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Preface

The world is facing an unprecedented convergence of challenges: intensifying natural disasters and
the impacts of climate change, slowing global growth, rising debt burdens and escalating energy
costs are causing economic losses, human suffering and rapid degradation of nature. We are far off
track from reaching both our climate and sustainable development goals.

At the same time, we know that much more sustainable, resilient and inclusive development that can
drive greener growth, innovation, poverty reduction and cost savings is possible.

This Third Global Report on Climate and SDG Synergies, prepared by the independent Expert Group
co-convened by UNDESA and UNFCCC, highlights the path forward by quantifying the immense
potential of integrated action, as over eighty per cent of SDG targets are directly linked to climate.

The climate and development crises are not separate — they are deeply interconnected, and so too
must be their solutions. The report demonstrates that a synergistic approach could unlock efficiencies
at scale and reduce government spending needed to tackle these crises by some 40 per cent, at a
time when the finance gap for SDG action exceeds USD 4 trillion annually and for climate action over
USD 6 trillion per year.

This expert report comes at a crucial time: 2025 presents a critical window to maximize the potential
of synergistic action, as countries prepare new national climate commitments under the Paris
Agreement. These can and should aim to align climate action with sustainable development and
the SDGs by focusing on increasing equitable access to clean energy, more jobs for more people,
better health, sustainable food sources, and empowering women and vulnerable groups. The report
suggests that tailoring synergistic strategies to country-specific development and climate objectives
ensures investments are targeted where they are needed most. In this way, we don't just fight climate
change — we can deliver multiple social, economic and environmental benefits.

Massive investments are needed for this effort, and with private sector investment being vital, the report
argues that by aligning incentives, demonstrating economic value and reducing risk, governments
can leverage private funding to magnify the impact of integrated action.

This report expands the growing body of evidence on the clear benefits of synergistic policies and
action, building on the expert group's global reports over the past two years, as well as a number
of detailed thematic reports examining specific synergies that can yield major impact. Political
momentum has been building, with increasing recognition of the need to break down the silos that
are holding us back dramatically.
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We have the solutions and a roadmap, as this report shows. We commit our organizations to
do everything within our power to support governments and other actors in turning ambition into
alignment — and alignment into action that delivers real results on both climate and sustainable
development goals. This is a call for cooperation across ministries and sectors — for a whole-of-society
approach. Let us seize this moment of opportunity for transformative change, for people and planet.

Li Junhua Simon Stiell
Under-Secretary-General, Executive Secretary,
Department of Economic and Social Affairs, United Nations Framework

United Nations Convention on Climate Change
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Key Messages

Synergistic action can unlock efficiencies at scale. Acting jointly on climate and sustainable development
can deliver almost 40% greater efficiency, freeing resources and maximizing co-benefits across people,
planet, and prosperity. With the annual financing gaps for the SDGs and climate action measured in trillions
of dollars, synergistic action is not optional but the most efficient and impactful path forward. The Third
Global Report on Climate and SDGs Synergies, developed by the independent Expert Group on Climate and
SDGs Synergies co-convened by UNDESA and the UNFCCC Secretariat, seeks to quantify these benefits
and inform policy discourse at all levels.

1.

Climate change and sustainable development are inextricably linked and so are the solutions.
Over 80% of the SDG targets are directly linked to issues of climate change. Synergistic policies
can maximise co-benefits and reduce trade-offs across poverty reduction, health, education, gender
equality, climate resilience, and ecosystem protection, while siloed approaches risk duplication,
inefficiencies, and missed opportunities.

Synergies unlock efficiencies at scale. Estimates focused on governmental expenditures suggest
that acting on climate and human development together can deliver nearly 40% greater efficiency
in government spending compared to pursuing them in isolation. This allows limited resources to
go further — an essential gain given that the current global SDG financing gap exceeds USD 4 trillion
annually and climate finance needs approach USD 6.3 trillion per year.

Modelling highlights the scale of opportunity. Statistical modelling suggests that achieving
accelerated progress in human development resulting in the Human Development Index (HDI)
reaching 0.835 by 2030 would be associated with additional USD 1.5 to 3.5 trillion in overall
global government spending annually, between 2025 and 2030. Meeting the GHG emission
reduction objective of fulfilling all NDCs alone could require additional USD 0.4 to 2.9 trillion
globally. By contrast, synergistic allocation could reduce total government spending by up to
nearly 40%, according to the findings. This analysis presents a compelling case for synergistic
solutions, offering a touchstone for understanding the potential scale of gains and helping
decision-makers in prioritising investments that deliver multiple benefits. The intention is to
advance the analysis and extend its scope in future reports.

Synergistic action aligns with strategic national priorities. Tailoring synergistic strategies to
country-specific development and climate objectives ensures investments are targeted where
they are needed most, minimises duplication, and ensures resources are used effectively to deliver
multiple social, economic, and environmental benefits. This can help avoid trade-offs between
competing agendas and support governments in meeting both their local and national priorities as
well as their global commitments efficiently and equitably.
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5. Investingin adaptation is essential for maximising the effect of synergistic approaches. Adaptation
isinherently linked to development and generates multiple co-benefits, including improving livelihoods,
health, infrastructure, and community resilience, while complementing mitigation efforts. Further
work will be required to account for these opportunities that could significantly increase the overall
impact of synergistic climate and development action.

6. Leveraging private finance can amplify impact. Private sector investment is vital for scaling
synergistic climate and development strategies. By aligning incentives, demonstrating economic
value, and reducing risk, governments can leverage private funding to magnify the impact of
synergistic approaches, complementing public resources and unlocking additional climate and
development co-benefits. Further efforts are required to better align private finance with the SDGs
and climate action.

7. Thematic insights offer practical entry points for implementation. Deep dives on biodiversity,
cities, and finance show how integrated approaches deliver co-benefits for health, ecosystems, and
vulnerable communities:

«  Nature protection: Conserving biodiversity and restoring ecosystems stabilizes climate and supports
health, with long-term benefits outweighing costs. Nature-based Solutions could deliver up to 37%
of cost-effective CO, mitigation by 2030. Yet financing falls far short: a USD 700 billion biodiversity
gap and USD 359 billion adaptation gap persist, while harmful subsidies dominate.

- Cities: Cities drive most global emissions and face severe health risks from pollution, heat, and
inactivity, but also concentrate resources for action. Four pathways deliver major co-benefits:
cleaner air from fossil fuel phase-out, plant-based diets, increased physical activity through active

travel, and resilient urban design. Quantifying these synergies helps align climate strategies with
development priorities and unlock resources.

- Climate and disaster insurance: The protection gap is vast: 62% of global disaster losses go uninsured;
in Africa, only 0.5% are covered. A 1% rise in insurance coverage brings countries 5.8% closer to the
SDGs. Closing the gap could extend coverage to 3 billion people with USD 15-25 billion. Integrating
insurance into development agendas boosts resilience.

8. Evidence guides effective action. Quantifying the benefits of synergistic action helps policymakers
guide efficientinvestments and design coordinated whole of government approaches. Demonstrating
their measurable impact strengthens the case for ambitious, synergistic policies and helps identify
trade-offs to inform more equitable and inclusive policy choices.

Synergies will be central to informing a post-2030 development framework. The case for synergies is
strong: synergistic action could unlock the momentum urgently needed to accelerate progress towards
the 2030 Agenda and Paris Agreement goals. A deeper understanding of the benefits of synergies will
remain relevant now and beyond, informing discussions on a post-2030 development framework that
ensures transition pathways are people-centred, just and inclusive.
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Introduction

In a recent briefing to the General Assembly, the UN Secretary-General stated, “Climate action is the 27¢
century’s greatest opportunity to drive forward all the Sustainable Development Goals”. This was his urgent
call for the need to act jointly on both the climate and the development agendas and to remind everyone
that the 2030 Agenda for Sustainable Development and the Paris Agreement are intrinsically linked — “one
cannot be achieved without the other”.

At the same time, by any set of measures, it is evident that progress towards achieving the goals of either
the Paris Agreement or Agenda 2030 is significantly off track. The eight years since the Paris Agreement
entered into force have been the warmest on record and while the Agreement has had a positive impact
in reducing future potential temperature increases, carbon emissions and temperatures are increasing
with 2023-2024 the warmest year on record at 1.48°C above pre-industrial levels. The recent Sustainable
Development Report 2025 states “Only 35 per cent of SDG targets with available trend data are on track
or show moderate progress. Nearly half are moving too slowly or making only marginal progress, while
18 per cent have regressed” (UNDESA, 2025). Clearly, decades of incremental action have failed to make
any significant progress or have an impact at the pace and scale necessary to tackle climate change or
sustainable development. The lack of transformational progress has many reasons but fundamentally
is caused by the deep fragmentation and inertia in global systems — politics, governance and public
administration, economy and finance, and education and innovation — that were mostly designed and
implemented under a very different set of global conditions from what the world now faces. In short, many
of these systems are no longer fit for purpose in the 215 century.
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Background

This report builds on the recent work convened and carried out under the umbrella of the UN Department of
Economic and Social Affairs (UNDESA) and the United Nations Framework Convention on Climate Change
(UNFCCQC)'. This work grew out of global conferences designed to promote synergistic action between the
Sustainable Development Goals (SDGs) and the climate agendas, the Copenhagen Conference in 2019,
the Webinars of 2020 and 2021 hosted jointly by the UNDESA and UNFCCC, the Third Global Conference
on Synergies of 2022 hosted by the Government of Japan, and subsequent global conferences at UNHQ in
New York (2023), Rio de Janeiro, Brazil (2024) and Copenhagen, Denmark (2025). These global conferences
provided the platform, rationale and urgency for the work which has been undertaken since 2023 with the
involvement of a distinguished Expert Group convened by UNDESA and UNFCCC, representing several
disciplines and regions of the world.

The first global report of the Expert Group on Climate and SDG Synergy, Synergy Solutions for a World
in Crisis: Tackling Climate and SDG Action Together (2023), highlighted several reasons for pursuing
synergies, including addressing investment gaps, enhancing collective resilience against global crises,
promoting institutional capacity-building, ensuring policy coherence. It also offered recommendations to
accelerate ajoint pursuit of climate action and sustainable development, which included: strengthening the
science-policy-society interface and explaining why this was critically important, promoting institutional
capacity building, ensuring policy coherence, developing a framework for action, ensuring a just transition,
addressing investment gaps, and utilising relevant political processes to promote synergies.

The next edition of the Expert Group report, Synergy Solutions for Climate and SDG Action: Bridging the
Ambition Gap for the Future We Want (2024), built on the growing body of evidence on the benefits of
synergistic policies and action, also drawing insights from thematic reports of the 2024 Seeking Synergy
Solutions series. While there is growing recognition of the importance of synergistic approaches to climate
and development policy, as the 2024 report demonstrates, fragmentation across governance, finance, and
policy continues to hinder progress, necessitating reforms for effective and inclusive action. Achieving
these goals requires sustained commitment and collaboration.

The generally poor adoption of a synergistic approach to addressing the 2030 Agenda and Paris Agreement
can be attributed to a weak science-policy-society interface and the fact that there remains a sizeable
disconnect between scientific evidence and applied policy action. Addressing this can ensure the best
evidence-based policies are developed and implemented.
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Purpose of the Report

Despite the benefits offered by synergistic efforts, as highlighted in previous reports, the low uptake of
synergistic actions by policymakers remains a perplexing challenge — demonstrated by the fact that very
few, if any, of the major climate and SDG policy instruments and data such as Nationally Determined
Contributions (NDCs), Long-Term Low-Emissions Development Strategies (LT-LEDS), National Adaptation
Plans (NAPs), and Voluntary National Reviews (VNRs) expressly address the other. It is obvious that a
variety of obstacles exist that impede the broad creation and use of policies that concurrently address the
development and climate agendas.

Arguably one of the greatest obstacles identified to date has been the generallack of robust quantitative data
on the economic and sustainable development benefits of adopting a synergistic approach. Meaningful
action on both the climate and sustainable development agendas requires significant investment and
expenditure — both public and private. As with all investments, those making the outlays are primarily
interested in the potential returns on their investment.

Not all such returns are necessarily purely financial in nature. This is particularly true in terms of climate
action and sustainable development where non-market returns and benefits can be equally, or even more,
important than pure financial returns or savings. For example, the social and environmental benefits
of poverty and pollution reductions, improvements in health and education, and protection of natural
resources and biodiversity are quantifiable, although not necessarily in direct financial terms.

Despite this important observation, the question remains as to how much it will cost or how much can be
saved by adopting a synergistic approach to climate action and development as opposed to investing in
each separately. Addressing this question is the focus of this report. However, simply having ‘one number’
or quantifiable figure is only part of the answer. Equally, or arguably more important, is HOW to reap the
financial benefits of a synergistic approach, viz. what are the policy frameworks, financial architecture and
instruments, knowledge and data, and institutional and social structures required to effectively implements
a synergistic approach. Although, many of these issues have been addressed in previous reports, there
remains a general lack of practical options for effectively harnessing climate and SDG synergies.

This report is presented in two sections. Section T shows the scale of opportunity that synergistic action
can unlock globally through a modelling exercise that estimates the plausible effects of synergies between
climate and development action at the global level in terms of public spending savings. Section 2 then
draws on the Synergy Solutions 2025 series of thematic reports to offer actionable insights that enrich the
global picture, offering practical entry points for implementation.
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1.1 Study Scope

Government expenditures represent a critical and actionable lever for driving climate and development
progress. Unlike private investments or market-based mechanisms, public spending is directly
controlled by policymakers, ensuring accountability and alignment with national priorities. Additionally,
government budgets are transparent and subject to public scrutiny, enabling citizens to track progress
and demand results. As one important approach, estimating the public spending needed to achieve
key societal goals provides a valuable benchmark. Beyond its intrinsic value, it can also help assess the
relative efficiency of alternative approaches, such as private investment, and guide coordinated action
where market forces alone fall short.

This study employs statistical modelling to connect government expenditures and progress
in sustainable development and climate. An illustrative model has been developed that tracks
sustainable development through the Human Development Index (HDI) and climate action via GHG
emission reductions. Its core output is the estimation of government expenditures associated with the
achievement of defined targets — either pursuing these targets separately or through a coordinated,
synergistic approach.

While the HDI captures only core aspects of sustainable development — multidimensional
socioeconomic progress in health, education, and living standards — it was chosen in this model as
it is regularly updated, well-recognised, and a widely accepted and used measure of development.
Similarly, reductions in GHG emissions is a commonly used proxy for climate action. Additionally,
the model controls for the effects of economic growth via GDP a control variable, reflecting the
fact that economic growth is strongly linked to the progress in both human development and GHG
emission growth. A dummy variable distinguishing between advanced and developing and emerging
economies is used as another control variable to recognize countries’ heterogeneity. Lastly, the
equation for GHG emission reduction employs the share of renewable energy in the total final energy
consumption as an additional control variable to reflect technological diffusion. While this selection
of variables has inevitable simplifications (as any alternative would), these indicators offer three key
advantages: robustness, relevance and broad acceptance in the policy communities, and crucially,
comprehensive data availability across a wide range of countries.

Although private finance is crucial for climate action and development, it is not included in the model
as a separate driver due to challenges in data availability. However, the model implicitly accounts
for the catalytic function of public spending. For instance, government investment in R&D de-risks
technologies and enhances the attractiveness of renewables, thereby scaling up private sector
participation. The estimated results presented in this report reflect such catalytic effects. In this phase,
the model also does not yet include either expenditures or indirect effects from climate adaptation,
reflecting present data constraints. Future work will address these aspects as data availability
improves. A more comprehensive discussion of the model assumptions, their justifications and
limitations can be found in Section 1.4 below.

Finally, the study was not intended to forecast, but rather to illustrate the scale of opportunity that
synergistic climate and development action could offer, based on a crude estimate of its potential
effects under several critical assumptions. The goal is to contribute to the conversation about climate
and development synergies and help make the case for ongoing discussions among policymakers on
how to accelerate the implementation of the Paris Agreement and Agenda 2030.
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1.2 Methodology

Target scenarios

Between 2010 and 2019, the world's HDI increased from 0.707 to 0.745, representing a 0.038-point
rise (UNDP, 2025). This study assumes a scenario in which the world HDI grows from 2020 at twice the
rate of the HDI growth trend from 2010 to 2019, achieving 0.835 by 2030, up from 0.756 in 2023. The
assumption is that this target should be achieved following a linearly increasing trajectory between
2024 and 2030 (Figure 1A).

To specify the success of climate action, this study assumes a 10% reduction of GHG emissions
from the 2019 level by 2030, which corresponds to the full fulfilment of NDCs (both conditional and
unconditional) globally (UNEP, 2024). Similarly to the development scenario, a linearly decreasing
trajectory of the GHG emissions is assumed from 2024 to 2030 (Figure 1B).

FIGURE 1A. Human Development Index (HDI), world
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FIGURE 1B. Total anthropogenic GHG emissions, Mt CO,eq, world
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The development action scenario and the climate scenario considered in the present study (2024-2030), alongside the
historical world data on HDI and GHG emissions over 1995-2023. GHG emissions data are from the Emissions Database for
Global Atmospheric Research (EDGAR) (Crippa et al,, 2024) and HDI data are from UNDP (https://hdr.undp.org/data-center/
human-development-index#/indicies/HDI).
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Model

This study relies on the hypothesis that progress in climate and development can be associated with
higher government spending. This hypothesis is tested using a dataset spanning the period of 1995
to 2023 for 178 countries, comprising 39 advanced economies and 139 emerging and developing
economies. This dataset was generated through the integration of multiple open-source datasets.
Data gaps were addressed using imputation techniques.

Government expenditures are broken down into ten sectors according to the Classification of the
Functions of Government (COFOG) — a statistical standard developed by the United Nations Statistics
Division (UNSD) to categorize government spending based on its purpose. To have as much data as
possible, this study combined data on governmental expenditures from the IMF? and UNCTAD? the
two most extensive sources of such data available globally. However, significant data gaps still exist,
which were filled through imputation (Figure 2).

Full details and mathematical formulas for the imputation approach and its results, the model, and
scenario calculations are provided in Appendix 1.

FIGURE 2. Number of countries with full data

—— Advanced economies —— Emerging and developing economies
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Country coverage by the government expenditure datasets, 1995-2023. The chart displays the number of countries with
complete data available for each year, broken down into advanced economies and emerging and developing economies. While
data availability has improved substantially over the period, particularly for the latter group, the drop-off after 2020 reflects typical
lags in data reporting.
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1.3. Estimation of synergies

Applying the fitted models to the world, the ‘optimal’ government expenditures associated with the
achievement of the target levels of HDI and GHG emissions are computed, in three different scenarios.

Scenario 1 — Development action only. In this scenario, a distribution of government expenditures
across ten COFOG sectors is determined which together make up the lowest total government
spending while ensuring that the target HDI level is achieved.

Scenario 2 — Climate action only. In this scenario, similarly to the previous one, a distribution of
government expenditures across ten COFOG sectors is determined which together make up the
lowest total government spending while ensuring that the target GHG emissions level is achieved.

Scenario 3 — Development and climate synergies. In this scenario, a distribution of government
expenditures across ten COFOG sectors is determined which together make up the lowest total
government spending while ensuring that both the target GHG emissions level and the target HDI
level are achieved.

Under all scenarios, government expenditure in every sector is constrained to remain at or above its
2023 baseline to avoid potential shortfalls on other objectives of the governments, not directly related
to climate or sustainable development. To calculate relative synergies, two metrics are used.

Intra-sectoral non-fungibility: This metric assumes that government expenditures (beyond the projected
baseline levels) associated with the achievement of each target, climate and development, in scenario
1 Development action only and scenario 2 Climate action only are not fungible. Therefore, pursuing
these two targets in isolation leads to these expenditures adding one to another. Synergies are then
calculated as the sum of the above-baseline government expenditures in scenarios 1 and 2, less the
above-baseline expenditures in scenario 3, in which both targets are achieved simultaneously.

Intra-sectoral fungibility: Fungible above-baseline spendings is a form of synergy. Full fungibility
between climate and development objectives within each COFOG sector would mean that pursuing
these two targets in isolation can be cheaper, as the higher sectoral budget assimilates a smaller
one. In this case, synergies are calculated as the sum of the above-baseline government expenditures
associated with the achievement of climate and development targets after this assimilation, less the
above-baseline expenditures in scenario 3.

The scenarios were run for the years 2025 through 2030. Figure 3 presents the results for all three
scenarios.

In 2025, above-baseline government expenditures of USD 1.5 and 0.4 trillion are associated with
a world that is on track to achieve the target HDI of 0.835 and meet the GHG emission target in
2030, respectively. However, when allocations to achieve these targets are optimized separately,
they are directed to different sectors of government expenditures, underscoring the persistence of
trade-offs between climate and development. Simultaneous achievement of both targets allows the
harnessing of synergies through government allocation to sectors which facilitate both increasing



2

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

HDI and decreasing GHG emissions. Prioritization of government expenditures into such sectors
reduces the total amount associated with the achievement of both targets by about 22% in the case
of synergy under the intra-sectoral non-fungibility assumption and by 9% in the case of synergy under
the intra-sectoral fungibility assumption, in 2025. The government expenditures associated with the
synergistic pursuit of both climate and development are only 4% higher than the baseline government
expenditures.

As we move from 2025 towards 2030, the level of public finance required to achieve the increasingly
ambitious HDI targets increases. In 2030, the amount of additional government expenditures required
to achieve the target global HDI of 0.835 increases to USD 3.5 trillion. At the same time, the amount of
public finance associated with achieving the target GHG emission reduction also increases, reaching
USD 2.9 trillion correspondingly. This increase accounts for the positive association between GDP
growth and emissions, which persists at the global level. Still, even with more ambitious HDI and GHG
emission targets, opportunities for synergistic action significantly increase in the case of synergy
under the intra-sectoral non-fungibility assumption (from 22% in 2025 to 45% in 2030) and slightly
increase (from 9% in 2025 to 13% in 2030) in the case of synergy under the intra-sectoral fungibility
assumption, respectively.

These results demonstrate that the selected targets are rather ambitious — to simultaneously achieve
a world HDI of 0.835 and a 10% GHG emissions reduction by 2030, requires a substantial increase in
government expenditures, averaging 7% beyond the baseline over the period 2025-2030, where the
baseline is estimated using historical shares of sectoral government expenditures to GDP. However,
without synergies, this figure would be much higher, amounting to 11%. Synergistic approach,
therefore, can deliver up to nearly 40% efficiency in government spending, on average.

The estimates of the global government expenditures associated with the achievement of the HDI
and GHG emissions targets computed in this study rest on several key assumptions and available
data, which are discussed in greater detail in section 1.4. These estimates are neither projections nor
predictions, rather they provide crude estimates regarding the opportunity of synergies to reduce costs
of implementation of climate and development action. In some cases, levers other than government
expenditures, could be more efficient in fostering development and climate action, such as private
investment and development aid, which would reduce the estimates of the government spending
associated with the achievement of climate and development goals. In fact, it will be necessary to
identify and use more efficient levers to complement government expenditures for the synergistic
action to be economically and politically feasible in reality. Our estimates provide a benchmark of
how much the action would cost, if it had to rely on government expenditures only and if its efficiency
remains as it has been in the past.

It is important to mention how the figures presented in this report are of a different nature and may
differ in magnitude compared to other figures being presented and discussed in the intergovernmental
process in a similar context. The most quoted figures include those for current climate finance flows of
around USD 1.3 trillion per year (2021-2022 average, Climate Policy Initiative 2023), annual investment
needs of USD 4.3 trillion per year by 2030 (UNFCCC 2022), USD 6.4 trillion financing gap for SDGs by
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FIGURE 3A. Total Government Expenditures, trillion constant 2021 USD, world
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FIGURE 3B. Synergy %
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Panel A presents the total expenditures and panel B presents synergies. Grey bars in panel A represent projected baseline
government expenditures. Green and blue bars indicate the additional government expenditures (beyond the baseline) associated
with the achievement of the HDI and GHG emission reduction targets, as specified in Figure 1. Orange bars indicate the government
expenditures needed to achieve both targets simultaneously, leveraging synergies between the two targets. The orange line in panel B
represents the dynamics of synergy under the intra-sectoral non-fungibilit assumption, and the green line represents the dynamics of

synergy under the intra-sectoral fungibility assumption over the period 2025-2030.

2030 from the OECD or the Climate Policy Initiative’'s estimate of USD 6 trillion in climate financing
required by 2028 to meet a 1.5°C climate target. This is in the context of the primary goal of the Paris
Agreement to limit global temperature increase this century well below 2°C above industrial levels,
and preferably to 1.5°C. This study is restricted to government expenditures required to meet the HDI
and GHG emissions targets specified while other studies estimate direct investments. Moreover, it is
not the absolute values which are of most importance but rather reductions (savings) in government
expenditure from adopting a synergistic approach.
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1.4. Critical assumptions, their limitations and justification

This study has made several critical assumptions including the following.

Limitations and justification of the chosen indicators. This study quantifies synergies between
climate and development relying on the Human Development Index as a metric for development
and GHG emission reduction as a metric for climate. This study is focused on using one indicator
for development and one for climate, as the first step, paving the way for future studies to incorporate
a more diverse array of indicators. Clearly, these two indicators capture their intended objectives
only partially.

Beyond mitigating emissions, climate adaptation is a critical pillar of climate action. Numerous
potential synergies between climate adaptation and development have been proposed, such as
enhancing food security through climate-resilient agriculture or reducing disaster risks with improved
infrastructure. However, these synergies are often context-specific, depending on local environmental,
economic, and social conditions (UNESCAR, 2023).

Development is a multidimensional concept encompassing economic, social, and institutional pillars.
While no single metric can fully capture its complexity, the Human Development Index (HDI) remains
a widely recognized benchmark, consolidating three core dimensions—education, life expectancy,
and income—into a single measure. Although the HDI has limitations—such as excluding inequality,
environmental sustainability, and qualitative aspects of progress—its extensive temporal and
cross-country data coverage makes it a suitable choice for comparative analysis.

Limitations and justification of the approach. This study aimed to estimate savings from the pursuit
of a synergistic approach between climate and development at the global level as one single figure.
To achieve this objective, a simple statistical model that directly links government spendings
with the progress in development (measured in terms of HDI) and climate (measured in terms of
GHG emissions) has been used. The advantage of this approach is that it produces the required
estimates without delving into the details of how the development and climate action progress is
actually made. The model simply assumes that governmental expenditures are linked with progress
in development and climate, without specifying the channels through which this link is actually
happening. This assumption is supported by the past data. It should also be pointed out that while
our model demonstrates potential savings in public finance from synergistic climate-development
actions, feasibility of increasing and reallocating government expenditures depends on political
and institutional factors beyond the scope of this technical analysis. The magnitude of government
expenditures allocations estimated in this report suggests that it is necessary to activate more
efficient levers than public finance alone to make the synergistic climate-development action feasible.

The model that was used to compute estimates presented in this report has rather decent statistical
quality (measured in R? and significance levels of individual coefficients, see Appendix 1 for details),
which confirms that the model represents the past data reasonably well and thus can be used for
estimating future trends over reasonably short time horizons. Importantly, the statistical model built
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and used in this study does not claim to diagnose causality — rather it has revealed a statistically
significant relation (association) between government expenditures and progress in HDI and GHG
emission reduction.

Similar models have been used in previous studies. Lépez et al. (2011) developed theoretical and
empirical models examining the impact of fiscal spending patterns on environmental quality in
47 countries, finding that reallocating government spending composition towards social and public
goods reduces pollution, while increasing total spending without altering composition does not affect
environmental outcomes. Halkos and Paizanos (2013) conducted empirical investigations on the
relationship between government expenditure and environmental quality for 77 countries using an
econometric approach. The established relationships differed according to the countries’ income
levels. More recently, Guerrero and Castafieda (2022) developed a bottom-up causal framework
using data across 140 countries to study the impact of public spending on high-dimensional and
interdependent policy spaces in sustainable development contexts, identifying non-linear responses
to changes in total government expenditure. These studies collectively demonstrate the potential of
econometric modelling approaches to quantify relationships between government spending patterns
and sustainable development outcomes.

Limitations and justification of the model choices. This study utilizes a simple linear regression
model, where government expenditures across ten COFOG sectors have additive effects (after
a log transformation), each with their own weights. Interactions of sectors are not included.
Feedback effects of reduced GHG emissions and increased HDI on GDP are not included. The use of
log-transformed government expenditures allows including the diminishing returns to scale effects of
larger government expenditures. This transformation shows a stronger explanatory power of the past
data which confirms this assumption. The use of per capita values for both government expenditures
and GDP ensures that the analysis is not skewed by population size and instead focuses on the
intensity of economic activity and public investment.

Theanalysisreliesonthe Classification of the Functions of Government (COFOG) — a statistical standard
developed by the United Nations Statistics Division (UNSD) to categorize government spending based
on its purpose. The COFOG classification provides an internationally standardized framework that is
widely adopted for statistical reporting. This approach facilitates access to comparable expenditure
data across 99 countries, including developed as well as developing and emerging economies. Using
these data, data for the missing 79 countries could be imputed (see details in Appendix 1). However,
the ten COFOG sectors were not originally designed to align with the Sustainable Development Goals
(SDGs) of the 2030 Agenda. This structural discrepancy complicates direct interpretation of the
statistical model in relation to SDG-related outcomes. SDG-based budget tagging has emerged as
an approach to classify public expenditures according to their direct contributions to specific SDGs
(OECD & UNDP 2019). At this stage, however, its implementation remains limited to pilot cases (UNDP
Nepal, 2022), with comprehensive expenditure data not yet systematically available across countries.
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Besides government expenditures, other factors may explain progress in HDI and GHG emission
reduction. The model used in this analysis includes GDP as a control variable, which demonstrates
an exceptionally strong significance as an explanatory variable for both HDI and GHG emissions.
Other factors such as governance quality or corruption are relevant too, however, data on these
factors are much more limited especially their future scenarios that are necessary for determining
optimal government expenditures over 2024-2030. The decent explanatory power of regression
models used suggests they are sufficient for the purposes of in this study, despite the omission
of other potential factors.

While private investment is essential for climate and development objectives, our current global
model does not explicitly incorporate it due to, as mentioned, the lack of comprehensive data needed
for global modelling. The omission does not imply that costs must be covered solely by public
funds. Like many other statistical models, as we pointed out above, the model used in this report
provides expenditures estimates without specifying causal pathways. In reality, public spending often
catalyses private investment. For example, government R&D funding can enhance the attractiveness
of renewables, spurring private sector participation in this industry. While such mechanisms are
excluded from our modelling, the results account for them implicitly.

Furthermore, in this model version, spillover effects among countries are not included, that is, the
impact of increased government expenditures in one country on the progress in HDI and GHG
emission reduction in another country. With the current availability of data, it is technically not possible
to include such effects systematically. Effects from specific country pairs could be included at the
cost of making additional assumptions. As with the potential inclusion of other control variables, the
decent quality of the model used in this study justifies the omission of these effects.

Another assumption made in this analysis is that the country’s success in HDI and GHG emission
reduction is related to this country’s governmental expenditures in the previous year. Path-dependency
over a longer time horizon is not included because the time series available for analysis are rather
short and contain significant data gaps.

Limitations and justification of the approach to derive global estimates. While thanks to imputation, the
study relies on data of as many as 178 countries, a global-scale model, by its nature, does not capture
country-specific heterogeneities in development pathways, institutional capacities, or socioeconomic
contexts. Consequently, while useful for identifying broad patterns and global trends, the model's
design precludes its direct application to national-level policymaking where context-specific factors
are paramount.
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2.1. Introduction

This section provides key insights from four thematic reports part of the Synergy Solutions 2025 series
to showcase practical entry points for action. It complements the global modelling in Section 1, which
presented the benefits of synergistic action in purely quantitative economic benefits. This section
highlights the broader impacts of synergies across cities, biodiversity, and finance, quantified in terms
of human health and social-wellbeing, nature and biodiversity, and protection of vulnerable people
and communities. By showcasing sector-specific evidence, this section offers guidance for targeted
interventions and coordinated strategies that can accelerate implementation on the ground. Headline
figures are presented here, with full details, case studies, and methodologies available in corresponding
thematic reports.

2.2. Cities for Synergistic Climate Action

Urban areas have long been recognized as both a driver of global environmental challenges and a
source of innovative solutions to those challenges. Cities may occupy just 2% of the world’s land area,
but they are where the interactions between people, infrastructure, and the environment concentrate
most intensely (UN Habitat, 2020). Home to over half the global population (a share projected to rise
to nearly 70% by 2050) urban areas account for over 70% of global CO, emissions and two-thirds of
energy consumption (IAE,2021). They are also where the vast majority of the world’s-built infrastructure
exists, and where human behaviours cluster and spread.

This density, both physical and social, makes cities uniquely positioned to lead synergistic climate
action. Retrofitting infrastructure for low-carbon, resilient solutions is more viable and cost-effective
in dense urban environments than across dispersed rural landscapes (Urge-Vorsatz et al, 2012). At
the same time, this density can lead to greater exposure to air and other forms of pollution, generating
greater benefits when solutions mitigate climate change and reduce pollution (Nemet et al, 2010;
Mayrhofer & Gupta, 2016; Karlsson et al., 2020). Similarly, the proximity of individuals within cities
enables behavioural change to ripple quickly through networks, amplifying the benefits of sustainable
mobility, energy efficiency, and resource circularity.

By focusing climate efforts on cities, we can target the systems (transport, energy, housing, waste)
that drive emissions, without requiring disruptive interventions in natural ecosystems. Cities offer a
pragmatic, efficient, and equitable pathway to deliver both climate action and sustainable development
at scale. This places cities at the centre of global efforts to address climate change while advancing
the SDGs. Urban climate actions, if carefully designed and implemented, offer the potential to deliver
multiple co-benefits that go beyond emission reductions (LSE Cities, 2016). From improved public
health and job creation to enhanced energy security and biodiversity protection, cities must be
platforms for synergistic action.

The concept of climate—SDG synergies is well-established in research and international policy
processes. However, most of the discussion related to synergies remain framed in qualitative
terms, limiting their utility for decision-makers. While phrases such as ‘healthier cities, ‘liveable
neighbourhoods, or ‘economic opportunities’ abound in urban sustainability plans, concrete, city-level
evidence that demonstrates the measurable benefits of specific climate actions remains scarce
(Creutzig et al,, 2024).
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Quantification fills this gap. By assigning physical and economic values to the co-benefits of climate
interventions, cities can:

- Prioritize actions that deliver the greatest combined climate and development gains

- Build stronger business cases for climate investments

- Secure financing by demonstrating economic returns beyond emissions reductions

- Avoid or limit unintended trade-offs by understanding the multi-dimensional impacts of interventions

- Communicate more effectively with citizens, businesses, and policymakers

Importantly, quantification also helps cities move from aspirational rhetoric to operational
decision-making. It enables climate action to be integrated into economic development strategies,
health agendas, and social equity policies in a manner that is transparent and accountable. By
the same token, quantification can also help integrate socioeconomic development priorities into
climate plans.

The quantification of urban synergies is not without challenges. Data gaps, capacity constraints, siloed
institutions, methodological limitations, and context-specific variability persist. Many co-benefits,
such as improved mental health, biodiversity gains, or social cohesion, remain difficult to measure
and monetize but are no less significant (LSE Cities, 2016). Nevertheless, robust quantification efforts
provide a critical starting point for more systematic integration of synergies into urban climate action.

Recognizing this, the UN Expert Group Report on Climate and SDG Synergies has sought to make the
co-benefits of urban climate action more visible, actionable, and quantifiable (Creutzig et al., 2024).
This report presents a narrative overview of the Cities Quantification Table, a flagship output under
this initiative. The table systematically compiles physical and economic co-benefits of diverse urban
climate interventions, providing a foundation for more integrated and evidence-based city planning
(an excerpt of the Table is given in Appendix 2).

The co-benefits of urban climate action can be manifest in two inter-related ways - through direct
physical and economic benefits and benefits to public health.

2.2.1 Physical and Economic Benefits of Urban Climate Action
The linkages between urban climate action and the SDGs are shown in the figure below.

Transport

Electrifying Public Transport

Transitioning from diesel to electric public transport offers significant economic, health, and environmental
gains. Studies indicate:

- Annual operating cost savings of approximately USD 8,000 per electric bus, primarily through reduced
fuel and maintenance expenses

« Health-related externality savings of up to USD 34,000 per bus per year, driven by reductions in air
pollutants such as PM, ;and NO,
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FIGURE 4. Urban Climate Actions Drive Multi-SDG Synergies
Mapping the cross-cutting impacts of city-level climate interventions
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Each line represents a quantified or literature-backed link between a specific urban climate intervention and a Sustainable
Development Goal. SDG 11 not included as it is inherent as the data refers to municipal climate actions.

- Emission reductions of approximately 0.82 kg CO, per kilometre for each diesel vehicle replaced
- USD 6,460/year in avoided damages per electric bus (based on SCC @ USD 190/tCO,, EPA 2023)
- USD 22,813/year increase in business revenue per new EV charging station in California (Zheng

etal, 2024)

These benefits are particularly significant for cities struggling with air pollution, traffic congestion, and
energy insecurity. Electrification of bus fleets also supports job creation and technological innovation
in the clean mobility sector.

Encouraging Cycling and Walking (Active Transport)

Promoting active mobility yields substantial health and economic benefits. For example:

- In New Zealand, a modest investment of NZD 130,000 in active transport infrastructure generated
health benefits valued at over NZD 2.1 million, yielding a benefit—cost ratio of 11:1 (Chapman
etal, 2018)

. Per-kilometre savings—including reduced congestion, fuel use, and health costs—are estimated
at AUD 1.12-1.68 in the Australian context (Mulley et al,, 2013)

- Building 100 km bicycle networks in cities, urban transport sector GHG emission savings at the order
of 4%-19% are possible (Creutzig et al,, 2022)
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- In Nashville (United States), three active transport scenarios involving walking/bicycling as well as
reductions in car travel could reduce 24 to 123 deaths and save USD 10-63 million per year (Whitfield
etal, 2017)

- For urban areas outside of London, walking and cycling scenarios were estimated to avoid between
approximately 3,700 and 8,500 disability adjusted years by 2030 (Woodcock et al,, 2013)

- Increased walking and cycling in Delhi could reduce 4080 premature deaths while mitigating more
than 700,000 tons of CO, tons and generating nearly one billion in cost savings annually (Bhat &
Farzaneh, 2022)

Modal shifts to walking and cycling contribute to improved cardiovascular health, reduced greenhouse
gas emissions, and enhanced urban liveability. Active transport interventions also deliver co-benefits
for social equity, providing affordable mobility options for lower-income communities.

Low Emission Zones (LEZs)

Low Emission Zones reduce traffic-related air pollution while generating significant economic savings.
Studies show:

+ 10—44% reduction in roadside NO, levels across European cities (Schucht et al,, 2015)
- 15-55% reduction in traffic-related PM, . and black carbon emissions (Sabel et al,, 2016)

- Health-related economic benefits of EUR 120—475 million per city, per year, from improved air quality
and reduced disease burden (Schucht et al, 2015)

LEZs also reduce congestion and noise, contributing to safer, healthier, and more attractive urban
environments.

Buildings, Energy, Industry and Waste
Cool Roofs

Cool roofs—designed with reflective materials to reduce heat absorption—offer significant potential
for energy savings and climate resilience. Studies indicate:

- Energy cost reductions of 20-62% for buildings fitted with cool roofs (Sharifi, 2021)

- System-wide energy demand reductions of up to 70% when combined with ventilation and shading
(Macintyre & Heaviside, 2019)

« Net present value of large-scale cool roof retrofit programs exceeding USD 4.4 billion across major
cities (Sharifi, 2021)

- Estimated energy cost savings of ~USD 1.3-1.4/m?/year in Hyderabad commercial buildings
(2012 data) (Xu et al,, 2012).

- Avoided greenhouse gas emissions valued at USD 25-55 per square meter over 20 years, based on
social cost of carbon estimates (Macintyre & Heaviside, 2019)
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Cool roofs also contribute to urban heat island mitigation, reducing health risks during extreme heat
events and enhancing thermal comfort in vulnerable communities.
Solar Rooftop Retrofits

Rooftop solar installations are a cornerstone of urban decarbonization efforts, delivering both
economic and environmental benefits:

- Generation of 1,200-2,000 kWh of electricity annually per household, depending on system size
and location

« Household electricity cost reductions of 30—-80%, enhancing energy security and affordability
(Eikeland et al,, 2023)

- Levelized costs of electricity as low as USD 66/MWh in high-solar regions (Bodis et al,, 2019)

. Lifetime household savings of EUR 4,500—EUR 10,000 over 25-30 years (Bddis et al., 2019)
Solar rooftop programs also support local job creation in installation, maintenance, and energy services.

Thermal Retrofits of Residential Buildings

Retrofitting residential buildings for improved thermal performance delivers substantial public health
and economic returns. Studies indicate:

« Avoided health costs ranging from USD 53 to USD 9,440 per person annually, largely due to reduced
indoor air pollution and improved thermal comfort (Ruiz-Valero et al., 2025)

- Job creation potential of 1,022 to over 67,000 jobs, depending on retrofit scale and program design
(Ruiz-Valero et al,, 2025)

« High performing buildings in Japan can reduce energy intensity by 33% and 26%, lower CO, emissions
intensities by 38% and 32% relative to benchmark values while saving USD 1-1.5 million annually per
building (Balaban & Puppim de Oliveira, 2016)

Thermal retrofits also reduce energy consumption, lower winter mortality rates, and improve energy
security, particularly for vulnerable populations.

Industrial Energy Savings and Energy Efficiency

Conserving energy and improving efficiency in industries can lower pollution levels and improve health
while mitigating climate change. Studies suggest:

- Energy conservation reforms in Baoshan industrial zone in Shanghai were estimated as leading
to a reduction of nearly 8% in particulate matter emissions while reducing energy intensity by more
than 25% (Jiang, 2016)
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Sustainable Waste Management and Circular Economy

Reducing the waste streams through more integrated waste management and circular economy
models can increase resource efficiencies, save energy and lower emissions of methane and CO,.
Studies indicate:

- An integrated waste management system (focused on recycling) in Muangklang Municipality
(Thailand) has the potential to reduce GHGs (both methane and CO,) by between 17% and 60%
relative to a sanitary landfill and open dumping scenario (Menikpura et al,, 2013)

Urban Nature and Land Use

Urban Tree Canopy Expansion
Expanding urban tree canopy delivers multiple measurable co-benefits. Studies show:

«Urban air temperature reductions of 0.5-2.0°C on average, with localized reductions of up to 9.4°C
(Bai et al., 2024; Scholz et al,, 2018)

»  Cooling-related electricity savings of USD 155 million annually in Phoenix, USA following a 5% vegetation
increase (Middel et al, 2015)

- Avoided health costs from air pollution removal estimated at USD 1.2 million annually in Strasbourg
(Pascal et al, 2019)

Additional benefits include improved mental health, biodiversity conservation, and stormwater
management. Tree canopy expansion is among the most cost-effective and socially beneficial urban
climate actions, with benefits extending across sectors.

2.2.2 Public Health Benefits of Urban Climate Action

The intersection of climate mitigation and public health in urban environments offers transformative
opportunities. Cities are at the epicentre of both climate challenges and health opportunities. Rapid
urbanization, coupled with high energy consumption and transport activity, has made urban centres
significant contributors to greenhouse gas emissions, while simultaneously exacerbating health
issues such as air pollution, heat stress, and sedentary lifestyles. However, these challenges present a
unique opportunity: actions to mitigate climate change often have immediate and measurable health
co-benefits. For example, replacing fossil fuel energy sources with renewables not only reduces carbon
emissions but also improves air quality, preventing respiratory and cardiovascular diseases. Similarly,
promoting active transport like walking and cycling lowers emissions and simultaneously enhances
physical activity, reducing the prevalence of non-communicable diseases such as diabetes and obesity.
Quantified evidence shows that integrated urban actions—particularly in transport, energy, diet, and
urban form—can yield significant co-benefits, including reductions in premature mortality, years of life
lost (YLL), and greenhouse gas (GHG) emissions. Some of the headline figures are presented below.
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Quantified Co-Benefit Pathways

There are three principal quantified pathways of climate-health co-benefits:

1.

2.

3.

Air Pollution Reduction via Fossil Fuel Phase-Out. Air pollution from fossil fuels is a major global
health hazard, contributing to millions of premature deaths annually. Phasing out fossil fuels,
especially coal, reduces ambient concentrations of particulate matter (PM, ), nitrogen dioxide (NO,),
black carbon, and tropospheric ozone—pollutants linked to ischemic heart disease, stroke, chronic
respiratory conditions, and diabetes. Modelled estimates indicate that:

- Achieving Nationally Determined Contributions (NDCs) in nine countries could prevent 1.2 million
premature deaths annually by 2040

- Fullimplementation of black carbon and methane reduction measures could prevent 4.7 million
deaths and reduce global warming by 0.5°C by 2050

- In India, decarbonizing electricity could yield up to 182 YLL avoided per 100,000 people per
year, vastly exceeding benefits observed in lower-pollution regions like the European Union (EU)
(10 YLL per 100,000)

Dietary Shifts Toward Plant-Based Diets. Shifting to predominantly plant-based diets—low in red
meat and dairy, high in fruits, vegetables, and whole grains—has dual benefits: reduction in diet-related
non-communicable diseases (NCDs) and decreased agricultural emissions. Specifically, adoption of
such diets could:

« Prevent 10—11 million deaths annually by 2040

- Cutagricultural GHG emissions in half and reduce deforestation by 20% between 2030 and 2050
«  Provide a median health gain of 306 YLL avoided per 100,000 annually

Active Travel and Public Transport. Inactivity causes 5 million deaths yearly worldwide. Promotion
of active transport (walking, cycling) and public transit enhances physical activity and reduces the

burden of non-communicable diseases, especially cardiovascular diseases. In urban contexts, these
measures are the most feasible and cost-effective ways to raise physical activity levels.

- A case study from New Plymouth, New Zealand (NZ): showed that increased walking and
cycling infrastructure resulted in a reduction of 1,150 tons of carbon dioxide (CO,) and avoided
34 DALYs and two deaths over two years

- Actions in India, where the burden of physical inactivity and air pollution is high, showed the
greatest health co-benefit intensity, up to 60 YLL per 100,000 population per year
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Sector-Specific Quantitative Insights

Here we summarize evidence of synergetic options in five urban sectors—electricity generation,
buildings, waste, food, and urban form, analysing both mitigation and adaptation efforts.

1. Electricity Generation

w

Transitioning from coal to renewables offers a median reduction of 171 kilotons of carbon dioxide
equivalent (ktCO,e) per 100,000 people/year, with health benefits of 149 YLL per 100,000 in India vs.
10 YLL inthe EU

Clean cookstoves yield 1,279 YLL avoided per 100,000/year with modest emissions mitigation

. Urban Transport

Congestion charges reduce traffic by ~10-20% and CO, emissions by up to 16%.

In London, 1,888 life-years were gained post-implementation; Stockholm saw 50% fewer asthma
attacks in children

Public transport (e.g., Mexico City Bus Rapid Transit (BRT)): PM, . and NO, reductions; up to 50% crash
injury reduction on corridors

Cycling infrastructure: modal shifts (+48% in some cities), ~1-2% CO, reduction short-term; substantial
reductions in all-cause mortality

Electrification: Hospitalizations (e.g., asthma) decreased 10-20%; large-scale fleet transitions in Delhi

or Beijing could save thousands of lives annually

. Buildings and Indoor Air Quality

Retrofitting (NZ's Warm-Up program): 10% reduction in new chronic respiratory diagnoses; 9.3 fewer
respiratory hospital admissions per 1,000 people. Energy retrofits in 205,000 homes improved respiratory
health and lowered medication use (4—7% reductions)

Cool roofs in India and Africa: indoor temps {1-2°C; indirect reductions in cooling energy demand

Clean cooking transitions (e.g., Household Air Pollution Intervention Network (HAPIN) trial): ~50%
reduction in PM, . exposure but limited immediate health outcome changes

4. Waste Management

Improving basic waste collection and ending practices like open dumping and burning reduces
disease incidence and eliminates major sources of methane and toxic smoke

Source-separated composting and anaerobic digestion cut GHG emissions and improve sanitation
Methane capture at landfills provides potent climate benefits and removes toxic pollutants.

Waste-to-energy incineration offers volume reduction and controlled destruction of waste
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Circulareconomy approaches that prioritize waste reduction, reuse, and material recovery show great
promise in achieving deep emissions cuts and a range of co-benefits, from cleaner neighbourhoods
to green job creation and environmental justice

5. Urban Form

A Latin American study of 370 cities showed better connectivity and compactness associated with
lower GHGs and chronic disease rates

China's low-carbon city pilot reduced mortality in polluted cities

A study of urban greening in 93 European cities showed that increasing tree cover to 30% would
reduce summer deaths by 2,644 (~0.4°C cooler cities)

A meta-analysis (59 studies) showed that increased access to green space was linked to ~9% lower
odds of developing psychiatric disorders

2.2.3 Insights and Key Messages

The quantification exercise reveals that many urban climate actions offer benefits that significantly

exceed their direct costs. In several cases, monetized co-benefits alone justify the intervention, even
without considering avoided greenhouse gas emissions.

Key insights include:

Health co-benefits—particularly from improved air quality and increased physical activity—represent
some of the largest monetized synergies

Energy savings, avoided fuel use, and enhanced resilience deliver substantial economic returns

Many actions, such as cool roofs and tree canopy expansion, offer rapid payback periods and
long-term benefits

Difficult-to-monetize co-benefits, including mental health improvements, biodiversity gains, and
social cohesion, should not be neglected in decision-making

The evidence compiled in the Cities Quantification Table underscores the critical role of cities as platforms
for synergistic climate and development action. For city leaders, urban planners, and policymakers, this
evidence supports the following key messages:

Integrated climate actions deliver significant, measurable co-benefits that advance multiple SDGs

Quantification helps build stronger business cases for climate investments and unlock financing
opportunities

Policymakers should prioritize no-regrets interventions with proven, high-value synergies
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- Data gaps, particularly around biodiversity, mental health, and social equity co-benefits, should be
addressed through targeted research

- Cities should embed quantification frameworks into planning processes, monitoring systems, and
climate reporting

- Attheinternationallevel, these findings reinforce the need for national governments and development
partners to support cities in scaling synergistic climate actions. NDCs, National Adaptation Plans,
and climate finance mechanisms should explicitly recognize and incentivize urban co-benefits

2.2.4 Recommendations

In summary, cities can take the following actions to realize co-benefits of urban climate action, following
the three pathways, and integrated action via urban form.

Active Travel: Cities should prioritize infrastructure supporting walking, cycling, and efficient public
transportation. Key actions include expanding networks of safe bike lanes, creating pedestrian-friendly
urban zones, and implementing car-restriction policies. Such initiatives simultaneously reduce
greenhouse gas emissions, enhance physical activity, lower chronic disease rates, and improve mental
health (Nieuwenhuijsen et al., 2020).

AirQuality: Improving urban air quality requires stringent policies to reduce traffic emissions, shift towards
electric vehicles powered by renewable energy, and implement clean-air zones. It also entails clean
cooking standards to combat indoor air pollutions. Enforcing World Health Organization (WHO)-aligned
air quality standards can rapidly reduce respiratory and cardiovascular diseases, significantly lowering
premature mortality rates alongside cutting emissions (Khomenko et al, 2021).

Plant-Based Diets: Promoting shifts towards predominantly plant-based diets can reduce urban
greenhouse gas footprints significantly. Actions include public awareness campaigns, integrating
sustainable diet standards in city procurement policies, and providing incentives for restaurants and
food outlets. Dietary transitions simultaneously lower emissions, reduce chronic health risks, and
enhance urban food system resilience (Willett et al, 2019).

Heat-Resistant Urban Form: Cities should adopt urban designs that mitigate heat, such as increased
tree coverage, green roofs, reflective surfaces, and enhanced urban green spaces. These nature-based
and reflective solutions decrease urban heat islands, reduce heat-related morbidity and mortality, and
contribute to local climate mitigation by lowering energy demands for cooling (lungman et al,, 2023).

National governments and international organizations can support municipalities in advancing
these strategic actions for maximizing co-benefits and fostering healthier, more sustainable urban
environments.
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2.2.5 Conclusions and Next Steps

The quantification of urban climate—SDG synergies is a critical tool for more integrated, effective, and
equitable climate action. By making the economic and physical co-benefits of urban interventions visible
and measurable, cities can better align their climate strategies with development priorities and unlock
much-needed resources for implementation.

Moving forward, the following actions are recommended:
- Engage with City Labs to test, refine, and localize co-benefit quantification in diverse urban contexts

- Advocate for the integration of quantification approaches into national and sub-national climate
policies and financing frameworks

- By embracing a quantified, evidence-based approach to urban climate action, cities can position
themselves at the heart of a more sustainable, resilient, and equitable global future

2.3 Nature Conservation and Biodiversity

The Convention on Biological Diversity (CBD), the Convention to Combat Desertification (UNCCD), and the
United Nations Framework Convention on Climate Change UNFCCC are interlinked global frameworks
addressing biodiversity loss, land degradation, and climate change, respectively. The three frameworks
underscore the pivotal role of ecosystems in maintaining biodiversity and regulating the climate. Healthy
ecosystems—particularly forests, wetlands, peatlands, and marine habitats—not only sequester carbon
but also provide essential ecosystem services with quantifiable benefits across multiple sectors. The
integration of nature-based solutions (NbS) into climate strategies shows clear potential for achieving
cost-effective mitigation, while generating biodiversity, health, and socio-economic co-benefits.

2.3.1 Quantified Carbon Sequestration Potential of Ecosystems

Several ecosystems are especially vital in the global carbon cycle, offering massive mitigation and
adaptation potential through protection, restoration, and sustainable management:

- Forests: Tropical forests are critical repositories of global carbon; living tropical trees are estimated
to hold 200-300 Pg C or about one-third of the levels in the atmosphere (Mitchard, 2018)

- Peatlands: Covering 3% of land, peatlands store 550 Gt carbon globally, with degraded peatlands
being responsible for 5% of global CO, emissions (IUCN, 2021)

« Blue Carbon Ecosystems: Blue carbon in mangroves represents one of highest values of carbon
stocks per hectare. Conserving remaining mangroves would avoid the release of up to 15.51 PgCO, to
the atmosphere. Restoring mangroves can sequester up to 0.32 PgCO, globally (Jakovac et al,, 2020)

- Disaster Risk Reduction: Mangroves prevent USD 65 billion/year in flood damage (Menéndez
et al, 2020)

- Water Security: Forest conservation improves water quality and water security, reducing treatment
cost (Caldwell et al,, 2023)



D) HARNESSING CLIMATE AND SDG SYNERGY
O QUANTIFYING THE BENEFITS

2.3.2 Decline of biodiversity and its impacts

Over half of global GDP (USD 58 trillion in 2023) is moderately or highly dependent on nature (Evison
et al, 2023; Herweijer et al, 2020). Yet funding for conservation is under 1% of global GDP, with just
USD 200 billion/year invested, leaving a gap of USD 300 billion to USD 1 trillion annually (Deutz et al,
2020). Additionally, the extra investment required to achieve the SDGs most directly related to water,
food, health, and climate change is at least USD 4 trillion annually. However, the cost of addressing
biodiversity loss could double if action is delayed by a decade (e.g., from 2021 to 2030). Additionally,
at least USD 500 billion more per year would be needed to tackle climate change. Exposure to climate
change risks could double between a global warming level of 1.5°C and 2°C and double again between
2°C and 3°C, severely impacting multiple sectors (Byers, 2018).

The recently released Thematic Assessment Report on the Interlinkages among Biodiversity, Water,
Food and Health of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) (IPBES, 2024), indicated that over the past 30 to 50 years, all evaluated indicators
point to a biodiversity decline of 2% to 6% per decade. Since 2001, ten out of twelve key indirect drivers
of biodiversity loss have intensified, amplifying the impacts of direct drivers.

- Over the past 30-50 years, all evaluated indicators point to a biodiversity loss of 2—6% per decade

« One-third of coral reefs are in decline, which could affect 1 billion people and threaten the loss of reef
ecosystems in 10—50 years

- Airand water pollution caused 9 million premature deaths in 2019—16% of all global deaths

There is a misalignment of economic and financial decisions that harm biodiversity and consequently,
climate integrity, as biodiversity loss and climate change reinforce each other, reducing ecosystem
resilience and affecting all interconnected elements.

- Environmentally harmful subsidies (implicit and explicit) and investments total USD 7 trillion per year
(Damania et al,, 2023)

- Fossil fuel, agriculture, and fishing industries cause externalities estimated between USD 10-25
trillion/year (McElwee et al,, 2024)

- Harmful private financial flows reach USD 5.3 trillion/year; public subsidies total USD 1.7 trillion/year
(Garasimchuk et al,, 2025)

- lllegal resource extraction alone contributes USD 100—-300 billion annually to biodiversity degradation
(IPBES, 2024, McElwee et al,, 2024)
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2.3.3 Ecosystem Services and Quantified Contributions to SDGs

Ecosystem services (ES), the benefits humans derive from nature, are foundational to achieving
the SDGs. Protecting and restoring these services can simultaneously advance climate resilience,
poverty reduction, biodiversity, and human well-being. Table 1 presents a synthesis of key synergies,
supported by quantitative and qualitative evidence, while Table 2 shows cross-cutting co-benefits and

quantitative synergies.

TABLE 1. Direct Contributions of Ecosystem Services to SDGs

Ecosystem Service

Linked SDGs Key Synergies

Provisioning Services 9 m oo Agriculture depends on pollination (valued at
(e.g., food, water, & E USD 235-577 billion/year globally) (IPBES, 2016).
raw materials) Forests supply 75% of accessible freshwater

for cities and agriculture (UN, 2021).
Regulating Services g s 13 coe Coastal wetlands avert USD 65 billion/year

(e.g., climate regulation,
flood control)

e

O

in flood damages (Herrera-Silveira, 2020).

Forests sequester ~30% of annual CO, emissions
(Harris et al, 2021)

Peatlands sequester ~0.4 billion tons of CO,
annually (Joosten, 2010).

Supporting Services
(e.g., soil fertility,
nutrient cycling)

QO | 2=

UFE
ONLAND

Healthy soils boost crop yields by 20—-30%
(FAQ, 2022), critical for food security (SDG 2).

Cultural Services
(e.g., recreation,
spiritual value)

quaury
EDUCATION 8

DEGENT WORK AND
ECONOMIC GROWTH

Nature-based tourism generates USD 343 billion/
year globally, providing 21.8 million jobs and
supporting education (WTTC, 2022).

Payments for ecosystem services have mobilized
up to USD 42 billion per year from public and private
sources (IPBES, 2024).
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TABLE 2. Cross-cutting co-benefits of Sustainable Development Goals (SDGs) and quantitative
evidence of synergies.

Cross-cutting co-benefits

13 Giov 15 itweo

Restoring 30% of terrestrial and marine ecosystems could safeguard 500 GtCO,
in carbon stocks and prevent 60% of projected species extinctions (Strassburg
et al, 2020)

GOOD HEALTH
AND WELL-BEING

e

1 NO
POVERTY

AR

Mangrove conservation in Southeast Asia supports 15 million people with
fisheries and storm protection, reducing poverty and disaster risks (Spalding
etal, 2021).

56 - 57% of the global ecosystem service value (ESV) that benefits the world’s
poorest people originates from areas identified as high priorities for biodiversity
conservation (Turner et al, 2012).

More than 60 thousand species of plants, animals, fungi, and microbes are
used to produce medicines (Landrigan et al., 2024).

GENDER
EQUALITY

g

CLEAN WATER
AND SANITATION

v

LERO
HUNGER

(({
w

Women in rural areas spend 200 million hours/day collecting water; restoring
watersheds reduces this burden (UN Women, 2023)

_ Quantitative Evidence of Synergies

Conservation agriculture results in an average 21% increase in soil health and
supports similar levels of crop production after long-term warming compared
to conventional agriculture (Teng et al., 2024).

Sustainably managed forests provide 40% of global renewable energy
(biomass), reducing reliance on fossil fuels (FAQ, 2018)

14 i

Coral reefs support 25% of marine species and provide USD 2.7 trillion/year
in goods/services (Souter et al., 2021).
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2.3.4 Economic Quantification of Nature-Based Solutions and Ecosystem Services

Nature-based solutions refer to actions to protect, sustainably manage, and restore natural and
modified ecosystems. They address major challenges such as climate change, disaster risk reduction,
food and water security, biodiversity loss, and human health, and are critical for achieving sustainable
development.

Nature-based solutions have demonstrated exceptional cost-effectiveness, especially when benefits
are viewed through a long-term, global lens. Moreover, ecosystem services in biodiversity-rich areas can
be 326% more valuable than the opportunity costs of conserving them (Turner et al,, 2012). Specifically:

- Nature-based solutions could deliver up to 37% of the cost-effective CO, mitigation needed by 2030
(Griscom et al,, 2017)

- Restoring 350 million hectares of degraded land by 2030 could provide USD 9 trillion in ecosystem
services

- Nature-based solutions are often more economical than engineered alternatives in moderate-
risk contexts

« Investment of USD 8.1 trillion in nature-based solutions by 2030 could yield 395 million new jobs

2.3.5 Climate action and biodiversity

Recent research highlights the potential for synergies between biodiversity conservation and climate
action. Nature-based solutions play a key role in addressing both crises simultaneously (FANC, 2023).
Implementing climate mitigation strategies with biodiversity considerations can lead to ‘win-win’
outcomes, such as increasing offshore wind capacity and rehabilitating natural areas around onshore
turbines (Gorman et al,, 2023). The contribution of nature to climate change mitigation can strengthen
links between international biodiversity and climate agreements (De Lamo et al,, 2020). One promising
approach is utilizing biomass from protected areas for bioenergy production. For instance, non-forest
ecosystems in Natura 2000 could produce 17.9 Gt of dry biomass annually, potentially avoiding
12.5 GtCO, equivalent emissions and 1.2-2.8 million ha of indirect land-use change (Van Meerbeek
et al,, 2016). These synergies offer opportunities to address both biodiversity loss and climate change
effectively.

2.3.6 The Role of Indigenous Peoples and their Territories

Extensive scientific evidence highlights the vital role of Indigenous Peoples in safeguarding global
biodiversity while ensuring ecosystem services and mitigating climate change. Indigenous Peoples
and their territories host a significant share of the world's remaining biodiversity and overlap with
nearly 40% of all protected terrestrial areas and ecologically intact landscapes (Garnett et al.,, 2018;
Nitah, 2021). In regions such as Latin America and the Caribbean, studies show that when Indigenous
Peoples have secure land rights, their territories store more carbon, maintain denser forests, and support
greater biodiversity compared to lands managed by other actors (FAO & FILAC, 2021).
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Recognizing Indigenous territorial rights and integrating Indigenous and local knowledge (ILK) into
conservation strategies are proven, cost-effective approaches for reducing deforestation and enhancing
land stewardship, both essential for meeting global biodiversity and climate goals.

2.3.7 Conclusion: A Case for Integration

Quantitative evidence overwhelmingly supports the integration of biodiversity conservation and climate
action. Synergistic investments yield high returns in avoided damages, ecosystem services, climate
mitigation, and job creation. Policy frameworks should prioritize:

- Embedding biodiversity in climate plans (e.g., NDCs)

- Aligning international biodiversity and climate frameworks (e.g., Global Biodiversity Framework
(GBF) and Paris Agreement)

« Removing and redirecting harmful subsidies
- Expanding finance for Indigenous Peoples and local communities

- Adopting context-specific, cross-sectoral approaches to maximize benefits and minimize trade-offs

The numbers are clear: integrating nature and climate is not only ecologically essential but economically
rational.

2.4 Preserving the Insurability of Vulnerable Populations to Close the Protection Gap
In 20283, economic losses from natural catastrophes totalled USD 290 billion, with 62% of global
losses remaining uninsured. In high-income countries, about half of reported economic losses from
climate-related events were insured, whereas in Africa, only 0.5% of losses had coverage. As the climate
crisis intensifies, uninsured global losses could double by 2030, reaching USD 560 billion. Certain regions
and businesses may become effectively ‘uninsurable’'—either due to the complete absence of insurance
options or because coverage is inadequate, inaccessible, or prohibitively expensive. Unmitigated climate
change could lead to annual economic losses between USD 7 trillion and USD 38 trillion by 2050.

Closing the climate and disaster insurance gap is essential to accelerate progress on the Sustainable
Development Goals (SDGs) and reduce the protection gap. According to some estimates, a 1% increase
in insurance coverage moves countries 5.8% closer to achieving SDGs. Insights from literature and case
studies highlight five key strategies to address the climate and disaster insurance protection gap:

2.4.1 Integrating disaster risk financing into national development

A national disaster risk financing strategy can significantly reduce reliance on post-crisis emergency aid
by securing funding before disasters strike. Governments can optimize financial protection by layering
risk retention mechanisms (such as contingency funds, budget allocations, and credit lines) with risk
transfer instruments (including insurance and catastrophe bonds). Shifting from reactive (ex-post)
responses to proactive (ex-ante) financing solutions allows for faster crisis response, minimizing
economic disruption.



4

Q HARNESSING CLIMATE AND SDG SYNERGY
) QUANTIFYING THE BENEFITS

Despite the benefits of pre-arranged financing, only 2% of the USD 76 billion spent on disaster crisis
financing in 2022 was pre-arranged. Recognizing this gap, the High-Level Panel on Closing the Crisis
Protection Gap has urged that the proportion of pre-arranged international crisis finance increase tenfold
over the next decade. However, only 30 countries have developed standalone disaster risk financing
strategies, despite escalating climate risks.

2.4.2 Incentivising insurance offer and uptake

Insurance penetration remains low in many countries due to structural barriers such as limited access
to long-term affordable capital, fragmented market regulations, weak enforcement capacity, lack of
data, and low consumer awareness. Additionally, the predominance of informal economies and small
insurance market sizes further hinder expansion.

The optimal mix of policies and financial tools to overcome these barriers varies across communities,
industries, and countries, as well as different stages of insurance market development. To optimize
the deployment of scarce public resources, a risk instrument ladder approach is proposed to close the
insurance protection gap. This includes: (i) regulatory measures to incentivize and de-risk insurance
uptake and offer; (i) premium and capital support to increase affordability and availability of disaster
insurance; (i) alternative risk transfer mechanisms; (iv) national public (re)insurance schemes;
(v) regional catastrophe risk pools; and (vi) global umbrella GDP stop-gap mechanisms.

2.4.3 Encouraging investment in risk reduction and prevention

Investing in risk prevention and reduction can be up to 10 times more effective than rebuilding.
Governments play a critical role in promoting risk-informed development and addressing the underlying
vulnerabilities that transform hazards into disasters. For instance, between 1970 and 2010, the number
of people living in flood plains increased by 114%, while those in cyclone-prone coastal areas grew by
192%, a trend expected to continue in the coming years in the absence of regulatory interventions.

Insurance pricing models should incentivize proactive risk reduction by offering lower premiums for
resilience-building investments. However, policyholders worldwide are not consistently rewarded for
their preventive measures. Some jurisdictions are experimenting with legislation requiring insurers to
provide discounts to homeowners who enhance their properties’ resilience against natural hazards.
Governments can further support risk reduction by integrating prevention into insurance pricing
through improved data provision. They can also help policyholders manage upfront costs for resilience
investments by offering concessional capital or financial incentives.

2.4.4 Developing inclusive insurance solutions to leave no one behind

Vulnerable populations often struggle to access traditional insurance markets. Inclusive insurance
mechanisms—such as microinsurance and parametric models—offer tailored coverage for low-income
households and small businesses, ensuring financial protection without excessive premium costs. In
2022, microinsurance covered 330 million people across 36 countries, generating USD 5.8 billion in
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premiums. While many innovations in this space are still in the early stages of commercial success,
some pioneering schemes are proving the scalability and sustainability of microinsurance business
models. For instance, the Zambian Farmer Input Support Programme (FISP), launched in 2002, insured
over 1 million farmers in 2024 while providing USD 38 million in payouts.

Despite this progress, microinsurance accounts for only 15% of the estimated market size. As for
macro- and meso-insurance solutions, regulatory instruments can help accelerate the uptake of
micro-insurance. Notably, governments can mandate transparency in insurance contracts to build
consumer trust, develop proportionate regulatory frameworks (e.g., reduced capital requirements for
microinsurance providers) and integrating inclusive insurance into national resilience strategies to
provide long-term market visibility.

2.4.5 Fostering adaptive social security systems

When developing a Disaster Risk Financing Strategy, money-out systems should be designed alongside
money-in instruments to ensure efficient fund distribution. Social protection systems could play a
crucial role in ensuring that mobilized funds are delivered swiftly, transparently, and effectively. However,
synergies between disaster risk financing and social protection remain underutilized.

Currently, ex-ante disaster financing instruments rarely require specific spending plans, and insurance
payouts are seldom channelled through social protection schemes. To address this gap, innovative
mechanisms are emerging. One example is the WFP Caribbean’s top-up model, which provides
governments with additional funding to top up a portion of the payout. These funds are allocated for cash
assistance to vulnerable populations affected by disasters through national social protection programs.

2.4.6 A roadmap to optimise synergies between disaster insurance protection and the SDGs

Successfully closing the climate and disaster insurance protection gap will require sustained, coordinated
efforts from a broad range of stakeholders. The paper presents a multi-stakeholder roadmap to
implement its key recommendations and enhance synergies between disaster insurance protection and
the SDGs. Integrating insurance more prominently into development agendas can help drive and sustain
these efforts, ensuring resilience against future climate and disaster risks.

Quantifying the cost effectiveness of closing the climate and disaster investment gap is an evolving
field. The cost will depend on various factors, including (i) the respective exposure and vulnerability of
geographic regions; (i) the type of policy and financial instruments deployed to incentivize the uptake
and offer of ex-ante disaster financing instruments; (iii) the capacity to encourage risk reduction and
prevention; (iv) the development of innovative insurance products to respond to evolving threats and to
reach out to underserved population; and (v) opportunities to capitalize on existing social infrastructures
such as social protection systems to release funds in a timely and efficient manner. However, direct
extrapolation from existing initiatives would indicate that an investment of USD 15-25 billion could
provide coverage to an additional 3 billion people.
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2.5. Conclusion

It is clear from the discussion above that the benefits from a synergistic approach to addressing
climate and sustainable development cannot, and indeed must not, be viewed in merely economic
terms. As expected from adopting an integrated approach, the benefits derived are complex and
multi-dimensional. By its nature, sustainable development is not simply an economic issue — the same
can be said for climate change. As we have seen, issues such as public health, social cohesion, nature
and biodiversity, and protection of vulnerable people and communities are integral components of
sustainable development that are all impacted by climate change. Although the benefits of achieving
these outcomes might not always lend themselves to rigorous economic quantification and valuation,
it is clear from the above that they can be quantified and clearly show the multiplicative advantages of
an integrated and synergistic approach.



(~ HARNESSING CLIMATE AND SDG SYNERGY
U QUANTIFYING THE BENEFITS

3 ‘ References

Bai, X, & Herath, P. (2024). Benefits and co-benefits of urban green infrastructure for sustainable cities: six current
and emerging themes. Sustainability Science, 19, 1039-1063. https://doi.org/10.1007/s11625-024-01475-9

Balaban, O. and de Oliveira, J.A.P. (2017). Sustainable buildings for healthier cities: assessing the co-benefits of green
buildings in Japan. Journal of cleaner production,163, pp. S68-S78.

Bhat, T.H. & Farzaneh, H. (2022). Quantifying the multiple environmental, health, and economic benefits from the
electrification of the Delhi public transport bus fleet, estimating a district-wise near roadway avoided PM, . exposure.
Journal of Environmental Management, 321, 2022,

Bddis, K., Kougias, I., Jager-Waldau, A, Taylor, N., & Szabd, S. (2019). A high-resolution geospatial assessment of
rooftop solar photovoltaic potential in the European Union. Renewable and Sustainable Energy Reviews, 114, 109309.
https://doi.org/10.1016/j.rser.2019.109309

Byers, E. (2018). Between 1.5 C and 2 C—the big impacts of half a degree. IIASA Policy Brief #21

Chapman, R, Keall, M., & Witten, K. (2018). A cost—benefit analysis of an active travel intervention with health and
carbon emission reduction benefits. International Journal of Environmental Research and Public Health, 15(5), 962.
https://doi.org/10.3390/ijerph15050962

Caldwell, P. V, Martin, K. L., Vose, J. M., Baker, J. S., Warziniack, T. W., Costanza, J. K,, Frey, G. E., Nehra, A., & Mihiar,
C. M. (2023). Forested watersheds provide the highest water quality among all land cover types, but the benefit

of this ecosystem service depends on landscape context. Science of The Total Environment, 882, 163550.
https://doi.org/10.1016/j.scitotenv.2023.163550

Creutzig, F, Urge-Vorsatz, D., Takeuch, K., Zusman, E., Aderinto, |., Sorgel, B., Ortiz Moya, F., Kumer Mitra, B., Sukhwani,
V. & Salehi, P. (2024). Seeking Synergy Solutions: How Cities can Act on Both Climate and the SDGs. Expert Group on
Climate and SDG Synergy.

Creutzig, F, Lohrey, S., & Vazquez Franza, M. (2022). Shifting urban mobility patterns due to COVID-19: comparative
analysis of implemented urban policies and travel behaviour changes with an assessment of overall

GHG emissions implications. Environmental Research: Infrastructure and Sustainability, 2(4), 041003.
https://doi.org/10.1088/2634-4505/ac949b

Crippa M., Guizzardi D., Pagani F,, Banja M., Muntean M., Schaaf E., Becker, W., Monforti-Ferrario F,, Quadrelli, R.,
Risquez Martin, A., Taghavi-Moharamli, P, Grassi, G., Rossi, S., Melo, J., Oom, D., Branco, A., San-Miguel, J., Manca, G.,
Pisoni, E., Vignati, E., Pekar, F., GHG emissions of all world countries — JRC/IEA 2024 Report, Luxembourg, 2024,
https://data.europa.eu/doi/10.2760/4002897, JRC138862.

Damania, R., Balseca, E., de Fontaubert, C., Gill, J., Kim, K., Rentschler, J., Russ, J., & Zaveri, E. (2023). Detox
Development: Repurposing Environmentally Harmful Subsidies. Washington, DC: World Bank. doi:10.1596/978-1-4648-
1916-2.

De Lamo, X. et al. (2020) Strengthening synergies: how action to achieve post-2020 global biodiversity conservation
targets can contribute to mitigating climate change. UNEP-WCMC, Cambridge, UK.

Deutz, A, Heal, G. M., Niy, R., Swanson, E., Townshend, T,, Zhu, L, ... & Tobin-de la Puente, J. (2020). Financing nature:
Closing the global biodiversity financing gap. The Paulson Institute, The Nature Conservancy, and the Cornell Atkinson
Center for Sustainability, 256.


https://doi.org/10.1007/s11625-024-01475-9
https://doi.org/10.1016/j.rser.2019.109309
https://doi.org/10.3390/ijerph15050962
https://doi.org/10.1016/j.scitotenv.2023.163550
https://doi.org/10.1088/2634-4505/ac949b
https://data.europa.eu/doi/10.2760/4002897

-7
/
/

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

Eikeland, M. S,, et al. (2023). Estimating the Potential for Rooftop Generation of Solar Energy in Tromsg, Norway. ISPRS
International Journal of Geo-Information, 12(3), 123. https://doi.org/10.3390/ijgi12030123

Evison, W,, Low, L. P, & O'Brien, D. (2023). Managing nature risks: From understanding to action. Price Waterhouse
Coopers International, April, 19.

FAQ. (2018). The State of the World's Forests 2018 - Forest pathways to sustainable development. Rome.
FAQ. (2022). Soils for nutrition: state of the art. Rome. https://doi.org/10.4060/cc0900en.

FAO and FILAC. (2021). Forest Governance by Indigenous and Tribal People. An Opportunity for Climate Action in Latin
America and the Caribbean. Santiago. https://doi.org/10.4060/cb2953en.

Federal Agency for Nature Conservation (ed.) (2023): Strengthening synergies for biodiversity and climate. Discussion
paper. Bonn, Germany.

Garnett, S. T, Burgess, N. D, Fa, J. E., Fernandez-Llamazares, A., Molnar, Z., Robinson, C. J., Watson, J. E. M., Zander, K.
K., Austin, B., Brondizio, E. S,, Collier, N. F, Duncan, T, Ellis, E., Geyle, H., Jackson, M. V., Jonas, H., Malmer, P, McGowan,
B., Sivongxay, A, & Leiper, |. (2018). A spatial overview of the global importance of Indigenous lands for conservation.
Nature Sustainability, 1(7), 369—374. https://doi.org/10.1038/s41893-018-0100-6.

Gerasimchuk, I, Doan, D., McConnell, C., Urazova, |, Ullah, F, Laan, T, ... & Morra, F. (2025). Reforming Environmentally
Harmful Subsidies.

Gorman, C. E,, Torsney, A., Gaughran, A., McKeon, C. M., Farrell, C. A, White, C., Donohue, |, Stout, J. C., & Buckley, Y. M.
(2023). Reconciling climate action with the need for biodiversity protection, restoration and rehabilitation. Science of
The Total Environment, 857, 159316. https://doi.org/10.1016/j.scitotenv.2022.159316.

Griscom, B. W., Adams, J., Ellis, P. W.,, Houghton, R. A, Lomax, G., Miteva, D. A, Schlesinger, W. H., Shoch, D., Siikamaki,
J. V, Smith, P, Woodbury, P, Zganjar, C., Blackman, A., Campari, J., Conant, R. T, Delgado, C., Elias, P, Gopalakrishna,
T, Hamsik, M. R,, ... Fargione, J. (2017). Natural climate solutions. Proceedings of the National Academy of Sciences,
114(44),11645-11650. https://doi.org/10.1073/pnas.1710465114.

Guerrero, O. A, & Castafieda, G. (2022). How does government expenditure impact sustainable development?
Studying the multidimensional link between budgets and development gaps. Sustainability Science, 17(3), 987-1007.
https://doi.org/10.1007/s11625-022-01095-1

Halkos, G. E., & Paizanos, E. A. (2013). The effect of government expenditure on the environment: An empirical
investigation. Ecological Economics, 91, 48—56. https://doi.org/10.1016/j.ecolecon.2013.04.002

Harris, N. L., Gibbs, D. A,, Baccini, A., Birdsey, R. A., de Bruin, S,, Farina, M., Fatoyinbo, L., Hansen, M. C., Herold, M.,
Houghton, R. A., Potapoy, P. V, Suarez, D. R., Roman-Cuesta, R. M,, Saatchi, S. S, Slay, C. M., Turubanova, S. A,

& Tyukavina, A. (2021). Global maps of twenty-first century forest carbon fluxes. Nature Climate Change, 11(3),
234-240. https://doi.org/10.1038/s41558-020-00976-6.

Herrera-Silveira, J. A, Teutli-Hernandez, C., Secaira-Fajardo, F,, Braun, R., Bowman, J., Geselbracht, L., Musgrove, M.,
Rogers, M., Schmidt, J., Robles-Toral, P. J., Canul-Cabrera, J. A., & Guerra-Cano, L. (2022). Hurricane Damages to
Mangrove Forests and Post-Storm Restoration Techniques and Costs. The Nature Conservancy, Arlington, VA.

Herweijer, C., Evison, W., Mariam, S., Khatri, A., Albani, M., Semov, A., & Long, E. (2020). Nature risk rising: Why the
crisis engulfing nature matters for business and the economy. In World Economic Forum and PwC.

ICCT & GBD MAPS (2019). Urban Air Pollution from Transport in Developing Cities. https://theicct.org/publication/
urban-air-pollution-from-transport-in-developing-cities/


https://doi.org/10.3390/ijgi12030123
https://doi.org/10.4060/cc0900en
https://doi.org/10.4060/cb2953en
https://doi.org/10.1038/s41893-018-0100-6
https://doi.org/10.1016/j.scitotenv.2022.159316
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1007/s11625-022-01095-1
https://doi.org/10.1016/j.ecolecon.2013.04.002
https://doi.org/10.1038/s41558-020-00976-6
https://theicct.org/publication/urban-air-pollution-from-transport-in-developing-cities/
https://theicct.org/publication/urban-air-pollution-from-transport-in-developing-cities/

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

IEA (2027). Empowering Cities for a Net Zero Future. International Energy Agency. https://www.iea.org/reports/empow-
ering-cities-for-a-net-zero-future

IPBES. (2016). The assessment report of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services on pollinators, pollination and food production. S.G. Potts, V. L. Imperatriz-Fonseca, and H. T. Ngo (eds), Bonn,
Germany. 552 pages.

IPBES. (2024). Summary for policymakers of the thematic assessment of the interlinkages among biodiversity, water,
food and health (nexus assessment). Bonn, Germany. 57 pages.

IPBES (2024). Summary for Policymakers of the Thematic Assessment Report on the Underlying Causes of Biodiversity
Loss and the Determinants of Transformative Change and Options for Achieving the 2050 Vision for Biodiversity of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. O'Brien, K., Garibaldi, L., Agrawal, A,
Bennett, E., Biggs, 0., Calderon Contreras, R., Carr, E., Frantzeskaki, N., Gosnell, H., Gurung, J., Lambertucci, S., Leventon,
J., Liao, C., Reyes Garcia, V., Shannon, L., Villasante, S., Wickson, F,, Zinngrebe, Y., and Perianin, L. (eds.).

IPBES secretariat, Bonn, Germany. DOI: https://doi.org/10.5281/zenodo.11382230

Institute and Faculty of Actuaries (2017): The Future if Insurance: A STEEP change.

IUCN. (2021). Peatlands and climate change. Available at: https://iucn.org/resources/issues-brief/peatlands-and-
climate-change

lungman, T., Cirach, M., Marando, F,, Barboza, E. P, Khomenko, S., Masselot, P, ... & Nieuwenhuijsen, M. (2023). Cooling
cities through urban green infrastructure: a health impact assessment of European cities. The Lancet, 401(10376),
577-589.

Jakovac, C. C., Latawiec, A. E,, Lacerda, E., Leite Lucas, |., Korys, K. A,, Iribarrem, A, Malaguti, G. A, Turner, R. K,
Luisetti, T., & Baeta Neves Strassburg, B. (2020). Costs and Carbon Benefits of Mangrove Conservation and Restoration:
A Global Analysis. Ecological Economics, 176, 106758. https://doi.org/10.1016/j.ecolecon.2020.106758

Jiang, P, Xu, B., Geng, Y., Dong, W., Chen, Y. and Xue, B. (2016). Assessing the environmental sustainability with
a co-benefits approach: a study of industrial sector in Baoshan District in Shanghai. Journal of Cleaner Production,
114, pp.114-123.

Joosten, H. (2010), The Global Peatland CO2 Picture: Peatland Status and Drainage Related Emissions in All Countries
of the World. Wetlands International (Ed.), Netherlands.

Karlsson, M., Alfredsson, E. and Westling, N., 2020. Climate policy co-benefits: a review. Climate Policy, 20(3),
pp.292-316.

Khomenko, S. et al. Premature mortality due to air pollution in European cities: a health impact assessment.
Lancet Planet Health 5, €121-e134 (2021).

Landrigan, P. J,, Britt, M., Fisher, S., Holmes, A., Kumar, M., Mu, J., Rizzo, |, Sather, A, Yousuf, A, & Kumar, P. (2024).
Assessing the Human Health Benefits of Climate Mitigation, Pollution Prevention, and Biodiversity Preservation.
Annals of Global Health, 90(1). https://doi.org/10.5334/aogh.4161.

LSE Cities (2016). Co-benefits of Urban Climate Action: A Framework for Cities. London School of Economics and
Political Science. https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2016/09/Co-benefits-of-urban-climate-
action-A-framework-for-cities.pdf

Lépez, R, Galinato, G. I, & Islam, A. (2011). Fiscal spending and the environment: Theory and empirics. Journal
of Environmental Economics and Management, 62(2), 180-198. https://doi.org/10.1016/j.jeem.2011.03.001


https://www.iea.org/reports/empowering-cities-for-a-net-zero-future
https://www.iea.org/reports/empowering-cities-for-a-net-zero-future
https://doi.org/10.5281/zenodo.11382230
https://iucn.org/resources/issues-brief/peatlands-and-climate-change
https://iucn.org/resources/issues-brief/peatlands-and-climate-change
https://doi.org/10.1016/j.ecolecon.2020.106758
https://doi.org/10.5334/aogh.4161
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2016/09/Co-benefits-of-urban-climate-action-A-framework-for-cities.pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2016/09/Co-benefits-of-urban-climate-action-A-framework-for-cities.pdf
https://doi.org/10.1016/j.jeem.2011.03.001

49

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

Macintyre, H. L., & Heaviside, C. (2019). Potential benefits of cool roofs in reducing heat-related mortality.
Environment International, 127, 430—-441. https://doi.org/10.1016/j.envint.2019.02.065

Mayrhofer, J.P. & Gupta, J. (2016). The science and politics of co-benefits in climate policy. Environmental Science
& Policy, 57, pp.22-30.

McElwee, P. D., Harrison, P. A, van Huysen, T. L., Roldan, V. A, Barrios, E., Dasgupta, P, ... & Obdura, D. (2024). Summary
for policymakers of the thematic assessment of the interlinkages among biodiversity, water, food and health (nexus
assessment) of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services: Nexus
Assessment.

Menéndez, P, Losada, I. J., Torres-Ortega, S., Narayan, S., & Beck, M. W. (2020). The Global Flood Protection Benefits
of Mangroves. Scientific Reports, 10(1), 4404. https://doi.org/10.1038/s41598-020-61136-6

Menikpura, S.N.M., Sang-Arun, J. and Bengtsson, M. (2013). Integrated solid waste management: an approach
for enhancing climate co-benefits through resource recovery. Journal of Cleaner Production, 58, pp.34-42.

Middel, A., Chhetri, N., & Hagen, B. (2015). Urban forestry and cool roofs in Phoenix. Urban Forestry & Urban
Greening, 14(1), 178-186. https://doi.org/10.1016/j.ufug.2014.09.010

Mitchard, E. T. A. (2018). The tropical forest carbon cycle and climate change. Nature, 559(7715), 527-534.
https://doi.org/10.1038/s41586-018-0300-2

Mulley, C., Tyson, R., McCueg, P, Rissel, C., & Munro, C. (2013). Valuing active travel: Including the health benefits
of sustainable transport in transport appraisal frameworks. Research in Transportation Business & Management, 7,
27-34. https://doi.org/10.1016/j.rtom.2013.01.001

Nemet, G.F, Holloway, T. and Meier, P. (2010). Implications of incorporating air-quality co-benefits into climate change
policymaking. Environmental Research Letters, 5(1), p.014007.

Nieuwenhuijsen, M. J. et al. Urban and transport planning pathways to carbon neutral, liveable and healthy cities:
a review of the current evidence. Environ. Int. 140, 105661 (2020).

Nitah, S. (2021). Indigenous peoples proven to sustain biodiversity and address climate change: Now it's time
to recognize and support this leadership. One Earth, 4(7), 907-909. https://doi.org/10.1016/j.oneear.2021.06.015.

OECD & UNDP (2019). Framework for SDG Budgeting: How to Integrate the SDGs into National Budgets.
https://www.oecd.org/gov/budgeting/sdg-budgeting-framework.pdf; UNDP (2020). SDG Budget Tagging: A Review
of Global Practices. https://sdgfinance.undp.org/sdg-budget-tagging-review-global-practices

Pascal, M., et al. (2019). Relevance of green shaded environments in health protection. Santé Publique, 31(3), 347-354.
Poole, L. (2014): A calculated risk: How donors should engage with risk financing and transfer mechanisms, OECD.

Ruiz-Valero, L., Makaremi, N., Haines, S., & Touchie, M. (2025). Co-benefits of residential retrofits: A review of
quantification and monetization approaches. Building and Environment, 270, 112576. https://doi.org/10.1016/j.
buildenv.2025.112576

Sabel, C. E, et al. (2016). Public health impacts of city policies to reduce climate change: URGENCHE EU-China
project. Environmental Health, 15(S1), S25. https://doi.org/10.1186/s12940-016-0097-0

Scholz, T, Hof, A, & Schmitt, T. (2018). Cooling Effects of Urban Trees. Sustainability, 10(3), 712.
https://doi.org/10.3390/su10030712


https://doi.org/10.1016/j.envint.2019.02.065
https://doi.org/10.1038/s41598-020-61136-6
https://doi.org/10.1016/j.ufug.2014.09.010
https://doi.org/10.1038/s41586-018-0300-2
https://doi.org/10.1016/j.rtbm.2013.01.001
https://doi.org/10.1016/j.oneear.2021.06.015
https://www.oecd.org/gov/budgeting/sdg-budgeting-framework.pdf
https://sdgfinance.undp.org/sdg-budget-tagging-review-global-practices
https://doi.org/10.1016/j.buildenv.2025.112576
https://doi.org/10.1016/j.buildenv.2025.112576
https://doi.org/10.1186/s12940-016-0097-0
https://doi.org/10.3390/su10030712

= (\‘ HARNESSING CLIMATE AND SDG SYNERGY
U QUANTIFYING THE BENEFITS

Schucht, S, et al. (2015). Monetised health benefits from improved air quality could offset mitigation costs
in Europe. Environmental Science & Policy, 50, 252-269. https://doi.org/10.1016/j.envsci.2015.03.001

Sharifi, A. (2021). Co-benefits of Urban Climate Action: A Review and Classification. Science of the Total
Environment, 750, 141642. https://doi.org/10.1016/j.scitotenv.2020.141642

Souter, D, Planes, S., Wicquart, J., Logan, M., Obura, D., Staub, F. (eds) (2021). Status of coral reefs of the
world: 2020 report. Global Coral Reef Monitoring Network and International Coral Reef Initiative.
https://doi.org/10.59387/W0TJ9184.

Spalding, Mark D and Leal, Maricé (ed.). (2021). The State of the World’s Mangroves 2021. Global Mangrove Alliance.

Strassburg, B. B. N., Iribarrem, A., Beyer, H. L., Cordeiro, C. L., Crouzeilles, R., Jakovac, C. C., Braga Junqueira, A, Lacerda,
E. Latawiec, A. E., Balmford, A., Brooks, T. M., Butchart, S. H. M., Chazdon, R. L., Erb, K.-H., Brancalion, P, Buchanan, G.,
Cooper, D, Diaz, S., Donald, P. F, ... Visconti, P. (2020). Global priority areas for ecosystem restoration. Nature, 586(7831),
724~-729. https://doi.org/10.1038/s41586-020-2784-9.

Teng, J., Hou, R., Dungait, J. A. J., Zhou, G., Kuzyakov, Y., Zhang, J., Tian, J., Cui, Z., Zhang, F,, & Delgado-Baquerizo,
M. (2024). Conservation agriculture improves soil health and sustains crop yields after long-term warming. Nature
Communications, 15, 8785. https://doi.org/10.1038/s41467-024-53169-6.

Turner, W. R,, Brandon, K., Brooks, T. M., Gascon, C., Gibbs, H. K., Lawrence, K. S., Mittermeier, R. A, & Selig, E. R. (2012).
Global Biodiversity Conservation and the Alleviation of Poverty. BioScience, 62(1), 85-92. https://doi.org/10.1525/
bi0.2012.62.1.13.

United Nations. (2021). The United Nations World Water Development Report 2021: Valuing Water. UNESCO, Paris.

UNDESA, (2025). The Sustainable Development Goals Report 2025. UNDESA. NY. https://unstats.un.org/sdgs/
report/2025/The-Sustainable-Development-Goals-Report-2025. pdf

UNDP (United Nations Development Programme). 2025. Human Development Report 2025: A matter of choice:
People and possibilities in the age of Al. New York.

UNDP Nepal (2022). SDG Budget Coding Guidelines. https://www.npc.gov.np/images/category/SDG_Budget_Coding_
Guidelines_Nepal.pdf; UNESCAP (2021). Asia-Pacific SDG Financing Facility: Linking Budgets with SDGs.

United Nations Environment Programme (2024). Emissions Gap Report 2024: No more hot air ... please! With a massive
gap between rhetoric and reality, countries draft new climate commitments.

UNESCAP (2023). Pathways to Adaptation and Resilience in Asia-Pacific

United Nations Women. (2023). Spotlight on goal 6: from commodity to common good: a feminist agenda to tackle
the world's water crisis.

UN-Habitat (2020). World Cities Report 2020: The Value of Sustainable Urbanization. United Nations Human
Settlements Programme. https://unhabitat.org/World-Cities-Report-2020

US EPA (2023). Social Cost of Greenhouse Gases Technical Support Document. United States Environmental
Protection Agency. https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf

Urge-Vorsatz, D, Herrero, S. T, Dubash, N. K, & Lecocq, F. (2012). Measuring the co-benefits of climate change
mitigation. Annual Review of Environment and Resources, 37, 427-460. https://doi.org/10.1146/annurev-environ-
031312-125456


https://doi.org/10.1016/j.envsci.2015.03.001
https://doi.org/10.1016/j.scitotenv.2020.141642
https://doi.org/10.59387/WOTJ9184
https://doi.org/10.1038/s41586-020-2784-9
https://doi.org/10.1038/s41467-024-53169-6
https://doi.org/10.1525/bio.2012.62.1.13
https://doi.org/10.1525/bio.2012.62.1.13
https://unstats.un.org/sdgs/report/2025/The-Sustainable-Development-Goals-Report-2025.pdf
https://unstats.un.org/sdgs/report/2025/The-Sustainable-Development-Goals-Report-2025.pdf
https://www.npc.gov.np/images/category/SDG_Budget_Coding_Guidelines_Nepal.pdf
https://www.npc.gov.np/images/category/SDG_Budget_Coding_Guidelines_Nepal.pdf
https://unhabitat.org/World-Cities-Report-2020
https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf
https://doi.org/10.1146/annurev-environ-031312-125456
https://doi.org/10.1146/annurev-environ-031312-125456

o1

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

Van Meerbeek, K., Ottoy, S., De Andrés Garcia, M., Muys, B., & Hermy, M. (2016). The bioenergy potential
of Natura 2000 — a synergy between climate change mitigation and biodiversity protection. Frontiers
in Ecology and the Environment, 14(9), 473-478. https://doi.org/10.1002/fee.1425.

WTTC. (2022). Nature positive travel & tourism: Travelling in harmony with nature. Available at:
https://researchhub.wttc.org/product/nature-positive-travel-tourism-travelling-in-harmony-with-nature.

Whitfield, Geoffrey P, Leslie A. Meehan, Neil Maizlish, and Arthur M. Wendel. (2017) The integrated transport
and health impact modeling tool in Nashville, Tennessee, USA: implementation steps and lessons learned.
Journal of transport & health 5: 172-181.

Willett, W. et al. Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food
systems. Lancet 393, 447-492 (2019).

Woodcock, J., Givoni, M. and Morgan, A.S. (2013). Health impact modelling of active travel visions for England and
Wales using an Integrated Transport and Health Impact Modelling Tool (ITHIM). PloS One, 8(1), p.e51462.

Xu, T, Sathaye, J., Akbari, H., Garg, V., & Tetali, S. (2012). Quantifying the direct benefits of cool roofs in an urban
setting: Reduced cooling energy use and lowered greenhouse gas emissions. Building and Environment, 48, 1-6.
https://doi.org/10.1016/j.buildenv.2011.08.011

Zheng, Y., Wang, S., & Ma, Z. (2024). Electric vehicle charging infrastructure and local economic activity.
Nature Communications, 15, 7437. https://doi.org/10.1038/s41467-024-51554-9


https://doi.org/10.1002/fee.1425
https://researchhub.wttc.org/product/nature-positive-travel-tourism-travelling-in-harmony-with-nature
https://doi.org/10.1016/j.buildenv.2011.08.011
https://doi.org/10.1038/s41467-024-51554-9

NS}
u

HARNESSING CLIMATE AND SDG SYNERGY
QUANTIFYING THE BENEFITS

‘ Appendices

Appendix 1. Data Imputation, Mathematical Basis of Models, and Scenario Calculations

COFOG expenditures — imputation

Combing data from IMF and UNCTAD, government expenditures data were split into ten COFOG
sectors: 1) general public services; 2) defence; 3) public order and safety; 4) economic affairs;

5) environmental protection; 6) housing and community amenities; 7) health; 8) recreation, culture
and religion; 9) education; and 10) social protection were available for 178 countries including

39 advanced and 139 developing and emerging economies for 1995-2023.

To fill in data gaps, sectoral government expenditures for the missing countries were imputed
by using the following multi-step process:

1. Country-level mean fill: For years where data only for some COFOG sectors were available for
a country, missing sectors were filled using that country’s average share of GDP for that category,
calculated over the years where full COFOG data were reported:

)
Seti=— Spqri
ot Y| t'ey, ety

where s ¢ jand sg ¢ are the share of government expenditures of country ¢ in years t and t'in
COFOG categoryj, Y is the set of years, and |Y,| is the number of years in this set. Missing per
capita COFOG expenditures were estimated as pcGOVEXp.,j = S, j - PCGDPc ¢ (¥)

2. Linear interpolation: Any remaining gaps within a country’s time series for a given COFOG category
were filled using linear interpolation. This method was only applied to fill interior gaps and was not
used for extrapolation.

3. GDP-weighted group average fill: All remaining missing values were imputed using a hierarchical
GDP-weighted average based on the country's income group classification according to the World
Bank. The general formula for the weighted share is:

s _ ZC’EG(SC',t,j ’ GDPC’,t)
tj = )
ot Yorec GDPory

where G is a specific group of countries: low-income countries (LIC), lower-middle-income countries
(LMIC), upper-middle-income countries (UMIC), and high-income countries (HIC). This calculation
was applied using a three-tiered fallback system:

- First, by using the weighted average of the country’s income group for the specific missing year.

- If data were insufficient, the weighted average of the income group across all available years
was used.
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+ Finally, if still missing, the global GDP-weighted average across all countries and all years
was used.

Once their shares in GDP have been estimated, the missing COFOG expenditures were computed
using formula (*).

Fitted models

Two statistical models were used to explain the past progress in HDI and GHG emission reduction,
respectively, by the levels of government expenditures across ten COFOG sectors. The models
also include GDP and renewable energy consumption (for the GHG emissions equation only) as
control variables reflecting the facts that economic growth is strongly linked to progress in human
development and GHG emission growth, and that GHG emissions result from a balance between
renewable and fossil energy sources. The models have the following mathematical formulations:

10
1) logHDI; = a + Z bjlogpcGovExp;_,; + clogpcGDP; + &
j=1

10
(2) log pcEmissions; = a + BjlogpcGovExp,_q,; +ylogpcGDP; + SlogRen; + €;
j=1

Here HDIy is the world’s Human Development Index* in year t; pcGHG¢ is the world's per capita

GHG emissions®in year t; pcGovExptj is the world's average per capita value of the governmental
expenditures in COFOG® sector j in year t (estimated as an average over 178 countries available after
imputation); pcGDP; is world's per capita Gross Domestic Product (GDP)” in year t; Ren_t is the global
renewable energy consumption (as a percentage of total final energy consumption)? in year t; e and
et are ‘error’ terms accounting for the deviations of data from the assumed model. Both explanatory
(pcGovExth, pcGDPy, and Reny) and explained (HDI} and pcEmissionsy) variables are log-transformed,
which reflects the decreasing return to scale effects and enhances the quality

of the model fit.

Models (1) and (2) were estimated using data spanning the period of 1995 to 2023 using the Ordinary
Least Squares (OLS) method and estimates of coefficients a, bj and ¢ for model (1) and q, Bj, y, and

6 for model (2), were derived. Coefficients bj and Bj are equal to the percentage change in HDI and per
capita GHG emissions provided the per capita government expenditure in COFOG sector j increases
by 1% and all other factors remain unchanged, respectively. Similarly, coefficients ¢ and y are equal

to the percentage change in HDI and per capita GHG emissions provided GDP per capita increases

by 1% and all other factors remain unchanged, respectively. Coefficient & reflects a percentage
change in the GHG emissions provided the renewable energy consumption increases by 1%. Lastly,
coefficients a and a are free terms (intercepts) quantifying the levels of HDI and per capita GHG
emissions level without the effects of government expenditures and the GDP. The results of models
(1) and (2)'s estimation are presented in Table A1.
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Table A1. Multivariate regression results for the Human Development Index (HDI) and per

capita greenhouse gas (GHG) emissions. A positive (negative) value of a coefficient indicates

that an increase in the corresponding explanatory variable is associated with an increase (decrease)
in the explained variable, holding all other variables constant. Significance levels are indicated

as follows: *** p < 0.007; ** p < 0.07; * p < 0.05. Adjusted R? of model (1) and (2) are 0.996 and

0.973 respectively.

Model (1) Model (2)

a -2.702%%% a -1.033

b, -0.028 B, 0.097*

b, -0.029 B, 0.084

b, -0.063* B, 0177

b, 0.011 B, 0.017

b, -0.006 B, 0.0068

b, -0.002 B, 0.018

b, 0.006 B, -0.138*

b, -0.007 B, -0.0067

b, 0.044 B, 0.015

b, 0.044 B, 0.163

c 0.216%% 14 0.47 5%
6 0,634

Future scenarios
Scenario 1 Development action only is computed by solving the following optimization problem
( 10
Minimize z pcGovExpy ;
j=1

10 .
\ log HDI;arget >a+ ijl bjlogpcGovExp;_4,; + clog pcGDPtfllture projection

future projection
\ PCGOVEXPyj 2 Sworld,2023,j * PCGDF;

This problem identifies the lowest possible level of government expenditures that ensures meeting
the HDI target in each year t from 2025 to 2030. The second inequality constraint requires that in the
future, no COFOG category has lower expenditure than its level in the latest year with available data
(2023), in relative terms to GDP. These shares were estimated as GDP-weighted means over the panel
of 178 countries.
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To solve this and other optimization problems discussed below, the per capita GDP projection until
2030 is estimated using the GDP projection by the IMF® (GDP;utureproiecton) and the world population
projection by the World Bank'? (Pop;/utureproiection) gs follows:

future projection
pCGDPfuture projection __ GDB:
t

future projection
Pop, proj

Then the year-to-year growth trend is estimated. This growth trend is used to extrapolate the latest
available value (2024) of GDP per capita for the world, retrieved from the World Bank.

Scenario 2 Climate action only is computed similarly, by solving the problem which, in each year t
minimizes the total government expenditure that ensures that the GHG emission target is met while
no COFOG expenditure is lower than its 2023 value.

10
Minimize Zj—l pcGovExpy

10 -
log chmissions:arget <a+ pjlogpcGovExp;_q; + v log pcGDPp,future projection 4 (SIOgRenillture projection
j=1

future projection
PcGOVEXPy, j = Sworld,2023,j - PCGDP,

Here Ren;futureproieetion js the future projection of renewable energy consumption (as a percentage
of total final energy consumption), estimated by extrapolating the observed trend in the data from
2011 to 2020.

Scenario 3 Climate and development synergies is computed by solving the problem with two targets:

r

10
Minimize Zj_l pcGovExpy

10 o
log HDI;""8%" > a + Z bjlogpcGovExp,_y ; + ¢ logpcGDP; e Projection
j=1

10 -
log pCEmissionsttarget <a+ BjlogpcGovExp,_,j + v log pcGD P, future projection . SIOgReniuture projection
j=1

future projection
PCGOVEXPy j = Sworld,2023,j - PCGDF;
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Synergies calculation

Intra-sectoral synergies under the non-fungibility assumption in a given year t are calculated
as follows:

Synergynon fungibility =zlo

HDI onl
(GovExp ar, — GOVExXpOSSins

baseline
world,t,j

j=1

10 GHG emissions only baseli
aseline
+ E . (GovExpworld’t’ i — GOVEXPyoridy, j)
]=

10
both targets baseline
- Zj—l (GovExpwor]d,t,j - GovExpWOI'ld,t,j) .

Here GOVEXD, ¢ o, GOvEXxp,. ., (1276 emissions only gn( GovExpwor,é’;’”’ targets gre the world's total government
expenditures in scenarios 1, 2, and 3, respectively (computed using the per-capita values from

the optimization problems multiplied by the future population projection from the World Bank).
GovExp,,,, df’ase””e are the baseline government expenditures. The assumption is that going forward,
global government expenditures in each COFOG category will grow proportionally to the growing

global GDP as follows:

baseline future projection

GOVEXPyorld,j.t = Swortdjit - GDPyorig

for each COFOG categoryj =1,..,10, year t = 2025,...,2030.
Intra-sectoral synergies under the fungibility assumption are calculated as follows:

Synergyfunglblhty

10
_ HDI only GHG emissions only
= E ) (max (GovExpworld £ GOVEXD yond e, ] )
J

10
baseline both targets baseline
- GovExpworld’t'j) - E » (GovExpworld’t’j — GOVEXDyoridyt,
]:
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Appendix 2. Excerpt from the Cities Quantification Table

Climate Action “ Physical Impacts Monetary Impacts m

Thermal retrofits
of residential

10-35% increase in
hours within thermal

Up to $9,440/person/
year in avoided

Ruiz-Valero, L.,
etal, 2025

buildings comfort zone health costs
20-60% reduction in Up to 67,500 jobs
indoor PM,, and NO,  created (depending
on retrofit scale)
Urban Tree Air temperature (Tair)  In Phoenix, a 5% Bai & Herath, 2024
Canopy reduction: 0.5-2.0°C increase in urban Scholz et al 2018
Expansion average, up to 9.4°C vegetation saved N

locally

PM, . removal: ~5.4
tons/year per 100,000
residents

$155 million/year in
electricity cooling bills

In Strasbourg, trees
absorb 5 tons of PM
annually, avoiding
~$1.2 million/year
in health-related
externalities

25

Yang et al., 2023
Pascal et al, 2019

Low Emission

10—44% reduction in

Estimated

Schucht et al,, 2015

Zones roadside NO, across  health-related Sabel et al, 2016
European LEZ cities economic benefits:
15-55% reductionin  €120~475 million/
traffic-related PM, year per city (based
and black oarbon on pollution exposure
emissions modelling)

Cool Roofs 1.5-4°C surface Energy cost savings: Sharifi, 2021;
temperature reduction  20-62% reduction Macintyre &
20-69% reduction in cooling-related Heaviside, 2019;
; ; lectricity expenditure Rosenfeld
n cooling ener € Yy exp
l "o 9y etal, 1995

demand

Up to 70% reduction
in future cooling
energy needs

when combined
with ventilation

and shading

System-wide demand
reduction: up to 70%
when combined with
ventilation/shading

Net Present Value
of cool roof retrofit
programs: $4.4—
$8.4 billion (major
US cities)
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Endnotes

https://sdgs.un.org/publications/synergy-solutions-climate-and-sdg-action-bridging-ambition-gap-future-we-
want-56106
https://sdgs.un.org/synergy-solutions-world-crisis-tackling-climate-and-sdg-action-together

https://data.imf.org/Datasets/GFS_COFOG
https://unctadstat.unctad.org/datacentre/dataviewer/US.GovExpenditures

Data source: Human Development Report Office (HDRO), https://hdr.undp.org/data-center/human-development-index#/
indicies/HDI

Data source: Emissions Database for Global Atmospheric Research (EDGAR), https://edgar.jrc.ec.europa.eu/
report_2024?vis=ghgpop#emissions_table

Data sources: International Monetary Fund (IMF), https://data.imf.org/Datasets/GFS_COFOG; United Nations
Conference on Trade and Development (UNCTAD) Data Hub, https://unctadstat.unctad.org/datacentre/dataviewer/
US.GovExpenditures

Data source: World Bank World Development Indicators (WDI), https://data.worldbank.org/indicator/NY.GDPPCAPPPKD
Data source: World Bank World Development Indicators (WDI), https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS
Data source: IMF World Economic Outlook (WEQ), https://www.imf.org/external/datamapper/datasets/WEQO

Data source: World Bank Population estimates and projections, https://databank.worldbank.org/source/population-esti-
mates-and-projections


https://sdgs.un.org/publications/synergy-solutions-climate-and-sdg-action-bridging-ambition-gap-future-we-want-56106
https://sdgs.un.org/publications/synergy-solutions-climate-and-sdg-action-bridging-ambition-gap-future-we-want-56106
https://sdgs.un.org/synergy-solutions-world-crisis-tackling-climate-and-sdg-action-together
https://data.imf.org/Datasets/GFS_COFOG
https://unctadstat.unctad.org/datacentre/dataviewer/US.GovExpenditures
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://edgar.jrc.ec.europa.eu/report_2024?vis=ghgpop#emissions_table
https://edgar.jrc.ec.europa.eu/report_2024?vis=ghgpop#emissions_table
https://data.imf.org/Datasets/GFS_COFOG
https://unctadstat.unctad.org/datacentre/dataviewer/US.GovExpenditures
https://unctadstat.unctad.org/datacentre/dataviewer/US.GovExpenditures
https://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS
https://www.imf.org/external/datamapper/datasets/WEO
https://databank.worldbank.org/source/population-estimates-and-projections
https://databank.worldbank.org/source/population-estimates-and-projections
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