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Scenarios

BEATRICE COINTE

Overview

Scenarios are among the most visible and widely used products of the
Intergovernmental Panel on Climate Change (IPCC). Many kinds of scenarios
are used in climate research, but emissions scenarios and the socio-economic
assumptions that underpin them have a distinct status because the IPCC
orchestrated their development. They have evolved from assessment cycle to
assessment cycle and serve as ‘boundary objects’ across Working Groups (WGs)
and as instruments of policy-relevance. The field of Integrated Assessment Model
(ling) IAM) has emerged to produce these scenarios, thereby taking centre stage
within the IPCC assessment process. Because these scenarios harmonise
assumptions about the future across disciplines, they are essential tools for the
IPCC’s production of a shared assessment of climate research and for ensuring the
policy-relevance of this assessment. Yet, the reliance on a relatively small set of
complex models to generate scenarios spurs concerns about transparency, black-
boxed assumptions, and the power of IAMs to define the ‘possibility space’.

15.1 Introduction

Scenarios are everywhere in IPCC reports, from the climate change projections of
WGI (Chapter 14) to the mitigation pathways of WGIII. Often encountered as
graphs displaying arrays of roads-yet-to-be-taken, scenarios are in fact complex
sets of interrelated numerical variables. Among them, the scenarios projecting
long-term evolutions of greenhouse gases (GHG) stand out because the IPCC has
orchestrated their development. They are a cornerstone of the IPCC’s outlook on
the future. Through them, the IPCC has contributed to the elaboration of a new
approach to scenarios, distinct from scenario planning or futurology. This chapter
focuses on these scenarios and on the IAMs that produce them.
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The IPCC initially produced projections of GHG emissions as input for Global
Climate Models (GCMs), but the function of emissions scenarios has greatly increased
in scope and ambition. In 2006, the IPCC moved from scenario producer to ‘catalyst’,
entrusting the elaboration of new scenarios to the ‘scientific community’ (IPCC,
2006b). Rather than a catalogue of projections, the resulting scenario framework
became a toolbox used for various purposes across WGs. This reflects an ambition to
integrate the increasingly diverse domains of climate research. As explained in the
WGIII contribution to the Fifth Assessment Report (ARS), ‘scenarios can be used to
integrate knowledge about the drivers of GHG emissions, mitigation options, climate
change, and climate impacts’ (IPCC, 2014a: 48). Their development has harmonised
the futures considered by climate research, ensuring some compatibility and
comparability across disciplines. It has also accompanied and shaped the emergence
and evolution of IAMs, now the main providers of scenarios.

Scenarios are not just outputs of IPCC reports. They are, first, a cornerstone of
IPCC assessments and of the broader ambition to construct a consistent and policy-
relevant body of knowledge on climate change. They are also a research infrastructure,
enabling the organisation, harmonisation and circulation of data across disciplines.
Last, they are now a field of research whose emergence was fostered by the IPCC.
Considering these three dimensions of scenarios, this chapter first retraces the
evolution of IPCC scenarios since the First Assessment Report (AR1). It then
clarifies the role of IAMs, and reviews ongoing debates on IAM-produced scenarios.

15.2 The IPCC as Scenarios Producer

To project future climate change, climate modellers need estimates of the future
evolution of GHG and other emissions. Providing ‘scenarios of possible future
greenhouse gas emissions for the use of the three [IPCC Working Groups’ was one
of the first tasks undertaken by WGIII in the preparation of the IPCC’s ARI1
(IPCC, 1990b: xxxi). Since then, scenario development has gone hand-in-hand
with the IPCC assessment cycles. Emissions scenarios have been regularly updated
to take into account real-time evolutions in GHG emissions and to meet the
evolving needs of climate research and policy.

To date, there have been four generations of scenarios (Table 15.1). They differ
in their scope, characteristics and development process (Girod et al., 2009). The
first set of scenarios, labelled ‘SA90’, was developed in 1989 by an expert group
formed by the ‘Response Strategies Working Group” (IPCC, 1990b: 17). Its four
scenarios were intended as inputs for GCMs (van Beek et al., 2020a).

The IPCC requested an update in 1991 (IPCC, 1991) and the resulting ‘IS92’
scenarios — standing for ‘IPCC Scenarios 1992” — were published in a supplement
to AR1 (Leggett et al., 1992). As noted in the foreword to the Special Report on
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Table 15.1. Four generations of IPCC scenarios

Assessment Development
cycle Scenarios Models used period Key publications
AR1 SA90 ASF (US EPA) 1988-1990 Tirpak and Vellinga (1990)
4 scenarios IMAGE (NL)
AR2 1S92 (a to f) ASF (US EPA) 1991-1994 Leggett et al. (1992)
6 scenarios Alcamo et al. (1995)
AR3, AR4 SRES (A1B, A1F, Open process 1996-2000 Nakicenovic et al. (2000)
AIT, A2, B1,B2) AIM (Japan)
6 markers, 40 in total ~ASF (US EPA)
IMAGE (NL)
MARIA (Japan)
MESSAGE (ITASA)
MiniCAM (US)
ARS onwards  Initially 4 RCPs (2.6, One model for each RCP (selected RCP: 2005-2010 Moss et al. (2008)

45,6, 8.5)
5 SSPs (1 to 5)
After 2016, 7x5
Scenario matrix
(Figure 15.1)

from the literature): AIM, IMAGE,

GCAM, MESSAGE
Open process for the SSPs, many
models

SSP: 2010-2016
Scenario matrix:
2016 onward

IPCC (2012b)

Special issues in Climatic Change
(vol. 109, 2011 and vol. 122,
2014) and Global
Environmental Change (vol. 42,
2017).

O’Neill et al. (2016) for AR6

Source: Author.
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Emissions Scenarios (SRES), these IS92 scenarios were ‘pathbreaking’ as ‘they
were the first global scenarios to provide estimates for the full suite of greenhouse
gases’ (Nakicenovic et al., 2000). The IPCC-requested evaluation of the 1S92
scenarios (Alcamo et al., 1995) was possibly even more influential. At the time,
there were few emissions scenarios in the literature and no established criteria for
their evaluation (Alcamo et al., 1995: 242). The 1995 evaluation set an evaluation
framework, recommended good practice, and categorised the potential uses for
scenarios. Its guidelines have remained benchmarks for the development and
assessment of scenarios.

The ‘SRES scenarios’” were developed between 1996 and 2000 and published in
a 600-page Special Report (Nakicenovic et al., 2000). They marked an increase in
ambition and scope. Based on an extensive literature review, they were designed
for a broader range of purposes and users. The process of constructing the
scenarios was also more open, with a 50-author writing team and a call for
participation issued to researchers. It produced a set of 6 marker scenarios picked
among a total of 40 scenarios, all published in an internet database. One of the
main innovations was the development of four storylines to map scenarios along
two axes — regional vs. global, economic vs. environmental. With this structuring
compass, the SRES scenarios offered a framework for organising and commu-
nicating uncertainties surrounding climate change.

The SRES scenarios were used as reference points by all three WGs in the AR3
(2001) and AR4 (2007) reports. By 2003, the scenarios literature had considerably
expanded and so the IPCC raised ‘the question of new scenarios for the ARS’
(IPCC, 2003). This initiated a major overhaul of the scenario framework and a
redefinition of the IPCC’s role in it.

15.3 The IPCC as Catalyst: Towards a New Scenario Framework

During the revision of the scenario framework, initiated in 2005, the IPCC shifted
from being the producer of scenarios to being the catalyst of their production. At
its 25th Panel session in 2006, the IPCC delegated the development of new
scenarios to the scientific community at large, whilst retaining a facilitating role.
The Integrated Assessment Modeling Consortium (IAMC) was founded to
coordinate scenario work." The delegation of this work was possible because the
emerging IAM community convinced the IPCC chair of its ability to coordinate the
process (Cointe et al., 2019). In fact, this community comprised many of the same
people involved in previous scenario developments — the three founders of the
IAMC included two SRES authors. The process involved IPCC-sponsored
meetings (where the main features of scenarios were agreed upon), annual IAMC
meetings and a string of research workshops. Reflecting the change of process,
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there was now not one document presenting the scenarios, but a collection of
multi-authored workshop reports, journal articles and special issues (Table 15.1).

The process was bottom-up and had to accommodate the technical
specifications of climate models, the requirements of diverse scientific and
policy users, the IPCC timeline, and the capacities of existing models. It was
guided by two aims: first, to make scenarios suitable for more purposes,
especially policy analysis and impact assessments; and, second, to decouple
climate change projections from socio-economic assumptions, so as to enable
climate modelling, impact studies, and the elaboration of socio-economic
scenarios to progress independently in a ‘parallel process’ (Moss et al., 2010).
The resulting framework is quite intricate, and cannot be understood independent
of its development process.

Between 2005 and 2017, two types of scenarios were elaborated: Representative
Concentration Pathways (RCPs) and Shared Socioeconomic Pathways (SSPs). The
RCPs are emissions scenarios leading to specified levels of radiative forcing and
designed as inputs for climate models. The radiative forcing profiles serve as a
common currency to connect mitigation pathways with climate scenarios. Within
the ARS timeline, four RCPs were selected among published IAM scenarios. They
were adapted to the data requirements of climate models (Moss et al., 2008: xv)
without harmonising the underpinning socio-economic assumptions. They had to
satisfy scientific soundness, requirements from WGI researchers, and expectations
for policy-relevance. The choice of the low-emissions pathways illustrates this
latter demand. The compatibility of RCP2.6 with the ‘2°C policy objective’ made
it a favourite scenario in policy negotiations, but it was only approved after a
scientific check (Weyant et al., 2009; Moss et al., 2010; Beck & Mahony, 2018b).

The SSPs, which took longer to develop, provide both narrative (storylines) and
quantitative sets of socio-economic assumptions — for example, population and
economic growth — that form coherent pictures of how the world might develop
without climate change and climate policy (O’Neill et al., 2014). IAMs use these
assumptions to project future emissions, combining them with policy assumptions
to reach lower emissions levels. In the lead-up to ARG, eight new reference
scenarios — combining one SSP storyline with one radiative forcing level — were
selected for WGI (O’Neill et al., 2016). This updated the RCPs by expanding their
scope and harmonising their socio-economic assumptions.

Rather than a fixed library of scenarios, the new (and current) IPCC scenario
framework is a method for organising assumptions in order to harmonise and
coordinate different types of climate-relevant projections. This method is
encapsulated in the ‘scenario matrix’ (Figure 15.1) designed as a common
reference to map the range of assumptions about the future. Thus, contrary to
previous versions used by the IPCC, the current scenario framework is an
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Figure 15.1 The scenario matrix combines the five SSP storylines with seven radiative forcing levels.

White boxes: no scenarios available; SSPx-y: scenarios used by WGI in ARG6.
Adapted from O’Neill et al. (2016) and Fuglestevedt et al. (2021) (their Figure 1)
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infrastructure to organise model inputs and outputs across research communities,
which can be rediscussed, refined and adapted.

15.4 The ‘Mapmakers’: Integrated Assessment Models

The elaboration of the scenario framework established the models used to produce
emissions scenarios as a cornerstone of climate research. The emergence of [AMs
as a category of models and a tightly bound research community is inseparable
from the development of scenarios for the IPCC. The original website of the IAMC
emphasised this co-evolution, stating that ‘scenarios to underpin the 1st
Assessment Report of the IPCC were elaborated with 1st generation IAMs’
(IAMC, 2017).

IAMs are complex numerical models that represent the interactions between
environmental, human and technological systems. They do not build upon a shared
theoretical basis, but combine disciplines and intellectual traditions including
environmental sciences, systems analysis, macroeconomics and engineering.
About 30 TAMs are referenced in the AR5 (Clarke et al., 2014), most of them
developed in Europe, the United States and Japan. As tools to assess mitigation
trajectories and policy options on a global scale, they constitute an important part
of the research assessed by WGIII, especially in ARS where they were the basis for
‘the exploration of the solution space’ (IPCC, 2014a: ix).

Although TAMs are widely used outside the IPCC scenario process, their
emergence is closely tied to the IPCC and its WGIII (see Chapter 12). Corbera
et al. (2016) note that a number of WGIII authors have organised their careers
around the IPCC, which is the case for several prominent figures of IAM research.
Most IAM group leaders have been IPCC authors and have participated in scenario
development — some, such as Jac Edmonds, Priyadarshi Shukla, John Weyant or
Nebosja Nakicenovic, since the 1990s. The IMAGE model — developed originally
by the Netherlands Environmental Assessment Agency (PBL) — has also been a
consistent feature of scenario development, except for the I1S92.

These links intensified after 2005. The delegation of scenario development to
the scientific community, and the central position of IAM-produced mitigation
scenarios in the WGIII ARS, drove the organisation and professionalisation of
IAM research (Cointe et al., 2019). The combination of an intense schedule of
IPCC-sponsored ‘expert meetings’ to work on scenarios, together with several
large EU-funded IAM research projects, meant that involved researchers
met almost every other month for a few years. This effectively fostered a small
and close-knit community. The IAMC, initially created to prepare the RCPs,
turned into a disciplinary organisation, and its annual meeting became a fully
fledged conference. This emerging community also set up an infrastructure for
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collaboration and data exchange — partly to be able to work together, partly
because it was a requirement for IPCC scenarios. The database created at the
International Institute for Applied Systems Analysis (IIASA) to host RCP data
now serves as a repository of scenarios for IPCC-related work and for research
projects; model documentation and codes are increasingly available; and the
IAMC curates a Wiki documenting existing IAMs.

This considerably improves the transparency of IAMs, but it also exposes them
to scrutiny and criticism (Robertson, 2021). The prominence of IAM-produced
scenarios indeed gives the models’ underlying assumptions, worldviews and
solving mechanisms considerable influence in defining the scope of action
presented by the IPCC.

15.5 The Contested Influence of IAMs

The position of IAMs-generated scenarios at the interfaces between different
domains of climate science and between science and policy puts them at the heart
of lively — if mostly academic — debates. These debates highlight the difficulty of
disentangling the process of scenario production from the substance of scenarios.

One core issue is the lack of transparency of models. IAMs are complex,
interdisciplinary models that are hard to communicate even among experts. They
are thus often perceived as ‘black-boxes’ (Haikola et al., 2019). In fact, much of
the work undertaken in the IAMC and in modelling projects aims to enable
modellers from different groups to understand each other’s models. Transparency
about model structure, assumptions and data is necessary to assess the soundness
and reliability of IAM projections. This is not only an epistemic concern. Because
IAMs-generated scenarios are used to explore the ‘possibility space’, their
structure, inputs and underlying assumptions constrain the range of futures brought
to the attention of policy-makers (Beck & Mahony, 2018b; Beck & Oomen, 2021;
also Chapter 21). According to Robertson (2021), failure to answer calls for
transparency risks undermining trust in the IPCC. To some degree, the IPCC has
heeded such critiques in expert meetings and publications attempting to tackle the
challenge (IPCC, 2017b; Skea et al., 2021).

Criticism of the reliance of IAMs on negative emission technologies (NETs) —
and in particular on bioenergy with carbon capture and storage (BECCS) — to
achieve scenarios compatible with the 2 °C and 1.5 °C policy objectives of the UN
Framework Convention on Climate Change (UNFCCC) has spurred examination
of the inner workings of IAMs. This has brought social sciences and science and
technology studies (STS) scholars into the discussion (Beck & Mahony 2018b;
Haikola et al., 2019; Carton et al., 2020; Low & Schiéfer, 2020). These analyses
suggest that the tendency of IAMs to favour NETs comes from their representation
of technological progress, their focus on least-cost options, and their discounting
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assumptions. Many limitations of IAMs have been highlighted: they are better at
representing technological change than lifestyle changes; they use economics as a
basis for decision-making; they tend to consider a limited range of market-based
policies; many (not all) are cost-optimisation models; and they hardly consider no-
growth or degrowth futures. For critics like Kevin Anderson, this makes them ‘the
wrong tool for the job’ (Anderson & Jewell, 2019). However, not all of these
limitations are hard-wired into the models, and modellers are reflecting on how to
address them (O’Neill et al., 2020; Keppo et al., 2021).

Another issue of concern is the interpretation and use of IPCC-sanctioned
scenarios. Scenarios have a life of their own, and their assumptions and limitations
often do not travel with them, even when they are acknowledged in the original
publications (see also Box 15.1). The performativity of scenarios often escapes

Box 15.1
‘Business-as-usual’ scenarios

An important choice when making climate scenarios is whether to consider increased
climate policy action. Scenarios without additional climate policies, often referred to as
‘business as usual’, serve as baselines against which to assess the effects, costs and
benefits of climate action. The SA90 scenarios included policy and no-policy
scenarios. As requested by the IPCC, the IS92 and SRES scenarios were all
‘business as usual’. The later scenario matrix is more flexible, but retains the idea of
a no-policy baseline: while the SSP storylines do not include climate policies,
modellers add policies (usually a carbon price) to reach lower concentrations from
the same socio-economic assumptions. The term ‘business as usual’ can be misleading
when used to refer to a single scenario. There is not one, but many possible, scenarios
without additional policies (Figure 15.1). Scenario experts insist that all can serve as
baselines and none should be considered more likely than any other. In practice,
however, all are not used equally. Reviewing the use of IS92 scenarios, the SRES
report noted that the high-emission IS92a scenario was often used as a baseline, despite
explicit recommendations to use the full range of IS92 scenarios for climate assessment
(Nakicenovic et al., 2000: 32). More recently, Pielke and Ritchie (2021) and
Hausfather and Peters (2020) warned against considering RCP8.5 as a ‘business as
usual’ scenario, arguing that its assumptions — especially for future coal consumption —
were implausible and outdated. This reignited a longstanding debate about the
assignment of probabilities to scenarios to aid interpretation — something that
modellers have so far resisted so as not to liken scenarios to predictions (This issue
is discussed in AR6; Chen et al., 2021: 109—-111.) Rather than ‘mis-uses’, these debates
reflect different understandings of the status of baseline scenarios. They highlight the
challenges that arise from the use of scenarios as boundary objects and from their
appropriation by increasingly diverse users.
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their creators. The reason NETs are controversial is that their ubiquity in IAM
scenarios makes them seem inescapable — even though these technologies do not
exist at scale — to the expense of alternative options, perhaps more realistic but not
as frequently modelled by IAMs. NETs-heavy scenarios have thus been criticised
for sustaining the discrepancy between policy ambitions and real-world policy
action, and for maintaining the chimera that gradual emission reductions can ever
be enough (Anderson & Peters, 2016; Beck & Mahony, 2018b; Carton et al.,
2020).°

15.6 Achievements and Challenges

Since its first report, the IPCC has driven the establishment of scenarios as
boundary objects (see Chapter 24) among climate research communities. In
orchestrating the development of emissions scenarios, the IPCC has defined an
approach to scenarios that puts IAMs centre stage. It has also ‘charted out’ the
future. Scenarios work as boundary objects that harmonise assumptions about the
future across disciplines, thereby enabling the circulation and comparison
of projections.

The development of scenarios has encouraged integration across WGs (see
Chapter 18) and supported the emergence of a shared scientific understanding of
climate change. Thanks to debates around the new scenario framework, both IAMs
and the IPCC scenario infrastructure have become more transparent and open to
alternative perspectives. Although there is still much room for improvement, the
IPCC is at the forefront of these efforts. Because IAMs are now essential tools for
navigating the climate challenge, they are (rightly) held to higher standards of
accountability than other models. They need to be subjected to both scientific and
political scrutiny.

The opaqueness of IAMs is to an extent irreducible given their complexity and
diversity. The intricacy of the scenario framework and the proliferation of
scenarios add to the challenge of transparency. However, this opaqueness also
stems from the ambition for scenarios to meet the requirements of increasingly
diverse users. These users can have different understandings of the usefulness,
validity and plausibility of scenarios, a challenge likely to be amplified as
scenarios are taken up in political discourses or juridical trials.

Indeed, despite its ambition for comprehensiveness, the scenario framework
used by the IPCC offers an incomplete map of the future. Its success has enshrined
a quantified, model-based approach largely framed by the requirements of GCMs,
at the expense of alternative scenario methods. The next major challenge for the
IPCC is to incorporate more diverse and more radical versions of possible world
futures into their assessment process.
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Notes

—_

Source: IPCC (2007) ‘Consortium EMF, NIES and IIASA, among others’, Compilation of
replies on IPCC request to the scientific community on scenario activities. Available at: http://web-
old.archive.org/web/20071031113709/http://www.mnp.nl/ipcc/docs/index0407/Compiled %
20replies_v3.pdf (retrieved 31 October 2007) and http://web-old.archive.org/web/
20071031113640/http://www.mnp.nl/ipcc/ (retrieved 31 October 2007).

2 In contrast, under the previous SRES framework, climate impact studies needed outputs from
GCMSs/ESMs which in turn needed socio-economic scenarios. This meant that there was a
considerable lag between the publication of socio-economic scenarios and the climate impact
assessments based on them. It also required climate scenarios to be re-run every time socio-
economic scenarios were modified.

3 It should be noted, however, that RCP2.6 does involve drastic and rapid emissions cuts in all

sectors, and that the IPCC SR15 clearly states the necessity for radical and rapid changes to stay

within the 1.5 °C target.

Three Key Readings

Cointe, B., Cassen, C. and Nadai, A. (2019). Organising policy-relevant knowledge for
climate action: Integrated Assessment Modelling, the [IPCC, and the emergence of a
collective expertise on socioeconomic emission scenarios. Science and Technology
Studies, 32(4): 36-57. http://doi.org/10.23987/sts.6503 1

This article provides a detailed analysis of the emergence and organisation of the IAM
community as a provider of scenarios for the IPCC during the AR5 cycle.

van Beek, L., Hajer, M., Pelzer, P., van Vuuren, D. and Cassen, C. (2020). Anticipating
futures through models: the rise of Integrated Assessment Modelling in the climate
science-policy interface since 1970. Global Environmental Change 65: 102191.
http://doi.org/10.1016/j.gloenvcha.2020.102191

This article retraces the history of global modelling and IAMs since the 1970s, high-
lighting links with policy-making and with the IPCC process.

Low, S. and Schifer, S. (2020). Is bio-energy carbon capture and storage (BECCS)
feasible? The contested authority of integrated assessment modeling. Energy
Research & Social Science. 60: 101326. http://doi.org/10.1016/j.erss.2019.101326

This article dissects controversies about the representation of NETs in I[AMs and the
way they challenge the authority of IAMs; it discusses competing views on how to
organise relations between scenarios and policy-making.
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