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Introductory comments

The year 2015 was an important milestone in the world’s struggle for sustainability. Although

mostly remembered for the landmark Paris Agreement, which formalised and operationalised

a mechanism for globally coordinated and cooperative efforts to address the climate crisis, it

also featured the UN-wide adoption of the 2030 Agenda for Sustainable Development, embod-

ied in seventeen distinct yet highly intertwined dimensions—the Sustainable Development

Goals (SDGs). These inter alia include poverty and hunger elimination, alleviating social and

gender inequalities, fostering peace and the development of strong institutions, making pro-

duction responsible, environmental and biodiversity protection, and achieving good health

and well-being.

The scientific community has since attempted to actively support the assessment of prog-

ress and prospects/trends towards sustainability using an array of tools as interdisciplinary and

diverse as the SDG agenda itself. When it comes to quantitatively assessing progress per SDG

indicator by country and/or globally, scientists have drawn on the latest available data to esti-

mate the gap in achieving each SDG indicator (e.g., [1]). However, such studies are mostly

static and capture an overview of how far we still need to go; in other words, they are not for-

ward looking in that they cannot project where each country (or the world) is headed along

each SDG towards 2030 or later, or what needs to be done to bridge the identified gaps.

To address this need, climate-economy models—i.e., the quantitative systems models typi-

cally used to evaluate or support the design of climate policies, also called Integrated Assess-

ment Models (IAMs)—have increasingly been used to offer quantified projections of SDG

progress into the future, in tandem with mitigation effort [2]. This is largely for two reasons:

(a) climate action (SDG13) has long been documented to interact vividly with all other SDGs

[3], and (b) these models have been found well-equipped to extract insights into SDG-related

metrics among their numerous quantitative outputs [4] as well as into the interactions of cli-

mate action and other SDGs [5].

Getting the most of climate-economic models in projecting SDG

progress

This piece discusses six ways, in which the capacity to evaluate progress in SDGs vis-à-vis

efforts to mitigate climate change using IAMs is currently being enhanced to offer robust and

actionable policy prescriptions that may place climate policy in a holistic sustainable develop-

ment context.
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First, considerable efforts have been made to facilitate the extraction of insights from IAM

exercises, by mapping SDG indicators onto typical IAM variables [6]. Modellers can thus

employ, build on, and even expand on this formalised target space to provide standardised

outputs that can be inter-compared in the literature. However, the coverage of the established

SDG target space in IAMs remains limited, while many of the identified indicators are only

proxies of a subset of the official SDG spectrum, and issues of scalability, inter-dependencies,

or underdeveloped modelling capacity may pose challenges.

Especially regarding the latter, a second line of research lies in developments and instru-

mental upgrades in IAMs themselves. There currently exists a large ecosystem of IAM develop-

ment research and innovation projects (such as DIAMOND, PRISMA, WorldTrans,

TRANSIENCE, etc.), all tasked with creating new and mostly open-source capacities in exist-

ing or new IAMs, with explicit considerations for assessment of SDG-related progress. Despite

the promise lying within this ecosystem of research initiatives, the envisaged updates do not

markedly stray from the state-of-the-art modelling practice in that they are mostly incremen-

tal; the need to achieve SDGs already by 2030 is not well aligned with the lifecycle of these proj-

ects (most of which span until the latter half of this decade) and thus the timeline of the

expected IAM upgrades; while IAM developers’ perceptions of the need to expand SDG cover-

age capacity appears anchored to the existing capabilities of their models [7].

A third prospect lies in developing customised IAM frameworks, based on soft links

between IAMs and other modelling tools, to enhance the representation of SDG indicators

beyond IAMs’ typical output variables. Even though such efforts enable scientists to cover an

impressive diversity of the SDG spectrum (e.g., [8]), the coverage of (sub-)indicators within

each SDG remains limited.

Similarly, a fourth line of research employs integrated modelling frameworks, either in

model inter-comparison settings where different IAMs are employed in parallel to increase the

robustness of and confidence in resulting model insights (e.g., [9]), or in multi-model settings

in which several IAMs, sectoral models, and/or other modelling tools are soft-linked with one

another to expand the aggregate capability to represent different SDGs (e.g., [10]). However

substantial, the benefit of this approach in terms of larger coverage of SDG indicators does not

expand the SDG coverage by orders of magnitude and comes at the price of extensive harmo-

nisation efforts across the employed models to reduce response heterogeneity—which is in

itself challenging [11].

Critically, none of these routes escape the limitations of the ‘job description’ of an IAM,

which usually is to quantify the cost-optimal way of achieving a climate (policy) objective. To

move from the decarbonisation-oriented accounting of SDG progress in IAMs onto the opti-

misation of progress in SDGs, a fifth avenue lies in economically integrating (internalising)

SDG progress within the least-cost, environmentally-constrained IAM solution process, by

means of hard links between IAMs with other modelling tools (e.g., [12]). This practical way of

optimising SDG performance also comes at a high price in terms of development efforts and

resources; most importantly, it also implies a focus on a particular SDG.

Along these lines, a final approach to identifying optimal portfolios that optimise climate

action in parallel with performance in other SDGs includes establishing soft links between

IAMs and multi-objective optimisation algorithms [13]. Although such approaches help to

identify policy portfolios that achieve simultaneous progress in the SDG agenda, by maximis-

ing co-benefits and minimising trade-offs of mitigation with other SDGs (e.g., [14]), its poten-

tial in building on all above ways to boost the internal capabilities of IAMs to represent SDG

indicators is severely constrained by the number of indicators that can be meaningfully

selected to avoid computational challenges associated with multi-objective optimisation.
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Concluding remarks

Linkages between mitigation pathways and progress in SDGs permeate—and are systemati-

cally assessed in a dedicated chapter of—the entire 6th Assessment Report of the Intergovern-

mental Panel on Climate Change (IPCC) on climate change mitigation [15]. There is no doubt

that the trend of projecting SDG progress in tandem, and/or quantifying SDG interactions,

with climate action will consume increasing chunks of the IAM community’s research efforts

onwards. This will also be reflected in the scenario literature underpinning the IPCC’s upcom-

ing 7th Assessment Report that is expected by the end of this decade—just in time to stocktake

SDG progress against the original timeline of the UN’s Agenda for Sustainable Development

and inform the way forward. The IAM community should collaborate on progressing along—

and combining efforts in—all six avenues discussed.

Funding

This work was supported by the European Commission Horizon Europe programme (project

“IAM COMPACT”, Grant Agreement No. 101056306, project “DIAMOND”, Grant Agree-

ment No. 101081179, and project “TRANSIENCE”, Grant Agreement No. 101137606). The

funders had no role in study design, data collection and analysis, decision to publish, or prepa-

ration of the manuscript.

References
1. Pradhan P, Costa L, Rybski D, Lucht W, Kropp JP. A systematic study of sustainable development goal

(SDG) interactions. Earth’s Future. 2017 Nov; 5(11):1169–79.

2. Pathak M, Patel S, Some S. Climate change mitigation and Sustainable Development Goals: Evidence

and research gaps. PLOS Climate. 2024 Mar 4; 3(3):e0000366.

3. von Stechow C, Minx JC, Riahi K, Jewell J, McCollum DL, Callaghan MW, et al. 2˚ C and SDGs: united

they stand, divided they fall?. Environmental Research Letters. 2016 Mar 16; 11(3):034022.

4. Zaidan S, El Fadel M. Sustainable Development Goals in Energy System Models: A Systematic Interlin-

kages Mapping Analysis. Journal of Cleaner Production. 2024 May 21:142638.

5. van Soest HL, van Vuuren DP, Hilaire J, Minx JC, Harmsen MJ, Krey V, et al. Analysing interactions

among sustainable development goals with integrated assessment models. Global Transitions. 2019

Jan 1; 1:210–25.

6. van Vuuren DP, Zimm C, Busch S, Kriegler E, Leininger J, Messner D, et al. Defining a sustainable

development target space for 2030 and 2050. One Earth. 2022 Feb 18; 5(2):142–56.

7. Koasidis K, Koutsellis T, Xexakis G, Nikas A, Doukas H. Understanding expectations from and capabili-

ties of climate-economy models for measuring the impact of crises on sustainability. Journal of Cleaner

Production. 2023 Aug 15; 414:137585.

8. Soergel B, Kriegler E, Weindl I, Rauner S, Dirnaichner A, Ruhe C, et al. A sustainable development

pathway for climate action within the UN 2030 Agenda. Nature Climate Change. 2021 Aug; 11(8):656–

64.

9. Tagomori IS, Harmsen M, Awais M, Byers E, Daioglou V, Doelman J, et al. Climate policy and the

SDGs agenda: how does near-term action on nexus SDGs influence the achievement of long-term cli-

mate goals?. Environmental Research Letters. 2024 Apr 9; 19(5):054001.

10. Moreno J, Campagnolo L, Boitier B, Nikas A, Koasidis K, Gambhir A, et al. The impacts of decarboniza-

tion pathways on Sustainable Development Goals in the European Union. Communications Earth &

Environment. 2024 Mar 16; 5(1):136.

11. Giarola S, Mittal S, Vielle M, Perdana S, Campagnolo L, Delpiazzo E, et al. Challenges in the harmoni-

sation of global integrated assessment models: A comprehensive methodology to reduce model

response heterogeneity. Science of The Total Environment. 2021 Aug 20; 783:146861. https://doi.org/

10.1016/j.scitotenv.2021.146861 PMID: 33872899

12. Reis LA, Drouet L, Tavoni M. Internalising health-economic impacts of air pollution into climate policy: a

global modelling study. The Lancet Planetary Health. 2022 Jan 1; 6(1):e40–8. https://doi.org/10.1016/

S2542-5196(21)00259-X PMID: 34998459

PLOS CLIMATE

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000449 July 16, 2024 3 / 4

https://doi.org/10.1016/j.scitotenv.2021.146861
https://doi.org/10.1016/j.scitotenv.2021.146861
http://www.ncbi.nlm.nih.gov/pubmed/33872899
https://doi.org/10.1016/S2542-5196%2821%2900259-X
https://doi.org/10.1016/S2542-5196%2821%2900259-X
http://www.ncbi.nlm.nih.gov/pubmed/34998459
https://doi.org/10.1371/journal.pclm.0000449


13. Forouli A, Nikas A, Van de Ven DJ, Sampedro J, Doukas H. A multiple-uncertainty analysis framework

for integrated assessment modelling of several sustainable development goals. Environmental Model-

ling & Software. 2020 Sep 1; 131:104795.

14. Van de Ven DJ, Sampedro J, Johnson FX, Bailis R, Forouli A, Nikas A, et al. Integrated policy assess-

ment and optimisation over multiple sustainable development goals in Eastern Africa. Environmental

Research Letters. 2019 Aug 20; 14(9):094001.

15. Denton F, Halsnæs K, Akimoto K, Burch S, Diaz Morejon C, Farias F, et al. Accelerating the transition in

the context of sustainable development. In: Shukla PR, Skea J, Slade R, Al Khourdajie A, van Diemen

R, McCollum D, et al., editors. Climate Change 2022: Mitigation of Climate Change. Contribution of

Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.

Cambridge and New York: Cambridge University Press. https://doi.org/10.1017/9781009157926.019

PLOS CLIMATE

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000449 July 16, 2024 4 / 4

https://doi.org/10.1017/9781009157926.019
https://doi.org/10.1371/journal.pclm.0000449

