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Executive Summary

The global polycrisis is a problem of causal connections, not a list of separate emergencies.
Pollution, global warming, and poverty do not merely coexist. They feed one another through
shared stresses, domino effects, and self-reinforcing feedback loops, and the combined harm
exceeds what each crisis would produce alone. A mitigation strategy therefore succeeds or fails
on how well it weakens those connections (Lawrence et al., 2024; Homer-Dixon & Rockstrom,
2022).

The evidence has hardened. Humanity has transgressed six of nine planetary boundaries,
including the boundary for novel chemical entities (Richardson et al., 2023). Pollution kills
roughly 9 million people a year across air, water, lead, and occupational exposures (Fuller et al.,
2022). Atmospheric carbon dioxide passed 425 parts per million in 2024, and the planet now
runs at about 1.2°C above pre-industrial levels (NOAA, 2025; NASA GISS, 2025). Roughly 700
million people remain in extreme poverty, and nearly half the world lives on less than $6.85 a
day (World Bank, 2024). These numbers concentrate in the same places. The regions that carry
the heaviest pollution and climate burdens also carry the deepest poverty, which is why treating
each crisis as a separate file keeps losing.

The policy conclusion follows from the framework. Fund interventions that break feedback loops
before interventions that merely manage single crises. Three shifts matter most. First, assess
crises together rather than in silos, so that every major policy is stress-tested against its effects
on adjacent systems. Second, redesign the architecture of tightly coupled global systems,
building firebreaks at points where energy, food, finance, and health interact. Third, exploit the
handful of high-leverage points where a modest intervention produces systemic effects: clean
energy for the poor, circular material flows, adaptive social protection, and reformed
development finance.

The sector playbook is concrete. The pollution cycle can be shortened through source
reduction, circular economy standards, clean household energy, and multi-pollutant regulation
that cuts particulates, methane, and plastic leakage in the same act (UNEP, 2024; WHO, 2024).
Global warming can be stabilized by completing the exit from fossil energy, protecting carbon
sinks, and scaling adaptation as a complement rather than a substitute for mitigation (IPCC,
2023; IEA, 2024). Poverty can fall without repeating the pollution cycle if growth is paired with
clean energy access, human capital, and adaptive social protection (\World Bank, 2024; [EA,
2024). None of this is cheap, but the financing gap is smaller than the cost of inaction, and the
instruments exist: development bank reform, blended finance, carbon pricing with cash-back,
debt-for-nature and debt-for-adaptation swaps, and special drawing rights reallocation (Songwe,
Stern & Bhattacharya, 2022; CPI, 2023).

The report closes with a binding directive for evaluating any future mitigation proposal: measure
a policy by whether it weakens the causal connections among pollution, warming, and poverty,
not by whether it moves a single sectoral indicator. A proposal that wins in one system while
strengthening a loop in another is not mitigation. It is deferral with interest.
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1. The Polycrisis Framework: Entanglement, Not a List

From many crises to one entangled system

A global polycrisis is the causal entanglement of crises in multiple global systems in ways that
significantly degrade humanity's prospects (Lawrence et al., 2024). The definition excludes
coincidence. The world does not face a random pile of bad news. It faces emergencies that
make each other worse, and the combined harm exceeds what each crisis would produce
alone.

The distinction changes policy. A list-of-problems frame produces ministries, budgets, and
dashboards organized by sector, each optimizing against its own crisis. An entanglement frame
produces an obligation to identify where one crisis drives another and to intervene on the
connection. A climate policy that ignores the poverty consequences of carbon pricing can
deepen poverty, which then erodes the political coalition for climate action. A poverty program
built on cheap coal-fired electrification reduces income poverty while raising the pollution and
climate burden that keeps poor households sick and exposed. Both are failures of connection,
not of effort.

The term earned its working meaning through the Cascade Institute, which defined a global
polycrisis in 2022 and then supplied a full causal framework in Global Sustainability in 2024
(Homer-Dixon & Rockstrom, 2022; Lawrence et al., 2024). The framework borrows from
systemic risk research but makes a sharper claim. Systemic risk concerns potential harms. A
polycrisis concerns realized harms, already propagating across systems, that no single
institution can contain. That is why the concept has moved from academic term to working
frame for institutions such as the World Bank, whose 2024 poverty report carries the subtitle
Pathways Out of the Polycrisis (World Bank, 2024).

The causal machinery

The causal machinery has three standard forms (Lawrence et al., 2024). Common stresses
weaken several systems at once. Domino effects let a crisis in one system trigger a crisis in
another. Inter-systemic feedbacks make two or more crises amplify each other in a loop.

Common stresses are clearest in the Earth system. Greenhouse gas emissions have created a
planetary energy imbalance of roughly 1.36 watts per square meter, equal to the heat of about
one million Hiroshima-sized bombs every day (Hansen et al., 2023). That single stress now
drives heat waves, floods, crop failures, migration, and conflict simultaneously. The same stress
sits behind the transgression of six planetary boundaries, including climate change, biosphere
integrity, and novel entities (Richardson et al., 2023).
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Six of nine planetary boundaries are breached

ks the ﬁol!urrun dimension of the polycrisis.

Novel entities Breached

Climate change Breached

Biosphere integrity Breached

Land-system change Breached

Freshwater change Breached

Biogeochemical flows Breached

Ocean acidification Near breach

Atmospheric aerosol loading Safe
Stratospheric ozone Safe

Figure 1: Nine planetary boundaries: six transgressed as of 2023. The breach of the novel-entities boundary marks
the pollution dimension of the polycrisis. Source: Richardson et al. (2023), Science Advances.

Domino effects are the most legible pathway. The Covid-19 pandemic crashed a health system,
then an economy, then deepened inequality. The war in Ukraine triggered energy and food
crises that became inflation, which hit the poor hardest. Air pollution follows the same pattern in
slow motion. Ambient fine particulate matter alone kills more than 4 million people a year, and
most of those deaths land in low- and middle-income countries (WHO, 2022). Pollution is a
health crisis that becomes a poverty crisis, because sick households lose labor income and
spend scarce resources on treatment.

Feedback loops are the dangerous part. Poverty forces households toward cheap, dirty fuels.
Dirty fuels worsen air quality and warming. lliness and crop losses then deepen poverty.
Climate-driven migration strengthens nationalist politics in receiving countries. Nationalist
governments withdraw from cooperation. Weaker cooperation lets warming accelerate. These
loops need not be inevitable. They only need to be unbroken, and the strategy in this report
breaks them.

The stress-trigger model

One mechanic makes the loops legible. Lawrence et al. model a crisis as a slow-moving stress
meeting a fast-moving trigger (Lawrence et al., 2024). Stresses accumulate for years: inequality,
resource scarcity, ecological degradation. They shallow the basin of stability. A trigger then
arrives: a price spike, an invasion, a heat wave, a bankruptcy. The crisis is what happens when
the trigger lands in a system whose stability has already eroded. This model explains why
similar shocks now produce larger crises than they once did, and why prevention must target
the accumulated stress, not only the anticipated trigger.

Table 1 summarizes the planetary boundary evidence that anchors the rest of the report. The
six breached boundaries are not separate problems. They are the shared biophysical stress
field in which pollution, warming, and poverty interact.
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Boundary ________Status ___Direction __Evidence _________ ________ |

Climate change Breached Worsening 425 ppm CO2; 1.2°C anomaly (NOAA 2025; NASA
GISS 2025)

Biosphere integrity Breached Worsening Extinction rate tens to hundreds of times
background (IPBES 2019)

Novel entities Breached Worsening 350,000+ chemicals in commerce; plastics
ubiquitous (Persson et al. 2022)

Land-system change Breached Stable- Forest loss; soil degradation (Richardson et al.

worsening 2023)
Freshwater change Breached Worsening Blue and green water flows outside safe zone
(Richardson et al. 2023)
Biogeochemical flows Breached Worsening Nitrogen and phosphorus runoff (Steffen et al.

2015)
Ocean acidification Near breach Worsening Aragonite saturation falling (Richardson et al. 2023)
Atmospheric aerosol  Regional Mixed Regional PM2.5 exceedances (Richardson et al.
loading breach 2023)
Stratospheric ozone  Safe Recovering  Montreal Protocol success (Steffen et al. 2015)

The ozone row matters as proof that planetary boundaries can be pulled back. The Montreal
Protocol demonstrates that coordinated global action can restore a destabilized system. The
question for the polycrisis is whether that lesson scales to systems whose drivers are far more
deeply embedded in the economy.

Why the current polycrisis is different

This is not humanity's first polycrisis. The 1970s oil shocks entangled energy, inflation, and
geopolitics. The 2008-09 financial crisis entangled credit, food prices, and political unrest. The
current polycrisis differs in degree because the connections are denser and the planetary
stresses are deeper. Shipping lanes, power grids, supply chains, financial markets, and digital
platforms now transmit shocks across the world in hours rather than months. While this
connectivity tightened, the accumulated stress in the Earth system, breached boundaries,
degraded ecosystems, a loaded atmosphere, leaves less slack to absorb any given shock. A
drought that would have been a local hardship in 1970 now cascades through food prices,
migration, and political instability in weeks (Lawrence et al., 2024).

The practical consequence is that the old playbook, manage each sector, restore the status
quo, is structurally insufficient. The status quo is what generated the stress. A mitigation
strategy must change the architecture of the systems through which crises propagate, not just
patch the damage after each event.

The mitigation claim

The rest of this report argues one claim. Mitigate the polycrisis by weakening the causal
connections among pollution, warming, and poverty, not by fighting each crisis harder in
isolation. Sections 2 through 5 establish the three crises and their feedbacks. Sections 6
through 13 build the mitigation architecture, sector by sector, and close with a sequenced
roadmap. Every recommendation is tested against one question: does it weaken a loop, or does
it merely manage a symptom?
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2. The Pollution Cycle: Chemical Burden and Waste
Metabolism

The scale of the chemical burden

Pollution is the polycrisis component that most directly converts economic activity into human
death and ecosystem damage. The latest global assessment attributes about 9 million
premature deaths a year to air pollution, water pollution, lead, and occupational toxic exposures,
with more than 90 percent of those deaths in low- and middle-income countries (Fuller et al.,
2022). Air pollution alone, counting both ambient particulate matter and household smoke, kills
an estimated 6.7 million people annually (WHO, 2024). That is a public health emergency the
size of the pandemic every single year, and it has run for decades.

The burden is not distributed evenly. Household air pollution falls hardest on women and
children who cook with wood, charcoal, dung, or coal. Ambient air pollution falls hardest on the
residents of fast-growing cities that rely on coal, diesel, and open burning. Lead exposure
impairs cognitive development in hundreds of millions of children, with measurable losses in
lifetime earnings and national productivity (Fuller et al., 2022; World Bank, 2023). The economic
cost of pollution-related iliness and premature death is estimated at several percent of global
GDP each year, and the burden is regressive: it taxes the poor most heavily.

Air pollution dominates the mortality stack

urden is ~9M deaths per year.
4.2M

Ambient PM2.5

Household air pollution

Unsafe water and sanitation

Lead exposure

Occupational toxics

0 1 2 3 4 5
Attributable deaths per year (millions, source-specific)

Figure 2: Annual deaths attributable to major pollution channels, latest estimates. Household and ambient air
dominate the burden. Sources: Fuller et al. (2022); WHO (2024).

The waste metabolism

Pollution is a cycle, not a stock. Materials enter the economy, are used briefly, and then leak
into air, water, and soil. The plastics economy illustrates the mechanism precisely. Global
plastics production has grown from about 2 million tonnes in 1950 to more than 400 million
tonnes a year today, and the OECD baseline projects production to nearly triple by 2060
(OECD, 2022). Recycling captures a small fraction. Most plastic is landfilled, incinerated, or
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mismanaged, and mismanaged waste flows into rivers and oceans at a rate equivalent to a
garbage truck of plastic every minute (UNEP, 2021).

Plastics carry the polycrisis logic inside them. They are made overwhelmingly from fossil
feedstocks, so they bind the pollution cycle to the carbon cycle. They fragment into
microplastics that now appear in human blood, lungs, and placentas, with health effects still
being quantified. They concentrate in the same developing-country coastlines where fishing
livelihoods are already stressed. And their production is projected to consume a rising share of
the remaining carbon budget if current trends hold (OECD, 2022).

Plastics production outruns recycling by a widening margin

1200 - Swmree: RritaaNGETOAURtIGHCS Outiook (2022); projections are the baseline scenario to 2060.
== Recycled material

1000 +

800 -

600 A 2024 /410 Mt

400 -

Million tonnes per year

200 A

1960 1980 2000 2020 2040 2060
Year

Figure 3: Plastics production 1950-2024 with the OECD baseline to 2060. The gap between production and recycling
is the leakage engine of the pollution cycle. Source: OECD Global Plastics Outlook (2022).

Chemical pollution beyond plastics

Plastics are the most visible waste stream, but the chemical burden is broader. Humanity now
produces and circulates more than 350,000 chemicals, and only a small share have been
screened for safety (Persson et al., 2022). Persistent organic pollutants, heavy metals,
pesticides, and pharmaceutical residues accumulate in ecosystems and human bodies.
Nitrogen and phosphorus runoff from agriculture fuels dead zones in coastal waters. Sulfur
dioxide and nitrogen oxides from combustion acidify ecosystems and form secondary particulate
matter.

The planetary boundary framework captures this as the novel entities boundary: the rate at
which new chemical substances are introduced exceeds society's capacity to assess and
manage their risks. The boundary is breached, and the breach is not a single pollutant. It is the
throughput of a linear material economy: extract, manufacture, use, discard, leak (Persson et
al., 2022).
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level

Ambient PM2.5 Deaths/year 4.2 million Stable-high  Fossil combustion, industry,
dust
Household air Deaths/year 3.2 million Declining Solid fuel cooking and
pollution slowly heating
Water pollution Deaths/year 1.4 million Stable Untreated wastewater,
agriculture
Lead exposure Children with elevated ~800 Declining Informal recycling, paint,
blood lead million batteries
Occupational toxics Deaths/year 0.9 million Stable Mining, manufacturing,
agriculture
Plastic leakage Tonnes/year to aquatic ~9-14 Rising Mismanaged municipal
systems million waste

Sources: Fuller et al. (2022); WHO (2022, 2024); OECD (2022); UNEP (2021).

The economics of the pollution cycle

The pollution cycle persists because the market prices of polluting activities exclude their
damages. Air pollution alone carries an estimated global health cost above $8 trillion a year, and
the full pollution burden across all channels is larger still (World Bank, 2023; Fuller et al., 2022).
Those costs appear in household medical bills, lost wages, and shortened lives, but they do not
appear in the price of diesel, coal, or single-use plastic. The result is a systematic underpricing
of the dirtiest options and a systematic underinvestment in the clean ones.

Subsidies deepen the distortion. Global fossil fuel subsidies still run above a trillion dollars a
year, several times the annual investment in clean energy access (IMF, 2024). Repurposing
even a fraction of those subsidies toward clean cooking, particulate controls, and waste
infrastructure would change the economics of the pollution cycle overnight. The World Bank's
Detox Development work documents the arithmetic: environmentally harmful subsidies exceed
the financing needed for many core pollution controls, and their reform often improves fiscal
balances while cutting emissions (\World Bank, 2023).

Why the cycle persists

The pollution cycle persists because its costs are externalized and its benefits are concentrated.
Manufacturers do not pay for the disposal of their products. Households do not pay the full
health cost of the fuels they burn. Municipalities in low-income countries cannot finance waste
infrastructure at the scale required. The result is a system that optimizes for throughput and
discounts the damage.

Three features make the pollution cycle a leverage point rather than a lost cause. First, the
interventions are well evidenced. Clean household energy, low-sulfur fuels, particulate controls
on industry and transport, safe waste management, and lead remediation all have benefit-cost
ratios that rank among the best investments in public health (WHO, 2024; Fuller et al., 2022).
Second, the co-benefits are large. Cutting methane from landfills and open burning reduces a
potent greenhouse gas and a local air toxin in the same act. Third, the financing is small relative
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to the damages. The World Bank estimates that health damages from air pollution exceed $8
trillion a year, while the control costs are a fraction of that sum (World Bank, 2023). The
pollution cycle is not the hardest part of the polycrisis to break. It is the part where the returns to
intervention are most immediate and most measurable.
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3. Global Warming: An Accelerating Planetary Imbalance

The physics of the imbalance

Global warming is the simplest of the three crises to measure and the hardest to reverse. The
atmosphere now holds about 425 parts per million of carbon dioxide, a level not seen for
millions of years, and the planet has warmed roughly 1.2°C above pre-industrial levels (NOAA
2025; NASA GISS, 2025). The underlying energy imbalance is about 1.36 watts per square
meter, a heat surplus of roughly one million Hiroshima bombs per day, most of it absorbed by
the ocean (Hansen et al., 2023).

The rate matters as much as the level. Warming has accelerated from about 0.18°C per decade
over 1970-2010 toward a projected 0.27°C per decade under current policy trajectories
(Hansen et al., 2023). Every additional tenth of a degree expands the population exposed to
lethal heat, shrinks reliable crop zones, and raises the probability of crossing tipping points that
no adaptation budget can buy back.

The carbon curve and the heat curve move together

440 { Sources: NASA GISS global temperature (2025); NOAA Mauna Loa CO; (2025). Anomaly baseline 18801920 -1.50
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Figure 4: Global mean surface temperature anomaly and atmospheric COZ2 concentration, 1880-2025. The two
curves move together because the carbon cycle drives the heat. Sources: NASA GISS (2025); NOAA (2025).

The damages are already here

The damages are no longer projections. The World Meteorological Organization records that
each of the past decade's years ranked among the warmest on record, with 2023 the warmest
year measured to date (WMO, 2024). Heat extremes that were once rare are now routine.
Floods, droughts, and storms are displacing tens of millions of people annually, and the EM-
DAT disaster database shows climate-related disasters rising sharply since the 1980s (EM-
DAT, 2024). The Lancet Countdown documents the health consequences in real time: heat-
related deaths among people over 65, lost labor hours in agriculture and construction, and the
expanding range of vector-borne diseases (Lancet Countdown, 2024).
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Heat is the channel through which warming most directly attacks poverty. The International
Labour Organization estimates that by 2030, heat stress could cut global working hours by 2
percent or more, equivalent to tens of millions of full-time jobs, with agricultural and construction
workers in South Asia, sub-Saharan Africa, and Southeast Asia bearing the largest losses (ILO,
2022). Those are precisely the workers with the least savings, the least shade, and the least
access to cooling.

Heat stress hits outdoor labour in the poorest regions hardest

South Asia 5.3%
West Africa
Southeast Asia
Latin America
Middle East

Europe

North America

0 1 2 3 4 5 6
Projected working hours lost to heat stress by 2030 (%)
Figure 5: Heat stress losses: annual working hours lost to extreme heat by region under a mid-century warming

trajectory, and the growth in population exposed to dangerous heat days. Source: ILO (2022); Lancet Countdown
(2024).

The regional pattern of warming

Warming is global in cause and uneven in consequence. The Arctic warms several times faster
than the global average, which weakens the jet stream and shifts weather patterns across the
Northern Hemisphere. Land warms faster than ocean. Continental interiors and tropical latitudes
experience the sharpest increases in dangerous heat days, and the populations there have the
least cooling access (IPCC, 2022). South Asia, the Sahel, the Middle East, and parts of Central
America are emerging as heat stress hotspots, and those regions overlap heavily with poverty
concentration and political fragility.

The regional pattern changes the burden-sharing arithmetic. The countries that contributed least
to cumulative emissions face the largest damages per capita, and they have the smallest fiscal
capacity to adapt. That asymmetry is not a moral footnote. It is a structural driver of the
governance loop in Section 5: when the exposed see the emitters delaying, the cooperation
needed for mitigation erodes. A credible global mitigation strategy therefore has to include a
finance and technology transfer component large enough to make the exposed see a benefit
from staying in the cooperative frame.

Tipping points and irreversibility
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The most dangerous feature of warming is its irreversibility on policy timescales. Carbon dioxide
accumulates in the atmosphere for centuries, so emissions committed today lock in warming for
generations. Beyond roughly 1.5°C to 2°C, the risk rises of crossing tipping points: the collapse
of the West Antarctic and Greenland ice sheets, the dieback of the Amazon, the thaw of
permafrost, and the slowdown of the Atlantic overturning circulation (IPCC, 2022; Armstrong
McKay et al., 2022). Each tipping point would release carbon or destabilize climate patterns in
ways that accelerate the others.

Permafrost deserves particular weight. It stores roughly twice as much carbon as the
atmosphere. Its thaw releases carbon dioxide and methane on a schedule no mitigation plan
can outrun, and the release becomes self-sustaining once triggered. Protecting the Arctic and
the major tropical carbon sinks, the Amazon and the Congo Basin, is therefore not conservation
policy. It is climate stabilization policy of the first order (IPCC, 2023).

The emissions gap

The policy response remains far from the physics. The UNEP Emissions Gap Report finds that
current national pledges put the world on track for roughly 2.6°C of warming by 2100, and
current policies deliver closer to 2.9°C, against the 1.5°C goal of the Paris Agreement (UNEP
2024). Global CO2 emissions have not peaked. The Global Carbon Project estimates fossil
CO2 emissions at about 37 billion tonnes in 2024, a record (Global Carbon Project, 2024). To
hold 1.5°C within reach, emissions must fall roughly 40 percent by 2030 and reach net zero by
mid-century (IPCC, 2023).

The gap is not a technology gap. Solar, wind, batteries, and electric vehicles are now the
cheapest new energy options in most of the world, and their costs keep falling (IRENA, 2024).
The gap is a deployment gap, a finance gap, and a political-economy gap. Closing it requires
treating clean energy as development infrastructure rather than as a niche environmental good,
and treating the fossil exit as a managed transition with compensation for workers and
consumers rather than a shock. Section 8 takes up the mechanics.
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4. Poverty and Inequality: The Human Floor of the Polycrisis

The headcount and its limits

Poverty is both a driver and a vulnerability in the polycrisis. The World Bank estimates that
roughly 700 million people live below the international extreme poverty line of $2.15 a day, and
about 3.5 billion people, nearly half of humanity, live below the $6.85 line used for upper-middle-
income countries (World Bank, 2024). The trend is progress slowed to a crawl. Extreme poverty
fell from nearly 2 billion people in 1990 to about 650 million before the pandemic, then stalled
and partially reversed. At current rates, ending extreme poverty takes decades, and closing the
prosperity gap would take more than a century (World Bank, 2024).

The headcount understates the problem. The multidimensional poverty index, which counts
people deprived in health, education, or living standards, identifies about 1.1 billion people in
acute multidimensional poverty, more than half of them children (UNDP, 2024). One in five
children worldwide lives in extreme income poverty. The concentration is stark: sub-Saharan
Africa and South Asia together hold the large majority of the world's extreme poor, and fragile
and conflict-affected states account for a rising share (World Bank, 2024).

Extreme poverty has stalled; the $6.85 floor remains far away

5000 1 source: World Bank, Poverty, Prosperity, and Planet (2024). 2022-2024 values are nowaest &2ihalday (extreme)
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Figure 6: Extreme poverty ($2.15/day) and higher-standard poverty ($6.85/day) headcounts, 1990-2024. The $2.15
line shows stalled progress after 2020; the $6.85 line shows the scale of the remaining convergence task. Source:
World Bank Poverty, Prosperity, and Planet (2024).

Energy poverty as the binding constraint

Energy access is where poverty locks into the pollution cycle. About 685 million people still lack
electricity, and roughly 2.1 billion people cook with polluting fuels (IEA, 2024). Clean cooking
access has improved but remains far short of universal, and the health cost falls on women and

Page 16


https://www.worldbank.org/en/publication/poverty-prosperity-and-planet
https://www.worldbank.org/en/publication/poverty-prosperity-and-planet
https://hdr.undp.org/content/2024-global-multidimensional-poverty-index-mpi
https://www.worldbank.org/en/publication/poverty-prosperity-and-planet
https://www.iea.org/reports/sdg7-data-and-projections

children. Household air pollution from cooking kills more than 3 million people a year, more than
malaria and tuberculosis combined (WHO, 2024).

The energy-poverty trap runs in both directions. Poor households cannot afford clean energy, so
they burn biomass and kerosene, which damages their health and consumes their time. Il|
health reduces labor income, which keeps them too poor to switch fuels. Meanwhile, the same
households are the most exposed to the climate damages they contribute least to causing.
Breaking the trap requires treating clean energy access as poverty policy, health policy, and
climate policy in a single intervention.

Electricity access has raced ahead; clean cooking lags

Source: IEA, SDG7 Data and Projections (2024). =@==\Vithout electricity
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Figure 7: People without electricity and without clean cooking access, 2000-2024. Electricity access has expanded
rapidly; clean cooking lags and keeps the household air pollution death toll high. Source: IEA SDG7 Data and
Projections (2024).

Children, women, and intergenerational traps

The poverty dimension of the polycrisis is intergenerational in a specific way. About 412 million
children live in extreme poverty, one in five of the world's children, and poverty in childhood
compounds through nutrition, education, and health into lower adult earnings (World Bank
2024). Pollution cuts the same channel. Lead exposure and particulate matter impair cognitive
development precisely in the years when the brain builds its lifetime capacity, so a polluted
childhood is a tax on adult productivity collected decades later (Fuller et al., 2022).

Women carry a disproportionate share of the burden. Household air pollution from cooking falls
hardest on women and the children around them. Water collection and fuel gathering consume
hours of women's time that could go to education and paid work. Climate shocks push families
toward coping strategies, early marriage, school withdrawal, distress sales, that bind the next

generation to poverty. Interventions that reach women and children, clean cooking, safe water,
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cash transfers, girls' education, therefore pay twice: once in current well-being and once in the
human capital that breaks the trap.

Inequality as an amplifier

Inequality amplifies every other stress in the polycrisis. The same shock produces worse
outcomes in more unequal societies: the poor have thinner buffers, weaker claims on public
services, and fewer options to relocate or diversify. Within countries, the bottom 40 percent of
households are disproportionately exposed to flood zones, heat islands, and polluted air. Across
countries, the poorest economies borrow at higher interest rates, insure less, and recover more
slowly from disasters (World Bank, 2022).

The feedback runs the other way too. Climate and pollution shocks deepen inequality by
destroying the assets of the poor: a flood washes away a home, a drought kills a herd, a heat
wave erases a season of construction income. Each shock pushes households below
thresholds from which recovery is slow. The World Bank's assessment is blunt: about one in five
people will experience an extreme weather event in their lifetime, and the mitigation question is
whether that event is a setback or a spiral (World Bank, 2024).

The development logic of the polycrisis

The poverty data reframe the mitigation agenda. The countries that must grow fastest to end
poverty are the same countries whose emissions and material throughput will rise fastest if they
grow the way today's rich countries grew. The polycrisis therefore poses a specific question: can
the remaining poverty be eliminated without repeating the pollution and carbon history of the
first industrial transition? The answer depends on whether clean energy, circular material
systems, and adaptive social protection can be delivered at the frontier of cost and scale, which
is the argument of Sections 7 through 9.
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5. Feedback Loops: How Pollution, Warming, and Poverty
Compound

The loop architecture

The three crises entangle through a small set of feedback loops. Mapping them is not an
academic exercise. Each loop is a place where intervention can either amplify harm or break the
cycle, and the difference between those outcomes is the entire mitigation agenda.

The pollution-warming—-poverty feedback architecture

Solid arrows amplify; dashed green arrows are the intervention points the strategy targets.

Clean cooking - circularity - Clean energy - methane -
multi-pollutant control sink protection
| |
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Figure 8: The pollution-warming-poverty feedback architecture. Solid arrows are amplifying feedbacks; dashed
arrows are the intervention points the mitigation strategy targets. Source: author's synthesis of Lawrence et al.
(2024); IPCC (2023); World Bank (2024).

Loop 1: Poverty drives pollution drives poverty

The first loop runs through energy and waste. Poor households without clean energy burn
biomass and kerosene. The smoke sickens them, which cuts labor income and raises medical
spending, which keeps them too poor to switch fuels (WHO, 2024). At the municipal scale, low-
income cities cannot finance waste collection and treatment, so waste is burned in the open or
dumped in waterways. The resulting air and water pollution falls on the same residents,
compounding disease burdens and keeping the local tax base small (UNEP, 2024). The loop is
self-reinforcing and geographically concentrated.

Loop 2: Warming deepens poverty deepens exposure

The second loop runs through climate shocks. Warming raises the frequency of floods,
droughts, and heat waves. Each shock destroys assets, crops, and labor capacity among the
poorest households, who live in the most exposed locations and hold the least insurance. Asset
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loss deepens poverty. Deepening poverty pushes households into more marginal land, informal
settlements, and exposed livelihoods, which raises their exposure to the next shock (World
Bank, 2024; IPCC, 2022). Migration adds a second turn: climate displacement concentrates
people in cities that are themselves heat islands, and the stress spills into politics.

Loop 3: Warming amplifies pollution amplifies warming

The third loop runs through chemistry and fire. Warming increases ground-level ozone and
lengthens fire seasons, which raises particulate exposure. Black carbon from dirty combustion
warms the atmosphere while it kills. Methane from landfills, wetlands, and thawing permafrost is
both a climate forcer and a precursor of ozone pollution (IPCC, 2023; UNEP, 2021). Plastics
production, which is petrochemical production, ties the waste cycle back to the carbon cycle.
Each turn of the loop makes the next cheaper to trigger and more expensive to reverse.

Loop 4: Governance under stress

A fourth loop runs through institutions. Repeated shocks erode trust in governments. Eroded
trust makes collective action harder, which slows the response to the next shock. Fiscal
pressure from disasters crowds out long-term investment, including the investment that would
reduce disaster risk. Debt distress in climate-vulnerable countries then raises borrowing costs,
further shrinking the fiscal space for adaptation (World Bank, 2024; UNCTAD, 2024). This loop
explains why the financing architecture matters as much as the technologies. A country paying
15 percent on sovereign debt cannot finance a 7 percent return solar transition, even when the
economics are favorable.

Reading the loop map quantitatively

The loops can be read quantitatively, and the multipliers matter for policy. Household air
pollution kills more than 3 million people a year and burns roughly a fifth of global black carbon
emissions, so clean cooking is simultaneously a health, climate, and gender intervention (WHO,
2024; IEA, 2024). Methane is about 80 times more potent than CO2 over twenty years, so
landfill and leak controls buy near-term cooling while cutting ozone precursors (UNEP, 2024).
Cash transfers in drought years keep children in school and livestock alive, which preserves the
asset base that determines whether a household recovers or descends (World Bank, 2024).

The multipliers also reveal the bad deals. Coal-fired electrification reduces energy poverty at the
cost of particulate deaths and carbon lock-in that fall on the same region. Open dumping of
waste is cheap in the first year and expensive forever after, in disease, methane, and lost land
value. The loop map is not an abstract diagram. It is a pricing model for the hidden second and
third orders of every policy choice.

Why loops beat lists

The loop map changes the priority order. A list-of-problems approach ranks crises by headline
severity and assigns each to its ministry. A loop approach ranks interventions by how many
loops they weaken. Clean cooking access weakens Loop 1 directly and Loops 2 and 3 indirectly
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through reduced black carbon and avoided deforestation. Adaptive social protection weakens
Loop 2 by converting shocks into setbacks instead of spirals. Methane capture at landfills
weakens Loop 3 and delivers local air quality benefits. Development finance reform weakens
Loop 4 and thereby makes every other intervention cheaper.

The metric follows from the map. For each candidate intervention, the analyst should ask three
questions. Which loops does it weaken? Which loops, if any, does it strengthen? And who
absorbs the transition cost? An intervention that weakens two loops but strengthens a third is
still net positive only if the strengthened loop is slower and smaller than the weakened ones.
The mitigation architecture in the next section turns this logic into a screening rule.
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6. The Mitigation Architecture: Break Loops, Not Just
Symptoms

The screening rule

The architecture begins with a rule. Every mitigation proposal should be screened against the
loop map: does it weaken the causal connections among pollution, warming, and poverty, or
does it merely manage one symptom while leaving the connections intact? The rule excludes no
sector, but it changes the ranking inside every sector. A coal plant that reduces energy poverty
strengthens the pollution and warming loops and fails the screen. A clean cooking program that
cuts household air pollution, reduces black carbon, and frees women's labor weakens three
loops at once and passes it easily.

The rule has a corollary. Prefer interventions with co-benefits across at least two of the three
crises, because the loop structure rewards them disproportionately. Multi-pollutant regulation,
clean energy access, circular material standards, adaptive social protection, and development
finance reform all qualify. They are the five load-bearing beams of the architecture.

System architecture before events

Lawrence et al. draw three policy implications from the polycrisis framework (Lawrence et al.,
2024). First, focus on crisis interactions rather than isolated crises. Integrated assessment is the
practical instrument: test every major policy against its effects on adjacent systems before
adoption. A policy that wins in one system can lose in three others. Second, address system
architecture, not just events. Strengthen dampening feedbacks wherever amplifying ones are
running. Build firebreaks at points of systemic vulnerability: buffer stocks against simultaneous
breadbasket failures, restrictions on wildlife trade to reduce spillover risk, and redundancy in
critical infrastructure. Evaluate resilience alongside efficiency, because a system optimized
purely for efficiency becomes homogeneous, and homogeneous systems fail together. Third,
exploit high-leverage intervention points. Complex systems with strong feedbacks offer a small
number of places where a modest action produces outsized effects, and the most influential
nodes are not always the most visible (Meadows, 1999).

Energy is the most influential node in the current polycrisis. Its price and availability propagate
into food, transport, health, and the economy at once. Clean energy is therefore the master
intervention, but only when deployed in a way that reaches poor households rather than
bypassing them.

The five load-bearing beams

Five intervention families carry the architecture. Source reduction and circularity shorten the
pollution cycle. Clean energy access breaks the energy-poverty trap while cutting the emissions
that drive warming. Adaptive social protection converts climate shocks into setbacks instead of
spirals. Sink protection and nature-based solutions stabilize the biophysical commons.
Reformed development finance lowers the cost of capital so all of the above become affordable
where they are needed most. Sections 7 through 11 develop each beam in turn.
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Sequencing and the politics of early wins

The architecture fails if its first moves are its hardest moves. Carbon pricing without
compensation, fossil subsidy removal without replacement energy, conservation without
community benefit, each of these can strengthen the governance loop by mobilizing opposition
faster than it delivers benefits. The architecture therefore sequences for political durability: lead
with interventions whose beneficiaries are visible and whose costs are diffuse. Clean cooking,
methane controls, urban air quality, adaptive cash transfers, and permitting reform all qualify.
They deliver measurable wins within electoral cycles, and each win builds the coalition for the
next, harder move.

The same logic applies across countries. High-income countries should absorb the transition
costs they can afford and export the technologies that make the clean path cheaper for
everyone else. Middle-income countries should deploy the cheap renewables and efficiency
options first, deferring the industrial deep cuts until the grid and the fiscal base are ready. Low-
income countries should front-load the poverty-pollution loop breakers, clean cooking, water,
sanitation, land tenure, which are cheap, fast, and prerequisites for everything else.

Priority by country position

One matrix does not fit every country. The World Bank distinguishes three positions (\World
Bank, 2024). Low-income countries should prioritize poverty reduction through growth and cuts
in multidimensional poverty. Middle-income countries should pursue growth that lowers
vulnerability while decarbonizing its carbon intensity, because that is where the poverty-climate
trade-off binds hardest. High-income and upper-middle-income countries should move fastest
on the low-carbon transition and manage its distributional costs, since they account for the large
majority of historical and current emissions.

Country group

Low-income, high- Cut multidimensional poverty  Clean cooking, distributed renewables, adaptive

poverty without locking in pollution social protection, land tenure, basic water and
sanitation

Middle-income, Decarbonize growth while Grid decarbonization, industrial efficiency, resilient

high-vulnerability  lowering exposure infrastructure, circular waste systems, disaster risk
finance

Upper-middle and  Exit fossil energy fast; manage Carbon pricing with cash-back, electrification, sink

high-income transition costs protection, green industrial policy, transition
compensation

Fragile and conflict- Stabilize before optimizing Humanitarian energy access, shock-responsive

affected transfers, debt relief, institution building

Sources: World Bank (2024); IEA (2024); UNEP (2024).

Two cross-cutting conditions hold in every group. The first is finance, which is the binding
constraint on the whole architecture. The second is data: fewer than half of the world's countries
have a household survey recent enough for poverty monitoring, so much of the polycrisis is
currently managed blind (World Bank, 2024). Measurement is not a technical footnote. It is the
sensor array for the strategy.
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7. Ending the Pollution Cycle

Source reduction before cleanup

The pollution cycle shortens fastest at its source. The hierarchy is well established: prevent
waste and emissions before they occur, reduce material throughput, reuse what cannot be
prevented, recycle what cannot be reused, and dispose safely only what remains (OECD, 2022;
UNEP, 2024). Source reduction outperforms cleanup on every margin. It costs less, creates
fewer rebound effects, and cuts the health burden where it is generated rather than after it has
dispersed.

For plastics, source reduction means product design rules, extended producer responsibility,
and binding limits on single-use items where substitutes exist. The OECD baseline shows that
even ambitious recycling and disposal reforms leave plastic leakage rising without a cut in
primary production (OECD, 2022). The international plastics treaty under negotiation is the right
instrument, and its effectiveness will be measured by whether it caps production rather than
only managing waste (UNEP, 2024).

Clean air through multi-pollutant control

Air pollution responds to a playbook that is both old and underfunded. The interventions are
cleaner transport, cleaner industry, clean household energy, better municipal waste
management, and low-carbon health systems (WHO, 2024). Reaching the first WHO interim
target for fine particulate matter would save hundreds of thousands of lives a year, and the
benefits compound with each step toward the guideline level.

Multi-pollutant control is the highest-leverage version of the playbook. The same combustion
sources emit particulates, black carbon, sulfur dioxide, nitrogen oxides, and methane.
Regulating them together captures climate and health co-benefits that single-pollutant programs
miss. Landfill methane capture, for instance, cuts a potent short-lived climate forcer while
reducing local odor, explosive risk, and ozone precursor emissions in the same act (UNEP
2021).

Clean household energy as the pivot

Household energy deserves special weight. The 2.1 billion people cooking with polluting fuels
generate a large share of global black carbon and household PM2.5, and the deaths
concentrate among women and children (IEA, 2024; WHO, 2024). Clean cooking programs are
among the few interventions that weaken all three core loops at once: they cut the poverty-
pollution loop by improving health and freeing labor time, they cut the warming-pollution loop
through reduced black carbon and avoided biomass harvest, and they cut the poverty-warming
loop by reducing the pressure on forests that stabilize local climate.

The financing ask is modest in polycrisis terms. Universal clean cooking access by 2030
requires on the order of $8 billion a year, a fraction of the annual health cost of household air
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pollution (IEA, 2024). The barrier is not cost. It is the fragmentation of delivery across health,
energy, and environment budgets, none of which owns the outcome.

The co-benefit ledger

The strongest argument for multi-pollutant and circular interventions is the co-benefit ledger. A
dollar spent on clean cooking buys health, gender, climate, and forest outcomes at once, and
the measured benefit-cost ratio routinely exceeds the ratios of single-sector programs (IEA,
2024; WHO, 2024). A dollar spent on landfill methane capture buys near-term cooling, local air
quality, and reduced fire risk. A dollar spent on safe sanitation buys child survival, school
attendance, and cleaner water for downstream users. In each case the intervention weakens at
least two loops, which is why the loop-screen ranking puts these investments ahead of single-
crisis programs with equal headline returns.

The ledger runs the other way as well. Fossil fuel subsidies buy cheap energy today and
purchase pollution deaths, carbon lock-in, and fiscal strain on the same bill. The subsidy reform
agenda is therefore a pollution policy in disguise, and the cash-back design that protects poor
households is what makes it politically viable (IMF, 2024).

Water, waste, and lead

Water pollution and lead follow the same logic with different instruments. Safe sanitation and
wastewater treatment have the highest benefit-cost ratios of any infrastructure class in low-
income settings, and they protect the water bodies that downstream cities drink from (Fuller et
al., 2022). Lead remediation, particularly the phase-out of lead paint, lead-acid battery recycling
controls, and contaminated site cleanup, delivers cognitive and earnings gains that last a
lifetime (World Bank, 2023). Both are classic cases of prevention priced far below cure.

The circular economy as the exit

The long-run exit from the pollution cycle is a circular material economy in which waste is
designed out rather than managed at the end of the pipe. That means product passports,
recycled content mandates, repair rights, and procurement standards that reward durability
(UNEP, 2024). The circular economy is sometimes framed as an environmental luxury. In
polycrisis terms it is the opposite: it is the mechanism that decouples poverty reduction from
pollution, which is the only way the remaining development can proceed without re-toxifying the
planet.
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8. Stabilizing the Climate

Mitigation first, adaptation in parallel

The priority order is mitigation first, adaptation second, and both financed together. Adaptation
is an urgent complement, not a substitute, because warming is already here and locked-in
damages will grow for decades whatever happens to emissions (UNEP, 2024). But adaptation
has limits. Beyond certain temperature levels, coastal retreat, lethal heat, and crop failure
cannot be adapted away at any price. Every tonne of carbon not emitted is a tonne that does
not have to be adapted to.

The mitigation task is defined by the carbon budget. To hold 1.5°C within reach, global CO2
emissions must fall roughly 40 percent from 2024 levels by 2030 and reach net zero around
mid-century (IPCC, 2023; UNEP, 2024). The required rate of decline has no historical
precedent, but the component technologies do. Solar, wind, and batteries are now the cheapest
new electricity sources in most of the world, and their levelized costs have fallen by 80 to 90
percent since 2010 (IRENA, 2024).

Solar and wind crossed the cost frontier in a decade

Source: IRENA, Renewable Power Generation Costs in 2023 (2024). Battery storage shown seferatSiglar Ry (§#&WnD0/kWhin2015to 139/kWh in 2023.
10° 4 == Onshore wind ($/kWh)

Levelized cost (log scale)
=)

2010 2012 2014 2016 2018 2020 2022 2024
Year

Figure 9: Levelized cost declines for solar PV, onshore wind, and lithium-ion battery storage, 2010-2024. The cost
frontier has moved faster than most policy assumptions. Source: IRENA (2024).

Electrify everything, supply it cleanly

The decarbonization sequence is electrify everything, supply the electricity cleanly, and back it
with storage, grids, and demand flexibility. Transport, heating, and much of industry can run on
electricity where today they run on combustion. The International Energy Agency's net zero
pathway puts renewables and nuclear at the center of a power system that roughly doubles in
size while its emissions fall toward zero (IEA, 2024).

The binding constraints are no longer primarily technological. They are permitting, grids, supply
chains for critical minerals, and finance in emerging markets, where most of the future
emissions growth would otherwise occur. Grid investment in particular lags generation
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investment by a wide margin, and permitting delays now exceed construction times in many
jurisdictions. These are solvable bottlenecks, but they require the same seriousness of purpose
that went into the fossil fuel build-out of the twentieth century.

The mitigation wedge closes the emissions gap by 2030

40 - Stylized pathways consistent with UNEP Emissions Gap Report (2024) and IEA World Energy Outlook (2024).
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Figure 10: Global CO2 pathways: current policies, current NDCs, and a polycrisis-mitigation scenario consistent with
1.5°C. The mitigation wedge comes from clean power, electrification, efficiency, and methane. Sources: UNEP
Emissions Gap Report (2024); IEA (2024).

Methane as the near-term lever

Methane is the fastest available climate win. It is about 80 times more potent than CO2 over 20
years, and its main sources, oil and gas leaks, landfills, livestock, and rice, offer abatement
options at low or negative cost (UNEP, 2024). Cutting methane emissions 45 percent by 2030
would shave a meaningful fraction of a degree off mid-century warming and buy time for the
slower CO2 transition. Methane abatement doubles as pollution policy, because methane is a
precursor of ground-level ozone. The same leak repairs and landfill controls that cool the near
term also clean the air people breathe.

Critical minerals and supply chains

The clean transition has its own material metabolism, and it must not reproduce the pollution
cycle it replaces. Solar, wind, batteries, and grids require lithium, cobalt, nickel, copper, and rare
earths, and the mining and processing of those minerals carry water, waste, and labor risks
concentrated in a small number of producing countries. The International Energy Agency
projects a large increase in critical mineral demand by 2040, and the geographic concentration
of processing is tighter than the concentration of reserves (IEA, 2024).

The mitigation answer is not to slow the transition. It is to govern the mineral supply chain with
the same loop logic: recycling and urban mining to reduce primary demand, processing
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standards that cut emissions and tailings risk, and benefit-sharing with mining communities so
that the clean transition does not become a new extractive bargain. The circular economy and
the clean energy economy are the same project viewed from two ends of the material cycle.

Sinks: protect the biophysical commons

Emissions cuts are necessary and insufficient. The land and ocean currently absorb about half
of human CO2 emissions, and that service is degrading. Forest loss, soil degradation, and
warming oceans all weaken the sinks that stabilize the system (IPCC, 2023; IPBES, 2019).
Protecting the Amazon, the Congo Basin, and permafrost regions is therefore climate policy of
the first order, not conservation charity. The Dasgupta Review makes the economic case:
nature is an asset that produces ecosystem services, and treating it as free income has been
the great accounting error of the growth model (Dasgupta, 2021).

Sink protection intersects with poverty in both directions. Payments for ecosystem services can
transfer income to the rural poor who steward the land. But poorly designed conservation can
exclude communities from livelihoods and deepen poverty, which then raises pressure on the
resource. Sink policy must therefore be built with communities as co-owners, a principle the
Amazonian and Congo Basin partnerships have begun to codify.

The transition must be managed

The fossil exit will fail politically if it is imposed as a shock. Carbon pricing works best when the
revenue returns to households as a dividend, which protects the poor and preserves the
coalition for higher prices (IMF, 2024). Worker and community transition funds convert stranded-
asset losers into stakeholders. Industrial policy for clean technology can accelerate deployment
and build export capacity, provided it avoids capture by incumbents (World Bank, 2024). The
green transition is not a technical problem with political obstacles. It is a political-economy
problem with technical solutions already on the shelf.
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9. Ending Poverty Without Repeating the Pollution Cycle

The convergence challenge

Poverty reduction works when growth is broad-based and paired with investment in human
capital, infrastructure, and institutions. It fails when shocks erase the gains faster than growth
creates them. The polycrisis raises the stakes on both sides. The countries that need the fastest
income growth are the most exposed to climate and pollution shocks, and their growth path will
determine whether the planet's carbon and chemical budgets survive the convergence (\World
Bank, 2024).

Convergence has been real in East Asia and elusive in Africa

SUITe: 18804 Bank World Development Indicators; author's calculations, PPP terms.
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Figure 11: Income per capita by region relative to the advanced-economy average, 1990-2024. The gap closed for
East Asia and stalled or widened for much of Africa and parts of Latin America. Source: World Bank World
Development Indicators; author's calculations.

The convergence gap is the honest metric. Ending extreme poverty is the floor; closing the gap
to advanced-economy living standards is the development ambition, and it remains enormous
for sub-Saharan Africa and parts of South Asia. If that gap closes on the historical fossil path,
emissions and pollution would blow past every planetary boundary. If it closes on the clean
path, the same growth becomes the largest single driver of global decarbonization. The path is
a choice, and the choice is made through energy, urban, and social policy.

Clean energy access as development policy

The highest-leverage poverty intervention is clean energy access. Electricity powers schools,
clinics, refrigeration, and productive enterprise. Clean cooking removes the household smoke
that kills millions and consumes hours of women's time daily. Distributed solar and batteries now
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reach off-grid communities faster and cheaper than grid extension in many rural settings, and
mini-grids are closing the reliability gap (IEA, 2024).

The financing model matters as much as the technology. Pay-as-you-go solar proved that poor
households will pay for energy services when the upfront cost is removed and the service is
reliable. Results-based financing can crowd in private capital where the counterparty risk is the
barrier. Public finance should concentrate on the last-mile cases the market will not reach, and
on the productive uses, irrigation, cold chains, workshops, digital services, that turn energy
access into income growth rather than lighting alone.

Adaptive social protection

Adaptive social protection is the mechanism that keeps shocks from becoming poverty spirals.
Cash transfers that scale up automatically when drought, flood, or price shocks hit convert a
multi-year setback into a temporary dip. Linking social registries to early warning systems lets
governments act before the shock peaks, at a fraction of the cost of post-disaster relief (VWorld
Bank, 2024). Insurance against extreme weather, whether index-based crop insurance or
sovereign catastrophe pools, protects assets rather than merely compensating their loss.

The evidence base is strong. Cash transfers in climate-vulnerable regions improve food
security, keep children in school, and prevent distress asset sales. The gap is coverage: most of
the world's poorest households still lack any shock-responsive safety net, and the countries
most exposed to climate shocks have the thinnest social protection systems (UNDP, 2024).

Human capital: the other clean fuel

The clean path runs on human capital as much as on electricity. The countries that escape
poverty fastest are the ones that convert young populations into educated, healthy, and mobile
workforces, and the polycrisis makes that conversion harder and more urgent at once. Heat and
pollution impair learning directly: children in hot classrooms score worse, and particulate
exposure depresses cognitive performance. Health shocks pull children out of school and push
households into debt. The human capital agenda, nutrition, early childhood development, basic
health, girls' education, skills for the clean economy, is therefore a mitigation investment in the
strict sense. It builds the workforce that installs, operates, and improves the clean infrastructure.

The returns are measurable. The World Bank's human capital index shows that a child born
today in a low-income country can expect to achieve less than half of her productive potential,
and closing that gap is among the highest-yield investments available to any economy (\World
Bank, 2024). In polycrisis terms, human capital is the asset that makes households resilient to
shocks and economies capable of absorbing new technology. It deserves the same financing
priority as grids and dams.

Resilient cities and food systems

Urbanization is the medium through which the next billion people will escape or remain in
poverty. Cities that grow by informal sprawl lock in flood exposure, heat islands, and transport
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poverty for decades. Cities that plan for density, public transport, green space, and resilient
infrastructure capture the productivity of agglomeration while lowering the pollution and climate
burden per person (IPCC, 2022). The same logic applies to food systems. Climate-resilient seed
varieties, irrigation efficiency, soil restoration, and reduced post-harvest loss raise farm incomes
while cutting the land and water footprint of agriculture (FAO, 2023).

Growth without the historical footprint

The clean path requires decoupling income growth from material and carbon throughput. The
historical record offers no full precedent, but the technology frontier has changed the terms.
Renewable electricity, electric mobility, circular materials, and digital services can deliver more
well-being per tonne of throughput than the fossil path ever could (IRENA, 2024). The constraint
is not physics. It is finance, institutions, and the willingness of high-income countries to share
the technologies and capital that make the clean path cheaper than the dirty one.
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10. Financing the Transition

The gap is large, and it is a spread problem

The financing gap for the polycrisis response is conventionally measured in trillions. Climate
finance flows reached about $1.3 trillion a year in 2021-2022, roughly double their level of a
decade earlier, yet the estimated need for the clean transition, adaptation, and resilience is at
least $6 trillion a year through 2030 (CPI, 2023; Songwe, Stern & Bhattacharya, 2022). The
development financing gap for the Sustainable Development Goals is of the same order (UN,
2023).

The aggregate gap understates the binding constraint. The real problem is the spread: the
countries that need the capital most face the highest costs. A solar project that clears a 5
percent hurdle in Germany must clear 12 to 15 percent in a frontier market, because of currency
risk, political risk, and shallow local capital markets. The same physics and the same technology
produce a negative return in one place and an unbankable project in another. The Songwe-
Stern-Bhattacharya report estimates that the cost of capital alone can double or triple the
delivered cost of clean energy in emerging markets (Songwe, Stern & Bhattacharya, 2022).

The finance gap is widest where the cost of capital is highest

Sources:CLH(2023);-Songwe; Stern.&-Bhattacharya (2022);-1EA.(2024); UNEP Adaptation.Gap:(2024)-indicative orders of magnitude.
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Figure 12: Annual climate and development finance flows versus estimated needs. The gap is concentrated in
adaptation and in emerging-market clean investment, where the cost of capital is highest. Sources: CPI (2023);
Songwe, Stern & Bhattacharya (2022); UNEP Adaptation Gap (2024).

Instruments that lower the spread

The instrument portfolio must lower the cost of capital, not just increase its volume.
Development bank reform comes first. Multilateral development banks can deploy guarantees,
first-loss capital, and local-currency lending that crowd in private capital at scale, and the capital
adequacy review now underway could unlock hundreds of billions of dollars without new
shareholder money (Songwe, Stern & Bhattacharya, 2022). Blended finance structures use
concessional capital to absorb the risk layer and pull in commercial capital behind it. Carbon
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markets and carbon pricing with cash-back generate revenue while steering investment toward
low-carbon options, provided the revenue is recycled to protect poor households (IMF, 2024).

need flow

Clean power and grids ~$1,700B ~$300B  ~$1,400BMDB guarantees, local-currency debt,

(EMDEs) blended finance

Adaptation and resilience ~$390B ~$60B ~$330B Adaptation funds, catastrophe pools,
resilience bonds

Clean cooking and energy ~$40B ~$8B ~$32B  Results-based financing, carbon finance,

access pay-as-you-go

Sink protection and nature ~$700B ~$200B  ~$500B Payments for ecosystem services, debt-
for-nature swaps

Just transition ~$100B ~$10B ~$90B  Transition funds, cash-back carbon

compensation dividends

Sources: CPI (2023); Songwe, Stern & Bhattacharya (2022); IEA (2024); UNEP (2024). Figures
are indicative orders of magnitude.

Country platforms and pipeline discipline

The gap between pledged and disbursed finance is a pipeline problem as much as a money
problem. Donors and development banks commit funds faster than projects absorb them,
because the projects are not bankable, the procurement is slow, or the country platform that
coordinates energy, climate, and poverty investment does not exist. Country platforms fix this by
bundling a country's transition into a single, sequenced investment program with agreed
metrics, a blended capital stack, and a pipeline of pre-approved projects. The Just Energy
Transition Partnerships are the first generation of the model, and their early lesson is that speed
of disbursement and local ownership matter more than headline size (Songwe, Stern &
Bhattacharya, 2022).

Pipeline discipline extends to the small ticket items that the polycrisis strategy depends on.
Clean cooking, distributed solar, and resilient water systems are financed in thousands of small
transactions, not one large plant. Aggregating them into portfolios with standardized contracts
and first-loss protection turns a fragmented grant program into an investable asset class, which
is what the results-based financing facilities have begun to do (IEA, 2024).

Debt, special drawing rights, and fiscal space

Debt distress is the hidden brake on the whole architecture. More than half of low-income
countries are in or near debt distress, and debt service now crowds out climate and health
spending in many of them (World Bank, 2024). Debt-for-climate and debt-for-nature swaps
convert a fraction of that service into domestic investment, and they work best when embedded
in a broader restructuring rather than as one-off deals. The 2021 special drawing rights
allocation demonstrated the instrument; rechanneling SDRs through multilateral development
banks could recycle idle reserves into development and climate lending at low cost (UNCTAD
2024).
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Fiscal space is built from both sides: revenue instruments such as carbon pricing and subsidy
reform, and expenditure efficiency through better targeting of energy and agriculture subsidies.
Fossil fuel subsidies still run above a trillion dollars a year globally, a direct subsidy to the
pollution and warming loops that could be redirected toward the clean path (IMF, 2024).

Private capital at scale

Public money cannot close the gap alone. The task is to make private capital flow to polycrisis
mitigation as a normal asset class. That requires standardized contracts, credible country
platforms, and pipelines of bankable projects rather than one-off deals. The Just Energy
Transition Partnerships are an early template, and their lesson is that speed of disbursement
matters as much as headline size. Every year of delay in emerging-market clean investment
locks in a year of coal and diesel purchases, a year of pollution deaths, and a year of foregone
convergence.
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11. Governance and Institutions for a Polycrisis World

The institutional mismatch

The institutions that manage the polycrisis were built for a world of separate problems.
Ministries of energy, health, environment, and finance optimize against their own mandates.
International agreements govern climate, biodiversity, and chemicals in separate negotiating
tracks. The polycrisis does not respect those boundaries. It propagates through exactly the
seams where mandates meet and no one owns the outcome.

The institutional fix is not a new super-ministry. It is integration at the points where crises
actually couple. National governments need polycrisis assessment units with the authority to
stress-test major policies against adjacent systems before adoption. Development finance
institutions need joint country platforms that bundle climate, pollution, and poverty investments
into single programs with single accountability. The UN system needs a polycrisis review
mechanism that reports on the interactions among the Sustainable Development Goals, the
Paris Agreement, and the biodiversity framework rather than on each in isolation (UN, 2023;
UNFCCC, 2023).

The global stocktake and the ratchet

The Paris Agreement's global stocktake is the closest existing instrument to polycrisis
governance. lts first cycle concluded in 2023 with a call to transition away from fossil fuels, triple
renewable capacity, and double the rate of energy efficiency improvement by 2030 (UNFCCC
2023). The stocktake works by ratchet: countries submit stronger pledges in response to the
collective gap. The same ratchet logic can be extended. A pollution stocktake, a resilience
stocktake, and a finance stocktake would make the connections visible and force the silos to
answer to a single scoreboard.

The plastics treaty negotiations are the test case for extending the ratchet beyond climate. A
treaty that caps primary plastic production and finances waste infrastructure in developing
countries would shorten the pollution cycle at both ends. A treaty that settles for recycling
targets without production limits would leave the leakage engine running (UNEP, 2024).

Carbon pricing and subsidy reform

Market instruments do the heavy lifting inside the architecture when they are designed for
distribution. Carbon pricing raises the price of the polluting option and generates revenue. The
political test is what happens to the revenue. Cash-back dividends protect poor households and
build the coalition for higher prices over time. Subsidy reform applies the same logic in reverse:
removing fossil fuel subsidies frees fiscal space while making clean options cheaper than the
fossil alternatives, and the savings can fund targeted compensation (IMFE, 2024).

Subnational actors and cities
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The polycrisis is governed as much in cities and regions as in capitals. Cities control land use,
transport, buildings, waste, and much of the local response to heat and floods, and they house
most of the world's people and emissions. Mayors have moved faster than many national
governments on clean transport, building codes, and air quality because the benefits are local
and visible. The polycrisis governance agenda should therefore empower the subnational level:
direct access to climate finance for cities, technical support for resilience planning, and
metropolitan authorities that can coordinate transport, housing, and energy across municipal
boundaries (IPCC, 2022).

The same logic applies to communities. Sink protection, waste management, and early warning
all fail when imposed from above and succeed when communities co-own them. Indigenous and
local communities steward a large share of the world's remaining carbon stocks, and their
tenure security is among the most cost-effective conservation instruments available (Dasgupta,
2021). Governance for the polycrisis is therefore not a matter of strengthening the center alone.
It is a matter of wiring the center to the places where the loops actually run.

Data, measurement, and early warning

Governance without measurement is narrative. The polycrisis scoreboard needs four data
layers: planetary boundary indicators updated annually, pollution exposure mapped at high
resolution, poverty and vulnerability measured frequently enough to see shocks, and early
warning systems that link the three. The technology exists. Satellite remote sensing now
measures methane leaks, particulate concentrations, and flood extent in near real time. Mobile
data and machine learning can target social protection within days of a shock. What lags is the
institutional plumbing: the financing, the data-sharing agreements, and the analytical capacity in
the countries that need it most (World Bank, 2024).

Early warning is the cheapest insurance in the portfolio. A 24-hour warning of a flood or heat
wave cuts deaths and asset losses sharply, and the UN's Early Warnings for All initiative aims to
cover every person on Earth by 2027. Linking warnings to pre-arranged finance, so that cash
moves automatically when the trigger is hit, converts warning into protection rather than
information.

The cooperation problem

The deepest governance risk is the retreat from cooperation itself. The polycrisis feeds
nationalist politics, and nationalist politics weakens the cooperation that the polycrisis requires
(Lawrence et al., 2024). The countermove is to make cooperation pay in visible, near-term
terms: cheaper energy, cleaner air, fewer disasters, faster growth. Cooperation that delivers
local benefits does not need to be sold as altruism. It sells itself as self-interest, which is the
only durable basis for it.
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12. Scenario Analysis: Current Policies Versus Polycrisis
Mitigation

Three worlds to 2050

Scenarios discipline the strategy. Three are sufficient. The first is current policies, in which
today's stated measures continue and the world warms toward roughly 2.9°C by 2100 (UNEP
2024). The second is pledged ambition, in which national commitments are fully implemented
and warming lands near 2.6°C. The third is polycrisis mitigation, in which the loop-breaking
strategy of this report is executed at scale and the world holds the Paris temperature goal within
reach.

The difference between the scenarios is not primarily technology. The same solar, wind, battery,
and efficiency toolkit appears in all three. The difference is the speed of deployment in emerging
markets, the strength of the pollution controls, the coverage of social protection, and the cost of
capital. Those are the variables the mitigation architecture targets.

Scenario mechanics

In the current-policies world, emissions continue to rise until the late 2020s and fall slowly
thereafter. Air pollution declines modestly in high-income countries and worsens in fast-growing
low-income cities. Poverty falls slowly, then stalls when climate shocks erode gains. Adaptation
becomes triage: the countries with fiscal space protect themselves, and the countries without it
absorb the losses. By 2050, heat stress, flood displacement, and pollution mortality have all
risen, and the political system has turned inward.

In the polycrisis-mitigation world, clean energy scales at the pace of the fastest historical
technology diffusions, because finance and permitting stop being the bottleneck. Universal
clean cooking arrives by the early 2030s. Multi-pollutant regulation cuts ambient PM2.5 toward
WHO interim targets. Adaptive social protection covers most of the world's poor. Methane
emissions fall 45 percent by 2030. The emissions path bends sharply downward, and the
poverty path bends sharply upward, because the same investments drive both.

Warming by [Pollution mortality|[Extreme poverty 2050 Defining failure
2100 2050

Current ~2.9°C Rising in low- Stalled, shock-eroded Adaptation triage and fiscal
policies income cities exhaustion

Pledged ~2.6°C Mixed; slow decline Slow progress Pledges unfinanced, loops
ambition persist

Polycrisis ~1.5-1.7°C  Falling toward Near elimination of Requires sustained finance
mitigation WHO targets $2.15 poverty and governance

Sources: UNEP (2024); IEA (2024); World Bank (2024); WHO (2024); author's scenario
synthesis.

Sensitivity: what could break the mitigation scenario
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The mitigation scenario is robust to technology surprises and fragile to governance failures. If
solar and storage costs keep falling, the scenario arrives faster and cheaper. If carbon removal
matures, the tail risk shrinks. But the scenario breaks from the political side: a collapse of
development finance cooperation, a wave of debt defaults in vulnerable countries, or a retreat
into nationalist industrial policy would raise the cost of capital, slow technology diffusion, and
leave the loops intact. The scenario also breaks if the early wins are skipped in favor of
symbolic gestures. A carbon price without cash-back, a plastics treaty without production limits,
a green industrial policy that subsidizes incumbents, each of these is a loop-strengthening
policy wearing a mitigation label.

The sensitivity analysis therefore sets the monitoring agenda. The variables to watch are not
only emissions and temperatures. They are the cost of capital for clean projects in emerging
markets, the coverage of adaptive social protection, the rate of clean cooking adoption, the
share of plastic production under caps, and the speed of permitting for grids and renewables.
When those variables move, the loops weaken. When they stall, the scenario is off track
whatever the headline pledges say.

The cost comparison

The mitigation scenario is the cheapest in every serious accounting. The damages avoided, in
health, labor productivity, disaster losses, and stranded adaptation, dwarf the incremental
investment cost. The Stern Review's logic, updated by the Songwe-Stern-Bhattacharya report,
still holds: the transition costs on the order of 2 to 3 percent of global GDP a year, while the
damages of unmanaged warming run many times that over the century (Songwe, Stern &
Bhattacharya, 2022; IPCC, 2023). The polycrisis framing sharpens the point. Because the same
investments buy climate stabilization, pollution reduction, and poverty reduction at once, the
cost per crisis solved is far lower than the cost of solving each separately.

What the scenario depends on

The mitigation scenario has one fragile input: governance. It assumes that the loop-breaking
strategy survives the political shocks the strategy is designed to prevent. That is why the
roadmap in the next section sequences the actions so that early wins, clean cooking, methane,
cash-back carbon pricing, adaptive transfers, generate the political capital to fund the harder
later moves. A mitigation strategy that cannot survive its own first decade is not a strategy. It is
a plan for being interrupted.
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13. A Sequenced Roadmap, 2026-2050

The sequencing logic

The roadmap sequences interventions so that early wins finance the later and harder moves.
The first phase delivers visible results: cleaner air, cheaper energy, faster poverty reduction.
Visible results build the political capital for the second phase, which tackles the expensive
infrastructure and the distributional conflicts. The third phase completes the transition and locks
in the architecture.

A sequenced mitigation roadmap, 2026-2050

PHASE 1 - 2026-2030

Fast wins
Universal clean cooking - Methane abatement at scale - Urban multi-pollutant control - Adaptive social protection expansion - Cash-back carbon pricing

PHASE 2 - 2030-2040

Build the architecture
Grid expansion and interconnection - Industrial decarbonization - Circular economy standards - Development finance reform - Plastics treaty with production caps

PHASE 3 - 264022050 2040 2050

Lock in and converge
Net zero in major emitters - Durable carbon removal and sinks - Extreme poverty near elimination - Legacy pollution remediation - Shocks fail to cascade

Figure 13: A sequenced mitigation roadmap, 2026—2050. Each phase weakens the next set of feedback loops and
builds the political capital for the following phase. Source: author's synthesis.

Phase 1: Fast wins, 2026—-2030

The first phase targets the loops with the fastest payback. Universal clean cooking programs
scale to cover the 2.1 billion people who lack access, financed by results-based instruments and
carbon finance. Methane abatement in oil, gas, and waste begins immediately, because the
technology exists and the near-term cooling benefit is large. Multi-pollutant regulation tightens
on transport, industry, and open burning in the hundred largest emitting cities. Adaptive social
protection expands from pilot to national scale in the most climate-vulnerable countries, linked to
early warning systems. Carbon pricing with cash-back launches in major emitters, with revenue
recycled to households. Renewable permitting reform cuts the queue for the cheapest power
ever built. Each win is measurable within the decade, which is the point.

Phase 2: Build the architecture, 2030-2040

The second phase builds the load-bearing infrastructure. Grids expand and interconnect to carry
the renewable share toward majority status. Industrial decarbonization scales in steel, cement,
and chemicals through electrification, hydrogen, and carbon capture where alternatives do not
exist. The circular economy moves from pilot to standard through product design rules and
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recycled content mandates. Sink protection scales through payments for ecosystem services
and debt-for-nature swaps. Development finance reform, expanded guarantees, local-currency
lending, and rechanneled special drawing rights, lowers the cost of capital in emerging markets
to the level where clean investment is the default option. The plastics treaty, if it has production
caps, begins to bend the waste curve.

Phase 3: Lock in and converge, 2040-2050

The third phase completes the exit. Fossil energy falls to a residual share, and the remaining
emissions are balanced by durable removals and protected sinks. Net zero arrives in high-
income countries first, then in the major emerging economies. Extreme poverty approaches
elimination on the $2.15 line, and the multidimensional poverty index falls below the levels at
which shocks can reverse it. The pollution cycle runs on circular terms: waste is designed out,
and the legacy burden, lead, contaminated sites, accumulated plastic, is remediated. The
polycrisis does not disappear, but its loops no longer amplify. Shocks still occur, and they no
longer cascade.

Milestones and accountability

Each phase needs milestones that are public, few, and loop-relevant. For 2030: universal clean
cooking coverage above 90 percent, methane emissions down 45 percent, renewable capacity
tripled from 2022 levels, adaptive social protection covering half the world's poor, and the cost
of capital for clean projects in emerging markets converging toward advanced-economy levels.
For 2040: the power sector majority-renewable in every major economy, industrial
decarbonization deployed at commercial scale, plastic leakage in decline, and multidimensional
poverty falling in every region. For 2050: net zero reached by the major emitters, extreme
poverty approaching elimination, and the planetary boundary indicators moving back toward
their safe zones (Richardson et al., 2023).

Accountability runs through the loop scoreboard, not through sectoral vanity metrics. A country
can report rising renewable capacity while emissions rise, if coal use grows alongside. A city
can report tree planting while air pollution worsens, if the tree planting is cosmetic. The loop
scoreboard catches both, because it measures the connections: emissions, pollution mortality,
poverty exposure, finance costs, all in one table, reviewed annually by the same institution that
owns the strategy.

The scoreboard

Each phase runs against one scoreboard: the loop map. The question for 2030 is whether the
fast wins weakened the poverty-pollution loop and the methane loop. The question for 2040 is
whether the architecture lowered the cost of capital and bent the emissions and pollution curves
together. The question for 2050 is whether the remaining shocks fail to cascade. A phase that
moves its sectoral indicators without weakening its loops has not succeeded.
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14. Conclusion and Binding Term

The polycrisis is real, measurable, and worsening, and it is not a list. Pollution, warming, and
poverty are one entangled system, and the evidence reviewed here shows the entanglement
tightening: six of nine planetary boundaries breached, 9 million pollution deaths a year, 425
parts per million of CO2, and 700 million people still below the extreme poverty line, most of
them in the places carrying the heaviest environmental burden.

The strategy that follows from the evidence is to break loops rather than fight crises. Clean
energy access, source reduction and circularity, adaptive social protection, sink protection, and
reformed development finance are the load-bearing interventions, and they are affordable
relative to the damages they prevent. The binding constraint is not technology or aggregate
money. It is the willingness to govern the connections: to screen policies against the loops they
strengthen, to lower the cost of capital where the need is greatest, and to sequence the
transition so that early wins pay for the harder later moves.

The binding term for this report is a directive.

Binding term: Read every future mitigation proposal through the loop map: a policy is
mitigation only if it weakens a causal connection among pollution, warming, and poverty. A
policy that moves a sectoral indicator while leaving the loops intact is not mitigation; it is deferral
with interest, and the interest compounds.
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