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Bottom Line

Seventy-two days into the effective closure of the Strait of Hormuz, the global supply chain
conversation has moved well past crude oil prices. Asian refinery run cuts, fertilizer shortfalls,
European jet fuel pressure, and a widening circle of industrial materials — including aluminum,
plastics feedstocks, pharmaceutical precursors, and base oils — now carry meaningful shortage
risk. The IEA has characterized this as the largest oil supply disruption in the history of the
global oil market. What most practitioners have not yet fully internalized is that this is no longer
primarily an energy price story. It is a networked supply chain problem, and the frameworks
appropriate for energy price shocks are insufficient for what is unfolding.

The right modeling frame is not a single commodity-price shock. It is a networked shortage
problem with three distinct failure mechanisms: physical energy rationing, economic curtailment
from cost pressure, and feedstock unavailability inside production processes.

Critically: reopening the Strait does not reset the system. The evidence from S&P
Global/CERA, Northern Trust, Saxo Bank, and NDSU agricultural economists all converge on
the same conclusion — normalization will take months beyond any political agreement, not
weeks. The supply chain restart is a separate and longer challenge from the diplomatic and
military one.

A further dimension requires explicit treatment: demand destruction. High prices do not
merely reflect shortage — they create their own feedback loop that reshapes what the shortage
looks like, when it appears in the data, and how severely it rebounds when supply returns.
History across four analogous episodes — the 1973 oil embargo, the 1979-80 Iranian
Revolution and Iran-lraq War, the 1990 Gulf War, and the 2022 European energy crisis —
shows that the most dangerous phase is often not the shock itself but the mismatch between
destroyed demand masking true shortage depth, followed by a demand surge that outruns the
supply restart. That dynamic is now actively underway and must be modeled alongside the
physical supply framework.

One modeling discipline follows from all of the above: this system should not be analyzed as a
single constrained variable. Shortage outcomes emerge from the interaction of inventory
position, refining capability, feedstock availability, and restart timing — not from any single
bottleneck. Monte Carlo simulation across over 1500 runs confirms this: at different points in the
disruption, each constraint becomes dominant in turn, which is why the system behaves
nonlinearly, why visible constraints are not always the binding ones, and why results are
expressed as confidence intervals rather than point estimates.
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Scenario Model Output: Monte Carlo Simulation Results

Understanding the Two Model Layers

Before reading the results below, a brief orientation on how the modeling works is useful —
because the terminology can be confusing if two different uses of the word 'scenario’ are not
distinguished.

Layer 1 — The Base Simulation Model (v5): This is a daily inventory simulation that tracks 12
commodity-region pairs (naphtha in Asia, diesel in the U.S., jet fuel in Europe, etc.) over a 300-
day horizon. For each pair, it models how available supply compares to demand each day, how
inventory depletes, and when functional shortage and stockout conditions are reached. The
three named scenarios — S1 Restricted Flow (reopening day 60), S2 Contested Transit
(reopening day 120), and S3 Prolonged Disruption (reopening day 180) — define when
diplomatic resolution is assumed to occur and flow begins to recover. These are the
diplomatic/military scenarios discussed in the preceding section.

Layer 2 — The Monte Carlo Simulation: This is a separate analytical layer that runs the base
simulation model more than1500 times, each time drawing slightly different values for the four
inputs that a tornado sensitivity analysis identified as most influential: starting inventory levels,
export leakage share for U.S. diesel, economic viability factor for European energy-intensive
sectors, and flow disruption severity. By running the model across this range of plausible input
values, the Monte Carlo produces a probability distribution rather than a single point estimate.
Instead of 'functional shortage on day 22' (the deterministic baseline), the output becomes
'functional shortage between day 9 and day 29 in 80% of simulations, with a median of day 19.'
This is more honest and more useful than a single number.

The table below shows Monte Carlo results for the S2 base case (Contested Transit, reopening
day 120). p10 and p90 define the range within which 80% of the 1,544 simulated outcomes fall.
Spread is the p90 minus p10. Signal Strength reflects how stable the finding is across the
distribution: Moderate means the conclusion holds robustly regardless of assumptions;
Uncertain and Wide mean the timing is more sensitive to how key inputs evolve.

Product Region Baseline p50 p90 Spread Primary Signal

Day Median Mechanism Strength
Naphtha Asia 22 9 19 29 20d Feedstock scarcity = Moderate
LPG Asia 25 12 24 36 24d Feedstock scarcity = Moderate
Polyester Asia 33 15 28 40 25d Feedstock scarcity = Moderate
chain + economic
Fertilizer / Europe 33 16 34 54 38d Economic Uncertain
Urea curtailment +

feedstock

Plastics / Asia 44 20 36 53 33d Feedstock scarcity  Uncertain
resins
Aluminum / Europe 39 20 36 54 34d Economic Uncertain

glass curtailment
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Product Region Baseline p50 Primary Signal
Day Median Mechanism Strength

Fertilizer/  Asia 46 20 38 57 37d Feedstock scarcity ~ Uncertain

Urea + economic

Refined California 32 24 40 61 37d Physical rationing + Uncertain

products logistics

Diesel / Asia 50 27 49 74 47d Physical rationing Wide

distillates

Diesel / uU.S. 57 37 59 83 46d Export leakage rise  Wide

distillates

Plastics / uU.S. 83 59 83 106 47d Cost pass-through ~ Wide

resins + leakage

Jet fuel Europe 157 90 138 164 74d Price-driven Wide

curtailment

How to read this table: The baseline day is a point estimate. p50 is the median across
simulations — typically close to baseline but shifted by distribution effects. p10 and p90 bound
the central 80% of outcomes. Spread is p90 minus p10. Signal strength reflects how stable the
conclusion is: Moderate means the finding holds robustly across the distribution; Uncertain
means assumptions drive a meaningful portion of the outcome; High uncertainty means the
confidence interval is wide enough that timing could shift materially based on how key inputs
evolve.

Five findings from the Monte Carlo:

1. Naphtha Asia is the most robust signal. p10=9, p50=19, p90=29 — a 20-day spread, the
tightest in the model. In 9 out of 10 simulations, Asian naphtha hits functional shortage between
day 9 and day 29. This is confirmed by IEA April OMR documenting Asian petrochemical plants
curtailing as feedstock supply dried up, and by ChemWeek April 27 data showing South Korean
crackers at 60-70% by day 45-58 — precisely matching the model's corrected feedstock
degradation trajectory. State this conclusion with confidence.

2. California leads Asia diesel across the full distribution. California p10=26 vs. Asia diesel
p10=27. California p50=42 vs. Asia diesel p50=47. California p90=60 vs. Asia diesel p90=71.
The CSIS characterization of California as the U.S. leading edge holds at every percentile —
not just the point estimate. This is a robust finding.

3. Reopening day confirmed irrelevant to shortage timing at scale. S1 (day 60) and S3 (day
180) produce nearly identical shortage timing for every pair except jet fuel. Across 1,544 draws
from all four distributions simultaneously, the shortage is structurally determined before any
diplomatic resolution regardless of scenario. The diplomatic question governs how long the pain
lasts, not whether it happens.

4. U.S. diesel uncertainty is driven by export leakage — and by your political judgment.
The 43-day spread (p10=38, p90=81) reflects the export leakage distribution (triangular 0.20—
0.28-0.33). The political ceiling at 0.33 — the judgment that domestic price pressure restricts
exports before the physical maximum is reached — pulls the p90 in by approximately 20 days



Supply Chain and
Logistics Institute

Physical
Internet
Center

vs. an uncapped distribution. That is a material contribution to the model that no data source

could provide.

5. Europe jet fuel physical shortage is genuinely months away — and the widest
uncertainty in the model. p10=88, p50=132, p90=167 under S2. The 79-day spread reflects
genuine uncertainty about how fast the IEA-documented six-week buffer erodes under different
flow disruption draws. Under S3 it pushes to p50=152, p90=200. What is happening in
European aviation now is price destruction, not physical shortage — confirmed at every

percentile.

Recommended Practitioner Actions by Time Horizon

Horizon

Action

Priority Commodity / Risk

Now (May-June
2026)

Now (May-June
2026)

Now (May-June
2026)

Near-term (June-
Aug 2026)

Near-term (June-
Aug 2026)

Medium-term (Q3-
Q4 2026)

Medium-term (Q3-
Q4 2026)

Ongoing

Audit distillate and jet fuel inventory
positions; confirm supplier diversification
beyond Gulf feedstocks

Lock in fertilizer supply for fall 2026
application — prices will not improve
before planting window

Model economic curtailment thresholds for
energy-intensive operations at $105+
crude

Activate supply chain mapping to Tier 2-3
for naphtha, sulfur, and helium
dependencies

Do not assume a ceasefire announcement
= supply normalization; use the restart
timeline above to set realistic internal
forecasts

Build 2027 fertilizer budgets at crisis-
elevated prices; NDSU projects no return
to pre-war levels before 2028

Monitor Asian refinery run data and
European gas/power prices as leading
indicators for U.S. downstream pass-
through

Track insurance premium trajectories as a
proxy for genuine lane normalization —
premiums will lead physical volume
recovery

Diesel, jet fuel, LPG

Urea, DAP, ammonia
European aluminum, chemicals,

plastics

Petrochemicals, semiconductors,
pharma

All commodities

Crop inputs, food production

All energy-linked products

All Hormuz-transiting cargo
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Consumer Impact: From Commodity Shortage to Your
Shopping Cart

The commodity shortage timeline established by the scenario model translates into consumer
price and availability impacts through a three-layer cascade: commodity shortage to industrial
intermediate, intermediate to finished product, finished product through manufacturer and retail
inventory buffers to the consumer shelf. The model below maps 36 bill-of-materials pathways
across 15 consumer product categories, applying a tier dilution factor that accounts for how
many processing steps separate the commodity shortage from the consumer purchase. A 78%
increase in PVC resin translates much more directly to the price of a PVC pipe than a 60%
naphtha increase translates to the price of a packaged food product, because naphtha must
pass through multiple chemical processing stages — each with its own margin and substitution
opportunity — before reaching consumer packaging.

Consumer price impact estimates represent shelf-level price changes, not input cost changes.
This distinction matters: a 60% naphtha spike becomes approximately +11% for synthetic
apparel because polyester fiber accounts for roughly 65% of fabric cost and fabric accounts for
roughly 30% of garment cost — a two-tier dilution. For packaged food, the dilution is even
greater: packaging is approximately 8-12% of product cost, giving a much smaller consumer
price signal from a large input cost spike. These estimates have been validated against
observed market data where available — P&G's $1 billion after-tax impact on $80 billion
revenue equates to approximately 1.25% at the consumer level, consistent with the model's
packaged food estimate of +0.5%.

Consumer Price Date BOM Consumer Visible Confidence
Category Signal Exposure Price Now
Impact
Food — Grain & Day 33 Apr Day 54 37% +49% +0.7% YES Low
Staples 2026
Construction & Day 60 Apr Day 93 100% +78% +25.4% YES High
Building 2026
Materials (PVC,
insulation)
Food — Day 62 May Day 73 92% +30% +0.5% YES Low
Packaged / 2026
Processed
(CPG)
Beverages Day 68 May Day 71 80% +30% +1.2% YES Low
(PET-bottled 2026
water, soda,
juice)
Engine Oil & Day 72 May Day 93 95% +100%  +16.7% YES Moderate
Industrial 2026
Lubricants
Personal Care & Day 72 May Day 91 55% +25% +1.1% YES Moderate

Household 2026
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Consumer . BOM Input Consumer Visible Confidence
Category Exposure | Spike Price Now
Impact
(shampoo,
detergent)
Apparel — Day 82 May Day 71% +30% +3.4% YES Moderate
Mixed Fibers 2026 110
(cotton-poly
blends)
Medical Devices Day 84 May Day 55% +20% +1.1% YES Moderate
& Disposables 2026 121
Apparel — Day 88 May Day 100% +40% +11.1% YES High
Synthetic / 2026 120
Polyester
Home Goods & Day 91 May Day 25% +20% +1.9% YES Moderate
Furniture 2026 119
(plastic
containers,
foam)
Agricultural Day 105 Jun Day 67 100% +49% +32.3% YES High
Inputs — Food 2026
Prices (corn,
wheat)
Automotive — Day 115  Jun Day 86 38% +20% +1.1% YES Low
Vehicles & Parts 2026
Pharmaceuticals Day 124  Jul Day 20% +10% +0.4% — Low
— Generic / 2026 174
OoTC
Consumer Day 129  Jul Day 15% +8% +0.5% — Low
Electronics 2026 107
Food — Meat & Day 165 Aug Day 18% +49% +0.3% YES Low
Dairy 2026 164

How to read this table: Price Signal Day is when consumer shelf prices begin moving
meaningfully — after the commodity shortage propagates through the BOM chain plus
manufacturer buffer draw-down. Availability Risk Day is when physical shortage risk begins.
BOM Exposure is the fraction of total product cost exposed to disrupted inputs. Input Spike is
the observed commodity price increase as of April/May 2026. Consumer Price Impact is the
estimated shelf-level price change after tier dilution and margin absorption. Agricultural inputs
show a high farm-gate price increase (+32%) but the food price impact runs through the 2026
crop cycle and manifests at the consumer level in early 2027.

The three categories with the most urgent near-term consumer implications:
Construction and building materials (+25.4%) because PVC is a direct material with minimal
processing dilution; engine oil and lubricants (+16.7%) because Group Il base oil production
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is effectively offline following the closure of Shell's Pearl Gas-to-Liquid facility in Qatar and force
majeure declarations by producers in Bahrain and the UAE; and synthetic apparel (+11.1%)
because polyester fiber cost is directly exposed to the naphtha and PTA/MEG feedstock chain
with limited substitution options at the manufacturer level. All three are already showing price
signals in April 2026 market data.

Reality Check as of May 11, 2026

The Strait of Hormuz has been effectively closed since February 28, 2026 — now 72 days. Here
is what we know with confidence today:

What Has Actually Happened

Dimension
Duration of closure

Vessel traffic through
Strait

Ships stranded in
Gulf

Brent crude price

OPEC/OAPEC crude
output (March)

Crude exports
through Strait

U.S. Gulf Coast
refinery utilization

U.S. distillate stocks

U.S. crude net
imports

U.S. product exports

War-risk insurance
premiums

Fertilizer prices

' Status as of May 11, 2026

72 days (Feb 28 - present)

~5% of pre-crisis levels (was ~3,000
ships/month)

~2,000 vessels awaiting transit

Above $105/barrel in early April; IEA April
OMR documents ~$130/bbl by mid-April
($60 above pre-conflict levels); peaked at
$126/barrel in March

Fell to lowest since 1989 — down ~30%
from February

2.3 million b/d in March = ~10% of pre-war
levels

~90-93% — running hard to compensate
(EIA WPSR: 92.9% week ending Mar 20;
89.6% week ending Apr 24)

Below 5-year range on demand-cover basis

Down 23% year-over-year

24% above 5-year maximum — bolstering
global markets

Up to 5% of hull value (was ~0.25% pre-
war)

Urea up 30-40% in first four weeks; DAP
peaked at $866-945/st

Source
CsIS

UK House of
Commons Library

Al Jazeera

IEA April OMR /
Wikipedia / CSIS
Energy Shots

S&P Global Platts

IEA via S&P Global

EIA WPSR actuals

CSIS Energy Shots

EIA via CSIS

EIA via CSIS

Al Jazeera shipping

insurers

NDSU / farmdoc
daily
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Dimension ' Status as of May 11, 2026 Source

Energy infrastructure 80+ facilities damaged; IEA estimates 2- IEA executive

damage year recovery possible director Birol

QatarEnergy LNG Force majeure declared March 4 on all LNG  Carra Globe
shipments

California fuel Gasoline, diesel, and jet fuel all below 5- EIA via CSIS

inventories year range

Current Diplomatic/Military State

The situation involves a dual blockade — Iran restricting commercial transit; the U.S.
blockading Iranian ports since April 13. A fragile ceasefire technically permits transit, but on
April 18 an Indian-flagged vessel was fired upon after receiving explicit clearance. The ceasefire
has already collapsed and been partially re-extended. Iran has selectively permitted flag-of-
convenience transits for China, Russia, India, Pakistan, and others under bilateral
arrangements.

The U.S. has stated it will take six months to clear mines Iran has laid in the Strait. That timeline
alone — independent of any political agreement — constrains the reopening.

Expert Reopening Timeline Consensus (as of May 11, 2026)

Source Reopening Estimate Key Qualifier

Baker Hughes CFO (Q1  Not fully operational until H2 Baked into financial guidance
earnings) 2026

Dallas Fed Energy August or later Nearly 80% say not before August
Survey (~80% of
executives)
Dallas Fed survey detail 20% by May; 39% by Aug; Wide spread; insiders lean later
26% by Nov; 14% later than
Nov
Polymarket (prediction ~50% probability by end of Public markets more optimistic than
markets) June executives
S&P Global / CERA ~2 months after durable Depends on field shut-in duration

ceasefire for shipping traffic;
production restart 5 weeks to 7
months

BNP Paribas Dual blockade scenario could If current conditions persist
push crude to $200/barrel

U.S. military mine Six months Independent of diplomatic resolution
clearance
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IEA on energy
infrastructure

Reopening Estimate

Up to 2 years for full recovery

of 80+ damaged facilities
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Key Qualifier
Birol statement April 13

Bottom-line reading: The median expert view is that meaningful normalization of Strait traffic is
a late-Q3 2026 event at the earliest. Supply chain normalization across the full commodity tree
runs well into 2027 for several product families.

Commodity Exposure Map: Beyond Crude Oil

The commodity exposure tree below integrates those insights with current IEA, WEF, and

farmdoc data.

Commodity / Input

Hormuz Exposure | Current Status

' Primary Downstream Risk

Crude oil &
condensate

LNG

Naphtha

Aluminum
(unwrought)

Urea / Fertilizer

Ammonia

Sulfur

DAP / Phosphate
fertilizer

~20 million b/d;
84% to Asia

~20% of global;
Qatar ~12-14% of
European supply

~85% of Middle
Eastern
polyethylene
exports through
Strait

Middle East =
~21% of U.S.
imports in 2025

Persian Gulf = ~30-
35% of global urea
exports; ~40% of
globally traded urea

Gulf = ~20-30% of
global exports

~50% of global
seaborne sulfur
trade

Depends on sulfur
feedstock

~10% of pre-war flow

Force majeure declared
March 4

Severely constrained

Supply tightening

Prices up 30-40%; peak
projected $996/st (Oct,
Extended Conflict)

Severely constrained

Supply disrupted

Peaked $866-945/st vs.
$622 pre-crisis

Global refining, fuels,
petrochemicals

European power, fertilizer
feedstock

Plastics, packaging, solvents,
textiles, pharma components

Automotive, aerospace,
packaging, construction

Corn, wheat, soy; food prices
into 2027

Nitrogen fertilizers, industrial
chemicals

Phosphate fertilizer
(DAP/MAP), semiconductor
manufacturing, EV batteries

Crop yields; food security
2026-2027
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Commodity / Input | Hormuz Exposure | Current Status ' Primary Downstream Risk
Helium Qatar = ~1/3 of Significant disruption Chip manufacturing, MRI
world supply machines, scientific research,
defense
Methanol ~1/3 of global China inventories Resins, coatings, plastics,
seaborne methanol moving toward warning  synthetic fibres
trade thresholds
Petroleum coke / Gulf refining Disrupted Nickel, cobalt, copper refining
synthetic graphite byproduct for EV batteries
Pharmaceutical Indian pharma Production slowdowns Generic drugs, polymer-based
precursors depends on Gulf emerging syringes, IV bags
chemical inputs
War-risk insurance  Affects all lanes Premiums up to 20x All cargo categories; small
pre-war levels operators squeezed out first

Demand Destruction: The Hidden Modifier

The supply-side analysis above documents what has been disrupted and when it might return.
Demand destruction adds a parallel dynamic that runs through the entire framework — not as a
separate concern, but as a lens that changes how every supply-side signal should be read. It
operates in three ways: it can mask the true depth of shortage in current inventory data; it
stratifies impact by buyer type rather than geography alone; and it loads a demand-rebound
spring that releases on reopening, creating a second dislocation risk after the supply crisis
appears to resolve. All three mechanisms are already active.

What Is Actually Happening: Scale and Current Evidence

The IEA's April 2026 Oil Market Report is unambiguous: global oil demand is on track for its
sharpest monthly decline in five years, and the agency states directly that demand destruction
will spread as scarcity and higher prices persist. The numbers are material. In April, Middle East
and feedstock-constrained refineries in Asia cut runs by around 6 million barrels per day, to 77.2
mb/d. The EIA's April Short-Term Energy Outlook revised global oil demand growth for 2026
from 1.2 million b/d to 0.6 million b/d — a 50% reduction in growth assumptions in a single
month — with reductions concentrated primarily in Asia.

FGE NexantECA frames the sequence plainly: "Demand destruction will come and is coming
in waves. Asia was first in line... Europe has already started talking about the lack of some fuels
and feeling the price impact." Asian demand is already estimated to be down by almost 2 million
barrels per day in April alone. BNP Paribas states the structural logic: for as long as Hormuz
remains closed, markets do not balance — and the demand destruction required to force
balance will require significantly higher prices than those seen today.
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Aviation is the most visible and data-rich sector — and it illustrates the price-driven versus
physical-rationing distinction precisely. Jet fuel prices roughly doubled from approximately $99
per barrel at end of February to as high as $209 per barrel in early April. The response is real:
Lufthansa has cut 20,000 short-haul flights through October and grounded 27 aircraft ahead of
schedule; KLM cancelled 160 intra-European routes; SAS cut around 1,000 April flights; United
reduced its forward schedule by approximately 5%, with plans to restore full capacity in the fall;
Cathay Pacific cancelled roughly 2% of scheduled flights from mid-May to end of June. But the
IEA's April Oil Market Report documents approximately six weeks of European jet fuel supply —
suggesting the physical shortage for European aviation is months away, not weeks. What is
happening now in aviation is price destruction: airlines cancelling routes because fuel is
uneconomic, not because it is unavailable. ACI Europe's formal warning that systemic jet fuel
shortage would become a reality if Strait flows did not resume meaningfully within three weeks
of their April letter reflects the rate of depletion — at current draw rates, the buffer erodes. But
the mechanism today is price, not scarcity. That distinction matters for how practitioners read
the aviation signals.

Industrial curtailment is less headline-visible but structurally more significant. The IEA's 2026
Energy Crisis Policy Response Tracker catalogues government actions to curb demand already
in force across multiple countries. Slovenia became the first EU country to introduce formal fuel
rationing on March 23. Southeast Asia — the Philippines, Thailand, Vietnam, and Indonesia —
has moved from conservation encouragement to emergency measures. India raised export
duties on diesel and aviation fuel to protect domestic supply. South Korea announced a five-
month restriction on naphtha exports. The Atlantic Council's Webster and I'Anson, writing in late
April, argue that the world will face a major supply crisis requiring painful sustained demand
reductions — and that democracies should begin tiered rationing now rather than wait for
markets to force it at higher prices.

Price Destruction vs. Physical Rationing: A Critical Modeling
Distinction

J.P. Morgan, cited by Prometheus Energy Research in late April, made the distinction that most
headline analysis has missed: this is not purely price-driven demand destruction. It is
rationing. Price elasticity is not working in the face of physical constraints. Plants are shutting
down, flights are being canceled, and entire sectors are slowing because fuel or feedstocks
simply do not arrive — not because price has risen above a demand threshold, but because
there is no physical product to buy at any price.

This distinction has direct modeling consequences. Price-driven demand destruction is
reversible and relatively predictable — when prices fall, demand returns along an established
elasticity curve. Physical rationing creates different dynamics: production processes are
disrupted, contracts are restructured, behavioral patterns shift, and some capacity is
permanently decommissioned. The IEA's own post-mortem on the 2022 European energy crisis
found that while some demand destruction proved temporary, structural changes remained
evident in energy-intensive industries including fertilizers, chemicals, and glass production well
after gas prices fell.

European jet fuel is currently the clearest live example of the price-driven side. Airlines are
cancelling routes and grounding aircraft not because jet fuel is unavailable, but because it has
more than doubled in price and the economics of flying have deteriorated sharply. The IEA
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documents approximately six weeks of European jet fuel supply — a physical buffer that buys
time before physical rationing begins. Asia petrochemicals are the clearest example of the
physical rationing side: the IEA confirms that Asian petrochemical plants curtailed operating
rates as feedstock supply dried up — not because of price, but because LPG and naphtha
simply stopped arriving. Both mechanisms are active simultaneously in different sectors, which
is why aggregate demand statistics understate the severity of the underlying physical disruption.

The Atlantic Council frames the policy implication: diesel deserves special attention because
logistics supply chains disproportionately rely on it, and middle distillate grades well-suited for
diesel production are precisely what the Middle East exports. Protecting diesel for freight and
food supply chains requires active government prioritization — it does not happen automatically
through price signals when physical shortages emerge.

Historical context: Four prior episodes — the 1973 OAPEC embargo, the 1979-80 Iranian
Revolution, the 1990 Gulf War, and the 2022 European energy crisis — provide calibration
anchors for the model's demand destruction rates and permanent capacity loss thresholds. A
detailed comparative analysis is in Appendix D.

The Three Modeling Implications

Implication 1: Destroyed Demand Can Mask True Shortage Depth

When airlines cancel routes, factories cut shifts, or farmers plant fewer acres because they
cannot afford fertilizer at current prices, demand falls — and headline inventory data looks less
alarming than the underlying supply picture warrants. The IEA's own April data illustrates this:
global observed oil inventories fell 85 million barrels in March, but stocks outside the Middle
East Gulf fell 205 million barrels while floating storage in the Gulf rose 100 million barrels. The
100 million barrels sitting in Gulf floating storage is visible in aggregate data but physically
inaccessible to consuming nodes. Meanwhile, demand destruction has reduced the draw rate
on accessible inventories, creating an apparent buffer that does not reflect true system
resilience.

Brookings' post-mortem on COVID-era inflation makes the supply-shock parallel explicit: the
vast majority of COVID inflation was driven by supply-linked factors, especially delivery delays
— and margins lagged the normalization of delivery times by quarters, meaning the economic
signal persisted long after the physical bottleneck appeared to ease. The Richmond Fed
documents the same pattern in PMI data: the delivery times index peaked and remained
elevated well after the new orders index recovered, showing that supply problems persisted
long after demand tried to return. The practical modeling implication: time-to-functional-shortage
estimates based on current inventory draw rates are almost certainly optimistic if demand
destruction is suppressing those draw rates.

Implication 2: Impact Stratifies by Buyer Tier, Not Just Geography

The Asia-first, California-second, Europe-third geographic canary sequence describes physical-
access-driven shortage. Demand destruction introduces a parallel sequence that runs by buyer
financial resilience and hedging depth, cutting across geography. Lufthansa has hedged
approximately 80% of its 2026 jet fuel requirements at pre-crisis prices — among the highest



Physical
Internet
Center

Supply Chain and
Logistics Institute

coverage ratios of any major European carrier — insulating it from the worst near-term price
scenarios. Wizz Air, by contrast, which analysts at Morningstar assessed as carrying the lowest
fuel margin buffer among European publicly-listed carriers, exits the market first on price. Wizz
Air, with the lowest fuel margin buffer among major European publicly-listed carriers per
Morningstar analysts, exits the market first. Thin-margin, lightly hedged operators signal
shortage pressure before aggregate inventory data does, because they exit on price before
physical scarcity arrives.

The same tiering applies across every commodity chain. Large chemical producers with long-
term feedstock contracts hold longer than spot buyers. Vertically integrated food companies with
fertilizer supply agreements hold longer than independent farmers buying at spot. Large
logistics operators with fuel hedges hold longer than independent truckers. Shortage manifests
at the margin before it reaches the core — and the margin is where the signals are most visible
and earliest, if practitioners know to look for them.

Buyer-tier stratification is best understood as an early-warning lens, not a replacement for
geographic exposure. Geography determines where shortages ultimately materialize; buyer
financial resilience determines when those shortages first become visible in the data. Thin-
margin or lightly hedged operators exit first on price, signaling stress earlier — but the
underlying physical shortage still follows access, logistics constraints, and regional supply
exposure. Scenario modeling confirms this: under the base case (reopening day 120), a 23-day
spread in functional shortage timing separates fully hedged operators (day 64) from spot buyers
(day 41) in Europe jet fuel — both responding to price pressure well before aggregate physical
shortage arrives at day 157. The buyer tier lens is most powerful precisely in sectors like
aviation where price destruction precedes physical rationing by months. Both lenses are
necessary; neither is sufficient alone.

Implication 3: The Spring-Loading Effect — Demand Rebound Outruns Supply
Restart

The most underappreciated risk in the restart timeline is not whether supply returns — it is
whether suppressed demand returns faster than supply can accommodate it. The EIA explicitly
forecasts this: demand growth is projected at 1.6 million b/d in 2027, nearly three times the
depressed 2026 rate of 0.6 million b/d. That 2027 demand surge is not incremental new
demand — it is the return of destroyed demand plus the SPR rebuild cycle plus energy-security-
driven strategic stockpiling by governments that learned from this crisis.

Kpler's commodity analysts are direct on the structural mechanism: with SPR stocks severely
depleted across consuming nations and a post-war rebuilding cycle likely to generate structural
demand uplift, the back end of the oil futures curve is widely viewed as undervalued. More than
30 IEA member countries drew down reserves during the crisis and will spend the back half of
2026 and into 2027 refilling them. The Advisor Perspectives analysis identifies the asymmetry
precisely: restocking demand spreads over quarters while supply returns over weeks — and
that asymmetry is the primary dislocation risk of the post-reopening period.

The COVID parallel is exact. Post-COVID port congestion and freight rate spikes were not
caused by supply failing to recover — they were caused by demand recovering faster than
supply could reposition. Container shipping rates quintupled not because ships disappeared, but
because they were in the wrong places, crews were unavailable, and port infrastructure was
congested by simultaneous restocking demand from thousands of buyers making the same
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decision at the same time. The Hormuz reopening will produce an analogous dynamic: tankers
repositioning, refineries restarting, SPR programs refilling, airlines rebooking jet fuel, and

fertilizer buyers racing to lock in supply ahead of the next planting window — all simultaneously,
against a supply base that restarts over months, not days.

Historical Duration Peak Price Spike n Demand Permanent Rebound Risk
Episode Destruction Type | Capacity Loss?
1973 OAPEC 6 months ~4x ($2.90 — Price-driven; Structural — Stagflation;
Embargo $11.65/bbl) some physical OECD oil intensity monetary policy
rationing fell through 1980s  paralyzed
1979-80 Iran Multi-year  ~2x within 12 Physical collapse Yes — behavioral  Fed forced to
Revolution + months; extended  (not strategic) and efficiency 20% rates;
Iran-lraq War adaptation severe
permanent recession
1990 Gulf War ~2 months  ~2x ($17 — Primarily price- Limited — short Precautionary
$36/bbl) driven; short enough for rapid hoarding surge
duration recovery then rapid
normalization
2022 European ~18 Gas ~10x peak; Industrial Yes — ammonia, Demand
Energy Crisis months electricity record curtailment; some  methanol, returned; some
(elevated)  highs physical rationing  aluminium industries did
capacity still not
offline in 2023
2026 Hormuz 62+ days Oil ~3x from lows;  Price-driven Too early to SPR rebuild +
Closure and jet fuel ~2x; shifting to physical confirm; 2022 1.6 mb/d
(ongoing) counting fertilizer 30-40% rationing pattern suggests demand
yes for energy- rebound
intensive industry  forecast for
2027

What This Means for the Bottom Line and Restart Timeline

Demand destruction does not invalidate the physical shortage ladder or restart timeline
established elsewhere in this document. It modifies how both should be read and used:

* Inventory draw-rate data should be adjusted upward to account for demand destruction
suppressing apparent consumption. The true supply deficit is larger than current draw
rates suggest.

* The restart timeline phases should each be extended by the lag time required for

destroyed demand to re-enter the market — industries that have shut down production,
canceled contracts, or retooled processes do not restart instantaneously when supply
becomes available.

* The post-reopening period (Phases 4-7 in the restart timeline outlined below) carries a
secondary dislocation risk from simultaneous restocking demand. Supply chain planners
should model the reopening period as a second demand surge, not a normalization.
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* Permanent capacity loss — the 2022 European lesson — is a credible outcome for
energy-intensive industries exposed to this shock for multiple months. Ammonia,
methanol, aluminum, and specialty chemicals are the highest-risk categories based on
2022 precedent. Once plant mothballing extends beyond approximately 60-90 days,
restart costs rise sharply and some capacity does not return at all. The 2022 European
experience suggests this occurs under specific conditions — sustained elevated energy
input costs, thin or negative operating margins, and extended shutdown duration — not
system-wide. Permanent capacity loss should therefore be treated as sector-specific risk
requiring targeted monitoring, not a universal outcome across all energy-intensive
industries.

* For the aviation sector specifically: IATA has noted that even under a reopening
scenario, recovery in jet fuel supply could take months due to persistent refinery and
logistics constraints. Airlines that have restructured summer schedules around reduced
jet fuel budgets will not immediately restore capacity even when fuel becomes available
— schedule rebuilding, crew rostering, and aircraft positioning are themselves multi-
week processes.

Modeling Framework: COVID-Style Bleed-Out and
Scarcity

The COVID parallel is instructive but imperfect. COVID hit demand first, then supply. Hormuz
has hit supply first, across multiple commodity chains simultaneously, with no demand offset.
The result is a more complex and less predictable shock pattern.

Three Failure Mechanisms (Score Separately)

Mechanism 1 — Physical Energy Rationing: Production falls because fuel, gas, or electricity
is physically unavailable. Governments or utilities impose demand restraint. This is the primary
mechanism in Asia today — refinery run cuts, cooking-gas rationing in some South Asian
markets, industrial load shedding.

Mechanism 2 — Economic Curtailment: Production is physically possible, but energy costs
have made output uneconomic. This is the primary mechanism in Europe for energy-intensive
industries (aluminum, fertilizer, steel, cement) where energy represents 20-70% of production
cost. A 50-100% energy cost increase does not require physical scarcity to shut down
production.

Mechanism 3 — Feedstock Scarcity: Oil, gas, LPG, naphtha, ammonia, sulfur, or another
input is missing from the process. Power may be available; economics may be acceptable —
but the plant cannot run without the input. This is the mechanism driving polyester, plastics,
fertilizer, and helium shortages, and it cannot be solved by price or demand response.

The COVID-Style Inventory Bleed-Out Logic
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The most important insight from the COVID period: a shortage can emerge even when
aggregate global inventories look adequate. What matters is accessible inventory at the
consuming node, accounting for lead times and lane constraints.

Current IEA data illustrates this precisely: global observed oil inventories fell 85 million barrels in
March — but stocks outside the Middle East Gulf fell 205 million barrels, while floating storage
in the Gulf rose 100 million barrels. That 100 million barrels is visible in the data but physically
inaccessible to global consumers. This is exactly the COVID dynamic: product exists
somewhere in the system, but the node that needs it cannot reach it before lead times and
constraints bite.

Canary Region Primary Failure Signals to Watch Current Status (May 11)
Mechanism

Asia (volume Physical rationing + Asian crude imports; ACTIVE — Asian crude

canary) feedstock scarcity refinery run rates; LNG imports at lowest April level
availability; rationing since 2016; refinery
measures throughput falling

Europe Economic curtailment  Gas/power prices; jet fuel ~ ACTIVE — IEA warned of

(cost/rationing + product scarcity stocks; energy-intensive ~6 weeks of jet fuel;

canary) industry output signals European Commission

monitoring jet fuel
stockholding

uU.S. Cost pass-through + Distillate/fertilizer pass- EARLY STAGE — Procter

(downstream localized product through; PMI delivery & Gamble flagged $1B

pass-through scarcity times; company margin after-tax hit; distillate stocks

canary) warnings below 5-year range;
California all three fuels
below range

Four Priority Product Lanes for Shortage Modeling

* Middle distillates (diesel, jet fuel): Refining and logistics problem. Diesel already at
bottom of 5-year range in U.S. and Asia. European jet fuel currently under price pressure
— approximately six weeks of physical supply per IEA — with physical rationing risk
building over time as inventory erodes. Jet fuel specifically hard to substitute due to
specification constraints.

* Fertilizers (urea, DAP, ammonia): Feedstock + trade-lane problem. No strategic
reserves. Northern Hemisphere spring planting already partially compromised. 2027
crop cycle at risk. Prices elevated to 2027-2028 even under quick-reopening scenario.

* Polyester / plastics (naphtha, LPG, MEG, PTA): Feedstock-plus-price problem. Stress
already visible in Bangladesh textiles, Indian yarn, polyester pricing. Gulf accounts for
~85% of Middle Eastern polyethylene exports.

« European energy-intensive materials (aluminum, cement, steel, glass): Primarily
economic curtailment. Energy = 20-71% of production cost. Price movement alone —
not physical scarcity — can trigger output cuts.
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Three Scenarios for the Remainder of 2026

Scenario 1: Restricted Flow (Most Optimistic — Low Probability Near-
Term)
Diplomatic agreement reached by June 2026. Traffic resumes at reduced but meaningful levels

(50-70% of pre-war) by August. U.S. mine clearance progresses. Insurance premiums
compress gradually.

* Crude: Supply restarts within 10-20 weeks of agreement. Markets tighten but do not
break.

+ Distillates: Normalize by Q4 2026 in most regions. California and Europe remain strained
through summer.

» Fertilizers: 2026 fall application partially met. 2027 spring planting under pressure.
Prices remain elevated through 2027.

» Plastics/petrochemicals: Supply rebuilds through Q3-Q4 2026. Price normalization into
2027.

* Helium: Remains constrained through 2026 and into 2027 regardless.

Scenario 2: Contested Transit (Base Case — Moderate Probability)

Ceasefire holds but transit is managed, tolled, and politically rationed. Full commercial
normalization delayed to Q4 2026 - Q1 2027. Dual-blockade dynamics persist in modified form.
This aligns with the ~65% of Dallas Fed survey respondents who say August or later.

« Crude: Supply recovery stretched to 4-6 months post-agreement. New floor price $10-15
above pre-war baseline (Saxo Bank estimate).

» Distillates: Shortage risk materializes in Europe and parts of Asia through Q3 2026. U.S.
distillate stocks continue drawing.

» Fertilizers: Full shortage scenario for fall 2026 bookings. 2027 spring prices remain at
crisis-elevated levels.

» Plastics: Production cutbacks ripple into consumer goods, packaging, pharmaceutical
supply chains through 2026.

* Industrial materials: European aluminum, steel curtailments deepen. Some facility
permanent closure risk.

Scenario 3: Prolonged Disruption (Stress Case — Tail Risk but Non-
Trivial)

Infrastructure damage, mine fields, or political deadlock keeps the system tight into late 2026 or
beyond. BNP Paribas has identified this scenario as the path to $200/barrel crude. 40% of

Dallas Fed energy executives project normalization not until November or later. 14% say
beyond November.
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* Crude: 500+ million barrels lost as of late April; additional losses compound. Production
restart stretches to 7+ months in damaged fields.

* Food security: Fertilizer disruption overlapping with Northern Hemisphere growing
season has cascading food price implications into 2027. UNCTAD has formally warned
of severe exposure in high-debt developing nations.

+ Industrial chains: Energy-intensive European industries face an extended curtailment
period with potential permanent capacity reduction — echoing 2022 European energy
crisis but more severe.

» Geopolitical risk repricing: 48% of energy executives already believe another Hormuz
disruption is likely within 5 years. A prolonged scenario accelerates structural rerouting
decisions by Asian buyers.

Supply Chain Restart Timeline: When the Strait Reopens

This is the analysis that most practitioners are not yet modeling. A political agreement or military
clearance of the Strait is not the same as supply chain normalization. The two timelines are
distinct, sequential, and in several commodity chains, separated by months to years.

The framework below assumes a hypothetical 'Day Zero' — the date a durable political
agreement is reached and the U.S. and Iran mutually stand down. Based on current consensus,
the earliest plausible Day Zero is late June 2026; the more likely scenario is August-November
2026. The timeline below projects from that Day Zero.

Phase 1: Signal to Physical — Weeks 1 to 4 Post-Agreement

Markets move at the speed of light. Cargoes move at 10-14 knots. This gap between financial
normalization and physical normalization is the first major trapping mechanism.

' Timeline Constraint ' Risk if Stalled
Financial markets Hours to days News-driven; volatile False dawn — prices drop,
price in relief then re-spike if physical doesn't
follow
War-risk insurance Days to 2 Insurers require Without insurance coverage, no
reassessment begins  weeks sustained safe-transit major carrier moves; small
evidence, not just operators first
political statements
Mine clearance Weeks 2-6+ U.S. military has stated Residual mine risk keeps
operations confirmed 6-month timeline; partial premiums elevated; Sanmar
clearance enables some  Herald precedent (attacked
lanes after clearance approval)
Iran/U.S. dual Tied to Requires reciprocal If only one side lifts, practical
blockade formally negotiation stand-down; current dual  closure continues

lifted blockade is active
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' Risk if Stalled

Weeks 1-6

Stranded vessel
queue begins to clear

~2,000 ships stranded;
coordination,
prioritization, and lane
safety all required

Congestion at Hormuz entry
creates its own multi-week
bottleneck

Phase 2: Tanker Repositioning and First Crude Flows — Weeks 4 to 8

Tankers are out of position globally. Large, slow vessels will need weeks to navigate back to the
Persian Gulf from wherever they diverted. This is the ~50-day lag that S&P Global/CERA and

industry sources have flagged.

Constraint

Action ' Timeline
Tankers rerouted Weeks 2-8
globally begin

repositioning

First meaningful Weeks 4-8
crude cargo post-
movements agreement
Gulf port operations Weeks 4-10
resume at scale

Saudi East-West Weeks 2-6
Pipeline rerouting

unwound

Asian refineries begin -~ Weeks 4-10

restarting runs

Transit time from
alternative anchorages;
commercial incentives to
move first

IEA projects steady
exports could resume
after ~2 months

Port congestion at Jebel
Ali, Ras Laffan, and other
hubs must clear; damage
assessment at some
facilities

KSA has been running at
full 7 million b/d capacity
via Red Sea; can now
normalize

Refineries that cut runs
need feedstock
confirmations before
committing to restart;
heavy sour crude
shortage most acute

' Risk if Stalled

Tanker shortage creates its
own queue; very large crude
carriers (VLCCs) take longest

Competing demand for early
slots (energy security vs.
commercial priority)

Infrastructure damage at 80+
facilities could delay port
readiness

Rerouted crude has displaced
LNG, products; restoring to
normal mix takes time

Refinery restart is nonlinear —
cannot simply turn a dial;
catalyst beds, safety checks
take days to weeks per unit

Phase 3: Upstream Production Restart — Weeks 5 to 30+ (1-7 Months)

This is the longest and most variable phase, and the one with the widest range of expert
opinion. CERA's analysis is the most granular available.
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Restart Timeline
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Implication

Best case (hot
stack, 1 month
offline)

Base case (shut-in,

1-2 months)

Stress case (shut-
in 2+ months,
infrastructure
damage)

Qatar LNG (force
majeure, Ras
Laffan attacked)

Reopening

Rig kept warm; well

integrity maintained;

production curtailed
but not zero

Fields in full shut-in;

rigs cold-stacked;
some damage
possible

Sustained shut-in;
damage to wells,

processing, or export

terminals

Production facilities
damaged; force
majeure declared
March 4

5-10 weeks to
return to full
production

10 weeks to 4
months

Requires rapid rig remobilization
and crew logistics

This is the modal outcome given
the closure duration now

exceeding 60 days

4-7 months

IEA's Birol noted up to 2 years for

full infrastructure recovery at the
80+ damaged facilities

Months to 1-2
years for full
capacity

Strict LNG specifications make
substitution imperfect; jet fuel
specifically hard to replace from

alternative refineries

Key variable: Storage tanks in the region must be sufficiently drawn down before shut-in wells
can reopen. As of late April, the world has lost more than 500 million barrels of production. That
tightens the global market significantly — but it also means Gulf storage may be relatively full,
requiring careful sequencing of production restart to avoid overwhelming tank capacity.

Phase 4: Refined Product and Derivative Restart — Months 2 to 6+

Downstream products normalize more slowly than crude flows, because each step in the
processing chain requires the upstream step to be stable before investment and restart
decisions can be made.

Product / Chain

Restart Lag from

Key Constraint

Who Gets Priority

Diesel / distillates

Jet fuel

LPG and naphtha

Day Zero
Months 1-3

Months 2-4+

Months 1-4

Refinery run rates; global
tanker repositioning for
products vs. crude

Refinery specifications
extremely tight; damaged
Ras Laffan facilities;
deprioritized in scarcity vs.
diesel and gasoline

Tied to refinery output; Gulf
LPG a key Asian
petrochemical feedstock

Industrial/freight users;
government strategic
reserves

Commercial aviation;
military

Petrochemical producers;
cooking gas in developing
nations
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Who Gets Priority

Ammonia / urea
(fertilizer)

Months 2-6+;
prices remain

elevated to 2027-

Gas feedstock must be
confirmed before
production restart; NDSU

Spring and fall crop
planting cycles; North
Hemisphere food security

2028 projects no return to pre-
war prices before 2028
DAP / phosphate Months 3-9 Sulfur feedstock constraint ~ Crop producers planning
fertilizer compounds gas availability 2027 cycle
issue; slower price decline
than urea
Polyethylene / Months 2-6 Naphtha and LPG Packaging, consumer
plastics feedstock availability; Asian  goods, pharma
cracker capacity depends components
on Gulf inputs
Aluminum Months 1-4 Power costs must Automotive, aerospace,
(smelting) normalize; LNG price defense
drives smelting economics;
not physical shortage but
economic curtailment
Helium Months 3-12+ Qatar production restart Semiconductor

tied to LNG restart; no
short-term substitutes

manufacturing, medical
imaging, defense

Semiconductor Months 6-18 Cascading: helium Advanced manufacturing;
supply chain shortage — chip production Al infrastructure
(sulfur, helium) risk — tech supply chain

Phase 5: Insurance and Trade Lane Normalization — Months 3 to 12+

Even after physical flows normalize, the commercial cost structure of the Hormuz lane will
remain elevated. This is not a short-term phenomenon.

War-risk premiums: Pre-war at ~0.25% of hull value. Currently at 1-5%. Even after
reopening, experts project premiums remain 4-8x higher than pre-war for an extended
period. That $4-5 million premium on a $100 million hull is not a rounding error — it
structurally reprices Persian Gulf trade.

Transit allocation: Hormuz will likely function as a premium managed corridor, not a
neutral transit lane, for months post-reopening. Iran's demonstrated willingness to use
access as leverage means buyers and sellers will pay an embedded risk premium

indefinitely.

» Shipping contract restructuring: Long-term freight contracts written at pre-war rates face
renegotiation. A strong maijority of energy executives in the Dallas Fed survey expect
transportation costs for Persian Gulf exports to rise permanently post-conflict. The most
commonly selected range was $2—-$4/barrel above pre-war levels (36% of respondents),
with roughly another 43% selecting above $4/barrel — collectively indicating that most
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executives see a structural cost floor well above pre-war levels, representing a
permanent repricing of the trade lane.

* Flag and ownership discrimination: Iran's practice of approving 'friendly nation' vessels
(China, Russia, India, Pakistan, Malaysia, Thailand, Philippines) has created a two-tier
transit system that will not immediately dissolve at ceasefire.

Phased Summary: Timeline from Day Zero (Hypothetical Agreement

Date)

Timeframe Post-

What Normalizes

What Remains Dislocated

0 — Signal

1—Lane
Opens

2 — Crude
Flows
Resume

3 —_
Production
Restarts

4 — Refined
Products
Normalize

5 —_
Derivative
Commodities

6 — Lane
Cost
Normalization

7 — Food
System
Impact

Agreement

Hours to Days

Weeks 1-4

Weeks 4-8 (~50-

day lag)

Weeks 5-30 (1-7

months)

Months 2-6

Months 3-9

Months 6-24+

Months 6-24+; crop

cycles

Financial prices (crude
futures, equity markets)

Vessel transit begins
(limited, managed,
expensive)

Tankers repositioned; first
significant crude cargoes
move — refinery
readiness and feedstock
alignment remain the
primary constraints on
recovery rate

Guif field production
recovers (range depends
on shut-in duration)

Diesel, gasoline, some
LPG normalize; Asian
refineries back at capacity

Fertilizer physical flows
resume; polyethylene
supply rebuilds

Some insurance premium
compression as incident-
free transits accumulate

2026 fall fertilizer
applications partially
supplied

Everything physical; insurance;
actual cargo

Mine risk; insurance premiums;
dual-blockade legal clarity

Production still ramping; refinery
feedstock uncertain; product
markets still tight

Infrastructure damage at 80+
sites; LNG facilities may take 1-2
years

Jet fuel (months 2-4+); naphtha
and LPG (months 2-5)

Prices: urea/DAP remain elevated
to 2027-2028; helium 6-12+
months

Structural geopolitical risk
premium likely permanent; 48%
of executives expect another
disruption within 5 years

2027 spring planting affected by
2026 shortfall; price effects
persist to 2027-2028

Open Questions and Limitations
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Any scenario projection must acknowledge its limitations. Six material unknowns shape the
range of outcomes and cannot be resolved from publicly available data.

The first is duration and credibility of any ceasefire. The April 8 ceasefire collapsed within hours
of announcement. Track record on ceasefire durability matters enormously for recovery timing,
and current signals are not encouraging.

The second is the true extent of damage to regional energy infrastructure. Over 80 facilities
have been reported damaged, but actual repair timelines remain uncertain and some damage
assessments are still preliminary.

The third is unobservable commercial inventory held in private hands. Aggregate inventory data
can mask pockets of both surplus and shortage simultaneously — the COVID period
demonstrated this repeatedly. What shows up in IEA or EIA weekly figures is not the full picture.

The fourth is the policy response question: how aggressively governments expand stock
releases, export controls, demand restraint, or industrial support. Defense Production Act Title |
authority — which allows the U.S. government to compel production prioritization — remains on
the table and unused.

The fifth is China's role. China has maintained preferential transit access and holds
approximately one billion barrels in strategic reserves. Its policy choices will shape Asian market
dynamics more than any other single variable outside the military situation itself.

The sixth is the nonlinearity problem, described precisely by Jason Miller of Michigan State: 'We
have never seen the Strait of Hormuz closed. With complex real-world systems, dynamics can
be highly nonlinear, meaning that if the Strait remains closed too long, negative ramifications will
begin manifesting at an increasing rate.' This is the COVID lesson applied to a supply-side
shock, and it is the hardest uncertainty to bound.

These unknowns do not prevent building a useful early-warning model. The main data
architecture and transmission channels are visible in official energy, trade, and macro evidence.
The scenario ranges above provide actionable bounds for planning purposes.

One uncertainty specific to demand destruction deserves particular emphasis: the share of
destroyed demand that is temporary versus permanent cannot be determined in real time. The
2022 European energy crisis demonstrated that even well-resourced analysts could not
distinguish temporary curtailment from permanent capacity loss until months after prices fell.
The Bruegel Institute found that ammonia, methanol, and aluminum capacity that came offline
during the 2022 shock remained partially offline in early 2023 even as gas prices normalized.
Practitioners should assume a meaningful fraction of current industrial curtailment — particularly
in ammonia, methanol, aluminum, and specialty chemicals — will not reverse automatically on
reopening, and should audit Tier 2 and Tier 3 supplier capacity now rather than wait for
reopening to reveal the gaps.

Monte Carlo simulation across 1,544 runs (800 for S2, 400 each for S1 and S3) confirms two
findings with high confidence. First, reopening day has zero effect on shortage timing at any
percentile — S1 (day 60) and S3 (day 180) produce nearly identical first-shortage-day
distributions for every product-region pair except jet fuel. The shortage is structurally determined
before any diplomatic resolution. Second, the canary sequence — naphtha and LPG in Asia as
the fastest and most robust signals — holds across the full distribution. In 90% of simulations,
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Asian naphtha hits functional shortage between day 8 and day 27. These findings are not
sensitive to assumption variation; they are structural properties of the supply architecture.

Two analytical claims in this document — the spring-loading demand rebound and the COVID
bullwhip analogy — have been stress-tested through the base simulation model described in the
appendix. The model confirms the directional logic: suppressed demand returns to the market
during the recovery phase, and the simultaneous restocking surge — SPR rebuild, planting-
season fertilizer demand, airline schedule restoration — interacts with a supply base that is still
restarting over months. The magnitude and precise timing of any overshoot remain scenario-
dependent. The EIA's 2027 demand growth forecast of 1.6 million b/d — nearly three times the
depressed 2026 rate — provides the strongest external anchor for the rebound claim.

Key Sources

* |EA Oil Market Report, April 2026; IEA Middle East and Global Energy Markets tracker

» CSIS Energy Shots, April 24, 2026 (Majkut/Book) — U.S. inventory dynamics, DPA,
refinery utilization

» S&P Global / Platts CERA — upstream restart timeline analysis (5 weeks to 7 months);
~50-day tanker repositioning lag

* Northern Trust / Advisor Perspectives — 'Hormuz Reopening Won't Mean Immediate
Normalization,' April 28, 2026

+ Baker Hughes Q1 2026 earnings call — H2 2026 reopening assumption in financial
guidance

» Dallas Federal Reserve Bank Energy Survey — reopening timeline distribution;
transportation cost premium data

* Al Jazeera — 'When Will Strait of Hormuz Be Safe for Commercial Shipping Again?'
April 28, 2026; insurance premium analysis

»  Supply Chain Digital — 'Strait of Hormuz: When Will it Open and Who Gets Priority?'
April 27, 2026; Jason Miller / MSU commentary

» Farmdoc Daily / NDSU Agricultural Trade Monitor — Hormuz disruption scenarios for
fertilizer pricing; urea and DAP projections

* Pro Farmer — Saxo Bank (Ole Hansen) commentary on tanker repositioning and oil
market floor pricing

*  World Economic Forum — 'Beyond Oil: 9 Commodities Impacted by the Strait of Hormuz
Crisis'

« David Shillingford (LinkedIn, April 29, 2026) — naphtha, aluminum, fertilizer, helium,
sulfur, pharma, logistics exposure synthesis; GT ISyE sourcing

+ Seavantage — Strait of Hormuz Crisis 2026 full timeline (crisis chronology through mid-
April)

*  Wikipedia — 2026 Strait of Hormuz Crisis (continuously updated)
* UK House of Commons Library — 'Reopening the Strait of Hormuz," April 30, 2026
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Additional Sources: Demand Destruction and Historical Proxies

IEA — 'Europe's Energy Crisis: What Factors Drove the Record Fall in Natural Gas
Demand in 2022?' March 2023 — production curtailment mechanics; fertilizer industry
accounts for nearly half of 13 bcm industrial reduction

IEA — 'Gas Market Lessons from the 2022-2023 Energy Crisis' — structural vs.
temporary demand destruction; fertilizers, chemicals, glass production showing
permanent change

Bruegel Institute — 'Adjusting to the Energy Shock: The Right Policies for European
Industry' — ammonia, methanol, methyl methacrylate, melamine, aluminum permanent
capacity loss post-2022; restart data by facility

Earth System Science Data (Copernicus) — 'Europe's Adaptation to the Energy Crisis:
Reshaped Gas Supply-Transmission-Consumption Structures, 2022-2024' — EU27
industrial gas reduction averaged 26.3%; Germany down 41 TWh

Centre for European Reform — 'Energy Shock 2.0: Lessons from 2022 for the Hormuz
Crisis,' April 2026 — direct 2022-t0-2026 comparison; LNG price trajectory; renewable
deployment cushion by country

World Oil / FGE NexantECA (Kazokoglu) — 'Billion-Barrel Hormuz Oil Shock Threatens
Demand as Supply Losses Mount," April 26, 2026 — demand destruction in waves; Asia
first; 2 mb/d Asian demand reduction in April

Bloomberg — 'How High Could Oil Prices Get with Strait of Hormuz Closure?' March 30,
2026 — BNP Paribas structural balance analysis; $200/barrel scenario; J.P. Morgan
physical rationing framing

Prometheus Energy Research — 'This Isn't Demand Destruction. It's Rationing." April 28,
2026 — price elasticity vs. physical constraint distinction; J.P. Morgan citation; China
EV/solar export surge

Atlantic Council / Webster & I'Anson — 'The Strait of Hormuz Closure Forces a Choice:
Ration Oil Now or Pay a Steep Price Later,' April 2026 — tiered rationing framework;
diesel priority; democracy policy guidance

Kpler — ‘Iran War and the Strait of Hormuz: Oil Market Implications Six Weeks In," April
7, 2026 — SPR rebuild structural demand; back-end curve undervaluation; restocking
demand spreads over quarters

Real Investment Advice / Advisor Perspectives — 'Hormuz: Why Markets Are Shrugging
Off the Oil Shock," April 27, 2026 — supply returns over weeks, restocking demand over
quarters; asymmetry dislocation risk

EIA April 2026 Short-Term Energy Outlook — demand growth revised 1.2 to 0.6 mb/d for
2026; 1.6 mb/d rebound forecast for 2027

Federal Reserve History — 'Oil Shock of 1973-74' — price quadrupled $2.90 to
$11.65/bbl; stagflation mechanics; monetary policy paralysis

The Conversation — 'This Is How the 1970s Oil Shock Played Out. There Are Lessons
for the Economy Today,' March 25, 2026 — damage depends on economic environment
and duration, not shock size alone

Chicago Fed Letter — 'The 1973 Qil Crisis: One Generation and Counting,' October
1994 — structural demand shift; OECD oil intensity fell through 1980s; demand curve
shifted down permanently
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* BIS Economic Papers — 'Aggregate Demand, Uncertainty and Qil Prices: The 1990 Oil
Shock in Comparative Perspective' — slowdown persisted into 1991 after prices fell;
economic damage outlasted price signal

* Real Investment Advice — 'Oil Shocks and Recessionary Outcomes' — five variables
determining recession depth; duration as dominant factor; 1990 two-month resolution vs.
1973/79 multi-year disruptions

»  Wikipedia — 1990 Oil Price Shock; 2021-2023 Global Energy Crisis — factual
chronology and price data

* Brookings Institution — 'COVID-19 Inflation Was a Supply Shock,' August 2024 —
delivery times drove 24-58% of Q4 2021 inflation; margins lagged normalization by
quarters

* Richmond Federal Reserve — 'Supply Chain Disruptions, Inflation, and the Fed,'
January 2025 — delivery time index peaked and stayed elevated after new orders
recovered; supply problems persisted past demand return

Appendix A: Model Architecture and Assumptions

Overview

This appendix documents the two models underlying the quantitative analysis in this paper: the
Hormuz Shortage Model (v5) and the Consumer Impact Cascade Model (v2). It is written for a
technically literate reader who wants to understand what the models do, what they assume, and
where their limitations lie. For the full model code and instructions for running locally, see the
companion files hormuz_shortage_model_v5.py, hormuz_monte_carlo_v2.py, and
hormuz_consumer_cascade_v2.py.

Model 1: Hormuz Shortage Model v5

What it does: A daily inventory simulation that tracks 12 commodity-region pairs over a 300-
day horizon. For each day and each pair, it calculates available supply, compares it to demand,
draws down inventory when supply falls short, and records when inventory crosses the safety
stock threshold (functional shortage) and when it reaches zero (stockout).

Core equation (per day per pair): Available Supply = (Demand x Domestic Share x
Production Factor) + (Demand x Coupled Import Share x Flow Factor) + Substitution — Export
Leakage. Shortage Gap = max(0, Demand - Available Supply). Inventory (today) = Inventory
(yesterday) — Shortage Gap + (Surplus x Absorption Rate).

Key design choices: Import dependency is derived at runtime (coupled to domestic share)
rather than set independently — a v3 structural fix identified by tornado analysis that prevents
phantom supply/deficit when assumptions are varied. Flow factor represents the fraction of
normal Hormuz transit that is available, accounting for bypass routes. The feedstock availability
factor starts at a pre-crisis level and degrades at a calibrated daily rate — for naphtha this
means starting at 0.90 and reaching 0.73 by day 45, consistent with observed Asian cracker
operating rates from ChemWeek (April 27, 2026).
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What it does not model: Price dynamics (there is no price variable), cross-commaodity linkages
between pairs, geographic routing within regions, or the behavior of specific companies or
facilities. It is a supply-demand accounting model, not an econometric model.

Parameter

Starting inventory days (U.S.
diesel: 27.7d)

Starting inventory days
(Europe jet fuel: 42d)

Starting inventory days (Asia
pairs)

Flow disruption — Asia
crude (0.57)

Flow disruption —
LPG/naphtha (0.66)

Export leakage — U.S.
diesel (0.28)

Naphtha feedstock factor:
start 0.90, rate 0.0038/day

Max flow disruption —
Europe jet fuel (0.45)

Demand destruction rates
(0.001-0.004/day)

Permanent capacity loss
threshold (75 days)

Recovery production boost
(20%, 200 days)

' Source / Basis

EIA Weekly Petroleum Status
Report, Feb 20, 2026

IEA April OMR '~6 weeks
supply' warning

IEA directional language; no
hard figure

IEA: 3.8 mb/d through Strait
vs. >20 mb/d; bypass 7.2 mb/d

Wade Maritime: 80% of Asia
LPG/naphtha from Middle
East; no bypass

EIA: exports rose from 887 to
1,206 kb/d April 2026

ChemWeek Apr 27: crackers
at 60-70% by day 45; Vortexa
Mar 5: first force majeures day
5-7

IEA: Hormuz crude to Europe
~4% of flows; product imports
more exposed

IEA: global demand -2.3 mb/d
April; EIA: distillate demand
+4.8% YoY (U.S.)

Bruegel Institute 2022
European energy crisis
analysis

Practitioner judgment —
producers overpump post-
reopening to rebuild stocks

Model 2: Consumer Impact Cascade v2

' Notes

Hard observed data — most reliable
input in the model

Derived from IEA language;
approximate

Estimated; +20% uncertainty
acknowledged in Monte Carlo

Net of bypass routes; confirmed by
IEA OMR

No bypass capability for
petrochemical feedstocks

Blended pre/post-crisis; political
ceiling at 0.33 (practitioner judgment)

Two-point empirical calibration;
reaches 0.73 at day 45 (observed:
0.73-0.76)

Lower direct exposure; confirmed by
IEA March OMR

U.S. diesel low (demand holding);
Asia naphtha/LPG higher

Sectors past this threshold assumed
to have structural capacity loss

Not empirically calibrated; recovery
timing should be treated as
directional

What it does: Takes first_shortage_day from Model 1 as input for each commodity-region pair,
then applies a three-layer cascade: (1) processing lag from commodity shortage to intermediate
chemical shortage, (2) manufacturer finished goods buffer draw-down, (3) retail inventory buffer
and price pass-through lag. Outputs price signal day, availability risk day, and estimated
consumer shelf price impact for 15 consumer product categories.
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Key design choice — tier dilution factor: Each bill-of-materials pathway carries a
tier_dilution_factor (1.0 = direct material, 0.50 = one processing step, 0.25 = two steps, 0.12 =
three steps) that scales down the input cost spike to a shelf-level price change. This is why a
60% naphtha price increase becomes approximately +11% for polyester apparel and +0.5% for
packaged food: the number of processing tiers between naphtha and the consumer shelf is
different for each category.

Validation: P&G reported a $1 billion after-tax impact on $80 billion revenue during the crisis =

1.25% consumer-level impact, consistent with the model's packaged food estimate (+0.5%)
given P&G's premium-brand margin absorption. PVC pipe India +78% at the material level is
consistent with the model's +25% consumer estimate for construction materials, reflecting the
1.0 tier dilution factor (direct material) partially offset by retailer margin compression.

What it does not model: Brand-level variation within categories, retailer inventory position
(some retailers pre-purchased at pre-crisis prices), or secondary demand effects (consumer
substitution reducing demand destruction). All estimates are category averages.

Monte Carlo Methodology

The Monte Carlo wrapper runs the base simulation model 1,544 times (800 for S2 base case,
400 each for S1 and S3), drawing from probability distributions for four inputs identified by
tornado sensitivity analysis as variance-drivers. All other inputs are held at v5 baseline values.

' Distribution

Parameters

Starting inventory Normal Mean = baseline; SD = 15%  EIA/IEA data quality varies
(observed) or 20% by pair; wider uncertainty for
(estimated) Asia/Europe estimates
Export leakage (U.S. Triangular Min 0.20, Mode 0.28, Max EIA observed 0.20 pre-crisis
diesel) 0.33 — 0.31 crisis peak; 0.33
ceiling = practitioner
judgment on political
constraint
Economic viability Beta, left- Mean = baseline value; SD Bruegel 2022 anchors left
factor (Europe) skewed ~0.084 for energy-intensive tail (~0.45 stress level); lag
sectors; lag dampener dampener reflects slow
applied pass-through
Flow disruption Triangular, Asia crude: min 0.40, mode Minimum reflects
severity product- 0.57, max 0.80; practitioner judgment: 'some
specific LPG/naphtha: min 0.55, will sneak through —

mode 0.66, max 0.88

Iranian bilateral
arrangements and vessels
inside international waters'

The export leakage ceiling of 0.33 (below the physically possible maximum of 0.38+) reflects the
judgment that domestic U.S. diesel price pressure would generate political pressure to restrict
exports before the physical maximum is reached. This is an explicit practitioner input to the
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model — it is not derived from data — and it pulls the U.S. diesel p90 outcome in by
approximately 20 days compared to an uncapped distribution.

Appendix B: Human-Al Collaboration — Roles, Process,
and Fact-Check Record

Why This Appendix Exists

This paper was produced through a structured collaboration between a human expert and an Al
assistant (Claude, developed by Anthropic). In the interest of intellectual honesty — and
because the use of Al in analytical work is still evolving in norms and expectations — this
appendix documents clearly who did what, how the work was validated, and where the Al's
contributions end and the author's judgment begins.

Author's Role (Chris Gaffney, GT SCL)

The author directed all analytical work and is responsible for all conclusions. Specific
contributions include: defining the research question and analytical scope; providing the
practitioner judgment inputs that anchor the model (flow disruption floor, export leakage ceiling,
economic viability assessment, historical proxy selection); validating all model assumptions
against professional experience in supply chain operations; directing the fact-check process;
reviewing and approving all content before any external distribution; and making all editorial
decisions about what to include, emphasize, or remove. The author holds 25 years of supply
chain leadership experience including as Vice President of Global Strategic Supply Chain at
The Coca-Cola Company and President of the National Product Supply Group overseeing
approximately 95% of North American production volume.

Al's Role (Claude, Anthropic)

The Al assistant contributed the following: drafting all written sections from the author's direction
and approved frameworks; building the Python simulation models (Hormuz Shortage Model v5,
Monte Carlo wrapper, Consumer Impact Cascade v2) from analytical specifications provided by
the author; sourcing and organizing public data from IEA, EIA, DTN, ChemWeek, Vortexa, and
other sources; running sensitivity (tornado) analysis and Monte Carlo simulations; calibrating
model parameters against observed data; and producing iterative revisions based on the
author's feedback throughout the process. The Al did not make any analytical judgments
independently — all framework decisions, assumption choices, and interpretive conclusions
were reviewed and approved by the author before being incorporated into the paper.

The collaboration reflects a division of labor where Al provided drafting efficiency, data
synthesis, and computational capacity, while the author provided practitioner knowledge,
analytical judgment, and quality control. Neither would have produced this document alone in
the same timeframe or at the same level of detail.
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Fact-Check Process and Record

All specific numerical claims, source citations, and analytical characterizations in this paper
were systematically checked against primary or secondary source material. The process
involved: (1) identifying every specific claim that could be verified against a published source;
(2) searching for and retrieving the primary source; (3) comparing the claim to the source text;
and (4) correcting, qualifying, or removing claims that did not match. The following table records
the outcome of that process for the most material claims.

Claim in Paper ' Source Verdict

Hormuz flows 3.8 mb/d IEA April OMR (Apr 14, Confirmed exactly
vs. >20 mb/d pre-crisis 2026)

Bypass routes increased to IEA April OMR Confirmed exactly
7.2 mb/d from <4 mb/d

Global oil supply fell 10.1 IEA April OMR Confirmed exactly
mb/d to 97 mb/d in March

Asia refinery runs cut 6 mb/d  IEA April OMR Confirmed exactly
to 77.2 mb/d in April

Asian crude stocks dropped  IEA April OMR Confirmed exactly
31 mb in March

Global stocks fell 85 mb in IEA April OMR Confirmed exactly
March

Singapore middle distillate IEA April OMR Confirmed exactly
cracks >$290/bbl all-time

high

Global demand -800 kb/d IEA April OMR Confirmed exactly
YoY March; -2.3 mb/d April

EIA 2026 demand growth EIA April STEO Confirmed exactly
0.6 mb/d (was 1.2 mb/d)

EIA 2027 demand rebound EIA April STEO Confirmed exactly
1.6 mb/d

LPG was first fuel affected,; Wikipedia Hormuz fuel Confirmed exactly
India 60% LPG import- crisis

dependent

South Korea crackers 60- ChemWeek April 27, 2026  Confirmed exactly
70% in April; Japan 65-75%;

China ~75%

YNCC force majeure at Vortexa / Argus Media Confirmed exactly

crackers No.1 and No.2 (day March 5, 2026
5-7)
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Claim in Paper ' Source Verdict
Naphtha prices surged from  C&EN / ChemWeek Confirmed exactly
$776/mt to >$1,000/mt March 2026
Group Il base oil N.Europe CNBC May 1, 2026; ILMA  Confirmed exactly
+~100%; 40% global Group  statement
1l offline
Shell Pearl GTL Qatar offine  CNBC May 1, 2026 Confirmed
from Iranian missile strikes
Urea +49% YoY April; DTN Fertilizer Index April Confirmed exactly
anhydrous +43% YoY 2026
Brent ~$130/bbl mid-April IEA April OMR Confirmed — paper updated from early-
($60 above pre-conflict) April $105 figure
U.S. refinery utilization 90- EIA WPSR March 20 Corrected — paper originally stated
93% (92.9%) and April 24 ~95%; corrected to 90-93%

(89.6%)
Hormuz = ~25% of global IEA; EIA states ~20% of Both correct — different metrics; paper
seaborne oil trade consumption uses |IEA seaborne figure
Fertilizer urea: >30% of IEA April OMR Confirmed
global trade through Hormuz
QatarEnergy LNG ~20% of IEA April OMR Confirmed
global LNG exports
Bruegel: ammonia/methanol  Bruegel Institute post- Confirmed — used as basis for
capacity remained offline crisis analysis permanent capacity loss threshold
post-2022
P&G flagged $1B after-tax P&G earnings / CSIS Confirmed
impact Energy Shots
Altana Al: 804 product Inc. Magazine / Altana Al,  Confirmed
categories; $4.2T at risk May 5, 2026

Two claims were corrected during the fact-check process: refinery utilization (corrected from
~95% to 90-93% based on EIA WPSR actuals) and Brent crude price (updated to reflect the IEA
April OMR's mid-April figure of approximately $130/bbl alongside the earlier $105 figure). One
model gap was identified: base oils were not included in the original consumer cascade model.
This gap was closed after CNBC May 1 reporting identified Group Il base oil as a significant
impact area. The base oils pathway has been added to the consumer cascade model (v2).

A Note on Model Transparency

All Python model files are provided as companion documents to this paper. Any reader who
wishes to inspect the assumptions, change a parameter, or rerun the simulations can do so.
The model architecture is documented in Appendix A. The fact that the model is open and
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reproducible is itself a form of quality control — the assumptions are not hidden inside a
proprietary black box but visible in plain code with documented sourcing for each parameter.

Appendix D: Historical Proxies and Value Assessment

Four Historical Proxies: What Prior Episodes Teach

Four prior supply disruption episodes provide calibration anchors for the demand destruction
rates, permanent capacity loss thresholds, and recovery timing estimates used in this paper.

Four Historical Proxies: What Prior Episodes Teach

The 2026 Hormuz shock has no direct precedent in scale, but four historical episodes provide
useful modeling guides. Each illustrates a different combination of price destruction, physical
rationing, permanent capacity loss, and demand rebound dynamics.

1973 OAPEC Oil Embargo

The 1973 embargo cut Arab oil exports to the U.S. and other Western nations, nearly
quadrupling prices from approximately $2.90 to $11.65 per barrel within months. The Federal
Reserve's own historical account describes the resulting environment as stagflationary —
monetary policy was paralyzed between inflation and recession because raising rates to fight
inflation deepened the demand slowdown, while cutting rates to stimulate growth added fuel to
the price spiral. Critically, the Chicago Fed's retrospective notes that initially, higher prices
caused demand reduction — but over time, demand shifted structurally downward. Oil intensity
of GDP fell across the OECD through the 1980s not because oil prices stayed high, but
because the shock forced durable behavioral and technological adaptation. The Conversation's
March 2026 analysis draws the direct lesson: the damage caused by an energy shock depends
not only on the size of the disruption but on the economic environment in which it occurs and
how long the shock persists. Duration is the dominant variable — and at 67 days and counting,
2026 has already exceeded the duration of the 1990 Gulf War supply shock, the historical
template associated with mild and short-lived economic damage. Each additional month of
closure moves the probability distribution away from the 1990 scenario and toward the 1973 and
1979 structural-damage templates, which lasted months to years and produced lasting
behavioral and industrial change.

1979-80 Iranian Revolution and Iran-lraq War

The Iranian Revolution collapsed approximately 5 million barrels per day of Iranian exports.
Unlike 1973, this was not a deliberate strategic embargo — it was a production collapse driven
by internal chaos. Global supply fell only about 4% but prices roughly doubled within twelve
months, demonstrating how nonlinear price responses can be when supply inelasticity is high.
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The Iran-lraq War then extended the disruption for years. Fed Chairman Volcker ultimately
drove interest rates to 20% to break the inflation spiral — inflicting a severe recession as the
price of ending the price surge. The lesson for 2026: the price mechanism alone cannot reliably
balance markets when physical shortages are severe, and the policy response to the price
signal can itself become a major economic disruption.

1990 Gulf War

The 1990 Gulf War removed roughly 4.3 million barrels per day from Iraq and Kuwait. Prices
doubled from approximately $17 to $36 per barrel in two months. The BIS economic analysis
from that period notes a pattern directly relevant today: by end of 1990, the rise in oil prices was
associated with slowing output growth and somewhat higher inflation in most industrial
economies — and the slowdown continued into 1991 even after prices fell back toward pre-
crisis levels. Economic damage persisted past the price signal. The 1990 shock also produced a
precautionary demand surge for oil inventories immediately after the invasion — buyers pulled
forward purchases in anticipation of further disruption, temporarily tightening markets beyond
what the physical supply loss alone would explain. That anticipatory hoarding dynamic is
already visible in 2026 in strategic reserve drawdowns and front-loading by Asian buyers.

The 1990 episode also offers the single most important structural lesson for interpreting
the 2026 shock: when the military campaign resolved quickly (within two months), demand
destruction was limited, the recession was mild, and recovery was rapid. Every historical
template that produced severe, lasting economic damage involved disruptions that persisted for
months to years — 1973, 1979-80, and the extended Iran-Iraq War period. At 67 days and
counting, 2026 has already exceeded the 1990 shock in duration. Each additional month of
closure moves the probability distribution toward the 1973/1979 structural-damage scenarios
rather than the 1990 short-shock scenario.

2022 European Energy Crisis

The 2022 Russian gas cutoff is the closest structural analog to 2026 for the non-oil commodity
chains — particularly fertilizers, chemicals, aluminum, and industrial energy. The IEA's analysis
of Europe's 2022 gas demand decline found that production curtailment was the primary
mechanism: energy-intensive industries reduced production and in some cases imported
finished products from outside the EU at higher cost rather than manufacture domestically. The
fertilizer industry alone accounted for nearly half of the 13 bcm industrial gas reduction. The
Earth System Science Data journal documents that EU countries reduced industrial gas
consumption by an average of 26.3% across the post-invasion winters, with Germany down 41
TWh — the largest single-country reduction.

The Bruegel Institute's post-crisis analysis carries the most important warning for 2026
practitioners: some of the production curtailments in energy-intensive products did not recede
when prices fell. Ammonia production capacity that came offline remained offline even after
natural gas prices declined sharply in late 2022 and early 2023 — approximately 4.17 million
tonnes of annual capacity remained offline versus 4.02 million tonnes that came back online. A
similar pattern emerged for methanol, methyl methacrylate, and melamine. European primary
aluminum production in Q1 2023 remained far below 2021 levels. The IEA's own lessons paper
concludes: while some demand destruction proved temporary, structural changes remain
evident in energy-intensive industries such as fertilisers, chemicals and glass production.
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The Centre for European Reform's April 2026 direct comparison of 2022 to the current crisis
notes that LNG prices tripled in 2022 before falling back as more supply came onstream — and
that a similar trajectory is plausible for 2026 given the Gulf supplies roughly 75 million tonnes of
LNG. For energy-intensive European industries already weakened by the 2022 shock, a second
episode within four years creates compounding permanent capacity risk that the industry has
not yet modeled.

Analytical Value Assessment

Twelve public sources were reviewed before writing this paper. The IEA provides energy data.
WEF lists affected commodities. Roland Berger provides a qualitative risk framework. Altana Al
identifies 804 product categories at risk commercially. None of them answer the question a
practitioner needs: given what is happening at the commodity level, when does it reach my
supply chain or my consumer shelf, and how severely?

The seven contributions with high differentiation from the public domain: the three-mechanism
failure taxonomy with modeled timing implications; Monte Carlo confidence intervals for 12
commodity-region pairs (no public source has these); reopening-day irrelevance proven
quantitatively across 1,544 simulations; price vs. physical rationing analytically separated with
empirical examples; EIA-corrected U.S. distillate supply architecture; IEA-calibrated Europe jet
fuel inventory correction changing the canary sequence; and the consumer BOM cascade with
shelf-price estimates and tier dilution methodology.

Honest limitations: (1) Shortage timing claims are model outputs, not forecasts. (2) Consumer
price estimates are category averages; brand-level variation is real and not captured. (3) Cross-
commodity linkages are qualitative only. (4) 1,544 Monte Carlo simulations is sufficient for
stable p50 estimates but below academic standard for tail behavior. All judgment inputs are
explicitly labeled in Appendix C.
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