Toolkit

HIGHLIGHTS FROM THE ZOOM CHAT
Here are a selection of thought-provoking comments from the climate risk communication 
workshop Zoom chat. They have been anonymised, and in one or two cases slightly 
tweaked for spelling and readability.

“We need to work together to bring 
together academia and practitioners in 
risk communication. Culture is a factor 
in assessing whether messages are rele-
vant and effective in communication 
with different groups of stakeholders, 
notably the younger generation.”

“We need to move towards a 
dialogue model — the people ‘on the 
ground’ have crucial knowledge and 
approaches to bring to the discussion, 
and should not purely be viewed as 
‘recipients’ of ‘beneficiaries’ of climate 
information.”

“Do we sufficiently understand the 
value of uncertainty in terms of 
informing robust decisions?”

“There are so many human difficulties 
in perception of risk, especially for 
low-frequency high-impact events.”

“‘Understanding the meaning behind 
the numbers’ is very important for 
many disciplines, including my own 
(finance).”

“Society needs to engage so as to hold 
decision-makers to account for the 
impact of their decisions.”

“Does ‘risk communication’ become 
more effective when it includes 
‘response communication’ or ‘solutions 
communication’?”

“The challenge with risk and uncer-
tainty is that different people and 
different decisions (even for the 
same person) may have different risk 

appetites, and as a result can cope with 
different levels of uncertainty.”

“I like engaging with end-users, but 
it really does take work to understand 
their needs, and their jargon, and your 
own, and bridge it.”

“Actively engaging with the end-user 
is critical for understanding their 
perspectives, their pain points and 
their motivations. It has been essential 
to adapting the messages and the tools 
to their needs.”

“On communicating with business 
leaders: generally they get the urgency 
of climate change, but persuading 
them that it’s their responsibility, or 
that it’s in their interests to act ambi-
tiously (especially when the economic 
system doesn’t incentivise them to lead 
change) is the most challenging thing.”

“I think that’s a really interesting point 
about identifying user needs but also 
working with users to transform how 
they understand their own needs…”

“A huge one is the assumption of the 
need for economic growth / GDP 
/ cost-benefit analysis as key meas-
ures of success, therefore ‘greenness’ 
needing to sit alongside growth in the 
form of ‘sustainable’ ‘green’ ‘inclu-
sive’ etc., rather than moving away 
from economic growth as a priority 
altogether.”

“GDP is fundamentally flawed when 
talking about sustainability, but that is 
a topic most incumbent policymakers 

in many countries don’t want to engage 
with.”

“Degrowth also means deconsump-
tion, which means fewer jobs.”

“Of course, ‘degrowth’ is also one 
of those terms that can mean many 
things, e.g. some prefer to talk about 
‘post-growth’ or ‘growth agnostic’ 
approaches, or just talk about ‘decou-
pling,’ or Beyond GDP metrics.”

“I really like Lord Deben’s argument 
that we should reclaim the word 
‘growth’ as people’s associations with 
it are positive (children grow, plants 
grow, we grow professionally etc.), but 
redefine what we’re trying to grow.”

“I definitely would NOT call this 
the capitalocene. The, ‘rentalocene’ 
yes. Remember the extra money is 
not made based on the capital good 
as such; the capital good is used as a 
facade to extract rents. So rentalism is 
a better term than capitalism. In a ‘true 
capitalist’ system there wouldn’t even 
be the possibility to pollute, because 
the competitors wouldn’t allow it.”

“I think honesty on the part of scien-
tists is important. When I attend small 
circle seminars scientists are more 
honest and humble about what they 
really know and what they conjecture 
about. Honesty can help one carry 
their message further. Scientists 
pretending they know things they 
don’t know is not only dishonest, it 
also hurts the credibility of scientists.”

WHEN WORDS MEAN DIFFERENT THINGS IN DIFFERENT CONTEXTS
We asked: “Anyone want to share a 
word that has different uses in differ-
ent contexts?” Participants f lagged 
up terms such as adaptation; life cycle 
analysis (meaning different things 
in biochemistry and engineering 
domains) one-in-a-hundred-year flood; 
positive trends (does it mean increasing 

or good?); just transition; materiality 
(material financial risks to the business, 
or material risks to people and planet 
(or both), or tangibility and physical-
ity); flexibility (the same arrangements 
may be seen as flexible or inflexible 
from the perspective of employer or 
employee); and ethics (in business this 

often connotes a compliance and liabil-
ity orientation, rather than a concern 
with what is right and wrong, which 
happens (if at all) in connection with 
terms like CSR and ESG). Of course 
there are many more. Can you think 
of some?
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AR6 WGI strongly reinforces the need for rapid and 
deep reduction in CO2 and other GHG emissions 
(achieving at least net zero) alongside other forms of 
climate action. There is no room for reasonable doubt 
about this. Nonetheless, uncertainty and risk remain 
crucial concepts to mediate between climate science and 
appropriate climate action. For its recent AR6 WGI 
report, the IPCC has outlined definitions of uncer-
tainty and risk. We have deliberately not aligned the 
Toolkit to these IPCC definitions. This is because we 
want to showcase a range of different understandings of 
these concepts, and how they may impact communica-
tion. A more flexible approach is therefore appropriate 
for this Toolkit. However, it is also useful to present 
the IPCC definitions here, since these are referred to in 
several places in the Toolkit, and form relevant back-
ground throughout. 

On the subject of risk specifically, AR6 WGI states that 
it has

adopted a unified framework of climate risk, supported by 
an increased focus in WGI on low-likelihood, high-im-
pact 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. 
(AR WGI, Ch 1, p. 6)

The following definitions are from AR6 WGI ‘Annex 
VII: Glossary’ (2021).1 

Risk: The potential for adverse consequences for human 
or ecological systems, recognising the diversity of values 
and objectives associated with such systems. In the 
context of climate change, risks can arise from potential 
impacts of climate change as well as human responses 
to climate change. Relevant adverse consequences 
include those on lives, livelihoods, health and well-being, 
economic, social and cultural assets and investments, 
infrastructure, services (including ecosystem services), 
ecosystems and species. 

1 Italics and other cross-citational information has been preserved as in the original, and two minor 
amendments (“trickle backs”) listed at the top of the Annex have been implemented in the text. As with all 
citations to the AR6 WGI at the time of writing, these definitions remain subject to final IPCC edits.

In the context of climate change impacts, risks result 
from dynamic interactions between climate-related 
hazards with the exposure and vulnerability of the affected 
human or ecological system to the hazards. Hazards, 
exposure and vulnerability may each be subject to uncer-
tainty in terms of magnitude and likelihood of occur-
rence, and each may change over time and space due to 
socio-economic changes and human decision-making 
(see also risk management, adaptation and mitigation). 

In the context of climate change responses, risks result 
from the potential for such responses not achieving the 
intended objective(s), or from potential trade-offs with, 
or negative side-effects on, other societal objectives, such 
as the Sustainable Development Goals (SDGs) (see also 
risk trade-off ). Risks can arise for example from uncer-
tainty in implementation, effectiveness or outcomes of 
climate policy, climate-related investments, technology 
development or adoption, and system transitions. See 
also Hazard and Impacts (consequences, outcomes).

Uncertainty: A state of incomplete knowledge that can 
result from a lack of information or from disagreement 
about what is known or even knowable. It may have 
many types of sources, from imprecision in the data to 
ambiguously defined concepts or terminology, incom-
plete understanding of critical processes, or uncertain 
projections of human behaviour. Uncertainty can there-
fore be represented by quantitative measures (e.g. a prob-
ability density function) or by qualitative statements (e.g. 
reflecting the judgment of a team of experts) (Burgman 
2016). See also Confidence and Likelihood.

Note that the definitions of risk and uncertainty do not 
cross-reference each other. Further definitions directly 
related to risk and uncertainty from the IPCC AR6 
WGI Glossary include:

Deep uncertainty: A situation of deep uncertainty exists 
when experts or stakeholders do not know or cannot 
agree on: (1) appropriate conceptual models that describe 
relationships among key driving forces in a system; (2) 
the probability distributions used to represent uncer-
tainty about key variables and parameters; and/or (3) 
how to weigh and value desirable alternative outcomes 
(Lempert, Popper, and Bankes 2003). 

DEFINITIONS OF RISK, UNCERTAINTY,  
AND  RELATED TERMS FROM THE IPCC
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Sampling uncertainty: Uncertainty arising from incom-
plete or uneven availability of measurements in either 
space or time or both. 

Risk assessment: The qualitative and/or quantitative 
estimation of risks. See also Risk management and Risk 
perception. 

Risk framework: A common framework for describing 
and assessing risk across all three working groups is 
adopted to promote clear and consistent communication 
of risks and to better inform risk assessment and decision 
making related to climate change.

Risk management: Plans, actions, strategies or policies 
to reduce the likelihood and/or magnitude of adverse 
potential consequences, based on assessed or perceived 
risks. See also Risk assessment, Risk perception, and Risk 
transfer. 

Risk perception: The subjective judgment that people 
make about the characteristics and severity of a risk. See 
also Risk assessment, Risk management, and Risk transfer. 

Risk trade-off: The change in the portfolio of risks that 
occurs when a countervailing risk is generated (know-
ingly or inadvertently) by an intervention to reduce the 
target risk (Graham and Wiener 1995).

Other definitions relevant to understanding the 
IPCC’s approach to risk and uncertainty include:

Agreement: In this report, the degree of agreement 
within the scientific body of knowledge on a particular 
finding is assessed based on multiple lines of evidence 
(e.g. mechanistic understanding, theory, data, models, 
expert judgement) and expressed qualitatively (Mastran-
drea et al. 2011). See also Confidence, Likelihood, Uncer-
tainty, and Evidence.

Confidence: The robustness of a finding based on the 
type, amount, quality and consistency of evidence (e.g. 
mechanistic understanding, theory, data, models, expert 
judgment) and on the degree of agreement across multiple 
lines of evidence. In this report, confidence is expressed 
qualitatively (Mastrandrea et al. 2011).

Hazard: The potential occurrence of a natural or 
human-induced physical event or trend that may cause 
loss of life, injury, or other health impacts, as well as 
damage and loss to property, infrastructure, liveli-
hoods, service provision, ecosystems and environmental 
resources. 

Impacts: The consequences of realised risks on natural 
and human systems, where risks result from the inter-
actions of climate-related hazards (including extreme 
weather / climate events), exposure, and vulnerability. 
Impacts generally refer to effects on lives, livelihoods, 
health and wellbeing, ecosystems and species, economic, 
social and cultural assets, services (including ecosystem 
services), and infrastructure. Impacts may be referred 
to as consequences or outcomes, and can be adverse or 
beneficial.

Low-likelihood, high impact events: Outcomes/events 
whose probability of occurrence is low or not well known 
(as in the context of deep uncertainty) but whose poten-
tial impacts on society and ecosystems could be high. 
To better inform risk assessment and decision-making, 
such low-likelihood outcomes are considered if they 
are associated with very large consequences and may 
therefore constitute material risks, even though those 
consequences do not necessarily represent the most likely 
outcome.
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CLASSIFYING UNCERTAINTY

As the COVID-19 pandemic has 
made obvious, people’s ways of 
making decisions under uncertainty 
vary greatly across individuals. For 
example, cultural and political beliefs 
shape what different individuals 
perceive as reasonable. Cognitive 
biases which are fairly uniform across 
cultures may manifest in different 
ways according to the circumstances 
of the individual. Differences can be 
present even in closely knit groups of 
scientists, who are likely to perceive 
some scientif ic uncertainties in 
divergent ways, or even have differ-
ent mental pictures of what different 
uncertainties are and what their rela-
tive importance is. This is especially 
true in connection to tipping points 
or other ‘deep uncertainties’. 

Knowledge about climate risks 
comes from many sources: observa-
tions, experiments, theory, and mod-
els (embodied, conceptual, statisti-
cal, simulations, etc.). Each source of 
knowledge contains many different 
forms of uncertainty, and there is no 
universal system for classifying them. 
Here we offer a few fairly broad and 
commonly recognised categories of 
uncertainty. Some categories may 
overlap.

RECOMMENDED 
FURTHER READING:

Levontin, Polina et al. 2020. 
Visualising Uncertainty: A Short 
Introduction. AU4DM.  
au4dmnetworks.co.uk/resources/

French, Simon (ed), 2019. Decision 
Support Tools for Complex Deci-
sions Under Uncertainty. AU4DM. 
au4dmnetworks.co.uk/resources/

• Stochastic uncertainties: Physical randomness of the physical, 
ecological, social, economic, or technical processes.

• Epistemological uncertainties: Limitations to our ability to describe/
represent the world linguistically, mathematically, or statistically.

• Observational uncertainties: Limitations to our ability to record what is 
going on. Observational uncertainties might include limitations such as:
 › Accuracy — the difference between observation and reality; 
 › Precision — the quality of the estimate or measurement; 
 › Completeness — the extent to which information is comprehensive; 
 › Consistency — the extent to which information elements agree 

(conflicts in data); 
 › Lineage — the pathway through which information has been passed; 
 › Currency and temporality more generally — the time span from 

occurrence to collection of data; 
 › Credibility — the reliability of the information source; 
 › Subjectivity — the extent to which the observer influences the 

observation; 
 › Interrelatedness — the dependence on other information; 
 › Spatial coverage.

• Semantic uncertainties or ambiguities: Terminology is often ill-defined 
and has conflicting meanings in different (scientific) contexts. Words 
can be ambiguous and lead to different interpretations of information. 
Interpretations can be influenced by how the communication is framed, 
the setting in which it takes place, perceptions about the communicator’s 
intentions, as well as many other factors. Sometimes a word can have 
a very similar meaning but a different nuance or emotional charge 
across different communities, which can also lead to uncertainty.

• Ethical uncertainties: What makes a good decision? What is ‘right’ 
and for whom? What should be valued? What are acceptable risks, 
thresholds, and trade-offs? Who should have the right to decide and how? 

• Subjective (expert) judgements: Experts are constantly making 
calls, from a decision that some uncertainty should be quantified, 
to setting parameter values, to processing data, selecting 
appropriate equations, deciding if the model is sufficiently 
plausible, and how different models should be weighted, to 
advising on trade-offs, constraints, and climate goals.

• Computational uncertainty: Increasingly, computers are integral 
to gaining insights into climate risk. The complexity of models and 
their code, run times and other computational demands, the nature 
of statistical algorithms (e.g. machine learning, if used) introduce 
their own uncertainties. Is the code error-free? Have models 
converged? Are they exploring the whole parameter space, have they 
been over-fitted to data, do they have predictive power or skill, and 
how should we assess whether the models are fit for purpose?

• Deep uncertainty: Decisions are made under deep 
uncertainty when key stakeholders cannot agree on appropriate 
models, probability distributions, and/or values.

http://au4dmnetworks.co.uk/resources/
https://au4dmnetworks.co.uk/resources/
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TOOLS AND  RESOURCES

Here are a small handful of resources 
related to communicating climate and 
environment information, including 
communicating climate science for 
decision-makers and stakehold-
ers, climate and environmental 

storytelling, and facilitating partic-
ipatory processes. This list has been 
crowdsourced, starting in October 
2021, and will be maintained at 
least for the next year as the living 
document (located here) component 

of the Toolkit. Please feel free to 
recommend your own resources in the 
online document, and be as descrip-
tive as possible about why you are 
recommending them.

NAME / LINK TYPE OF 
RESOURCE COMMENTS KEYWORDS

COP26 Universities 
Network +  
Climate Action Unit 
Communicating Climate 
Risk Handbook

Toolkit and 
presentation 
slides

A variety of tips and insights, mostly from Climate Action 
Unit, primarily aimed at scientists engaging with policymakers. 
Includes insights for understanding and engaging end users, 
writing hacks

comms; end users; 
writing; decision 
support

IPCC WGI Interactive 
Atlas

Interactive  
atlas

“A novel tool for flexible spatial and temporal analyses of much 
of the observed and projected climate change information 
underpinning the Working Group I contribution to the Sixth 
Assessment Report, including regional synthesis for Climatic 
Impact-Drivers (CIDs).”

maps; interactive 
maps; IPCC; 
uncertainty; 

#TalkingClimateChange 
Handbook

Guide “We are deeply influenced by the conversations we have with 
our peers. Talking about climate change with our family and 
friends is a crucial part of making change. Explore our guidance 
for how to have climate conversations that will leave you feeling 
inspired and connected.”

public; popular 
discourse; 
conversations; 
guides; deliberation; 
participation

#TalkingClimateChange 
workshop package

Workshop 
resources

“These resources provide practical evidence-based guidance on 
how you can help friends, family, colleagues, neighbours and 
members of your community feel more confident about talking 
about climate change in their daily lives. The idea is to spread 
the word and upskill our communities to have better climate 
conversations — conversations that leave them feeling inspired 
and connected.”

public; popular 
discourse; 
conversations; 
guides; education; 
workshops, training

FlowingData Blog “I’m Nathan Yau. I run FlowingData. [...] I have a PhD 
in statistics from UCLA, with a focus on visualization for 
presenting data to everyone. I want as many people as possible 
to understand data, and I think visualization — from statistical 
charts to infographics to data art — is the best way to get there.”

data visualisation; 
data art; aesthetics

Kate Raworth,  
Doughnut Economics
www.kateraworth.com/
doughnut/

Book Raworth’s book seeks to imagine the economics of the future, 
and is also notable for its discussion of the role of charts and 
diagrams in the history of economics and its social and political 
impact

data visualisation; 
economics; degrowth; 
growth agnosticism; 
Beyond GDP; 
metrics

CambridgeZero
www.zero.cam.ac.uk/

Organisation The university’s hub for all things related to climate crisis and 
transition to a zero-carbon world, connecting up many different 
research centres and groups, and with a strong strand of climate 
communication

net zero; research; 
climate science

IPCC Photo Library
www.ipcc.ch/sr15/
mulitimedia/photo-
library/

Website A small collection of photographs together with guidance on 
how to use visuals to communicate about climate change

documentary; 
visuals; photographs; 
aesthetics

10 Tips on Visualising 
Climate Risk

Tool Ten tips for using visuals to communicate  
(both data visualisation and photography) from AU4DM

design principles; 
visuals; photographs; 
aesthetics
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NAME / LINK TYPE OF 
RESOURCE COMMENTS KEYWORDS

Communicating Climate 
Risk Toolkit — a survey

Survey Help the COP26 Universities Network and AU4DM to 
develop tools focused on communicating complex and 
uncertain information.

survey

weADAPT
www.weadapt.org/

Platform “weADAPT is a collaborative platform on climate change 
adaptation issues. It allows practitioners, researchers and 
policymakers to access credible, high-quality information and 
connect with one another.”

infographics; research; 
comms

National Trust Climate 
Hazard Maps

Dashboard An ArcGIS based platform to explore climate hazards in the 
UK

maps; interactive 
maps; hazards; GIS

MCC Carbon Clock
www.mcc-berlin.net/en/
research/co2-budget.html

Communication Live countdown of ‘remaining carbon budget.’ case studies; visuals; 
speculative design

Visualising Uncertainty:
A short introduction

Toolkit This primer, published by the Analysis under Uncertainty for 
Decision-Making network (AU4DM), summarises the current 
state of the art of uncertainty visualisation research. It brings 
together a wealth of relevant studies, concepts, and practical 
tools and recommendations.

design principles; data 
visualisation; deep 
uncertainty

WeDoData Company Specialises in all kinds of data visualisation, great examples (in 
French).

data visualisation; 
dashboards; 
narratives; 
infographics

Worldwide Climate 
Policy

Dashboard ‘How could the burden of GHG emissions reductions be 
shared among countries? We address this arguably basic 
question by purely statistical methods that do not rely on any 
normative judgment about the criteria according to which 
it should be answered.’ Although, assuming that statistical 
methods are not ‘normative’ is, in our opinion, incorrect, there 
are valuable insights in this visualisation. See also Climate 
Equity Reference Calculator.

data visualisation; 
dashboards; 
mitigation policies

RealClimate.Org Scientists’ Blog “We’re often asked to provide a one stop link for resources 
that people can use to get up to speed on the issue of climate 
change, and so here is a selection. Unlike our other postings, 
we’ll amend this as we discover or are pointed to new resources. 
Different people have different needs and so we will group 
resources according to the level people start at.”

climate science 
communication; 
visualisation; 
modelling

Carbon Brief Website “Carbon Brief is a UK-based website covering the latest 
developments in climate science, climate policy and energy 
policy. We specialise in clear, data-driven articles and graphics 
to help improve the understanding of climate change, both 
in terms of the science and the policy response. We publish a 
wide range of content, including science explainers, interviews, 
analysis and fact checks, as well as daily and weekly email 
summaries of newspaper and online coverage.”

graphics; 
climate science 
communication; fact 
checks

Climate Equity Reference 
Project

Website and 
Dashboard

“The Climate Equity Reference Calculator is a general online 
equity reference tool and database that systematically applies a 
generalized and transparent equity reference framework with 
the goal of quantitatively examining the problem of national 
fair shares in a global effort to rapidly reduce greenhouse 
gas emissions. It can be applied using a range of possible 
assumptions, and whatever values are chosen, they are applied 
to all countries, in a dynamic fashion that reflects the changing 
global economy.”

data visualisation; 
dashboards; 
mitigation policies; 
equity

Chapman, Daniel A., 
Adam Corner, Robin 
Webster, and Ezra M. 
Markowitz. 2016

Article ‘Climate Visuals: A Mixed Methods Investigation of Public 
Perceptions of Climate Images in Three Countries’. Global 
Environmental Change 41 (November): 172–82. https://doi.
org/10.1016/j.gloenvcha.2016.10.003.

climate imagery; 
visual communication, 
imagery public 
engagement; mixed-
methods
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The cover, and some other aspects of design in this 
Toolkit, have been inspired by this temperature quilt by 
Fran Sharp. Quilters are helping to visualise and commu-
nicate climate risks to the public through their work.

We learned about Fran Sharp’s work from an article 
by Rebecca Onion (2020) in Slate.com, which put this 
work into the context of not just communication but re-
sistance: “These projects also play with the idea of ‘ste-
ganography’—the concealment of secret information in 
plain sight. The Tempestry Project’s Emily McNeil told 
the Philadelphia Inquirer in 2019 that the group formed 
after hearing about scientists and archivists who were pre-
serving climate-related research data before the Trump 
inauguration in early 2017. “We were just sort of joking 
one night about how we should return to more concrete 
forms of data storage, like tapestries, because you can’t 
just get rid of them on the Internet,” McNeil said. The 
history and mythology of fiber and textile art is full of ste-
ganography, real, fictional, and apocryphal—the Belgian 
resistance during World War II, recruiting women whose 
windows were located over train yards to knit patterns of 
the trains’ arrivals and departures; Madame Defarge of 
Dickens’ A Tale of Two Cities, knitting a list of people to 
be guillotined; enslaved women sewing codes into quilts 

that helped people navigate the Underground Railroad.” 
Onion remarks, “Climate change is a classic open secret: a 
thing that we all know is happening, but that our officials 
(by and large) choose to ignore when they are making the 
decisions that matter. The temperature blanket is a very 
2020 way to call attention to the reality of this data. There 
it is, warming your legs.” 

Onion, Rebecca. ‘The Quilters and Knitters Who Are 
Mapping Climate Change’. Slate, 8 February 2020.
slate.com/technology/2020/02/quilts-knitting-cross-
stitch-climate-change.html.

A NOTE FROM THE ARTIST:
Fran Sharp has been quilting for 20 years, and has made 
over 100 quilts. She especially likes quilted pieces with 
a message, be it political, spiritual or about nature. She 
hopes that viewers will make meaning from the images 
and add their own interpretations. 

This quilt, “Fighting for Climate Justice” depicts tem-
perature data for Boston from the year 2019; each rec-
tangle (one day) has two shapes representing the high 
and low temps of the day. Each month is one column, 
with January on the left.

“Fighting for Climate Justice,”  
temperature quilt by Fran Sharp.

THE STORY  
BEHIND THE COVER
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http://slate.com/technology/2020/02/quilts-knitting-cross-stitch-climate-change.html
http://slate.com/technology/2020/02/quilts-knitting-cross-stitch-climate-change.html
http://fransharpdesigns.blogspot.com/


The Communicating Climate Risk Toolkit seeks to narrow the gap between 
climate science and climate action, by providing insights, recommendations, 
and practical tools to support dialogue between scientists, decision-makers, 
and many diverse communities. The Toolkit also endeavours to identify open 
problems and pose questions for further study and debate. Topics covered 
include varying conceptions of uncertainty and risk, best practice in visualising 
uncertainty data, case studies on tipping points and model uncertainty. 
Based on close collaboration across decision science, climate risk modelling, 
statistics, the environmental humanities, and science communication, the 
Toolkit seeks to drive a step change in achieving holistic, joined-up, and 
participatory climate action, equal to the scale of the task of the decade ahead. 
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