
PERSPECTIVE • OPEN ACCESS

Assessing the plausibility of climate futures
To cite this article: Anita Engels and Jochem Marotzke 2023 Environ. Res. Lett. 18 011006

 

View the article online for updates and enhancements.

You may also like
Anatomically plausible models and quality
assurance criteria for online mono- and
multi-modal medical image registration
C Zachiu, B Denis de Senneville, C T W
Moonen et al.

-

Application of Dempster–Shafer theory in
dose response outcome analysis
Wenzhou Chen, Yunfeng Cui, Yanyan He
et al.

-

Plausible 2005–2050 emissions scenarios
project between 2 °C and 3 °C of warming
by 2100
Roger Pielke Jr, Matthew G Burgess and
Justin Ritchie

-

This content was downloaded from IP address 136.172.146.14 on 16/02/2023 at 08:44

https://doi.org/10.1088/1748-9326/acaf90
/article/10.1088/1361-6560/aad109
/article/10.1088/1361-6560/aad109
/article/10.1088/1361-6560/aad109
/article/10.1088/0031-9155/57/17/5575
/article/10.1088/0031-9155/57/17/5575
/article/10.1088/1748-9326/ac4ebf
/article/10.1088/1748-9326/ac4ebf
/article/10.1088/1748-9326/ac4ebf
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvkrUQvrBVvEOaknKv1F3Ml-TcF863Cc8-P9yzh2FH8IuOPBff1m7uDMlMyqMtcj7_c_OLBkz_UZfPaP66TVfONd-BmEVEcKg-AztImUFWA0PKU9NzB43IbFnI_Bws2CdjcqaCAcmvdrDNWvktdGT1gDQa2lLeJqVRPKTXmh9aGoa42Hz9aTplmKZPNvZoK0-EQyV7R41a8RenGAE0O32bzdgzHmG1gVEH0US_v97P-DHAz82zi-GTgviJBWusKCYjO7hmA0goaJEX-qdsuV4CgbdUep211hmaBjiVkgxL98Q&sai=AMfl-YTt2dOxK6rvvA3mrF5T6i1rycgS1Nj0iRDnbM2LTlhVrlSZz4mttp8aVxqDglge0fo7OjkvUy84jQqEIVE&sig=Cg0ArKJSzK4flsNDz6iV&fbs_aeid=[gw_fbsaeid]&adurl=https://www.owlstonemedical.com/products/breath-bio%25C3%25A5psy-omni/%3Futm_source%3Djbr%26utm_medium%3Dad-lg%26utm_campaign%3Dproducts-jbr-coversheet-2023-omni%26utm_term%3Djbr


Environ. Res. Lett. 18 (2023) 011006 https://doi.org/10.1088/1748-9326/acaf90

OPEN ACCESS

RECEIVED

19 July 2022

REVISED

30 November 2022

ACCEPTED FOR PUBLICATION

3 January 2023

PUBLISHED

13 January 2023

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOI.

PERSPECTIVE

Assessing the plausibility of climate futures
Anita Engels1,3,∗ and JochemMarotzke2,3
1 Center for Sustainable Society Research, Universität Hamburg, Hamburg, Germany
2 Max Planck Institute for Meteorology, Hamburg, Germany
3 Center for Earth System Research and Sustainability, Universität Hamburg, Hamburg, Germany
∗ Author to whom any correspondence should be addressed.

E-mail: anita.engels@uni-hamburg.de

Keywords: plausibility, climate futures, climate change, social plausibility assessment, decarbonization, deep uncertainty

The gap between the science of climate change and
global action to prevent climate change is breath-
taking. While the temperature goals defined in
the Paris Agreement of 2015 suggest that a com-
plete decarbonization of human activities should be
achieved by around 2050 and certainly no later than
2070, in the real world we still measure rising green-
house gas emissions (IPCC 2021, 2022, SEI et al 2021,
UNEP 2021).

So where is society heading? Can we tell as sci-
entists which climate future lies ahead of us if we
try to get a realistic understanding? The continu-
ously rising global CO2 emissions imply that achiev-
ing the Paris Agreement goals requires ever steeper
CO2 emissions reduction curves if reduction starts
later rather than sooner. We know that theoretically
these reductions are still possible (e.g. IPCC 2018),
but can the steep curves realistically be expected?Will
available technologies be adopted to the necessary
degree? Under what conditions do they becomemore
realistic? In a large interdisciplinary climate research
cluster we have developed a new assessment frame-
work (Aykut et al 2021, Stammer et al 2021) that
helps us understand the plausibility of certain climate
futures. We briefly introduce the method, explain the
basic outcomes, and discuss the implications for cli-
mate action.

Many different climate futures are possible, both
in terms of physical and social parameters. To focus
on the social parameters for amoment: extremely dif-
ferent climate futures are all possible. The worldmight
see a phase of enhanced global collaboration, motiv-
ated by the biggest global food crisis that it has seen
in modern times, a possible consequence of Russia’s
war against Ukraine (Jagtap et al 2022). This new
level of cooperation might help in actually achiev-
ing decarbonization (Lombardo and Sambetta 2020,
Tollefson 2022). However, it is just as possible that the
war extends to a global scale, becomes an atomic war,
anddestroys the basis for industrial production on the

planet (Sethi 2022). This would replace the current
problem of climate change by much bigger ones. And
third, it is equally possible that the world will see rising
emissions over the next decade, because war is essen-
tially a carbon-intensive practice (Perreira et al 2022),
and a long war leading to global economic turmoil
might be used to shift priorities away from decar-
bonization to much more directly pressing social
issues.

Many would have a gut feeling about the likeli-
hood of these three possible climate futures. But is
it possible to determine scientifically just how likely
these different paths are? A number of authors have
suggested ways to improve our capability of pre-
dicting social processes, the likelihood of collective
action, and the outcomes of such action (Tetlock and
Gardner 2016, Bak-Coleman et al 2021, Moore et al
2022). For a number of reasons we depart from this
approach. We start from the assumption of deep or
fundamental uncertainty in which the basis is lack-
ing that would allow the calculation of probabilit-
ies (Beckert 1996, Dequech 2000, Constantino and
Weber 2021). The reasons for this uncertainty are at
least threefold: complexity, the possibility of systemic
changes, and reflexivity. First, even though social sci-
entists can say a lot about future trends of isolated
social dynamics, these trend extrapolations rely on
ceteris paribus conditions and the absence of disrupt-
ive events (Pielke Jr et al 2022). In reality, the com-
plexities of interconnected dynamics and disruptive
events render a probability calculation futile. Second,
unlike the laws of nature that inform climate phys-
ics, the laws of the social world can change funda-
mentally within a few years only. For example, a world
in which multilateralism is strong differs along many
key dimensions from a world in which multilateral
institutions are weak or non-existing (Viola 2020).
And third, even if scientists were able to calculate the
probability of a certain climate future, this informa-
tion would inevitably become part of the social world

© 2023 The Author(s). Published by IOP Publishing Ltd

https://doi.org/10.1088/1748-9326/acaf90
https://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/acaf90&domain=pdf&date_stamp=2023-1-13
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4974-6607
https://orcid.org/0000-0001-9857-9900
mailto:anita.engels@uni-hamburg.de


Environ. Res. Lett. 18 (2023) 011006 A Engels and J Marotzke

Figure 1. Key elements of the social plausibility assessment framework for decarbonization by 2050.

andmight completely change the probability (Sabetta
2019).

Given the deep uncertainty underlying the
determination of how likely a particular climate
future is, it is perhaps not surprising that even the
Intergovernmental Panel on Climate Change (IPCC)
in the most recent Assessment Report 6 (AR6) of its
Working Group III (WGIII), published in April 2022
(IPCC 2022; see especially its chapter 3, Riahi et al
2022), has shied away from explicitly declaring cer-
tain climate futures either plausible or implausible.
It is this gap that our large Hamburg-based research
cluster is filling with a new assessment framework,
albeit in the first instance for only one, particularly
pronounced, scenario—by assessing the plausibility
of global decarbonization already by 2050. A proper
definition of plausibility is a major element of our
innovation and will be given below.

Our focus on plausibility (see Stammer et al 2021,
p 19) stands in marked contrast to the IPCC focus on
feasibility, which ‘refers to the potential for a mitiga-
tion or adaptation option to be implemented’ (IPCC
2022, Footnote 71). We think it appropriate to equate
feasible in the AR6 WGIII with possible as used by us
for climate futures. The AR6 WGIII comprehensively
assesses potential enabling conditions for and bar-
riers to the feasibility of mitigation measures, espe-
cially in its chapter 3 (Riahi et al 2022). However, the
AR6 WGIII does not assess from empirical evidence
the extent to which the societal dynamics will plaus-
ibly activate these enabling conditions or barriers, and
hence it does not assess the plausibility of these mitig-
ation measures being implemented in the future. By
contrast, user practices, actor constellations, and reg-
ulatory environments are central to our assessment
(Aykut et al 2021).

As a large multidisciplinary research group based
in Hamburg, Germany, we seek to narrow down the
range of possible climate futures by asking which
climate futures are not only possible but also plaus-
ible. In the first Hamburg Climate Futures Out-
look (Stammer et al 2021), we have suggested a new
Social Plausibility Assessment Framework that allows
us to address this plausibility question (Aykut et al
2021). The approach is rooted in theories about social
change, social inertia and path dependency, disrupt-
ive change, and transformation. This theoretical basis
allows us to identify a set of key drivers that can be
assumed to have a high impact on a given future scen-
ario (see figure 1). The selection is grounded in the
vast literature on transformative social change and
deep decarbonization, and in expert elicitation in the
form of intense workshops. While the general frame-
work acknowledges history, context, and agency, each
of these drivers is conceptualized on the basis of a spe-
cific subset of theories of change, drawn, for example,
from social movement theories or organizational the-
ories. A climate future is socially plausible if the
empirical evidence about the key drivers point toward
the chosen scenario, or at least strongly indicates that
enabling conditions are building up that support this
direction. This allows us to distinguish plausible from
implausible scenarios, even if we are not able to assess
degrees of plausibility on a continuum.

To test the framework, we chose the scenario of
deep decarbonization by 2050, which is our under-
standing of the necessary social change that would
be needed for limiting the global temperature rise
to 1.5 ◦C, with reasonable likelihood of only a lim-
ited overshoot. We selected ten key social drivers that
influence whether we achieve deep decarbonization
by 2050 (see figure 2), among them drivers that are
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Figure 2. Social drivers leading toward or away from deep decarbonization. Reproduced with permission from Stammer et al
(2021). © 2021 CLICCS/Universität Hamburg.

discussed in the literature as possible social tipping
points (Otto et al 2020), such as climate protests and
social movements (Perino et al 2021) and fossil fuel
divestment (Engels et al 2021). We go beyond the lit-
erature on social tipping points by defining enabling
and constraining conditions for each of these drivers,
so that we are able to assess whether these drivers are
moving toward or away from deep decarbonization,
and doing so fast enough. We used extensive literat-
ure reviews, existing data bases, and our own research
to establish the empirical evidence for the assess-
ment. The framework also goes beyond assessments
centered on technological developments, because it
allows us to analyze the social conditions that would
allow or hinder a rapid and effective deployment of
technologies.

According to our analysis, six drivers point
toward decarbonization, but not strongly enough
for deep decarbonization to take place by 2050.
For two drivers—climate protests and social move-
ments, and journalism—we are not able to establish
a direction. And two drivers—corporate responses,
and consumption patterns—even point away from
deep decarbonization. If we take these driver assess-
ments together, we conclude that unless the enabling
conditions of social drivers change dramatically
over the next few years, reaching worldwide deep
decarbonization by 2050 is not plausible. The assess-
ment also discusses briefly how some of the drivers

provide a growing repertoire of symbolic andmaterial
resources for a global opportunity structure in which
climate action can become more powerful (Aykut
et al 2021). The coming Outlook (Engels et al forth-
coming) will have an even stronger focus on these
dynamics (Wiener and Aykut 2023).

This result has three important implications.
First, this is a serious warning. The Hamburg Cli-
mate Futures Outlook sends a strong message to
those who naïvely think that the current plethora of
climate activities will automatically bring the world
closer to achieving the Paris Agreement goals. No one
should fool oneself. Second, through the new Social
Plausibility Assessment Framework we also identify
the societal drivers that need to become stronger or
even change direction so that achieving the Paris
Agreement goals becomes plausible. This offers many
entry points for climate action that aims at structural
change, whether in the fields of climate litigation,
fossil fuel divestment, or transnational initiatives.
This is not easy to do, but a better understanding
of the underlying social dynamics might capacitate
those who currently feel desperate and helpless; they
might better be able to develop a more strategic
approach to climate action and start improving the
enabling conditions that will eventually change the
strength or direction of these drivers. And third, our
assessment also calls for an increased level of atten-
tion to adaptation to climate change—since deep
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decarbonization by 2050 is currently not plausible, it
is imperative to prepare for the climate change that is
plausibly impending.

Data availability statement

The data that support the findings of this study are
openly available at the following URL/DOI: https://
www.cliccs.uni-hamburg.de/results/hamburg-
climate-futures-outlook/download.html.
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