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Part I: Executive Summary

1.1 The Methodology Gap

This technical report presents the full methodology and findings of an independent systems risk analysis
estimating global excess starvation deaths resulting from the Strait of Hormuz blockade (28 February 2026-
present) and its compounding second- through fourth-order effects. The analysis integrates 18 primary sources
into a 30-section probabilistic model with four scenarios, nine causal chains, and comprehensive sensitivity ana-

lysis.

The WFP projects +45 million people into acute food insecurity. The FAO warns of a potential “global agrifood
catastrophe.” The GRFC 2026 documents 266 million people facing acute hunger (IPC Phase 3+) across 47
countries in 2025. WFP separately estimates a pre-conflict baseline of 318 million food-insecure people across 53

countries — the population on which Hormuz-driven price shocks act most directly.

These institutions are working with accurate data and credible models. This analysis uses the same data and ar-
rives at dramatically different conclusions — not because it disputes the institutional inputs, but because it models
something they do not: the compound interactions between nine causal chains that amplify a fertilizer disrup-

tion into a multi-continental famine.

1.2 Three-Layer Build-Up

The analysis builds upward from established facts in three layers, each with explicit confidence ratings:

Estimated ex- What drives it Confidence

cess deaths

Layer 1: Damage from 20-35 million 2026 planting cycles missed; supply chain lags; HIGH
disruption to date acute malnutrition in progress (FAO/WFP data)

Layer 2: Structural +60-155 million Doom loops, export bans, market fragmentation, MEDIUM
amplification logistics ceiling, disease multiplication

Layer 3: Conditional +85—155 million El Nifio convergence, full autarkic collapse, CONDITIONAL
cascades prolonged closure >12 months, H5N1 crossover

Layer 1 is not in dispute — it reflects damage documented in current FAO/WEFP reporting. Layer 2 is where the
methodology gap lives — institutional models assess these mechanisms individually but do not model their inter-
actions. Layer 3 is conditional — it depends on binary variables (El Nifio development, India export decisions,

Hormuz duration) whose outcomes are not yet determined.

A note on the probability-weighted central estimate: 169-334M is an expected-value calculation across all
scenarios, weighted by assessed probability. It is not a claim that 169-334M is the “most likely” single outcome.
The single most likely scenario is the base case (95-200M at 30—40% probability). The expected-value framing is

used because it is the standard metric for risk assessment and policy planning.
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1.3 Scenario Summary

Scenario Excess Probability Key assumptions
deaths
Best case 32-55M 6-10% El Nifio absent; Hormuz reopens Aug 2026; strong G20
coordination
Combined 45-90M 10-15% El Nifio downgrade; partial Hormuz reopening holds
positive
Base case 95-200M 30-40% Hormuz closed 6-12 months; partial El Nifio; limited
coordination
Worst case 300-650M 15-25% Full closure 18+ months; strong El Nifio; autarkic cascade
Catastrophic 650M+ 3-8% All worst-case conditions plus HSN1 pandemic crossover
Central estimate 169-334M probability- Integration of all scenarios
weighted

Central estimate uses midpoint probabilities renormalized to sum to 100% (Best 10% / Combined positive
15% / Base 43% / Worst 25% / Catastrophic 7%); this assumes the named scenarios exhaust the outcome

space.

Irreducible floor. Even under the most optimistic scenario (immediate Hormuz reopening, full international
coordination, El Nifio absence), the model calculates 20-35 million excess deaths from damage already incurred.
This floor reflects:

* 2026 planting cycles already disrupted;
* acute malnutrition already rising in [IPC4+ populations;

* 8—14 month supply-chain lag between reopening and restored fertilizer delivery.

Highest-leverage intervention. Ending or substantially reducing the Hormuz blockade before August 2026 is the

single most impactful lever, estimated to reduce excess deaths by 40-60%.
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Part ll: The Hormuz Blockade and Its
Immediate Effects

2.1 Timeline of Events

On 28 February 2026, US and Israeli forces conducted military strikes on Iranian nuclear and military
infrastructure. Iran responded by closing the Strait of Hormuz, deploying naval mines and anti-ship missiles to
prevent commercial transit. Within 72 hours, daily vessel transits collapsed from 141 to 4, a 97% reduction
(UNCTAD).

By April 2026, a fragile ceasefire had been negotiated, extended twice in two-week increments. The World Bank
characterises the ceasefire as “fragile” with shipping “gradually returning to near pre-war levels” only projected
by October 2026 under optimistic assumptions. As of this report’s publication, effective traffic restoration remains

negligible.

2.2 What Transits Hormuz

The Strait of Hormuz is usually understood as an energy chokepoint, but it is equally critical as an agricultural

input chokepoint:

Commodity Volume through Hormuz Global share Source

Crude oil ~20M barrels/day ~35% of seaborne trade FAO / UNCTAD
LNG Significant ~20% of global trade FAO / UNCTAD
Fertilizer (total) ~16M tonnes/year from Gulf ~30% of internationally traded UNCTAD

Urea ~10.7M tonnes/year ~67% of Gulf fertilizer exports UNCTAD
Ammonia Major flows Significant global share Fertilizers Europe
Phosphates Major flows Significant global share Fertilizers Europe

Critical structural vulnerability: No strategic fertilizer reserves exist anywhere in the world. Unlike oil, there is

no equivalent to the IEA’s strategic petroleum reserve mechanism for fertilizer.

2.3 The Non-Linear Fertilizer-Yield Relationship

The fertilizer—yield relationship is non-linear: yield losses exceed fertilizer reductions by a factor of roughly 2.5x.

Fertilizer reduction Expected yield loss Mechanism

10% ~25% Marginal nutrient deficiency in critical growth stages
20% ~40% Reduced protein/starch formation

30% ~55% Systemic plant stress; higher pest/disease vulnerability
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Fertilizer reduction Expected yield loss Mechanism

40%+ ~65-75% Near-total loss of commercial viability

As of April 2026, global nitrogen production is down ~20% and prices up ~70%. Country-level sensitivity varies:

Crop/region N intensity (kg N/ Yield sensitivity to 10% N

ha) cut
Rice, irrigated (South/SE 120-180 20-30% High baseline; diminishing
Asia) returns
Wheat (India, Egypt, 100-150 22-28% Strong N—protein relationship
Pakistan)
Maize (Sub-Saharan Africa) 15-30 30-45% Low baseline; steep response
Maize (US, Brazil, 150-200 15-20% High baseline; more resilient
Argentina)
Millet/sorghum (Sahel, India) 5-15 35-50% Very low baseline; acute

sensitivity

The poorest farmers, with the lowest baseline application, sit on the steepest part of the curve.

Sensitivity: What if the multiplier is wrong?

Assumed multiplier 10% N cut - yield loss Layer 1 impact Central estimate impact
Conservative (1.5%) 15% 12-22M (~40%) 110-217M (-35%)

Model assumption 2.5x 25% 20-35M (baseline) 169-334M (baseline)
Aggressive (3.5%) 35% 28-48M (+40%) 220-434M (+30%)

The central estimate is robust even at a conservative 1.5x multiplier because Layers 2-3 operate through

mechanisms independent of the yield relationship.

2.3.1 Temporal Lag Arithmetic for the Layer 1 Irreducible Floor

The Layer 1 floor of 20-35M excess deaths represents mortality already locked in after ~10 weeks of Hormuz
blockade (28 February 2026 — 10 May 2026). This subsection makes the temporal arithmetic explicit, deriving the
floor from (a) the elapsed blockade period and missed planting windows, (b) the five-stage fertilizer supply-chain
lag, and (c) the reconciled regional CMR ranges from §2.5.

Temporal anchors. As of 10 May 2026, the blockade has been in effect for approximately 10 weeks. Two
planting windows have already been compromised: the Northern Hemisphere spring planting (March—April 2026)
and the South/Southeast Asian kharif window (now beginning, with fertilizer not on-farm for the 2026 monsoon
cycle). A third — the Indian subcontinent rabi window (planting Nov 2026, harvest Q1 2027) — is at high risk
given the supply-chain lag below.
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Five-stage fertilizer supply-chain lag. Even under an immediate Hormuz reopening, fertilizer does not reach

farms instantaneously. Chain 2 documents five sequential supply-chain stages:

Stage Duration Mechanism

1. Insurance re-rating 2—-4 months Hormuz transit war-risk insurance must reprice; underwriters require demonstrated
cessation

2. Shipping 4-6 months Vessel scheduling, port allocations, and contract pipelines must re-establish

normalization

3. Production restart 2—6 months Mothballed nitrogen plants (Europe, North Africa) must spool up; Haber-Bosch

capacity is not instantaneous

4. Price normalization 8-12+ Distorted spot prices return to equilibrium; sovereign buyers exhaust crisis budgets
months first
5. Last-mile delivery 1-3.5 Field-level fertilizer distribution through degraded inland logistics
months
Cumulative effective 8-14 Stages partially overlap; on-farm fertilizer recovery follows Hormuz reopening by 8—
lag months 14 months

This means an optimistic Hormuz reopening by October 2026 produces restored on-farm fertilizer only by Q2-Q3
2027 — too late for the 2026 kharif harvest and partially compromising the 2027 rabi harvest as well.

Conversion to committed mortality. Applying the reconciled formula from §2.5 —

Excess deaths = Population x (Crisis CMR — Baseline CMR) x Duration

— to the populations affected during the committed crisis window (12—24 months from blockade start, with the
upper bound reflecting conflict-zone CMR persistence), the floor decomposes by region as follows. The

“committed portion” column is the fraction of each region’s full §2.5 conversion-table excess that cannot be

averted by interventions acting inside the 8—14 month supply-chain window:

Reconciled Committed Floorex- Notes

conv. excess Layer 1 por- cess (M)

(§2.5) tion
Conflict/access-denied zones 15-50 ~45-50% 7-14 Trajectories already in motion;
(Sudan, Sahel, Somalia, DRC, humanitarian access compromised
Myanmar) regardless of Hormuz reopening
Sub-Saharan Africa (non- 10-30 ~40-50% 4-8 Fertilizer-dependent subsistence with
conflict) steepest yield-sensitivity curves; 2026

kharif already compromised

South Asia (India, Bangladesh, 15-45 ~35-40% 6-9 2026 kharif missed; 2027 rabi partially
Sri Lanka, Pakistan) compromised under 8-14m lag
MENA food importers 3-12 ~30-40% 2-3 Currency/debt crisis amplifies even partial

supply restoration delays
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Reconciled Committed Floor ex-

conv. excess Layer 1 por- cess (M)

(82.5) tion
Latin America/Caribbean 1-5 ~25-30% ~1 Smaller affected populations; partial
vulnerable commercial-agriculture resilience
Total Layer 1 irreducible 44-142 — 20-35 Committed mortality locked in regardless
floor of policy after 10 May 2026

Worked example (conflict/access-denied zones). Applying the reconciled formula with mid-range parameters:
80M x 2.5/10,000/day x 540 days ~ 10.8M excess deaths over an 18-month effective crisis window. The
committed Layer 1 portion is bounded at ~45-50% of this — i.e., 7-14M across the upper- and lower-bound
parameter envelopes — representing mortality that cannot be averted by humanitarian intervention even under
optimistic reopening scenarios, because health systems are destroyed and aid pipelines are politically blocked. The
other 50-55% of conflict-zone conversion mortality remains in principle policy-sensitive (access negotiation,
security arrangements, alternative routing).

Interpretation. The 20-35M floor represents 30-45% of the full §2.5 conversion-table excess (44—-142M). The
remaining 55-70% is policy-sensitive and can in principle be averted by interventions acting faster than the 8-14
month supply-chain lag — primarily Hormuz reopening before August 2026, partial sourcing from non-Hormuz
fertilizer producers, and humanitarian access negotiations in conflict zones. Beyond §2.5 (caloric-deficit
mortality), the chain decomposition in Table 4.7 confirms that the compound-cascade interaction premium (96—
245M) operates primarily through the policy-sensitive portion of the trajectory, not through the irreducible floor

— which is why the floor is bounded at the conversion-table level rather than carrying the full headline mortality.

2.4 Country-Level Fertilizer Dependency

Selected vulnerable countries:

Country Gulf fertilizer dependency Population at risk Existing crisis context

Sudan 54% ~19M Civil war; hospitals destroyed

Somalia 30% ~4.4M Chronic conflict; weak state capacity

Sri Lanka 36% ~22M total Post-2022 economic crisis; low reserves
Bangladesh High ~170M Debt stress; flood vulnerability

India ~20% of N imports ~1.4B Large population; monsoon dependent
Egypt Significant ~110M Wheat import dependent; currency pressure
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Part llA: Mortality Conversion Methodology

From Food Insecurity to Excess Mortality: The Conversion
Framework

Population segment Baseline Crisis Duration Excess Key assumptions
CMR /10k/ CMR / (months) deaths
day 10k/day (M)
South Asia (India, 280— 3-4 0.3 0.8-1.5 12-24 15-45 Fertilizer-dependent
Bangladesh, Sri 420 Crops; Mmonsoon;
Lanka, Pakistan) moderate health
Sub-Saharan Africa 150— 34 0.4 1.0-2.0 12-24 10-30 High import
(non-conflict) 220 dependency; limited

fiscal space

Conflict/access-denied =~ 80— 4-5 0.5 2.0-6.0 12-30 15-50 Health systems

zones (Sudan, Sahel, 120 destroyed; aid

Somalia, DRC, access denial

Myanmar)

MENA food importers =~ 60— 34 0.2 0.5-1.2 6-18 3-12 Wheat import
100 dependence;

currency/debt stress

Latin America/ 30— 3 0.3 0.6-1.0 6-12 1-5 Fertilizer price
Caribbean vulnerable 50 impact; better health
infrastructure
Total 600— — — — — 44-142 Direct mortality
910 before compound

chain effects

Excess deaths are computed as:

Excess deaths = Population x (Crisis CMR — Baseline CMR) x Duration

Reconciling formula extremes with stated ranges

The formula’s literal Cartesian-product extremes (13-130M) differ from the stated regional excess deaths (44—
142M) in both directions: the reconciled bounds sit modestly above the formula bounds at the lower and the upper
end alike. The lower bound shifts upward because correlated parameter combinations exclude the implausible
joint-minimum (every region simultaneously hitting its smallest population, lowest CMR, and shortest duration).
The upper bound shifts upward because the stated Crisis-CMR figures embed minor second-order effects already
attributed to Layer 1 in the source FAO/WFP calibration — effects the bare formula does not express. The table

below makes the direction and magnitude of each adjustment explicit:
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Population segment Original ex- Formula ex- Reconciled ex- Reconciliation note

cess (M) tremes (M) cess (M)

South Asia 15-45 5.1-36.8 15-45 Uses correlated mid-to-upper
combos for lower bound

Sub-Saharan Africa (non- 10-30 3.3-25.7 10-30 Same correlation adjustment
conflict)

Conflict/access-denied 15-50 4.4-60.2 15-50 Higher effective duration weighting
zones

MENA food importers 3-12 0.3-5.5 3-12 Matches formula closely

Latin America/Caribbean 1-5 0.2-1.3 1-5 Matches formula closely
vulnerable

Total 44-142 13-130 44-142 Exact match to original total

The formula’s literal lower bound (13M) is the joint-minimum of all parameters at their lowest values — a
scenario that requires every region to simultaneously hit its smallest population, lowest crisis CMR, and shortest
duration. This corresponds to no plausible joint outcome. The reconciled lower bound (44M) reflects the model’s

actual scenario assumptions and is the appropriate figure for downstream calculations.

At the upper end, the reconciled total (142M) sits modestly above the formula maximum (130M). This is most
visible in South Asia (45M reconciled vs 36.8M formula), Sub-Saharan Africa (30M vs 25.7M), MENA (12M vs
5.5M), and Latin America (5M vs 1.3M), where Crisis-CMR figures in the conversion table reflect averaged
direct-mortality rates from comparable historical famines — averages that implicitly include a small disease/
access fraction beyond pure caloric-deficit mortality. The reconciled upper bounds therefore embed the minor
second-order effects already attributed to Layer 1 in the source FAO/WFP calibration: residual disease in
accessible zones, displacement-driven excess mortality, and brief tail-duration effects beyond the stated window.
Conflict/access-denied zones move in the opposite direction (50M reconciled vs 60.2M formula upper) because
population-at-risk and aid-access constraints cap the reachable upper bound below what the unconstrained

formula would imply.

Both adjustments are documented per region in the rightmost column. The reconciled bounds are the appropriate
figures for downstream calculations; the formula extremes are presented to support reproducibility and to make

the implicit assumptions in the reconciled values traceable.

The gap between 44-142M and the central 169-334M comes from Layer 2—3 mechanisms: disease multipliers

and market/sovereign cascades expanding both the at-risk population and CMR.
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Part lll: Nine Causal Chains — How the Crisis

Compounds

WHY NINE CHAINS MATTER

Institutional analyses typically model 1-3 of these chains in isolation. The compound interaction between

all nine produces the methodology gap. No single chain yields 100M+ deaths; the interplay does.

Chain decomposition: stand-alone effect vs interaction premium

Each chain contributes a stand-alone effect (operating in isolation) plus an interaction premium (additional

mortality from chain-to-chain coupling). The interaction premium is the methodological core of this report — it is

what compound-cascade modelling captures and siloed institutional models miss.

Chain

Total

Description

Direct yield collapse

Shadow famine lock-
in (Layer 1 floor)

Sovereign debt doom
loop

Fertilizer export
cascade

El Nifio convergence
(coupling variable)
Autarkic market
fragmentation
Humanitarian access
denial

Logistics ceiling

Disease
multiplication

25-45

20-35

8-18

6-12

0-5

10-25

5-12

4-10

8-18

86-180

From Hormuz to Hunger — Technical Report v3.3

Interaction Primary in- Rationale Total (M)
premium teractions
(M)

15-25 9,5 Non-linear fertilizer-yield + 40-70
baseline disease coupling

0-5 8 Already-committed planting/ 2040
supply lags; minor logistics
interaction

7-22 4,6,5 Currency/import collapse 15-40
amplified by export bans and
El Nifio

4-13 3,6 Producer restrictions trigger 10-25

further fragmentation

20-45 1,3,6,8 Multiplier across multiple 20-50
chains (15-25% net
reduction when absent)

10-35 3,4,5 India ban tipping point + 20-60
debt/export feedback
10-25 9,8 Access-denied zones raise 15-37
disease multiplier (mostly in
9)
8-20 3,6,7 Throughput constraint caps 12-30

aid even when money exists

22-55 1, 7, tail 1.3—4x multiplier applied on 30-73
H5N1 top of all prior chains
96-245 — All-chains-active baseline 182-425
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The chain-decomposition total (182—-425M) represents the all-chains-active baseline — the contribution under
modal/worst-case scenarios where every chain is operating. The probability-weighted central estimate (169—
334M) is an expected-value average across scenarios in which different chain subsets are simultaneously active.
The sum exceeding the central estimate is therefore expected: most scenarios do not have all chains operating at
peak intensity. The overlap correction in §4.4 (Combined Positive Scenario) handles the inverse case — channels

that appear in multiple positive-scenario reductions and would otherwise be double-counted.

Chain 1: Direct Yield Collapse [Sections 1-10]

Mechanism. Hormuz closure causes fertilizer shortages; non-linear yield losses follow. With ~20% nitrogen
shortfall and high sensitivity, yields drop 30-50% in vulnerable regions.

Estimated direct mortality: 40-70M from caloric deficit alone.

Chain 2: Shadow Famine Lock-In [Section 13]

Mechanism. Damage is “locked in” by planting delays and supply-chain lags. Even quick reopening cannot
restore fertilizer delivery in time for missed cycles. Five lag stages: insurance, shipping, production, price, last-

mile.

Estimated floor: 20-35M excess deaths committed by already-incurred disruptions.

Chain 3: Sovereigh Debt Doom Loop [Section 15]

Food importers borrow at crisis rates — debt burdens explode — currencies fall — imports become unaffordable

— deeper borrowing. This cycle repeats across tens of countries.

Estimated additional mortality: 15-40M.

Chain 4: Fertilizer Export Cascade [Section 17]

Producer states restrict exports to protect domestic agriculture. Each restriction tightens global supply; others
follow in cascade.

Estimated additional mortality: 10-25M.

Chain 5: El Niho Convergence [Section 18]

El Nifio couples otherwise separate chains, amplifying shocks in South Asia, East Africa, and Latin America.
Probability 40-55%.

Multiplier effect: ~1.3—-1.8x.
Chain 6: Autarkic Market Fragmentation [Section 19]

Export bans fragment markets; trade collapses into bilateral state deals. India’s rice export decision is the key

tipping point.
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Estimated additional mortality: 20-60M.

Chain 7: Humanitarian Access Denial [Section 21]

Populations at highest risk live in conflict zones where external aid cannot reach. Access denial makes disease
multipliers much higher.

Chain 8: Logistics Ceiling [Section 17]

Physical constraints limit humanitarian throughput at ~110-130M people, leaving ~170-200M beyond reach even
with money available.

Chain 9: Disease Multiplication [Section 29]

Famine-linked disease multiplies deaths beyond those from starvation:

Segment Share Multiplier Notes

Accessible zones ~60% 1.3-1.8x% Basic health systems, vaccines, ORT/RUTF available
Access-denied zones ~30% 2.5-4.0% Health systems destroyed; high AMR

H5N1 crossover (tail case) ~10% 5-10x+ 3-8% probability
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Part IV: Sensitivity Analysis and Scenario
Testing

4.1 Hormuz Blockade Duration [Section 27]

Duration Central estimate Mechanism

<3 months 32-55M One partial crop cycle; damage contained

3-6 months (to Aug 2026) 55-120M Full 2026 cycle lost; doom loops initiated but containable
6-12 months (knife’s edge) 95-200M Multiple cycles; self-sustaining damage

12-18+ months 200-650M Multi-year collapse of agricultural systems

Partial, fragile reopenings can be worse than continuous closure due to “whiplash” in insurance and logistics.

4.2 El Niho Development [Section 26]

El Nifio acts as a coupling variable connecting multiple causal chains. If NOAA downgrades El Nifio probability
below 50%:

Chain affected Reduction if El Nifio absent Mechanism

India export ban probability =~ —-35-45% Monsoon failure is the primary trigger for Indian export bans
Autarkic fragmentation -25-35% Without India ban, cascade doesn’t reach tipping point
Logistics ceiling breach -20-30% Reduced simultaneous demand across regions

Direct yield loss -10-15% Monsoon-dependent agriculture less stressed

Doom loop severity -15-20% Lower food prices reduce sovereign debt pressure

Net impact: El Nifio absence reduces the central estimate by approximately 15-25%, from ~169-334M to ~127—
284M.

4.3 Partial Hormuz Reopening [Section 27]

Sustained partial reopening (30-50% traffic) through October 2026 can lower central estimate by 30-45% (to
~93-234M). Fragile reopening that collapses can worsen outcomes vs continuous closure.

4.4 Combined Positive Scenario [Section 28]
El Nifio downgrade + sustained partial reopening:

* Combined estimate: ~45-90M (after overlap correction of ~13-20M for channels that appear in both

reductions). This convergence with the model’s original v1.0 yield-only estimate provides an internal con-
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sistency check, not independent validation: by construction, the optimistic scenario deactivates the
conditional Layer 2-3 amplification mechanisms (El Nifio downgraded, partial Hormuz reopening
sustained), so recovering the v1.0 yield-only result confirms that the amplification layers are properly
modular — conditional mechanisms that switch off cleanly when their triggering conditions are absent,
rather than permanent additions to the headline figure. It is a modularity confirmation on the architecture
(cross-referenced in Table 4.7, where Layer 2—3 contributions are decomposed as interaction premiums), not
evidence of predictive accuracy.

* Three-tier decomposition:
* 20-35M committed/irreducible;
* 15-40M actionable policy margin;

» 10-25M conditional on binary variables (El Nifio, India decisions, access negotiations).

Note on renormalization. The headline central estimate moved from ~118-225M to 169-334M when scenario
midpoint probabilities were renormalized to sum to 100% (see §1.3 footnote, and Table 4.7 for the chain-level
decomposition that produces 182—425M as the all-chains-active baseline). The Combined Positive range remains
45-90M because individual scenario ranges are conditional estimates — the expected mortality given that scen-
ario’s specific assumptions hold (El Nifio downgrade + sustained partial Hormuz reopening). Renormalization
redistributes probability across scenarios; it does not modify any single scenario’s conditional death-toll range.
Only the central estimate, as a probability-weighted expected value across all five scenarios, is affected. The same
logic applies symmetrically to the Best, Base, Worst, and Catastrophic ranges — none of those are adjusted by

renormalization either, because they too represent conditional outcomes given their stated assumptions.

4.5 Disease Multiplier Sensitivity [Section 29]

Assumption Central estimate Change vs baseline
2.0-3.0% (current) 169-334M baseline

Optimistic 1.3-1.8x 135-268M -15-25%

Blended realistic 1.8-2.5x 156-309M -5-10%

Pessimistic 2.5-4.0% 186-384M +10-15%

H5N1 crossover (5-10x) 250-500M+ Tail risk

4.6 China Grain Reserve Release [Section 30]

China’s ~510M tonnes of grain stocks are constrained by domestic policy, logistics, composition, and political
conditionality. Probability-weighted impact: 3-8M lives saved (3—5% of central estimate). The famine is primarily

about fertilizer, purchasing power, and access, not aggregate grain.
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Part V: Historical Calibration

The model’s death-toll estimates are calibrated against historical famines and food crises with initial conditions
(supply disruption, market failure, access denial) structurally comparable to the current crisis. The table below
includes cases in both directions — compound cascades that materialized and produced mortality above contem-
porary projections (rows 1-9), and counter-examples where chain links were broken in time and worst-case

projections were not realized (rows 10-13). Including both directions provides a balanced calibration profile

rather than a one-sided sample.

Excess
deaths

Key parallel

Official vs actual

Bengal 1943 2.1-3M ~2years  Supply diversion, market “manageable shortfall” — 3M
failure, disease dead
Great Leap Forward (China) 30-55M ~3 years  Input misallocation; Not acknowledged for decades
policy collapse
Biafra 1967-70 1-3M ~3 years Blockade, access denial, “thousands” - 1-3M
disease
Ethiopia 1983-85 0.4-1M ~2 years Drought + conflict + Delayed recognition
policy
North Korea 1994-98 0.6-3.5M ~4 years Fertilizer/input collapse Minimised publicly
Somalia 2010-12 ~260k ~2 years  Access denial; delayed Famine declared after peak
famine declaration deaths
Irish Famine 1845-52 1M+ ~7 years Exports during famine; Under-recognised at the time
disease
Late Victorian famines 30-60M multiple El Nifio + market + Deaths far above contemporary
(global) colonial policy views
Soviet Ukraine 1932-33 3.5-7.5M ~2 years State requisition; exports Denied for decades
during famine
Counter-examples (cascades
truncated by chain-breakers
— projections exceeded
realized mortality)
Ethiopia 2015-16 (EI Nifio) tens of ~1.5 Drought severity “1984 repeat” worst-case
thousands years comparable to 1983-85; scenarios averted; mortality ~10—
PSNP safety net absorbed 20x below repeat-of-1984
shock projections
Yemen 2018-19 ~70-230K ~2 years Blockade + conflict; UN Formal famine declaration
(mostly warned “famine of averted by ~$4B donor surge;
disease) biblical proportions” 2018 = mortality 3-5% below worst-case
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Excess Key parallel Official vs actual

deaths
South Sudan 2017 (Leer/ ~100K ~6 Civil war + access denial; Catastrophic spread to 5.5M
Mayendit) (whole crisis) = months famine declared in 2 projected; rapid scale-up + access
counties Feb 2017 negotiation contained famine

phase to ~100K

Horn of Africa 2022-23 ~43-87K ~2years 5 failed rain seasons; ~$5B humanitarian funding +
(Somalia, FEWS NET projected late-2023 rain return prevented
LSHTM) likely famine declaration formal famine declaration

Calibration finding. The expanded sample is directionally asymmetric but covers both regimes. Undercounting
predominates when compound interactions (disease, market collapse, displacement, policy failure) are allowed to
materialize unchecked — every row 1-9 shows official projections exceeded by 3—-10x or more. Overcounting
occurs when one or more chain links are broken before the cascade compounds (rows 10-13) — most often
through a combination of pre-existing safety nets (Ethiopia 2015-16 PSNP), donor surges (Yemen 2018-19),
rapid access negotiation (South Sudan 2017), or favorable weather reversal (Horn of Africa 2022-23). The 2026
Hormuz crisis sits closer to the undercount side of this distribution as of 10 May 2026 because the primary chain-
breakers identified in §7.4 — Hormuz reopening before August 2026, G20 fertilizer coordination, India export-
policy commitment, NOAA El Nifio downgrade — have not yet been triggered. The Combined Positive scenario
(84.4: ~45-90M) represents the trajectory if multiple chain-breakers materialize in time; the central estimate
(169-334M) reflects the probability-weighted expectation across the full distribution of triggered and untriggered

outcomes.
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Part VI: Anticipated Objections and
Responses

Sections 6.1-6.7 in the technical report elaborate the same objections as in the policy brief, but with more detail.

The core structure in Markdown:

6.1 “These estimates are far higher than any official projection”

Response: This is correct — no major institution (FAO, WFP, World Bank) projects 100M+ excess deaths. The
gap is structural, not empirical. Institutional models assess risk factors individually and additively: food
production shortfalls, humanitarian funding gaps, country-by-country food balance sheets. This analysis uses the
same FAO, WFP, UNCTAD, and World Bank input data, but models the compound interaction between nine
causal chains rather than treating them in isolation (Table 4.7: 86-180M stand-alone effects + 96-245M
interaction premium = 182-425M all-chains-active baseline). The 96-245M interaction premium is the
methodological gap — mortality that emerges from chain-to-chain coupling and is invisible to siloed analysis by
construction. Historical calibration supports this: institutional projections underestimated final mortality by 3—10x
in every comparable famine in the calibration set (Bengal 1943, China 1959-62, Late Victorian Holocausts,
Ethiopia 1983-85), with second-order effects — disease, market collapse, displacement, policy failure —
accounting for the majority of mortality in each case. A reviewer who believes the central estimate is too high
should identify which specific chain mechanism or interaction-premium value in Table 4.7 is wrong, rather than

relying on the headline’s distance from institutional figures.

6.2 “Modern agricultural systems are more resilient”

Response: modern systems are more productive and more fragile; they rely on inputs now at risk.

6.3 “Demand-side responses could fix it”

Response: timescale, distribution, and nutrient constraints make this insufficient in the window.

6.4 “Farmers will adapt”

Response: adaptation is included but bounded; nitrogen can’t be replaced at scale on 6-18 month timelines.

6.5 “Global grain stocks are enough”

Response: stocks are concentrated, short-duration, and don’t solve entitlement/access failures.

6.6 “No official source projects 100M+ deaths”

Response: no institution has the mandate or methodology to produce such a compound estimate.
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6.7 “Probability weighting inflates the estimate”

Response: Renormalization does redistribute mass into the tails — acknowledged. With renormalized scenario
probabilities (Best 10% / Combined Positive 15% / Base 43% / Worst 25% / Catastrophic 7%), the central
estimate (169-334M) sits above the base-case range (95-200M at ~43%) because the Worst and Catastrophic
scenarios contribute meaningfully to the expected value. That is the standard expected-value approach to
catastrophic risk, not a methodological artefact. The mortality magnitude itself, however, is generated by the
compound-cascade architecture (Table 4.7: 86-180M stand-alone + 96-245M interaction premium = 182-425M
all-chains-active baseline), not by the probability weights. Probability weighting selects where on the chain-
decomposition distribution the central estimate lands; it does not create the distribution. A reviewer who wants to
push the central estimate downward should attack specific interaction-premium values in Table 4.7, not the
probability weights.
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Part VII: Limitations and Uncertainties

7.1 Potential Overestimation Factors

* Underestimation of adaptation.
* Underestimation of political coordination.

* Ceasefire holding and traffic resuming earlier than modelled.

7.2 Potential Underestimation Factors

 Multiplicative, not additive, chain interactions.
» New conflicts triggered by food stress.
* Financial contagion.

* H5N1 pandemic severity.

7.3 Key Data Gaps

* Real-time fertilizer delivery to Africa/Asia.

« India’s internal export-policy deliberations.

* Actual 2026 application rates.

* WFP capacity for multi-continental operations.

 Updated ENSO forecasts.

7.4 Falsifiability Conditions
The central estimate drops substantially if specific binary variables resolve favorably:

(a) Hormuz reopens and traffic restores before August 2026 (—40-60%);
(b) NOAA downgrades El Nifio probability below 50% (-15-25%);
(c) India commits publicly to maintaining open food export markets;

(d) a G20 fertilizer coordination mechanism is established.

If all four resolve favorably, the central estimate converges toward the Combined Positive range (45-90M). Each
is an observable, near-term event — making the model testable against specific real-world developments rather
than only against long-run mortality data. Reviewers who believe the central estimate is too high should identify
which specific structural mechanism is wrong, rather than relying on the magnitude of the headline figure alone.
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Part Vlil: Policy Recommendations

8.1 Immediate Priority (May—August 2026)

A. Hormuz reopening / partial restoration (40—60% reduction in central estimate).
B. G20 Emergency Fertilizer Facility (10-25M lives).
C. Diplomatic engagement with India on export policy (15-25M lives).

8.2 Near-Term (2026—-2027)

D. Fully fund WFP’s $13B requirement.
E. Negotiate access in Sudan/Sahel.

F. Emergency sovereign debt relief.

8.3 Structural Measures (2026—2028)

G. H5N1 preparedness.
H. Alternative fertilizer production.

I. Global food system resilience architecture.
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Part IX: Sources and References

Numbered list, as in the brief (FAO, WFP, UNCTAD, World Bank, GRFC, Fertilizers Europe, UNU, Yao et al.,
historical famine scholarship, USDA, NOAA, Lancet, WHO, IPC, Kelly 2026 framework).
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