
     

TOPICAL REVIEW • OPEN ACCESS

Towards modelling post-growth climate futures: a
review of current modelling practices and next
steps
To cite this article: Alex Edwards et al 2025 Environ. Res. Lett. 20 053005

 

View the article online for updates and enhancements.

You may also like
Shadow mask assisted direct growth of
ZnO nanowires as a sensing medium for
surface acoustic wave devices using a
thermal evaporation method
Ajay Achath Mohanan, R Parthiban and N
Ramakrishnan

-

Effects of post-growth annealing in a
CoFeB/MgO/CoFeB trilayer structure
Ji-Feng Ying, Sze Ter Lim, Michael Tran et
al.

-

Post-Growth Laser Annealing for High-
Performance Ge Photodiodes on Si
Yuta Kawamata, Sho Nagatomo, Kotaro
Fukuda et al.

-

This content was downloaded from IP address 194.80.232.25 on 24/04/2025 at 15:17

https://doi.org/10.1088/1748-9326/adc9c6
/article/10.1088/0960-1317/26/2/025017
/article/10.1088/0960-1317/26/2/025017
/article/10.1088/0960-1317/26/2/025017
/article/10.1088/0960-1317/26/2/025017
/article/10.1088/0022-3727/48/45/455001
/article/10.1088/0022-3727/48/45/455001
/article/10.1149/MA2014-02/35/1840
/article/10.1149/MA2014-02/35/1840
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst3nKxgh6F4M5n0aFyJyxoHg2YqztiY4ous4hLQoQjQVbAR6kLOTerV8QCNn-b0zJNPWGqZtssBfER-WY7CZKg75iSaw7O0VxaiIEcCKE-VtytbpCGiJWHu46IkKxcv3nR_xGw2C2l5uu5DSL61s1Sig5EHGjXIsO2leNwUxXwp9hkfM-F4cKW-IgcfLKzr-48Y9FgZHl_wv-ozv3O8kTUENlVYTJ6ytgfW4UWB3G-3v5hSiAuXsee_y2fhtxpQ26ymnKf3uBhWwSV0sptCXNV21YiRX52Afw8Si88smUKdSzYTqPUDofEkkF4KJphHPG-gXsMpAr3J5spVog5lfTPWkR-FE1Qxfk1MjydJbB6RwQ&sig=Cg0ArKJSzNuaCaU43Wu-&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/247/registration%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_247_regular_registration%26utm_id%3DIOP%2B247%2Bregular%2Bregistration


Environ. Res. Lett. 20 (2025) 053005 https://doi.org/10.1088/1748-9326/adc9c6

OPEN ACCESS

RECEIVED

17 December 2024

REVISED

10 March 2025

ACCEPTED FOR PUBLICATION

7 April 2025

PUBLISHED

23 April 2025

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.

TOPICAL REVIEW

Towards modelling post-growth climate futures: a review of current
modelling practices and next steps
Alex Edwards1,∗, Paul E Brockway2, Karen Bickerstaff3 and Femke J MMNijsse1,3
1 Global Systems Institute, Geography, Faculty of Environment, Science and Economy, University of Exeter, Exeter EX4 4RJ, United
Kingdom

2 Sustainability Research Institute, School of Earth and Environment, University of Leeds, Leeds LS2 9JT, United Kingdom
3 Geography, Faculty of Environment, Science and Economy, University of Exeter, Exeter, United Kingdom
∗ Author to whom any correspondence should be addressed.

E-mail: ae476@exeter.ac.uk

Keywords: post-growth, integrated assessment modelling, degrowth, economic growth, ecological macroeconomics, scenarios,
mitigation

Abstract
Integrated Assessment Models have become indispensable tools for exploring strategies to mitigate
climate change while achieving broader social and environmental goals. However, most modelled
pathways assume continued economic growth throughout the century, even for high-income
nations. This has sparked calls for modellers to expand their visions of sustainable futures. One
suggested approach is post-growth, which shifts the focus of the economy from economic growth
to ecological stability, equality, human well-being and enhanced democracy. In this review, we
examine current post-growth scenario modelling approaches, spanning national to global scales
and single-sector to whole-economy approaches, to identify best practices and key gaps in
representing a post-growth transition. We develop a framework for evaluating these scenarios
along five key dimensions of post-growth theorisation: feasible technological change, scale-down
of harmful production, good life for all, wealth redistribution, and international justice. We then
explore current approaches to post-growth scenario modelling, focusing on the types of models
used, the mechanisms employed to simulate post-growth scenarios and the representation of
post-growth policies. Finally, drawing on the wider post-growth literature, we offer
recommendations for improving post-growth model representation, focusing on five main areas:
the energy-economy connection, spatial differentiation, sectoral differentiation, the inclusion of
different provisioning systems and feasibility considerations.
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SJOS Safe and Just Operating Space
SD System Dynamics
SFC Stock-Flow Consistent
STS Societal Transformational Scenario
UBS Universal Basic Services
UBI Universal Basic Income
WG III Working Group 3

1. Introduction

The concurrent global challenges of climate change,
ecological stability and the SDGs require immedi-
ate and urgent attention. IAMs have become essen-
tial tools to analyse the impacts of various climate
policy strategies, while also addressing other social
and environmental goals. IAMs are large-scale, com-
plex, numerical models designed to represent the
interactions and feedbacks between the human, phys-
ical and technological systems in a unified integrated
framework. One of the primary strengths of IAMs is
their ability to combine information from multiple
scientific disciplines to explore low-carbon trans-
itions (Geels et al 2016). IAMs now largely dominate
the climate policy domain. So much so, that policy
discussions have become heavily reliant on model-
ling approaches to the point where considering policy
without models is almost unthinkable (Edenhofer
et al 2010, Cointe et al 2019, Ellenbeck and Lilliestam
2019).

IAMs rely on narratives about future socio-
economic developments (e.g. population, GDP, urb-
anisation etc), mostly in the form of the SSPs (Riahi
et al 2017). The SSPs represent global development
trajectories that follow five distinct storylines: sus-
tainability (SSP1),middle of the road (SSP2), regional
rivalry (SSP3), inequality (SSP4) and, fossil-fuelled
development (SSP5) (O’Neill et al 2014). These path-
ways were developed using externally generated data
(e.g. from the OECD) and are ‘exogenous narratives’
that provide key inputs into IAMs. However, since
these narratives are external, their societal assump-
tions do not interact with other technical, environ-
mental or economic variables (O’Neill et al 2020).
This separation limits the ability to quantitatively
explore how societal transformations drive environ-
mental change (Trutnevyte et al 2019). Furthermore,
while the SSP narratives are valuable for ensuring
consistency, they only encompass a narrow range
of possible sustainable futures. For example, every
SSP baseline narrative assumes continued economic
growth for the rest of the century, including in high-
incomenations (Dellink et al 2017,O’Neill et al 2017).
Resultantly, almost every scenario included in the
IPCC sixth assessment report (AR6) also assumes
continued economic growth till the end of the cen-
tury (IPCC 2018, 2022, Rogelj et al 2018).

The acceptance of economic growth as a policy
prioritisation is deeply ingrained in the SSPs (Walker

Wood et al 2024), with projected global GDP in
2100 between three and nine times larger than 2020
levels (Dellink et al 2017, Riahi et al 2017). They
link even moderately slower economic growth to
greater social, economic and political instability—
complicating mitigation and adaptation efforts. For
example, SSP3 and SSP4, which have the lowest rates
of economic growth (1.3% and 1.8% average global
GDP growth between 2020 and 2100 based on SSP
3.0 data (Dellink et al 2017, Riahi et al 2017)) both
face highmitigation and/or adaptation challenges res-
ulting fromworsening inequalities, regional conflicts,
and reduced technological innovation (O’Neill et al
2017, Rogelj et al 2018). In contrast, SSP1, which has
the second-highest growth rate after SSP5, has the
lowest socio-economic challenges to both mitigation
and adaptation (van Vuuren et al 2017). According to
these narratives, the transition to a low-carbon world
will require ecological and social goals to be achieved
through ‘clean growth’ (Clift and Kuzemko 2024).

However, continuing economic growth along
these lines may no longer be a viable strategy. Firstly,
under present conditions many mature, affluent eco-
nomies are faced with secular stagnation (low levels
of economic growth over prolonged periods of time
(Kallis et al 2025)) and practical limits to growth
(Summers 2014, 2016, Storm 2017). This is despite
extensive attempts by governments to boost growth
(Jackson 2019). Second, intensifying climate shocks,
energy, health and food crises, and an aging pop-
ulation may make it increasingly difficult for high-
income nations to continue to pursue economic
growth and maintain social and ecological stability
(Kahn et al 2021, Pollitt 2022,Maestas et al 2023, Kotz
et al 2024). Finally, to effectively address ecological
degradation and ensure fast and equitable climate
mitigation itmay be necessary to decrease production
and consumption levels in affluent countries (Hickel
andKallis 2019, Otero et al 2020, EEA 2021, Vogel and
Hickel 2023). Consequently, IAMs insistence on con-
tinued economic growthmay facilitate ‘the reproduc-
tion of types of economies that are simply not sustain-
able’ (Asefi-Najafabady et al 2021, p 1179).

Given the immense challenges posed by the cli-
mate crisis, modellers have a collective responsibil-
ity to evaluate a broader spectrum of future possib-
ilities, including scenarios commonly deemed polit-
ically unlikely (Pye et al 2021), or those envisioning
radically different economic systems (McCollum et al
2020). Post-growth, which aims to reorient the eco-
nomy from prioritising economic growth to emphas-
ising ecological sustainability, equality, human well-
being and enhanced democracy (Jackson 2017), is
one potential alternative approach that has been
gaining traction (Hickel et al 2021, Slameřsak et al
2023). The case for exploring post-growth futures
has been recognised by the IPCC who suggest that
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‘sustainability worlds with low growth or even ele-
ments of degrowth in developed countries could also
be explored.’ (IPCC 2022, p 1875).

Despite growing recognition of the role of redu-
cing consumption and production in climate mitig-
ation, it remains largely overlooked in IAMs. This
is partly due to the difficulty in representing post-
growth within existing model structures (Kuhnhenn
2018). Nonetheless, post-growth modelling is a rap-
idly expanding field (Lauer et al 2025) and an increas-
ing number of post-growth scenarios are being con-
structed in both traditional IAMs and EMMs (Hardt
and O’Neill 2017). Recent endeavours to explore
post-growth scenarios within these models provide
a great foundation for future research. Here we con-
duct a systematic literature review to assess the cur-
rent state of post-growth climate mitigation scen-
ario development and provide an outlook on future
research opportunities. This review complements the
recent review by Lauer et al (2025), who undertook
a systematic literature review of degrowth and post-
growth quantitativemodelling studies. Our study dif-
fers in that we focus specifically on climate scenario
modelling, going into more detail on the different
methods, outputs and recommendations for this type
of modelling.

We first identify the key qualitative post-growth
literature relevant to the development of a post-
growth scenario modelling framework, before taking
a deep dive into the current approaches to model-
ling post-growth climate mitigation scenarios, focus-
ing on the types of models used, the mechanisms
employed to simulate post-growth scenarios, the rep-
resentation of post-growth policies and the key find-
ings of the studies. Finally, we identify modelling gaps
and opportunities for future developments, focus-
ing on five central areas of modelling: the energy-
economy connection, spatial and sectoral differenti-
ation, provisioning systems and feasibility.

2. Framework for modelling post-growth

2.1. Post-growth definitions
Post-growth and degrowth are overlapping philo-
sophies that challenge the normativity of growth.
While often used interchangeably (Koch and Buch-
Hansen 2021), the terms represent distinct concepts.
Here we use post-growth to describe a shift away
from economic growth as a central goal, toward
ecological sustainability, equality, human well-being
and democracy (Jackson 2017). Post-growth encom-
passes many strands of thought (figure 1), including
degrowth. Degrowth itself is also an ‘umbrella term’
(Fitzpatrick et al 2022), encompassing diverse ideas
about how to bring about a transformation to a sus-
tainable and just social-ecological system (Eversberg
and Schmelzer 2018). For degrowth, we follow the
definition most relevant to modelling from Kallis

et al (2018, p 297): the planned ‘equitable down-
scaling of throughput [energy and resource flows],
with a concomitant securing ofwellbeing’. Unlike eco-
nomic recessions, degrowth is intentional and aims
to foster social-ecological justice, with GDP reduc-
tions seen as an outcome rather than a goal (Lauer
et al 2025). Both post-growth and degrowth stress
that, given economic growth’s central role in current
institutions and politics, broader systemic changes are
needed to secure well-being independent of growth
(Kallis 2011). Throughout the remainder of the text
we use the term ‘post-growth’, to encompass both
degrowth studies and those that include steady-state
or zero-growth scenarios, reserving ‘degrowth’ for
explicitly degrowth-focused scenarios. We also use
‘transition’ and ‘transformation’ language here inter-
changeably while acknowledging their distinction as
separate concepts and research areas (Hölscher et al
2018).

In contrast, green growth argues that economic
expansion can coexist with substantial reductions
in GHG emissions and ecological degradation.
Proponents cite cases of absolute decoupling—where
GDP increases while emissions decrease—as evidence
of its feasibility (Le Quéré et al 2019). However, post-
growth critiques highlight the lack of empirical evid-
ence for absolute, global, permanent, large and rapid
decoupling of growth from environmental pressures
(Hickel and Kallis 2019, Parrique et al 2019, Vadén
et al 2021). For example, high-income nations would
need to increase decoupling rates tenfold by 2050
to align with the Paris agreement (Vogel and Hickel
2023). Furthermore, broader resource use and envir-
onmental impacts—such as biodiversity loss or water
use—show limited evidence of decoupling, with sys-
temic issues like rebound effects andproblem-shifting
undermining green growth’s prospects.

2.2. Key post-growth goals
To analyse post-growth scenarios we build on the
five key post-growth modelling goals presented in
Kikstra et al (2024): (1) feasible technological change;
(2) scale-down harmful production; (3) good life
for all; (4) wealth redistribution; (5) international
justice (figure 2). Goals one and two focus on min-
imising environmental impacts through a combina-
tion of sufficiency and efficiency measures and pub-
lic investment in decarbonisation. The objective is to
reducematerial and energy throughput to sustainable
levels, ensuring compliance with planetary boundar-
ies (Richardson et al 2023) or returning to the safe
operating space as soon as feasible. Goals three and
four address the social transformations necessary to
secure livelihoods andwell-being independent of eco-
nomic growth. Goal five emphasises international
solidarity and establishing conditions for a just world
(Schmelzer et al 2022) and an equitable transition.
Below we briefly outline these five goals, drawing on
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Figure 1. Illustrative map of key mitigation narratives. Based on the meta approaches outlined in Wiedmann et al (2020) and
Kallis et al (2025). Post-growth is an umbrella term which emphasises a shift away from economic growth as the primary goal. It
encompasses both radical approaches, such as degrowth (in all its incarnations) and more reformist approaches (which are
deemed to be more compatible with the current capitalist system) including steady-state (Daly 2014), doughnut economics
(Raworth 2017), prosperity without growth (Jackson 2017) and A-growth (Van Den Bergh 2017). Adapted from Betts-Davies et al
(2024) CC BY 4.0.

Figure 2. Key post-growth goals relevant for climate mitigation scenarios. Based on the characteristics presented in Kikstra et al
(2024).
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the broader degrowth, post-growth and climate mit-
igation literature.

2.2.1. Feasible technological change
Expanding economic production and consumption
is frequently associated with increased energy and
resource demand, making decarbonisation and eco-
logical stabilisation highly challenging. IAMs gener-
ally assume continued economic growth, leading to
a reliance on three primary technological strategies:
(i) CDR, (ii) energy efficiency and, (iii) renewable
energy deployment. Each of these faces uncertainties
and feasibility challenges (Hickel et al 2021, Keyßer
and Lenzen 2021, Li et al 2023).

A key concern is the reliance on CDR in Paris-
compliant pathways. CDR involves removing CO2

from the atmosphere by enhancing carbon sinks
or through engineered removals (negative emissions
technologies; NETs). Although CDR plays a minor
role today, most IPCC AR6-vetted IAM scenarios
suggest that it could dominate mitigation efforts in
the second half of the century (Smith et al 2024).
However, a recent study highlighted that even the
most ambitious national CDR plans fall short of the
minimum requirements in these pathways, reveal-
ing a substantial ‘removal gap’ (Lamb et al 2024b).
Although some level of CDR may be necessary,
studies suggest that achieving the scales envisioned
in many scenarios may be infeasible (Vaughan and
Gough 2016, Forster et al 2020, Waller et al 2020,
Jaiswal et al 2024) and could hinder near-termmitiga-
tion efforts (Fuss et al 2018,McLaren 2020). However,
the appeal of CDR lies in its ability to ease near-
term political and economic challenges (Carton 2019,
Rubiano Rivadeneira and Carton 2022).

IAMs also assume rapid improvements in energy
efficiency to decouple GDP growth from energy
demand (Brockway et al 2021), measured by energy
intensity (Energy/GDP). However, such assumptions
often diverge from historical trends, with absolute
decoupling still elusive at the global scale (Haberl
et al 2020, Semieniuk et al 2021). A key explanation
for the strong coupling of energy demand and GDP
is rebound effects, where energy efficiency improve-
ments boost productivity and economic growth,
which in turn increases energy demand (Sakai et al
2019). Rebound effects can erode over 50% of pro-
jected energy savings (Brockway et al 2021) and are
poorly represented in IAMs, potentially overestim-
ating the potential of energy efficiency measures to
enable a low carbon future (Brockway et al 2017b).
Finally, while a renewable-dominated energy system
is increasingly likely (Nijsse et al 2023), rising energy
demand may outpace the deployment of renewables,
exacerbating equity concerns and resource pressures
(Floyd et al 2020, Semieniuk et al 2021). Material

and land-use challenges further complicate the trans-
ition (Capellán-Pérez et al 2019, Luderer et al 2019,
Deetman et al 2021, van de Ven et al 2021).

Post-growth studies often critique the reliance on
technological fixes to address climate and ecological
crises (Kallis et al 2018). Only recently has atten-
tion turned to technology’s role in a post-growth
future (Kerschner et al 2018). Fitzpatrick et al (2022)
identify two key strands of post-growth thought on
technology. The first calls for technological sover-
eignty, advocating for scaling-down harmful produc-
tion, through measures such as moratoria on geoen-
gineering or restructuring the internet into digital
commons. The second focuses on convivial tools—
technologies that enable socially and ecologically
beneficial practices. While many post-growth pro-
ponents view technological advancements as vital for
meeting climate goals (Hickel 2023), they stress that
they must be accompanied by broader societal trans-
formations that prioritise convivial structures, such
as commons and open access, and view efficiency
as a means to reduce environmental pressures and
enhance social well-being, rather than an end in itself
(Zoellick and Bisht 2018).

2.2.2. Scale-down harmful production
Advocates of post-growth suggest scaling back indus-
tries and sectors deemed ecologically or socially
harmful (Hickel 2020a). This is often framed as curb-
ing the overproduction of resource-intensive goods
and services that add little to collective well-being.
Examples highlighted in the post-growth literature
include beef production, flying, SUVs, advertising,
fast fashion, planned obsolescence and arms produc-
tion (Fitzpatrick et al 2022). These activities are fre-
quently associated with environmental degradation
and resource inefficiencies (Hickel 2021b).

Researchers have identifiedmany economic activ-
ities they deem intentionally wasteful or solely driven
by profit maximisation (e.g. Christophers 2022). One
commonly cited example is planned obsolescence—
the intentional design of products to fail prematurely,
making repairs costly and promoting replacement,
thus generating unnecessary waste (Guiltinan 2009,
Satyro et al 2018). Planned obsolescence is often justi-
fied using Schumpeter’s idea of ‘creative destruction’
(Schumpeter 1942), as products with long-lifespans
are seen as slowing innovation and leading to eco-
nomic stagnation (Blonigen et al 2017). In response,
proponents of post-growth advocate for strategies
aimed at preserving, repairing and sharing (Kallis et al
2018).

Post-growth researchers propose that relocalising
production may reduce environmental pressures and
increase resilience. Additionally, such models are
viewed as more conducive to fostering democratic
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engagement (Paech 2012, Liegey and Nelson 2020).
One potential framework is ‘design global manu-
facture local’ (DGML), where global digital com-
mons support design and refinement, while produc-
tion occurs locally (Kostakis et al 2015). However,
there is also the possibility that by prioritising local
manufacturing over global competition, post-growth
may lead to slower growth in global production effi-
ciency and a slower adoption of resource- and energy-
efficient technologies (Leoni et al 2023).

Scaling down production and consumption may
further mitigate concerns about extractive practices,
which have been linked to human rights viola-
tions (Gilberthorpe and Hilson 2016, Fernández-
Llamazares et al 2020, Scheidel et al 2020, Kennedy
et al 2023), and environmental pollution (Bebbington
et al 2018, Kalamandeen et al 2020, Lamb et al 2024a).
This issue is particular relevant given projections that
resource extraction may increase during the low-
carbon transition (Watari et al 2021).

2.2.3. Good life for all
The major challenge of the 21st century is how can
we steer societies towards the dual goals of achieving
long-term human and planetary well-being. Around
20% of the world’s population lives in extreme
poverty (Allen 2020), struggling to access basic needs
like food and shelter (Hickel and Sullivan 2024).
When access to higher-order goods and services is
considered, this percentage increases considerably
(Kikstra et al 2021). Research indicates that coun-
tries achieving high standards of well-being fre-
quently have unsustainable resource consumption,
while nations practicing sustainable resource man-
agement often struggle to meet basic social needs
(O’Neill et al 2018). This raises a critical question:
how can poverty be eradicated, and high living stand-
ards ensured, while maintaining ecological balance?

Several frameworks explore this challenge. The
SJOS framework highlights the interdependencies
between social objectives and ecological sustainab-
ility (Raworth 2012, 2017). Similarly, Sustainable
Consumption Corridors propose minimum con-
sumption levels to ensure decent living and max-
imum thresholds to preserve resources for current
and future generations (Gough 2020, Fuchs et al
2021). The DLS approach quantifies the mater-
ial and energy requirements needed to meet basic
human needs, such as inter alia nutritious food, hous-
ing, healthcare, electricity and clean cooking appli-
ances (Rao and Min 2018, Rao et al 2019, Millward-
Hopkins et al 2020, Kikstra et al 2021, Millward-
Hopkins 2022). Importantly, theDLS approach serves
as a minimum threshold for well-being, rather than
an aspirational ceiling. However, most of the global
population has yet to achieve this standard, and

poverty persists even in high-income nations where
resources theoretically suffice (González-Eguino
2015).

While economic growth has traditionally been
associated with improved access to necessities (Roser
2021), a growing body of research is questioning this
assumption for high income countries. Many stud-
ies have highlighted diminishing returns of GDP on
social indicators such as health, education, life expect-
ancy and well-being (Pickett and Wilkinson 2015,
Bishai et al 2016, O’Neill et al 2018, Fanning and
O’Neill 2019). In high-income nations, continued
growth may even harm well-being, as social costs
outweigh benefits (Costanza et al 2014, De Schutter
2024), often described as the ‘social limits to growth’
(Daly 2014). Research suggests that social outcomes
can improve with reduced production and energy use
by prioritising essential goods and services (Barrett
et al 2022, Creutzig et al 2022, Büchs et al 2023).
The correlation between GDP and social outcomes
is neither straightforward nor causal, as it depends
on provisioning systems and distributional dynamics.
Rather thanGDP growth, access to specific goods and
services is what improves well-being. Post-growth
research suggests that transforming provisioning sys-
tems can therefore secure and enhance social value
while output is reduced (Fanning et al 2020, Hickel
and Sullivan 2024).

2.2.4. Wealth redistribution
Income inequality stands out as one of themost press-
ing issues amid the climate and ecological crises, with
multidimensional poverty existing alongside unres-
trained luxury. The two issues are deeply inter-
twined. Failing to address the climate crises may
exacerbate global income inequalities (Burke et al
2015, Hallegatte and Rozenberg 2017, Diffenbaugh
and Burke 2019), while large economic disparities
can hinder climate policy implementation (Chancel
2020). Limiting the wealth and consumption of the
super-affluent may therefore act as an effective policy
lever (Otto et al 2019, Wiedmann et al 2020, Oswald
et al 2023). Quantitative studies show that super-
affluent consumers drive resource use both directly,
through their high consumption, and indirectly via
investment choices and the propagation of consump-
tion norms across society (Chancel and Piketty 2015,
Oswald et al 2020, Chancel 2022).

While every tonne of CO2 impacts the cli-
mate equally, the equity implications vary widely.
Researchers distinguish between essential subsist-
ence emissions and luxury emissions from excess-
ive consumption (Agarwal and Narain 2011, Shue
2019). This distinction becomes clear when com-
paring the emissions of the wealthiest individuals
to those of the poorest (Barros and Wilk 2021).
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One estimate suggests that the lifestyle emissions
of the wealthiest 0.54% of people (excluding emis-
sions from investments) exceed those of the poorest
50% (Otto et al 2019). Beyond direct consumption,
the super-affluent indirectly influence emissions and
resource use through investments and by shaping
consumption norms. The consumption patterns of
the wealthy, particularly their spending on goods that
signal social status, set aspirational standards for the
broader population. This drives consumption norms
across society, especially among the growing middle
class, which aspire to distinguish themselves from
lower classes by emulating the affluent. This effect is
amplified in countries with higher levels of inequal-
ity, where social stratification reinforces the pursuit
of status throughmaterial consumption (Walasek and
Brown 2016).

It is possible to provide DLSs for 10.4 billion
people (median UN peak population projection)
within planetary boundaries using current techno-
logies, however sustaining luxury consumption may
exceed ecological limits (Schlesier et al 2024). The
post-growth perspective asserts that affluent con-
sumption cannot continue if we are to achieve long-
termand concurrent human andplanetarywell-being
(Hickel 2020a, Schmelzer et al 2022).

2.2.5. International justice
Climate impacts disproportionately affect poorer
individuals and regions, both within and between
countries (Diffenbaugh and Burke 2019, Thomas et al
2019, Gilli et al 2023). Yet, it is high-income nations
in the Global North who primarily contribute to the
climate crisis and excess resource use (Fanning et al
2022). Hickel (2020b) estimates that, as of 2015, the
Global North accounted for 92%of emissions exceed-
ing the 350 ppm planetary boundary. This historic
responsibility is often framed as ‘climate colonialism’
(Warlenius 2018). Addressing equity is not only a
moral imperative, but also critical for fostering trust
and support in climate negotiations (Klinsky et al
2017).

Some researchers suggest that since European
colonialism, economic growth in the Global North
has relied on (neo-)colonial resource appropriation
and externalisation of social and ecological costs
(Schmelzer et al 2022). Brand and Wissen (2021)
suggest this phenomenon may persist, with the
global economy structured around exploiting both
resources and labour from marginalised communit-
ies, primarily—but not exclusively—in the Global
South. Commonly referred to as ‘unequal exchange’
in international trade (Dorninger et al 2021, Ricci
2022), in which the Global North net ‘appropri-
ates’ approximately 43% of its raw material con-
sumption from the Global South (Hickel et al 2022).
Resources are not the only assets transferred from
South to North. In 2021, nearly half of the total

labour (approximately 826 billion hours of embod-
ied labour) in the Global South was for the produc-
tion of goods and services consumed in the Global
North (Hickel et al 2024). Scholars suggest that this
dynamicmay limit the Global South’s ability to use its
resources and labour for its own development, per-
petuating underdevelopment and rendering univer-
sal economic convergence unfeasible (Pérez-Sánchez
et al 2021).

Post-growth is presented mainly as a perspective
from and for the Global North with some research-
ers linking it to anti-colonial principles (Hickel
2021a). Proponents suggest that scaling down energy
and material throughput in high-income nations
could expand the ecological space for the Global
South to organise its labour and resources around
achieving a social-ecological transformation (Muraca
and Schmelzer 2017). This may require expanding
material and energy use in low-income nations to
ensure universal well-being (Hickel 2021a). Emerging
post-growth literature from the Global South cri-
tiques Eurocentric narratives of development via
growth and industrialisation (Ziai 2007, Kothari
et al 2019, Escobar 2020, Sultana 2023). This lit-
erature focuses on decentring economic growth,
minimising extractivism, and prioritising ecological
integrity and human well-being (Escobar 2015,
Lang 2024).

2.3. Post-growth policies and instruments
The post-growth literature features a lively debate
on the policies needed for a democratic, socially,
and ecologically just transition. Figure 3 provides
an inevitably inexhaustive list of some of the key
policies and instruments commonly cited in the
post-growth literature—including the main reviews
of degrowth and post-growth and highly cited
articles and books. Implementing these policies
involves diverse social actors operating across mul-
tiple governance levels and civil society (D’Alisa
and Kallis 2020). At the macro-level, state entit-
ies, including national, regional and local govern-
ments can play a key role in crafting and enacting
eco-social polices (Gough 2017, Buch-Hansen and
Nesterova 2023). Conversely, bottom–up initiatives
spearheaded by local communities, businesses and
grassroots social movements are seen as critical for
advancing post-growth transformations (Kallis et al
2018, Burkhart et al 2020). These movements (e.g.
anti-racist, anti-colonial, feminist, indigenous rights,
climate justice and refugee movements) can chal-
lenge prevailing growth-oriented paradigms, advoc-
ating for alternative visions of sustainability that
centre sufficiency and equity. However, Cosme et al
(2017) identify a paradox: while post-growth dis-
course often emphasises grassroots, bottom–up initi-
atives, most policy proposals remain predominantly
top–down.
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Figure 3. Examples of policies and instruments suggested to achieve the key post-growth goals. Policies were drawn from various
sources (D ′Alisa et al 2014, Cosme et al 2017, Jackson 2017, Hickel 2020a, Kallis et al 2020, Kuhnhenn et al 2020, Liegey and
Nelson 2020, Fitzpatrick et al 2022, Schmelzer et al 2022, Olk et al 2023, Kikstra et al 2024, Kallis et al 2025, Lauer et al 2025).

3. Identification of Post-Growth scenarios

A systematic search process was conducted, follow-
ing the research design and methodologies employed
in previous systematic reviews within related research
domains (Antal et al 2021, Engler et al 2024). A
detailed description of each stage and graphical over-
view can be found in figure 4.

In stage 1, a search query was developed and
used to find all relevant documents in two sci-
entific databases: ‘Scopus’ and ‘Web of Science’ (Core
Collections). We chose the databases and search
methods by following recommendations from the lit-
erature (Aksnes and Sivertsen 2019, Antal et al 2021,
Engler et al 2024). Using multiple databases is key to
increase the chances of finding the most relevant lit-
erature on a specific topic (Bramer et al 2017). Web
of Science (WoS) and Scopus were chosen as they are
two of the main bibliographic databases (Pranckutė
2021) and commonly used in reviews of degrowth
and post-growth (e.g. Cosme et al 2017, Fitzpatrick
et al 2022, Engler et al 2024, Lauer et al 2025).

Documents were searched in March 2024
using the following search criteria (‘degrowth’ OR

‘de-growth’ OR ‘post-growth’ OR ‘post growth’) (fol-
lowing Engler et al (2024)) AND (‘model∗’ OR
‘ecological model∗’ OR ‘ecological macroeconomic
model∗’ OR ‘climate model∗’ OR ‘integrated assess-
ment model∗’), yielding a total of 537 records (see
figure 4 for the full Scopus search string). Duplicates
were excluded, leaving a total of 393 records.

In stage 2, titles and abstracts of each record were
screened for relevance (see figure 4 for relevance cri-
teria). Some studies included in this stage appeared to
be only partially relevant as they dealt with the subject
matter, but it was not clear from the abstract or title
whether they satisfied all the criteria listed in figure 4.
These studies were included at this stage and reas-
sessed in the following stage. In total 32 studies were
identified as possibly relevant.

In stage 3, the full texts were screened using the
same criteria as stage 2. After full text screening a total
of 13 studies were deemed fully relevant.

Stage 4 comprised two distinct steps. The first
entailed searching the reference list of all relev-
ant papers utilising the R package Citationchaser
(Haddaway et al 2022). This package facilitates
both backward (previous articles (Wohlin 2014,
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Figure 4. Process overview of systematic literature review.

Badampudi et al 2015)) and forward citation chas-
ing (articles published subsequently that reference the
selected study), yielding another six potentially relev-
ant papers. All six studies were not included in the
two scientific database searches and following full text
screening, two were deemed fully relevant, increasing
the total number of studies to 15. No further studies
were identified as potentially relevant from the ref-
erence lists of these studies (2nd level snowballing).
Stage 4b involved a thorough search within the IPCC
AR6WG III report (IPCC 2022) to identify any refer-
ence to the concepts of degrowth or post-growth and
any studies cited within these sections. However, this
did not yield any new relevant studies. Several par-
tially relevant studies were identified and moved to
stage 6.

In stage 5, the content of the 15 fully relevant stud-
ies were analysed and critically appraised to under-
stand the state of the art of post-growth modelling,

the role of post-growth in achieving climate goals, and
the challenges and limitations of modelling post-growth
scenarios.

Stage 6 involved gathering studies identified as
partially relevant and incorporating them to provide
contextualisation and facilitate discussion of the rel-
evant studies (see figure 4).

4. Current trends and insights in
post-growth climate modelling

The post-growth scenarios and accompanying mod-
els identified as fully relevant are summarised in
table 1. Here we address five key questions to under-
stand the current approaches to modelling post-
growth climate scenarios:

1. What is the scope of the post-growth climate scen-
arios?
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Table 1. Overview of the surveyed post-growth climate mitigation scenario studies.

Geographical
coverage

Country
investigated Sectoral resolution Model name Study ID Reference

National

France Multi-sector EUROGREEN 1 D’Alessandro et al (2020)

Australia
One-sector economy

MESSAGEix-MACRO 2 Li et al (2023)

Australia MESSAGEix-MACRO 3 Kikstra et al (2024)

Canada

Multi-sector

LowGrow SFC 4 Jackson and Victor (2020)

Canada LowGrow 5 Victor (2012)

Iran — 6 Chapariha (2022)

Regional EU28 MEDEAS-EU 7 Nieto et al (2020a)

Global

World Bank
income groups

IFs 8 Moyer (2023)

Annex I and
Non-Annex I
countries

Global Calculator 9 Kuhnhenn et al (2020)

Single region

WoLiM 10 Capellan-Perez et al (2015)

SFCIO—IAM 11 Sers (2022)

MEDEAS-World 12 Nieto et al (2020b)

Transport system MEDEAS-World 13 de Blas et al (2020)

Food system REMIND-MAgPIE4 14 Bodirsky et al (2022)

Energy system — 15 Keyßer and Lenzen (2021)

Abbreviations: MESSAGE, Model for Energy Supply Systems And Their General Environmental impact; IFs, International Futures;

MEDEAS, Modelling the Energy Development under Environmental And Socioeconomic constraints; WoLiM, World Limits

Model; SFCIO-IAM, Stock-Flow Consistent Input–Output Integrated Assessment Model; REMIND, REgional Model of

INvestment and Development; MAgPIE4, Model of Agricultural Production and its Impact on the Environment

2. What types of models are used to simulate these
scenarios?

3. How is post-growth simulated within these mod-
els?

4. What are the key post-growth policies represented
in the models?

5. What are the key findings from these studies?

4.1. Model scope
Table 1 and figure 5 summarise the scope of the 15 rel-
evant studies, highlighting their geographical and sec-
toral coverage as well as the social and environmental
indicators they examine. Social metrics includemeas-
ures such as inequality (via Gini coefficients), unem-
ployment rates, average working hours, and public
deficits. Environmental indicators are equally prom-
inent, encompassing final energy demand, material
throughput, global surface temperature, and CDR
capacity.

Post-growth scenarios vary in their geographic
scope (figure 5(c)). National-level studies explore
transitions within specific countries, representing a
unilateral pursuit of post-growth within national
boundaries. Unsurprisingly, most national level stud-
ies explore a post-growth transition for a Global
North country. A notable exception is Chapariha
(2022), who examined a no-growth scenario for Iran,
a lower-middle income country (World Bank 2024).
These studies are valuable for understanding the

potential emissions reductions and social impacts of
post-growth policies, as most policy is enacted at
the national level (Barrett et al 2022). Nieto et al
(2020a) is the only study to examine a regional
scenario, exploring a post-growth transition for the
EU28. However, they deploy a two-region frame-
work with MEDEAS-EU linked to MEDEAS-World,
a global model, which informs the ‘landscape’ for
the EU model in terms of imports, exports and cli-
mate impacts (de Blas et al 2018). Global-level stud-
ies, conversely, investigate post-growth pathways on
a worldwide scale. While most focus on aggregate
global measures, some incorporate regional differen-
tiation in material and energy reductions, reflecting
the post-growth literature. This approach provides
insights into regional dynamic, including the implic-
ations for global poverty reduction, convergence tra-
jectories and climate mitigation.

Post-growth studies also differ in their sec-
toral focus (figure 5(d)). Some adopt a single-
sector approach, concentrating on specific sec-
tors such as food or transport. This narrow focus
allows for a detailed examination of the implic-
ations of post-growth within a particular area of
the global economy. Others use a single-sector eco-
nomy framework, treating the entire economy as
a single monolithic entity. While this simplifies
modelling, it overlooks sectoral complexities and
interdependencies that a differentiated post-growth
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Figure 5. Scope of the different post-growth climate mitigation scenarios, including (a) Environmental and (b) social variables
assessed, (c) the geographical resolution of the different scenarios and (d) the sectoral resolution of the scenarios. Note that
resolution here refers to the unit of analysis of the scenarios and is not the same as the geographical or sectoral coverage of the
models themselves.

approach would reveal. In contrast, multi-sector
economy models disaggregate the economy by sec-
tor, capturing the diverse economic activities and
interactions. The level of detail varies, with some
models incorporating a few key sectors while others
provide a more comprehensive sectoral breakdown.
A multi-sectoral method facilitates a more nuanced
approach to post-growth, aligning with the literature
that underscores the importance of sector-specific
resizing (Kikstra et al 2024).

4.2. Modelling techniques
Studies were first grouped by whether they used
analytical or numerical approaches (figure 6(a)).
Analytical models are characterised by solutions
expressed as exact equations, whereas numerical
models require computational methods to obtain
approximate solutions because they cannot be solved
analytically. While both types simplify complex
details and can analyse specific scenarios ormake pre-
dictions, numerical models are often employed for
more complex systems due to their flexibility and reli-
ance on computer-based simulations. Consequently,
most studies on post-growth transformations relied
on numerical models.

Some attempts have been made to model
post-growth transitions with established IAMs
(figure 6(b)). Established IAMs often rely on par-
tial or general equilibrium models (Riahi et al 2017)
to assess the macroeconomic impacts of climate and
energy policies (An et al 2023). Thesemodels simulate

how economies move from one equilibrium state to
another in response to shocks, such as policy changes
or technological advances (Babatunde et al 2017).
Partial equilibrium models examine a specific sector
ormarket (withmultiple closely linked sectors), while
assuming conditions in the broader economy remain
constant (Nikas et al 2019). In contrast, general equi-
librium models (commonly known as computable
general equilibrium (CGE) models) offer a more
comprehensive analysis by capturing economy-wide
interactions and feedback loops through endogenous
prices, incomes and factor supply effects to ensure
full market clearing (Lecca et al 2014). However,
both partial and general equilibrium analysis can
be conducted using CGE models, the distinction lies
in whether only some markets reach equilibrium
(partial equilibrium) or whether all markets simul-
taneously clear (general equilibrium). The bound-
aries between these models can further be blurred
by linking them together. For instance, the energy-
engineeringmodelMESSAGEix, a partial equilibrium
model, can account for general equilibrium effects
when coupled with MACRO, a single-sector macroe-
conomic model (Krey et al 2020). Similarly, MAgPIE,
a partial equilibrium agriculture and land-use model
(Dietrich et al 2020), can link with REMIND, a gen-
eral equilibrium energy-economy model (Luderer
et al 2020).

Despite these advancements, post-growth
futures remain underexplored in established IAMs.
Researchers argue that the neoclassical assumptions
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Figure 6. Taxonomy of post-growth climate models. Numbers indicate Study ID from table 1.

embedded in these models—such as long-run mar-
ket clearing, rational agents, and utility maximisation
through consumption (Rezai et al 2013, Pollitt and
Mercure 2018)—hinder their ability to simulate post-
growth scenarios (Hardt andO’Neill 2017, Kuhnhenn
2018).

Most studies instead employ EMMs to simu-
late post-growth futures. Ecological macroeconom-
ics is an interdisciplinary field, drawing primarily on
ecological economics and post-Keynesian thought,
to develop macroeconomic theory and models that
integrate ecological considerations (Daly 1991, Victor
and Rosenbluth 2009, Jackson 2017). From its con-
ception, ecological macroeconomics has had a strong
linkage to post-growth thought, with the emphasis
placed not only on developing novel analytical
approaches to understand the economy, but also
on supporting the development of a new normat-
ive definition of the function of the economy (Røpke
2013, Hardt and O’Neill 2017). Despite strong ties
between post-growth and ecological macroeconom-
ics, not all ecological macroeconomic research is con-
cerned with the questions or policies of post-growth
(e.g. Mercure et al 2018). Instead, this other strand of
ecological macroeconomics aims to provide a more
complete representation of the economies depend-
ences on environmental systems and the feedbacks
from environmental and resource depletion problems
(Dafermos et al 2017). EMMs tend to be grounded
in post-Keynesian principles, incorporating disequi-
librium, demand-led growth, and biophysical con-
straints, providing a rich framework for understand-
ing post-growth transitions (Hardt andO’Neill 2017).

Figure 6(c), provides a further breakdown of
the modelling techniques used by EMMs to repres-
ent a post-growth transition. Three key techniques

were identified and are briefly described below. More
detailed descriptions of each technique can be found
in Hafner et al (2020) and Hardt and O’Neill (2017).
All EMMs identified in the relevant studies employ
a SD framework. SD modelling is a broad approach
used to understand and simulate the behaviour of a
complex system over time by focusing on feedback
loops, stocks, and flows (Forrester 1987, Meadows
2008). Several studies employed IOA which captures
the interdependencies between economic sectors in
monetary or physical terms (Leontief 1986, 2003,
Miller and Blair 2009). IOA relies on tables describ-
ing how one sectors output serves as another sec-
tor’s input, allowing a comprehensive analysis of pro-
duction processes and the flow of money, resources,
or services. By mapping these relationships, IOA
models assess how changes in one sector affect the
entire economy, including impacts on employment,
income, GDP and environmental variables. The final
modelling technique employed was SFC modelling
(Godley and Lavoie 2006, Caverzasi and Godin 2015,
Nikiforos and Zezza 2017). SFC is a macroeconomic
framework that integrates stock and flow variables to
maintain accounting consistency and dynamic ana-
lysis, ensuring all economic transactions and finan-
cial flows are coherently tracked and balanced across
different sectors of the economy, such as households,
firms, government, and the foreign sector.

4.3. Simulation of post-growth
4.3.1. Exogenous reductions to GDP
There have been two primary mechanisms used to
simulate post-growth transitions (figure 7). The first,
and most common, involves exogenous reductions to
GDP or GDP per capita (GDPpc), whilst maintaining
an energy-GDP relationship that follows historic
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Figure 7. Overview of methods used to simulate post-growth. Numbers indicate Study ID from table 1.

trends or certain scenario storylines. This can involve
either annual reductions in GDP or GDPpc, as in
Keyßer and Lenzen (2021) who set GDP growth rates
of between −0.2% and −4% per year between 2020
and 2040 for their various degrowth scenarios. Or
Sers (2022) who set the exogenous rate of government
expenditure (a primary driver of GDP in the model)
to −2, 0 and 2% to simulate degrowth, steady-state
and green growth.

Alternatively, some studies set explicit targets for
reducing GDP to a specific level by a defined date.
For instance, Bodirsky et al (2022) reduce GDPpc in
high-income nations to $12 746 (2005 PPP) by 2030,
with lower-income nations converging to this level
either linearly or by 2030, depending on the scenario.
Similarly, de Blas et al (2020) target an average global
GDPpc of $5000 (1995 US$) by 2050. While these
approaches provide insights into the supply-side
characteristics of declining output, it could be argued
that they are not really modelling post-growth, but
instead the impact of economic decline on the envir-
onment. Savin and van den Bergh (2024) suggest this
could be seen as a ‘reverse causality error’, confusing
planned post-growth with zero or negative growth as
an unplanned outcome.

4.3.2. Top–down endogenous GDP reductions
The second approach, which is more aligned with
post-growth thought, involves endogenous simula-
tion, which can be top–down or bottom–up. For
example, Li et al (2023) simulate a top–down

degrowth transition for Australia using the estab-
lished IAM MESSAGEix-MACRO. They first remove
the user-defined exogenous GDP trajectory, allow-
ing for an endogenous decision variable subject to
macroeconomic optimisation. They then modify the
in-built monotonic utility function with a non-
monotonic equivalent, allowing utility to peak at dif-
ferent user-defined consumption levels (e.g. 40k $US
per capita). Further increases in consumption result
in a decline in utility. This results in the user-defined
utility peak determining consumption levels, which
in turn influences GDP and other factors, impact-
ing consumer end-use service demand and ultimately
determining total production and total energy supply.
This method constrains output, shrinking the value
of each production factor proportionally, while leav-
ing energy intensity unchanged. The authors invest-
igated seven user-defined pathways, with individual
consumption peaking between 10k and 70k US$ per
capita. They use a utility peak of 40k US$ per capita
to represent the 2020 final consumption for Australia.
Degrowth is represented by consumption peaking
below that level while higher levels represent low-to-
medium growth futures.

Similarly, D’Alessandro et al (2020) consider a
reduction in consumption to assess the environ-
mental and economic consequences of degrowth in
France. This results in a fall in themarginal propensit-
ies to consume of 11.7% by 2050. Exports are also
reduced by 0.1% a year to counter any expansion-
ary effect on emissions resulting from lower prices
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favouring exports. Under these conditions the growth
rate reaches 0% by 2035 and −0.7% by 2050. They
are explicitly not simulating any specific policy, but
rather they suggest such a change could reflect a vol-
untary reduction in consumption, owing to citizens’
behaviour change stemming from increased climate
awareness (i.e. voluntary simplicity).

Nieto et al (2020a), use the model MEDEAS
to simulate a post-growth scenario by imposing
strict energy demand reduction targets for the EU
(EUCO40—a 40% reduction in primary energy
consumption relative to baseline). The economy
adjusts through reduced monetary demand and
structural change favouring less energy-intensive sec-
tors (operationalised via the A matrix). However,
these adaptations alone are insufficient to meet
the energy reduction targets, necessitating economic
contraction. The authors highlight two contradic-
tions: first, they initiate a policy in which primary
income distribution shifts towards labour, but this
increases consumption as wages are more likely to
be spent than capital income. Second, greater effi-
ciency and lower intermediate consumption create
room for value-added output, which could drive
future growth. Under strict energy constraints, how-
ever, these forces do not lead to GDP growth but
instead exacerbate tension between economic activity
and energy reduction goals. Resultingly, despite struc-
tural adaptations, GDP in 2050 remains lower than
in 2010.

4.3.3. Bottom–up endogenous steady-state
The Sustainable Prosperity Scenario for Canada,
developed by Jackson and Victor (2020), is the only
bottom–up post-growth simulation. This is achieved
partly by reducing average work hours, a key determ-
inant of production and partly by a policy-driven
shift towards green investment, limiting investment
in productive capital. Green investment drives elec-
trification, decarbonisation of electricity and non-
electricity sectors and other environmental improve-
ments unrelated to carbon. The model distinguishes
between green and conventional investments, with
the latter aiming to maintain or expand the cap-
ital stock. They note that conventional investment
will inevitably lead to some reduction in environ-
mental impact per unit of economic output, res-
ulting from technological efficiency measures that
have the effect of reducing the rate of throughput
of material and pollutants. Green investments can
be productive, contributing to environmental and
economic gains, or non-productive, incurring net
costs without increasing productive capacity. Non-
productive green investments rely on the economy’s
ability to fund them but can negatively affect long-
term growth. In this scenario, GDP sees an average
annual increase between 2017 and 2067 of just 0.4%.

However, both GDP and GDPpc remain stable dur-
ing the final 20 years of the simulation period. Hence,
they refer to this scenario as a quasi-stationary-state
(Jackson and Victor 2015).

4.3.4. Other means of simulating post-growth
It is also worth highlighting the study by Kuhnhenn
et al (2020) who developed a degrowth scenario
using the Global Calculator, a simple system dynam-
ics model representing key sectors of the global eco-
nomy (Strapasson et al 2020). The model focuses on
physical quantities rather than economic parameters,
excluding GDP and any feedback effects on income.
The authors acknowledge that GDP could be roughly
estimated, but argue this is unnecessary, as the key
question should be ‘Can we imagine a good life with
the given amount of goods and services?’ over ‘Do
these goods and services add up to a monetary value
that seems satisfactory?’

It is worth mentioning several other studies, that
did not meet the relevance criteria and therefore were
not examined in detail, that simulate post-growth.
Rosenbaum (2015), using a Kaleckian growth model,
simulated zero-growth by aligning capital depreci-
ation with investment. Meanwhile, Leoni et al (2023),
employed a theoretical two-region model to simu-
late post-growth by imposing a resource cap in one
region, equivalent to the Global North. This cap,
which limits resource production and imports, is pro-
gressively reduced annually, to a specified level.

4.4. Policy representation
Models generally capture certain aspects of post-
growth effectively, while neglecting others, painting
only a partial picture of a post-growth transition.
Here we assess the relevant studies on their inclusion
of key policies and measures discussed in section 2.
However, not all policies listed are easily represen-
ted in models, due to their complexity or intan-
gibility. For instance, it is difficult to envisage how
a ban on advertising, a shift towards commons, or
democratising international institutions can be incor-
porated. While certain policies are difficult to expli-
citly model, they often serve measurable sustainabil-
ity goals. Therefore, their outcomes can still be con-
sidered within models by simulating related polices
with measurable impacts. For example, a ban on
advertising could be modelled as a reduction in con-
sumption, while democratising international institu-
tions might be implicitly represented by faster mit-
igation in the Global North and resource-use con-
vergence between North and South. Below we intro-
duce a list of criteria to enable a robust comparison of
all relevant modelled post-growth scenarios. Table 2
introduces this framework, evaluating each scenario
based on its inclusion of key post-growth goals and
policies.
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Table 2. The representation of post-growth policies within the 15 relevant studies. Numbers indicate study ID from table 1.⚫means included,◒means partially included,○means not included, and —means not applicable to the
scenario.

1 2–3 4 5 6 7 8 9 10 11 12 13 14 15

Feasible technological change Energy efficiency improvements ◒ ◒ ◒ ◒ ○ ◒ ◒ ⚫ ◒ ◒ ◒ ◒ ◒ ◒
Building retrofit programs ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — — —
Energy efficiency mandates ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — — —
Modal shift to public and active travel ○ ○ ○ ○ ○ ○ ○ ◒ ○ ○ ○ ⚫ — —
Increased product lifespans ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — — —
Switch to renewable energy sources ⚫ ⚫ ⚫ ◒ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫
Minimal reliance on NETs ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫

Scale-down harmful production Reduction in consumption ⚫ ⚫ ○ ○ ○ ⚫ ○ ⚫ ⚫ ○ ○ ⚫ ⚫ ○
Reduction in car use ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ◒ ○ — —
Reduction in meat consumption ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — ⚫ —
Reduction in food waste ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — ⚫ —
Reduction in flights ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ◒ ⚫ — —
Limit on per capita living/heating space ○ ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ — — —
Transition away from resource- and energy-intensive sectors ◒ ◒ ◒ ◒ ○ ⚫ ◒ ◒ ○ ○ ⚫ ⚫ ⚫ —
Reduction in arms production ○ ○ ○ ○ ○ ○ ⚫ ○ ○ ○ ○ — — —
Phase-out of fossil fuels ⚫ ⚫ ⚫ ◒ ◒ ⚫ ⚫ ⚫ ⚫ ⚫ ⚫ ◒ ⚫ ⚫
Maximum consumption standards ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ — ◒ —

Decent living for all Decommodification of basic services ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ — — —
Increased welfare spending ⚫ ○ ⚫ ○ ○ ○ ⚫ ○ ○ ○ ○ — — —
Reduction in average hours worked ⚫ ○ ⚫ ⚫ ⚫ ⚫ ○ ○ ○ ○ ○ — — —
Job guarantee ⚫ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ — — —
Universal Basic Income ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ — — —
Minimum consumption standards ○ ◒ ○ ○ ○ ○ ○ ○ ○ ○ ○ — — —
Shift to sharing economy ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ◒ — —

Wealth redistribution Reduction in inequality ⚫ ◒ ⚫ ○ ⚫ ○ ⚫ ○ ○ ○ ⚫ — — —
Favour income from labour over capital ◒ ○ ○ ○ ○ ⚫ ○ ○ ○ ○ ⚫ — — —

International justice Global North pursues faster climate mitigation ○ ⚫ ⚫ ⚫ — ○ ⚫ ⚫ ○ ○ ○ ○ ◒ ○
Convergence in energy and resource use between North and South — — — — — — ○ ⚫ ⚫ ○ ○ ○ ⚫ ○
Technology transfers — — — — — — ○ ○ ○ ○ ○ ○ ○ ○
End of unequal exchange — — — — — — ○ ○ ○ ○ ○ ◒ ○ ○
Reparations — — — — — — ○ ○ ○ ○ ○ ○ ○ ○
Debt forgiveness — — — — — — ○ ○ ○ ○ ○ ○ ○ ○
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4.4.1. Feasible technological change and scaling down
of harmful production
Most scenarios implicitlymodel the effects of reduced
consumption, capturing the aggregate impacts rather
than specific policies (e.g. D’Alessandro et al 2020, Li
et al 2023). This broad approach, while useful, often
overlooks the complexities of post-growth trans-
itions, particularly the structural changes required to
secure a ‘good life for all’.

Notable exceptions are (Nieto et al 2020a, 2020b),
who explicitly modelled a shift from energy intens-
ive sectors to care focused ones using the MEDEAS
model. Policies prioritising education and health-
care, coupled with gains in energy efficiency, resul-
ted in energy demand reductions of 17% by 2030 and
44% by 2050 (Nieto et al 2020b). Similarly, Moyer
(2023) reallocate funds from military spending to
social infrastructure, reflecting a partial transition to
a care economy.

Sector-specific models tend to provide richer
insights into environmental impacts. For instance, de
Blas et al (2020) demonstrate that ambitious recycling
and behavioural shifts in travel patterns could achieve
significant emission reductions, aligning with climate
targets. Bodirsky et al (2022) explored the implica-
tions of adopting the EAT-Lancet Commission’s plan-
etary health diet (Willett et al 2019), finding that
reductions in food waste and dietary changes could
substantially decrease resource use. The STS presen-
ted by Kuhnhenn et al (2020), using the Global
Calculator, provides the most comprehensive ana-
lysis of what a post-growth agenda for the environ-
ment may entail. They propose major lifestyle shifts,
including reduced car travel, smaller living spaces and
decreased meat consumption. However, the limited
complexity of the model precludes any quantitative
analysis of the economic impacts of the STS scenario,
or detailed exploration of provisioning systems the
authors envision would be required to secure a good
life for all.

4.4.2. Good life for all and wealth redistribution
Policies targeting social well-being, independent of
economic growth, are central to post-growth models.
A common focus is on reducing working hours. For
example, Jackson and Victor (2020) reduced annual
working hours in Canada from 1750 in 2017–1450
by 2067, mitigating unemployment risks from labour
productivity gains, while improving social well-being
through increased leisure and community engage-
ment. Chapariha (2022) implemented a similar policy
in Iran, with working hours decreasing by almost
500 by 2050. Nieto et al (2020a) similarly reduced
working hours by 14%. However, they note that a
reduction in working time would only contribute to
improved employment levels if wage increases out-
pace productivity growth.

Increased welfare spending also featured
prominently. Moyer (2023) quintupled govern-
ment transfers for welfare and pensions, while
D’Alessandro et al (2020) introduced a wealth tax
to sustain welfare spending during GDP contraction.
They also modelled a job guarantee, which provided
employment for up to 300 000 people annually in
sectors focused on household energy efficiency and
public services, decoupling job security from eco-
nomic growth. These models highlight the potential
of redistributive policies to foster equity and well-
being while transitioning away from growth-driven
paradigms.

4.4.3. International justice
International justice remains underexplored in post-
growth modelling. Most models focus on national
or aggregate global scales, limiting their ability to
address disparities between the Global North and
South. One exception is Capellan-Perez et al (2015),
who conducted a post-hoc analysis distinguishing
energy-intensive (Global North) and less-intensive
(Global South) regions. Their findings suggest that
energy use in the Global North must decrease by
70% by 2050 to enable a 30% increase in the Global
South, achieving convergence at sustainable levels.
Additionally, several studies represent a Global North
country pursuing faster climate mitigation, primarily
through reducing production and consumption and
can therefore be seen as aligning well with climate
justice concerns (Anderson et al 2020).

Few models explicitly incorporate regional dif-
ferentiation. Moyer (2023) explored no-growth and
degrowth scenarios in high-income nations, aligning
with the view that post-growth policies are primar-
ily relevant to these regions. Bodirsky et al (2022)
simulate global income convergence at $12 746 (2005
PPP), while Kuhnhenn et al (2020) differentiated con-
sumption betweenAnnex-I andnon-Annex I nations,
modelling ambitious reductions in consumption in
high income countries alongside increased consump-
tion in low-income regions, achieving parity by 2050.

Critically, no models addressed reparations, tech-
nology transfer, or debt forgiveness—key mech-
anisms for achieving equitable climate action.
Addressing these gaps is crucial for advancing the
post-growth agenda within an international justice
framework.

4.5. Synthesis of findings
The reviewed studies consistently highlight post-
growth policies as an effective and equitable path-
way for achieving climate goals. 14 of the 15 stud-
ies demonstrate that post-growth scenarios acceler-
ate progress towards net zero relative to green growth
(or equivalent) alternatives; often achieving cumulat-
ive emissions compatible with limiting warming to
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1.5 ◦C or 2 ◦C. In several cases, post-growth emerged
as the only scenario capable of stabilising temperat-
ures below 2 ◦C (e.g. de Blas et al 2020, Jackson and
Victor 2020, Nieto et al 2020b). Furthermore, post-
growth reduces dependency on improbable rates of
energy-GDP decoupling and speculative technolo-
gies like NETs. The one exception was Chapariha
(2022)who reported that green growth outperformed
a steady-state scenario for Iran, but this is largely due
to specific assumptions about international sanctions
and fossil fuel revenue.

Post-growth scenarios generally exhibit positive
social impacts, particularly in reducing inequality and
poverty. Five studies explicitly examined these out-
comes, most reporting positive improvements. For
instance, Moyer (2023) found that under a High-
income degrowth scenario with progressive policies
(e.g. increased welfare spending, demilitarisation and
reduced inequality), global poverty decreased by
approximately 380 million people by 2050 com-
pared to the baseline. Similarly, D’Alessandro et al
(2020) and Jackson and Victor (2020) report signi-
ficant reductions in inequality, with Gini coefficients
declining from 0.33 to 0.24 in France and from 0.47
to 0.19 in Canada, driven by increased government
transfers and enhanced labour share of income.

Despite social benefits, several studies identi-
fied challenges related to public debt and fiscal sus-
tainability in post-growth scenarios. For example,
D’Alessandro et al (2020) observed that the cost of a
job guarantee program in France led to a deficit-to-
GDP ratio exceeding the EU’s 3% threshold (Priewe
2020). The substantial increase in deficit-to-GDP
ratio in their degrowth scenario is primarily due
to GDP contraction rather than massively increased
public expenditure. Similarly, Jackson and Victor
(2020) project that Canada’s gross public debt-to-
GDP ratio would rise from 55% to 80% between 2017
and 2067. Nonetheless, some economists argue that
elevated public debt levels are manageable for nations
with relatively high monetary sovereignty, such as the
United States, Canada or United Kingdom (Kelton
2020, Olk et al 2023).

A key theme from the studies was that post-
growth strategies must emphasise qualitative struc-
tural transformations rather than simple GDP con-
tractions. For example, Bodirsky et al (2022) demon-
strate that income redistribution alone is insufficient
to ensure a sustainable food system and may in fact
exacerbate GHG emissions due to increased demand
for high emission foods (e.g.meat and dairy). Instead,
they advocate for systemic changes, including emis-
sions pricing and dietary shifts. Similarly, Nieto et al
(2020b) found that the sectoral transitions towards
less energy-intensive industries accounted formost of
the reduction in energy demand (and therefore emis-
sions), surpassing the direct effects of declines inGDP.

5. Key modelling gaps and requirements

Most post-growth scenarios explored here provide
insights into the potential benefits and risks of
zero or negative growth and reduced consump-
tion. They focus on the speed of decarbonisation,
socio-technical risks, macroeconomic and social out-
comes. However, they provide limited, if any, insights
into the policies and resulting structural change
required for a successful post-growth transition. For
example, what is consumed and where, how a post-
growth transition in the Global North will impact
the Global South, which provisioning systems are fit
for a post-growth world and which sectors need to
grow and which need to degrow. This section pro-
poses model improvements to better represent post-
growth futures and policies. We focus primarily on
EMMs (e.g. EUROGREEN (D’Alessandro et al 2020)
or MEDEAS (Nieto et al 2020a)), as they offer the
greatest potential for advancing post-growth mod-
elling and informing policy design and evaluation
(Pollitt et al 2024). However, we also propose ways
established IAMs can better incorporate post-growth
dynamics, while acknowledging that the neoclassical
assumptions that underpin most of these models
make a detailed exploration of post-growth dynam-
ics challenging (Hardt and O’Neill 2017).

5.1. Energy–economy connections
Most established IAMs incorporate detailed tech-
nological modelling, but rely on more generalised
economic modules, limiting insights into energy-
economy feedbacks. Consequently, energy only plays
a minor role in output production in most equi-
librium models. Equilibrium models are construc-
ted using the neoclassical KL(E) production func-
tion, which determines output through capital stock
(K), labour (L) and energy inputs (E), using a nes-
ted CES function (Krey et al 2020). Nesting allows
different substitution elasticities between production
factors (Brockway et al 2017a) and typically takes the
form of capital and labour in an ‘inner’ nest (KL),
with energy in an ‘outer’ nest (i.e. KL(E)). This frame-
work is widely adopted in established IAMs such as
MESSAGEix-MACRO and REMIND.

However, energy’s role is understated (Keen et al
2019), as it is guided by its ‘cost-share’—calculated
as energy expenditure as a percentage of GDP
(Kümmel 2013). Typically ranging between 6% and
15% (Bashmakov 2007, Grubb et al 2018), this res-
ults in extreme falls in energy inputs having small
effects on output. For instance, with an 8% energy
share (keeping labour and capital constant), halving
energy use would reduce output by only 5.4%. This is
despite evidence showing that even small variations
in energy prices can have significant impacts on eco-
nomic output (Aucott and Hall 2014). Furthermore,
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the weak substitutability between energy and capital-
labour composite limits the representation of indirect
and macroeconomic rebound channels from reduced
energy use (via efficiency gains) (Brockway et al
2021). While useful for exploring certain aspects of a
post-growth future (e.g. high level, supply-side char-
acteristics), this simplification overlooks the complex
dynamics of a real-world post-growth transition.

This limitation is evident in the LED scenario
(Grubler et al 2018). This scenario, developed in
MESSAGEix, projects global energy demand declin-
ing from 400 EJ yr−1 to 245 EJ yr−1 by 2050, driven
mostly by efficiency policies. However, economic
growth is presupposed in the model and so these
reductions in energy demand can only be achieved
by assuming extensive absolute decoupling of global
GDP from energy use. The rate of decline in energy
intensity increases from −1.5% a year (2010–2020
average) to −5.2% in the following decade, a rate
higher than has been observed in the last 50 years
(Brockway et al 2021). This approach therefore bakes
in green growth and is likely unsuitable for modelling
endogenous post-growth pathways.

One solution is to constrain the model to main-
tain historic energy-GDP relationships, ensuring that
improvements in energy intensity remainwithin feas-
ible ranges (Brockway et al 2021). Although higher
declines in energy intensity are theoretically pos-
sible, the failure of most established IAMs to include
rebound effects (Colmenares et al 2020, Brockway
et al 2021), may overestimate reductions in energy
intensity and the policies and mechanisms that could
enable these (Brockway et al 2021). Alternatively,
restructuring the shape of the production function
‘nest’ offers another potential solution. Keen et al
(2019) suggest integrating exergy into both labour
and capital in the form L(E)K(E). This approach
recognises energy’s key role in the function of both
labour and capital. Energy would therefore no longer
be based on its ‘cost-share’ and would result in a
reduced role for labour and increased role of exergy
and capital (which are seen as complementary inputs,
supporting the findings of Warr and Ayres (2006)).
This nesting formulation would also likely be more
consistent with physics as it reinterprets production
as using energy to produce useful work.

In theory, energy plays a larger role in EMMs
because they are often econometrically construc-
ted. However, the role of energy in these models
is often harder to untangle. What is clear is that
most EMMs, as with most energy-economy models,
omit the useful exergy stage—energy used at the final
energy conversion stage just before being converted
for energy services. By focusing only on final energy,
thesemodels are not thermodynamically consistent as
they neglect the stage where most energy conversion
losses occur (Brockway et al 2015, Nieto et al 2024).
Incorporating useful exergy into EMMs, and IAMs
more broadly, would advance the study of energy

dynamics, enabling quantification of energy services
and thermodynamic efficiency. This improvement
would provide a clearer representation of energy effi-
ciency as a driver of economic growth (Kümmel et al
2010) and better integrate energy service rebound
effects into modelling frameworks (Brockway et al
2021).

One of the only models to include useful exergy
is the post-Keynesian macro-econometric model
MARCO-UK (UK MAcroeconometric Resource
COnsumption) (Sakai et al 2019, 2021, Nieto et al
2024). The twomain contributions of thismodel have
been the recognition that energy services (through
the proxy of useful exergy) have a stronger impact
on economic growth than either energy prices or
final energy supply and the quantification of the role
of thermodynamic efficiency gains in driving eco-
nomic growth. Sakai et al (2019) found that thermo-
dynamic efficiency gains accounted for 25% of UK
GDP growth between 1971 and 2013. On the supply
side, ‘technological progress’ was found to be a key
driver of economic growth, with year-on-year tech-
nological innovations that improve energy efficiency
lowering production costs, leading to gains in pro-
ductivity. Additionally, on the demand side, reduced
final energy cost drives increased consumer demand
for energy services (direct rebound) and non-energy
consumption which together drive increased final
energy use and capital investment.

Incorporating these mechanisms is crucial for
understanding how post-growth policies aimed at
reducing energy service use will affect output and
is essential for incorporating endogenous rebound
effects into models. It also provides insights into
measures, such as taxes (Shao et al 2014) or caps
(Alcott 2010), that could mitigate energy rebound
effects.

5.2. Spatial differentiation
Questions of international justice are largely neg-
lected in the modelling studies reviewed here, reflect-
ing a similar gap in the qualitative post-growth lit-
erature regarding policies for international justice
(Hanaček et al 2020). This oversight persists des-
pite strong analytical critiques of ecological unequal
exchange (Dorninger et al 2021, Hickel et al 2022),
externalisation (Lessenich 2019), the imperial mode
of living (Brand and Wissen 2021), and the exclu-
sion of certain geographies and knowledges in climate
mitigation (Hickel and Slamersak 2022, Rubiano
Rivadeneira and Carton 2022). Post-growth research
often implicitly argues that international justice can
be achieved if the Global North pursues deeper and
faster climate mitigation and reduces energy and
material throughput. This would limit externalisation
and resource/labour appropriation thereby provid-
ing space for the Global South to meet its needs
within the remaining carbon budget (Hickel 2021b).
However, Schmelzer and Nowshin (2023, p 15) warn
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that without explicit international justice perspect-
ives, post-growth risks becoming ‘an inward-looking,
provincial, localised, and eventually exclusive project
within Western Europe and the Global North’.

While some researchers acknowledge potential
harms to the Global South (Dengler and Seebacher
2019, Rodríguez-Labajos et al 2019, Althouse et al
2020, Frame 2023), the cross-border impacts of post-
growth policies in the Global North is still underex-
plored. Critical questions remain regarding how to
ensure a good life for all in the Global South, partic-
ularly as policies in high-income nations promoting
localism and sufficiency may reduce export revenues
and exacerbate debt crises (Okereke 2024). This could
impose short-term constraints on economic devel-
opment and well-being (Chiengkul 2018). Currency
hierarchies further lock low-income nations into
development strategies dependent on the export of
low added value products (Althouse and Svartzman
2022, Alami et al 2023).

To be globally relevant, post-growth modelling
studies should embrace spatial differentiation and an
explicit international justice agenda. Scenarios should
ensure that policies targeting sufficiency and localised
production in high-income nations go hand in hand
with measures supporting economic sovereignty,
resource convergence, and universal human well-
being in the Global South (Hickel 2021a, Schmelzer
and Nowshin 2023). This could include transform-
ing international trade relations, fostering South–
South trade (Bloomfield 2020), technology trans-
fers (Okereke 2010), support for just transitions,
protection for infant industries and supply chain
justice. Or through ecological reparations, which are
policies designed to redress past and current injustices
(Schmelzer and Nowshin 2023). Achievable through
debt jubilees (Hickel 2020a) or direct cash transfers.

Quantitative modelling can complement qualit-
ative research by examining the global dynamics of
a post-growth transition and its impacts on differ-
ent stakeholders (Grabner-Radkowitsch and Strunk
2023). For example, through the inclusion of cur-
rency dynamics, questions of currency hierarchies can
be addressed (Althouse et al 2020). Whilst EEMRIO
tables, used to analyse ecological unequal exchange
(Dorninger et al 2021, Hickel et al 2022), could
be used to explore how these dynamics evolve over
time in response to rapid structural change in the
Global North and different post-growth policy pro-
posals (Magacho et al 2023). However, current mod-
elling often aggregates North–South flows, obscur-
ing critical regional differences, particularly in the
South (e.g. with regards to China or intra-country
inequalities). A finer scale approach would provide
greater clarity, but data uncertainties are likely to
increase with greater disaggregation (Hickel et al
2022). Incorporating insights from evolutionary eco-
nomics could also illuminate the role of techno-
logy transfers to the Global South (Succar 1987,

Dosi et al 2021). Much of this research is far more
optimistic about technology than post-growth stud-
ies (Grabner-Radkowitsch and Strunk 2023), mean-
ing there is still a wide scope to explore the impact of
technology transfers alongside a broader post-growth
transformation.

Beyond the justice aspects of spatial differenti-
ation, a multi-region modelling framework would
allow for an exploration of diverging policies and the
international repercussions of unilateral post-growth
actions (e.g. a single or small group of countries
pursuing post-growth alone). For example, regarding
the behaviour of foreign direct investment, interna-
tional trade, capital flow or the impacts on exchange
rates. However, without more research, modelling
these dynamics will inevitably involve making many
assumptions on actor behaviours and expectations,
which is likely to increase the arbitrariness of the
model results. Furthermore, despite the crucial role
of growth in maintaining military power and secur-
ity (Schmelzer 2015), little attention has been given
to how rising geopolitical tensions (e.g. US-China
rivalry, Russia’s invasion of Ukraine) may hinder
a post-growth transition in the Global North due
to conflicts over funding between military, social,
and ecological programs (Svartzman et al 2019,
Albert 2024). Post-growth scenarios should be cre-
ated to explore the impacts of different geopolitical
regimes and investment behaviours to address these
challenges.

5.3. Sectoral differentiation
The post-growth literature emphasises sector-specific
downscaling or upscaling based on ecological impact
and contribution to societal well-being. This raises
questions about which types of production and con-
sumption are essential tomeet basic needs and should
be expanded and which need to degrow. Additionally,
it raises the issue of whether productive capacity from
sectors can be redirected and energy and materials
reallocated to support sectors that need to grow.

Post-growth researchers agree on the need for
radical change, however there is no consensus on
what structural change is desired or how it will be
achieved (Hardt et al 2020, 2021). There is no com-
prehensive discussion onwhich sectors are considered
undesirable, but there is a more consistent recogni-
tion of the sectors that would be desirable. Notably,
sectors with high labour-intensity (offsetting any job
losses in other sectors), low environmental impact
and low potential for growth in labour productiv-
ity (Hardt et al 2021). This is often framed as a shift
to a care economy focusing on education, convivial-
ity, care work and repair (Dengler and Strunk 2018,
Hanaček et al 2020). Hardt et al (2021) offers an
important first step in defining the necessary struc-
tural changes required for a post-growth future, fur-
ther work with models can help elaborate on the
possible employment and environmental impacts.
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Scenarios can create greater clarity on which sectors
could grow or contract in a post-growth transition,
fostering the societal discussion needed to shape the
transition democratically (Durand et al 2024).

Quantitative exploration of structural changes
under post-growth is limited, in no small part because
a post-growth economy would look radically differ-
ent in structure to today’s accumulation-driven eco-
nomies, limiting the modelling possibilities based
on current knowledge (Oberholzer 2023). However,
modelling can clarify some of these blind spots.
IOA offers a promising approach to assess struc-
tural change by integrating both production and
consumption aspects (Lefevre 2023). On the pro-
duction side, IOA can help describe the changes in
production structures arising from a shift towards
a post-growth economy. Using a dynamic IOA
approach, Nieto et al (2020b) explored shifts toward
labour intensive sectors and those which provide
meaningful employment such as education, health
and social work and social services. However, they
only view the implications of this change through
the lens of energy demand, neglecting the social
impacts.

On the consumption side, IOA can enable a
more comprehensive exploration of sufficiencymeas-
ures from a whole-economy perspective (Wood et al
2018). However, most models have tended to ignore
the heterogeneous nature of consumer demand and
instead assume a single representative consumer. This
is a problem if, as post-growth calls for, there needs
to be a distinction between ‘necessary’ and ‘lux-
ury’ consumption. An IO framework with greater
granular differentiation between ‘luxury’ and ‘neces-
sary’ goods and services would be required. The
literature on consumption corridors and DLS/DLE
can be useful in setting the boundaries for min-
imum consumption standards to support the good
life for all. However, improved spatial differentiation
would also be needed, resulting from differences
in energy requirements for DLS between nations
(e.g. for heating and cooling) (Kikstra et al 2021).
Such an approach could link consumption changes
to inequality reductions (Sampedro et al 2022) and
provide insights into the interplay of inequality, infla-
tion and environmental impacts (Millward-Hopkins
2022, Olk et al 2023). Furthermore, when com-
bined with expenditure elasticity estimates for vari-
ous goods and services, environmentally-extended IO
models could also quantify rebound effects (Sorrell
et al 2020), especially if combined with useful exergy
analysis (Nieto et al 2024).

5.4. Provisioning systems and social outcomes
A key challenge for post-growth is meeting human
well-being needs as output declines. This will inev-
itably require radical changes to social, cultural
and economic institutions to establish collective and

democratic provisioning systems (Vogel et al 2021).
Modelling can play an important role in better under-
standing the macroeconomic and systemic effects of
these new regimes.

Vogel et al (2024) propose policies to trans-
form provisioning systems and ensure well-being
alongside declining output. These include policies
to reduce the cost-of-living (e.g. price controls),
increased welfare payments to the unemployed, min-
imum income guarantees (e.g. UBI), expanded and
decommodified public services and a shift to com-
mons. Beyond increases in welfare spending, none of
these were incorporated in the scenarios examined
here. Employment stability during the transition
could be supported by reduced working hours and
a job guarantee (Unti 2018). Both of which have
been explored to differing degrees within the scen-
arios assessed here.

The broader ecological macroeconomic literature
can be useful in better understanding the impacts
of some of these policies. For example, Oberholzer
(2023) found that reducing working hours alone
risks economic instability, as shrinking profits cause
economic contraction before full employment is
achieved. They argue that stability in a post-growth
economy would require not-for-profit production,
such as government initiatives and cooperatives,
which canmaintain employment without profit mar-
gins. Public spending will likely play a central role
in decreasing effective demand and redirecting pro-
ductive capacity from ecologically harmful sectors
to socially and ecologically necessary ones, such as
renewable energy and equitable and energy efficient
provisioning systems (Olk et al 2023). However, most
IAMs and EMMs lack an adequate representation
of public finance. IOA could help better represent
the transition to novel publicly financed provision-
ing regimes by distinguishing private and public con-
sumption (Lefevre 2023).

The question of public debt in a post-growth
transition also remains underexplored. Researchers
have raised concerns about the inadequacy of envir-
onmental taxes to effectively finance provisioning sys-
tems during a post-growth transition without large
increases in debt-to-GDP ratios (Berg et al 2015,
D’Alessandro et al 2020). For example, Malmaeus
et al (2020) highlight trade-offs between calls for
local, labour-intensive self-sufficiency and UBI. They
suggest that increased needs satisfaction outside of
markets may reduce the availability of tax income
to fund a UBI programme. However, others argue
that high deficits are not necessarily negative and
may be a precondition for a successful post-growth
transition (Olk et al 2023). It is clear that substan-
tial and swift reductions in consumption and pro-
duction complicates the task of maintaining mac-
roeconomic stability, especially with increased gov-
ernment spending on green infrastructure, welfare

20



Environ. Res. Lett. 20 (2025) 053005 A Edwards et al

and public services. Incorporating an SFC approach,
would enhance models’ ability to capture these trans-
ition risks, especially as they relate to the linkages
between the real and financial spheres of the macroe-
conomy and green investments (Dafermos et al 2017,
Jackson and Jackson 2025).

5.5. Feasibility
Post-growth pathways entail profound societal trans-
formations, that will likely encounter significant bar-
riers (Kallis et al 2018). To be practical, post-growth
scenarios must integrate feasibility considerations
from the broader climate policy literature (Jewell and
Cherp 2023), though few currently do so (Keyßer and
Lenzen 2021, Sers 2022, Kikstra et al 2024). These
studies suggest that post-growth scenarios are gener-
ally more feasible in terms of supply-side transform-
ations, such as geophysical and technological aspects
(Brutschin et al 2021). However, the rapid energy
demand reductions inmany scenarios raises concerns
(Kikstra et al 2024), with limited evidence for assess-
ing the feasibility of demand side policies.

Feasibility is multidimensional (Brutschin et al
2021, Steg et al 2022) and the sociocultural, eco-
nomic, and institutional dimensions of post-growth
scenarios remain largely unquantified due to their
complexity to measure with models (Riahi et al
2015, Jewell and Cherp 2023). However, these aspects
present significant challenges, as post-growth con-
fronts many deeply embedded cultural values, mind-
sets and power structures within societies. Buchs
and Koch (2019) argue that a post-growth transition
requires rapid, radical cultural change, which is hard
to envision under current conditions.

The scarcity of historical analogues further com-
plicates feasibility assessments, though this does not
preclude post-growth transitions. Jewell and Cherp
(2020, p 6) note that just because ‘a certain solu-
tion or its analogues have not occurred in the past
this does not necessarily mean that it is not polit-
ically feasible in the future’. Furthermore, political
constraints can be considered ‘soft’, meaning feas-
ibility may increase under certain political condi-
tions. For example, Keyßer and Lenzen (2021) argue
that the state of sociocultural feasibility can change
with greater awareness of alternative paradigms,
strengthened social movements and a clearer under-
standing about transition processes. Therefore, while
increased representation of post-growth pathways
cannot replace a paradigm shift in environmental
policy design, it can improve the perceived political
feasibility of post-growth among stakeholders (Otero
et al 2020). Furthermore, more radical action could
become more feasible as social movements push for
stronger action on climate change (Fisher and Nasrin
2021,Winkelmann et al 2022).More research is there-
fore needed to define feasible pathways for post-
growth transitions, especially around where, when

and for whom is post-growth feasible. Models can
assist by exploring how different national contexts
may affect policy implementation and highlighting
any feasibility concerns.

6. Conclusions

There is an increasing recognition of the need for cli-
mate mitigation modellers to explore a broader spec-
trum of futures when developing scenarios, reflect-
ing the diversity of potential pathways to achieving
climate goals. Among these, post-growth—a term
encompassing a wide array of approaches centred
on moving beyond economic growth as the primary
social objective—has gained increased attention. This
review proposes a comprehensive post-growth mod-
elling framework, grounded in insights from the post-
growth and ecological economics literature, struc-
tured around five core dimensions: feasible tech-
nological change, scaling-down harmful production,
ensuring a good life for all, wealth redistribution, and
international justice.

Through a critical assessment of 15 studies that
have developed post-growth climate scenarios, we
observe that most of these operate at the global
aggregate scale, simulating post-growth exogen-
ously through GDP reductions. While this approach
provides valuable insights into the implications of
reduced production and consumption for climate
mitigation, it does not capture the complexities of
a planned and differentiated post-growth transition
across diverse global contexts. To address these lim-
itations, further advancements are needed to integ-
rate post-growth principles into established IAMs
and EMMs—allowing modellers to robustly explore
post-growth pathways. By bridging the gap between
theory and practice, future research can better inform
the design of equitable, sustainable and actionable
post-growth strategies for climate mitigation.
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Post-growth: the science of wellbeing within planetary
boundaries Lancet Planet. Health 9 e62–78

Kallis G, Kostakis V, Lange S, Muraca B, Paulson S and
Schmelzer M 2018 Research on degrowth Annu. Rev.
Environ. Resour. 43 291–316

Kallis G, Paulson S, D’Alisa G and Demaria F 2020 The Case for
Degrowth (Wiley)

Keen S, Ayres R U and Standish R 2019 A note on the role of
energy in production Ecol. Econ. 157 40–46

Kelton S 2020 The Deficit Myth: Modern Monetary Theory and the
Birth of the People’s Economy (PublicAffairs)

Kennedy C M, Fariss B, Oakleaf J R, Garnett S T,
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