
Politics and Governance (ISSN: 2183–2463)
2022, Volume 10, Issue 3, Pages 171–185
https://doi.org/10.17645/pag.v10i3.5328

Article

Exploring Global Climate Policy Futures and Their Representation in
Integrated Assessment Models
Thomas Hickmann 1,2*, Christoph Bertram 3, Frank Biermann 1, Elina Brutschin 4, Elmar Kriegler 3,
Jasmine E. Livingston 1, Silvia Pianta 5,6, Keywan Riahi 4, Bas van Ruijven 4, and Detlef van Vuuren 1,7

1 Copernicus Institute of Sustainable Development, Utrecht University, The Netherlands
2 Department of Political Science, Lund University, Sweden
3 Potsdam Institute for Climate Impact Research, Leibniz Association, Germany
4 International Institute for Applied Systems Analysis, Austria
5 European University Institute, Italy
6 RFF‐CMCC European Institute on Economics and the Environment, Italy
7 PBL Netherlands Environmental Assessment Agency, The Netherlands

* Corresponding author (thomas.hickmann@svet.lu.se)

Submitted: 28 January 2022 | Accepted: 27 May 2022 | Published: 21 September 2022

Abstract
The Paris Agreement, adopted in 2015, paved the way for a new hybrid global climate governance architecture with both
bottom‐up and top‐down elements. While governments can choose individual climate goals and actions, a global stock‐
take and a ratcheting‐up mechanism have been put in place with the overall aim to ensure that collective efforts will
prevent increasing adverse impacts of climate change. Integrated assessment models show that current combined climate
commitments and policies of national governments fall short of keeping global warming to 1.5 °C or 2 °C above preindus‐
trial levels. Although major greenhouse gas emitters, such as China, the European Union, India, the United States under
the Biden administration, and several other countries, have made new pledges to take more ambitious climate action, it
is highly uncertain where global climate policy is heading. Scenarios in line with long‐term temperature targets typically
assume a simplistic and hardly realistic level of harmonization of climate policies across countries. Against this backdrop,
this article develops four archetypes for the further evolution of the global climate governance architecture and matches
them with existing sets of scenarios developed by integrated assessment models. By these means, the article identifies
knowledge gaps in the current scenario literature and discusses possible research avenues to explore the pre‐conditions
for successful coordination of national policies towards achieving the long‐term target stipulated in the Paris Agreement.
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1. Introduction

After almost three decades of international climate nego‐
tiations, national governments have still not yet adopted
effective means of implementation to cope with the
problem of climate change. While the Covid‐19 pan‐

demic led to a temporary decline in global greenhouse
gas (GHG) emissions (Bertram, Luderer, et al., 2021;
Le Quéré et al., 2021), current collective efforts to mit‐
igate global warming remain insufficient for the overall
ambition stipulated in the Paris Agreement to keep global
warming “well below 2 °C above preindustrial levels
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and pursuing efforts to limit the temperature increase
to 1.5 °C” (United Nations Framework Convention on
Climate Change [UNFCCC], 2015, Article 2).

Although major GHG emitters, such as China, the
European Union, India, the United States under the
Biden administration, and several other countries, have
recently made new pledges to take more ambitious cli‐
mate action, it is highly uncertain where global climate
policy is heading within the next decade. An official ana‐
lysis of all revised plans for nationally determined contri‐
butions (NDCs) found only a small effect on GHG emis‐
sion trajectories until 2030 (UNFCCC, 2021). Whilst a
further analysis of updated pledges done in prepara‐
tion for the 26th Conference of the Parties (COP26) in
Glasgow tentatively suggests a stronger foundation for
achieving the long‐term goals of the Paris Agreement
(Ou et al., 2021), deep GHG emission cuts would still be
required to keep the door open to limiting peak warm‐
ing to 1.5 °C (Intergovernmental Panel onClimate Change
[IPCC], 2018).

The adoption of the Paris Agreement in 2015marked
a watershed moment in the overall global climate gov‐
ernance architecture. The Paris Agreement established
a new legal framework that for the first time entailed
responsibilities for virtually all countries to introduce
measures to mitigate climate change (Streck et al.,
2016). Moreover, in contrast to the Kyoto Protocol which
involved a top‐down governance approach with quanti‐
fied GHG emission reduction targets for a certain set of
industrialized countries, the Paris Agreement is based on
bottom‐up pledges by national governments combined
with common principles for accounting, transparency,
a periodic global stocktake, and a ratcheting‐up mech‐
anism to ensure that combined national efforts avoid
increasing adverse impacts of climate change. The Paris
Agreement is based on a “pledge and review” logic and
its success depends on the continuous strengthening of
national ambitions to reduce GHG emissions and attain
carbon neutrality (Falkner, 2016).

While a couple of recent exceptions exist (e.g., Bauer
et al., 2020; Bosetti et al., 2013; Deetman et al., 2015;
van Soest et al., 2021), most mitigation scenarios used in
integrated assessment models (IAMs) focus on so‐called
cost‐optimal reduction pathways. This means that they
start from the notion that climate action will accelerate
over time and consensus will emerge among national
governments about how to share efforts to mitigate cli‐
mate change. Moreover, most IAM scenarios suppose
that climate policies can be implemented in all regions
and sectors irrespective of national and local circum‐
stances (Rogelj et al., 2018). In addition, they often apply
uniform carbon prices across world regions with differ‐
ent socio‐political conditions (Bauer et al., 2020). This
assumption is still far from reality and the prospect of the
further evolution of the global climate governance archi‐
tecture is ambiguous. While IAM scenarios are primarily
meant to identify possible cost‐optimal strategies (and
thus do not really represent an assumption of a realistic

policy environment), we argue that it is crucial to draw
upon plausible assumptions regarding future trajectories
of global climate cooperation in order to build the next
generation of policy‐relevant climate scenarios.

In this article, we adopt a forward‐looking perspec‐
tive on the possible futures of global climate governance
architectures. In particular, we develop four global cli‐
mate governance archetypes that differ according to
their degree of coordination. They are: (a) a revitalized
top‐down approach, (b) a hybrid approach with a strong
joint commitment by national governments, (c) a hybrid
approach with a weak joint commitment by national gov‐
ernments, and (d) a breakdown of global cooperation on
climate change. We match these governance archetypes
with existing sets of scenarios from IAMs to illustrate to
what extent existing models depict these possible gov‐
ernance futures. By these means, we seek to identify
knowledge gaps in the current scenario literature and
point to possible research avenues to explore the pre‐
conditions for successful coordination of national poli‐
cies towards achieving the targets stipulated in the Paris
Agreement. Thus, this article nurtures the debate about
which type of global climate governance architecture is
most conducive to reaching the 1.5 °C target.

The article is structured as follows. In Section 2,
we clarify the concept of governance architecture and
describe crucial changes in the global climate governance
architecture over the past three decades. In Section 3,
we explain the development of possible futures of the
global climate governance architecture and how we
matched them with existing IAM scenarios. In Section 4,
we develop and elaborate on the four governance
archetypeswhich form the basis for the following analysis.
In Section 5, we assess the scenario literature and explore
to what extent existing sets of IAM scenarios cover the
different governance archetypes. In Section 6, we discuss
identified knowledge gaps and point to options for clos‐
ing them, before we draw our conclusions in Section 7.

2. The Changing Global Climate Governance
Architecture

The term “governance architecture” refers to the
metaphor of buildings that comprise “copious rooms, lav‐
ish apartments, winding staircases and meandering cor‐
ridors, [that are] all part of one interrelated systemwhile
keeping independent roles and spaces” (Biermann&Kim,
2020, pp. 7–8). Over the past few years, the concept of
governance architectures has received increasing atten‐
tion among scholars concerned with global policymak‐
ing (e.g., Biermann & Kim, 2020; Biermann et al., 2010;
van Asselt & Zelli, 2014; Zelli, 2011). It is used as an
umbrella term to denote the evolving institutional struc‐
ture in a given policy domain composed of public and pri‐
vate entities operating at different governmental levels
and scales.

While authors previously concentrated their ana‐
lysis primarily on single institutions and their dyadic
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interactions (e.g., the international climate regime
and interactions with for instance the World Trade
Organization), the concept of governance architecture
takes a holistic perspective and looks at the vastmultiplic‐
ity and overarching framework of actors and institutions
in a certain policy domain. In the following paragraphs,
we sketch the evolution of the global governance archi‐
tecture in the field of climate change.

After mounting scientific evidence in the late 1980s
that the earth was warming as a result of increas‐
ing atmospheric GHG concentrations , national govern‐
ments adopted the UNFCCC at the Earth Summit in 1992
(United Nations, 1992). This Convention did not con‐
tain any binding targets for nation‐states to reduce their
GHGs but laid the foundation for the negotiation of the
Kyoto Protocol which was agreed upon in 1997.

The Kyoto Protocol introduced obligations for a cer‐
tain set of industrialized countries to limit their GHG
emissions (UNFCCC, 1997), but it did not foresee any
mitigation obligations for developing countries which at
that time accounted only for a smaller share of over‐
all GHG emissions. After intense negotiations about
a rulebook and procedures for a market‐based instru‐
ment, the Kyoto Protocol came into force in 2005. This
top‐down governance approach (Hare et al., 2010) was
largely modeled on the success story of the Montreal
Protocol, which effectively scaled down the global pro‐
duction and consumption of chlorofluorocarbons and
other ozone‐depleting substances (e.g., Oberthür, 2001;
Parson, 2003).

However, in the years following the Kyoto Protocol’s
entry into force, there was little progress, with many
key industrialized countries either not meeting their indi‐
vidual Kyoto targets or not ratifying the protocol in the
first place. At the same time, GHG emissions increased
substantially in developing countries, especially in Asia
(Lambet al., 2021). As a result,multilateral treaty‐making
as the means to tackle climate change came under
intense scrutiny (Bernstein et al., 2010). Some schol‐
ars even questioned whether international climate nego‐
tiations were still necessary for addressing the prob‐
lem of climate change (e.g., Hoffmann, 2011; Rayner,
2010; Victor, 2011). This frustration came to a peak fol‐
lowing the failure of the international community to
agree on a new international treaty at the Copenhagen
Climate Summit in late 2009. Despite extensive prepa‐
rations and the participation of more than 120 heads
of state or government, the meeting was not success‐
ful in establishing a legally binding replacement for the
Kyoto Protocol as anticipated, not least by thousands of
civil society activists in and around the conference venue
(Bodansky, 2010).

After several years of uncertainty and further rounds
of negotiations, national delegates led by a coalition
of committed governments and backed by the United
Nations, with the support of the UNFCCC Secretariat and
numerous non‐governmental organizations, adopted
the widely celebrated Paris Agreement in 2015. Its adop‐

tion generated a shift away from top‐down targets for
nation‐states towards bottom‐up pledges that are com‐
bined with centralized principles for accounting, trans‐
parency, and a periodic global stocktake, hence rep‐
resenting a new type of hybrid global climate gover‐
nance (Dubash, 2020). The bottom‐up nature ensured a
new governance framework that envisages obligations
for almost all countries to take action against climate
change (Streck et al., 2016). The Paris Agreement also
foresees a key role for non‐state actors to take part in
the review of ambition levels, implementation, and com‐
pliance by national governments (e.g., Bäckstrand et al.,
2017; van Asselt, 2016).

While the latest rounds of international climate nego‐
tiations under the UNFCCC in Glasgow in November
2021 have shown some progress, there is no clear
road towards meeting the long‐term temperature tar‐
gets as stipulated in the Paris Agreement. Countries
announced new commitments to curb methane emis‐
sions, phase‐down coal‐fired power plants, and halt con‐
tinued deforestation (United Nations, 2021; see also
Masood& Tollefson, 2021). Nevertheless, collective com‐
mitments still fall far short of the required steps needed
to effectively tackle climate change. Recent projections
and databases show an increasing GHG emissions gap
between aggregate pledged near‐term trajectories and
what is needed to keep global warming to 1.5 °C or
2 °C (Roelfsema et al., 2020; United Nations Environment
Programme, 2018; Vrontisi et al., 2018).

Furthermore, many countries with ambitious miti‐
gation targets for 2030 currently lack progressive cli‐
mate policies to ensure target achievement, exhibiting
a clear lack of implementation (den Elzen et al., 2019).
In response to the Paris Agreement’s invitation to sub‐
mit long‐term strategies and the 2018 special report of
the IPCC with its emphasis on carbon neutrality, we wit‐
nessed a “wave of net‐zero emission targets” (Höhne
et al., 2021, p. 820) by countries. This suggests that so
far it is easier for countries to formulatemedium‐to‐long‐
term targets than to enact legislation and adopt poli‐
cies that lead to corresponding near‐term effects. This
has been framed as a “credibility gap” (Climate Action
Tracker, 2021).

At the UNFCCC COP26 , the two largest GHG
emitters—China and the United States—released a joint
statement promising to increase cooperation on cli‐
mate action (“UN chief welcomes China–US pledge,”
2021). Likewise, the European Union has refined its strat‐
egy to become climate neutral by 2050 and put for‐
ward a plan to reduce its GHG emissions compared
to 1990 by at least 55% until 2030 (European Union,
2021). Yet, it remains largely unclear whether these
pledges will materialize and how global cooperation on
climate change will develop further. Hence, this article
describes possible future developments of the global cli‐
mate governance architecture within the next decade
and assesses how such governance futures are depicted
in existing IAMs.
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3. Methodology

The analysis in this article was undertaken in two consec‐
utive steps. Firstly, we developed four archetypes of the
evolution of the global climate governance architecture.
Secondly, we conducted a mapping exercise with exist‐
ing IAM scenarios. The different governance archetypes
are the result of discussions which took place in a series
of expert workshops combined with a review of the
relevant academic literature in the field of global cli‐
mate governance. The categorization of four archetypes
is necessarily a simplification depicting broad future pol‐
icy pathways.

The development of the four governance archetypes
informed the matching of the different possible global
climate policy futures with existing IAM scenarios.
Building upon the categorization of the four governance
archetypes, the main purpose of the matching has been
to identify gaps in the scenario literature. We, therefore,
aim in this article to depict a broad overview of stylized
pathways and illustrative modeling exercises as opposed
to discussing all IAM scenarios in detail as this would
have gone beyond the scope of the article.

In sum, the matching of the four governance
archetypes with IAM scenarios tries to draw a rough pic‐
ture, with illustrative nuances. To further contextualize
the article in the broader scenario literature, we com‐
piled a table that summarizes the different criteria used
for our matching of the four governance archetypes with
existing sets of IAM scenarios. This table includes a com‐

parison of our four archetypes with the representative
scenarios from the IPCC Sixth Assessment Report (AR6;
see Table S1 in the Supplementary File).

4. Looking Forward: Developing Four Governance
Archetypes

Drawing on the literature on global climate governance,
we now develop and elaborate four archetypes for
different possible futures of the global climate gover‐
nance architecture within the next decade. The four
archetypes range from (a) a revitalized top‐down
approach, (b) a hybrid approach with a strong joint
commitment by national governments, and (c) a hybrid
approach with a weak joint commitment by national gov‐
ernments to (d) a breakdown of global cooperation on
climate change (see Table 1 for an overview of these gov‐
ernance archetypes and their main features).

In our usage of the term global climate gover‐
nance architecture, we focus primarily on the actions
of states and the UNFCCC process. However, we rec‐
ognize the importance of sub‐national authorities and
non‐state actors in contributing to GHG emissions reduc‐
tion and the role they play in global climate policy (e.g.,
Green et al., 2014; Hickmann, 2017; van Asselt, 2016).
The role of city networks, business self‐regulation, and
non‐governmental initiatives in supporting and demand‐
ing state‐level international cooperation is incorporated
in the governance archetypes as outlined below. Yet, we
note that the coverage of such climate actions launched

Table 1. Summary of key assumptions for each of the four governance archetypes.

1. Revitalized top‐down approach 2. Hybrid approach with strong joint commitment
(“return to Kyoto” approach) (Paris Agreement targets reached)

• Top‐down approach with strong legal and mandatory
institutional characteristics

• Strong accounting, monitoring, and verification as well
as sanctions in case of non‐compliance

• Strict enforcement of national policies to ensure
achievement of the 1.5 °C target

• Hybrid approach with clear goal orientation and
effective coordination on effort‐sharing among
governments

• Based on individual national pledges and common
principles leading to a joint understanding of
effort‐sharing

• Idealized continuation of current global climate
governance architecture, enabling near‐term GHG
reductions and the possibility of upscaling

3. Hybrid approach with weak joint commitment 4. Breakdown of global climate cooperation
(Paris Agreement targets missed) (UNFCCC process failed)

• Hybrid approach without clear goal‐orientation and
effective coordination on effort‐sharing among
governments

• Failure to strengthen national climate actions and
accelerating the global mitigation ambition over time

• Prolongation of status quo with soft coordination of
national climate policies, but failure of effective
ratcheting‐up

• Gradual erosion of global climate policy with steady
withdrawal of countries from multilateral treaties
and agreements

• A decline of national climate pledges leading to an
anarchical international setting

• All key principles, norms, rules, and decision‐making
procedures of global climate policy fall apart
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and pursued by actors other than national governments
is limited in current IAM scenarios and requires fur‐
ther exploration.

Above all, the four governance archetypes are not
meant as accurate pictures of reality but rather bold
descriptions to allow for matching with different IAM
scenarios and to identify knowledge gaps. At the same
time, they help to systematically compare the level
of global cooperation ambition needed to achieve the
Paris Agreement.

4.1. Governance Archetype One: Revitalized Top‐Down
Approach

The first governance archetype constitutes a top‐down
or centralized approach with strong legal and manda‐
tory institutional characteristics. It can be seen as the
Kyoto model and envisages clear legally binding targets
within amultilaterally agreed process for all national gov‐
ernments to reduce their GHG emissions by a certain
date, including strong accounting, monitoring, and veri‐
fication procedures as well as sanctions for national gov‐
ernments in case of non‐compliance (e.g., Hare et al.,
2010). In other words, this governance archetype entails
strict enforcement of public policies on a global level that
aim to ensure the achievement of the long‐term climate
stabilization target as stipulated by a new universal cli‐
mate treaty.

This archetype suggests that within the next decades,
impactful measures will be adopted by a large num‐
ber of countries due to the growing threat of climate
change. These countries not only regularly meet at
the global level, but also adhere to stringently defined
overarching targets and the allocation of individual
GHG emission budgets based on recent academic ana‐
lysis (Messner et al., 2013). This archetype assumes
that all governments of major GHG‐emitting countries
will adopt an explicit climate change mitigation effort‐
sharing agreement that guides national climate actions.
In line with such an agreement, countries adopt ambi‐
tious climate policies and accelerate them step by step
based on scientific advice and a high and increasing
carbon price (uniform across regions or differentiated
based on the agreed effort‐sharing principle) and simi‐
lar wide‐ranging instruments to reduce global GHG emis‐
sions (Weitzman, 2014).

4.2. Governance Archetype Two: Hybrid Approach With
a Strong Joint Commitment

A second governance archetype constitutes a hybrid
approach with a strong joint commitment by national
governments leading to a “race to the top.” It entails
a goal‐oriented effort‐sharing approach among most
national governments to tackle climate change through
accelerated ambitions and climate actions over time rep‐
resenting the idealized future of the current architecture
set in place with the Paris Agreement (Falkner, 2016).

This governance archetype is based on individual pledges
by nation‐states and common principles for accounting
and monitoring. They are developed in an open and
transparent process under the auspices of the United
Nations in a multilateral setting and a convergence of
understanding of fair effort‐sharing. Such an agreement
is based on the principle of common but differentiated
responsibilities enshrined in the UNFCCC (Morgan et al.,
2014; Weikmans et al., 2020).

This governance archetype can be seen as flexible
but productive coordination of national climate policies.
Even in the absence of a clear and overarching global
GHG emission cap and without strong enforcement mea‐
sures, such a global climate governance architecture
would be largely effective and further developed in inter‐
national climate negotiations (Dimitrov et al., 2019).
In this global climate policy future, international coordi‐
nation through a joint transparent global stocktake, cli‐
mate clubs of pioneering governments, and demonstra‐
tion effects from sub‐national authorities and non‐state
actors that GHG emission reductions can be achieved
are expected to ratchet up the ambition level of climate
policies within the next decade (Abbott, 2012; Nordhaus,
2015; Widerberg & Pattberg, 2015). A common under‐
standing of key principles of fair effort‐sharing ensures
an acceptable degree of heterogeneity of national tar‐
gets. Similarly, financial and technical assistance for
developing countries is ramped up to support actions.
Overall, this results in strong GHG emission cuts, keep‐
ing long‐term targets of carbon neutrality by 2050
within reach.

4.3. Governance Archetype Three: Hybrid Approach with
a Weak Joint Commitment

A third governance archetype constitutes a hybrid
approach with a weak joint commitment by national
governments. It starts from the same preconditions
as the second archetype and is also based on individ‐
ual pledges by nation‐states to mitigate climate change
in their jurisdictions (Bodansky, 2016). Yet, this gov‐
ernance archetype does not foresee a goal‐oriented
approach with effective effort‐sharing. National govern‐
ments would still present renewed pledges in inter‐
national climate negotiations, enact laws to reduce
GHG emissions, and undertake related initiatives to
address climate change in their jurisdictions. These
national actions would however not be guided by strong
principles for accounting and monitoring that would
subsequently not generate a continuous strengthen‐
ing of ambitions, making it difficult to attain the goal
to keep global warming below 2 °C (Climate Action
Tracker, 2021).

This governance archetype resembles the prolonga‐
tion of the status quo situation with only soft coordina‐
tion of national climate policies that are not bolstered
by a clear global GHG emission cap and strong enforce‐
ment measures. In this global climate policy future, the
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ratchet‐up mechanism of the Paris Agreement does not
exert ameaningful impact as intended in the institutional
design (Allan, 2019; Sachs, 2019; Young, 2016). While
some national governments might in this global climate
governance archetype seek to adopt a range of climate
change mitigation policies leading to a moderate reduc‐
tion of global GHG emissions, a lack of coordination and
competitiveness concerns limit the pace of decarboniza‐
tion, which will thus likely be too slow to meet peak
warming targets.

4.4. Governance Archetype Four: Breakdown of Global
Climate Cooperation

A fourth governance archetype constitutes the grad‐
ual erosion of global cooperation on climate change
with a steady withdrawal by national governments from
multilateral agreements and a “race to the bottom.”
This governance archetype is based on a deteriora‐
tion of pledges by nation‐states, while potentially a
number of influential philanthropists propose and sup‐
port technology‐oriented solutions to address the most
adverse effects of global warming (Held & Roger, 2018;
Victor, 2011). Eventually, all key principles, norms, rules,
and decision‐making procedures of global climate policy
would slowly fall apart, and governments would fail to
reduce GHG emissions on a global scale.

This governance archetype can be seen as non‐global
governance. It assumes that previously adopted agree‐
ments will not be implemented due to national compe‐
tition, the rise of populist parties, and lack of consensus
on the right approach, among other reasons (Hale et al.,
2013). Such a development is not very likely but remains
a possibility. In this governance archetype, global GHG
emissions will continue to rise following a business‐as‐
usual trajectory in many countries, possibly at a certain
point being countered by last‐minute technological inter‐
ventions for dealing with global warming conducted by
countries most affected by climate change impacts, such
as geoengineering (Schenuit et al., 2021).

4.5. Summing Up and Contextualization

As previously stated, the four governance archetypes
described above are simplified and bold descriptions of
the possible future trajectories of the global climate gov‐
ernance architecture. The governance archetypes devel‐
oped in this article are closely related to past efforts
within the shared socioeconomic pathways (SSP), which
strive to lay out a coherent set of narratives about future
socio‐economic pathways, including prospects of global
cooperation (e.g., Kriegler et al., 2014; Riahi et al., 2017;
van Vuuren et al., 2017). Our approach to the develop‐
ment of four governance archetypes and the SSP frame‐
work have similar starting points and both have the ambi‐
tion to depict possible global policy futures.

However, a major difference is that the SSPs basically
serve as reference scenarios without explicit assump‐

tions about global or national climate policies (Kriegler
et al., 2014), while the four governance archetypes
specifically focus on the further evolution of the global
climate governance architecture. The added value of
these four governance archetypes lies in their solid foun‐
dation and development in a series of expert work‐
shops and a review of the existing governance literature.
We argue that our categorization of four governance
archetypes can complement the SSP framework as well
as similar studies that seek to describe broader socio‐
economic developments.

5. Matching Possible Governance Futures With Existing
Integrated Assessment Model Scenarios

After developing the four archetypes of the future devel‐
opment of the global climate governance architecture,
we now match them with existing sets of scenarios
from process‐oriented IAMs that are also included in the
IPCC’s Sixth Assessment Report (IPCC, 2022). This map‐
ping exercise serves as a first approximation between
studies in global climate governance and the scenario lit‐
erature to identify knowledge gaps and novel research
directions for integrating possible global climate policy
futures into climate models (see Table 2).

IAM scenarios are designed by different research
teams around the world to inform policymakers about
trajectories of global and national GHG emissions and
related global mean temperature changes. In essence,
these sophisticated and process‐oriented models build
upon various strands of knowledge to illustrate how
human development and societal choices interact with
and affect the natural world. Due to the focus of this arti‐
cle on global climate governance architectures, we here
concentrate the analysis on global IAM scenarios.

While existing sets of IAM scenarios draw mainly on
economic, technological, and biophysical processes that
produce GHG emissions, less attention is paid to insights
from political science (Shen, 2021, p. 1) although in the
last few years a few scenarios with a stronger political
science orientation have been published (e.g., Andrijevic
et al., 2020; Brutschin et al., 2021; van Sluisveld et al.,
2020). In any case, IAM scenarios play an essential role
in current political debates related to the choices of GHG
emission reduction strategies and policies leading to car‐
bon neutrality, especially through the IPCC reports (Skea
et al., 2021; van Beek et al., 2020). The special report
of the IPCC on global warming of 1.5 °C received espe‐
cially wide global media coverage and public attention
(e.g., Boykoff & Pearman, 2019). It has also substantially
influenced both political and scientific debates on the
timing of reaching net‐zero CO2 emissions around 2050
(Rogelj et al., 2021). Given the high relevance of the
insights from IAM scenarios for policymaking, it is impor‐
tant that the scenario literature takes key assumptions
regarding future developments of global climate cooper‐
ation into account.
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5.1. Scenarios Depicting a Revitalized Top‐Down
Approach

Scholars have for a long time developed IAM scenarios
that depict the ideal situation, in which national govern‐
ments agree on clear legally binding targets to reduce
GHG emissions within a multilaterally agreed process.
An example is the set of “optimal carbon price” scenarios
which assume a uniformglobal price for CO2 emissions to
reach specific long‐term climate targetswithmore or less
perfect foresight. Similarly, recursive models project sim‐
ilar kinds of scenarios in which carbon prices, while not
inter‐temporally optimal, are uniform across regions and
are adjusted by the modelers (or some heuristic or algo‐
rithm) so that specified long‐term GHG emission reduc‐
tion targets are attained.

A different set of scenarios departs from the uniform
carbon price paradigm, allowing for regional differentia‐
tion of carbon prices to reflect alternative effort‐sharing
paradigmswithout financial transfers (van denBerg et al.,
2020), or the limited use of transfers due to sovereignty
or other concerns (Bauer et al., 2020). These scenarios
however assume either an explicit agreement on a quan‐
titative sharing of the remaining carbon budget among
national governments (van den Berg et al., 2020) or an
implicit coordination mechanism that leads to equal rel‐
ative welfare losses across regions compared to a coun‐
terfactual assumption (Bauer et al., 2020).

5.2. Scenarios Depicting the Hybrid Archetype With
Strong Joint Commitment

There are currently no comprehensive scenarios in the
academic literature that explicitly represent a highly
coordinated hybrid approach to global climate policy
that leads to a strong joint commitment of national
governments to tackle climate change. The closest
approximations are often called “bridge” scenarios (e.g.,
Kriegler et al., 2018; van Soest et al., 2021). Within
the next decade, they foresee a strengthening of cli‐
mate change mitigation ambition based on good prac‐
tice policies (Fekete et al., 2021; Roelfsema et al., 2018)
that generate a ratcheting up of climate actions by
national governments.

While some regional differentiation is assumed in
these scenarios, the exact policy assumptions are not
necessarily reflective of domestic political developments.
Moreover, they are only loosely tied to requirements
for attaining long‐term goals. To achieve long‐term cli‐
mate change mitigation targets, these scenarios after
2030 abruptly or gradually shift back to the approach
described in the previous section depicting governance
archetype one. Therefore, existing “bridge” scenarios
are not mirroring a successful implementation of the
Paris Agreement concerning the further evolution of the
global climate governance architecture.

Another set of existing scenarios, which are even less
reflective of the institutional design set in place with

the Paris Agreement, but can nevertheless best be put
into this category, are so‐called “delayed” scenarios (e.g.,
Bertram, Riahi, et al., 2021; Luderer et al., 2018). They
assume the continuation of either current international
climate policy or existing national targets until 2030, and
then also sharply shift to the policy paradigm of the
“top‐down governance” archetype. In comparison, they
presume an even more disruptive change of policy in
2030 compared to the “bridge” scenarios, and they are
thus rather far away from real developments in contem‐
porary global climate governance, as it is unclear how
such an abrupt change should come about.

A third category of existing IAM scenarios that could
best be categorized in this type is “climate club” scenar‐
ios (e.g., Paroussos et al., 2019). They envisage an explicit
forming of sub‐global coordination and cooperation, but
they do not assume the attainment of long‐term climate
change mitigation goals. While these scenarios show fur‐
ther potential for cooperation among progressive actors,
they do not yet span the full solution space and do not
sufficiently inform about potentially successful coordina‐
tion strategies.

5.3. Scenarios Depicting the Hybrid Archetype With
Weak Joint Commitment

While the different sets of IAM scenarios in the previ‐
ously described governance archetype expect a steady
acceleration of climate change mitigation ambitions and
respective actions over time, there are also scenarios
that portray less positive and dynamic developments.
They take into account that national governments do not
adjust and strengthen their commitments to tackle cli‐
mate change in their jurisdictions and adopt effective
policies to reduce GHG emissions over time.

The prime examples of such scenarios are the
so‐called NDC or NDC2100 scenarios (the most up‐to‐
date scenarios in this category are published as part
of the ENGAGE project at https://data.ene.iiasa.ac.at/
engage; see also Bertram, Riahi, et al., 2021; Riahi et al.,
2021; Roelfsema et al., 2020). They foresee the achieve‐
ment of the current set of NDCs in 2030 and use differ‐
ent heuristics to extrapolate “comparable ambition” lev‐
els for the period from 2030 to 2100.

The two extreme types of extrapolations do not
represent “comparable ambition”: Assuming automatic
long‐term achievement of GHG emission reduction tar‐
gets like in the delayed scenarios above is clearly too opti‐
mistic, while assuming a complete reversal to a baseline
without any climate policies and carbon prices is too pes‐
simistic. In between these two extremes, there are var‐
ious options that can equally qualify for categorization
as “comparable ambition” but have diverging long‐term
results. It is for instance unclear whether GHG emissions
in NDC scenarios while staying nearly stable from 2020
to 2030, start to increase, remain roughly constant, or
eventually start declining after 2030. This depends on fur‐
ther political developments as well as population trends,
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growth rates of national economies, and technology inno‐
vations required for meeting NDC targets in 2030.

This group of scenarios, therefore, comprises IAM
scenarios with various assumptions about the degrees
of coordination among national governments and their
commitments to take action on mitigating climate
change beyond 2030. Those scenarios resulting in GHG
emission increases after 2030 are probably best associ‐
atedwith a failure of the Paris Agreement,whereas those
scenarios resulting in GHG emission declines show at
least a partial functioning of the current NDC process and
the ratcheting up mechanism. The latter scenarios how‐
ever still represent an inadequacy of the global stocktake
to eventually ensure trajectories in line with the Paris
Agreement’s long‐term target.

5.4. Scenarios Depicting a Breakdown of Global Climate
Cooperation

Lastly, for risk‐managing purposes, it is important for
the transition scenario literature to also keep on explor‐

ing climate scenarios in which global climate coopera‐
tion fully fails and collapses. Scenarios best reflective
of such an extreme future of the global climate gover‐
nance architecture are the so‐called “no new policies”
scenarios (Roelfsema et al., 2020). To more realistically
assess the implications of a breakdown of global cooper‐
ation to tackle climate change, further alternatives could
be explored. In particular, various scenarios of regional
policy dial‐back could be studied based on existing leg‐
islative progress in different countries. Models with an
integrated representation of damages could be used for
studies of Nash equilibria, typically used for describing
the non‐cooperative behavior of actors, to explore plau‐
sible pathways for self‐interested climate policy for large,
heavily impacted countries like China or India.

6. Discussion: Knowledge Gaps and Options for Future
Climate Modeling

The development of the four governance archetypes and
their combination with existing sets of IAM scenarios in

Table 2.Matching possible global climate policy futures with existing sets of IAM scenarios.

Possible global climate Examples of existing sets Judgement of current
policy future of IAM scenarios representation

Governance
archetype one

Top‐down approach with
strong legal and mandatory
institutional characteristics

Optimal carbon price
scenarios and differentiated
carbon prices based on
explicit effort‐sharing or
implicit coordination

Relatively well represented in
existing sets of IAM scenarios

Governance
archetype two

Hybrid approach with a
strong joint commitment
by governments

Bridge scenarios, delayed
scenarios, and climate
club scenarios

Not adequately represented in
existing sets of IAM scenarios as
existing scenarios assume a shift
from archetype three to one around
2030 without clear consideration of
why this shift could come about and
its requirements (bridge and
delayed scenarios) or foresee only
limited cooperation (climate
club scenarios)

Governance
archetype three

Hybrid approach with a weak
joint commitment
by governments

NDC or NDC2100 scenarios Relatively well represented in
existing sets of IAM scenarios

Governance
archetype four

Breakdown of global climate
cooperation

No new policies scenarios Not adequately represented in
existing sets of IAM scenarios as
existing scenarios do not reflect
ongoing research into technological
solutions and self‐interests for
mitigation efforts due to adverse
climate impacts

Notes: The table gives an overview of how existing IAM scenarios depict the four governance archetypes and points to knowledge
gaps in the scenario literature; a more detailed table with information on the different criteria for the matching of the four governance
archetypes with existing sets of IAM scenarios and references to groupings of climatemodels in themost recent Sixth Assessment Report
of the IPCC can be found in the Supplementary File.
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this article point to important knowledge gaps in the
representation of possible global climate policy futures
in the current scenario literature. Presupposing success‐
ful global climate cooperation, many existing scenar‐
ios make a detailed exploration of the requirements
for the technological transformation of the energy and
land‐use systems and related behavioral and institutional
changes on the demand side (like modal shifts in trans‐
portation). Scenarios moreover contribute to inform‐
ing national policy debates about the role of different
economy‐wide and sectoral policy instruments, and they
lay out the effects of failed cooperation among national
governments on global GHG emission trends andmid‐ to
long‐term temperature trends.

However, the relation between global climate gover‐
nance and national policies is two‐way: While national
climate policies are required for credible commitments
to mitigate climate change, some form of effective coop‐
eration between key actors at the global level and
agreements among the major GHG emitting players are
needed to enable and foster more ambitious national
policies (e.g., Hickmann, 2016, 2017), not least to allevi‐
ate problems of carbon leakage and free‐riding (Jakob,
2021; Nordhaus, 2015). The scenario literature so far
provides only little information on global climate gover‐
nance pathways and the requirements for national cli‐
mate change mitigation targets to be ramped up in line
with long‐term GHG emission reduction targets.

In the present article, we have introduced gover‐
nance archetype one (a mostly top‐down approach)
and governance archetype four (a purely bottom‐up
approach) as the two extreme variants of the further evo‐
lution of global climate governance architectures. These
governance archetypes are both not likely to happen,
although the Covid‐19 pandemic or the war in Ukraine,
and an increasingly antagonistic geopolitical environ‐
ment among the major world powers have shown that
large‐scale global changes are indeed a possibility and
not unthinkable.

Nevertheless, we argue that it is crucial to focus
on the differences between the hybrid governance
archetypes two (with a strong joint commitment by gov‐
ernments) and three (with a weak joint commitment by
governments).While they at first glance seem to be quite
similar, the two different global climate policy futures
would imply very different outcomes with regard to the
overall goal of climate stabilization. Thus, based on our
analysis in this article, we urge global climate governance
scholars and the IAM scenario community to put par‐
ticular efforts into investigating the different pathways
and crucial differences between effective and ineffective
global climate cooperation.

To build a new generation of scenario modeling
aligned with the hybrid governance architecture put in
place through the adoption of the Paris Agreement in
2015, climate modelers could explore different ways of
defining regular strengthening of climate change mitiga‐
tion ambition. They could be based on criteria that are

directly measurable, like for instance a per capita gross
domestic product (GDP; many modeling studies employ
concepts that are hard tomeasure, such aswelfare reduc‐
tions compared to a counterfactual scenario).

A first option could be to run models recursively
with periodically adjusted near‐term climate change mit‐
igation ambition levels, taking into account countries’
past performances of GHG emission trajectories, both
domestically, but potentially also with feedback from
the performance of other countries. For instance, the
pledges of national governments could be assumed to
require strengthening if the GHG emissions of countries
have not yet started to decrease for countries above a
certain development threshold measured on the basis
of GDP. While these interaction effects are difficult to
incorporate into models, the political science literature
highlights the importance of diffusion across countries
(Jordan & Huitema, 2014) and governmental levels (Fuhr
et al., 2018).

A second option that could be relatively easily
included in models, while not fully aligned with the cur‐
rent developments of the UNFCCC negotiations, would
be to implement generalizable, but also differentiating
rules of a minimum carbon price based on countries’
GDP and emission track records. In contrast to scenarios
with differentiated carbon prices discussed in the previ‐
ous section (Bauer et al., 2020; van den Berg et al., 2020),
these carbon prices would however not emerge from an
intertemporal perspective, but only develop recursively
based on past GDP and GHG emission trends. Such new
scenarios would thus be ex‐ante determined (so that the
same mechanism could be directly operationalized into
national policies as part of the global stock‐take), in con‐
trast to existing target‐meeting scenarios that feature
perfect foresight, or some other form of policy definition
that only works in the model setup.

The heuristics for adjustment could then be imple‐
mented in a very strict form, ensuring the achievement
of an overall emission budget by meandering around
an optimal global GHG emissions curve, which however
would require very strong reactions of carbon prices.
This would make such an approach challenging. More
lenient heuristics of adjustmentwould in turn not ensure
the achievement of a certain budget or a precise year
for reaching net‐zero GHG emissions globally but could
nevertheless be enough to achieve ambitious climate
change mitigation targets, at least under a subset of
assumptions regarding overall socio‐economic and tech‐
nology development.

A third option could also be to define sectoral decar‐
bonization roadmaps to which countries (differentiated
by income group) need to gradually adhere if the Paris
Agreement’s goals should be achieved. This could also
be combined with perspectives on activities by non‐state
actors, like industry groups, setting their own targets
and thus contributing to GHG emission reductions that
can go beyond national commitments (Hsu et al., 2018).
The good‐practice scenarios could serve as the starting
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point for a hybrid model combining both carbon pricing
and sectoral elements if they are enrichedwith a stronger
dynamic evolution of global climate policy coordination.

Other scenario designs that balance the require‐
ments for national bottom‐up determinations (based on
the sovereignty principle) and the overall global cap on
cumulative GHG emissions needed to achieve climate
change mitigation targets could include different forms
of climate clubs (Hovi et al., 2016; Nordhaus, 2015).

7. Conclusions

The future of global climate policy is uncertain and not
sufficiently represented in current IAM scenarios that dis‐
play various pathways towards decarbonization. In this
article, we sought to rectify this by firstly developing
four governance archetypes and identifying how they are
depicted by existing sets of IAM scenarios. The four gov‐
ernance archetypes include: (a) a revitalized top‐down
approach, (b) a hybrid approach with strong joint com‐
mitment, (c) a hybrid approach with weak joint commit‐
ment, and (d) a breakdown of global climate cooperation.
We have shown that, while governance archetype one
and archetype three arewell coveredwithin the scenario
literature, archetype two and archetype four are not ade‐
quately portrayed.

Considering recent developments in global climate
policy, the hybrid governance approach with a strong
joint commitment is likely the most feasible and desired
evolution of the overall global climate governance archi‐
tecture. Yet, it is currently far from certain that we are
heading in this direction. A continuation along the path
of a hybrid governance approach with a weak joint com‐
mitment and ineffective coordination among the major
GHG emitters is equally on the cards. Given the cur‐
rent multilateral crisis and lack of trust between many
countries, even a complete deterioration of cooperation
should not be entirely ruled out. Hence, a solid analysis
of implications in terms of GHG emission trajectories and
global mean temperature increases is important from a
risk management perspective. Thus, this article under‐
scores the urgency to improve climate modelling efforts
to better depict varying global climate policy futures.

Model‐based scenario work can provide amore solid
foundation for policymakers aiming to enhance goal ori‐
entation in the current global stocktake and ratcheting
up processes through innovative studies that go beyond
the stylized scenario design in the existing scenario liter‐
ature. Stronger and deeper consideration of the political
framework for combating climate change at the global
level and its key regulatory elements established by the
Paris Agreement is needed for the next generation of
IAM scenarios.
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