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A B O U T  T H I S  R E P O R T

The defining challenges of the twenty-first century do not strike in isolation. Rising global temper
atures, toxic air pollution, volatile commodity markets, sovereign debt pressures, and rapid urban 
growth now collide in compounding clusters known as a polycrisis. When these shocks interact, their 
collective harm far exceeds the sum of their individual effects.

This flagship report sets out the H Heuristics Polycrisis Resilience Framework, a systems-based model 
designed to protect exposed populations before disruptions escalate into catastrophe. We examine 
the deadly synergy between extreme heat and air pollution, chart the massive demographic shift 
into highly vulnerable regions, and document the widespread human suffering—from chronic sleep 
loss to kidney decay—that traditional mortality metrics overlook. Finally, we show that economic 
convergence is the ultimate shield against systemic shocks, and outline proactive, multi-dividend 
investments that build lasting civilizational resilience.
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T H E  H  H E U R I S T I C S  P O L Y C R I S I S  R E S I L I E N C E  F R A M E W O R K

Executive Summary

Humanity has entered an era of interlocking crises. For decades, emergency planning treated disas
ters as rare, isolated events: an earthquake struck, relief teams arrived, roads were rebuilt, and normal 
life resumed. Today, that playbook no longer works. Severe heatwaves now collide with toxic smog 
inversions, food harvest failures, power grid blackouts, and sovereign debt distress. A disruption in 
one sector rapidly cascades across others, overwhelming public services and exhausting institutional 
buffers. When crises become entangled in this way, their total human and economic damage vastly 
exceeds what any single hazard would cause on its own.

This condition is the polycrisis. To help leaders navigate and overcome it, Hunter Hughes, Founder of 
H Heuristics, formulated the foundational concept of Polycrisis Resilience: the capacity of individuals, 

communities, institutions, economies, societies, and interconnected systems to anticipate, withstand, adapt 

to, recover from, and reduce their vulnerability to multiple interacting crises.

This report provides a comprehensive, accessible guide to that framework. We examine the twin 
atmospheric threats of extreme heat and hazardous air pollution, analyze the demographic explosion 
into hazard-prone equatorial cities, and reveal the vast submerged iceberg of non-fatal human suffer
ing that conventional disaster statistics ignore. Crucially, we demonstrate that true resilience cannot 
be bought with emergency aid or symbolic handouts. It requires economic convergence—closing the 
productivity, technological, and capital gaps between emerging economies and the developed world.

Key findings

1. Crises interact through three distinct vectors. Shocks become entangled through common 
root causes, domino effects across supply chains and power grids, and vicious feedback loops 
where early damage destroys the resources needed for recovery.

2. Atmospheric hazards multiply each other. Extreme summer heat accelerates the chemical 
synthesis of ground-level ozone, while atmospheric subsidence traps fine particulate matter 
($PM_{2.5}$) close to the ground, creating a combined thermal and chemical insult that over
whelms human biology.

3. The demographic center of gravity has shifted into danger zones. By 2060, over 1.2 billion 
people will be added to Sub-Saharan Africa and South Asia, concentrating the majority of 
humanity in tropical megacities where outdoor conditions regularly approach physiological 
survival limits.

4. Non-fatal suffering is the dominant burden. Mortality represents only the visible tip of poly
crisis harm. The vast majority of damage occurs as sub-lethal misery: chronic sleep deprivation 
from hot nights, early-onset kidney disease among manual laborers, and permanent cognitive 
loss in children.

5. Economic development is the most potent shield. Over the past century, global disaster death 
rates fell by more than 95% even as weather extremes grew, driven entirely by capital deepen
ing, modern infrastructure, and public health systems.
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6. The cost of capital is the ultimate bottleneck. Developing nations face financing costs of 10% 
to 18% for clean energy and cooling infrastructure, compared to 3% to 5% in advanced nations. 
De-risking this capital is the single most urgent priority for global resilience.

Our findings lead to a straightforward conclusion: waiting to respond after compound disasters strike 
is financially ruinous and morally indefensible. The return on proactive prevention is overwhelming. 
Every dollar invested in high-albedo cool roofs, decentralized clean power, urban tree canopies, and 
parametric social cash transfers saves between four and seven dollars in emergency relief and medical 
expenses.

95%
drop in global disaster death 
rates over the past century, 
proving that economic de
velopment is humanity’s pri
mary defense against envi
ronmental shocks

3.8x
higher cost of capital faced 
by emerging economies com
pared to developed nations 
for identical clean energy and 
cooling infrastructure

28°C
night temperature threshold 
above which the human body 
cannot cool down, causing 
widespread sleep architec
ture breakdown and cardio
vascular strain

$1.50
cost per square meter of high-
reflective roof coatings that 
lower indoor shanty tempera
tures by 3°C to 5°C without 
consuming electricity

Who this report is for

This report is written for policymakers, municipal leaders, development finance institutions, corpo
rate risk executives, and engaged citizens. We avoid unnecessary academic jargon in favor of clear, 
accessible language, explaining core concepts with concrete examples.

The report is structured into eight sections. Section 1 introduces the reality of interlocking crises and 
maps the eight domains of systemic risk. Section 2 breaks down the compound atmospheric threats of 
extreme heat and air pollution. Section 3 analyzes 21st-century demographic shifts into hazard-prone 
urban centers. Section 4 exposes the spectrum of non-fatal human suffering and discomfort. Section 
5 details the H Heuristics Polycrisis Resilience Framework, its six operational capacities, and its five 
interconnected systems. Section 6 presents the empirical evidence for economic convergence as our 
primary protective shield. Section 7 outlines tangible, multi-dividend engineering and infrastructure 
solutions. Finally, Section 8 delivers practical governance blueprints and an operational action plan 
for city and national leaders.
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S E C T I O N  0 1

The Reality of Interlocking Crises

1.1 Defining the polycrisis: When separate problems collide

For most of modern history, societies managed emergencies one at a time. A flood was treated 
as a hydrological event, an economic recession was handled by central bankers, and an infectious 
outbreak was managed by epidemiologists. Each challenge had its own dedicated agency, its own 
budget, and its own disaster recovery playbook. While this siloed approach worked reasonably well 
during periods of relative stability, it has become dangerously obsolete in the twenty-first century. 
Today, major challenges no longer wait their turn. They strike simultaneously, collide across borders, 
and amplify one another in unpredictable ways.

This interconnected reality is known as a polycrisis. Coined initially by complexity theorists and 
formalized in global risk research by scholars at the Cascade Institute and the World Economic Forum, 
a polycrisis occurs when multiple global systems experience severe stress at the same time, producing 
an overall impact that is far greater than the sum of its parts. When an acute climate shock strikes an 
economy already burdened by high debt and volatile energy markets, the result is not just two separate 
headaches added together. The crises combine chemically, creating systemic failures that overwhelm 
public institutions and exhaust community coping mechanisms.

Understanding the polycrisis requires shifting our perspective from linear cause-and-effect thinking 
to systems thinking. In a complex global economy, food security depends on stable energy prices, 
energy systems rely on freshwater availability for cooling, freshwater distribution requires electricity, 
and public health underpins the entire labor force. When any single thread in this tightly woven 
tapestry snaps under stress, the entire fabric begins to unravel.

1.2 The eight domains of modern systemic risk

In his foundational work on polycrisis architecture, Hunter Hughes identifies eight primary domains 
of risk that continuously interact in the modern world: climate change, environmental degradation, 
economic instability, geopolitical conflict, demographic shifts, public health threats, technological 
disruption, and critical infrastructure fragility.

These eight domains do not operate in isolated silos. Instead, they act as an interconnected network 
of pressure points. For example, a sudden climatic disruption, such as a severe heatwave and 
drought in an agricultural breadbasket, does not remain an environmental problem. It reduces crop 
yields, triggering rapid domestic food inflation. Rising grocery bills strain the budgets of working-
class families, sparking civil unrest and political volatility. At the same time, national governments 
must spend scarce foreign currency reserves to import emergency grain supplies, weakening their 
sovereign credit ratings and forcing spending cuts in municipal water and health budgets.

As demonstrated in Figure 1, economic and infrastructure stresses exhibit the highest transmission 
rates across other domains. When fiscal space evaporates or power grids buckle, the shockwaves im
mediately degrade public health delivery and environmental management. This interconnectedness 
means that solving a problem in one domain without considering its links to the others will invariably 
produce unintended consequences elsewhere.

Flagship Research Report · HH-2026-024 · November 2026 6

https://cascadeinstitute.org
https://www.weforum.org/reports/global-risks-report-2024/
https://doi.org/10.6084/m9.figshare.34938445


H  H E U R I S T I C S The H Heuristics Polycrisis Resilience Framework

1.3 Three mechanisms of entanglement: Common roots, falling dominos, and 
feedback loops

Why do modern crises become entangled so easily? Research from H Heuristics shows that crisis 
interaction operates through three primary structural mechanisms: common causes, domino effects, 
and reinforcing feedback loops.

First, common causes occur when a single underlying driver creates simultaneous vulnerabilities 
across entirely different sectors. Reliance on imported fossil fuels is a classic example. When global 
oil or gas prices spike due to geopolitical conflict, the shock simultaneously drives up household 
electricity bills, increases the cost of chemical fertilizers for farmers, raises diesel transport expenses, 
and accelerates municipal inflation. A single vulnerability generates four distinct crises at once.

Second, domino effects (or cascading failures) happen when a disruption in one critical operational 
node triggers sequential failures down a connected chain. Consider what happens during an extreme 
summer heatwave. As air conditioning demand surges, power transmission lines heat up, expand, and 
sag. If a major transformer fails under thermal overload, the resulting localized blackout immediately 
shuts down electric water pumps. Without pressurized tap water, households cannot use evaporative 
coolers or hydrate properly, leading to a sudden influx of heatstroke patients at regional hospitals. If 
the hospital’s backup diesel generator runs out of fuel due to disrupted urban traffic, medical inten
sive care units fail. A meteorological event transforms into an infrastructure failure, which rapidly 
becomes a healthcare catastrophe.

Third, reinforcing feedback loops represent the most dangerous form of entanglement. In a feedback 
loop, the secondary damage caused by a crisis systematically destroys the very resources needed to 
prevent the crisis from worsening. When severe flooding destroys rural roadways and bridges, repair 
crews cannot reach agricultural areas to restore irrigation canals. Farmers miss the planting window 
for the next harvest, causing sustained food shortages that depress national tax revenues, leaving the 

F I G U R E  1

Frequency of cross-domain risk cascades in modern global crises

Source: Cascade Institute and H Heuristics Systems Mapping, 2026.
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national treasury with even less money to rebuild the damaged transportation grid next season. The 
crisis feeds upon itself, locking communities into a downward spiral of increasing vulnerability.

As detailed in Table 1, compound shocks are not hypothetical future scenarios; they are already 
reshaping the economic and human reality of millions across the globe. In every historical case, the 
primary loss of life and wealth was driven not by the initial trigger alone, but by the rapid cascading 
failure of public services and economic safety nets.

1.4 Why traditional crisis response breaks down

Faced with these compounding dynamics, traditional emergency management frameworks consis
tently fail for three foundational reasons.

To begin with, conventional disaster management is inherently reactive, mobilizing only after physi
cal systems fail—after the levee breaks or the power grid trips. By then, cascading shocks have already 
depleted budgets, paralyzed supply chains, and overwhelmed local staff, making emergency recovery 
vastly more expensive than proactive prevention.

Furthermore, public administration is crippled by departmental silos. Heat plans rarely coordinate 
with electrical utilities, while water boards do not share pressure data with health clinics. During an 
entangled shock, isolated departments compete for scarce resources and issue contradictory instruc
tions rather than coordinating an integrated defense.

Finally, standard risk assessments focus almost exclusively on direct physical damage and headline 
mortality, missing the chronic, non-fatal human suffering—lost sleep, damaged kidneys, and cogni
tive decline—that quietly hollows out exposed communities. Overcoming these blind spots requires 
an entirely new blueprint: an institutional architecture designed to navigate entanglement, anticipate 
compounding risks, and protect human dignity across an unpredictable century. That blueprint is the 
H Heuristics Polycrisis Resilience Framework.

T A B L E  1

Historical compound shock episodes demonstrating multi-domain crisis entanglement

Episode & Year Initial Shock Trigger Secondary Cascades Systemic Outcome

South Asian Heat 
Dome (2022)

Record $45^\circ\text{C}$ spring 
temperatures across India and 
Pakistan

Wheat harvest withered; coal 
shortages triggered 12-hour 
blackouts; sovereign import bills 
surged

Severe regional food inflation, 
industrial work stoppages, and 
balance-of-payments crisis

Horn of Africa 
Drought (2020–
2023)

Five consecutive failed rainy 
seasons

13 million livestock perished; 
cereal prices surged 80%; foreign 
debt service absorbed 40% of 
fiscal revenue

Massive rural-to-urban 
displacement, widespread acute 
malnutrition, and public health 
collapse

European 
Summer Stress 
(2022)

Simultaneous historic drought 
and Mediterranean heatwaves

Rhine River water dropped 
below shipping thresholds; 
nuclear power plants curtailed 
output due to hot cooling water

Compound energy price spike 
during the Ukraine gas 
disruption, costing European 
utilities over €100bn

Pakistan Mega-
Floods (2022)

Extreme glacier melt coupled 
with intense monsoon rainfall

33 million people displaced; 
one-third of country submerged; 
waterborne diseases infected 
millions

$30bn in direct damages, 
sovereign debt default risk, and 
deep currency depreciation

Source: World Bank, IMF Regional Economic Outlooks, and UNDRR Disaster Assessments.
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S E C T I O N  0 2

The Dual Atmospheric Threats: Extreme Heat 
and Toxic Air

2.1 The atmospheric crucible: A lethal chemical partnership

Of all the compounding hazards unleashed by modern environmental disruption, none touch human 
daily life more directly or with greater lethality than the twin forces of rising temperatures and 
toxic air pollution. While public health campaigns and environmental regulations frequently treat 
air quality and climate warming as separate policy agendas, the physical atmosphere does not observe 
these administrative distinctions. In the real world, heat and pollution form a dangerous chemical 
and biological partnership, each reinforcing the toxicity of the other.

When ambient temperatures climb above normal levels, the air does not simply become hotter; it 
becomes chemically more reactive and physically more stagnant. At the same time, the human body’s 
ability to defend itself against airborne poisons begins to break down under thermal stress. In urban 
centers across South Asia, the Middle East, Sub-Saharan Africa, and parts of the Americas, this 
atmospheric crucible creates annual seasons of intense compound hazard. Millions of people find 
themselves trapped between indoor rooms that feel like ovens and outdoor air that burns the throat 
and lungs.

Understanding this dual threat requires examining the basic physics of the lower atmosphere, the 
chemical synthesis of ground-level smog, and the cascading failures they trigger across urban infra
structure networks.

2.2 The chemistry of ozone and temperature inversion traps

The primary reason extreme heat worsens air quality lies in the chemical kinetics of tropospheric 
(ground-level) ozone ($O_3$). Unlike high-altitude stratospheric ozone, which shields the Earth from 
harmful ultraviolet radiation, ground-level ozone is a corrosive toxin that damages lung tissue and 
stunts agricultural crops. Ozone is not emitted directly from vehicle tailpipes or factory smokestacks. 
Instead, it is formed in the air when two common classes of pollutants—nitrogen oxides ($NO_x$) from 
combustion engines and volatile organic compounds ($VOCs$) from solvents and industry—react in 
the presence of intense sunlight and heat.

As illustrated in Figure 2, this chemical reaction does not proceed in a straight line. As ambient 
temperatures rise past $30^\circ\text{C}$ ($86^\circ\text{F}$) and climb toward $40^\circ\text{C}$ 
($104^\circ\text{F}$), the rate of ozone synthesis accelerates dramatically. Heat also stresses trees 
and vegetation, causing them to release significantly higher volumes of natural volatile compounds 
like isoprene, which provide additional chemical fuel for smog formation. Scientists refer to this 
phenomenon as the climate penalty: even if cities manage to reduce their nominal vehicle emissions, 
rising global temperatures alone can drive ozone levels back into hazardous territory.

This chemical surge is frequently accompanied by a physical trap known as an atmospheric temper
ature inversion. Under normal weather conditions, the air near the Earth’s surface is warmer than the 
cooler air above it. Because warm air is lighter and more buoyant, it naturally rises, carrying vehicle 
exhaust and industrial dust high into the upper atmosphere where winds disperse it.
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During extreme summer heatwaves, however, massive domes of high atmospheric pressure (anticy
clones) descend over continental landmasses. As this sinking air compresses, it warms up dramati
cally, forming a warm “capping lid” just a few hundred meters above the city. Trapped beneath this 
invisible ceiling, the cooler surface air cannot rise. Stagnant air pools across streets and neighbor
hoods, causing fine particulate matter ($PM_{2.5}$), industrial sulfates, black carbon soot, and diesel 
exhaust to accumulate into dense, suffocating smog. During an inversion, breathing outdoor city air 
for twenty-four hours can deposit as much toxic particulate mass into a person’s lungs as smoking two 
full packs of unfiltered cigarettes.

The regional distribution of this double burden is starkly unequal. As shown in Figure 3, residents in 
South Asia, Sub-Saharan Africa, and the Middle East endure between 39 and 65 days of simultaneous 
extreme heat and hazardous smog every single year, compared to fewer than five days in North 
America or Western Europe.

2.3 Infrastructure cascades: The grid, water, and cooling trilemma

When heat and air pollution surge simultaneously, urban technical infrastructure enters a severe 
operational crisis. The most critical point of failure is the electric power grid.

As temperatures soar, millions of residential air conditioners and commercial chillers switch on at 
maximum capacity, driving electricity demand to extreme peaks. Simultaneously, extreme ambient 
heat degrades the efficiency of the electrical grid itself. High temperatures increase the electrical 
resistance of copper and aluminum transmission wires, causing them to overheat, stretch, and physi
cally sag toward ground clearance limits. High-voltage transformers, which rely on ambient air to cool 
their internal insulating oil, overheat and automatically trip off to prevent catastrophic fires.

If a power grid collapses during an intense heatwave, the failure immediately spreads to the municipal 
water system, as highlighted in Table 2. Modern urban water delivery depends entirely on electric 
pumps to maintain pressure across municipal pipeline grids. When the power cuts out, water pressure 

F I G U R E  2

Photochemical ozone synthesis rates accelerate non-linearly with rising temperature

Source: EPA Air Quality Criteria and WHO Global Air Quality Guidelines, 2026.
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drops to zero. Without running water, residents cannot hydrate, hospitals cannot run evaporative 
chillers, and informal families cannot even soak cloth wraps to cool feverish infants. A technical grid 
outage transforms into an immediate public health emergency.

2.4 The compound hazard index: Quantifying combined strain

To evaluate this interlocking crisis accurately, policymakers cannot rely on a standard thermometer. 
Measuring temperature alone conceals the biological danger created when heat combines with high 
relative humidity and toxic particulate matter.

F I G U R E  3

Average annual days of compound heat and hazardous air pollution by region

Source: Lancet Countdown on Health and Climate Change and H Heuristics Estimates, 2026.

T A B L E  2

The Four Atmospheric Stressors: Interaction Mechanics and Biological Impact

Atmospheric Stressor Physical Mechanism Compounding Interaction
Primary Human Health 
Consequence

Peak Daytime 
Heat ($T_{\text{max}} > 
40^\circ\text{C}$)

Extreme solar radiation and 
thermal convection

Increases power grid load; 
accelerates volatile gas 
evaporation

Acute heat exhaustion, 
heatstroke, and fatal core 
hyperthermia

Nocturnal 
Warmth ($T_{\text{min}} > 
28^\circ\text{C}$)

Urban heat retention and 
elevated nighttime humidity

Prevents domestic dwellings 
from cooling down; halts 
night recovery

Chronic sleep fragmentation, 
cardiac strain, and daytime 
exhaustion

Fine Particulates 
($PM_{2.5}$ & $PM_{0.1}$)

Trapped by atmospheric 
subsidence and thermal 
inversions

Inhaled particles enter 
bloodstream during rapid 
heat-induced breathing

Systemic 
vascular inflammation, blood 
clotting, and stroke

Ground-Level Ozone 
($O_3$)

Photochemical oxidation of 
$NO_x$ and $VOCs$ in 
sunlight

Surges during peak afternoon 
heat hours when outdoor 
workers are active

Deep airway chemical burns, 
severe asthma attacks, and 
reduced lung capacity

Source: World Health Organization, U.S. EPA, and Lancet Planetary Health.
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To address this measurement gap, H Heuristics uses a composite metric called the Compound Hazard 
Index (CHI). This index combines four distinct environmental parameters into a single, calibrated 
scale from 0 to 100:

1. Daytime Peak Heat: The deviation of daytime maximum temperatures above the local biological 
tolerance threshold ($35^\circ\text{C}$).

2. Nighttime Heat Retention: The failure of overnight temperatures to drop below the restorative 
threshold ($20^\circ\text{C}$), which determines whether human sleep architecture can function.

3. Fine Particulate Burden: The concentration of ambient $PM_{2.5}$ relative to international health 
standards, capturing the level of systemic vascular inflammation.

4. Photochemical Ozone Load: The concentration of ground-level $O_3$, capturing acute respiratory 
tract irritation.

When the Compound Hazard Index crosses critical thresholds, human biological defense mecha
nisms collapse. Sweating stops cooling the skin, rapid breathing pumps micro-pollutants directly 
into inflamed blood vessels, and the cardiovascular system enters a state of continuous emergency 
overdrive.

This physiological breakdown is further exacerbated by the micro-climatic black carbon feedback 
loop. In densely populated urban corridors, thousands of diesel freight trucks, industrial boilers, 
and informal generators emit continuous streams of black carbon soot. Under normal conditions, 
these dark particles would disperse into the upper troposphere. Beneath a subsidence inversion, 
however, black carbon accumulates in a dense layer between 200 and 600 meters above the streets. 
Because black carbon has an extremely high solar absorption coefficient, this airborne particulate 
blanket absorbs incident sunlight directly within the lower atmosphere, warming the inversion layer 
from above. This extra heat reinforces the atmospheric temperature inversion, effectively locking the 
stagnant capping dome in place for days or weeks longer than natural weather patterns would dictate. 
The city becomes physically trapped inside a man-made chemical incubator.

Quantifying this combined atmospheric burden through the Compound Hazard Index provides city 
officials with an essential early-warning tool. Rather than waiting for hospital morgues to register 
excess mortality, municipal emergency directors can track live CHI forecasts 72 hours in advance. 
When the index approaches high-risk thresholds, automated protocols activate: non-essential indus
trial combustion is temporarily paused, municipal transit fares are eliminated to reduce private 
vehicle traffic, emergency cooling shelters open across vulnerable neighborhoods, and water tankers 
are pre-positioned at outdoor market hubs. Transforming atmospheric physics from a source of unex
pected disaster into an actionable operational index is the foundational first step of modern polycrisis 
defense.
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S E C T I O N  0 3

The 21st-Century Demographic Shift into 
Hazard Epicenters

3.1 The spatial paradox of modern population growth

The central demographic reality of the twenty-first century is a profound geographical mismatch: the 
overwhelming majority of the world’s population growth is taking place precisely in the regions 
most physically vulnerable to extreme heat and environmental degradation.

According to demographic projections from the United Nations Population Division, the global human 
population is expected to reach approximately 9.7 billion by 2050. However, this growth is not distrib
uted evenly across the planet. Across Europe, East Asia, and North America, domestic fertility rates 
have dropped below replacement levels, leading to stable or shrinking regional populations. In sharp 
contrast, demographic expansion is heavily concentrated in tropical and subtropical latitudes. Sub-
Saharan Africa is projected to add over 1.2 billion people between 2025 and 2060, while South Asia’s 
vast river basins will remain the most densely populated human habitats on Earth.

As illustrated in Figure 4, the proportion of humanity residing in high-exposure environmental zones 
is rapidly expanding, from 3.4 billion in 2020 to more than 6.1 billion by 2060. This spatial migration 
means that even if global climate warming were miraculously halted at current levels, total human 

F I G U R E  4

Projected population expansion across climate vulnerability tiers (2020–2060)

Source: UN DESA World Population Prospects and H Heuristics Spatial Projections, 2026.
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exposure to hazardous heat and toxic air would still double this century simply because of where 
people are born and choose to live.

3.2 Distress migration and the urban informal settlement trap

Why are hundreds of millions of people moving directly into environmentally vulnerable regions? 
The answer lies in distress urbanization driven by agrarian decline and ecological exhaustion.

In rural areas across the Sahel, the Horn of Africa, Central America, and South Asia, smallholder farm
ing families face an increasingly hostile agricultural environment. Monsoon seasons have become 
highly erratic, arriving weeks late or dumping months of rain in a single weekend. Deep underground 
aquifers, pumped continuously for irrigation, are running dry. Soil erosion and extreme summer heat 
waves cause staple crops like wheat, rice, and maize to suffer thermal sterility, destroying harvest 
yields.

Faced with mounting debts and crop failure, millions of rural families are forced to abandon their 
ancestral farmland. They migrate to the rapidly expanding peripheries of regional megacities—such 
as Dhaka, Karachi, Lagos, Kinshasa, and Jakarta—seeking daily wage labor in informal construction, 
market vending, or ride-hailing services.

Rather than escaping climate risk, however, rural migrants walk into what urban sociologists describe 
as the informal settlement trap. Unable to afford formal housing with electricity and plumbing, 
migrants settle in informal slums, favelas, and shantytowns. These settlements are typically erected 
on marginal land that no commercial developer wanted: steep erosion-prone hillsides, industrial 
drainage floodplains, or vacant plots adjacent to toxic garbage dumps and roaring highway transit 
corridors. Migrants trade rural drought for concentrated urban polycrisis exposure.

3.3 Microclimates of informal settlements: The “slum heat oven”

Living in an informal urban settlement transforms ambient outdoor weather into an unbearable 
indoor ordeal. The built environment of modern slums functions as an artificial thermal trap, com
monly called the informal heat island.

The primary culprit is building materials. Because informal residents lack formal land titles and have 
minimal savings, they construct their homes from the cheapest, most accessible materials available: 
wooden pallets, plastic tarps, and corrugated galvanized iron (CGI) tin sheets. While corrugated tin 
keeps rain out, its thermal properties are disastrous. Uninsulated iron sheets absorb more than 75% 
of incoming solar radiation. Under midday sun, the surface temperature of a tin roof easily reaches 
$65^\circ\text{C}\text{–}75^\circ\text{C}$ ($149^\circ\text{F}\text{–}167^\circ\text{F}$).

As shown in Figure 5, corrugated tin roofs transform single-room dwellings into literal thermal ovens, 
driving indoor air temperatures to an astonishing $47.5^\circ\text{C}$—more than five degrees hotter 
than the ambient outdoor air. The hot metal ceiling continuously radiates infrared thermal energy 
downward onto the heads and bodies of the occupants inside.

Furthermore, informal settlements almost entirely lack trees, public parks, or vegetated soil. Without 
vegetation to provide shade and natural evaporative cooling, the bare earth and packed dirt absorb 
heat all day and release it slowly throughout the night. Compounding the misery, dwellings are built 
wall-to-wall without window setbacks, preventing natural cross-ventilation. When outdoor winds 
drop, stagnant hot air pools inside the shanty, trapping the smoke and carbon monoxide from indoor 
cooking stoves and subjecting families to continuous thermal and chemical torment.

As detailed in Table 3, the fastest-growing urban agglomerations on Earth are precisely those where 
informal housing dominates and municipal infrastructure is already operating past its breaking point. 
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Accommodating tens of millions of new urban arrivals without catastrophic loss of life requires a 
profound reimagining of urban planning, materials science, and basic public services.

3.4 Bimodal vulnerability: The pediatric and geriatric divides

Demographic vulnerability across the polycrisis is not distributed equally across age groups. It follows 
a sharp bimodal pattern, disproportionately striking the youngest and oldest members of society.

Young children are exceptionally vulnerable to compound environmental hazards. Pound for pound, 
an infant or toddler breathes 50% more air than an adult, drawing fine particulates ($PM_{2.5}$) and 
industrial toxins deep into their developing lungs. Because an infant’s blood-brain barrier is not yet 

F I G U R E  5

Peak indoor dwelling temperature during a 42°C ambient heatwave by building material

Source: UN-Habitat Global Report on Human Settlements and H Heuristics Field Tests, 2026.

T A B L E  3

Demographic expansion in top vulnerable urban agglomerations (2025–2050)

Megacity & 
Region

2025 
Population 

(M)

Projected 
2050 Pop (M)

% Informal 
Housing

Primary Compound Hazards

Kinshasa, DR 
Congo

17.1 35.0 68%
Extreme tropical humidity, unpaved dust, zero grid 
backup

Delhi NCR, India 33.8 49.5 42%
$48^\circ\text{C}$ heat domes, severe winter inversion 
smog, water depletion

Dhaka, 
Bangladesh

23.9 36.2 45%
Cyclone storm surges, waterlogged informal slums, high 
wet-bulb

Lagos, Nigeria 16.5 29.8 62%
Coastal flooding, diesel generator exhaust, high nighttime 
humidity

Karachi, Pakistan 17.6 28.4 54% Marine heatwaves, power grid blackouts, industrial dust

Cairo, Egypt 22.6 32.1 38%
Desert heat extremes, Nile water allocation stress, vehicle 
particulate smog

Source: UN-Habitat World Cities Report and World Bank Urban Development Data.
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fully formed, inhaled ultrafine particles can pass directly from the nasal passages into the brain, 
causing chronic neuroinflammation and permanent cognitive deficits. Physiologically, small children 
have a higher body surface-area-to-mass ratio and sweat far less efficiently than adults, causing their 
core body temperatures to spike dangerously fast during indoor heatwaves. In informal settlements, 
extreme heat also causes stored milk and water to spoil rapidly, triggering severe spikes in pediatric 
diarrheal illness and acute dehydration.

At the opposite end of the life cycle, elderly populations face severe cardiovascular and thermoregu
latory failure. As the human body ages, skin blood flow diminishes and the physiological sensation 
of thirst weakens, leaving older adults chronically under-hydrated without realizing it. When temper
atures surge, the heart must beat dramatically faster to pump blood to the skin for cooling. For 
an elderly person with pre-existing high blood pressure, diabetes, or heart disease, this additional 
workload frequently triggers sudden cardiac arrest or stroke. In middle-income megacities with aging 
populations, thousands of isolated older adults reside in uncooled high-rise apartments—vertical heat 
traps where residents perish quietly behind closed doors long before emergency services are notified.

Between these age extremes lies an equally troubling phenomenon: the intergenerational transmis
sion of environmental vulnerability. Pregnant mothers residing in informal urban settlements 
face compounding maternal hazards. Sustained exposure to temperatures above $35^\circ\text{C}$, 
combined with daily inhalation of biomass smoke and traffic exhaust, reduces uterine blood flow and 
triggers systemic inflammation. Epidemiological studies across South Asia and Sub-Saharan Africa 
link maternal heat and pollution stress directly to spikes in preterm birth, intrauterine growth 
restriction, and low birth weights. Infants born under these conditions begin life with compromised 
alveolar structures and diminished nephron counts in their kidneys, permanently pre-programming 
them for elevated chronic disease susceptibility throughout adulthood.

Finally, this demographic crisis is cemented in place by land tenure insecurity. Because the majority 
of informal settlement residents do not possess legal property deeds, they live under the constant 
shadow of municipal eviction. This legal insecurity creates a profound barrier to private resilience 
investment. A working family will not invest their scarce savings into planting shade trees, installing 
double-skin insulated walls, or building durable concrete foundations if their home might be bull
dozed tomorrow. As a result, millions remain trapped in flimsy corrugated tin shacks that offer zero 
protection from the escalating atmospheric crucible. Transforming demographic vulnerability into 
resilience therefore requires legal and institutional reforms just as much as civil engineering.
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S E C T I O N  0 4

Beyond Mortality: The Hidden Spectrum of 
Human Suffering

4.1 De-centering death: The invisible iceberg of non-fatal harm

When governments, humanitarian agencies, and news media evaluate environmental disasters, they 
almost always begin and end with a single statistic: the death toll. We read headlines reporting that 
a heatwave claimed fifty lives, or that a severe smog event caused twelve hundred excess fatalities. 
While recording mortality is essential, relying on body counts as the sole measure of disaster severity 
introduces a profound blind spot into public policy.

Focusing exclusively on death renders invisible the submerged iceberg of non-fatal human suffering. 
For every individual who dies from acute heatstroke or sudden cardiac arrest during an environmental 
crisis, thousands more endure severe, chronic physical and psychological distress. They survive, 
but their bodies are slowly degraded by constant thermal strain, toxic inhalation, and broken sleep. 
Over weeks, months, and years, this sub-lethal exposure erodes cognitive capacity, destroys working 
memory, damages internal organs, and strips away basic daily comfort and dignity.

As illustrated in Figure 6, the economic and human toll of sub-lethal suffering—measured in lost 
labor hours, chronic medical bills, and reduced school performance—outweighs the economic cost of 
headline mortality by more than three to one across developing regions. To build genuine resilience, 

F I G U R E  6

Comparison of direct mortality costs versus hidden sub-lethal morbidity costs

Source: Lancet Planetary Health and H Heuristics Health Economics Practice, 2026.
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our frameworks must look beyond the cemetery gates and address the lived reality of everyday human 
suffering.

4.2 Nocturnal agony: Sleep fragmentation and circadian collapse

The most universal, debilitating, and overlooked dimension of chronic heat exposure is the collapse 
of human sleep architecture.

Human biology requires an internal temperature drop to fall asleep and stay asleep. During the 
evening, the brain’s circadian clock releases melatonin, which widens blood vessels in our hands and 
feet. This process draws heat away from the body’s core, dropping core temperature by approximately 
$1.0^\circ\text{C}\text{ to }1.5^\circ\text{C}$ ($1.8^\circ\text{F}\text{ to }2.7^\circ\text{F}$). This cool
ing signal allows the brain to enter non-rapid eye movement (NREM) slow-wave sleep and rapid eye 
movement (REM) sleep.

When nighttime temperatures remain above $28^\circ\text{C}$ ($82^\circ\text{F}$)—especially when 
accompanied by high humidity—this biological cooling mechanism fails. The ambient air is simply 
too warm and moist for the skin to shed heat through radiation or sweat evaporation.

As shown in Figure 7, people living in extreme heat traps lose upwards of 260 hours of restorative sleep 
each year—the equivalent of an entire month of normal sleep. Deprived of nocturnal cooling, the heart 
never enters its normal restorative resting phase; it beats at daytime exertional rates all night long 
to pump blood to the skin. Occupants wake up repeatedly throughout the night, drenched in sweat, 
experiencing dozens of microscopic awakenings that prevent the brain from entering deep sleep.

The consequences of this nocturnal agony are severe. During deep sleep, the brain activates the glym
phatic system, a specialized fluid network that washes away toxic cellular waste products, including 
amyloid proteins linked to neurodegenerative disease. When sleep is chronically fragmented by heat, 
this cleaning cycle is halted. People awake feeling unrefreshed, irritable, and physically exhausted. 

F I G U R E  7

Annual lost hours of restorative deep sleep per person under warming nighttime baselines

Source: One Earth / Minor et al. and Sleep Health Monitoring, 2026.
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Over extended heatwaves, chronic sleep deprivation triggers sharp increases in clinical depression, 
anxiety, workplace accidents, and documented surges in domestic and interpersonal violence.

4.3 Silent organ decay: The epidemic of Chronic Kidney Disease (CKDu)

While sleep loss erodes the mind, sustained daytime heat physically destroys vital internal organs. 
The most alarming example of this hidden damage is an emerging global epidemic known as Chronic 
Kidney Disease of non-traditional origin (CKDu).

Historically, kidney failure was caused almost exclusively by advanced age, long-standing diabetes, or 
uncontrolled high blood pressure. Over the past two decades, however, nephrologists have identified 
a devastating new pattern: tens of thousands of agricultural workers, sugarcane cutters, construction 
laborers, and brick kiln workers in Central America (where it is known as Mesoamerican Nephropathy), 
South Asia (such as the Uddanam region of India and rural Sri Lanka), and the African Sahel are 
suffering complete kidney failure in their twenties and thirties. They have neither diabetes nor hyper
tension.

The clinical cause of CKDu is a grueling daily cycle of heat stress, strenuous physical exertion, and 
chronic dehydration, as outlined in Table 4. Agricultural laborers perform heavy outdoor manual 
labor in ambient temperatures exceeding $40^\circ\text{C}$ with high humidity. To stay cool, their 
bodies sweat between one and two liters of fluid per hour. Because clean drinking water and elec
trolyte replacement are rarely provided in the fields, workers become severely dehydrated.

Under sustained thermal strain, muscle cells begin to break down microscopically (sub-clinical 
rhabdomyolysis), releasing toxic proteins into the bloodstream that filter through the kidneys. Dehy
drated kidneys are starved of oxygenated blood, causing repeated microscopic bouts of acute tissue 
damage. Day after day, year after year, this damage accumulates silently until the kidney tissue scars 
permanently. By the time a young father or mother feels sick enough to visit a clinic, their kidney 
function has collapsed. In rural communities without access to expensive dialysis machines, CKDu is 
an agonizing death sentence that leaves orphaned children and destitute families behind.

4.4 Sensory torment, cognitive decline, and lost human dignity

Beyond medical disease diagnoses, compound environmental stress inflicts constant sensory discom
fort that degrades the fundamental dignity of everyday human life.

T A B L E  4

Physiological and neuro-cognitive endpoints of compound thermal-toxic exposure

Physiological 
System

Clinical Pathophysiology Everyday Symptom & Suffering Long-Term Health Consequence

Renal 
(Kidneys)

Repeated exertional heat stress and 
sub-clinical rhabdomyolysis

Constant dull lower back pain, dark 
concentrated urine, extreme thirst

Chronic Kidney Disease (CKDu) 
requiring dialysis or kidney 
transplant

Neurological
Truncated slow-wave sleep and 
glymphatic clearance failure

Chronic morning fatigue, mental 
brain fog, loss of working memory

Accelerates neurodegenerative 
decline and psychiatric disorders

Cardiovascular
Continuous cutaneous vasodilation 
paired with $PM_{2.5}$ clotting

Racing resting pulse, dizziness upon 
standing, chronic headaches

High rates of premature myocardial 
infarction and ischemic stroke

Respiratory
Ozone-induced epithelial cell 
stripping and airway burn

Chronic cough, persistent chest 
tightness (“air hunger”), throat 
burning

Permanent loss of vital lung 
capacity and severe adult-onset 
asthma

Dermatological
Obstruction of sweat ducts by dust 
and particulates (miliaria)

Intense itching, weeping sweat 
rashes, extensive secondary fungal 
infections

Severe sleep interruption, social 
stigma, and chronic skin pain

Source: New England Journal of Medicine, The Lancet, and Kidney International.
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In dense informal communities, summer heat causes open drainage canals and uncollected garbage 
piles to ferment, filling neighborhoods with nauseating odors of hydrogen sulfide and decaying 
organic matter. Flying insect vectors, including mosquitoes carrying dengue and flies spreading gas
trointestinal pathogens, multiply rapidly in the warm air. On the skin, the combination of continuous 
sweating, airborne road dust, and industrial soot blocks sweat gland ducts, producing miliaria rubra

—an intensely painful, itching heat rash commonly known as prickly heat. Secondary bacterial and 
fungal infections flourish in the skin folds of young children and elderly adults, making sitting or lying 
down a painful trial.

Cognitive performance suffers immediately under thermal and chemical assault. Controlled studies 
across classrooms and commercial workplaces confirm that when indoor temperatures exceed 
$30^\circ\text{C}$ ($86^\circ\text{F}$) in the presence of elevated particulate pollution, human mental 
capacity drops precipitously. Complex mathematical reasoning, reading comprehension, and prob
lem-solving speed decline by between 15% and 30%. In uncooled schools with tin roofs, children 
struggle to stay awake, cannot concentrate on lessons, and fall permanently behind their peers in 
wealthier, climate-controlled regions.

Finally, the polycrisis imposes a crushing emotional and physical burden on women. In informal 
settlements without piped domestic water, it is almost exclusively women and teenage girls who must 
wake up at two or three in the morning to walk several kilometers or wait in violent queues for 
municipal water tankers. Inside the home, women stand over open fires or charcoal stoves in poorly 
ventilated shanties, inhaling suffocating plumes of biomass smoke while preparing meals in forty-
degree heat.

This is the true face of the polycrisis. It is not an abstract statistical abstraction or a matter of distant 
future projections. It is a daily reality of physical pain, sensory misery, and stolen potential. Any 
resilience framework worthy of the name must begin by relieving this burden.

Flagship Research Report · HH-2026-024 · November 2026 20



H  H E U R I S T I C S The H Heuristics Polycrisis Resilience Framework

S E C T I O N  0 5

The H Heuristics Polycrisis 
Resilience Framework

5.1 A unified systems architecture for an era of entanglement

Traditional disaster management failed because it asked the wrong question. It asked: “How quickly 

can an affected city rebuild its damaged infrastructure back to the way it was before a disaster struck?” 
In an era of compounding global shocks, that objective is fundamentally flawed. If a society merely 
“bounces back” to its pre-crisis condition, it restores the exact same structural vulnerabilities that 
made it fragile in the first place. When the next heatwave, flood, or economic shock arrives, the system 
collapses all over again.

To break this cycle of repeated vulnerability, Hunter Hughes, Founder of H Heuristics, formulated the 
foundational concept of Polycrisis Resilience. The framework is anchored in an authoritative general 
definition:

Polycrisis Resilience is the capacity of individuals, communities, institutions, 
economies, societies, and interconnected systems to anticipate, withstand, adapt to, 
recover from, and reduce their vulnerability to multiple interacting crises.

What makes this framework distinct from previous models is its relentless focus on crisis interaction 
and proactive vulnerability reduction. Rather than waiting for catastrophes to occur, Polycrisis 
Resilience treats economic development, technological diffusion, and institutional reform as pre-
emptive shields that eliminate systemic weaknesses before shocks strike.

5.2 The six operational capacities across the crisis lifecycle

To translate theoretical systems thinking into practical operations, the H Heuristics framework 
defines six distinct operational capacities that act across every phase of a crisis lifecycle:

As visualized in Figure 8, these six capacities operate before, during, after, and between crisis events:

1. Risk Reduction Capacity: This capacity operates continuously during normal times to lower base
line vulnerability. It includes structural investments such as insulating informal homes, expanding 
urban tree canopies to eliminate heat islands, and replacing toxic biomass cooking stoves with 
clean induction cooktops.

2. Preventive Capacity: This capacity halts the domino cascade that turns a minor disruption into a 
major catastrophe. For example, installing automatic cooling water recirculation loops in power 
plants prevents thermal de-rating during heatwaves, ensuring the electrical grid remains stable.

3. Absorptive Capacity: When an unavoidable shock strikes, absorptive capacity allows critical sys
tems to bend without breaking. Examples include hospital backup microgrids that keep operating 
rooms powered during regional blackouts, and municipal water reserves that maintain residential 
tap pressure.
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4. Recovery Capacity: Once acute danger passes, recovery capacity ensures that living standards and 
productive capacity are restored quickly. It relies on automated social safety nets, such as mobile 
digital cash transfers, that deposit funds into families’ accounts within hours of a storm.

5. Adaptive Capacity: Between crisis pulses, adaptive capacity allows institutions to study what went 
wrong, update warning thresholds, and alter operational procedures based on empirical evidence.

6. Transformative Capacity: The highest and most durable form of resilience, transformative capac
ity permanently shifts a society away from dangerous structural trajectories. This includes retiring 
fossil fuel imports in favor of domestic solar microgrids, or moving entire housing developments 
out of hazardous flood basins.

Crucially, as outlined in Table 5, these six capacities are mutually reinforcing. A country that invests 
heavily in risk reduction reduces the burden placed on its absorptive and recovery capacities during 
emergencies. Conversely, a society that ignores prevention will find its emergency budgets constantly 
depleted, leaving no capital available for long-term adaptation.

F I G U R E  8

The Six Operational Capacities across the polycrisis lifecycle

Source: Hunter Hughes / H Heuristics Flagship Report, 2026.

T A B L E  5

The Six Capacities of Polycrisis Resilience: Definitions, Mechanisms, and Operational Indicators

Operational 
Capacity

Operational Purpose Primary Real-World Mechanism Measurable Benchmark Indicator

Risk Reduction
Lower baseline drivers of 
vulnerability

Upgrading informal roofing, expanding 
green canopy, debt restructuring

% of population living in insulated 
housing; forest canopy cover

Preventive
Stop crisis contagion across 
systems

Inter-agency early-warning alerts, 
automatic grid load balancing

Number of cascading infrastructure 
failures prevented per year

Absorptive
Maintain vital functions under 
shock

Distributed solar-battery storage, 
municipal food & water reserves

Grid uptime during peak heatwaves; 
hospital operational continuity

Recovery
Restore welfare and 
economic activity

Parametric digital cash transfers, rapid 
infrastructure repair crews

Days required for informal household 
income to return to baseline

Adaptive
Update policies based on 
lived shock data

Dynamic labor heat rules, seasonal 
agricultural crop shifting

Speed of updating municipal disaster 
codes following an event

Transformative
Permanently alter fragile 
systems

Clean tech industrialization, legal 
tenure rights for informal settlements

Total structural reduction in sovereign 
foreign fuel/food import reliance

Source: H Heuristics Research Platform and Figshare Flagship Publication.
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5.3 The five interconnected systems

To guide capital allocation and policy design, the framework organizes society into five intercon
nected systems that must be strengthened simultaneously:

As mapped in Figure 9, true resilience requires harmony across all five domains:

■ The Economic System: Protects fiscal space by diversifying domestic industrial production, build
ing foreign exchange reserves, and utilizing climate-resilient debt instruments that automatically 
freeze interest payments during disasters.

■ The Technological & Infrastructure System: Replaces brittle, centralized networks with decen
tralized, modular infrastructure—such as distributed solar-plus-storage microgrids, electric bus 
rapid transit, and piped pressurized water networks.

■ The Environmental System: Restores degraded ecosystems to provide natural protective buffers, 
including mangrove coastlines that blunt storm surges and urban green corridors that flush toxic 
air.

■ The Human System: Protects bodily autonomy, cognitive development, and physical health 
through universal primary healthcare, guaranteed clean drinking water, and safe working condi
tions.

■ The Institutional System: Eliminates departmental silos by establishing integrated command 
centers empowered to coordinate cross-sector actions before emergencies peak.

5.4 Six scales of resilience: From individual dignity to planetary stability

Finally, the framework recognizes that resilience is not a single, monolithic attribute that exists only 
at the national government level. It operates across six nested scales of human organization:

F I G U R E  9

Strategic resilience matrix: Impact versus deployment feasibility across system interventions

Source: H Heuristics Polycrisis Resilience Architecture, 2026.
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1. The Individual: Bodily hydration, physical health, emotional well-being, and cognitive bandwidth.
2. The Community: Mutual aid networks, informal neighborhood savings groups, and local volun

teer emergency brigades.
3. The Institution: Public health agencies, utilities, municipal fire departments, and regulatory 

commissions.
4. The Economy: Domestic industrial value chains, commercial banking liquidity, and food distrib

ution markets.
5. The Society: Broad social trust, civic solidarity, rule of law, and democratic accountability.
6. The Interconnected System: International trade routes, multilateral financial clearinghouses, and 

global climate agreements.

Resilience at one scale cannot substitute for failure at another. A well-capitalized national treasury 
(the economic scale) provides little comfort to a mother trapped with a dehydrated infant in an 
uncooled tin shanty without water (the individual and community scales). Conversely, resilient 
community volunteer networks will eventually be overwhelmed if the national electricity grid and 
currency collapse completely. Polycrisis Resilience systematically coordinates investments across 
all six scales, ensuring that protection flows from high-level international finance directly into the 
physical homes and bodies of the most vulnerable citizens.

To achieve this synchronization, the framework introduces the concept of the Resilience Trans
mission Mechanism. In conventional governance, international disaster loans and sovereign aid 
routinely get trapped in federal ministries, absorbed by administrative overhead and bureaucratic 
delays. Under the H Heuristics architecture, resilience capital is designed to bypass bureaucratic 
friction through direct programmatic channels:

■ Decentralized Municipal Grants: Direct treasury transfers allocated specifically to informal set
tlement community boards for bulk purchases of reflective roof coatings, water storage tanks, and 
modular solar panels.

■ Open Municipal Data Commons: Ground-level environmental sensor data is combined with satel
lite thermal infrared imagery into open-access municipal dashboards, ensuring neighborhood 
leaders see incoming heat and smog surges at the exact same moment as national ministers.

■ Automated Parametric Flow: Tying capital disbursements to objective physical triggers (such as 
temperature and particulate thresholds) removes political discretion, ensuring emergency funds 
flow directly into local clinic budgets and mobile worker wallets before crisis cascades overwhelm 
the community.

By aligning finance, technology, and human organization across all six scales simultaneously, Poly
crisis Resilience converts isolated points of local vulnerability into a robust, self-reinforcing network 
of collective defense. It ensures that the dignity of the individual worker or child is backed by the full 
weight of international financial architecture and sovereign institutional capability.
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S E C T I O N  0 6

Economic Convergence as the Primary Shield

6.1 Development as resilience: The empirical decoupling

When international observers discuss environmental resilience, conversations frequently devolve 
into a debate over foreign humanitarian aid, disaster charity, and emergency food relief. While 
emergency assistance plays a vital humanitarian role in the immediate aftermath of a catastrophe, 
historical data demonstrates conclusively that aid is not resilience. The most powerful, durable, and 
transformative form of resilience on record is baseline economic development.

The historical evidence for this reality is overwhelming. Over the course of the past century, the 
recorded frequency of extreme weather events—including intense tropical cyclones, extreme river 
floods, and continental heatwaves—increased dramatically due to shifting climate patterns and ex
panded observational reporting. Yet, over that exact same century, the global death rate from natural 
disasters collapsed by more than 95%, as documented by historical datasets compiled by Our World 
in Data and the Emergency Events Database (EM-DAT).

This historic decoupling—visualized in Figure 10—was not achieved by distributing emergency blan
kets or erecting temporary refugee tents. It was achieved through the relentless accumulation of 
capital depth:

■ Replacing flimsy wooden and mud shacks with steel-reinforced concrete dwellings that withstand 
hurricane winds.

F I G U R E  1 0

Global disaster mortality rate per 100,000 people versus recorded disaster events (1920–2025)

Source: EM-DAT / CRED International Disaster Database and Our World in Data, 2026.
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■ Paving gravel roads so emergency ambulances and supply trucks can move freely during torrential 
rains.

■ Building modern electrical grids that power 24/7 refrigeration, water purification plants, and 
hospital surgical suites.

■ Deploying radar satellites and digital mobile networks that deliver accurate early-warning alerts 
to millions of citizens days in advance.

Wealthier societies do not survive heatwaves and storms because their citizens are biologically 
hardier; they survive because their built environment absorbs the physical blow. The path to polycrisis 
resilience is inseparable from the path of economic convergence—closing the productivity, techno
logical, and capital gap between developing nations and the advanced industrial world.

6.2 The Bangladesh precedent: A masterclass in vulnerability reduction

There is no more striking real-world demonstration of development as resilience than the modern 
history of Bangladesh.

In November 1970, a catastrophic category-3 tropical cyclone known as Cyclone Bhola slammed into 
the low-lying coastal deltas of East Pakistan (modern-day Bangladesh). At the time, the country was 
deeply impoverished, lacked coastal infrastructure, and possessed virtually no radio communication 
networks. The storm surge pushed deep inland, drowning an estimated 300,000 to 500,000 people in 
a matter of hours—one of the deadliest natural catastrophes in human history.

In the decades following independence, Bangladesh did not accept perpetual victimhood. Guided 
by sustained economic growth, domestic poverty reduction, and strategic investments in disaster 
preparedness supported by the United Nations Development Programme, the country fundamentally 
transformed its coastal landscape:

1. Universal Cyclone Shelters: The government and local partners constructed over 4,000 elevated, 
multistory concrete cyclone shelters along the coast. During normal times, these buildings serve 
as primary schools and community clinics. When a storm approaches, they provide safe, elevated 
refuge for millions of families.

2. Community Early-Warning Networks: Bangladesh established the Cyclone Preparedness Pro
gramme, training over 75,000 community volunteers equipped with megaphones, signal flags, and 
mobile sirens to evacuate vulnerable villages hours before landfall.

3. Coastal Mangrove Buffers: The state planted extensive green belts of mangrove forests along 
coastal estuaries to absorb wave energy and blunt storm surges.

When Cyclone Sidr—a storm of comparable intensity to Bhola—struck the exact same coastline in 
November 2007, the death toll was approximately 4,200. While every lost life was a tragedy, the mor
tality rate had dropped by more than 98%. When severe cyclones struck in the 2020s, fatalities were 
held to dozens. Bangladesh proved to the world that extreme vulnerability is not an unchangeable fate; 
it is a problem of infrastructure, resources, and institutional organization that economic development 
can systematically overcome.

6.3 The cost-of-capital penalty: Why developing nations pay 4x more

If economic development and clean infrastructure are the ultimate shields against polycrisis, why 
are emerging economies not building them everywhere? The binding constraint is not a lack of engi
neering knowledge or local ambition. It is an immense financial distortion known as the Weighted 
Average Cost of Capital (WACC) penalty.

Clean, resilient infrastructure—such as utility-scale solar farms, battery storage hubs, insulated social 
housing, and electrified mass transit—has a distinct economic structure. It requires large amounts 
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of money upfront (capital expenditure, or CapEx), but operates with very low costs once built (opera
tional expenditure, or OpEx). Sun and wind do not charge fuel bills.

When an investor finances a solar microgrid in Germany or the United States, they borrow capital at 
an interest rate of 3% to 4%, as shown in Figure 11. But when a project developer attempts to build the 
exact same solar microgrid in Kenya, Pakistan, or Indonesia, commercial lenders demand interest 
rates of 12% to 18%.

This massive cost penalty is driven by perceived sovereign risk, currency fluctuation dangers, and 
shallow local financial markets. Because interest compounds over time, a high WACC multiplies the 
lifetime cost of clean infrastructure by a factor of three to four. As a consequence, low-income nations 
find themselves priced out of modern resilience assets, leaving them dependent on dirty, noisy diesel 
generators and uninsulated tin-roof shacks. The WACC penalty is the single greatest structural barrier 
to global polycrisis survival.

6.4 Financial architecture: De-risking, SDRs, and climate debt pauses

Breaking this financial bottleneck requires a fundamental modernization of international develop
ment finance, led by Multilateral Development Banks (MDBs) like the World Bank and the Interna
tional Monetary Fund.

As detailed in Table 6, international finance has the technical tools to eliminate the WACC penalty. By 
deploying first-loss guarantees and currency hedging facilities, international institutions can absorb 
the initial default risks that terrify private commercial capital. This simple step unlocks hundreds 
of billions of dollars from global pension funds and sovereign wealth managers, directing private 
investment into the clean power grids, insulated housing, and early-warning networks that vulnerable 
communities desperately need. Economic convergence is not a distant utopian ideal; it is an action
able financial strategy that can be deployed today.

F I G U R E  1 1

Weighted Average Cost of Capital (WACC) for clean resilience assets across global regions

Source: International Energy Agency (IEA) and World Bank, 2026.
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T A B L E  6

Financial De-risking Mechanisms for Emerging Market Resilience

Financial 
Instrument

Operating Mechanism Direct Impact on WACC Real-World Application

First-Loss 
Guarantees

Multilateral banks absorb the 
initial 10–15% of project loan 
losses

Compresses WACC by 300–450 
basis points

Municipal solar microgrids and 
district water desalination plants

Local-Currency 
FX Facilities

International facility absorbs 
risks from domestic currency 
devaluations

Eliminates foreign exchange risk 
premium (200–350 bps)

Rooftop solar and cool-roof 
retrofits funded in local currency

Resilience Debt 
Clauses (CRDCs)

Sovereign loan contracts pause 
principal and interest during 
declared shocks

Preserves liquidity; prevents 
default downgrades

Automatically freezes debt 
service during severe heatwaves 
and floods

Special Drawing 
Rights (SDRs)

Wealthy nations reallocate 
unused IMF reserve assets to 
low-cost trust funds

Provides 30-year concessionary 
loans at <1% interest

Financing urban tree canopy 
planting and clean public transit

Source: Bridgetown Initiative, IMF Resilience and Sustainability Trust, and World Bank Financial Solutions.
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S E C T I O N  0 7

Proactive Adaptation and Leapfrog 
Infrastructure

7.1 The multi-dividend methodology: Screening for compound protection

When resources are scarce and municipal budgets are strained, cities and national governments 
cannot afford to build expensive infrastructure that solves only one problem. A flood wall that does 
nothing during a heatwave, or an air monitoring station that does not protect outdoor workers, repre
sents an inefficient use of public capital.

To maximize the return on every public dollar, the H Heuristics framework introduces the Multi-
Dividend Screening Methodology. Rather than evaluating projects through narrow, single-purpose 
cost-benefit formulas, investments are screened based on their ability to deliver simultaneous co-
benefits across multiple crisis vectors.

As outlined in Figure 12, an ideal resilience intervention must satisfy three core criteria:

1. Compound Hazard Reduction: It must reduce vulnerability to at least two simultaneous hazards 
(for example, lowering indoor temperatures while simultaneously eliminating indoor toxic 
smoke).

2. Economic Autonomy: It must reduce recurring household energy or health expenses, freeing up 
disposable income for local savings and food security.

3. Speed of Deployment: It must be deployable within months using local labor and materials, rather 
than requiring decades of bureaucratic procurement.

As demonstrated in Figure 13, balanced municipal budgeting directs the largest shares of capital 
toward passive thermal protection (30%) and distributed clean power (25%), which together establish 
the physical foundation for urban habitability.

F I G U R E  1 2

The Multi-Dividend Screening Methodology for resilience capital allocation

Source: H Heuristics Investment Screening Protocols, 2026.
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7.2 Passive-first thermal urbanism and radiative cool roofs

When temperatures climb dangerously high, the default response in wealthy nations is to install 
mechanical air conditioners. In developing megacities, relying exclusively on active air conditioning 
is an engineering and ecological dead end. Mechanical air conditioners consume massive amounts 
of electrical power, leak hydrofluorocarbon refrigerants, and vent waste heat directly into surround
ing streets, warming the outdoor urban microclimate by an additional $1.5^\circ\text{C}\text{ to }
2.0^\circ\text{C}$. Most critically, poor families in informal settlements cannot afford air conditioners 
or the monthly electricity bills they generate.

Resilience requires a Passive-First Thermal Architecture. Passive cooling relies on the laws of physics
—reflection, thermal mass, and natural airflow—to lower indoor temperatures without consuming 
electricity:

1. High-Albedo Radiative Cool Roofs: The single highest-return intervention for informal settle
ments is coating corrugated iron and asbestos roofs with high-reflectivity, elastomeric coatings 
embedded with titanium dioxide ($TiO_2$) or barium sulfate nanoparticles.

■ Physics: These coatings reflect more than 85% of incoming sunlight and emit over 90% of 
absorbed heat back into space through the atmospheric infrared window.

■ Real-World Impact: As documented by the Cool Roof Rating Council, applying cool paint re
duces roof surface temperatures from $70^\circ\text{C}$ to $35^\circ\text{C}$, dropping indoor 
dwelling temperatures by $3.5^\circ\text{C}\text{ to }5.5^\circ\text{C}$.

■ Cost: Less than $1.50 per square meter, making universal neighborhood coverage affordable 
for municipal governments.

2. Convective Solar Chimneys & Double Ceilings: Installing simple vertical ventilation shafts on 
rooftops creates a natural stack effect. Warm air rising through the chimney draws cooler air across 
the floor from low, shaded window apertures. Adding a secondary false ceiling of woven bamboo 
or agricultural fiberboard below the tin roof forms a ventilated air gap that blocks downward 
radiant heat.

F I G U R E  1 3

Recommended municipal capital allocation across multi-dividend resilience pillars

Source: C40 Cities Climate Leadership Group and H Heuristics Advisory Practice, 2026.

Flagship Research Report · HH-2026-024 · November 2026 30

https://coolroofs.org
https://www.c40.org


H  H E U R I S T I C S The H Heuristics Polycrisis Resilience Framework

3. Compressed Stabilized Earth Blocks (CSEB): Replacing heat-absorbing, energy-intensive hollow 
concrete blocks with compressed, stabilized local earth bricks. Earth blocks possess high thermal 
mass, delaying midday solar heat transmission until the cooler hours of the night.

7.3 Urban clean air corridors and the elimination of open burning

Lowering neighborhood temperatures must be coupled with active measures to cleanse the urban 
atmosphere:

■ Multi-Tier Street Tree Canopies: Planting dense, multi-canopy street trees (such as Neem, Peepal, 
and Rain Trees) along pedestrian and transit corridors reduces asphalt surface temperatures by 
$15^\circ\text{C}\text{ to }20^\circ\text{C}$ through direct shading and evapotranspiration. Tree 
leaves physically capture coarse road dust ($PM_{10}$) while absorbing gaseous nitrogen oxides 
($NO_x$) and sulfur dioxide through their leaf stomata.

■ Elimination of Open Municipal Trash Burning: In low-income urban peripheries, uncollected 
plastic and household waste is routinely burned in open heaps, releasing catastrophic clouds 
of black carbon, dioxins, and toxic furans. Establishing decentralized neighborhood composting 
centers and mechanical recycling collection hubs eliminates up to 75% of local toxic air plumes 
in informal settlements.

■ Electrification of Informal Micro-Mobility: Two-wheelers, three-wheelers (tuk-tuks and auto-
rickshaws), and small diesel minibuses produce the vast majority of street-level vehicle exhaust 
in emerging megacities. Deploying standardized, swappable battery systems for light commercial 
electric vehicles immediately eliminates toxic emissions from crowded pedestrian street canyons.

As detailed in Table 7, every one of these solutions can be deployed rapidly at modest cost, delivering 
immediate improvements in human health and economic security.

7.4 Decentralized clean power, induction cooking, and thermal sanctuaries

To complete the urban resilience shield, cities must address the home energy environment:

Universal Clean Electric Cooking (E-Cooking)

According to the World Health Organization and the Clean Cooking Alliance, over 2.3 billion people 
worldwide still prepare daily meals by burning wood, crop waste, charcoal, or animal dung. House
hold air pollution from biomass combustion claims over 3.2 million lives each year—primarily women 
and young children—while subjecting millions more to debilitating chronic respiratory disease.

T A B L E  7

Multi-Dividend Interventions: Capital Cost, Deployment Speed, and Cross-System Dividends

Intervention
Capital 

Cost

Time 
to 

Deploy
Primary Environmental Dividend

Cross-System Economic & Health Co-
Benefits

Cool-Roof 
Paint Blitz

$1.20–
$1.80 / m²

2–4 
weeks

Drops indoor dwelling temperature by 
3°C–5°C

Prevents nighttime heat exhaustion; 
saves fan electricity costs

Universal E-
Cooking

$35–$50 / 
stove

1–2 
months

Eliminates 95% of household 
$PM_{2.5}$ smoke

Frees women from fuel gathering; 
prevents childhood pneumonia

Urban Tree 
Canopies

$15–$25 / 
tree

3–6 
months

Cools street air by 2°C; absorbs 
roadway dust

Lowers asthma hospital visits; boosts 
neighborhood retail foot-traffic

Solar Water 
Wells

$8,000 / 
borehole

1 
month

Provides reliable tap water 
independent of grid

Eliminates diarrheal illness; stops CKDu 
dehydration among workers

Thermal 
Sanctuaries

$5,000 / 
retrofit

2 
months

Guarantees filtered, cooled 24/7 public 
shelter

Prevents fatal heatstroke among 
homeless and day-laborers

Source: Clean Cooking Alliance, World Health Organization, and Cool Roof Rating Council.
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Distributing high-efficiency electric induction cooktops, paired with rooftop solar panels, eliminates 
indoor soot completely. Induction cooking generates heat through magnetic fields directly inside the 
cookware, achieving over 85% energy efficiency and releasing zero ambient waste heat into small, 
hot kitchens.

Universal Thermal & Clean Air Sanctuaries

When meteorological conditions cross extreme thresholds (such as wet-bulb temperatures exceeding 
$31^\circ\text{C}$ or $PM_{2.5}$ crossing $250,\mu\text{g/m}^3$), passive building measures must be 
backed by guaranteed public sanctuaries:

■ Repurposed Civic Infrastructure: Public libraries, school auditoriums, religious temples, 
mosques, and underground transit concourses are retrofitted with backup solar batteries, closed-
loop HEPA air filtration units, and energy-efficient heat pumps.

■ Guaranteed 24/7 Access: During declared heat and smog emergencies, sanctuaries remain open 
around the clock, providing free chilled drinking water, oral rehydration salts, clean filtered air, 
and safe sleeping cots for unhoused citizens, informal laborers, and elderly residents.

■ Low-Cost Community Air Filters: Deploying open-source Corsi-Rosenthal boxes (MERV 13 fur
nace filters taped to standard box fans) in neighborhood community centers delivers clean air 
delivery rates comparable to expensive medical-grade units at less than one-tenth of the price.

Building Domestic Resilience Value Chains

A critical economic insight of the H Heuristics framework is that developing nations cannot 
achieve durable resilience by perpetually importing finished technologies from advanced industrial 
economies. Importing foreign air filters, proprietary solar controllers, and patented cooling chemi
cals creates foreign exchange deficits and leaves supply chains fragile during geopolitical trade 
disruptions.

True leapfrogging requires establishing domestic and regional manufacturing ecosystems tailored 
to local materials and labor markets:

■ Local Production of High-Albedo Coatings: Formulating elastomeric reflective paints using lo
cally mined limestone, calcium carbonate, and industrial barium sulfate. Establishing municipal 
batching facilities creates steady local employment while cutting coating costs down to pennies 
per liter.

■ Assembly of Brushless DC (BLDC) Cooling Units: Transitioning domestic small-appliance facto
ries from inefficient AC motors to high-efficiency 12V brushless DC motors. BLDC motors draw 
65% less electricity, allowing entire households to run ventilation fans and LED lighting continu
ously from a compact 100-watt solar panel and battery.

■ Solar-Powered Agricultural Cold Hubs: Deploying decentralized solar-powered cold-storage 
lockers at rural farming markets. Post-harvest agricultural spoilage in hot tropical regions cur
rently destroys between 30% and 50% of fresh fruits and vegetables before they reach consumers. 
Modular solar refrigeration preserves farm produce, stabilizes rural grocery prices during heat 
spikes, and protects smallholder farmer incomes.

By anchoring resilience in domestic industrial production, emerging economies achieve two objec
tives at once: they shield their populations from extreme atmospheric hazards while generating 
the high-productivity manufacturing jobs required for long-term economic convergence. Resilience 
ceases to be an expensive cost center; it becomes the primary engine of national economic growth.

Flagship Research Report · HH-2026-024 · November 2026 32



H  H E U R I S T I C S The H Heuristics Polycrisis Resilience Framework

S E C T I O N  0 8

Governance Architecture and 
Action Blueprints

8.1 The Polycrisis Resilience Development Cycle: A continuous learning flywheel

Resilience is not a fixed destination or a static checklist that a city finishes once and forgets. In a world 
of evolving environmental and economic disruption, resilience must function as an iterative learning 
flywheel.

The H Heuristics framework organizes this continuous process through the Polycrisis Resilience 
Development Cycle, a five-stage operational methodology:

1. Stage 1: Identify Vulnerability: Cities map compound physical and social vulnerabilities using 
high-resolution satellite thermal mapping, air quality sensor arrays, and informal housing density 
surveys.

2. Stage 2: Prioritise Development Interventions: Proposals are screened using the multi-dividend 
methodology, selecting projects that generate compounding benefits across health, energy, and 
jobs.

3. Stage 3: Strengthen Interconnected Systems: Public agencies, private utilities, and community 
groups co-deploy hardened physical infrastructure, from cool roofs to decentralized solar micro
grids.

4. Stage 4: Reduce Systemic Vulnerability: Routine baseline monitoring tracks reductions in hospi
tal emergency admissions, school absenteeism, and power grid strain during heat pulses.

5. Stage 5: Strengthen Long-Term Resilience: Lessons learned from real-world shock episodes are 
reinvested into updated building codes, revised labor bylaws, and expanded municipal safety nets.

By repeating this five-stage cycle annually, municipal governance evolves from a fragile, reactive 
posture into an antifragile systems architecture—one that grows stronger and more capable with 
each passing season.

8.2 Dismantling silos: The Chief Heat & Resilience Directorate (CHRD)

The greatest operational obstacle to effective disaster defense is administrative fragmentation. During 
a crisis, public health departments, water boards, electricity utilities, and transportation departments 
frequently operate in complete isolation.

To eliminate these bureaucratic silos, city and regional governments must establish an executive 
Chief Heat & Resilience Directorate (CHRD) reporting directly to the mayor or regional governor. 
The CHRD is granted cross-departmental authority to coordinate operational readiness, align capital 
budgets, and trigger emergency responses.

As detailed in Figure 14, the CHRD directs an intensive 100-Day Pre-Season Protocol initiated three 
months prior to the historical onset of annual heatwaves or thermal smog inversions. By standardizing 
physical retrofits, community outreach, and technical rehearsals before temperatures peak, cities 
eliminate panic and chaos when emergencies arrive.

Flagship Research Report · HH-2026-024 · November 2026 33



H  H E U R I S T I C S The H Heuristics Polycrisis Resilience Framework

8.3 Dynamic labor protections and parametric digital cash transfers

Adapting to compound polycrisis requires legal and financial mechanisms that protect outdoor and 
informal laborers from having to choose between fatal heatstroke and starvation.

Worldwide, hundreds of millions of construction workers, delivery drivers, agricultural laborers, and 
street vendors work in the informal economy. Because they are paid daily piecemeal wages, they 
cannot afford to take a day off, even when outdoor wet-bulb temperatures cross lethal thresholds ($T_w 
> 31^\circ\text{C}$).

Resilient governance solves this humanitarian dilemma through two linked policies:

1. Mandatory Wet-Bulb Globe Temperature (WBGT) Labor Regulations:

■ Threshold WBGT $> 29^\circ\text{C}$: Employers must provide mandatory fifteen-minute 
shaded rest breaks every hour, accompanied by free chilled water and oral electrolyte replace
ment packets.

■ Threshold WBGT $> 32^\circ\text{C}$: Legally mandated stoppage of all strenuous outdoor 
labor between 11:00 AM and 4:00 PM, enforced with strict municipal fines for commercial 
contractors.

2. Parametric Anticipatory Digital Cash Transfers:

■ Partnering with mobile payment systems (such as UPI in India, M-Pesa in East Africa, or 
Pix in Brazil), municipal governments establish automated emergency safety nets for verified 
informal workers.

■ Rather than waiting for a post-disaster insurance claim, an algorithmic early-warning engine 
monitors meteorological forecasts. When high-resolution forecasts predict a compound heat
wave and smog alert 48 hours in advance, the system automatically deposits an emergency 
wage-replacement payment directly into registered workers’ digital wallets.

■ Armed with guaranteed financial compensation for their lost daily earnings, informal workers 
can safely shelter in community sanctuaries, eliminating the economic desperation that drives 
exertional heat illness and chronic kidney decay.

8.4 Institutional action matrix: Priority mandates across actors

Building planetary polycrisis resilience requires synchronized commitments across all levels of 
society.

As outlined in Table 8, every institution has a distinct, irreplaceable role to play. The cost of inaction 
is staggering: trillions of dollars in destroyed infrastructure, degraded human capital, and millions 
of preventable casualties. Conversely, the dividend of proactive resilience is immense. By aligning 

F I G U R E  1 4

Operational milestone sequence for the 100-Day Pre-Season Polycrisis Protocol

Source: C40 Cities and UNDRR Disaster Resilience Scorecard, 2026.
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economic convergence, sustainable development, and human dignity into a single unified framework, 
humanity can not only survive the polycrisis century, but build a safer, more equitable, and flourishing 
planetary civilization.

T A B L E  8

The Polycrisis Action Matrix: Specific Mandates Across Four Key Institutional Actors

Institutional 
Actor

Immediate Priority Mandate 
(Months 0–12)

Medium-Term Structural 
Milestone (Years 1–5)

Primary Success Metric

National 
Governments

Enact climate-resilient debt 
clauses (CRDCs) in all sovereign 
borrowing contracts

Establish national green 
development banks capitalized 
with reallocated SDRs

100% sovereign debt moratorium 
protection during declared 
disasters

Multilateral 
Banks (MDBs)

Deploy $10bn in first-loss 
guarantee tranches for distributed 
solar and cooling

Create standardized local-
currency FX liquidity facilities to 
de-risk green debt

Emerging market clean energy 
WACC reduced below 7.0%

Municipal 
Mayors

Launch neighborhood cool-roof 
coating blitzes across informal 
settlements ($<$1.50/\text{m}^2$)

Mandate high-albedo solar 
reflectance codes (SRI > 82) on all 
new building roofs

100% of informal roofs coated; 
4°C drop in peak indoor dwelling 
temperatures

Employers & 
Platforms

Implement mandatory WBGT rest-
shade-hydrate protocols for all 
outdoor and gig staff

Provide wearable biometric 
hydration alerts and subsidized 
electric two-wheelers

Zero workplace exertional 
heatstroke fatalities or CKDu 
diagnoses

Source: International Labour Organization (ILO), World Bank, and UNDRR.
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