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Extended
data Fig. 2:
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Extended
data Fig. 3:
Decomposi
tion of the
SD
interventio
ns D-F: We
unpack the
additional
SD
interventions
that are part
of our SDP
scenario
(shown
together in
Fig. 2 in the
main paper)
into the
steps D-
energy (both
demand &
supply), D-
food
(nutrition &




land use), E
(global
equity) and
F (national
redistributio
n). This
decompositi
on highlights
the effect of
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interventions
on the
respective
SDG
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are “applied”
incrementall
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Regional
outcomes
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vertical
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SSP2-NDC
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Extended
data Fig. 5:
Regional
and
sectoral
outcomes
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dynamics
indicators.
Transparent
wide bars
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2030 values,
solid thin
bars are
values for
2050, the
2015 values
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the dotted
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NDC (red,
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1.5C (green,
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SDP-1.5C
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bottom)
scenarios;
the SSP1-
NDC
scenario is
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visual
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Abstract

Ambitious climate policies, as well as economic development, education, technological
progress, and less resource-intensive lifestyles, are crucial elements for progress towards
the UN Sustainable Development Goals (SDGs). However, using an integrated modelling
framework covering 56 indicators or proxies across all 17 SDGs, we show that they are
insufficient to reach the targets. An additional sustainable development package including
international climate finance, progressive redistribution of carbon pricing revenues, sufficient
and healthy nutrition, and improved access to modern energy enables a more
comprehensive sustainable development pathway. We quantify climate and SDG outcomes,
showing that these interventions substantially boost progress towards many aspects of the
Agenda 2030 and simultaneously facilitate reaching ambitious climate targets. Nonetheless
several important gaps remain, for example with respect to the eradication of extreme
poverty (180 million people remaining in 2030). These gaps can be closed until 2050 for
many SDGs, while also respecting the 1.5°C target and several other planetary boundaries.

A transformation towards sustainability requires tackling multiple crises simultaneously. By
adopting an ambitious agenda for fostering human well-being within planetary boundaries -
the Paris Agreement and the Sustainable Development Goals (SDGs) - world leaders
acknowledged this urgent need in 2015. However, five years into both of these agreements,
reviewing the progress towards their targets is sobering’?. Given the narrow 2030 time
horizon of the SDGs, and the risk of losing achievability of the Paris climate targets®, it is
important to assess how synergies between climate action and other SDGs can be fully
exploited through rapid and coordinated action, and which interventions are required to do
so*®.

Modelling pathways towards a sustainable future requires quantitative coverage of the SDG
space, including the interconnections between SDGs® ™. For example, ambitious climate
action has co-benefits and trade-offs for other objectives' . While trade-offs affect land
use, biodiversity?®, food prices?"??, and energy access*?, these can be softened by more
integrated policy-making®2’. While a few existing studies quantify multiple sustainability
indicators'®?°2%2° or include additional sustainability measures?®®?*3° overall existing
scenarios cover only a small part of the SDG space and do not meet many of the targets®'*.
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Here we structure integrated strategies towards sustainable development along six
interventions A-F (see Extended data Fig. 1) and study their interaction within a scenario
framework. Interventions A (development) and B (resource efficiency and lifestyle change)
align with the sustainability scenario (SSP1) from the Shared Socioeconomic Pathways™®.
Intervention C introduces ambitious climate change mitigation, for which previous modelling
studies®>**** have already highlighted the synergies of interventions A and B. Our study
identifies an additional set of synergistic interventions to boost progress towards many
aspects of the Agenda 2030: A “climate & development” scheme connects international
climate finance (intervention E) with national poverty alleviation programmes financed from
carbon pricing revenues (F). We further include a deepened shift in consumption patterns
combined with energy- and land-system sustainability policies (together intervention D). The
shift includes a comprehensive transition towards sufficient, healthy and sustainable
nutrition®®, enhanced access to modern energy in developing regions, and a more ambitious
lifestyle shift in industrialized economies.

We quantify the role of this sustainable development package, in concert with interventions
A-C, in a sustainable development pathway (SDP) scenario. Our analysis integrates the
coupled energy-economy-land-climate modelling framework REMIND-MAgGPIE* with several
additional models (Ext.dat. Fig. 2). We cover 56 SDG indicators or proxies from all 17
SDGs, which are selected from a condensed SDG target space®*"* and/or through a
mapping to the official SDG targets and indicators. This comprehensive (albeit still
incomplete) set comprises indicators relating to (i) scenario assumptions, (ii) endogenous
outcomes from the main REMIND-MAgGPIE framework, or (iii) results from downstream
models. We include the effects of rising CO, concentrations on the oceans, and projections
for the development of political institutions and peace (the absence of violent conflict), as in
particular the latter two are key for an effective and inclusive implementation of the Agenda
2030.

The SDP scenario developed in this study outlines an ambitious pathway for substantial
progress towards many aspects of the Agenda 2030. At the same time, it highlights which
SDGs are challenging to achieve by 2030 and even by 2050, and thus sheds light on
bottlenecks and trade-offs between different targets.

Results

We contrast our SDP scenario with a number of other SSP scenarios with different climate
policy ambition levels to highlight the effects of the different interventions on SDG outcomes
(Ex.dat. Fig. 1). These scenarios include a continuation of historical trends with further
incremental climate policies according to the Nationally Determined Contributions (SSP2-
NDC), and a push towards more rapid development and less resource-intensive lifestyles
(interventions A & B, SSP1-NDC). Adding ambitious climate policies compatible with the
1.5°C target (C) yields the SSP1-1.5C scenario that resembles existing sustainability-
focused mitigation pathways®. Our SDP-1.5C scenario additionally includes a package of
sustainable development interventions (D-F).

Importantly, we represent some interventions through explicit policy measures (e.g. carbon
pricing in intervention C, and redistributive measures in E & F). For other interventions, we
capture their outcome through a scenario assumption without explicitly resolving the
underlying policy measures or societal trends (e.g. healthier diets and improved energy
access in intervention D, and better education in A). Some interventions also reflect societal

14



119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

134

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157

158
159
160
161
162

trends that go hand in hand with associated policy measures. An overview of the
interventions and their representation in our modelling framework is given in Supplementary
Tables S2 and S3.

For discussion of SDG indicator outcomes we group them into the five major clusters®
planetary integrity, provision of material needs, people, prosperity, and political
institutions/peace/partnership. As a high-level summary of our results, we show a selection
of global SDG indicators in Fig. 1. Subsequently we discuss the effects of the different
interventions and the remaining SDG achievement gap both at the global (Figs. 2 & 3) and
regional level (Figs. 4 & 5). Our main discussion largely focuses on one headline indicator
for most SDGs. More detailed results and a discussion of the full indicator set for all SDG
clusters are available in the extensive Sl. We provide a list of our indicators, their relation to
the official SDG targets, and a categorization into scenario assumptions, endogenous model
results, and further post-processing in Table S1.

Planetary integrity (SDGs 13, 14, 15)

Averting dangerous climate change and preserving the integrity of the biosphere® provide
the essential foundation for long-term human well-being on planet Earth. As high-level
proxies for planetary integrity we consider annual greenhouse gas (GHG) emissions, global
mean temperature (GMT) increase, the aragonite saturation state (ocean acidification), the
biodiversity intactness index (Bll), and the industrial and intentional biological fixation of
nitrogen in agriculture (Fig. 1).

In our SDP scenario, global GHG emissions are reduced rapidly, dropping to 33 Gt CO,-e/yr
in 2030 and to 10 Gt CO,-e/yr in 2050. Notably, a rapid reduction of agricultural CH, and N,O
emissions beyond what has been reported for 1.5°C pathways in the literature® allows
meeting the 1.5°C target with a 100 Gt higher CO, budget®, facilitating the transition in
energy and transport and reducing the need for carbon dioxide removal technologies
considerably (see “Climate policy” in Methods and Sl Fig. S1 for details). The median
warming in our SDP scenario barely overshoots the 1.5°C target, and returns to around
1.3°C warming by the end of the century. Furthermore, ocean acidification is halted at
aragonite saturation levels preventing adverse conditions for the dominant marine calcifying
organisms*.

While in both ambitious mitigation scenarios primary forest is fully conserved and loss of
terrestrial biodiversity is halted, only the SDP scenario achieves modest improvements in
biodiversity by mid-century (Bll = 0.8 in 2050). It also breaks the ever-increasing trend in the
human impact on the nitrogen cycle, reducing human-induced fixation to around 120 Mt N/yr
in 2050, which is, however, still around one third above the suggested planetary boundary®®.

Provision of material needs and sustainable resource management (SDGs 2, 6, 7, 12)

This second cluster encompasses the universal provision of basic material needs, while
simultaneously managing natural resources in a sustainable way. Above all, this means a
world without hunger, and with universal access to clean water and modern energy.

Our SDP scenario assumes an achievement of zero hunger by 2050 and a reduction of
malnourishment by nearly half by 2030, taking into account the required higher food
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demand. We further assume that diets gradually shift towards healthy and sustainable
patterns with less animal protein as recommended by the EAT-Lancet Commission®®, and
that the trend of increasing food waste can be reversed. As a consequence, we find no
major trade-off between sufficient nourishment for the global population and the
environmental indicators associated with food production*'*?. For example, agricultural water
use can be reduced by more than a quarter by 2050. This brings agriculture, which accounts
for the lion’s share of human water use today, in line with planetary boundaries®®. The
reduced pressure on land also eliminates food price increases seen in the SSP1-1.5C
scenario (cf. Fig. 2 below), underpinning the faster decrease of malnourishment in the SDP
scenario.

We consider useful energy consumption for buildings and mobility as a proxy for access to
modern energy services in developing regions, as it directly captures the energy available for
the service after accounting for conversion efficiencies. For our SDP scenario we project an
increase to 6.4 GJ/cap/yr in 2030 and to 15 GJ/cap/yr in 2050, around 75% (2030) / 320%
(2050) above the current (2015) value and largely sufficient to meet energy requirements for
decent living standards*’. Over the same time horizon, the average value in OECD regions
decreases by over 20% to 36 GJ/capl/yr, reflecting a transition away from energy-intensive
lifestyles (see also Ext.dat. Fig. 5 and SI-Fig. S6 for final energy values and a breakdown
into demand sectors and regions).

People (SDGs 1, 3, 4, 5)

Eradicating extreme poverty, providing for people’s health, and ensuring access to education
and gender equality represent the human development core of the Agenda 2030. We project
that the prevalence of extreme poverty will be reduced to around 180 million people (poverty
rate 2.3%) in our SDP scenario by 2030, a substantial reduction compared to the around 750
million people (10%) in 2015. However, it is not sufficient to fully reach the target of zero
poverty, which is achieved only by 2050.

The transition away from fossil fuels substantially reduces the detrimental effects of outdoor
air pollution on public health. We find that the SDP scenario leads to 5 million fewer disability
adjusted life years lost annually in 2030 compared to current (2015) levels, and around 25
million fewer in 2050. This is similar to the SSP1-1.5C scenario, despite the slightly higher
CO; budget and the larger energy demands in developing regions in the SDP. Nonetheless,
health and mortality impacts from air pollution remain well above the target levels estimated
from WHO guidelines (see also SI-Fig. S9 and SDG 11 below).

Based on the SSP1 education data, which we also assume in the SDP scenario, the share
of the adult population without school education decreases continuously. However, due to
the older cohorts with worse education histories, the decrease is insufficient to meet the
aspirational target of zero by 2030 or even by 2050. Considering only the school-leaving
cohorts, the improvements are substantially more pronounced (Sl Fig. S10). For the latter,
also the gender education gap (the difference between genders in lower secondary
education completion shares) already nearly closes by 2030.
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Prosperity (SDGs 8, 9, 10, 11)

The aspiration underlying the SDGs is to provide both prosperous and sustainable living
conditions for all global citizens. We quantify this using metrics of between- and within-
country inequality, together with indicators for industry sustainability and living conditions in
cities.

Our SDP scenario assumes a convergence of income levels between countries: the ratio of
global average GDP/capita to the OECD value increases from 33% in 2015 to 43% in 2030
and to 57% in 2050 (in PPP). However, despite rapid income growth in developing regions,
regional disparities remain, with Sub-Saharan Africa reaching only 10% (21%) of the OECD
GDP/capita in 2030 (2050). Inequality within countries is reduced steadily, with the fraction
of the population in relative poverty (below 50% of the national median income) decreasing
from a global average of 18.5% in 2015 to 16.9% in 2030 and 14.5% in 2050.

The transition to cleaner production methods in industry starts off at modest pace due to the
inertia of existing capital stocks, with the share of clean energy (electricity & hydrogen) in
global industrial energy increasing only modestly to 26% in 2030. The transition
subsequently accelerates, driven by cheaper renewable electricity, utilising the full potential
of demand-side electrification**, and reaching a clean energy share of 62% by 2050. The
transition away from fossil fuels reduces urban air pollution substantially, with the globally
averaged PM2.5 concentration in cities being reduced by around 40% until 2050. However,
increased energy demands in developing regions partially offset air pollution benefits from
decarbonizing the energy supply.

Political institutions, peace & partnership (SDGs 16, 17)

Governing the ambitious transformation to sustainability requires peace, strong national and
global institutions, and extensive global cooperation*™’. SDG 16 and 17 are therefore
targets, but also preconditions for sustainable development?’. The optimistic socio-economic
scenario assumptions for the SSP1 and SDP scenarios therefore imply strong institutions
and peace (intervention A, Ext.Dat. Fig. 1). To capture these two factors quantitatively, we
model for each country the quality of rule of law and individual liberties*® and the number of
armed conflict fatalities*®®. The SDP and the SSP1 scenarios describe overall converging
institutional quality, but nevertheless substantial regional differences remain. The global
population-weighted average of the institutional quality indicator (range 0-1) improves
moderately from 0.61 in 2015 to 0.76 in 2050, but falls short of the target value of 0.9%. All
scenarios project further declining numbers of armed conflict fatalities (following a recent
maximum of over 140,000 fatalities in 2014), however initially only at a slow pace. By 2050,
only the SDP and SSP1 scenarios project a substantial probability of reducing armed
fatalities to less than 20,000 fatalities (the recent minimum in 2005). However, these
projections are associated with considerable uncertainty, since our models include only
those structural covariates of institutional quality and peace for which long-term scenario
projections currently exist.

Mitigating climate change requires global cooperation and effort sharing, and thus our SDP
scenario assumes that international climate finance is scaled up rapidly and goes beyond
the 100 billion $/yr target for 2020. We employ a stylized “climate & development” package

17



248
249
250
251

252

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

281

282

283
284
285
286
287
288

that operationalizes the “partnership for the goals” (SDG 17) and leads to international
transfers of around 350 billion $/yr in 2030, increasing to 910 billion $/yr by 2050. These
funds are used to finance poverty alleviation policies (see Methods for details).

Effects of different interventions, synergies and trade-offs

We decompose the changes in SDG indicator values into a continuation of current trends
and the effects of the different interventions (Fig. 2), classifying indicators according to (i)
positive or negative current trends, and (ii) synergies or trade-offs with climate policies. More
rapid development and resource efficiency (interventions A & B) improve nearly all
indicators, but in many cases a large gap to the target values remains, particularly for
indicators with a combination of negative current trends and trade-offs with climate policy
(see below).

The clean energy share in industry and the air pollution concentration in cities show positive
trends and synergies with climate policies (not shown in Fig. 2). Most developmental
indicators (e.g. extreme poverty and energy access) also have positive trends, but show
trade-offs with climate policies, largely driven by higher energy and food prices (Fig. 2a-f). By
contrast, most environmental indicators display worsening trends (Fig. 2g-i). While
biodiversity and ocean acidification improve with mitigation policies, agricultural water use is
largely unaffected, and nitrogen fixation shows a modest trade-off. The direction and
magnitude of climate policy side effects does not change substantially when reversing the
order of the decomposition (see Sec. 3 and Fig. S18 in Sl).

Our additional SD interventions (D-F) particularly improve the indicators for inequality,
energy access and food security, and compensate (reduce) the rise of food (energy) prices
(Fig. 2a-f). A decomposition into the individual interventions highlights the synergy between
international transfers (E) and national redistribution (F) for reducing extreme poverty
(Ext.dat. Fig. 3b, Sl Sec. 3). Further splitting intervention D into food- and energy-related
parts reveals that the shift to a healthy and sustainable diet (D-food) limits energy price
increases by increasing the 1.500-compatible CO, budget (Ext.dat. Fig. 3f), however at the
expense of a marginally worse ocean acidification and environmental footprint of energy
supply.

We furthermore find pronounced co-benefits for environmental pressures in the land-use
system, reducing agricultural water use and human-induced nitrogen fixation, and reverting
the trends of biodiversity loss (Fig. 2g-i).

Global SDG achievement and gaps

There is considerable progress in closing the gap between current (2015) indicator values
and their targets in our SDP scenario, especially compared to the SSP2-NDC reference
scenario (Fig. 3). While the improvements are insufficient to achieve most of the targets for
our headline indicators by 2030, there is substantial further progress until 2050, such that
many targets are (nearly) met by then. For example, extreme poverty is reduced to nearly
zero and underweight is eradicated (the latter by assumption), while at the same time the
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planetary boundaries on GHG emissions, water use, and biodiversity intactness are largely
respected.

Regional effects of interventions

We further show the effects of the SD interventions for selected regions (Fig. 4), illustrating
how they create synergies and mitigate trade-offs between different SDGs. A more in-depth
discussion of the land- and energy-system dynamics is given in the Sl (Sec. 4, see also
Ext.dat. Figs. 4 and 5).

The transition to a healthy and sustainable nutrition avoids an increase of food prices caused
by climate policies. This leads to lower food expenditures especially in Sub-Saharan Africa
(SSA) while increasing food availability (Fig. 4a). Agricultural N,O and CH, emissions are
drastically reduced across all regions, making it substantially easier to reach ambitious
climate targets. Similarly, a transition away from energy-intensive lifestyles in industrialized
countries (Fig. 4b) facilitates the decarbonization of energy supply. Taken together, this puts
the 1.5°C target into reach with substantially lower carbon prices: we project around 150
$/tCO, in 2030 for high-income regions and 25 $/t for SSA, around half the values of the
SSP1-1.5C scenario. These lower prices reduce the risk of adverse policy side effects, also
making a comprehensive carbon pricing scheme easier to implement from a political
economy perspective.

At the same time, SDG-compatible energy demands and rapid decarbonization can increase
policy costs for developing regions, as for example reflected by the increased energy
expenditure share in India in 2030 (Fig. 4b). However, these side effects are more than
compensated by an international “climate & development” scheme financed partly from the
carbon pricing revenues. The substantial financial inflows into developing regions (e.g. 120
billion $/yr for SSA in 2030) lead to near-term policy costs close to zero, or even net policy
gains (+3.7% of GDP for SSA in 2030, Fig. 4c). These funds are used alongside the national
carbon pricing revenues to finance poverty alleviation policies, resulting in substantial
reductions in relative poverty (e.g. -3.5 percentage points in SSA by 2030) and absolute
poverty (-55 million people compared to SSP1-1.5C, Fig. 4d).

Regional SDG achievement and gaps

The regional analysis of projected SDG achievement illustrates key geographical differences
(Fig. 5). Lower-income regions still show substantial gaps in the “Provision”, “People” and
“Prosperity” clusters in 2030, reflecting that even our optimistic SDP scenario does not fully
overcome insufficient access to modern energy and poverty (particularly in SSA) as well as
malnourishment until then (the latter is by assumption eradicated until 2050). Furthermore,
air pollution and its detrimental health effects remain at high levels particularly in India. On
the other hand, lower-income regions show mostly high scores in the “Planet” cluster,
reflecting modest per-capita emissions, lower inorganic nitrogen fertilizer use, and a more
intact biosphere. For high-income regions we project mostly high scores in the “Provision”,
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“People” and “Prosperity” clusters, although with some exceptions (e.g. high levels of
inequality, agricultural water use and food waste in the USA). Most high-income regions,
except for Japan, also show substantial gaps in the “Planet” cluster.

These results reflect that, when viewed through a multi-dimensional SDG lens, no country or
region has fully achieved sustainability in 2030 yet, but all need further development along
certain dimensions. Importantly, however, both lower-income and high-income regions
already substantially improve compared to the status quo®' until 2030, and for most
indicators we project further progress until 2050 (see Sec. 5 & Fig. S22 in SI).

Discussion

Substantial progress towards many aspects of the Agenda 2030 is possible, but it requires a
combination of s