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The Central Idea of This Report

The greatest humanitarian opportunity of the 21st century may be the prevention
of deaths and suffering through proactive polycrisis resilience. Around the world
today, climate change, air pollution, poverty, food insecurity, water scarcity, infectious
disease, armed conflict, and inadequate infrastructure do not strike families one at a time.
They collide inside the same communities and households, producing combined human
costs far greater than the sum of each crisis viewed in isolation.

Building resilience is therefore not simply about adapting to individual crises one by
one. It is about reducing cumulative human exposure to interconnected risks, pre-
venting cascading failures, and improving the foundational conditions necessary
for human survival. Written for general readers, policy leaders, philanthropists, and
students, this report translates global health, climate, infrastructure, and demographic data
into clear, transparent numbers—showing where, how, and at what cost humanity can
save hundreds of millions of lives before 2100.

How We Keep the Numbers Honest (No Double
EHR2E) Counting)

When organizations estimate lives saved, they often add up separate sector studies. That
creates a trap: the same child cannot be saved twice. If a toddler receives clean water, a
measles vaccine, better nutrition, and a clean stove in the same decade, all four programs
might claim credit for saving her life.

« Explicit De-Duplication: Our H Heuristics Polycrisis Resilience Model (HH-
PRM) starts from UN and Global Burden of Disease (GBD) mortality projections and
applies a formal mathematical overlap discount (21.4% total reduction, removing
100M overlapping deaths from the 468M gross sum) so every life counted is a
distinct person.

» Separate Ledgers for Survival vs. Daily Living Conditions: We track deaths
prevented, healthy life-years (DALYs), and person-years of improved living condi-
tions (HSRD) in separate ledgers so they are never muddled together.

« Honest Uncertainty Ranges: Alongside every central estimate, we report a 90% confi-
dence range across 5,000 Monte Carlo computer simulations varying 28 uncertain
inputs.

Evidence Grading Across
Sections

« Grade A (Hard Data): Decades of clinical trials and reg-
istries (vaccines, clean water, air pollution).

- Grade B (Strong Model): Peer-reviewed global models
from WHO, IPCC, World Bank, and IEA.

- Grade C (Calibrated Synthesis): Best synthesis where
direct micro-records are incomplete.

- Grade D (Stress Boundary): Late-century scenarios
(2060-2100) testing extreme tail risks.

LS si3 Publication & Open-Access Cita-
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Core Global Datasets Used

1. Mortality: IHME GBD (2021/2023) & WHO Global
Health Estimates across 204 sovereign states.

2. Demographics: UN World Population Prospects (2024
Revision) cohorts through 2100.

3. Climate: IPCC Sixth Assessment Report (AR6) & Lancet
Countdown (2025).

4. Infrastructure: IEA, World Bank, FAO SOFI & WHO/
UNICEF Joint Monitoring Programme.

V-l %8 The Four Distinct Outcome Ledgers Used in This Report (2025-2100) — Why we track survival, healthy years, basic
service access, and vulnerability reduction separately without mixing them

Ledger What It Measures in 2025 Baseline Coordinated Gain | Why It Is Kept Separate (No
Account Plain English Double Counting)

Ledger 1 Premature Deaths ~21M deaths/yr 368Mlivessaved  Counts distinct human lives
Prevented (90% Ul: 265-448M) = saved from early death after
removing 21.4% multi-risk
overlap.
Ledger 2 Healthy Life-Years ~850M DALYs/yr  13.6B healthy years Weights each death by age
(DALYs) (4.2B present value)  (saving an infant adds 80 years)
plus years freed from chronic
disability.
Ledger 3 HSRD: Service 4.1B people 1.9B fewer by 2050 Measures living people gaining
Deprivation Ended lacking basics (103B person-yrs)  electricity, clean cooking, safe
water, sanitation, food, and
healthcare.
Ledger 4 HSRD: Climate & 3.45B people 1.6B fewer by 2050 Measures person-years lived with
Shock Protection highly exposed (118B person-yrs)  early warning systems, heat

cooling, flood defenses, and
safety nets.

Notes & Sources: H Heuristics HH-PRM v2.0 accounting rules. Ledgers 3 and 4 form the Human Suffering Reduction Dividend (HSRD) and are never added

directly to Ledger 1 or Ledger 2.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected

Risks

hheuristics.com - Nov 2, 2026


https://www.hheuristics.com
https://www.hheuristics.com

g H HEURISTICS POLYCRISIS RESILIENCE SERIES - HH-2026-51

REPORT ARCHITECTURE
PLAIN-ENGLISH GLOSSARY

VISUALS &

CONTENTS,

FRONT MATTER - CONTENTS, VISUALS & GLOSSARY

15 SECTIONS - 16 LANDSCAPE (16:9) VISUALS - 18 TABLES

TABLE OF CONTENTS (EACH SECTION STARTS ON A NEW
PAGE)

Front Matter - Cover, Reader’s Guide, Contents & Glossary ...... pp. 1-3
Section 01 - Executive Summary: The Greatest Humanitarian
Opportunity .
1.1 Core Thesis - 1.2 Four Scenarios - 1.3 Ten Key Takeaways - 1.4 Century
Ledger

Section 02 - The Anatomy of the Polycrisis: Interconnected Threats....
p.7

2.1 Why Risks Multiply - 2.2 Eight Threats - 2.3 Cascading Failures - 2.4 Real-
World Cases

Section 03 - Seven Pathways to Saving Lives & The Resilience
MULBIPLIEE ...t s s p. 10
3.1 Seven Survival Pathways - 3.2 Compounding Resilience - 3.3 The Resilience
Multiplier

Section 04 - A New Central Metric: Human Suffering Reduction
DIVIAENG ...t p. 13
4.1 Beyond Body Counts - 4.2 Seven HSRD Variables - 4.3 Person-Years - 4.4 De-
Duplication

Section 05 - The 2025 Baseline: Who Is Dying & What Is Missing
TOUQY ..ot p. 16
5.1 21M Preventable Deaths/Yr - 5.2 Six Infrastructure Gaps - 5.3 Why Drift Fails
Section 06 - Pathway Deep-Dive I: Pollution Reduction & Clean
ENEIGY ..ottt s p. 18
6.1 Silent Killer (8.1M/Yr) - 6.2 Clean Cooking - 6.3 Clean Grids - 6.4 132M Lives
Saved

Section 07 - Pathway Deep-Dive II: Water Security & Food Resilience.
p. 20

7.1 Safe Water & Sanitation (22M) - 7.2 Food & Nutrition (26M) - 7.3 The Child
Dividend

Section 08 - Pathway Deep-Dive III: Healthcare, Pandemics &
CONFLICE ...t sre s p. 22
8.1 Primary Care & Quality (98M) - 8.2 Pandemic Defense - 8.3 Peace & Shock
Safety Nets (42M)

Section 09 - Pathway Deep-Dive IV: Climate Resilience &
INFrastruCtUre ..........ooiiiiiiiiiieecee e p. 24
9.1 Heat, Floods & Storms - 9.2 Adaptation vs. Mitigation (49M) - 9.3 Early
Warning (6x)

Section 10 - Century Results: Lives Saved, Healthy Years & HSRD
GAUNS ..o e e be e e e aaeenreenne p. 26
10.1 Decade-by-Decade Wedge - 10.2 13.6B Healthy Years - 10.3 221B HSRD
Person-Years

Section 11 - The Geographical Priority: Global South & Africa Focus....
p. 29

11.1 Why 89% Is in the Global South - 11.2 Six Regional Profiles - 11.3 Africa
Opportunity (118M)

Section 12 - Financing the Transition & Value for Money .............. p. 32
12.1 US$1.2T/Yr (1% GDP) - 12.2 Cost per Life & Healthy Year - 12.3 Present-
Value Balance

Section 13 - Uncertainty, Stress Tests & The High Cost of Waiting ..... p.
34

13.1 5,000 Simulations - 13.2 Adverse Stress Tests - 13.3 Why Delay Costs 8.3M
Lives/Yr

Section 14 - A Practical Playbook for Leaders & Parameter Register....
p. 36

14.1 Ten Priority Actions - 14.2 2030/2035 Signposts - 14.3 Master Model
Parameters

Section 15 - Primary References, Open Data & Verification Register . p.
38

15.1 Peer-Reviewed & Institutional Bibliography - 15.2 Open Data & Audit
Verification

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected

Risks

LIST OF 16:9 LANDSCAPE VISUALS (5.85"-6.00" WIDTH)

Fig 0.1 (Cover): Four Futures of Human Survival & Net Lives Saved by
Pathway p. 1

Fig 1.1: Four Global Choices: Cumulative Lives Saved & Healthy Life-Years p.
5

Fig 2.1: Anatomy of the Polycrisis: Risk Cascades & Compound Amplifiers p.
8

Fig 3.1: The Resilience Multiplier: Universal Electricity & Cross-Sector Matrix
p. 12

Fig 4.1: Human Suffering Reduction Dividend (HSRD) & Overlap Accounting
p. 14

Fig 5.1: The 2025 Baseline: 21M Annual Deaths & Six Infrastructure Gaps p.
17

Fig 6.1: Pathway 1 & 6: Pollution Reduction, Clean Cooking & Universal
Energy p. 19

Fig 7.1: Pathway 3 & 5: Safe Water, Sanitation & Food Security Trajectories
p. 21

Fig 8.1: Pathway 4 & 7: Healthcare Expansion & Pandemic Tail-Risk
Reduction p. 23

Fig 9.1: Pathway 2: Climate Resilience — Adaptation + Mitigation &
Vulnerability p. 25

Fig 10.1: Century Survival Wedge: Annual & Decade-by-Decade Lives Saved
p. 27

Fig 10.2: 13.6B Healthy Life-Years (DALYs) & 103B Person-Years of
Deprivation Ended p. 28

Fig 11.1: Geographical Priority: Global South Share (89%) & Africa
Demographic Surge p. 30

Fig 12.1: Financing the Transition (US$1.2T/Yr) & Cost per Healthy Life-Year
p. 33

Fig 13.1: 5,000 Monte Carlo Simulations & Adverse Delivery Stress Tests p.
35

Fig 14.1: The Cost of Waiting (8.3M Lives/Yr) & First-Decade Action
Sequencing p. 37

PLAIN-ENGLISH GLOSSARY OF KEY TERMS

Polycrisis: When multiple global threats—such as extreme heat, dirty air,
crop failure, disease, and conflict—interact so that their combined harm is far
worse than each threat alone.

Proactive Polycrisis Resilience: Investing ahead of time in foundational
systems (clean power, safe water, clinics, early warnings, resilient crops) that
protect against many risks at once.

The Resilience Multiplier: How a single foundational investment (like
reliable electricity) simultaneously improves healthcare, clean water, food
storage, education, and disaster response.

Human Suffering Reduction Dividend (HSRD): H Heuristics’ framework for
measuring improvements in daily human living conditions across seven
survival and exposure variables.

Person-Years of Improved Survivability: One person experiencing safer,
healthier living conditions for one full year. Helping 10 million people for 20
years = 200 million person-years.

Healthy Life-Year (DALY): One year of healthy, disability-free life gained
either by preventing an early death or by preventing chronic illness and
physical disability.

De-Duplication Haircut (21.4%): Our mathematical adjustment ensuring
that a person protected by multiple programs (e.g., clean air + better clinics)
is never counted twice.

Present-Value Discounting (3%): A standard economic method that values
near-term costs and health gains slightly more than distant late-century ones
so multi-decade budgets can be compared fairly.

Monte Carlo Simulation (5,000 Draws): Testing our projections 5,000 times
on a computer while randomly varying 28 uncertain inputs to establish
honest 90% confidence ranges.
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SECTION 01 | EXECUTIVE SUMMARY & CENTURY OUTLOOK GRADE A/B - CORE SYNTHESIS

The Greatest Humanitarian Opportunity of the 21st Century

SECTION THESIS — Proactive polycrisis resilience can prevent 368 million premature deaths, gain 13.6 billion healthy life-years,
and deliver over 220 billion person-years of improved living conditions between 2025 and 2100—for roughly 1% of global GDP.

368M Lives Saved 13.6B Healthy Yrs 1.9B Fewer Deprived US$1.20T / Year
Net deaths prevented 2025-2100 Disability-adjusted life-years People lifted out of severe basic- Peak incremental investment (~1%
(90% UI: 265-448M) (DALYs) gained service deprivation by 2050 of global income)

The Thesis: Why Proactive Polycrisis Resilience Changes Everything

The greatest humanitarian opportunity of the 21st century may be the prevention of deaths and suffering through
proactive polycrisis resilience. Today, the world is confronting a web of pressures that headlines usually treat as separate
stories: rising temperatures and extreme weather, toxic indoor and outdoor air pollution, persistent extreme poverty, food and
nutrition insecurity, worsening water scarcity, resurgent infectious diseases, violent conflict, and fragile basic infrastructure. Yet
in the real world, these threats do not respect government ministry boundaries or academic specialties. Climate change, air
pollution, poverty, food insecurity, water scarcity, infectious disease, conflict, and inadequate infrastructure are inter-
connected threats. Their combined effects can produce substantially greater human costs than considering each crisis
independently.

Consider what happens when a severe heatwave and drought strike a region with weak infrastructure. As rivers dry up,
hydropower dams lose output and electrical grids fail. Without electricity, water treatment plants stop pumping clean water and
community health clinics lose refrigeration for vaccines and life-saving medicines. Families turn to contaminated surface water,
triggering outbreaks of cholera and diarrhoeal disease among young children whose immune systems are already weakened by
crop failures and rising food prices. Meanwhile, families forced to burn wood, charcoal, or diesel generators indoors breathe toxic
soot that damages their lungs and hearts. What began as a weather event rapidly cascades into an energy crisis, a water crisis, a
food crisis, and a public health emergency.

Building resilience is therefore not simply about adapting to individual crises. It is about reducing cumulative human
exposure to interconnected risks, preventing cascading failures, and improving the conditions necessary for human
survival. When societies invest proactively in shared foundations—clean air and reliable electricity, climate-resilient crops and
flood defenses, piped safe water and sanitation, accessible primary healthcare, and shock-responsive safety nets—they break the
chain reaction before it starts.

The Headline Verdict in Plain English

Between 2025 and 2100, current global trends (Reactive Drift) would allow roughly 1.57 billion preventable risk-linked deaths to
occur across pollution, treatable illness, unsafe water, hunger, extreme weather, and conflict. By launching a Coordinated Polycrisis
Resilience push in 2026—and carefully removing 21.4% in overlapping credit so no life is ever counted twice—humanity can prevent 368
million premature deaths (90% confidence range: 265-448 million), gain 13.6 billion healthy life-years, and lift 1.9 billion additional
people out of severe basic-service deprivation by 2050. That is equivalent to saving roughly 13,300 lives every single day for the rest
of the 21st century—comparable to preventing the entire global death toll of World War II five times over.

Four Choices for the 21st Century: Comparing Global Scenarios

To measure what is realistically achievable—not by magically eliminating every risk overnight, but by scaling proven technologies

and public services at paces that real countries have already demonstrated—we model four distinct pathways from 2025 to 2100:

« Scenario SO — Reactive Drift (Business as Usual): Governments continue piecemeal upgrades and react to disasters only
after they strike. Fossil-fuel phase-out lags, pushing global warming to roughly 2.8°C by 2100. Air pollution, unsafe water,
and clinic gaps decline slowly in wealthier regions but remain entrenched across fast-growing low-income regions. About 2.8
billion people still lack basic survival infrastructure in 2050, and 4.0 billion live in high-climate-vulnerability settings.

« Scenario S1 — Delayed Action (Waiting Until 2040): The world spends the next 14 years debating, underfunding, and
managing crises reactively before finally launching a coordinated resilience push in 204:0. Because infrastructure takes decades
to build and greenhouse gases accumulate in the atmosphere, waiting 14 years forfeits 143 million preventable deaths—
reducing total lives saved from 368 million down to 225 million (and saving only 7 million lives by 2050 instead of 58
million).

« Scenario S2 — Siloed Progress (Starts 2026, But Ministries Act Alone): Ambitious funding begins immediately in 2026,
but health ministries, energy utilities, water agencies, and climate funds work in separate silos. Clinics are built without reliable
power or clean water; clean grids expand without household clean-cooking programs; food aid is distributed without local
drought adaptation. Siloed action saves 232 million lives—a major achievement, yet it leaves 13 6 million preventable deaths
on the table because it misses the compounding synergies of coordination.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected

Risks hheuristics.com - Nov 2, 2026 n
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« Scenario S3 — Coordinated Polycrisis Resilience (Starts 2026, Full Integration): Starting in 2026, nations align invest-
ments across all seven survival pathways. Clean energy and clean cooking roll out alongside electrified clinics, piped water,
heat-resilient cities, climate-smart agriculture, multi-hazard early warnings, and pandemic surveillance. Global warming is held
near 1.85°C, local vulnerability is cut nearly in half, and 368 million net lives are saved (58 million by 2050 and 213
million by 2075).

Four Global Choices: Cumulative Lives Saved (2025-2100) and Total Century Gains Across Scenarios

Panel A tracks cumulative net deaths prevented from 2025 to 2100; Panel B compares total lives saved and healthy life-years

(DALYs) gained
A Lives Saved Across Four Futures (2025-2100) B Contributions by Survival Pathway (368M Total)
Central estimates with 90% Monte Carlo uncertainty ranges Clean air and healthcare save the most lives; water & climate cut % risk fastest

500 - mmm Saved Before 2050 (Early Payoff)

Pollution Reduction &

132M (36% * 23% cut)
Clean Energy

368M
(265-448M)

400 1 Healthcare Access &

% + 15%
Disease Defense 98M (27% - 15% cut)

Waiting or working in
silos forfeits 136M-143M

preventable deaths

232M I T
300 (165-284M) Climate Resilience & 49M (13% - 46% cut)
Extreme Weather

225
(159-27!

)

Conflict & Pandemic

% « 389
Shock Buffers 42M (11% - 38% cut)

200

Food Security &

% « 289
Child Nutrition 26M (7% - 28% cut)

100

Cumulative Lives Saved, 2025-2100 (Millions)

Water Security &

22M (6% * 43% it
Safe Sanitation (6% o cut)

(Baseline)

T T T T T T T
Reactive Delayed Siloed Coordinated 0 25 50 75 100 125 150 175 200
hi (2080) FROEITEED Rl Net Deaths Prevented (Millions, 2025-2100)

Source & Methodology: H Heuristics Polycrisis Resilience Model (HH-PRM v2.0). Shaded band in Panel A and error bars in Panel B show 90% uncertainty
intervals (5th—95th percentiles) across 5,000 Monte Carlo simulations. All values are net of the 21.4% multi-risk overlap haircut.

Ten Essential Takeaways for General Readers and Decision-Makers

To make the findings of this report immediately useful, here are the ten most important insights established by our analysis:

1.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected

Risks

368 Million Lives Can Be Saved This Century: Coordinated action across seven interconnected survival pathways
prevents 368 million premature deaths between 2025 and 2100 (468 million gross before subtracting 100 million for
overlapping risks). Even at the conservative 5th-percentile bound of our 5,000 simulations, 265 million lives are saved.

. Air Pollution and Healthcare Are the Two Largest Lifesavers: Transitioning away from dirty cooking fuels and fossil

combustion saves 132 million net lives (36% of the total), while expanding primary healthcare, vaccination, maternal/child
care, and disease treatment saves 98 million net lives (27%). Together, clean air and accessible healthcare account for 63%
of all deaths prevented.

. Waterand Food Interventions Save the Youngest Lives: Safe water and sanitation prevent 22 million net deaths (cutting

the remaining century toll by 43%), and food security and child nutrition prevent 26 million net deaths. Because these two
pathways primarily rescue infants and young children, every nutrition death prevented preserves 84 healthy life-years and
every safe-water death prevented preserves 53 healthy life-years.

. Climate Resilience Requires Both Adaptation and Emissions Cuts: Climate resilience saves 49 million net lives (56

million gross), cutting projected climate-linked mortality by 46%. Crucially, 61% of climate lives saved (34 M gross) come
from proactive adaptation—heat early warnings, urban cooling, flood protection, and drought-tolerant crops—while 39%
(22M gross) come from cutting emissions. Neither half works alone.

. Preparedness Halves the Risk of a Catastrophic Super-Pandemic: Conflict prevention, pandemic surveillance, rapid

containment, and shock-responsive safety nets save 42 million net lives (11% of the total) and cut the probability of a
catastrophic century with more than 50 million pandemic deaths in half—from 35% down to 17%.

The “Resilience Multiplier” Turns One Investment into Six Survival Gains: Foundational upgrades like universal
reliable electricity do not sit in a single column. Electrifying a community powers vaccine refrigerators and surgical lights,
runs electric water pumps, replaces toxic indoor kerosene and charcoal, preserves food in cold storage, enables night study
and digital weather alerts, and keeps communications running during disasters.

The Human Suffering Reduction Dividend (HSRD) Captures What Mortality Misses: Death statistics ignore billions
of people who survive in misery. Using our new HSRD metric, coordinated resilience lifts 1.9 billion people out of basic-

hheuristics.com - Nov 2, 2026
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service deprivation by 2050 (generating 103 billion person-years of improved basic living conditions) and shields 1.6
billion people from high climate vulnerability (118 billion person-years of safer exposure).

. 89% of Lives Saved Are in the Global South—With Africa as the 1 Priority: Nearly nine in ten lives saved (8 9%) occur in

low- and middle-income countries. Sub-Saharan Africa (118 million lives saved, or 91 per 1,000 current residents) and
South Asia (111 million lives saved, or 54 per 1,000) account for 62% of the global total. Because Africa’s population
is projected to grow from 1.3 billion today to 3.5 billion by 2100, preventative infrastructure built in Africa over the next
two decades protects nearly triple the number of future citizens.

. Delaying Action Costs 8.3 Million Lives per Year ( 16 Lives Every Minute): Waiting until 2040 to begin coordinated

action forfeits 143 million lives—an irreversible penalty of 8.3 million preventable deaths for every year of delay, or
roughly 16 human lives lost every single minute leaders hesitate.

The Entire Package Costs 1% of Global GDP and Pays for Itself on Health Alone: Peak incremental financing reaches
US$1.20 trillion per year during 2036-2050—roughly 1% of global economic output, and less than one-sixth of annual
fossil-fuel subsidies. In present-value terms (discounted at 3% per year), the net cost of US$21.8 trillion is almost entirely
offset by conservative health benefits alone (US$21.1 trillion at just US$5,000 per healthy year), before counting tens of
trillions of dollars in avoided climate damage, lower fuel bills, and higher worker productivity.

Master Scenario Ledger and Report Roadmap

Table 1.1 summarizes the century outcomes across all four global scenarios. Sections 02-04 establish the polycrisis cascade model,
the Seven Pathways to Saving Lives, the Resilience Multiplier, and the Human Suffering Reduction Dividend (HSRD).
Section 05 audits the 2025 baseline; Sections 06-09 examine each survival pathway in depth; Sections 10-11 present century
and regional trajectories (with a special focus on Africa); and Sections 12-15 cover financing, 5,000 uncertainty simulations, the
10-point leader playbook, and primary sources.

Master Comparison of the Four 21st-Century Scenarios (2025-2100) — Lives saved, healthy life-years (DALYs),

Human Suffering Reduction Dividend (HSRD) metrics, warming, and financing

Outcome Metric (2025- SO0: Reactive S1: Delayed S2: Siloed (2026) S3: Coordinated
2100) Dl‘lft (2040) (2026)

Net Premature Deaths Baseline 225M (159-275M) 232M (165-284M) 368M (265-448M)
Prevented (2025-2100)

Cumulative Lives Saved by oM ™ 33M 58M

2050

Cumulative Lives Saved by oM 98M 134M 213M

2075

Healthy Life-Years (DALYs) Baseline 8.4B (5.9-10.2B) 8.8B (6.2-10.7B) 13.6B (9.5-16.5B)
Gained (Undiscounted)

Healthy Life-Years Gained Baseline 2.1B 2.8B 4.2B

(3% Present Value)

People Lacking Basic 2.8B people 2.1B people 1.6B people 0.9B (-1.9B vs. Drift)
Services in 2050 (HSRD)

Person-Years of Severe 0B 54B person-yrs 68B person-yrs 103B person-yrs
Deprivation Avoided

People in High Climate 4.0B people 3.5B people 3.2B people 2.3B (-1.6B vs. Drift)
Vulnerability in 2050

Person-Years of High 0B 61B person-yrs 74B person-yrs 118B person-yrs
Vulnerability Avoided

Global Warming in 2100 +2.80°C +2.20°C +2.10°C +1.85°C
(Above Pre-Industrial)

Peak Incremental Annual Baseline US$1.35T/yr US$1.15T/yr USS$1.20T/yr (1%
Investment (2036-2050) GDP)

Notes & Sources: H Heuristics HH-PRM v2.0 synthesis. Ranges in parentheses show 90% uncertainty intervals across 5,000 simulations. Basic services include
electricity, clean cooking, safe water, sanitation, adequate nutrition, and primary healthcare.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected
Risks

hheuristics.com - Nov 2, 2026



g H HEURISTICS - POLYCRISIS RESILIENCE SERIES - HH-2026-51 SECTION 02 - INTERCONNECTED GLOBAL THREATS

SECTION 02 | INTERCONNECTED GLOBAL THREATS GRADE A/B - SYSTEMS ANALYSIS

The Anatomy of the Polycrisis: Why Combined Risks Multiply
Human Costs

SECTION THESIS — Climate change, air pollution, poverty, food insecurity, water scarcity, infectious disease, conflict, and
inadequate infrastructure are interconnected threats whose combined effects produce substantially greater human costs than
considering each crisis independently.

8 Core Threats 1.5% - 3.4x ~21M Deaths / Yr 4.1B People
Interlocking environmental, social Mortality amplification when shocks ~ Current annual toll across Lacking at least one essential
& physical risks collide interconnected pathways survival buffer today

Why Single-Crisis Thinking Underestimates the Human Toll

For most of the past century, governments, universities, and international agencies organized themselves around single prob-
lems. One ministry handled energy; another managed hospitals; a third oversaw farming; a fourth dealt with water pipes; and a
fifth negotiated climate treaties. That specialized approach worked reasonably well when a society faced one isolated challenge
at a time.

In the 21st century, however, humanity lives inside a polycrisis—a condition in which multiple large-scale threats unfold
simultaneously and feed into one another. Climate change, air pollution, poverty, food insecurity, water scarcity, infec-
tious disease, conflict, and inadequate infrastructure are interconnected threats. Their combined effects can produce
substantially greater human costs than considering each crisis independently.

Why does the combined human cost exceed the sum of the parts? In human biology and engineering, stress is nonlinear. A
healthy adult with a sturdy home, clean running water, air conditioning, and savings in the bank can survive a severe three-day
heatwave or a localized flood with minor inconvenience. By contrast, a malnourished child or an elderly outdoor laborer living in
an uncooled settlement without electricity, clean water, or a nearby clinic faces a life-threatening emergency from the exact same
weather event. When two or three stresses hit the same family at the same time, they do not merely add together—they multiply.

Additive Risk vs. Compounding Polycrisis Risk

- The Old Siloed View (Additive): Total Harm = Climate Harm + Pollution Harm + Water Harm + Food Harm + Disease Harm. Each
threat is studied in a separate spreadsheet as if everything else in society stays stable.

» The Real-World Polycrisis View (Compounding): When a shock in one system breaks the defenses of neighboring systems, total
mortality equals the direct impacts plus the cascading interactions. For example, severe child undernutrition weakens the gut lining
and immune system, making a routine bout of waterborne diarrhoea or malaria 4 to 9 times more likely to be fatal than in a well-
nourished child.

The Eight Interconnected Threats Reshaping Human Survival

To understand how cascading failures happen, we first look at the eight major threats that interact across the 21st century:

1. Climate Change and Extreme Weather: Rising global temperatures increase the frequency, duration, and intensity of
deadly heatwaves, megadroughts, extreme rainfall, coastal storm surges, and wildfires. Beyond direct heatstroke and drowning,
extreme weather destroys crops, damages power grids, and expands the geographic range of mosquitoes and waterborne
pathogens.

2. Air Pollution (Indoor and Outdoor): Fine particulate matter (PM, ), ozone, and toxic smoke from burning coal, oil, diesel,
crop waste, and household cooking fuels (wood, charcoal, dung) penetrate deep into human lungs and bloodstreams—causing
strokes, heart attacks, lung cancer, chronic respiratory disease, and acute childhood pneumonia.

3. Persistent Poverty and Economic Fragility: Over 3.8 billion people lack adequate social protection or emergency savings.
Poverty forces families to live in floodplains and informal settlements, burn dirty fuels indoors, skip medical care when sick,
and pull children out of school or cut meals when food or fuel prices spike.

4. Food Insecurity and Malnutrition: Around 733 million people face chronic hunger today, and 2.3 billion experience
moderate or severe food insecurity. Undernutrition in the first 1,000 days of life (from conception to age two) permanently
stunts physical growth and immune defenses, turning common infections into silent killers.

5. Water Scarcity and Unsafe Sanitation: Over 2.1 billion people lack safely managed drinking water and 3.4 billion lack
safe sanitation. Droughts, groundwater depletion, and untreated sewage spread cholera, typhoid, dysentery, and intestinal
parasites while crippling irrigated farming.

6. Infectious Disease and Pandemic Threats: Endemic killers (malaria, tuberculosis, HIV, childhood pneumonia, diarrhoeal
diseases), rising antimicrobial resistance (superbugs), and novel spillover pandemics thrive wherever primary healthcare is
weak, cities are crowded, and disease surveillance is blind.
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7. Armed Conflict and State Fragility: Violent conflict destroys hospitals, water plants, and electrical grids, displaces millions
of families into crowded camps, blocks humanitarian food and vaccine deliveries, and diverts public budgets from human
survival into weapons.

8. Inadequate Foundational Infrastructure: When a community lacks reliable electricity, all-weather roads, cold-storage
chains, flood drainage, and digital early warning systems, every environmental or economic tremor immediately reaches
human bodies unfiltered.

Anatomy of the Polycrisis: Interconnected Threats, Cascading Failures, and Compound Mortality
Multipliers
Panel A maps how eight core threats cascade into one another; Panel B shows empirical mortality multipliers when hazards
collide in the same community

HOW INTERCONNECTED CRISES MULTIPLY HUMAN HARM — AND HOW RESILIENCE BREAKS THE CHAIN

In a polycrisis, a shock in one system triggers domino failures across others; foundational resilience investments act as circuit-breakers

2. CASCADING DOMINO FAILURES 3. RESILIENCE CIRCUIT-BREAKERS

Climate Warming & Extremes Crop Failure » Hunger - Child Vulnerability Clean Energy, Cooking & Cooling
Heatwaves, droughts, 1-in-100-yr floods — > Cuts indoor/outdoor smoke; powers clinics,
(+2.8°C trajectory under Reactive Drift) Drought & heat hurt harvests - food prices spike - water pumps & cooling - 132M lives saved

673M hungry - malnourished children succumb to iliness

Energy Poverty & Fossil Smoke Climate-Smart Water & Food Nets
2.1B rely on wood/dung cooking; Floods & Drought - Water Failure - Outbreaks / Safe water, drought seeds, cold chains &

666M lack electricity; urban PM2.5 smog cash transfers —» 48M lives saved

Flooding breaches sanitation & drought shrinks rivers -
cholera, diarrhoea (1.4M deaths/yr) & clinic overload

Infrastructure & Service Gaps Primary Care, Vaccines & Early Warning

2.1B lack safe water; 3.4B sanitation; Universal primary care, immunization &
4.68B lack full essential healthcare 6x safer disaster warning - 188M lives saved

Heat + Air Pollution - Cardiopulmonary Surge

Extreme heat traps urban ozone & fine particles —»
7.9M pollution deaths + 546k heat deaths/yr surge THE CENTURY PRIZE (2025-2100)

\

Conflict, Debt & Aid Cuts

Resource disputes, displacement,
and 23% drop in development aid

368M Lives Saved - 13.6B Healthy Yrs
103B Person-Yrs Reduced Suffering

KEY INSIGHT: Addressing crises one by one in separate ministry silos forfeits 136 million lives because unchecked shocks spill across sectors.

Source & Methodology: H Heuristics synthesis of epidemiological interaction studies from WHO, IHME GBD, Lancet Countdown (2025), UNICEF, and EM-
DAT disaster records.

How Cascading Failures Happen: Five Real-World Chain Reactions

As Figure 2.1 illustrates, the deadliest disasters of recent decades were rarely caused by a single hazard. Instead, they followed
predictable cascade pathways where one failure knocked down the next domino:

« Cascade 1: Extreme Heat + Dirty Air + Power Blackouts (2.8 X Mortality Multiplier). During stagnant summer heat-
waves, high temperatures accelerate chemical reactions in the air that form ground-level ozone, while droughts spark wildfires
and dust storms. Simultaneously, millions of air conditioners overload aging electrical grids, triggering blackouts right when
hospitals and elderly residents need cooling and medical oxygen most. Epidemiological studies across major cities show that
when extreme heat and high PM, j air pollution occur on the same day, excess mortality jumps 2.8 times higher than the sum
of heat-only and pollution-only days.

« Cascade 2: Drought + Crop Failure + Child Undernutrition + Unsafe Water (3.4 X Multiplier). When rains fail across
pastoral and smallholder farming regions, local harvests collapse and food prices surge. Poor families ration meals, causing acute
wasting in toddlers. At the same time, families walk farther to collect water from shrinking, contaminated ponds. Because a
severely malnourished child’s immune system cannot fight off intestinal bacteria, a waterborne infection that a well-fed child
would survive in three days becomes fatal-multiplying child mortality by 3.4 times.

« Cascade 3: Flooding + Sewage Overflow + Clinic Outages + Cholera Outbreaks (2.5 X Multiplier). Extreme monsoon
rains or tropical cyclones overwhelm open drains and flood pit latrines, mixing raw sewage directly into drinking-water wells.
Floodwaters wash out bridges, knock out power lines, and submerge rural health clinics. Cut off from oral rehydration salts,
clean water, and antibiotics, communities experience explosive waterborne disease outbreaks in the weeks after the floodwaters
recede.

« Cascade 4: Household Biomass Smoke + Childhood Pneumonia + Clinic Oxygen Gaps (2.3 X Multiplier). In over 2
billion people’s homes, cooking over open wood or charcoal fires fills kitchens with smoke levels 10 to 20 times above safe
WHO guidelines. That smoke paralyzes the tiny protective hairs in a baby’s airways, doubling the risk of severe bacterial
pneumonia. When the sick infant arrives at a rural clinic that lacks reliable electricity to run an oxygen concentrator, a treatable
lung infection ends in tragedy.
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« Cascade 5: Resource Stress + Armed Conflict + Displacement + Epidemic Surge (3.1 X Multiplier). Prolonged drought
and food-price spikes heighten social tensions in fragile states. When conflict erupts, warring parties bomb or loot health
facilities and water systems, forcing families into overcrowded displacement camps where routine childhood vaccination stops.
Measles, malaria, and cholera then sweep through unvaccinated children—accounting for more than 70% of total deaths in
modern conflict zones, far outnumbering direct battlefield casualties.

The Eight Interconnected Threats of the Polycrisis and Their Cascading Human Costs — Direct health impacts,
how each threat amplifies other crises, and the foundational buffers that break the cascade

Threat Domain Direct Human Toll How It Cascades Into Other Resilience Buffer That
Crises Breaks It

1. Climate Change &
Extreme Weather

2. Air Pollution
(Indoor & Outdoor)

3. Poverty & Income
Fragility

4. Food Insecurity &
Undernutrition

5. Water Scarcity &
Unsafe Sanitation

6. Infectious
Disease &
Pandemics

7. Armed Conflict &
Instability

8.Inadequate
Infrastructure

Heatstroke, drowning,
storm trauma ( 0.6M
deaths/yr today; rising
fast).

Stroke, heart disease, lung
cancer, child pneumonia

( 8.1M deaths/yr).

Forces families into
hazardous housing, dirty
fuels, and skipped care.
Child wasting, stunting,
micronutrient deficiency
(2.0M deaths/yr).

Cholera, diarrhoeal disease,
typhoid, dehydration
(1.3M deaths/yr).
Treatable infections,
maternal/newborn deaths
(8.4M amenable/yr).
Direct violence plus
collapse of food, water, and
health (0.3M+ direct/
indirect).

No electricity (666M), no
clean cooking (2.1B), no
safe water (2.1B).

Wilts crops, dries up rivers,
overloads power grids, and
expands mosquito and cholera
zones.

Damages lungs so respiratory
viruses and extreme heat kill at
much higher rates; soot warms
climate.

Leaves zero financial cushion
when food prices spike or floods
destroy homes and tools.
Weakens child immunity so
ordinary diarrhoea, measles, or
malaria becomes 3-9x deadlier.
Stunts child growth via chronic
gut infection; triggers crop loss
and local resource disputes.
Overwhelms hospitals, bankrupts
families, disrupts schooling, and
halts supply chains.

Destroys infrastructure, blocks aid
& vaccines, and traps millions in
unsanitary camps.

Turns manageable weather or
economic shocks into cascading
life-or-death emergencies.

Early warning systems, cool

roofs, flood defenses, drought-

tolerant seeds, clean grids.

Clean electric/LPG cooking,
solar/wind power, clean
transit, industrial filters.

Shock-responsive cash
transfers, crop insurance,
universal free primary care.
Drought-smart farming, cold
storage, maternal/infant
nutrition in first 1,000 days.
Piped treated water, sealed
sewer/latrine systems, solar-
powered drought boreholes.
Universal primary clinics,
routine vaccines, disease

surveillance, 100-day vaccines.

Resource-sharing treaties,
community peacebuilding,

mobile clinics, cash safety nets.

Universal reliable electricity,

all-weather roads, vaccine cold

chains, digital alerts.

Notes & Sources: H Heuristics synthesis across WHO, IHME GBD, IPCC AR6, FAO, and UNICEF records. Direct mortality figures reflect 2025 baseline estimates
prior to multi-cause de-duplication.

The Core Strategic Lesson: Defend the Whole Human Being

Table 2.1 and Figure 2.1 make clear why the traditional approach to global development—funding narrow, single-issue projects
in isolation—consistently underperforms. In the real world, there is no such thing as a “climate child,” a “water child,” an “energy
child,” and a “vaccine child.” There is only one child living in one community. If we vaccinate that child against measles in the
morning, but send her home in the afternoon to drink sewage-contaminated water, breathe toxic cooking smoke, and go to sleep
hungry in an uncooled dwelling during a 45°C heatwave, we have not secured her survival.

Building resilience is therefore not simply about adapting to individual crises. It is about reducing cumulative human
exposure to interconnected risks, preventing cascading failures, and improving the conditions necessary for human

survival.

alive.

Why Breaking One Link in the Chain Stops the Entire Cascade
The encouraging flip side of interconnected risk is interconnected protection. Just as failures cascade downward when basic infra-
structure is missing, resilience cascades upward when foundational buffers are put in place. Installing solar-plus-battery power, piped
chlorinated water, and drought-smart irrigation in a vulnerable district simultaneously stops the blackout cascade, the cholera cascade,
and the famine cascade—turning a community where every weather shock was fatal into one that absorbs shocks and keeps its citizens
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Seven Pathways to Saving Lives and the Compounding
Resilience Multiplier

SECTION THESIS — Seven practical intervention pathways address the major preventable causes of death and suffering—and
because foundational investments like universal reliable electricity strengthen multiple sectors at once, they create a powerful
compounding resilience effect.

468M - 368M

Gross pathway sum rigorously de-
duplicated to net lives

89% Co-Benefit Share

Interventions delivering gains in 3
or more crisis domains

7 Survival Pathways 1 - 6 Multiplier

Covering air, climate, water, health, One foundational upgrade unlocks
food, energy & shocks six survival systems

Seven Pathways to Saving Lives

How do we translate the big idea of polycrisis resilience into concrete, everyday interventions that save human lives? Across global
public health, engineering, and climate science, solutions cluster into seven practical pathways to saving lives. The first five
pathways directly reduce specific deadly exposures in people’s homes and communities, while the sixth and seventh pathways

provide the foundational infrastructure and systemic shock buffers that hold the entire system together:

TIPS EI 1. Pollution Reduction

« Clean cooking transitions: Replacing indoor wood, charcoal, and
dung stoves with electric induction or clean LPG stoves for 2.1B
people.

« Industrial emissions reduction: Installing smokestack scrubbers
and phasing out coal power plants.

- Cleaner transportation: Electrifying buses, two-wheelers, cars, and
urban freight while removing high-sulfur diesel.

- Improved air quality monitoring: Dense local sensor networks and
public air-quality alerts.

Human benefit: Fewer pollution-related premature deaths (132M
net lives saved; 3.79B healthy life-years gained).

TN ElEE 3. Water Security

- Safe drinking water: Piped, chlorinated household water supplies
reaching the 2.1 billion people currently unserved.

« Sanitation infrastructure: Sealed toilets and sewage networks
ending open defecation and groundwater contamination.

» Wastewater treatment: Municipal treatment plants and industrial
effluent controls protecting rivers and aquifers.

« Drought-resistant water systems: Deep solar boreholes, rainwater
harvesting, leak reduction, and water recycling.

Human benefit: Fewer waterborne diseases and dehydration-
related deaths (22M net lives saved; 53 healthy years per death
averted).

5. Food Security and
Poverty Reduction

- Agricultural productivity: Smallholder yield gains, soil restoration,
and climate-smart fertilizer and seed access.

- Food distribution systems: Hermetic grain silos, refrigerated cold
chains, and regional food reserves to prevent spoilage.

« Income resilience: Shock-responsive cash transfers and weather-
indexed crop and livestock insurance.

- Nutritional accessibility: Maternal and infant nutrition during the
first 1,000 days, fortified staples, and school meals.

Human benefit: Reduced malnutrition, famine exposure, and
poverty-related vulnerability (26M net lives; 84 healthy years/life).

The Compounding Effect of Resilience

ATV IS MELTES 2. Climate Resilience

« Heat adaptation: Cool roofs, urban tree canopies, passive building
ventilation, heat-action plans, and public cooling centers.

 Drought-resistant agriculture: Heat- and drought-tolerant crop va-
rieties, micro-irrigation, and soil moisture retention.

- Flood protection: River embankments, urban stormwater drainage,
coastal mangroves, and seawalls.

« Climate-resilient infrastructure: Cyclone-proof grids, elevated
clinics, and all-weather roads.

Human benefit: Reduced mortality from extreme weather and cli-
mate-related disruption (49M net lives saved; 46% risk cut).

AT TN TSR 4. Healthcare Accessibility

- Primary healthcare expansion: Community health workers and
staffed local clinics within reach of every family.

« Vaccination: Universal childhood immunization (measles, rotavirus,
pneumonia, malaria, HPV) and adult boosters.

- Maternal and child healthcare: Skilled birth attendance, emer-
gency obstetric care, newborn care, and antibiotic access.

- Disease surveillance & early intervention: Rapid diagnostic test-
ing, hypertension/diabetes control, and medical oxygen.

Human benefit: Preventable mortality reduction (98M net lives
saved; 4.82B healthy life-years gained—largest DALY driver).

6. Infrastructure & 7.
Shock Buffers

- Pathway 6 — Universal reliable electricity & early warnings: Con-
necting 666M people without electricity, powering 100,000+ clinics,
and deploying universal multi-hazard early warning systems (cutting
disaster deaths 6x).

Pathway 7 — Pandemic preparedness & conflict prevention:
Wastewater/genomic pathogen surveillance, 100-day vaccine surge
manufacturing, local water/land peacebuilding, and emergency hu-
manitarian corridors.

Human benefit: 42M net shock deaths prevented (halving >50M-
death pandemic risk) plus cross-cutting enablement of Pathways 1-5.

One of the most important findings in H Heuristics’ research is that well-designed resilience investments generate benefits across

multiple crisis categories at the same time. In traditional cost-benefit studies, an analyst evaluates a clean-water project only

by counting diarrhoeal disease, or evaluates a solar micro-grid only by counting kilowatt-hours sold. That narrow lens misses the

majority of the real-world value:

« Clean cooking reduces toxic household air pollution (saving millions of women and children from lung and heart disease)
while simultaneously reducing firewood harvesting pressure on local forests, cutting black-carbon climate emissions, and
saving women 1 to 3 hours of fuel-gathering labor every day.
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Reliable electricity supports healthcare (vaccine refrigeration, oxygen concentrators, night-time childbirth lighting), educa-
tion (evening study, digital learning), water treatment (electric filtration and pumping), food preservation (cold storage that
prevents crop spoilage), disaster response (emergency communications), and local economic development.

« Education—especially secondary schooling for girls and young women—dramatically improves a household’s capacity to
understand early weather warnings, adopt climate adaptation technologies, utilize modern healthcare, and manage nutrition
and sanitation.

« Water infrastructure improves child health and survival, boosts smallholder agricultural productivity during dry spells, and
strengthens local economic and social stability so communities are not forced to migrate or fight over shrinking water holes.

« Poverty reduction and shock-responsive cash safety nets increase a household’s financial capacity to withstand climate shocks
—allowing families to buy food during a drought or repair a roof after a storm without selling their farm tools or pulling children
out of school.

This cross-cutting dynamic creates a powerful compounding resilience effect: each pathway makes the other six pathways work

better, faster, and more durably.

The Resilience Multiplier: How One Foundational Intervention Protects Six Systems

To see the compounding resilience effect in action, consider the blueprint below—what we call The Resilience Multiplier. When
a community or nation invests in one foundational intervention, such as universal reliable electricity, that single platform
branches outward into six critical survival systems, all converging to reduce cumulative human vulnerability:

I N\

The Resilience Multiplier — How One Foundational Intervention Creates Multiple
Pathways to Survival

One Foundational Intervention

Example: Universal Reliable Electricity (Clean Grids + Solar Micro-Grids + Battery Backup)

J
Healthcare Capacity Education Access Clean Water
Vaccine cold chains, oxygen concentrators, Evening lighting, connected classrooms, Electric pumping, UV/membrane water
surgical lighting & digital patient records higher literacy & faster climate-tech adoption purification & municipal sewage treatment
Economic Productivity Food Preservation Disaster Response
Higher household incomes, agro-processing Cold-chain refrigeration cutting post-harvest Early-warning sirens, cellular alerts,
jobs & financial cushion against shocks food spoilage by 30%—-50% emergency shelters & hospital backup power
4

Reduced Cumulative Human Vulnerability

Multiple pathways to improved survivability - Cascading failures prevented before they start

G J

Measuring the Multiplier Gap: Why Coordination Beats Silos by 136 Million Lives

How large is the real-world difference between funding projects in separate silos versus harnessing The Resilience Multiplier
through coordinated action? In our model, Siloed Progress (Scenario S2) and Coordinated Polycrisis Resilience (Scenario
S3) both start in 2026 and spend nearly the same annual budget ( US$1.15T vs. US$1.20T/year). Yet Coordinated Resilience
saves 368 million net lives compared to 232 million under Siloed Progress—an extra 136 million human lives saved from
the exact same technologies simply by sequencing power, water, clean cooking, clinics, and agricultural cold chains in the same
districts at the same time.
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SrLERE The Resilience Multiplier: Visual Blueprint and Cross-Crisis Co-Benefit Matrix
Panel A maps how universal reliable electricity unlocks six survival domains; Panel B scores how core interventions benefit six

crisis categories

A The Resilience Multiplier

How one foundational intervention unlocks survival across six domains

ONE FOUNDATIONAL INTERVENTION

Example: Universal Reliable Electricity & Clean Cooking

1. Healthcare Capacity 2. Education Access

Vaccine cold chains, surgical
light & oxygen concentrators

Evening lighting, connectivity,
and adaptation literacy

3. Clean Water Systems

Electric water pumping, treatment,
and sanitation plants

4. Economic Productivity

Small business tools, irrigation,
and household income cushions

5. Food Preservation 6. Disaster Response

Cooling in extreme heatwaves
and early-warning towers

Cold storage cutting crop spoilage
by 35% & stabilizing prices

!

REDUCED CUMULATIVE HUMAN VULNERABILITY
Multiple simultaneous pathways to improved survivability

B Compounding Multipliers by Intervention

Why single-sector evaluations understate multi-benefit investments

Universal Reliable

2 2.35x Total
Electricity o
Clean Cooking 1.88x Total
Transition
Primary Healthcare & 1.74x Total
Immunization
Safe Drinking Water & 1.92x Total
Sanitation
Shock-Responsive 1.78x Total
Cash Safety Nets ota
Female Education & 1.85x Total

Climate Literacy

B Primary Sector Benefit (1.0x)
Cross-Crisis Spillover Bonus

L T T T T T T
0.0 0.5 1.0 13 2.0 AS) 3.0

Compounding Resilience Multiplier (Total vs. Single-Sector)

Source & Methodology: H Heuristics systems synthesis drawing on IEA (2025), WHO Health and Energy Platform, World Bank ESMAP, and FAO cold-

chain evaluations.

TN JERES The Seven Pathways to Saving Lives and Their Cross-Crisis Multiplier Channels — Summary of core interventions,
direct human benefits, secondary crisis domains strengthened, and net century lives saved

Pathway Core Interventions Direct Human Benefit Secondary Net Saved
Multiplier Gains

1. Pollution
Reduction

Clean cooking, industrial
scrubbers, clean transport,
air monitoring

2. Climate Resilience =~ Heat adaptation, drought
crops, flood defenses,
resilient grids

3. Water Security Safe drinking water,
sanitation, wastewater
treatment, drought wells
Primary clinics,
vaccination, maternal/
child care, surveillance
Farm productivity, cold
distribution, income safety
nets, nutrition

4. Healthcare Access

5.Food & Poverty

Universal reliable
electricity (666M) & 24-hr
early warning systems
Pathogen surveillance,
100-day vaccines, resource
peacebuilding

6. Foundational Infra.

7. Shock & Peace
Buffers

Fewer pollution-related
premature deaths & lung/
heart illnesses

Reduced mortality from
extreme weather & climate
disruption

Fewer waterborne diseases
and dehydration-related
deaths

Preventable mortality
reduction across infectious
& chronic disease

Reduced malnutrition,
famine exposure & poverty
vulnerability

Powers clinics, water
pumps, cold storage,
education & alerts
Halves >50M-death
pandemic risk & shields
conflict zones

Slows climate
warming; protects
forests; saves
women’s time
Protects harvests,
water supplies,
power grids & urban
workers

Enables gut nutrient
absorption; prevents
cholera in floods
Prevents medical
poverty; contains
outbreaks early
Strengthens child
immune defenses
against water/air
infections

The ultimate 1—6
Resilience Multiplier
across all pathways
Protects clinics,
supply chains &
economies from
collapse

132M
(3.79B DALYs)

49M
(0.67B DALYs)

22M
(1.17B DALYs)

98M
(4.82B DALYs)

26M
(2.20B DALYs)

Enabler
(6x alert
cut)
42M
(0.96B DALYs)

Notes & Sources: H Heuristics synthesis of the Seven Pathways to Saving Lives (HH-PRM v2.0). Net lives saved sum to 368M after removing 21.4% multi-risk

overlap.
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SECTION 04 | NEW ANALYTICAL FRAMEWORK & HONEST ACCOUNTING GRADE A/B - METHODOLOGY

A New Central Metric: The Human Suffering Reduction
Dividend (HSRD)

SECTION THESIS — Preventing premature death is only half the humanitarian story. H Heuristics introduces the Human Suffering
Reduction Dividend (HSRD) to quantify person-years of improved survivability conditions—while enforcing strict mathematical
guardrails against double counting.

7 Core Variables 200M Person-Yrs 221B Person-Yrs -21.4% Haircut
Tracking hazardous exposure, Illustrative 20-year clean-air Combined century HSRD 100M overlapping deaths removed
function, services & survival dividend for 10M people deprivation & vulnerability gains from 468M gross sum

Why Death Counts Alone Miss Most of Human Suffering

When policymakers evaluate disaster preparedness, public health programs, or climate investments, they almost always focus on a
single headline number: how many deaths were prevented? Counting lives saved is essential—and it forms our first core ledger
throughout this report. Yet relying only on mortality statistics creates a massive blind spot.

For every person who dies prematurely from dirty air, unsafe water, crop failure, or extreme heat, dozens more survive in
chronic pain, exhaustion, and deprivation. Consider a mother in an informal settlement who spends three hours every day
hauling water and breathing toxic wood-stove smoke, or an outdoor construction worker laboring through 44°C humidity without
cooling, or a child whose physical growth and cognitive development are permanently stunted by repeated bouts of waterborne
dysentery. None of these individuals appear in this year’s death statistics—yet their daily living conditions are profoundly
compromised.

To capture the full humanitarian value of proactive resilience, H Heuristics has developed a new analytical concept and measure-
ment framework called the Human Suffering Reduction Dividend (HSRD).

Human Suffering Reduction Dividend

Proposed H Heuristics Analytical Framework for Measuring Polycrisis Resilience

Definition: The Human Suffering Reduction Dividend (HSRD) quantifies improvements in human living conditions resulting
from reductions in cumulative exposure to environmental, socioeconomic, physical, and geopolitical risks.

Core Outcome Variables of the HSRD Framework:

1. People removed from hazardous exposure (e.g., lifted out of 2. Person-hours of hazardous exposure avoided (e.g., hours of

toxic indoor smoke, floodplains, or extreme heat traps). unsafe outdoor heat stress or polluted kitchen air eliminated).

3. Years lived with reduced environmental discomfort (e.g., 4. Disability and disease burden avoided (e.g., chronic asthma,

cooled homes, flood-free neighborhoods, clean air). blindness, stunting, or maternal injury prevented).

5. Years of improved functional capacity (e.g., higher physical 6. People gaining access to essential survivability

stamina, cognitive focus, and work/school attendance). infrastructure (electricity, clean water, sanitation, clinics, safety
nets).

7. Premature deaths prevented (net lives saved across all interconnected risk pathways after removing overlap).

EZ¥A The Headline HSRD Metric: Person-Years of Improved Survivability Conditions

Among the seven HSRD outcome variables, one metric is especially powerful for communicating the scale of everyday human
benefit to general audiences and budget leaders alike: person-years of improved survivability conditions.

How does this metric work in plain English? A person-year simply multiplies the number of people helped by the number of

years that improvement lasts:

« Worked Real-World Example: Suppose a clean-air intervention—such as replacing smoky coal and biomass stoves with clean
electricity and filtering urban bus and factory exhaust—meaningfully improves air-quality conditions for 10 million people
over 20 years. Assuming the improvement persists throughout that period, the program generates up to 200 million person-
years of improved exposure conditions (10 million people x 20 years = 200 million person-years).

« Why We Distinguish Exposure Person-Years from Healthy Life-Years (DALYs): Transparency requires a clear distinction
here. Generating 200 million person-years of improved exposure conditions is not automatically equivalent to 200
million healthy life-years (DALYs). Breathing cleaner air for a year improves daily comfort, lung function, and safety for all
10 million residents right away, whereas formal epidemiological health metrics (DALYs) count only the subset of people who
would otherwise have suffered a clinically diagnosed stroke, heart attack, lung disease, or premature death during that year.
Both numbers are real and important—which is why our framework estimates and reports them separately.
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The Human Suffering Reduction Dividend (HSRD) and Our De-Duplication Waterfall (468M Gross to
368M Net Lives)
Panel A illustrates the 7 HSRD outcome variables and the 200M person-year clean-air example; Panel B shows how 100M
overlapping deaths are removed

—
A The Human Suffering Reduction Dividend (HSRD) B Strict De-Duplication: Gross to Net Lives
Billions of person-years lived with safer air, water, food, cooling, and care Removing 100M overlapping claims (-21%) prevents double counting

Essential Healthcare

108B -
& Social Protection person-yrs

500 468M
(Naive Sum)

—68M
LA
T 368M Net
200 (NN @0 (~21.4% Total

_—:Zsl‘;o Discount)

Climate Vulnerability

88B -
& Heat Protection person-yrs

Safe Sanitation &

Hygiene Access 79B person-yrs

Clean Cooking &

64B person-yrs
Indoor Air Quality p 4

300

Unsafe Drinking

Water Ended 588 person-yrs

Why we discount by 21%:
A child saved from diarrhoea
cannot be counted three times

under water, nutrition & clinics.

200
Extreme Poverty

(<US$3.00/day) 198 person-yrs

HSROD lllustration:

10M people x 20 years

of cleaner air =
21B person-yrs 200M person-years of
improved survivability
conditions.

Extreme Hunger &

Food Insecurity 100 -

Cumulative Deaths Prevented, 2025-2100 (Millions)

Pandemic & Conflict

34B -
Shock Buffering person-yrs

0 - T

r T T T T T T T T

0 20 40 60 80 100 120 140 Gross Sum Pathway Systemic Net Lives
R iti _ i of Pathways Overlaps Interaction Saved

Person-Years of Improved Conditions, 2025-2100 (Billions) (o8M) 32M) (Verified)

Source & Methodology: H Heuristics HH-PRM v2.0 methodological architecture. Panel B waterfall demonstrates how raw pathway totals (468M gross)
are reduced by within-cohort competing risks (-68M) and cross-pathway systemic overlap (-32M) to yield 368M net deaths prevented.

How Our Model Prevents Double Counting: From 468M Gross to 368M Net Lives

When we model each of the survival pathways independently between 2025 and 2100 under Coordinated Polycrisis Resilience

(Scenario S3), the raw sum of deaths prevented across all pathways is 468 million gross lives:

« Pollution reduction & clean energy: 171 million gross lives

« Healthcare accessibility & disease control: 141 million gross lives

« Climate resilience (adaptation + mitigation): 56 million gross lives

« Conflict, pandemic & shock preparedness: 45 million gross lives

« Food security & child nutrition: 35 million gross lives

« Water security & safe sanitation: 29 million gross lives

If we simply added those numbers together (171 + 141 + 56 + 45 + 35 + 29 = 468 million, with rounding), we would be guilty

of double counting. Why? Because in the real world, risks overlap in two ways:

1. Biological Overlap at the Same Moment (Competing Risks — Subtracting 68 Million Lives): Suppose a two-year-old
child is severely undernourished, drinks contaminated water, and lacks access to a local clinic with antibiotics. If she receives
both safe piped water and a staffed clinic with oral rehydration and antibiotics, her life is saved—but she is still one child, not
two. In demographic science, when multiple hazards act on the same group of people, the combined share of deaths prevented
follows a multiplicative survival formula rather than simple addition. Applying this rule across age groups and regions removes
68 million overlapping deaths (a 14.5% adjustment).

2. Systemic & Lifecycle Overlap Across Time (Subtracting 32 Million Lives): Even when two interventions act through
different channels or at different ages, they can still overlap. For instance, phasing out coal power cuts outdoor air pollution
(Pathway 1) and slows global warming (Pathway 2). Likewise, a child saved from diarrhoeal disease in 2030 by clean water
still needs protection from air pollution and chronic heart disease as an adult in 2075. Our second-stage systemic discount
removes an additional 32 million deaths (an 8.0% reduction on the remaining total).

H Heuristics Two-Stage De-Duplication Law (468M Gross to 368M Net Lives Saved) (Eq. 4.1)
Net Lives = 468M Gross — 68M Competing — 32M Systemic = 368M Net Lives (—21.4% Haircut)
=
Pathway Sum Same-Cohort Cross-Pathway

Combines the demographic competing-risk survival formula 1 — Hp(l — Rp) within each region-year cohort with a second-stage systemic overlap
discount (y = 8.0%) so that no human life is ever counted twice across pathways.
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The Seven Core Outcome Variables of the Human Suffering Reduction Dividend (HSRD) — Plain-English

People Removed from
Hazardous Exposure

V2 Person-Hours of
Hazardous Exposure
Avoided

V3 Years Lived with
Reduced Discomfort

v4 Disability & Disease
Burden Avoided

V5 Years of Improved
Functional Capacity

V6 People Gaining
Survivability
Infrastructure

V7 Premature Deaths
Prevented (Net)

Unique people
protected

Person-hours /
year
Person-years of

exposure

Years Lived w/
Disability

Active productive
years
Unique people
served

Distinct lives
saved

definition, unit of measurement, 2025 baseline exposure, and century gain under Coordinated Polycrisis Resilience

HSRD Outcome Variable Measurement Century Dividend
Unit (CX))

1.6B-2.1B people
by 2050

4.8 Trillion hrs/yr
by 2050

118B person-yrs
(2025-2100)

3.1B YLDs averted
(part of 13.6B DALYs)

85B functional yrs

(2025-2100)

1.9B fewer deprived
(103B person-yrs)

368M net lives
(90% UI: 265-448M)

Concrete Real-World Example in
Everyday Life

Families moving from smoky wood
stoves to clean electric/LPG
cooking and safe drinking water.
Outdoor farm and construction
workers shielded from lethal
midday wet-bulb heat and toxic
smog.

Living in flood-protected
neighborhoods with cool roofs, tree
shade, and storm early warnings.
Children spared lifelong physical
stunting, cognitive impairment,
chronic asthma, or blindness.
Adults able to work and children
able to attend school without
recurring malaria, worms, or smoke
illness.

Households gaining reliable
electricity, clean cooking, piped
water, sanitation, food, and clinics.
Unique individuals rescued from
early death between 2025 and
2100 after 21.4% overlap removal.

Notes & Sources: H Heuristics HSRD accounting ledger (HH-PRM v2.0). Variables V1-V3 and V5-V6 measure living exposure and capability conditions; V4 and
V7 measure epidemiological morbidity and mortality.

X3 A Practical Decision Guide: How Leaders Should Use HSRD Alongside Lives Saved and DALYs

Why does introducing the Human Suffering Reduction Dividend (HSRD) change how governments, development banks, and
philanthropists allocate capital? In traditional cost-benefit review, infrastructure programs like rural electrification, urban storm
drainage, cool roofs, or drought-resilient water networks are often penalized because only a small fraction of their beneficiaries
would have died in any single year without the upgrade. Yet those exact programs transform daily human survival conditions for
hundreds of millions of living people every single day.

By tracking four complementary metrics side by side—(1) Net Premature Deaths Prevented (v7), (2) Healthy Life-Years /
DALYs Gained (V4 + V7), (3) Person-Years of Basic-Service Deprivation Ended (V6), and (4) Person-Years of Hazardous
Climate and Environmental Exposure Avoided (V1-V3)—decision-makers can evaluate both immediate clinical lifesavers (such
as vaccines and oral rehydration) and foundational multi-crisis platforms (such as universal electricity and clean water) on a level
playing field without ever inflating or double counting mortality claims.

Three Golden Rules for Reporting HSRD Metrics

1. Never add Exposure Person-Years (V1-v3) directly to Healthy Life-Years (DALYs): Report them as parallel columns in the same
scorecard—one measuring improved daily living conditions for the whole population, the other measuring clinical disease and death
prevented.

2. Always adjust for household and regional overlap: When a district receives both clean cooking and piped water, count unique
individuals lifted out of deprivation (v6) using joint survey distributions rather than summing utility rosters.

3. Verify persistence before claiming multi-decade person-years: A 20-year person-year dividend requires funded maintenance (0&M)
so that stoves, water pumps, and clinics remain functional across the full 20-year window.
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SECTION 05 | THE 2025 GLOBAL STARTING POINT GRADE A - EMPIRICAL BASELINE

The 2025 Baseline: Who Is Dying and What Is Missing Today

SECTION THESIS — Before projecting to 2100, we anchor our model in verified 2025 reality: roughly 21 million risk-attributable
deaths occur every year, while 4.1 billion unique people lack at least one foundational survival service.

~21M Deaths / Yr 4.10B Peo(!ale 3.45B People 1,565M Deaths
Current annual toll across the 6 risk  Unique individuals lacking 21 basic  Living in high-climate-vulnerability Projected 2025-2100 baseline risk
pathways service in 2025 hotspots today toll under Reactive Drift

Where Global Mortality Stands Today: ~21 Million Preventable Risk Deaths a Year

To know how many lives can be saved over the next 75 years, we must first understand what is killing people right now. According
to the World Health Organization (WHO) and the Global Burden of Disease (GBD) study, roughly 61 to 62 million people die
worldwide each year from all causes combined. Because populations are growing and aging, the United Nations projects that total
annual deaths will rise steadily across the century—totaling roughly 7.2 billion all-cause deaths between 2025 and 2100.

Of today’s annual deaths, roughly 21 million deaths per year (before multi-cause de-duplication) are directly linked to the six

modifiable crisis pathways examined in this report:

« Healthcare-amenable conditions ( 8.4 million deaths/year today): Roughly 5.0 million people die because they receive
poor-quality care after reaching a clinic, and 3.6 million die because they cannot reach a clinic at all-succumbing to treatable
infections, childbirth complications, neonatal distress, or unmanaged blood pressure and diabetes.

« Household and outdoor air pollution ( 8.1 million deaths/year today): Fine particulate matter (PM, ;) and ozone cause
roughly 4.7 million outdoor-pollution deaths and 3.1 million household cooking-smoke deaths every year (with overlap
removed), primarily from heart disease, stroke, lung cancer, COPD, and childhood pneumonia.

« Food insecurity and maternal/child undernutrition ( 2.0 million deaths/year today): Undernutrition is an underlying
cause in nearly half of all deaths among children under five, alongside micronutrient deficiencies and acute famine episodes.

« Unsafe water, sanitation, and hygiene ( 1.3 million deaths/year today): Contaminated drinking water and untreated
sewage kill roughly 1.3 to 1.4 million people annually—mostly young children dying of preventable diarrhoeal dehydration and
enteric infections.

« Climate-sensitive heat and extreme weather ( 0.6 million deaths/year today): Heatstroke, heat-aggravated heart and
kidney failure ( 489,000 deaths/year), floods, tropical cyclones, and climate-expanded vector diseases already claim roughly
600,000 lives a year—a figure projected to more than triple by 2100 if warming reaches 2.8°C without adaptation.

« Armed conflict, epidemic shocks, and humanitarian crises ( 0.3 million direct deaths/year today, plus large indirect
spikes): While battle deaths fluctuate year to year, history shows that rare mega-shocks—such as the 1918 influenza pandemic
(50M+ deaths) or COVID-19 ( 15-20M excess deaths in 2020-2021)—create massive fat-tailed mortality spikes across a 75-
year century.

A The Six Survival Infrastructure Gaps and Why 'Reactive Drift' Fails

Why do 21 million people die from preventable environmental and health risks every year? Because billions of human beings

still lack the everyday physical and institutional shields that citizens in wealthy cities take for granted:

1. 666 Million People Without Electricity: Over 80% live in Sub-Saharan Africa, while 1 billion more endure daily blackouts
that cripple clinics, vaccine cold chains, and water pumps.

2. 2.05 Billion People Cooking With Toxic Solid Fuels: One in four people on Earth cook over indoor wood, charcoal, crop
waste, or dung fires, filling kitchens with lethal soot and carbon monoxide.

3. 2.08 Billion People Without Safe Drinking Water & 3.40 Billion Without Safe Sanitation: Billions lack contaminate-
free piped water and sealed sewage systems that keep waste out of wells and rivers.

4. 4.60 Billion People Without Full Essential Healthcare & 3.80 Billion Without Social Safety Nets: Over half of
humanity lacks comprehensive primary care and financial protection when illness or disaster strikes.

Accounting for household overlap across these deficits, 4.10 billion unique people (half of humanity) lack at least one core
survival service in 2025, while 3.45 billion live in IPCC high-climate-vulnerability hotspots. Even assuming continued baseline
income growth, Reactive Drift produces 1,565 million risk-linked deaths over 2025-2100 because population growth is
fastest where infrastructure is weakest, global aging increases sensitivity to heat and smog, and +2.8°C warming multiplies
extreme weather faster than piecemeal adaptation can keep up.
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The 2025 Baseline: Annual Preventable Mortality by Pathway and Six Global Survival Infrastructure
Gaps
Panel A shows annual deaths (~21M/yr today) and 2025-2100 Reactive Drift totals; Panel B shows billions of people lacking
essential basic services in 2025

—
A Today's Toll: ~21M Attributable Deaths/Yr B Closing the Survivability Service Gap by 2050
Air pollution and treatable healthcare gaps dominate baseline mortality Coordinated Resilience lifts 1.9B more people into basic service security

4.60B
Healthcare Access &

Quality Failures 8.40M/yr Lacking Full

Healthcare

No Social Protection

Indoor & Outdoor Safety Net

Air Pollution 7.90M/yr

No Safely Managed
Sanitation

Chronic Hunger & X
Child Undernutrition No Safe Drinking

Water

No Clean Cooking
Unsafe Water, Fuel / Stove

Sanitation & Hygiene

Extreme Poverty
(<US$3.00/day)

Pandemics & Conflict

Shocks (Expected) 0.95M/yr

Chronic Hunger
(Undernourished)

e = 2025 Baseline Unserved

mmm 2050 Reactive Drift

W 2050 Coordinated Resilience
I T T T T T k T T T T T

0 2 4 6 8 10 0 1 2 3 4 5

Attributable Deaths in 2025 (Millions / Year) People Lacking Essential Services (Billions)

Climate Heat &

No Electricity
Extreme Weather o.6oM/yr

Access

Source & Methodology: H Heuristics synthesis of IHME GBD (2021/2023), WHO (2024), IEA Tracking SDG7 (2025), WHO/UNICEF JMP (2024), FAO SOFIL
(2024), and ILO World Social Protection Report (2024).

T-INJEXE The 2025 Global Baseline Ledger and Reactive Drift Trajectory to 2100 — Current annual mortality, projected 2025-
2100 Reactive Drift deaths, and the six foundational service deficits

Pathway / Infrastructure 025 Deaths / 2025-2100 2025 Service Gap | Primary Baseline Data
Domain Yr Drift Anchor

1. Air Pollution (Indoor & 8.1M / yr 576M deaths 2.05B no clean IHME GBD 2021; State

Outdoor) cooking of Global Air 2024; WHO

2. Climate & Extreme 0.6M / yr 91M deaths 3.45B high WHO Heat Factsheet

Weather vulnerability 2024; IPCC AR6; Lancet
2025

3. Unsafe Water & 1.3M / yr 52M deaths 2.08B water - 3.40B WHO/UNICEF JMP

Sanitation san. 2024; WHO WASH
Burden 2023

4. Healthcare-Amenable 8.4M / yr 637M deaths 4.60B UHC gap Kruk et al. Lancet

Mortality Commission; WHO/WB
UHC 2025

5. Food Insecurity & 2.0M / yr 94M deaths 2.33B food insecure FAO SOFI 2024;

Undernutrition UNICEF/WHO/WB
Child Malnutrition

6. Foundational Cross-cutting Cross-cutting 666M no electricity [EA/IRENA/WB/WHO

Electricity & Alerting Tracking SDG7 Report
2025

7. Conflict, Pandemics & 0.3M+ (fat 115M expected 3.80B no social UCDP Conflict Data;

Shocks tail) safety net Marani et al. PNAS; ILO
2024

Combined Risk Ledger ~20.7M / yr 1,565M gross 4.10B unique HH-PRM v2.0 Baseline

(Pre-Overlap) deprived Integration across 204
states

Notes & Sources: H Heuristics HH-PRM v2.0 baseline table. 2025-2100 Reactive Drift deaths reflect expected cumulative mortality before cross-pathway de-
duplication.
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SECTION 06 | PATHWAY DEEP-DIVEI - AIR & ENERGY GRADE A - 132M NET LIVES SAVED

Pathways 1 & 6: Pollution Reduction, Clean Cooking, and
Universal Energy

SECTION THESIS — Replacing smoky indoor cooking fuels for 2.05 billion people, electrifying the 666 million unserved, and
phasing out unabated coal and diesel saves 132 million net lives (36% of total century gains) and adds 3.79 billion healthy life-
years.

132M Net Lives 3.79B Healthx Yrs 2.05B People US$3,544 / DALY
Deaths prevented 2025-2100 DALYs gained (29 healthy years per ~ Transitioned from indoor wood/ Present-value net cost per healthy
(171M gross - 36% share) death prevented) charcoal to clean cooking life-year gained

The World's Largest Environmental Killer: 8.1 Million Deaths Every Year

If a single virus killed 8.1 million people every year—more than HIV/AIDS, tuberculosis, malaria, war, and car crashes combined

—it would dominate every front page on Earth. Yet air pollution does exactly that in silence. Why does dirty air kill on such a

massive scale? When human beings inhale microscopic soot particles smaller than 2.5 microns (PM, ;)—about one-thirtieth the

width of a human hair—those particles bypass the nose and throat, lodge deep inside the air sacs of the lungs, and pass directly
into the bloodstream.

Once inside the blood vessels, fine pollution particles trigger chronic inflammation, stiffen arteries, raise blood pressure, and

promote blood clots. As a result, more than 70% of air-pollution deaths are not lung diseases at all, but heart attacks

and strokes, alongside lung cancer, chronic obstructive pulmonary disease (COPD), and acute lower respiratory infections

(pneumonia) in children under five.

Air pollution strikes through two overlapping channels:

« Household Air Pollution ( 3.1 million deaths/year): Inside the homes of 2.05 billion people, families cook daily meals over
open fires or leaky stoves burning firewood, charcoal, crop waste, animal dung, or coal. Indoor smoke concentrations regularly
reach 500 to 2,000 micrograms per cubic meter—up to 100 times higher than the WHO safe annual guideline. Women
and young children carried on their mothers’ backs bear the overwhelming brunt of this toxic exposure.

« Ambient (Outdoor) Air Pollution ( 4.7 million deaths/year): Outside the home, coal-fired power plants, diesel trucks and
two-wheelers, brick kilns, heavy industry, open trash burning, and agricultural stubble fires blanket rapidly growing cities across
South Asia, East Asia, the Middle East, and Africa in thick haze.

The Four Pillars of Pathway 1 (Pollution Reduction) and Pathway 6 (Universal Clean Energy)

As outlined in our Seven Pathways to Saving Lives, eliminating preventable air-pollution mortality while powering modern

resilience requires four coordinated actions:

1. Clean Cooking Transitions for 2.05 Billion People: Providing subsidized electric induction stoves (paired with solar/grid
power) or clean liquefied petroleum gas (LPG) and advanced biogas stoves—alongside reliable fuel delivery and local repair
networks—cuts indoor PM, 5 exposure by 75% to 90% within weeks of adoption.

2. Universal Reliable Electricity (Closing the 666M Access Gap + Grid Modernization): Extending clean national grids
and solar-plus-battery mini-grids to every unserved village and electrifying 100,000+ unpowered health clinics eliminates
reliance on toxic kerosene lamps and diesel backup generators while unlocking the full Resilience Multiplier (Section 03).

3. Industrial Emissions Reduction & Fossil-Fuel Phase-Out: Retiring unabated coal power plants, installing flue-gas desul-
furization and particulate scrubbers on cement, steel, and brick factories, and sealing methane leaks cuts both outdoor PM, 5
and global warming simultaneously.

4. Cleaner Transportation & Real-Time Air Quality Monitoring: Transitioning urban buses, two- and three-wheelers,
delivery vans, and passenger cars to electric drivetrains, enforcing Euro-6/VI ultralow-sulfur diesel standards, and deploying
low-cost satellite and street-level air sensors empowers cities to enforce clean-air zones and issue high-smog health advisories.

Why Siloed Energy Policy Fails—and Why Coordination Saves 132 Million Net Lives

Under Reactive Drift, annual air-pollution deaths average 7.7 million per year across the century (576 million cumulative
deaths) because rapid urbanization and aging populations in South Asia and Sub-Saharan Africa offset gradual tailpipe cleanups
in wealthy nations. Under Siloed Progress (Scenario S2)—where utilities build clean power for cities but ignore household
cooking fuels in villages—only 88 million net lives are saved, leaving 44 million preventable deaths behind.

By contrast, Coordinated Polycrisis Resilience (Scenario S3) pairs utility-scale clean grids with household clean-cooking
transitions, clean urban transit, and industrial scrubbers—achieving a 45% technical risk reduction ceiling, driving annual
deaths down from 8.1M in 2025 to 4.1M by 2100, saving 132 million net lives (171M gross, or 36% of all lives saved in
this report), and gaining 3.79 billion healthy life-years (DALYSs) plus over 90 billion person-years of cleaner daily breathing
conditions under the HSRD ledger.
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PATHWAY DEEP-DIVE I -

AIR & ENERGY

Pathways 1 & 6: Bending the Air-Pollution Mortality Curve and Closing the Clean Cooking & Electricity

Gaps

Panel A tracks annual air-pollution deaths from 2025 to 2100 across scenarios; Panel B tracks billions of people without clean

cooking and electricity

Annual Air-Pollution Deaths (Millions / Year)

A Bending the Air-Pollution Mortality Curve (2025-2100)

Clean cooking, grid decarbonization, and clean transport cut deaths by 40%

132M Net Lives Saved (155M Gross) e,
== = Reactive Drift (567M Total Deaths)
= Delayed Action — Starts 2040 (79M Saved)
3 4 === Siloed Progress (92M Saved)
=== Coordinated Resilience (132M Net Saved)

People Unserved (Billions)
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B Eliminating Energy & Clean-Cooking Deprivation
Universal electricity by the late 2030s; clean cooking for 1.6B+ people by 2050
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Source & Methodology: H Heuristics HH-PRM v2.0 projections calibrated to IHME GBD 2021 dose-response curves, WHO Air Quality Guidelines, and IEA
Net Zero / SDG7 rollout schedules.

- %E Pathway 1 & Pathway 6 Breakdown: Pollution Reduction, Clean Cooking, and Universal Clean Energy — Sub-
intervention targets, primary diseases prevented, century lives saved, healthy life-years, and co-benefits

Sub-Intervention Pillar | 2026-2050 Rollout | Primary Diseases Net Lives (S3) | Compounding Co-
Target Prevented Benefits

1A. Clean Cooking
Transition

1B. Clean Power & Coal
Phase-Out

1C. Clean Transport &
Industry

1D. Air Monitoring &
Alerts

6A. Universal Reliable
Electricity

2.05B people shifted
to electric induction,
LPG & biogas by
2042

Unabated coal retired
by 2045; 90%+ clean
electricity share

Electric buses/2-
wheelers; Euro-6
diesel; kiln/factory
scrubbers
Universal satellite +
ground PM2.5
sensors & smog
action plans

666M unserved
connected +
100,000+ clinics
electrified by 2035

Childhood pneumonia,
maternal COPD, stroke,
ischemic heart disease,
cataracts

Heart attacks, strokes,
lung cancer, chronic
bronchitis in older adults

Urban asthma,
cardiovascular mortality,
preterm births in
megacities

Acute cardiopulmonary
spikes during stagnation
and wildfire episodes

Enables vaccine cold
chains, oxygen, clean
water pumping & cooling

54M net Saves women 1-3 hrs/
(70M gross) day; halts forest wood-
cutting; cuts black
carbon.
43M net Holds warming to
(56M gross) 1.85°C; cuts utility fuel
bills by 40% over asset
life.
26M net Reduces urban noise
(34M gross) and heat-island
exhaust; improves
worker stamina.
9M net Guides school/outdoor-
(11M gross) work protections

during compound heat-
smog days.

Powers all 6 survival
nodes: clinics, water,
food cold chains,
schools, alerts.

Cross-cutting
(Resilience
Multiplier)

Notes & Sources: H Heuristics HH-PRM v2.0 decomposition of Pathway 1 & Pathway 6. Combined net lives saved = 132M (171M gross); combined DALYs =
3.79B; peak incremental cost = US$520B/yr (US$312B/yr net of fuel operating savings).
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SECTION 07 | PATHWAY DEEP-DIVE II - WATER & FOOD GRADE A - 48M NET LIVES - 3.37B DALYs

Pathways 3 & 5: Water Security, Safe Sanitation, and Food
Resilience

SECTION THESIS — Safe drinking water, sealed sanitation, climate-smart agriculture, and child nutrition save 48 million net lives
(22M water + 26M food)—and because they rescue infants and toddlers, they preserve 53 to 84 healthy life-years per life saved.

22M Net Lives 26M Net Lives 53-84 Healthy Yrs 3.37B Healthy Yrs
Saved by Water Security & Saved by Food Security & Nutrition DALYs gained per young child's life Combined DALYs gained (1.17B
Sanitation (43% risk cut) (28% risk cut) saved water + 2.20B food)

Pathway 3 — Water Security: Ending the Fastest-Solvable Cause of Child Death

Nothing illustrates the difference between reactive crisis management and proactive resilience more clearly than safe water and

sanitation. Today, roughly 1.3 million people die every year from diseases caused by unsafe drinking water, lack of sanitation,

and poor hygiene—primarily cholera, rotavirus, typhoid, and acute diarrhoeal dehydration. Roughly 1,000 children under age
five die every single day from waterborne illnesses that were virtually eliminated in high-income cities more than a century ago.

Why is Water Security (Pathway 3) the fastest proportional win in our entire report? Because the engineering technologies

required to stop waterborne deaths are mature, inexpensive, and work immediately:

« Safe Drinking Water (Closing the 2.08B Gap): Extending piped, chlorinated water systems into urban neighborhoods and
installing solar-powered, point-of-use chlorinated water kiosks and deep boreholes in rural villages cuts diarrhoeal mortality
by 50% to 70% almost overnight.

« Sanitation Infrastructure & Wastewater Treatment (Closing the 3.40B Gap): Replacing open defecation and unsealed pit
latrines with sealed toilets, municipal sewer networks, and decentralized biodigester treatment plants keeps human pathogens
out of drinking-water aquifers and irrigation canals—even when heavy floods strike.

« Drought-Resistant Water Systems: Lining canals, fixing municipal pipe leaks (which currently waste 30%-45% of treated
water in many developing cities), harvesting rainwater, and deploying solar desalination in arid coastal zones protect commu-
nities against multi-year megadroughts.

Coordinated Polycrisis Resilience achieves an 85% technical reduction ceiling on waterborne mortality as universal infra-

structure matures—slashing annual unsafe-water deaths by 84% between 2025 and 2050 (from 1.30M/year down to 0.21M/

year) and saving 22 million net lives (29 million gross) across the century. That represents a 43% cut in total remaining century
water deaths, alongside 1.17 billion healthy life-years (DALYs) gained.

Pathway 5 — Food Security and Poverty Reduction: Defending Human Nutrition

While clean water stops pathogens from entering a child’s body, food security and adequate nutrition build the biological
armor that keeps children alive when infections or climate shocks hit. Today, around 2.0 million deaths per year are attributable
to maternal and child undernutrition and acute food insecurity. Worse still, under Reactive Drift, climate warming of 2.8°C
is projected to reduce staple crop yields (maize, wheat, rice, and sorghum) by 15% to 30% across tropical farming regions,
threatening to reverse decades of progress against hunger.

Pathway 5 deploys four interlocking defenses to secure human nutrition and household incomes across the century:

1. Climate-Smart Agricultural Productivity: Breeding and distributing heat-, drought-, and flood-tolerant crop seeds,
expanding drip micro-irrigation, restoring degraded soils, and giving smallholder farmers localized weather forecasts so they
know when to plant and harvest.

2. Resilient Food Distribution & Cold Chains: In low-income countries, 30% to 40% of food spoils between the farm
gate and the dinner table because communities lack hermetic storage bags, paved farm-to-market roads, and solar-powered
refrigeration. Pairing rural electrification (Pathway 6) with cold storage expands the food supply by a third without clearing a
single additional acre of forest.

3. Income Resilience & Shock-Responsive Safety Nets: Famines rarely happen because there is zero food in a country; as
economist Amartya Sen proved, famines happen when poor families lose their income during a drought or price spike and
cannot afford to buy food. Automatic digital cash transfers and weather-indexed crop insurance keep families fed when local
harvests fail.

4. Nutritional Accessibility in the First 1,000 Days: Targeting pregnant mothers and infants from conception to age two
with micronutrient supplements (iron, folic acid, vitamin A, zinc), breastfeeding support, fortified staple foods, and ready-to-
use therapeutic food (RUTF) for acute wasting prevents irreversible stunting and immune collapse.

The Water-Nutrition Synergy and the Extraordinary Child Life-Year Dividend

Why does Siloed Progress (Scenario S2) perform so poorly on hunger? Because water and nutrition are biologically insep-
arable. When a child drinks dirty water, chronic intestinal infections (environmental enteropathy) inflame the lining of her gut
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so that even when she is given nutritious food, her body cannot absorb the calories and vitamins. Delivering food aid without
clean water is like pouring water into a leaky bucket. When delivered together under Coordinated Resilience, Pathways 3 and 5
save 48 million young lives (22M water + 26M food) and preserve 53 to 84 healthy life-years per child saved—generating
3.37 billion DALYSs (25% of all healthy years in the report) at the lowest cost per healthy year (US$1,597/DALY for nutrition).

Pathways 3 & 5: Safe Water, Sanitation, and Food Security Mortality Trajectories (2025-2100)
Panel A shows annual unsafe-water and sanitation deaths (22M net lives saved); Panel B shows undernutrition-linked deaths
(26M net lives saved)

A Water Security & Sanitation Mortality (2025-2100) B Food Security & Nutrition Mortality (2025-2100)

Safe water, sewage treatment, and hygiene eliminate most child diarrhoeal deaths Drought-tolerant crops, first-1,000-days nutrition, and cash safety nets

141 22M Net Deaths Averted (43% Burden Cut)

== = Reactive Drift (52M Baseline Deaths)
=== Siloed Progress
=== Coordinated Resilience (85% Ceiling) \

26M Net Deaths Averted (84 DALYs / Life)
== = Reactive Drift (94M Baseline Deaths)
== Siloed Progress (Weak Without Integration)
=== Coordinated Resilience (60% Ceiling)

1.0
Each nutrition death prevented
preserves 84 healthy life-years

N JHighest life-years per child:

w75 5
0.8 4
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0.0 T T T T T T T 1 0.00 T T T T T T T 1
2030 2040 2050 2060 2070 2080 2090 2100 2030 2040 2050 2060 2070 2080 2090 2100
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Source & Methodology: H Heuristics HH-PRM v2.0 projections calibrated to WHO/UNICEF JMP (2024), Lancet WASH meta-analyses (Wolf et al., 2023),
FAO SOFI (2024), and Lancet Maternal and Child Nutrition Series.

Pathway 3 (Water Security) and Pathway 5 (Food Security & Poverty Reduction) Summary Ledger — Core
interventions, 2025-2100 mortality reductions, healthy life-years per death prevented, and cost-effectiveness

Pathway & Sub-Pillar | Core Physical / Net Lives Burden Cut Healt PV Cost/ D,
Social Interventi (S3)

3A. Safe Drinking Piped chlorinated 11M net % cut 0.60B DALYs US$4,639 / DALY

Water water & solar (14.5M gross) (85% Celhng) (53 DALYs/ (Combined
boreholes for 2.08B life) WASH)
people

3B. Sanitation & Sealed toilets, sewers 8M net 43% cut 0.42B DALYs Peak Financing:

Wastewater & sewage treatment (10.5M gross) (85% ceiling) (53 DALYs/ US$95B / year
for 3.40B people life)

3C. Drought-Resilient = Leak repair, rainwater 3M net 43% cut 0.15B DALYs High co-benefit

Water harvesting, aquifer (4.0M gross) (85% ceiling) (53 DALYs/ with farming
recharge & reuse life)

5A. First-1,000-Days = Maternal 11M net 28% cut 0.95B DALYs US$1,597 / DALY

Nutrition micronutrients, (15.0M gross) (60% ceiling) (84 DALYs/ (1 Best Value)
breastfeeding, RUTF life)
wasting care

5B. Climate-Smart Drought/heat seeds, 8M net 28% cut 0.67B DALYs Peak Financing:

Farming micro-irrigation & soil  (10.5M gross)  (60% ceiling) (84 DALYs/ US$55B / year
restoration life)

5C. Cold Chains & Solar cold storage 7M net 28% cut 0.58B DALYs Prevents famine

Cash Nets (cutting spoilage 35%)  (9.5M gross) (60% ceiling) (84 DALYs/ & distress sales
+ shock cash transfers life)

Notes & Sources: H Heuristics HH-PRM v2.0 synthesis for Pathways 3 and 5. Together, Water Security (22M net lives; 1.17B DALYs) and Food Security (26M net

lives; 2.20B DALYs) save 48M net lives and 3.37B healthy life-years.
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SECTION 08 | PATHWAY DEEP-DIVE III - HEALTH & SHOCK DEFENSE GRADE A/B - 140M NET LIVES SAVED

Pathways 4 & 7: Healthcare Accessibility, Pandemic Defense,
and Conflict Buffers

SECTION THESIS — Expanding quality primary healthcare saves 98 million net lives and delivers 4.82 billion healthy life-years
(the largest health-year gain in the report), while pandemic preparedness and conflict safety nets save another 42 million lives
and cut super-pandemic risk in half.

98M Net Lives 4.82B Healthy Yrs 42M Shock Lives 35% = 17%
Saved by Healthcare Accessibility & DALYs gained from healthcare (49 Saved by Pandemic, Conflict & Chance of a >50M-death pandemic
Quality (27% share) DALYs / death averted) Shock Preparedness century cut in half

Pathway 4 — Healthcare Accessibility: Closing the Access and Quality Chasm

Even in a world with cleaner air, safer water, and more resilient farms, human beings will still face bacterial and viral infections,
childbirth emergencies, newborn respiratory distress, heart disease, diabetes, and cancer. Today, roughly 8.4 million people in
low- and middle-income countries die every single year from conditions that modern medicine already knows how to cure
or prevent at low cost.

Landmark research by the Lancet Global Health Commission on High Quality Health Systems revealed a surprising truth

about those 8.4 million annual deaths:

« 3.6 million people die because they cannot reach a clinic (geographic distance, user fees, or lack of clinics).

« 5.0 million people die even after reaching a clinic because the facility lacks basic quality and infrastructure—no electricity
for oxygen or incubators, no clean running water for sterile surgery, stocked-out antibiotics or blood supplies, or undertrained
staff.

That is why Pathway 4 (Healthcare Accessibility) must be built hand-in-hand with Pathway 6 (Universal Electricity) and

Pathway 3 (Water Security). Our four healthcare pillars target the deadliest gaps first:

1. Primary Healthcare Expansion: Deploying paid, digitally equipped community health workers and building electrified,
water-connected primary health clinics within a one-hour walk of every rural and urban family.

2. Universal Vaccination: Reaching 95%+ coverage for core childhood vaccines (measles, diphtheria-tetanus-pertussis, ro-
tavirus, pneumococcal pneumonia, HPV) plus next-generation vaccines against malaria, tuberculosis, and respiratory syncytial
virus (RSV).

3. Maternal and Child Healthcare: Ensuring skilled birth attendance, emergency obstetric care (blood transfusion, C-section
capability, postpartum hemorrhage drugs), kangaroo mother care, and neonatal CPAP oxygen in every district hospital.

4. Disease Surveillance, Early Intervention & Chronic Care: Providing rapid point-of-care diagnostics for malaria, HIV, and
bacterial infections (curbing antibiotic misuse and superbugs) alongside ultra-low-cost generic pills for high blood pressure
and diabetes.

Under Reactive Drift, population growth and aging push cumulative healthcare-amenable deaths to 637 million between
2025 and 2100. Coordinated Polycrisis Resilience achieves a 33% technical mortality reduction ceiling across the global
amenable burden—saving 98 million net lives (141 million gross, or 27% of all lives saved in this report) and generating
4.82 billion healthy life-years (DALYs), the single largest healthy-life dividend of any pathway.

XA Pathway 7 — Pandemic Preparedness, Conflict Prevention, and Compound-Shock Buffers

Most global health forecasts make a dangerous simplifying assumption: they pretend that history marches forward smoothly
without wars, famines, or novel pandemics. Yet the real world is punctuated by fat-tailed shocks—rare, extreme events that can
kill tens of millions of people in a few years. Historical analysis of epidemic records over the past four centuries (Marani et al.,
PNAS) coupled with modern air travel and urban density indicates that under Reactive Drift, humanity faces roughly a 35%
chance of experiencing at least one catastrophic century total exceeding 50 million pandemic deaths between 2025 and 2100.

Pathway 7 builds an explicit global insurance shield against both biological pandemics and geopolitical conflict cascades:

« Global Pathogen Surveillance & Early Containment: Real-time wastewater genomic sequencing at major airports and
urban centers, wildlife spillover monitoring, and rapid local test-and-isolate protocols that stop localized outbreaks before they
go global.

« 100-Day Vaccine & Therapeutic Manufacturing plus Regional Hubs: Pre-approved mRNA and viral-vector vaccine plat-
forms, distributed manufacturing plants across Africa, Asia, and Latin America, and stockpiled medical oxygen and personal
protective equipment (PPE).

« Resource-Stress Peacebuilding & Protected Humanitarian Corridors: Investing in shared river-basin treaties, pastoralist
grazing agreements, pre-registered mobile cash-transfer rails, and mobile vaccination teams prevents the secondary collapse of
food, water, and health systems that causes over 70% of conflict-zone deaths. Coordinated Preparedness saves 42 million
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net lives (45M gross) across the century and cuts the probability of a >50M-death pandemic century in half—from 35%
down to 17%.

Pathways 4 & 7: Healthcare Accessibility Trajectory and Insurance Against Catastrophic Pandemics
Panel A tracks annual healthcare-amenable deaths (98M net lives saved); Panel B shows the century exceedance probability

for pandemic mortality

A Healthcare Accessibility & Quality (2025-2100)

Cutting preventable deaths from infections, maternal/child causes & chronic disease

\ Primary care + quality:
A 4.82B healthy life-years gained
\ (largest DALY driver in report)

S

100

80

60

40

B Insurance Against Catastrophic Pandemics
Surveillance, rapid containment, and surge vaccine capacity (+42M shock lives)

== Reactive Drift (35% chance of >50M deaths)

== = Siloed Progress (26% chance of >50M deaths)

=== Coordinated Preparedness (17% chance of >50M)
Catastrophic Tail-Risk Eliminated

Halves the probability of a
catastrophic >50M-death
pandemic century (35% - 17%)

Annual Healthcare-Amenable Deaths (Millions)

98M Net Lives Saved (141M Gross)
== = Reactive Drift (637M Amenable Deaths)

4 4 == Siloed Progress (74M Saved)

=== Coordinated Resilience (98M Net Saved)
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Source & Methodology: H Heuristics HH-PRM v2.0 projections calibrated to Kruk et al. (Lancet Commission), WHO/World Bank UHC Global Monitoring

Report (2025), and Marani et al. (PNAS) extreme-epidemic probability distributions.

Pathway 4 (Healthcare Accessibility) and Pathway 7 (Pandemic & Conflict Preparedness) Ledger — Sub-

intervention pillars, target coverage, century lives saved, healthy life-years gained, and cost-effectiveness

Pathway & Sub-Pillar | Core Operational Net Lives Burden Cut Healthy Yrs Cost / DALY
Intervention (S3)

4A. Maternal &
Newborn Care

4B. Vaccination &
Child Infectious

4C. Primary Clinics &
Quality
4D. Chronic Disease &

AMR Control

7A. Pandemic
Surveillance & Surge

7B. Conflict & Shock
Safety Nets

Skilled birth
attendance, emergency
obstetrics, neonatal
CPAP

Universal measles,
rotavirus, pneumonia,
malaria & TB vaccines
Electrified/water-
supplied clinics,
antibiotics, surgical
safety

Low-cost blood-
pressure/diabetes care
+ rapid diagnostics
Genomic wastewater
monitoring + 100-day
regional vaccine hubs
Water/land
peacebuilding, mobile
clinics, emergency cash
rails

31M net
(44.5M gross)

29M net
(41.5M gross)

22M net
(31.5M gross)

16M net

(23.5M gross)

27M net
(29.0M gross)

15M net
(16.0M gross)

15% net cut 1.92B DALYs US$2,615 / DALY
(33% ceiling) (62 DALYs/ (Combined
life) Health)
15% net cut 1.65B DALYs Peak Financing:
(33% ceiling) (57 DALYs/ US$170B / year
life)
15% net cut 0.82B DALYs Eliminates
(33% ceiling) (37 DALYs/ quality
life) mortality gap
15% net cut 0.43B DALYs Slows superbug
(33% ceiling) (27 DALYs/ (AMR) emergence
life)
38% net cut 0.62B DALYs US$2,585 / DALY
(45% ceiling) (23 DALYs/ (US$31B/yr cost)
life)
38% net cut 0.34B DALYs Halves >50M-
(45% ceiling) (23 DALYs/ death
life) tail risk
(35%-17%)

Notes & Sources: H Heuristics HH-PRM v2.0 synthesis for Pathways 4 and 7. Together, Healthcare Accessibility (98M net lives; 4.82B DALYs) and Pandemic/
Conflict Preparedness (42M net lives; 0.96B DALYs) save 140M net lives and 5.78B healthy life-years.
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SECTION 09 | PATHWAY DEEP-DIVE IV - CLIMATE & EARLY WARNING GRADE A/B - 49M NET LIVES - 46% CUT

Pathways 2 & 6: Climate Resilience, Extreme Weather, and
Resilient Infrastructure

SECTION THESIS — Cutting greenhouse gas emissions and adapting local communities are two halves of the same shield:
together they prevent 49 million net climate deaths (46% of the century toll) and protect 1.6 billion people from high climate
vulnerability by 2050.

49M Net Lives 61% vs. 39% 6x Lower Deaths 1.6B Fewer Exposed
Climate deaths prevented 2025- Share from Proactive Adaptation Disaster mortality reduction from People lifted out of high climate
2100 (56M gross - 46% cut) (34M) vs. Mitigation (22M) 24-hr early warnings vulnerability by 2050

Why Climate Mortality Is the Product of Hazard x Vulnerability

In public debates over climate change, people often split into two rival camps. One camp argues that the world should focus almost
entirely on mitigation (cutting greenhouse gas emissions), treating local adaptation as admitting defeat. The other camp argues
that emissions cuts are too slow to matter for decades, so money should go only to adaptation (seawalls and air conditioning).

Our quantitative modeling proves that both camps are wrong when they act alone—and powerfully right when they act
together. Why? Because climate-related mortality in any year is governed by a simple physical law:

Multiplicative Law of Climate Mortality (Hazard x Local Vulnerability) (Eq. 9.1)
Climate Deaths, , = Baseline, x Hazard,(AT) X Vulnerability, ,
) )

— — e
Pop. & Age +2.80°C vs. +1.85°C 1 - 45% Adaptation

Because temperature hazard and local vulnerability multiply each other, cutting emissions (+1.85°C, saving 22M gross lives) and building local
adaptation defenses (45% vulnerability cut, saving 34M gross lives) are strong complements.

Consider what happens across four different climate strategies from 2025 to 2100:

« Under Reactive Drift (+2.80°C warming, weak adaptation): Annual direct climate-sensitive deaths (from extreme heat,
floods, storms, wildfires, and climate-expanded dengue and malaria) surge more than threefold—from 0.60 million per year
in 2025 to 2.00 million per year by 2100, totaling 91 million deaths across the century.

« If the world cuts emissions only (+1.85°C warming, no new adaptation): Holding warming to 1.85°C prevents the worst
late-century temperature spikes, saving 22 million gross lives (39% of the climate total). However, because 1.85°C is still
significantly hotter than today—and because billions of aging urban residents remain without cooling, flood drainage, or early
warnings—annual climate deaths still double to 1.22 million per year by 2100.

« If the world invests in proactive adaptation only (45% vulnerability cut, but +2.80°C warming): Building heat-resilient
cities, flood defenses, and early warning systems saves 34 million gross lives (61% of the climate total), especially between
2026 and 2065. Yet after 2065, unchecked 2.80°C warming begins to overwhelm local physical defenses as wet-bulb temper-
atures cross human physiological limits.

« Under Coordinated Polycrisis Resilience (Adaptation + Mitigation Together): Combining a 45% reduction in local
vulnerability with +1.85°C warming bends the climate-mortality curve flat—holding annual deaths near 0.60 million per
year in 2100 despite a larger, older global population, and saving 56 million gross lives (49 million net lives after de-
duplication, a 46% cut in total century climate mortality).

The Four Pillars of Climate Resilience and Universal Early Warning

Proactive adaptation achieves a 45% reduction in local climate vulnerability while shielding 1.6 billion people from high-

vulnerability conditions by 2050 through four proven interventions:

1. Heat Adaptation & Urban Cooling: Reflective white “cool roofs” and cool pavements lower indoor temperatures by 2°C
to 4°C at near-zero operating cost; urban street trees cool neighborhoods; mandatory shade-and-water rest breaks protect
outdoor farm and construction workers; and solar-powered cooling centers protect seniors during extreme heatwaves.

2. Universal Multi-Hazard Early Warning Systems (Pathway 6 Enabler): According to WMO and UNDRR, countries with
comprehensive early warning coverage experience disaster mortality rates more than six times lower than countries with
limited warning systems—and just 24 hours’ advance warning cuts storm damage by 30%.

3. Flood Protection & Sponge-City Infrastructure: Restoring coastal mangroves (absorbing up to 70% of cyclone wave
energy), building river embankments, and upgrading urban storm drains prevent flash drownings and post-flood cholera
surges.

4. Climate-Resilient Critical Infrastructure: Elevating coastal health clinics and water plants above storm-surge lines and
hardening power grids with solar-plus-battery backup ensure hospitals and water pumps stay online during disasters.
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Pathway 2: Bending the Climate-Mortality Curve and Cutting Global Climate Vulnerability in Half

Panel A decomposes climate mortality under Mitigation Only, Adaptation Only, and Combined Resilience; Panel B tracks people
in high-vulnerability contexts

2.0 H

_| == Coordinated Resilience — Adaptation + Mitigation (0.6M/yr)

A Bending the Climate-Mortality Curve (2025-2100) B Cutting Global Climate Vulnerability in Half

Hazard x Vulnerability: combining +1.85°C mitigation with 45% adaptation protection Early warning (6x lower mortality), cooling, flood defenses & safety nets

49M Net Lives Saved (56M Gross)
m=m= Reactive Drift — +2.8°C & Unprotected (2.0M/yr by 2100)
== = Emissions Cut Only (+1.85°C, No New Adaptation)
=== Proactive Adaptation Only (Cooling, Floods, Early Warning)

=== Reactive Drift (Peaks near 4.0B Vulnerable)
= Delayed Action (Starts 2040)
----- == = Siloed Progress (3.2B in 2050)
=== Coordinated Resilience (Halves to 2.3B by 2050)
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Source & Methodology: H Heuristics HH-PRM v2.0 projections calibrated to IPCC AR6 Working Group II vulnerability tiers, WHO Heat and Health (2024),

WMO Early Warnings for All, and Global Commission on Adaptation.

VCIIEEE Pathway 2 (Climate Resilience) Decomposition: Proactive Adaptation vs. Emissions Mitigation — Sub-
intervention pillars, mechanism of protection, gross and net lives saved (2025-2100), and HSRD exposure dividend

Climate Resilience
Pillar

Primary Physical / Gross Lives Net Lives (S3) | HSRD Survivability & Co-
Policy Mechanism Benefit Dividend

2A.Heat Adaptation &  Cool roofs, urban tree 16.0M gross 14.0M net Eliminates trillions of
Cooling shade, worker rest rules, person-hours of lethal wet-
cooling centers bulb heat stress for workers
& seniors.
2B. Multi-Hazard Early = Universal 24-72 hr cell 8.5M gross 7.4M net 6x lower storm/flood
Warning alerts, radar, sirens & mortality; protects livestock,
evacuation shelters fishing boats & household
assets.
2C. Flood & Coastal Mangroves, seawalls, 5.5M gross 4.8M net Prevents post-flood sewage
Protection sponge-city drainage & overflow and displacement
elevated clinics across river & delta cities.
2D. Climate-Resilient Cyclone-hardened 4.0M gross 3.5M net Stops blackouts and crop
Grids/Crops power/water networks + failures during extreme
drought-smart seeds weather (links to Pathways 3,
5, 6).
Subtotal: Proactive Reduces local climate 34.0M (61%) 29.7M net 1.6B fewer people in high
Adaptation vulnerability by 45% vulnerability by 2050
across all regions (118B person-yrs)
2E. Emissions Clean energy & industry 22.0M (39%) 19.3M net Prevents late-century
Mitigation holding 2100 warming to physiological heat thresholds
1.85°C vs. 2.80°C from being breached.
Total Pathway 2 Combined Adaptation+ 56.0M gross 49.0M net 0.67B DALYs (14 DALYs/
(Climate) Mitigation Shield (46% death) + US$4-10 avoided
Burden Cut) damage per $1 spent

Notes & Sources: H Heuristics HH-PRM v2.0 climate decomposition. Adaptation accounts for 61% of climate lives saved (34M gross / 29.7M net) and emissions
mitigation accounts for 39% (22M gross / 19.3M net).
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SECTION 10 | INTEGRATED CENTURY RESULTS (2025-2100) GRADE A/B - FULL PORTFOLIO

Century Results: 368 Million Lives Saved, 13.6 Billion
Healthy Years, and the HSRD Ledger

SECTION THESIS — Combining all seven pathways and removing overlapping credit reveals how annual survival gains build from
2026 to a mid-century peak of 6.6 million lives saved per year—while lifting 1.9 billion people out of basic-service deprivation
by 2050.

368M Net Lives 6.6M Lives / Yr 13.6B Healthy Yrs 103B + 118B Yrs
Prevented 2025-2100 (58M by Peak annual survival dividend Total DALYs gained (4.2B in 3% HSRD person-years of deprivation &
2050 - 213M by 2075) around 2071 (~18k/day) present value) vulnerability avoided

How Lives Saved Build Decade by Decade Across the 21st Century

When leaders invest in polycrisis resilience starting in 2026, how quickly do human survival benefits appear? Different pathways

operate on different natural clocks—and together they create a steadily widening century survival wedge:

« The First Decade (2025-2034 — 6 Million Net Lives Saved): Physical infrastructure cannot be built overnight, so the ear-
liest life-saving wins come from fast-deploying interventions: multi-hazard cell-phone early warning systems, oral rehydration
salts, childhood vaccination catch-up campaigns, maternal micronutrient supplements, and point-of-use water chlorination.

« The Scale-Up Decades (2035-2054 — 74 Million Net Lives Saved; 58 M Cumulative by 2050): By the late 2030s and
2040s, universal electrification, clean-cooking transitions for 2 billion people, piped urban water systems, and primary health
clinic networks reach critical mass. Annual lives saved climb past 3.5 million per year by 2045 and 4.8 million per year
by 2050.

« The Mature Dividend Era (2055-2100 — 289 Million Net Lives Saved; Peak of 6.6M/Year Around 2071): In the
second half of the century, two powerful forces converge: (1) universal clean grids, water systems, and quality clinics are fully
built and operating at scale across the Global South, and (2) holding warming to 1.85°C while maintaining 45% local adaptation
protection shields a much larger, older global population from the extreme heat and pollution surges that would otherwise
dominate 2060-2100. Annual lives saved reach 6.6 million per year around 2071—equivalent to saving 18,000 lives every
single day—before tapering gently as global population stabilizes toward 2100.

13.6 Billion Healthy Life-Years (DALYs) and 221 Billion HSRD Person-Years

Mortality prevention, healthy life-years, and the Human Suffering Reduction Dividend (HSRD) complement one another

across the century:

« 13.6 Billion Healthy Life-Years (DALYs) Gained: When we weight each prevented death by remaining life expectancy and
add years freed from chronic disability, Healthcare Accessibility leads all pathways with 4.82 billion healthy years (35% of
total DALYs), followed by Pollution Reduction & Clean Energy (3.79B, 28%), Food Security & Nutrition (2.20B, 16%),
Water Security & Sanitation (1.17B, 9%), Pandemic & Conflict Preparedness (0.96B, 7%), and Climate Resilience
(0.67B, 5%). Discounted at 3% per year, the portfolio delivers 4.23 billion present-value healthy life-years.

- 103 Billion Person-Years of Severe Basic-Service Deprivation Avoided + 118 Billion Person-Years of Safer Climate
Exposure: Under Coordinated Resilience, the number of unique people lacking electricity, clean cooking, safe water, sani-
tation, adequate food, or basic healthcare plunges from 4.10 billion in 2025 to 0.90 billion in 2050—compared to 2.80
billion under Reactive Drift. That 1.90-billion-person gap in 2050 integrates to 103 billion person-years of improved
basic living conditions across 2025-2100, alongside 118 billion person-years of reduced high climate vulnerability.

Why Early Infrastructure Investment Unlocks Exponential Late-Century Survival

Why do 79% of total century lives saved (289 million out of 368 million) occur after the year 2054, even though peak capital investment
happens between 2036 and 2050? Because physical and human resilience compounds over decades. A clean water pipe, solar grid,
or primary clinic built in 2035 continues protecting families for 40 to 60 years; a child spared from stunting and pneumonia in 2032
enters adulthood healthier in 2065; and holding global warming to 1.85°C instead of 2.80°C prevents the runaway heat and flood spikes
of 2060-2100.
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The Century Survival Wedge: Annual Lives Saved by Pathway and Decade-by-Decade Scenario Totals
Panel A stacks annual net lives saved across all survival pathways from 2025 to 2100; Panel B compares decade totals
across S3, S2, and S1

——
A Annual Lives Saved by Survival Pathway (2025-2100) B Lives Saved by Decade Across Scenarios
Why benefits build steadily as clean grids, water networks, and clinics mature Delaying action until 2040 forfeits almost the entire dividend before 2055
8 -/ EEE Pollution Reduction & Clean Energy (132M) Emm Coordinated Resilience (368M)
EEm Healthcare Access & Quality (98M) . = Siloed Progress (232M)
e Climate Resilience (49M) Ll g ) Erae s 100 -| mmm Delayed Action — Starts 2040 (225M) 97M
mmm Pandemic & Shock Buffers (42M) (~18,000 Saved / Day)
71 Food & Nutrition (26M)

mm Water & Sanitation (22M)

Net Lives Saved per Year (Millions / Year)
T
Net Lives Saved in Period (Millions)

2030 2040 2050 2060 2070 2080 2090 2100 2025- 2035- 2045- 2055- 2065- 2075- 2085-
Year (2025-2100) 2034 2044 2054 2064 2074 2084 2100

Source & Methodology: H Heuristics HH-PRM v2.0 annual and decadal integration. Decade bars in Panel B sum to 368M (Coordinated S3), 232M (Siloed
S2), and 225M (Delayed S1) net deaths prevented.

Comparing Pathway Shares Across Lives Saved, Healthy Years, and HSRD

Table 10.1 reveals an essential insight for portfolio design: different pathways lead on different humanitarian metrics.
Pollution Reduction & Clean Energy leads on total deaths prevented (132M net lives, 36% share), Healthcare Accessibility leads
on total healthy life-years gained (4.82B DALYs, 35% share), Water & Food Security lead on healthy years preserved per child
saved (53 to 84 DALYs per life), Climate Resilience achieves the largest proportional cut in its baseline trajectory (46% burden
reduction), and Pandemic & Conflict Preparedness provides irreplaceable insurance against civilization-scale tail shocks.

Master Century Ledger by Pathway Under Coordinated Polycrisis Resilience (2025-2100) — Baseline deaths,
technical reduction ceilings, gross vs. net lives saved, share of total, and healthy life-years (DALYs)

Survival Pathway Drift Toll Ceiling Gross Net Lives Share Total DALYs/
Saved (CK)) DALYs Life

1 & 6. Pollution & 576M 171M 132M (23% 36% 3.79B 29 yrs
Clean Energy cut) (1.16B PV)

4. Healthcare 637M 33% 141M 98M (15% 27% 4.82B 49 yrs
Accessibility cut) (1.43B PV)

2. Climate Resilience 91M 45%+Mit 56M 49M (46% 13% 0.67B 14 yrs
(Adapt+Mit) cut) (0.17B PV)

7. Conflict, 115M 45% 45M 42M (38% 11% 0.96B 23 yrs
Pandemics & Shocks cut) (0.26B PV)

5.Food Security & 94M 60% 35M 26M (28% 7% 2.20B 84 yrs
Nutrition cut) (0.76B PV)

3. Water Security & 52M 85% 29M 22M (43% 6% 1.17B 53 yrs
Sanitation cut) (0.45B PV)

Total Portfolio (De- 1,565M  Integrated 468M 368M Net 100% 13.61B 37 yrs avg
Duplicated) (4.23B PV)

Notes & Sources: H Heuristics HH-PRM v2.0 master pathway table. Columns may differ by +1M due to rounding. De-duplication removes 68M competing-risk
overlap and 32M systemic overlap (-21.4% total).
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FIGURE 10.2
2100)

SECTION 10 - INTEGRATED CENTURY RESULTS (2025-2100)

Healthy Life-Years Gained (13.6B DALYs) and the HSRD Basic-Service Deprivation Trajectory (2025-

Panel A compares undiscounted (13.6B) and 3% present-value (4.2B) DALYs by pathway; Panel B tracks unique people

lacking essential basic services

A 13.6 Billion Healthy Life-Years Gained (DALYSs)

Nutrition & water save young children, preserving 53-84 healthy years per child

4.82B
Healthcare Systems yrs

(49 DALYs / death) 1.43B PV

Pollution & Energy 3.79B yrs

(29 DALYs / death) 1.16B PV

Food & Nutrition 2:208yrs

(84 DALYs / death) 0.76B PV

Water & Sanitation 1178 yrs

(53 DALYs / death) 0.458 PV

Pandemic & Shocks 0-968 yrs

(23 DALYs / death) 0.26B PV

People Lacking =1 Essential Service (Billions)

0.67B yrs
Climate Resilience Y

(14 DALYs / death) 0.17B PV mmm Total Healthy Years (13.6B Undiscounted)
Present-Value Years (4.2B at 3% Discount)
I T T T T T T

0 1 2 8 4 5] 6
Healthy Life-Years (DALYs) Gained, 2025-2100 (Billions)

4.0 o

B 103B Person-Years of Deprivation Avoided
Unique people lacking electricity, clean cooking, water, sanitation, food, or i

103B Person-Years of Deprivation Avoided
== = Reactive Drift (2.8B Deprived in 2050)
= Delayed Action — Starts 2040
=== Siloed Progress (1.6B in 2050)
=== Coordinated Resilience (0.9B in 2050)

T T T T T 1
2050 2060 2070 2080 2090 2100

Year (2025-2100)

T
2040

T
2030

Source & Methodology: H Heuristics HH-PRM v2.0 DALY and HSRD ledgers. Shaded teal area in Panel B integrates to 103 billion person-years of severe

basic-service deprivation avoided.

Decade-by-Decade Milestone Ledger Across All Four Outcome Accounts

To give planners and citizens a clear timeline of how survival and living-condition improvements accumulate from 2025 to 2100,
Table 10.2 tracks decadal milestones across all four ledgers—showing how rapid reductions in service deprivation (vV6) and climate
vulnerability (V1-V3) during 2026-2050 lay the physical foundation for the massive mortality and DALY gains of 2050-2100.

Decade-by-Decade Milestone Ledger Under Coordinated Polycrisis Resilience (2025-2100) — Period lives
saved, cumulative lives saved, healthy life-years gained, and HSRD deprivation & vulnerability headcounts

Decade / Period Period Lives Cumulative Period DALYs Deprived Pop. High-Vuln Pop.
(Sa lees (End) (End)
2025-2034 (10 0.32B DALYs 2.65B (vs. 3.55B 2.95B (vs. 3.68B
yrs) Drift) Drift)
2035-2044 (10 26M 32M 1.18B DALYs 1.35B (vs. 3.05B 2.50B (vs. 3.88B
yrs) Drift) Drift)
2045-2054 (10 48M 80M (58M by 1.96B DALYs 0.72B (vs. 2.62B 2.18B (vs. 4.02B
yrs) '50) Drift) Drift)
2055-2064 (10 61M 141M 2.31B DALYs 0.42B (vs. 2.25B 1.88B (vs. 4.10B
yrs) Drift) Drift)
2065-2074 (10 66M 207M (213M by 2.40B DALYs 0.26B (vs. 1.92B 1.62B (vs. 4.08B
yrs) '75) Drift) Drift)
2075-2084 (10 65M 272M 2.28B DALYs 0.18B (vs. 1.64B 1.40B (vs. 3.98B
yrs) Drift) Drift)
2085-2100 (16 97M 368M 3.16B DALYs 0.11B (vs. 1.31B 1.15B (vs. 3.80B
yrs) Drift) Drift)
Century Total 368M Net 368M Net 13.61B DALYs 103B Person-Yrs 118B Person-Yrs
Saved Saved
Notes & Sources: H Heuristics HH-PRM v2.0 decadal integration. Period lives saved sum to 369M before exact rounding to 368M net deaths prevented.
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SECTION 11 | THE GEOGRAPHICAL PRIORITY - GLOBAL SOUTH & AFRICA GRADE A/B - SPATIAL ALLOCATION

The Geographical Priority: Where Can the Most Lives Be
Saved?

SECTION THESIS — Because populations in the Global South face overlapping vulnerabilities and limited adaptive capacity, 89%
of all lives saved occur in low- and middle-income countries—with Africa representing the single largest humanitarian opportunity
of the 21st century (118 million lives saved).

89% Global South 62% in Two Regions 91 per 1,000 Pop. 1.3B - 3.5B
Share of century lives saved in Sub-Saharan Africa (118M) + South  Lives saved in Sub-Saharan Africa Africa's projected population
developing nations Asia (111M) = 229M (nearly 4x world avg) growth from 2025 to 2100

Why the Global South Accounts for 89% of All Lives Saved

Where on Earth can proactive polycrisis resilience save the most human lives? The Global South deserves particular attention
because many populations face overlapping vulnerabilities and limited adaptive capacity.

In high-income economies across North America, Western Europe, Japan, and Australasia, universal electricity, chlorinated tap

water, sealed sewage networks, and emergency hospital care are already in place. Those nations still gain 31 million lives

saved across the century (11% of the global total), primarily by cutting outdoor fossil-fuel air pollution, protecting rapidly aging

populations from summer heatwaves, and preventing pandemic spillover deaths.

Yet 89% of all preventable deaths averted between 2025 and 2100—337 million out of 368 million lives—occur in the

Global South:

e 69% (254 million lives saved) occur in low-income and lower-middle-income countries, where foundational infrastructure
gaps are widest and baseline infectious, nutritional, maternal, and indoor-air risks are highest.

« 20% (73 million lives saved) occur in upper-middle-income countries across East Asia, Latin America, the Middle East, and
Southern Africa, driven by urban air-quality cleanups, chronic-disease primary care, and heat/flood adaptation.

« Just two regions—Sub-Saharan Africa (118 million lives, 32%) and South Asia (111 million lives, 30%)—account for
62% of all lives saved worldwide.

- ITIEEEE Regional Resilience Priorities Across the Global South — Core regional vulnerability profile and primary life-saving
priorities across six key regions

Major Resilience Priorities Primary Cascading Risk Broken

Sub-Saharan Africa Healthcare, food security, clean energy, Breaks the drought-hunger-dirty water—
water infectious disease cascade across fast-
growing young populations.
South Asia Air pollution, extreme heat, water, urban Tackles lethal wet-bulb heatwaves, dense
resilience Indo-Gangetic smog, monsoon flooding,
and groundwater depletion.
Southeast Asia Flooding, coastal exposure, pollution, Protects low-lying river deltas and
infrastructure megacities against typhoons, storm surges,

and industrial air/water pollution.
Middle East Water scarcity, extreme heat, conflict Addresses acute aquifer exhaustion,

50°C+ summer heat extremes, food-

import vulnerability, and conflict

recovery.
Latin America Deforestation, inequality, climate Protects Amazon/watershed ecosystems,
adaptation closes informal-settlement service gaps,
and defends against El Nifio shocks.
Small island states Sea-level rise, coastal infrastructure, food Defends existential coastal habitats,
security freshwater lenses, fisheries, and cyclone-

exposed power and clinic systems.

Notes & Sources: H Heuristics regional priority matrix. Each regional package sequences investments to target the dominant local risk cascades first.
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Geographical Priority: Century Lives Saved by Region and Demographic Gravity to 2100
Panel A shows cumulative lives saved and intensity per 1,000 current residents; Panel B tracks UN population trajectories

from 2025 to 2100
——
A Geographical Priority: Where Lives Are Saved B Demographic Gravity to 2100
Sub-Saharan Africa saves 91 lives per 1,000 residents — nearly 4x the global average  Why preventative investment in Africa yields the highest century dividen

Sub-Saharan Africa

118M (91/1,000 pop.
(Highest Priority) (917 pop.)

35 9

Africa's population nearly triples:
Building clean grids, water, clinics &
resilient farms now protects 3.5B people|_,

South Asia

111M (54/1,000 4
(India, Pakistan, BGD) (547 pop.)

3.0 4
—————
- ~o

East & Southeast

60M (25/1,000 .
Asia + Pacific / SIDS 25/ pop.)

2.5 4

High-Income West

& Other Economies 31M (28/1,000 pop.)

2.0 A

Middle East, N. Africa

EasLIN e 23M (34/1,000 pop.)

Regional Population (Billions, UN WPP)

89% of all lives saved 1.5 1
al th

wmm= Sub-Saharan Africa (1.30B - 3.50B)

f == South Asia (2.05B - 2.45B — 2.40B)

== = MENA, LatAm & High-Income (2.46B - 2.73B)
=== East/SE Asia & Pacific (2.40B - 1.55B)

Latin America &
Caribbean

14M (21/1,000 pop.)

1.0

I T T T T T T T T T T T T T T 1
0 25 50 75 100 125 150 175 2030 2040 2050 2060 2070 2080 2090 2100
Cumulative Lives Saved, 2025-2100 (Millions) Year (2025-2100)

Source & Methodology: H Heuristics HH-PRM v2.0 regional disaggregation coupled with UN World Population Prospects (2024 Revision) medium-variant
demographic cohorts.

Why Africa Is the Defining Humanitarian Opportunity of the 21st Century

Africa is particularly important to this research agenda: its growing population, uneven infrastructure development,
climate exposure, and healthcare accessibility create both substantial risks and significant opportunities for preventa-
tive investment.

Look at Panel B of Figure 11.1 to understand why demographic gravity makes Africa the centerpiece of 21st-century survival.

While populations in Europe, East Asia, and the Americas are projected to plateau or shrink over the coming decades, Sub-

Saharan Africa’s population is projected to nearly triple—growing from 1.30 billion people in 2025 to roughly 3.50

billion people by 2100 (rising from 16% of humanity today to more than 34% by the end of the century).

That demographic reality has a profound implication for preventative investment:

« When we build a clean water system, an electrified primary health clinic, a solar micro-grid, or a drought-resilient
seed network in an African community between 2026 and 2045, that infrastructure does not just protect today’s
residents—it protects nearly three times as many children and grandchildren born over the remainder of the century.

« As aresult, Sub-Saharan Africa achieves the highest human return on resilience investment anywhere on Earth: 118 million
net lives saved (32% of the world total) and 5.15 billion healthy life-years (DALYs) gained (38% of the world total).

« Expressed relative to today’s population, coordinated polycrisis resilience in Sub-Saharan Africa saves 91 lives per 1,000
residents alive in 2025 —nearly four times the global average outside Africa and South Asia ( 25 per 1,000).

« In parallel, South Asia (India, Pakistan, Bangladesh, and neighbors) saves 111 million net lives (54 per 1,000 residents)
and gains 3.95 billion healthy life-years, driven by massive reductions in outdoor and indoor air pollution across the Indo-
Gangetic Plain, urban heat-action plans, maternal/newborn healthcare quality, and clean water.

« Meanwhile, East & Southeast Asia and the Pacific (including Small Island Developing States — SIDS) save 60 million
net lives (1.98 billion DALYs) by defending coastal megacities, low-lying river deltas, and atoll island nations against sea-
level rise, typhoon storm surges, and industrial pollution, while MENA & Central Asia (23M lives) and Latin America &
the Caribbean (14M lives) tackle acute water scarcity, extreme heat, deforestation, and health inequality.
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7KLl Quantitative Century Ledger Across Six Major World Regions (2025-2100) — Population trajectories, net lives
saved, survival intensity per 1,000 residents, healthy life-years (DALYs), and top driver pathways

World Region 2025 Pop. | 2100 Pop. | Net Lives Share Per 1,000 | Healthy Yrs & Lead
Pathways

Sub-Saharan Africa 1.30B 3.50B 118M 91/1k 5.15B DALYs - Health,
Food, Water, Clean
Cooking

South Asia 2.05B 2.40B 111M 30% 54/1k 3.95B DALYs - Air

Pollution, Heat,
Health, Water

East/SE Asia & 2.40B 1.55B 60M 16% 25 / 1k 1.98B DALYs - Clean
Pacific (incl. SIDS) Air, Floods, Coastal/
SIDS, Health
High-Income West & 1.12B 1.05B 31M 8% 28 / 1k 0.82B DALYs -
Other Ambient Air, Senior
Heat, Pandemics
Middle East, N. 0.68B 1.00B 23M 6% 34 / 1k 0.98B DALYs - Water
Africa & C. Asia Scarcity, Heat,
Conflict, Air
Latin America & 0.67B 0.68B 14M 4% 21 / 1k 0.73B DALYs - Health
Caribbean Quality, Climate,
Deforestation
World Total (De- 8.22B 10.18B 368M 100% 45/1k 13.61B DALYs
Duplicated) (89% of Lives Saved
in Global South)

Notes & Sources: H Heuristics HH-PRM v2.0 regional ledger. Regional net lives saved sum to 357M before allocating 11M transboundary aviation/shipping/
global-spillover lives across regions (368M total).

Deep-Dive on Africa's Four Priority Pillars: Clean Energy, Water, Food Security, and Healthcare

How do the four priority areas identified for Sub-Saharan Africa in Table 11.1—healthcare, food security, clean energy, and

water—work together on the ground to save 118 million lives?

1. Universal Clean Energy and Clean Cooking (Closing Africa’s 570M Electricity Gap & 950M Clean-Cooking Gap):
More than four out of five people without electricity worldwide live in Sub-Saharan Africa. Deploying distributed solar-
plus-battery mini-grids and clean electric/LPG cooking stoves across African cities and villages prevents 34 million net air-
pollution deaths on the continent while providing the foundational power required by clinics, water pumps, and cold chains.

2. Primary Healthcare Expansion and Universal Immunization (44 Million Net African Lives Saved): Electrifying and
staffing rural primary clinics, scaling malaria and childhood vaccines, and guaranteeing skilled maternal/newborn care cuts
Africa’s amenable mortality rate by nearly a third across a population growing toward 3.5 billion.

3. Safe Water, Sanitation, and Drought-Resilient Boreholes (14 Million Net African Lives Saved): Solar-powered deep
boreholes and municipal piped water eliminate the majority of cholera and child diarrhoeal deaths across the Sahel, Horn of
Africa, and Congo Basin.

4. Climate-Smart Food Security and First-1,000-Days Nutrition (16 Million Net African Lives Saved; +10M from
Shock/Peace Buffers): Drought-tolerant staples, micro-irrigation, hermetic grain storage, and maternal/infant nutrition
protect African families against El Nifio droughts while preserving 84 healthy life-years per child saved.

Why Preventative Investment in Africa Yields the Highest Humanitarian Return on Earth

In older, shrinking regions, new infrastructure serves a declining number of future citizens. In Africa, building clean grids, water pipes,
primary clinics, and resilient food systems between 2026 and 2045 builds in safety before cities triple in size—avoiding expensive
retrofits, preventing urban slum lock-in, and delivering 5.15 billion healthy life-years and 48 billion person-years of ended service
deprivation (HSRD).
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SECTION 12 | INVESTMENT & COST-EFFECTIVENESS GRADE A/B - ECONOMIC EVALUATION

Financing the Transition and Value for Money: What Does
Resilience Cost?

SECTION THESIS — The entire seven-pathway resilience package requires a peak incremental investment of US$1.20 trillion per
year (~1% of global GDP)—delivering healthy life-years at US$1,597 to US$4,639 each and nearly breaking even on conservative
health gains alone.

US$1.20T / Year US$21.8T Net PV US$21.1T Health PV US$1,597-%$4,639
Peak incremental financing 2036— Present-value net century cost at Conservative health-only value at Present-value cost per healthy life-
2050 (~1% of world GDP) 3% discount rate US$5,000 / DALY (0.97x%) year across core pathways

How Much Does Global Polycrisis Resilience Cost? (~1% of World Income)

A fair question from any citizen, finance minister, or philanthropist is: Can the world actually afford to build universal clean
energy, clean cooking, safe water, quality primary clinics, climate defenses, food resilience, and pandemic surveillance
all at once?

To answer that question honestly, we synthesized sector-by-sector investment estimates from the International Energy Agency
(IEA), the World Bank, the World Health Organization (WHO), the UN Environment Programme (UNEP), the Food and Agricul-
ture Organization (FAO), and the G20 High-Level Independent Panel on pandemic preparedness. Incremental financing ramps
up between 2026 and 2036, reaches a peak plateau of US$1.201 trillion per year between 2036 and 2050, and then tapers
steadily after 2050 once foundational capital backlogs (like universal grid connections, water pipes, and clinic construction) are
completed:

. Clean Energy Access, Grid Decarbonization & Clean Cooking (US$520 billion/year peak): The largest capital share
funds solar, wind, battery storage, grid extensions for 666 million unserved people, and clean cooking stoves/fuel infrastructure
for 2.05 billion people. Crucially, because solar and wind power eliminate ongoing coal, oil, and diesel fuel purchases, at least
40% of this capital cost is directly offset by lower fuel operating expenses (reducing net economic cost to US$312
billion/year).

Climate Adaptation & Resilient Infrastructure (US$330 billion/year peak): Funds urban heat cooling, flood defenses,

coastal mangroves and seawalls, drought-smart irrigation, cyclone-hardened grids, and universal multi-hazard early warning

systems.

« Primary Healthcare Systems & Immunization (US$170 billion/year peak): Funds community health workers, electrified
rural and urban clinics, maternal/newborn care, universal vaccines, and essential generic medicines across low- and middle-
income countries.

« Safe Drinking Water, Sanitation & Wastewater Treatment (US$95 billion/year peak): Closes the 2.08B safe water gap
and 3.40B safe sanitation gap via municipal pipes, solar boreholes, and sewage treatment.

« Food Security, Cold Chains & Child Nutrition (USS55 billion/year peak): Funds first-1,000-days maternal and infant
nutrition, drought-tolerant seeds, solar cold storage, and shock-responsive food safety nets.

 Pandemic Surveillance, Surge Manufacturing & Shock Buffers (US$31 billion/year peak): Less than the cost of a single
week of COVID-19 economic lockdowns funds global genomic wastewater monitoring, 100-day regional vaccine hubs, and
outbreak containment.

To put US$1.20 trillion per year in everyday perspective: global economic output (GDP) is roughly US$115 trillion per year
today and growing. Investing 1% of global income to save 368 million lives and protect billions of families is less than half of
global military spending ( 2.3% of GDP) and less than one-sixth of the US$7 trillion per year the IMF estimates the world
spends on explicit and implicit fossil-fuel subsidies.

Value for Money: Every Core Survival Pathway Costs Less Than US$5,000 per Healthy Year

In health economics, programs are judged by how much it costs to gain one healthy life-year (DALY). In high-income countries,
governments routinely approve medical treatments costing US$50,000 to US$100,000 per healthy year. Even using a strict,
ultra-conservative global benchmark of just US$5,000 per healthy life-year, every core health and survival pathway
in our portfolio is highly cost-effective: US$1,597/DALY for Food & Child Nutrition, US$2,585/DALY for Pandemic &
Shock Preparedness, US$2,615/DALY for Healthcare Accessibility, US$3,544/DALY for Clean Energy & Air (net of 40% fuel
savings), and US$4,639/DALY for Safe Water & Sanitation.

Discounted at 3% per year across 2025-2100, the entire portfolio has a present-value net cost of US$21.8 trillion and generates
4.23 billion present-value healthy life-years. Valuing each healthy year at a conservative US$5,000 yields US$21.1 trillion
in health value alone—meaning the package nearly pays for itself (0.97x) on human survival and health alone, before
counting tens of trillions of dollars in avoided climate property damage (where adaptation returns US$4 to US$10 per dollar
spent), avoided pandemic recessions, and higher worker productivity!
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Financing the Transition (2025-2100) and Present-Value Cost per Healthy Life-Year Across Pathways
Panel A stacks annual incremental investment across the six budget pillars; Panel B compares cost per healthy life-year
(DALY) against a US$5,000 benchmark

A Incremental Financing by Component (2025-2100) B Value for Money Across Core Pathways

Capital backlogs clear by 2050, allowing annual costs to taper after mid-century Every core survival pathway delivers healthy years below US$5,000

B Clean Energy & Cooking (US$520B/yr)
= Climate Adaptation (US$330B/yr)

== Conservative Benchmark (US$5,000 / DALY)
Food Security &

1400 - (Peak (2036-2050): | '™ Health Systems & Vaccines (US$170B/yr) Child Nutrition UsKLSa7Yr
U mmm Safe Water & Sanitation (US$95B/yr)
(~1% of Global GDP) Food & Nutrition (US$55B/yr)
\ W Pandemic Preparedness (US$31B/yr)

1200 -

Pandemic & Shock

US$2,585
Preparedness $ e

1000 4

climate & economic loss.

800 - Healthcare Systems

US$2,615/yr
& Immunization $ 1y

600

Clean Energy &

Air Quality (Net)

1
1
1
1
1
1
1
1
uss3,544/y|r

400

Incremental Annual Financing (US$ Billions / Yr)

200 - Water, Sanitation &

Hygiene (WASH)

1
1
1
1
1
1
ugs4,639/yr
1
1
|
!

I T T T T T T
2030 2040 2050 2060 2070 2080 2090 2100 0 1000 2000 3000 4000 5000 6000 7000
Year (2025-2100) Present-Value Cost per Healthy Life-Year (2025 US$)

Source & Methodology: H Heuristics HH-PRM v2.0 economic evaluation (constant 2025 US$, 3% real social discount rate). Clean energy cost per DALY in
Panel B is net of 40% fuel operating savings.

Incremental Investment Requirements and Cost-Effectiveness Ledger by Pathway (2025-2100) - reak
annual financing (2036-2050), 3% present-value net cost, present-value DALYs gained, and cost per healthy life-year
Budget & Pathway Peak Annual PV Net Cost PV DALYs PV Cost/ Non-Health
(3%) DALY Economic Co-
Benefits

Pillar

1 & 6. Clean Energy & US$520B / yr US$4.11T 1.16B DALYs  USS$3,544/yr 40%-+ fuel bill savings;

Cooking ($312B net) (net of fuel) (3.79B total) powers clinics, water,
cold chains & industry.

2. Climate Adaptation US$330B / yr US$7.26T 0.17B DALYs  Multi-benefit Primarily justified by

& Infra. (0.67B total) (BCR 4x—10x) trillions in avoided
flood, storm & crop
damage.

4. Healthcare Systems US$170B / yr US$3.74T 1.43B DALYs  USS$2,615/yr Prevents catastrophic

& Vaccines (4.82B total) medical bankruptcy;
boosts workforce
participation.

3. Safe Water & US$95B / yr US$2.09T 0.45B DALYs  US$4,639/yr Saves billions of hours

Sanitation (1.17B total) of water-hauling labor;
boosts school
attendance.

5.Food Security & US$55B / yr US$1.21T 0.76B DALYs  USS$1,597/yr Prevents child stunting,

Nutrition (2.20B total) raising adult lifetime
earnings by 10%-20%.

7. Pandemic & Shock US$31B / yr US$0.68T 0.26B DALYs  US$2,585/yr Averts multi-trillion-

Buffers (0.96B total) dollar global GDP
contractions from
lockdowns/wars.

Total Portfolio (incl. US$1,201B/ USS$S21.8T Net 4.23B PV USS5,150 avg Health alone =

fuel offset) yr DALYs US$21.1T (0.97x);
Total Economic BCR
= 3.8x-6.5x

Notes & Sources: H Heuristics HH-PRM v2.0 financial ledger in constant 2025 US dollars discounted at 3.0% real rate. Gross PV cost across all six lines is
US$26.5T; subtracting 40% fuel operating savings on clean energy yields US$21.8T net PV cost.
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SECTION 13 | UNCERTAINTY, STRESS TESTS & DELAY PENALTIES GRADE A/B - ROBUSTNESS AUDIT

Uncertainty, Stress Tests, and Why Waiting Costs 8.3 Million
Lives a Year

SECTION THESIS — Across 5,000 computer simulations and nine severe stress tests, Coordinated Polycrisis Resilience domi-
nates every alternative—saving over 210 million lives even if governments deliver only 60% of targets with an 8-year delay.

265M - 448M

90% confidence interval across
5,000 simulations

100% Win Rate

Coordinated action beats Siloed &
Delayed in all draws

211M Net Lives

Saved even under Combined
Adverse delivery stress test

8.3M Lives / Yr

Preventable deaths forfeited per
year of political delay

Testing Our Findings Across 5,000 Computer Simulations

Projecting global survival to the year 2100 involves real uncertainty: nobody knows the exact speed of future solar-battery
deployment, the exact climate sensitivity of the atmosphere, the exact date of the next viral spillover, or how efficiently different
governments will execute public projects.

To make sure our conclusions do not depend on optimistic assumptions, we ran 5,000 Monte Carlo computer simulations that

simultaneously vary 28 uncertain parameters across wide probability ranges—including baseline death trajectories, technical

risk-reduction ceilings, rollout speeds, climate warming sensitivity, pandemic tail probabilities, and competing-risk overlap
haircuts. Panel A of Figure 13.1 shows the resulting probability distributions:

« Coordinated Polycrisis Resilience (S3) saves a central deterministic total of 368 million net lives, with a simulation median
of 356 million and a 90% confidence interval (5th to 95th percentile) of 265 million to 448 million lives saved (9.5
to 16.5 billion healthy life-years).

« Siloed Progress (S2) saves 232 million lives (90% UlI: 165-284M), and Delayed Action (S1) saves 225 million lives
(90% UI: 159-275M).

« 100% Dominance: In every single one of the 5,000 simulation draws, starting coordinated resilience in 2026 saves
substantially more lives than waiting until 2040 or acting in ministerial silos.

5,000 Monte Carlo Uncertainty Simulations and Nine Structural Stress Tests (2025-2100)
Panel A plots likelihood distributions across 5,000 parameter draws; Panel B shows net lives saved under nine adverse and
tail-risk stress tests

A 5,000 Monte Carlo Uncertainty Draws B Stress Tests: Adverse Delivery Still Saves >210M

Across 28 uncertain parameters, C Resilience dominate: In riskier worlds (AMR surge, hotter climate), resilience saves even more lives

1
= Delayed Action (90% Ul: 159-275M)

Siloed Progress (90% Ul: 165-284M)

1.0

0.8 1

Relative Likelihood (5,000 Simulations)

== Coordinated (Central 368M - 265-448M)

.

Beats Delay & Silos
in 100% of 5,000
simulation draws

Antimicrobial Resistance
(AMR Superbug Surge)

Hot-Tail Climate (+3.4°C)
(Higher Heat Sensitivity)

Pandemic Super-Cycle
(2.2x Outbreak Risk)

Aid Cuts Persist to 2040
(Higher Baseline Burden)

Central Benchmark
(Coordinated Resilience)

399M

392M

390M

0.6 H
Stalled Global Growth H
(Slower Baseline Progress) :
i
0.4 - 2x Overlap Discount H
(Extreme De-duplication) :
] i
. Partial Delivery Only 1
b (60% of Target Ceilings) !
0.2 4 . 1
a 1
of Combined Adverse H
v (60% Delivery + 8-r Slip) H
P2 1
0.0 T T T T T T T T T T T —
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Cumulative Net Lives Saved, 2025-2100 (Millions) Net Deaths Prevented Under Stress Test (Millions)

Source & Methodology: H Heuristics HH-PRM v2.0 sensitivity and robustness audit. Even under the worst-case Combined Adverse stress test (60%
delivery + 8-year slip), 211 million net lives are saved.

What If Things Go Wrong? Nine Severe Stress Tests

Beyond smooth probability ranges, decision-makers want to know what happens under specific real-world shocks or implemen-
tation failures. Panel B of Figure 13.1 and Table 13.1 report nine named stress tests:

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected
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. What if governments and agencies underdeliver? (Partial Delivery & Combined Adverse Tests): Suppose political
gridlock, corruption, and weak administrative capacity cut actual achievement to just 60% of our technical ceilings (Partial
Delivery). Even then, the portfolio saves 236 million net lives. What if we combine 60% partial delivery with an 8-
year rollout slippage across every sector (Combined Adverse)? Humanity still saves 211 million net lives and 7.8 billion
healthy life-years.

. What if our overlap discount is doubled? (2x Systemic Haircut): Even if we double our second-stage cross-pathway
overlap penalty from 8% to 16%—on top of our competing-risk formula—net lives saved remain above 305 million.

. What if the world turns out to be more dangerous than expected? (Superbugs, Hot-Tail Climate & Pandemic Super-
Cycle): Notice a crucial insight on the right side of Panel B: if antimicrobial-resistant superbugs surge (399M lives saved), if
climate sensitivity follows a hotter +3.4°C tail (392M lives saved), or if novel viral spillovers double in frequency (390M lives
saved), proactive resilience saves even more lives than in our central benchmark. Why? Because in a more hazardous

century, clean water, vaccines, cooling, and surveillance shields become even more valuable!

Sensitivity Stress Tests and the Quantitative Penalty of Political Delay (2025-2100) — How net lives saved and

healthy life-years respond to delivery failures, methodology stress tests, and worsening global hazards

Model

0. Central Coordinated Full S3 integration starting in 368M Baseline 13.6B DALYs
Benchmark 2026 (21.4% overlap haircut)

1. Combined Adverse Only 60% of target ceilings 211M -157M (-43%) 7.8B DALYs
Delivery achieved + 8-year rollout delay

2. Partial Delivery Only All pathways achieve only 60% 236M -132M (-36%) 8.7B DALYs
(60%) of technical efficacy ceilings

3. Doubled Systemic Second-stage cross-pathway 305M -63M (-17%) 11.3B DALYs
Overlap (2x) discount doubled (y = 16%)

4. Stalled Global Income Slower baseline poverty decline 307M -61M (-17%) 11.4B DALYs
Growth and weaker fiscal revenues

5.Aid Cuts Persist to 2025-2026 foreign aid cuts 370M +2M (+1%) 13.8B DALYs
2040 extend to 2040 before recovery

6. Pandemic Super-Cycle Novel viral spillover rate more 390M +22M (+6%) 14.3B DALYs
(2.2x) than doubles across century

7. Hot-Tail Climate Higher climate sensitivity & 392M +24M (+7%) 14.1B DALYs
(+3.4°C Drift) steeper wet-bulb heat mortality

8. Superbug Surge (AMR  Antimicrobial resistance 399M +31M (+8%) 14.9B DALYs
Crisis) doubles untreatable bacterial

sepsis

Notes & Sources: H Heuristics HH-PRM v2.0 stress-test ledger. Adverse implementation tests (1-4) confirm a floor above 210M lives saved; hazard escalation
tests (5-8) increase the life-saving dividend of resilience.

What Drives the Uncertainty Range? Why Delivery Quality Matters Most

When we decompose the variance across our 5,000 Monte Carlo simulations to see which uncertain inputs matter most, a striking

lesson emerges: more than 48% of the spread between the 5th percentile (265M lives) and the 95th percentile (448M
lives) is driven not by climate physics or biomedical science, but by institutional implementation quality and rollout
speed. In plain English, we already have the vaccines, solar panels, induction stoves, water filters, and early warning radars needed

to save hundreds of millions of lives. The primary uncertainty is how fast and honestly governments, utilities, and development
banks execute procurement, maintenance, and last-mile delivery.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected P
Risks hheuristics.com -

Dedicating ~6% of Capital Budgets to Local Delivery Systems

As established in companion H Heuristics Report HH-2026-50 (Institutional Capacity and the Economics of Effective Development
Implementation), ring-fencing roughly 6% of resilience capital budgets for transparent e-procurement, local engineering and clinic
staff retention, and dedicated operations-and-maintenance (0&M) funds prevents asset decay and keeps countries on the upper half of
the 368-million-life survival trajectory.
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SECTION 14 | ACTION PLAYBOOK & MODEL REGISTER GRADE A/B - DECISION GUIDE

A Practical Playbook for Leaders and the High Cost of Waiting

SECTION THESIS — Every year global leaders delay coordinated action forfeits 8.3 million preventable deaths (~16 lives per
minute). Here is a concrete 10-point action plan for the next decade (2026—-2035) alongside measurable signposts and our full
model register.

8.3M Lives / Yr ~16 Lives / Min -45M Lives 10 Priority Actions
Human cost of every single year of Preventable deaths forfeited every Penalty of a 5-year delay (startingin  Sequenced 2026-2035 roadmap
political delay minute of hesitation 2031 vs. 2026) for governments & funders

The Moral and Mathematical Urgency: Why Every Year of Delay Costs 8.3 Million Lives

Look at Panel A of Figure 14.1. In policy circles, delaying a new global initiative by five or ten years is often treated as a minor

scheduling adjustment. In the mathematics of human survival, delay is fatal and irreversible:

« A 5-Year Delay (Starting in 2031 Instead of 2026): Forfeits 45 million preventable deaths (reducing century lives saved
from 368M to 323M).

« A 10-Year Delay (Starting in 2036): Forfeits 97 million preventable deaths (reducing century lives saved to 271M).

« A14-Year Delay (Starting in 2040 — Scenario S1): Forfeits 143 million preventable deaths (reducing century lives saved
to 225M).

Across the next fifteen years, every single year of delay forfeits an average of 8.3 million human lives—or roughly 22,700

lives per day and 16 lives every minute. Those deaths cannot be “made up later” by spending faster in the 2040s, because the

children who die of dirty water or pneumonia in 2030, and the extra carbon dioxide pumped into the sky during the 2030s,

cannot be brought back.

The Cost of Waiting (2026-2045 Start Dates) and Ten Priority Actions for the First Decade
Panel A plots achievable century lives saved as a function of start year; Panel B sequences the ten highest-leverage resilience

actions
——
A The Cost of Waiting: 8.3M Lives / Yr Lost B Ten Priority Actions: First-Decade Sequencing
Every single minute of hesitation forfeits ~16 preventable deaths Front-loading early warning, clinic power, clean cooking, water & primary care

1. Multi-Hazard Early Warning - 2026-2032

2. Clean Cooking (2.1B People) - 2026-2040

350

3. Universal Electricity (Clinics) o 2026-2035

4. Clean Grids & Coal Phase-Out - 2026-2045

300 o

5. Universal Safe Water & WASH - 2026-2045

5-Yr Delay (2031):
—45M Lives Lost

6. Primary Care & Immunization - 2026-2045

250 -

7. Shock-Responsive Safety Nets - 2026-2040

8. Pandemic Surveillance & Surge - 2026-2035

200

Cumulative Lives Saved to 2100 (Millions)

14-Yr Delay (2040):
—143M Forfeited
(~8.3M/Yr - 16/Min)

9. Heat-Resilient Cities & Cooling - 2028-2050

=g Achievable Lives Saved (M) 10. Climate-Smart Food Systems - 2028-2050
150 Lives Forfeited by Delay
T T T T T T T 1 T T T T T 1
2027.5 2030.0 2032.5 2035.0 2037.5 2040.0 2042.5 2045.0 2025 2030 2035 2040 2045 2050 2055
Year Coordinated Action Begins Implementation Window & Target Completion Horizon

Source & Methodology: H Heuristics HH-PRM v2.0 start-year sensitivity curve and 2026-2050 implementation sequencing roadmap.

Ten Priority Actions for Governments, Philanthropies, and Development Banks (2026-2035)

As Panel B of Figure 14.1 illustrates, leaders do not need to wait for futuristic inventions. They can capture the full Resilience
Multiplier by front-loading ten proven actions over the next decade:
1. Deploy Universal Multi-Hazard Early Warning Systems by 2032: Close the cell-broadcast, radar, and community
evacuation gap worldwide (cutting disaster mortality 6x for less than US$2 billion/year).
2. Launch a Global Clean Cooking Sprint for 2.05 Billion People (2026-2040): Pair solar/grid induction stoves and clean
LPG delivery with targeted micro-subsidies in Sub-Saharan Africa and South Asia (saving 54M net lives).

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected
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9.

10.

Electrify Every Health Clinic and Unserved Community by 203 5: Deploy solar-plus-battery micro-grids to 100,000+
rural clinics first, while connecting the 666 million people without power (unlocking the 6-way Resilience Multiplier).
Retire Unabated Coal and Scrub Urban Air (2026-2045): Combine renewable grid expansion with industrial smoke-
stack scrubbers and electric urban transit (saving 78 M additional ambient air lives and holding warming near 1.85°C).

. Guarantee Piped Chlorinated Water and Sealed Sanitation (2026-2045): Focus first on high-density urban slums and

rural health districts to slash child diarrhoeal mortality by 84% before 2050 (22M net lives saved).

Scale High-Quality Primary Healthcare and Universal Vaccination (2026-2045): Fund community health workers,
maternal/newborn obstetric care, medical oxygen, and malaria/childhood vaccines (98M net lives; 4.82B DALYs).

Build Digital Shock-Responsive Social Safety Nets by 204:0: Pre-register vulnerable households on mobile payment rails
so cash transfers trigger automatically when droughts, floods, or food-price spikes hit.

Fund Global Pathogen Surveillance and 100-Day Regional Vaccine Hubs by 2035: Establish genomic wastewater
monitoring and distributed manufacturing in Africa, Asia, and Latin America (halving >50M-death pandemic risk).

Cool Cities and Protect Outdoor Workers (2028-2050): Mandate cool roofs, urban tree shade, work-rest heat standards,
and solar cooling centers across tropical megacities.

Scale Climate-Smart Seeds, Cold Chains, and First-1,000-Days Nutrition (2026-2050): Combine maternal/infant
nutrition with drought-tolerant crops and solar cold storage (26M net lives at just US$1,597/DALY).

Master HH-PRM v2.0 Parameter Register and Falsifiable 2030 / 2035 Signposts — Baseline mortality, technical

ceilings, adoption midpoints, DALYs per death, and real-world 2035 tracking targets

Pathway Parameter 2025 Toll Ceiling S3 Midpoint | DALYs/Life | Falsifiable 2035 Global
Block Signpost Target

1. Pollution & Clean 8.1M / yr Year 2042 29 yrs Clean cooking gap < 0.8B;

Energy coal share < 12%; PM2.5
down 30%.

2. Climate Resilience 0.6M / yr 45%+Mit Year 2040 14 yrs 100% UN early-warning
coverage; global emissions
down 45%.

3. Water & Sanitation 1.3M / yr 85% Year 2037 53 yrs Unsafe water gap < 0.9B;
child WASH deaths <
0.55M/yr.

4. Healthcare 8.4M / yr 33% Year 2043 49 yrs 100,000 clinics electrified;

Accessibility UHC index > 78; measles/
malaria > 90%.

5.Food & Child 2.0M / yr 60% Year 2040 84 yrs Child stunting cut by 40%;

Nutrition cold-chain spoilage cut by
20%.

7. Conflict & Pandemics 0.3M+ tail 45% Year 2035 23 yrs 100-day regional vaccine

hubs active; 2.5B+ people
on cash rails.

Notes & Sources: H Heuristics HH-PRM v2.0 master parameter register. If 2035 signposts are missed by >30%, the global trajectory is tracking toward Siloed
Progress (S2) or Delayed Action (S1) rather than S3.

The Century Verdict: Choosing Proactive Survival Over Reactive Tragedy

The greatest humanitarian opportunity of the 21st century may be the prevention of deaths and suffering through
proactive polycrisis resilience. For the first time in human history, our species possesses the scientific knowledge, engineering
tools, and global financial wealth required to virtually eliminate child deaths from dirty water and hunger, cut air-pollution and
maternal mortality in half, shield communities from extreme weather, and contain novel pandemics before they paralyze the
planet.

A Summary for Citizens, Philanthropists, and Policy Leaders

Building resilience is not an act of charity for distant strangers; it is the foundational insurance policy for 21st-century civilization. For
roughly 1% of global income—an investment that nearly pays for itself on health gains alone before counting trillions in avoided climate
and economic damage—humanity can prevent 368 million premature deaths, gain 13.6 billion healthy life-years, and deliver over 220
billion person-years of safer, more dignified living conditions before the year 2100. Every year we wait forfeits 8.3 million lives. The
time to build is now.

Saving Lives Through Polycrisis Resilience This Century - Preventing Deaths & Suffering Across Interconnected
Risks
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SECTION 15 | REFERENCES, DATA SOURCES & AUDIT VERIFICATION GRADE A - BIBLIOGRAPHY

Primary References, Open Data Repositories, and Verification
Register

SECTION THESIS — Every baseline number, dose-response curve, demographic projection, and cost estimate in this report is
anchored in peer-reviewed scientific literature and official international agency datasets.

38 Primary Sources 204 Countries 100% Reproducible CCBY 4.0
Peer-reviewed journals & UN/WB/ Harmonized mortality & Open mathematical equations & Open-access license for public,
WHO/IPCC flagships infrastructure coverage parameter tables academic & policy use
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World Bank.

Kruk, M. E., et al. (2018). High-quality health systems in the Sustainable
Development Goals era: Time for a revolution (The Lancet Global Health
Commission). The Lancet Global Health, 6(11),e1196-e1252.

Open Data Verification Matrix and Mathematical Summary

Table 15.1 provides a direct audit trail linking every headline statistic in this report to its primary empirical source and section reference.
Below Table 15.1, we summarize the five core mathematical equations that govern the H Heuristics Polycrisis Resilience Model (HH-
PRM v2.0) for readers who wish to replicate or extend our calculations.
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iT-INJEEE Verification Register Linking Core Report Numbers to Primary Empirical Repositories — Audit trail for readers,
journalists, students, and policy analysts

rt Metric Verified Value Primary External Source Anchor | Report Section & Table
Reference

All-Cause Global Deaths ~61.5M/yr - 7.2B UN DESA World Population Section 05.1 - Table 5.1
(2025 / Century) Prospects 2024

Air Pollution Baseline & Net 8.1M/yr - 132M net IHME GBD 2021/2023; HEI State ~ Section 06 - Table 6.1 & Fig 6.1
Lives Saved of Global Air 2024

Healthcare-Amenable 8.4M/yr - 98M net Kruk et al. Lancet Commission Section 08.1 - Table 8.1 & Fig
Baseline & Net Saved (5.0M + 3.6M) 8.1

Water & Sanitation Baseline 1.3M/yr - 22M net WHO/UNICEF JMP 2024; Wolf et~ Section 07.1 - Table 7.1 & Fig
& Net Saved al. Lancet 2023 7.1

Food & Undernutrition 2.0M/yr - 26M net FAO SOFI 2024; Victora et al. Section 07.2 - Table 7.1 & Fig
Baseline & Net Saved Lancet 2021 7.1

Climate Baseline, Adapt+Mit 0.6M/yr - 49M net WHO Heat 2024; IPCC AR6 WGII;  Section 09 - Table 9.1 & Fig 9.1
& Net Saved Carleton QJE

Early Warning Mortality 6x lower deaths UNDRR & WMO Early Warnings Section 09.2 - Table 9.1
Multiplier Report 2023

Pandemic Tail Risk & Net 35%-17% - 42M net Marani et al. PNAS 2021; UCDP Section 08.2 - Table 8.1 & Fig
Shock Lives Conflict Data 8.1

HSRD Service & 103B + 118B yrs IEA SDG7; JMP; FAO; ILO; IPCC Section 04 & 10 - Table FM-1,
Vulnerability Gains AR6 WGII 4.1

Africa Demographic & 1.3B-3.5B - 118M UN WPP 2024 Africa Cohort; HH-  Section 11.2 - Table 11.1,11.2
Survival Priority PRM v2.0

Peak Incremental Financing US$1.20T/yr (~1%) IEAWEO; UNEP; WHO Stenberg;  Section 12 - Table 12.1 & Fig
& Cost/DALY G20 HLIP 12.1

Notes & Sources: H Heuristics Research, Advisory & Intelligence - Report HH-2026-51 - Published November 2, 2026 - https://www.hheuristics.com

Summary of Governing Equations in the HH-PRM v2.0 Model

1. Pathway Relative Risk Reduction: For each region r, pathway p, scenario s, and year ¢ € [2025, 2100], the fractional mortality reduction is R, , ,(t) =

min(Cp, M, L, 1+ exp(—k, . (t — T,ypﬁs))} ! ), where G, is the technical ceiling, M, ; is the scenario realization factor, I, , . is the cross-pathway

coordination multiplier, and 7, , , is the logistic adoption midpoint.

. . . o Ly . . . . e . join 6
2. Two-Stage Competing-Risk De-Duplication: Within each region-year, raw pathway reductions combine multiplicatively as RI*}(t) = 1 — []

1—
pzl(
R, , ,(t)), and net deaths prevented apply the second-stage systemic discount y = 0.08: AD: (¢) = (1 — ) - Ep D, ,o)R, () — Ovcrlapr7s(t)].

T,p,S
3. Healthy Life-Years (DALYs) Gained: DALY, (1) = Ep ADS () - L,

years averted (YLD) per death prevented (ranging from 14 in heat/climate to 84 in child nutrition).

4. HSRD Person-Years of Imprﬁggd Survivability: For any exposure or basic-service deprivation headcount H,. ,(t), cumulative person-years of improved

conditions equal HSRD, = f2025 > [Heso(t) — H, 5 (t)] dt.
5. Present-Value Cost-Effectiveness: Discounted at real social discount rate p = 3.0%, present-value net cost per healthy life-year is ICER,, =
[2312325(Kp.:*sp,t)(1+/7)7“72025q

[Zflggzs I)AI‘YP»t(1+p>7‘t72025‘]

where L, , combines age-specific years of life lost (YLL) and non-fatal disability

,where S, , captures direct fuel operating savings.

Companion Reports in the H Heuristics Polycrisis Resilience Series

This flagship general-audience synthesis (Report HH-2026-51) is part of the ongoing H Heuristics Polycrisis Resilience Series. Readers seeking deeper
technical and econometric modules are invited to consult our companion monographs at https://www.hheuristics.com:

Report HH-2026-28 — How Many Lives Could Polycrisis Resilience Save This Century? Technical scenario specification, parameter sensitivity
tables, and competing-risk demographic derivations across 204 sovereign states.

Report HH-2026-50 — Institutional Capacity and the Economics of Effective Development Implementation: Econometric analysis of 148 coun-
tries and 1,840 infrastructure/health projects establishing how governance quality, procurement integrity, absorptive capacity, and lifecycle maintenance
govern real-world delivery (6).

Open-Source Replication Package: All Python simulation scripts, regional demographic cohorts, Monte Carlo parameter draws, and plotting routines for
HH-PRM v2.0 are archived under Creative Commons Attribution 4.0 (CC BY 4.0) so researchers, journalists, and students can test alternative assumptions
and build localized resilience roadmaps.

Saving Lives Through Polycrisis Resilience This Century - Published November 2, 2026 - Open Access https://www.hheuristics.com
(CCBY 4.0)
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