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KEY FINDINGS

n Across 30 standardized shocks, propagation through the production network is typically
four to five times larger than direct exposure. Its size and location still depend on the
shock’s direction and the scenario.

n The 2026 Strait of Hormuz near-closure demonstrates how a shock that affects an entire
sector can create different physical, price, and contingent channels across firms.

n Portfolio managers need to maintain the audit trail from the country–industry level to
the firm. They also need to hedge quantity and price channels separately, treating the
results as conditional stress evidence.

ABSTRACT

Firms are affected differently by geoeconomic shocks within an industry. Trade screens 
and historical correlations can miss how chokepoints redistribute physical losses, price 
exposure, and trading opportunities among the firms in a sector. This article presents a 
firm-level portfolio stress test that connects global input–output propagation to firms’ 
disclosed country–industry footprints and contingent positions. Applying each operator 
to all 30 scenarios, propagated stress is typically four to five times direct exposure: The 
median cascade-to-direct ratio is 4.07 under the demand-pull Leontief operator and 5.13 
under the supply-push Ghosh operator, and the wide range of results means there is no 
single universal multiplier. In the 2026 Strait of Hormuz near-closure, a closure-severity 
diagnostic and a rerouting stress test show where the assumption of fixed supply rela-
tionships matters, and when the major oil companies are compared, common market and 
balance-sheet measures cannot assign the sign of their earnings. Network position governs 
where modeled stress lands. What that stress means for a firm depends on the scenario, 
the direction of propagation, and the firm’s disclosed footprint. The result is an auditable 
hedge diagnosis, not an earnings forecast or a trading recommendation.

In spring 2026, nearly all tanker traffic through the Strait of Hormuz came to a halt. 
Before the conflict, about 20 million barrels of oil and petroleum products passed 
through the strait each day. From March to May 2026, the International Energy 

Agency (IEA) estimated that only about 2.7 million barrels per day moved directly, 
with bypass pipelines and other ports handling some of the rest (International Energy 
Agency 2026). Oil prices rose quickly, and the six largest Western oil companies 
saw their stock prices go up. However, their earnings moved in different directions. 
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This article examines why companies in the same sector reported opposite outcomes 
in response to the same shock.

There were clear reasons for this split. For example, ExxonMobil, Chevron, and 
ConocoPhillips saw their first-quarter earnings drop compared to the previous year. 
In contrast, BP, Shell, and TotalEnergies reported gains, though each used different 
ways to measure them. Some producers benefited from higher benchmark prices 
because they could keep selling their oil. Others lost physical output to shut-ins. 
Refiners faced higher costs for raw materials. Trading and optimization teams 
profited from differences in location, grade, storage, and timing, and from liquefied 
natural gas (LNG) spreads. The sector label showed the shared shock, but it did 
not reveal which company was affected in which way (BP 2026b; Chevron 2026b; 
ConocoPhillips 2026b; ExxonMobil 2026b; Shell 2026d; TotalEnergies 2026c).  
For portfolio managers, this distinction is critical. Two firms classified in the same 
sector may carry very different exposures to the same geopolitical event because their 
production footprints, supply-chain dependencies, contractual obligations, and trading 
activities differ. A sector-level view can, therefore, conceal the actual sources of 
portfolio vulnerability. Fabozzi (2025a, 2025b) frames this as a problem of operational 
resilience, treating supply-chain dependence, jurisdictional exposure, and continuity 
under disruption as explicit inputs to portfolio construction.

Traditional and historical methods cannot fully show which holdings are most 
affected by a specific shock. Exposure screens can find assets in the Gulf or refineries 
that buy Gulf crude, but they miss later impacts on suppliers and customers. Historical 
data correlations are also limited because they combine many effects, such as oper-
ations, hedging, working capital, taxes, and trading, into one price. These models 
only update after prices change, so losses can happen before the models catch 
up (Caldara and Iacoviello 2022; Engle 2002). Practitioners know about this blind 
spot. For example, many did not expect that problems with Germany’s natural gas 
supply would hurt German insurance brokers. This happened because of second- 
and third-tier supply-chain links that standard screens did not catch (BVCA 2024). 
For portfolio managers, the challenge is not simply identifying the initial source of a 
geopolitical shock but determining which individual holdings will ultimately be affected 
and through which transmission channels.

This blind spot is getting bigger. MSCI names geoeconomics as one of three 
major trends shaping investments in 2026 (Lester 2026). The World Economic Forum 
says geoeconomic conflicts are the most likely cause of a global crisis in the next 
two years (World Economic Forum 2026). The costs are already clear: US export 
restrictions aimed at Chinese companies have cost affected US suppliers about 
$130 billion in market value (Crosignani et al. 2024). New rules for critical minerals, 
advanced semiconductor equipment, and marine transport are set to take effect in 
three to five years. The exposures this framework measures are likely to grow.

This article introduces a tool called a “chokepoint shock map,” which tracks 
impacts from country–industry cells down to individual firms. First, it explains the 
economic direction of the scenario. Then, it uses the matching input–output operator. 
Finally, it combines each node’s shock response with data on production, revenues, 
assets, and contingent positions. The result is an exposure measure that changes 
with each scenario. This tool does not predict earnings.

This article makes three main contributions. First, it clearly shows how shocks 
spread and demonstrates that the choice of input–output operator affects both the 
size and location of the modeled stress. Second, it creates an auditable link between 
input–output nodes and firm or portfolio exposures. It also separates where pro-
duction happens from where customers are and distinguishes between issuer-level 
pools and positions linked to specific amounts. Finally, it uses the Hormuz case as a 
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bounded, retrospective example. The closure severity rests on stated assumptions, 
the analysis tests rerouting instead of assuming it, and the comparison of major oil 
companies shows how impacts differ without claiming to show cause and effect.

The next sections explain this approach step by step. The conceptual framework 
defines key terms, such as pressure versus stress, and the three channels (quantity, 
price, and contingent), as well as the rule for matching a propagation operator to 
the shock’s direction. The data and methods section covers the evidence behind 
the claim, including the 2021 OECD ICIO grid and the Chokepoint Scenario Library, 
and clarifies what the P14 Hormuz scenario does and does not include. The results 
section presents the findings: how results differ by operator across scenarios, the 
P14 channels, and the six major oil companies. Two parts address common objec-
tions. A rerouting stress test relaxes the model’s fixed coefficients by letting buyers 
change suppliers, and a market and balance-sheet comparison shows that standard 
tools do not sort the outcomes. The portfolio implementation section turns this 
evidence into a decision process. The discussion covers the claim’s limits, where 
it might not work, and how to test it. The Appendix includes formal derivations, 
data tables, full scenario results, market checks, cross-database sensitivity, and 
accounting details.

CONCEPTUAL FRAMEWORK

Exhibit 1 shows the connections between this article and four other fields of 
research. While sentiment-based geopolitical risk indicators can demonstrate that 
geopolitical risk is increasing, they cannot indicate which investments are impacted, 
through which linkages, or to what degree. Production network models explain 
mathematically how shocks travel, but they do not go down to the level of specific 
investments. Geoeconomics explains why states concentrate on chokepoints, but it 
does not offer a practical way of identifying which holdings are affected and through 
which channels. Stress tests based on historical correlations run each scenario 
through past co-movements and thus are unable to take into account structural 
breaks. The framework outlined in this article is situated at the point where the 

EXHIBIT 1
Literature Convergence

NOTES: The four research areas converge upon the same portfolio problem, but none solves it. None connects a particular policy 
shock to named holdings via structural supply-chain links. This article supplies that connection: The Chokepoint Scenario Library 
contains the shocks, the production network describes how those shocks propagate in the matching direction, and the firm map 
carries them to named holdings and hedge classes. DCC-GARCH refers to generalized autoregressive conditional heteroskedasticity 
models for time-varying conditional correlations.

SOURCE: Author construction.

Literature

Geopolitical risk sentiment indexes
(Caldara and Iacoviello 2022)

Production-network models (Acemoglu
et al. 2012; Baqaee and Farhi 2019)

Geoeconomic theory (Farrell and
Newman 2019; Clayton et al. 2026)

Correlation-based stress testing, including
DCC-GARCH (Engle 2002; Golub et al. 2018)

When aggregate geopolitical risk is elevated,
and whether threats or acts drive it

How sector shocks propagate and amplify
through input–output structure

Why coercion targets chokepoints where
substitution fails and transmission is wide

Scenario discipline and co-movement
measurement on historical relationships

What It Establishes

Which holdings are affected, through which
dependencies, at what magnitude

The bridge from country–industry cells to
named ÿrms and portfolios

An operational stress test that a portfolio
manager can run

Structural transmission when the shock
breaks the regime behind the correlations

What It Stops Short Of
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four areas overlap. It complements Fabozzi’s Allocation for Resilient Markets and 
Operational Readiness (ARMOR) framework and its Capital Allocation Protection exten-
sion (ARMOR-CAP), which make resilience an explicit part of portfolio construction 
(Fabozzi 2025a, 2025b). The chokepoint shock map gives a scenario-specific measure 
of geoeconomic and supply-chain exposure at the level of individual holdings.

Pressure, Propagation, and Payoff

Geoeconomic pressure is the use of existing economic relationships by govern-
ments to achieve geopolitical or economic goals (Clayton et al. 2025a). It is a coer-
cive capacity rather than a single event: The threat of a tariff, export control, transit 
restriction, sanction, investment screen, or forced rerouting can move a target whether 
or not the instrument is ever used. Stress is the change in an economic or financial 
state produced once that pressure reaches a specific exposure (Oet 2016). The dis-
tinction prevents a common category error. Calling an action a “quantity shock” does 
not establish that every affected firm experiences a physical shortage. A quantity 
restriction can raise input prices, improve the revenues of unimpeded producers, 
reduce output at downstream refiners, or create trading gains for intermediaries. 
The action defines the scenario; the production network and the firm footprint define 
the incidence. Throughout the article, a channel is a distinct route from the shock to 
a firm’s profit and loss: quantity (physical volume), price (unit cost and margin), and 
contingent (contractual commitments and trading positions).

Recent geoeconomics research explains how integration creates strategic 
dependence and why firms respond differently to tariffs, controls, and coordinated 
threats (Clayton et al. 2024, 2025b, 2026; Clayton et al. 2025a). This article 
supplies the portfolio measurement bridge from a specified pressure scenario to 
country–industry propagation, named-firm incidence, and hedge class.

The framework, therefore, separates three objects. The scenario specification 
identifies the shocked country–industry nodes, signs, weights, family, and propagation 
direction. The network operator maps that vector to all country–industry nodes. The 
firm map assigns each node response to a named firm’s disclosed or reconstructed 
footprint. The separation makes assumptions observable. An analyst can challenge a 
scenario entry, an operator choice, or a firm weight without treating the whole exercise 
as an indivisible model. The subsections that follow take the remaining elements 
in order: the operator that matches the shock’s direction, the map that carries its 
response to a named firm, and the hedge class the resulting exposure calls for.

Chokepoints arise where substitution is limited and a node, a single country–industry 
cell in the production network, transmits widely (Farrell and Newman  2019). 
In the vocabulary of Clayton et al. (2026), a chokepoint is where micro-power 
meets macro-power: The targeted counterparty has no good alternative, and the 
targeted position transmits stress across much of the network. Portfolio relevance 
depends on the specification. Given the scenario vector and propagation direction, 
country–industry cells receive different modeled stress. Translating that stress to 
firms still depends on the disclosed map. A Gulf producer, a refiner, and an integrated 
trader can, therefore, occupy the same sector while carrying different quantity, cost, 
and monetization channels.

Matching the Model to the Shock’s Direction

Choosing among the three standard models starts out economic before it gets 
mathematical. When demand drops, stress flows upstream: Customers cancel orders, 
and suppliers contract. The Leontief model computes that demand-pull response. 
If supply is restricted instead, stress flows downstream: A supplier delivers less, and so 
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do its customers in turn. The Ghosh model computes that supply-push response, read 
as an allocation-based sensitivity rather than a literal output forecast. When the shock 
raises costs rather than cutting volumes, higher input prices pass downstream through 
unit costs, and the Leontief price model computes that cost pass-through response. 
The models themselves are standard (Dietzenbacher 1997; Miller and Blair 2009; 
Acemoglu et al. 2012). The contribution is matching the model’s direction to the 
shock’s direction. The article uses operator as shorthand for the chosen model.

Exhibit 2 summarizes the economic question, exogenous vector, operator, 
response direction, and interpretation for each propagation choice.

From Nodes to Firm Footprints

A firm map assigns each country–industry response to the relevant production, 
revenue, asset, or contingent-position footprint. The mapping basis must be consis-
tent with the scenario. If the shock is a physical interruption at a particular location, 
production location is the basis. If it is a demand shock reaching customer revenue, 
revenue is the basis. If the locations of customers and the locations of production 
differ, a supply-chain map becomes the basis.

The method preserves each source date, weight, aggregation choice, and unre-
solved residual. A contingent amount enters an amount-weighted node calculation 
only when the filing identifies both the entity and the amount. A legal-entity record 
may allow verification of a name and country. However, it does not provide sufficient 
information to determine which portion of an issuer-level pool belongs to a specific 
legal entity (Global Legal Entity Identifier Foundation 2026).

From Exposure to Hedge Class

In the event of an outage—that is, the removal of volume—a position carries 
quantity exposure. If a transit restriction shuts in a field, there may be no oil moving 
through the pipeline at all. A position also carries price exposure when the volume 
continues to flow down the line, the same number of barrels per day, but prices or 
margins move. Protecting against these two exposures requires different strategies. 
Quantity exposure typically requires structural protection, such as having multiple 
suppliers to reduce reliance on any single supplier; having inventory to draw upon 
during periods of unavailability; having alternative shipping arrangements; having 
excess production capacity; or simply having a position whose physical output 

EXHIBIT 2
Operator Selection and Economic Direction

NOTES: Δf is a final-demand shock, Δs is a seller-allocation shock, and Δc is a primary-input cost shock. The quantity vectors answer 
different economic questions and are not combined mechanically.

SOURCE: Author construction.

Scenario Question

How does a ÿnal-demand
 contraction reach suppliers?
How does a restricted supplier
 allocation reach users?
How does a primary-input cost
 increase affect unit costs?
Does the scenario contain both
 demand and supply mechanisms?

Δf

Δs

Δc

Δf and Δs

Exogenous Vector

(I − A)–1

(I − BT)–1

(I − AT)–1

Report both

Operator

Upstream

Downstream

Downstream in prices

Both

Response Direction

Leontief demand-pull quantity response

Ghosh supply-push quantity response

Leontief price-dual response

Dual scenario; do not collapse operators

Interpretation
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increases when the stressed holding’s output decreases. Price exposure typically 
requires financial protection. The financial instruments used include futures contracts, 
option contracts, spread positions, foreign exchange hedging, and contracts with 
pass-through provisions. The boundaries around these classifications are imperfect 
because some financial protections reference quantity-sensitive assets and some 
structural protections alter price sensitivities. The classification still earns its place: 
It prevents one historical hedge coefficient from being asked to offset two distinct 
mechanisms of risk.

Hedge notional values in this framework represent sizing arithmetic: They indicate 
what size structural or financial hedge needs to be in place to offset the computed 
exposure at the specified instrument sensitivity. To turn a hedge notional value into 
a specific trade, however, additional information is required, including (1) the firm  
map that assigns the exposure; (2) the selected instrument; (3) the time horizon 
over which the trade will run; (4) liquidity; (5) basis risk; and (6) the mandate. Formal 
equations and evidence gates appear in Appendix A.

DATA AND METHODOLOGY

OECD ICIO Network

The structural input is the 2021 reference-year table from the Organisation for 
Economic Co-operation and Development (OECD) 2025 Inter-Country Input–Output 
(ICIO) database. The production grid contains 81 economies, including a rest-of-world 
economy, and 50 International Standard Industrial Classification Revision 4 industries, 
or 4,050 country–industry cells (OECD 2025; United Nations Statistics Division 2008). 
Each scenario resolves to labeled nodes, retains the complete response vectors, and 
keeps the node contributions used in every aggregate calculation.

The Chokepoint Scenario Library

The article’s set of scenarios is the Chokepoint Scenario Library: 30 standard-
ized scenarios consisting of 15 quantity-family entries (Q01-Q15), restricting physical 
volume, and 15 price-family entries (P01-P15), shocking costs or prices (Golub et al. 
2018). Exhibit 3 lists the 30 entries by code, name, and declared propagation direc-
tion. Family represents the economic mechanism, while the direction of propagation 
is chosen separately. A quantity restriction may originate from either the supply side 
(an export control) or the demand side (an import ban or boycott), both documented 
in the record of economic coercion (Cha et al. 2026). Each scenario is tied to a policy 
precedent, and collectively the entries span four categories of actors (allied democra-
cies, state-controlled economies, nonaligned swing states, and extraterritorial actors) 
and two postures (offensive and defensive). Each scenario captures the targeted 
country–industry cells, signs, weights, economic direction, and a 6% comparison 
magnitude. Each scenario solves on the entire production grid using both quantity 
operators. Direct stress is the output-weighted absolute entry vector, and cascade 
stress applies the selected inverse with the same weights. Each ratio, therefore, 
carries an accompanying absolute cascade size.

The P14 Hormuz Scenario

P14 is the Hormuz entry in the Chokepoint Scenario Library, and it serves as a 
standardized proxy for transit stress. It targets oil and gas extraction in Saudi Arabia 
and the rest-of-world node, as well as water transport. The quantity restriction is 
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negative, and, with regard to price, the price dual treats the absolute restriction as 
an increase in unit cost. The various vectors address different questions and are not 
summed. Since the specification was completed after the disruption in February 2026, 
the application is retrospective in that it reconciles the model’s channels with out-
comes that have already been observed rather than verifying them in advance.

The severity is checked by the event evidence, and the model input remains 
standardized. The International Energy Agency estimates that the direct flow through 
Hormuz averaged 2.7 million barrels a day from March to May, as compared with 
about 20 million before the conflict. Day-weighting that mean across April and May 
(61 days) together with the June tracker estimates for crude oil of 4.2 to 4.7 (30 days) 
gives a provisional bracket for the second quarter of 3.2 to 3.4 million barrels per 
day. Since the June trackers do not match perfectly with the IEA’s all-oil definition, 
the bracket is an author’s own reconstruction and no published quarterly figure corre-
sponds to its definition. Although bypass pipelines and other ports did carry additional 
exports from the Gulf, those barrels did not pass through the strait: This situation 
should, therefore, be described as a near-closure, not as zero flow (International 
Energy Agency 2026; Bousso 2026; investingLive 2026). Exhibit 4 maps the strait, 
the bypass routes, and the issuer positions that establish the physical perimeter.

The bottom-up calculation is a restricted-block sensitivity diagnostic. It multiplies 
the 2021 ICIO crude-to-refining flows by assumed strait-dependence shares of 60% 
for Saudi Arabia, 70% for the United Arab Emirates, and 100% for the rest-of-world 
node, and it omits the intra-Gulf overland flows. On this basis, the full-year entry-node 
proxies amount to 18.0%, 32.2%, and 25.9% of gross output. The 20.9 million barrels 
per day of throughput does not figure in this calculation.

EXHIBIT 3
The Chokepoint Scenario Library

NOTES: This exhibit lists the 30 standardized scenarios by code, name, and declared propagation direction. Quantity entries restrict 
physical volume, and price entries shock costs or prices. Supply entries propagate downstream to customers under the supply-push 
Ghosh operator, demand entries propagate upstream to suppliers under the demand-pull Leontief operator, and the two dual entries 
are evaluated under both. Scenario names follow the workbook, with abbreviations expanded for print. Acronyms: AI = artificial 
intelligence; API = active pharmaceutical ingredient; CBAM = Carbon Border Adjustment Mechanism; DRC = Democratic Republic of the 
Congo; ESG = environmental, social, and governance; EUV = extreme ultraviolet; GPU = graphics processing unit; HALEU = high-assay 
low-enriched uranium; HBM = high-bandwidth memory; SEP = standard-essential patent.

SOURCE: Chokepoint Scenario Library specification; workbook sheet Scenario Results.

Code

Q01
Q02
Q03
Q04
Q05
Q06
Q07
Q08
Q09
Q10
Q11
Q12
Q13
Q14
Q15

Scenario

HALEU uranium embargo
Semiconductor neon gas shock
Advanced photoresist controls
HBM memory concentration
Large power transformer crisis
Subsea cable repair scarcity
EUV optics monopoly
Turbine blade shortage
Helium-3 scarcity
Antimony export controls
Heparin API shortage
Space launch bottleneck
Lithium hydroxide shelf life
Synthetic graphite restrictions
AI GPU export embargo

Direction

Supply
Supply
Supply
Supply
Supply
Dual
Supply
Supply
Supply
Supply
Supply
Supply
Supply
Supply
Supply

Quantity Family (Q01–Q15)

Code

P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15

Scenario

Coordinated digital services tax
SEP royalty escalation
Anti-dumping duties (semiconductors and chemicals)
EU CBAM carbon tariff
Cybersecurity and ESG mandates
Russian fertilizer export taxes
Rare earth price ˜oor cartel
Battery material export tax
Shadow ˜eet freight premium
Chinese retaliatory agricultural tariffs
Digital equalization levies
Chilean lithium royalty escalation
DRC/Zambia copper–cobalt tax
Standardized Hormuz transit-stress proxy
Sovereign debt repricing

Direction

Demand
Demand
Demand
Demand
Demand
Supply
Supply
Supply
Supply
Demand
Demand
Demand
Demand
Dual
Demand

Price Family (P01–P15)
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The 93-day duration is used to scale the proxies to 4.6%, 8.2%, and 6.6%. This 
duration is only illustrative. The observed transit never fell to zero, let alone for an 
entire quarter. In Exhibit 5, the full-year proxies and the illustrative duration figures are 
presented side by side with the standardized 6% comparison unit, and the fact that 
there is overlap sends no calibration signal. Since the model remains linear, analysts 
are able to rescale the reported levels to an approved severity without affecting the 
amplification ratios.

Firm and Market Data

The firm and market layer comprises the six largest oil companies headquar-
tered in the West: ExxonMobil, Chevron, ConocoPhillips, Shell, BP, and TotalEnergies. 
These companies have the same sector classification, which is the puzzle this article 
examines. They are equally divided between the two accounting systems: Three use 
US generally accepted accounting principles (GAAP), and the other three apply Inter-
national Financial Reporting Standards (IFRS).

The balance-sheet figures referred to here have been obtained from the structured 
company-facts data which companies provide to the Securities and Exchange Com-
mission: specifically, the amounts for total assets, total liabilities, common equity, 
current debt and long-term debt, the data being taken from the US GAAP tags in the 
case of companies based in the United States and from the appropriate IFRS con-
cepts when the companies are foreign. As both taxonomies treat these items as total 

EXHIBIT 4
Disclosed Positions around the Strait of Hormuz

NOTES: Issuer-disclosed assets, bypass infrastructure, and the strait are keyed to verified filings and presentations; marker positions 
are approximate. Yanbu is reached by Saudi Arabia’s East-West pipeline, Fujairah by the United Arab Emirates’ bypass pipeline, 
and Oman does not require strait transit. The complete numbered position inventory appears in Appendix B.

SOURCES: Base map, US Energy Information Administration (2026b), World Oil Transit Chokepoints; overlays, author, from issuer 
annual reports and presentations compiled in the claim register.
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reporting figures, there is no requirement for a special reconciliation at this stage.  
In cases where the two systems differ materially, for example with respect to the level 
of disclosure on commitments and guarantees, Appendix H outlines the difference 
rather than trying to remove it.

The information relating to disclosed commitments, guarantees, entity links, 
and the reported results is obtained by extracting it from the filings, and no item 
which has been extracted is incorporated into any calculation until the analyst 
has clearly confirmed the link between the named entity and the figure stated in 
the filing. For the purpose of supporting the market and distance-to-default mea-
sures, which are based on the contingent-claims approach to corporate default 
(Merton 1974; Gapen et al. 2004; US Department of the Treasury 2026), the 
adjusted daily prices and the one-year US Treasury constant-maturity yield are 
used. The equity value, volatility, and distress-barrier constructions are provided 
in Appendix B.

The measure of contingent intensity has been devised for the purpose of this 
study. Companies disclose contractual commitments and guarantees that do not 
appear as liabilities on the balance sheet, and it is these positions that determine 
whether a dislocation is absorbed, monetized, or passed on. None of the market-based 
measures is able to reveal such information. By scaling the maximum amounts dis-
closed by the size of the balance sheet, firms of different sizes can be compared, and 
the outcome is a flag indicating the need for contract review rather than an estimate 

EXHIBIT 5
Severity Diagnostic for a Hormuz Near-Closure

NOTES: Bars report assumed restricted-block sales as a share of entry-node gross output on the 2021 OECD ICIO table. The dark 
bars use a full-year severance; the light bars apply an illustrative 93/365 duration factor. Dependence shares are assumptions: 
Saudi Arabia 0.60, United Arab Emirates 0.70, and rest-of-world Gulf 1.00; intra-Gulf overland flows are exempt. The dashed line  
is the standardized 6% comparison unit. Event-flow evidence does not enter the calculation.

SOURCES: OECD ICIO 2021; International Energy Agency (2026); Bousso (2026); investingLive (2026); author calculations.  
Data: Workbook sheets BottomUp Sizing and P14 Severity.
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of the loss.1 In the case of all six firms, the same pre-event vintage year, FY2024, is 
used for calculating the contingent intensity, this being the most recent full year of 
annual reporting available for all six companies prior to the February 2026 disruption, 
with both the numerator and denominator being drawn from that year. The post-event 
results are given for each firm separately and are not comparable since each com-
pany employs its own performance measure: Three of them give their earnings in 
accordance with US GAAP, two provide adjusted figures, and one reports underlying 
replacement-cost profit, and the comparison periods also vary. They, therefore, enable 
a comparison of the directions of the outcomes but not a ranking of the magnitudes.  
Full taxonomies, filing perimeters, report ledgers, and market constructions are avail-
able in Appendices B and H and the exhibit workbook.

The headline statistics were recalculated on the basis of the data kept for nodes, 
firms, markets, filings, and legal entities. The formula-based checks included in the 
analysis workbook maintain the original reporting dates, filing identifiers, measure-
ment roles, and unresolved positions, so that all the figures reported can be traced 
back to their source. The number of filings that were analyzed and the number of 
candidate passages detected show how much material has been examined and 
provide no information about exposure.

EMPIRICAL RESULTS

Cross-Scenario Operator Sensitivity

Across the 30 scenarios, median cascade-to-direct amplification is 4.07 under the 
demand-pull Leontief operator and 5.13 under the supply-push Ghosh operator, with 
each operator applied to every scenario, so the pair measures operator sensitivity. 
Restricting each operator to the scenarios whose declared direction matches it gives 
medians of 2.86 (demand-pull, 10 scenarios) and 5.27 (supply-push, 18), with the two 
dual scenarios, the subsea cable repair scarcity (Q06) and the Hormuz transit–stress 
proxy (P14), reported under both operators. The full ranges are  2.17–62.12 
and 2.15–427.94. These values reject a universal multiplier: Amplification depends 
on the scenario, the direction, and the size of the direct footprint. Complete condi-
tional summaries appear in Appendix C, Exhibit C1.

Exhibit 6 shows that operator choice is not a one-directional correction. Ghosh 
amplification is smaller for the turbine blade shortage (Q08) and the space launch 
bottleneck (Q12) but materially larger for the Hormuz proxy (P14), the rare earth price 
floor cartel (P07), the antimony export controls (Q10), the uranium fuel embargo (Q01), 
the copper–cobalt tax (P13), and the Chilean lithium royalty escalation (P12). P12 also 
illustrates the denominator problem: A royalty shock to a single producing country 
has a very small direct footprint, which generates a large ratio without producing the 
largest absolute loss. Direction, level, and denominator must be read together. The 
practical reading of the outliers is hidden exposure: A country–industry with a small 
direct footprint can still carry large propagated stress, which is exactly the position 
a direct-exposure screen misses.

1 The numerator is a narrow, reproducible proxy: purchase obligations due within one year plus 
disclosed guarantee maxima. The denominator is total assets plus total liabilities, which measures the 
balance sheet’s total footings and is, therefore, less sensitive to leverage differences across the six 
firms than equity would be. Both are drawn from the same FY2024 filings. A contractual maximum is 
a stress ceiling rather than an expected payment. Mutually exclusive ceilings on the same guarantee 
are carried as alternatives and never summed, and unbounded positions are retained as unbounded 
rather than coded as zero. Appendix H records the amount-role architecture and the sensitivity of the 
ranking to each of these choices.
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P14 Channels and Firm Incidence

With the standardized P14 proxy, the demand-pull amplification is 2.37, and the 
supply-push amplification is 7.05. Exhibit 7 reports the selected quantity and price 
channels. The Gulf extraction cells show substantial physical contractions together 
with positive price reactions. US extraction shows only a small degree of quantity 
sensitivity yet still has a positive price response. The decline in refining quantities is 
much smaller than that seen in Gulf extraction, and the refining responses are highly 
dependent on the operator. The full values appear in Exhibit D1.

For the ExxonMobil map, the relevant extraction nodes under the supply-push 
operator are the rest-of-world Gulf fold (−1.545%), the United Arab Emirates 
(−0.010%), and the US crude node (−0.028%). The closure-at-risk weights of 10.58%, 
5.25%, and 84.16%, which are derived subsequently, result in a modeled upstream 
quantity response of −0.188%. The corresponding price duals (+1.473%, +0.010%, 
and +0.017%) yield a firm-weighted response of +0.171%. The responses of US 
and UK refining unit costs are approximately +0.060% and +0.058%, respectively.  
The node values are given in Exhibit D1.

The interpretation is conditional. A net-long producer may profit on the unaffected 
barrels even as it loses physical output. A net-short refiner pays more per barrel for its 
feedstock. An optimization business can earn money from location, grade, storage, 
and timing spreads. Taxes, derivatives, working capital, maintenance, legal matters, 
and accounting timing intervene before consolidated earnings. The node map shows 
the exposure channels. It does not replace the firm bridge.

EXHIBIT 6
Scenario Amplification under the Leontief and Ghosh Operators

NOTES: The vertical separation within a scenario measures operator sensitivity. The logarithmic scale preserves the P12 outlier, 
whose exceptionally small direct footprint produces a large ratio.

SOURCES: Author calculations from the OECD ICIO 2021 reference-year matrix and the corrected full-grid scenario run completed 
August 1, 2026. Data: Workbook sheet Scenario Results.
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Rerouting as a Bounded Stress Test

Real systems do reroute, but the feasible set of alternative suppliers and the 
available capacity are rarely known. The rerouting stress test, therefore, reallocates 
severed Gulf purchases only to suppliers already observed in each buyer’s trade set. 
Instead of measuring the physical spare capacity actually available, the test defines 
capacity as a multiple of baseline inflow, and the allocation parameter is not cali-
brated. Each reallocation rewires the quantity operators and injects its own demand 
shock, and any unabsorbed balance is left stranded.

Exhibit 8 shows the results of the tight-capacity run. The summed modeled 
gross-output response changes from about −$380 billion under severing alone to 
about −$90 billion after rerouting. These totals are model outputs, not gross domestic 
product (GDP), welfare, observed loss, or an empirical recovery estimate. The stress 
at the entry country–industries changes little, while substitute producers gain and 
refinery incidence shifts.

On the tested grid, stranded flow is  38.6% when substitute headroom 
equals 1.5 times baseline inflow and falls to zero at 2.0 times. The transition, there-
fore, lies between 1.75 and 2.0 on this parameter grid. Nothing in the event data 
allows an empirical determination of an observable 80% capacity threshold. Allocation 
concentration varies with the uncalibrated behavioral parameter, so the US share of 

EXHIBIT 7
P14 Country–Industry Responses by Channel

NOTES: Quantity bars and price bars answer different propagation questions and, therefore, should not be added together. The abso-
lute Ghosh-to-Leontief quantity gap is 19.7 times in the case of Chinese refining and 13.4 times for Indian refining. ROW refers to the 
rest-of-world node, which comprises Qatar, Kuwait, Iraq, and Oman.

SOURCES: Calculations by the author using the labeled P14 responses in the OECD ICIO 2021 matrix. Data: Workbook sheet 
P14 Channels.
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reallocated flow cannot be carried from one regime into another. All sensitivity tables 
and the cascade-round chart appear in Appendix D.

Firm Incidence: The Oil-Major Puzzle

Four channels can carry different signs: physical Gulf production, the exposure to 
the benchmark price for barrels that are not affected, the cost of refining feedstock, 
and the ability to monetize location, grade, storage, timing, and LNG spreads. P14 
provides the model-implied node directions, while the filings supply the firm footprint 
and the accounting bridge. Exhibit 9 shows the pre-event descriptors and the ex post 
results. The comparison identifies incidence. It does not provide a causal explanation 
of earnings.

Exhibit 9 presents a disciplined negative result. The distance-to-default percentiles 
lie within a small range and do not separate the firms by the sign of their reported 
outcomes. The corrected matched-vintage contingent intensities vary between 0.315% 
and 18.615%. Although BP and TotalEnergies come in first and second place, 
ConocoPhillips is in third position in the base case and reported lower earnings.  
The ranking does not distinguish gains from declines, and the third and fourth positions  
are reversed when residual value guarantees are excluded.

The firms did not sort by domicile or by a common market criterion. ExxonMobil 
has a mapped quantity channel of −0.188% and a firm-weighted price channel of 
+0.171%, but timing and identified items come into play before the earnings are 
reported. Chevron combines the price exposure it has in the upstream sector with 

EXHIBIT 8
P14 Quantity Incidence with and without Rerouting

NOTES: Modeled quantity response by node under severing alone and the tight-capacity rerouting sensitivity. Reallocation is limited to 
observed suppliers, capacity is parameterized relative to baseline inflow, and the residual is stranded. Values are full-year linear-model 
gross-output responses, not GDP, welfare, observed losses, or forecasts. ROW folds Qatar, Kuwait, Iraq, and Oman.

SOURCES: OECD ICIO 2021; author rerouting calculations. Data: Workbook sheet Rerouting Run AB.
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its cost exposure in the downstream sector. ConocoPhillips is less integrated and 
has substantial purchase obligations and guarantees on its books. Shell, BP, and 
TotalEnergies combine their different physical footprints with trading, LNG, or opti-
mization capacity. No single descriptor is enough to assign the sign of the earnings.

There are three layers to the interpretation. Network position determines which 
modeled physical and price channels reach the mapped footprint. The business 
architecture then decides whether quantity, location, grade, storage, timing, and LNG 
wedges are borne, hedged, or monetized. Accounting determines when these effects 
are recognized. Although contingent intensity informs the second layer, it does not 
constitute a causal treatment.

TotalEnergies’ disclosures discipline that reading. Its March 2026 update said 
that an increase of approximately $8 per barrel in the Brent crude benchmark 
would offset the expected 2026 cash flow from the affected Iraq, offshore United 
Arab Emirates, and Qatar assets at a $60 base price. Its half-year report later 
stated that about 15% of production had been shut in by the end of March and that 

EXHIBIT 9
Pre-Event Firm Stress, Contingent Intensity, and Reported 2026Q1 Outcomes

NOTES: DD percentile is the 2026Q1 distance-to-default position within each firm’s 2016–2026 history. Contingent 
intensity is matched-vintage: The FY2024 comparable commitment slice divided by FY2024 assets plus liabilities. BP is 
$90.496B/$486.138B = 18.615%. Contractual maxima are stress ceilings, not expected losses. Outcome definitions and compari-
son periods follow each issuer and are not directly comparable. Node codes join a country (SAU, Saudi Arabia; ROW, rest of world) to 
an ISIC activity (C19, refining; C20, chemicals). APLNG is Australia Pacific LNG, a ConocoPhillips joint venture; SATORP is the Saudi 
Aramco–TotalEnergies joint-venture refinery at Jubail, and Amiral is its expansion project. YoY means year over year.

SOURCES: FY2024 annual reports (BP 2025; Chevron 2025; ConocoPhillips 2025; ExxonMobil 2025; Shell 2025a; 
TotalEnergies 2025a) and first-quarter 2026 results (BP 2026b; Chevron 2026b; ConocoPhillips 2026b; ExxonMobil 2026b;  
Shell 2026d; TotalEnergies 2026c); author calculations. Data: Workbook sheets Firm Stress and Oil Major Puzzle.

Firm

ExxonMobil

Chevron

ConocoPhillips

Shell

BP

TotalEnergies

Reported 2026Q1
Outcome

Earnings $4.2B
vs. $7.7B (−45%)

Earnings $2.2B
vs. $3.5B (−37%)

Earnings $2.2B
vs. $2.8B (−21%)

Adjusted earnings
$6.92B,
approximately
+24% YoY

Underlying
replacement-cost
proÿt $3.2B vs.
$1.5B in 2025Q4

Adjusted net
income $5.39B,
approximately
+29%

DD Percentile

0.598

0.598

0.573

0.566

0.645

0.544

Pre-Event
Contingent Intensity

2.1%

0.3%

5.2% (5.46%
breach alt.)

5.1%

18.615%

7.7%

Channel Interpretation

Lost Gulf volume but gained price on unaffected barrels;
$3.33B unfavorable upstream timing effects and a $0.706B
supply-disruption item converted a favorable structural price
exposure into weaker reported GAAP earnings

Upstream timing effects plus a downstream swing to an
$0.817B loss; reÿning is net-short feedstock and the
disclosed contingent/trading layer is small

Predominantly upstream and less integrated optimization
capacity. The FY2024 base uses the $610M ordinary APLNG
delivery ceiling; the alternative uses the mutually exclusive
$1B breach ceiling. The unbounded QatarEnergy guarantee
is retained, not encoded as zero.

Strong trading and optimization monetized the dislocation;
shipping and LNG offtake commitments load on stressed
ROW/SAU water-transport nodes

Exceptional oil trading and the largest disclosed near-term
commitment book created more scope to monetize price,
location, and timing spreads

LNG and downstream trading captured volatility, and the
ÿrm’s March 2026 disclosure adds a benchmark-price offset
on unaffected barrels; the FY2024 ÿling ties a $2.584B
guarantee to Amiral/SATORP, mapped to SAU_C20 with
SAU_C19 as a sensitivity
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production in the second quarter had been reduced on average by 210,000 barrels 
of oil equivalent per day. The quarter, therefore, includes exposure to benchmark 
prices, physical interruption, trading, contract timing, and accounting definition 
(TotalEnergies 2026b, 2026d).

Paired P14 Application: ExxonMobil and TotalEnergies

ExxonMobil and TotalEnergies show how the descent from nodes to firms works in 
practice. TotalEnergies’ physical map is based on production volumes the company dis-
closed before the event. In contrast, ExxonMobil’s headline map is issuer-anchored and 
retrospective, built from information released after the event. The company estimated 
that a full closure of the Strait of Hormuz would mean losing about 750,000 barrels of 
oil equivalent per day from its Middle East production, or 15.8% of the 4.736 million 
barrels per day it reported for 2025. That closure-at-risk share is spread across the 
production volumes ExxonMobil disclosed for Qatar and the United Arab Emirates. 
The broader disclosed Qatar–UAE footprint, about 19.9% of production, is treated as 
a sensitivity. Under the stated issuer-anchored mappings, both companies’ modeled 
responses have the same signs and broadly comparable magnitudes. The comparison 
shows that the network does not determine the signs of their first-quarter outcomes, 
which are different. TotalEnergies also reports an amount-linked pre-event position: 
a $2.584 billion guarantee tied to Amiral/SATORP in Saudi Arabia. ExxonMobil lists 
the relevant Gulf entities in Exhibit 21 (the subsidiary schedule) to its FY2024 Form 
10-K, but its obligation tables do not assign the comparable pool to those entities. 
The descent proceeds in six steps, and Exhibit 10 preserves the result in one table.

Step 1. Fix the physical maps. ExxonMobil’s 15.8% closure-at-risk share is divided 
based on the volumes it disclosed: 10.58% goes to the rest-of-world Gulf node (Qatar), 

EXHIBIT 10
Worked P14 Descent from Nodes to Two Firms

NOTES: Quantity and price values are modeled P14 channels and are not additive. Contingent intensity is the FY2024 comparable 
commitment slice divided by FY2024 assets plus liabilities. The reported outcomes use different issuer definitions and support only 
a descriptive sign comparison. TotalEnergies’ map is built from disclosed pre-event volumes. ExxonMobil’s headline map allocates its 
disclosed closure-at-risk share (approximately 750,000 of 4.736 million barrels of oil equivalent per day, a post-event issuer estimate) 
across disclosed Qatar and UAE volumes, with the 19.9% full-footprint case reported in the text as a sensitivity. UAE means United 
Arab Emirates; ROW means rest of world; n.a. means not applicable.

SOURCES: ExxonMobil FY2024 Form 10-K (ExxonMobil 2025); TotalEnergies FY2024 Form 20-F and first-quarter 2026 results  
(TotalEnergies 2025a, 2026c); author calculations. The full arithmetic and source trail appear in Appendix G. Data: Workbook 
sheet Pair Comparison.

Input or Output

Physical map (TTE pre-event;
XOM closure-at-risk)

Modeled quantity response

Modeled price-dual response

FY2024 contingent intensity

Named amount link

Reported 2026Q1 outcome

ExxonMobil

10.58% ROW Gulf;
5.25% UAE; 84.16%
US proxy

–0.188%

+0.171%

2.103%

Entity named;
no amount allocated

Reported earnings
−45% from prior year

TotalEnergies

25.34% UAE; 9.33%
ROW Gulf; 65.33%
low-stress proxy

–0.165%

+0.151%

7.682%

$2.584B Amiral/
SATORP guarantee

Adjusted net income 
+29% from prior year

Equal-Weight Pair

n.a.

–0.176%

+0.161%

4.893%

n.a.

Not additive

Portfolio Reading

Pre-event footprint proxy

Structural quantity channel

Financial price channel;
not added to quantity

Contract-review žag;
not a loss estimate

Amount linkage strengthens
the ÿrm map

Different deÿnitions;
descriptive signs only
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5.25% to the United Arab Emirates node, and 84.16% to the US crude node, which 
serves as the low-stress proxy. Because the issuer’s estimate was disclosed after 
the event, this map is retrospective. In its FY2024 filing, TotalEnergies reported pro-
ducing 1.468 million barrels per day of liquids: 372,000 in the United Arab Emirates, 
109,000 in Qatar, 28,000 in Iraq, and 959,000 elsewhere. The United Arab Emirates 
volumes are assigned to their own node, while those from Qatar and Iraq are grouped 
in the rest-of-world Gulf node. The remaining volumes are assigned to the US node as 
a stated low-stress proxy, and Oman stays in that remainder since its exports do not 
pass through the strait. These maps are transparent approximations, not field-level 
asset models. In the equations, subscripts show the firms by their ticker symbols: 
XOM for ExxonMobil and TTE for TotalEnergies. The symbol w is the physical-map 
weight vector, EQ is the firm-weighted quantity response, and EP is the firm-weighted 
price response. The labels ARE, ROW, and USA stand for the United Arab Emirates, 
the rest-of-world Gulf, and the United States nodes.

	
wXOM = (0.1058 ROW, 0.0525 ARE, 0.8416 USA)

wTTE = (0.2534 ARE, 0.0933 ROW, 0.6533 USA)
	

(Step 1)

Step  2. Apply the supply-push quantity operator. Under the stated issuer- 
anchored mappings, both companies carry a negative physical quantity channel with 
the same sign and broadly comparable magnitude: −0.188% for ExxonMobil and 
−0.165% for TotalEnergies. Using the full-footprint 19.9% mapping, ExxonMobil’s 
response is −0.228%.

	
EQ,XOM = 0.1058(−1.545%) + 0.0525(−0.010%) + 0.8416(−0.028%) = −0.188%

EQ,TTE = 0.2534(−0.010%) + 0.0933(−1.545%) + 0.6533(−0.028%) = −0.165%
�

(Step 2)

Step 3. Apply the price dual separately. Quantity and price are distinct propagation 
questions, so the two percentages are not added together into a net earnings 
forecast. Both companies have a favorable benchmark-price channel of comparable 
size: +0.171% compared to +0.151%, and +0.210% when using the full-footprint map.

	
EP,XOM = 0.1058(+1.473%) + 0.0525(+0.010%) + 0.8416(+0.017%) = +0.171%

EP,TTE = 0.2534(+0.010%) + 0.0933(+1.473%) + 0.6533(+0.017%) = +0.151%
�

(Step 3)

Step 4. Add the pre-event contingent register. Exhibit 21 (the subsidiary schedule) 
to ExxonMobil’s FY2024 Form 10-K lists the Al-Jubail Petrochemical Company 
and other Gulf entities, but the obligation tables do not divide its $13.383 billion 
comparable pool among them. TotalEnergies reports $12.307 billion in one-year 
purchase obligations and $22.317 billion in guarantees. Note 13 states that $2.584 
billion of the guarantee pool is allocated to Amiral/SATORP. The named projects total 
$20.587 billion, leaving $1.730 billion, or 7.8%, unallocated.

	

Matched-vintage contingent intensity:

XOM = $13.383B/$636.344B = 2.103%

TTE = $34.624B/$450.719B = 7.682%

Equal-weight pair = 4.893%

	

(Step 4)
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Step 5. Reconcile the reported outcomes. Neither the network map nor the mapped 
physical responses explain the opposite signs because the responses are same-
signed and broadly comparable for both companies. The separating evidence is 
TotalEnergies’ integrated LNG and downstream trading structure, the amount-linked 
Amiral position, and the different derivatives, timing effects, taxes, maintenance, 
and accounting definitions each firm uses. This is a channel diagnosis, not a causal 
estimate of earnings.

	 Δ earningsXOM = −45%; Δ adjusted net incomeTTE ≈ +29% 	 (Step 5)

Step 6. Convert the pair into a portfolio decision. The equal-weight contingent- 
intensity average should be used as a signal that a contract review is needed, not as 
an estimate of portfolio loss. The hedge sheet should have three lines: a structural 
quantity hedge for the affected barrels, a financial overlay for exposure to benchmark 
prices and refining margins, and liquidity and counterparty limits for the contingent 
book. If there is a short dislocation, trading capacity can become valuable, but if a 
near-closure lasts, that benefit can reverse. The notional amounts are for diagnostic 
purposes only and depend on the chosen instrument, sensitivity, time frame, liquidity, 
and mandate. They are not trade recommendations.

	

Equal-weight pair:

Quantity = −0.176%

Price dual = +0.161%

Contingent intensity = 4.893%

	

(Step 6)

The pair defines the claim boundary. Conditional on the scenario, the operator, 
and the stated maps, same-signed and broadly comparable modeled responses 
may still be prioritized differently during contract reviews and audits. The network 
does not predict the accounting sign or rank the six firms. Instead, it shows which 
channel to test, which source to verify, and which structural or financial hedge should 
be included on the sheet.

Market and Balance-Sheet Boundary

Standard market and balance-sheet indicators do show the sectorwide shock, but 
they fail to sort the reported outcome signs among the six companies. Between 2024 
and 2026, the pairwise distance-to-default correlations are high, varying from 0.88 
to 0.99 with a median of 0.94. This degree of co-movement is consistent with 
shared oil price, interest rate, and equity volatility inputs, although it does not indi-
cate which of those inputs matters most. In the first quarter of 2026, each firm’s 
distance-to-default percentile lies between approximately 0.54 and 0.64 within its 
own historical record from 2016 to 2026, so no firm stands out immediately before 
the outcomes begin to diverge.

The clustering analysis examines whether market reactions in the event quarter 
match the reported sign split. Ward’s hierarchical clustering with two groups parti-
tions the six standardized responses, measured between late 2025 and early 2026 
as the change in distance to default, the quarterly equity return, and the change in 
trailing 252-day equity volatility. The clusters correspond to five of the six reported 
outcomes, with ExxonMobil the exception, so market reactions by themselves do not 
reproduce the split. Given that there are only six cases and two clusters, the grouping 
is descriptive and not a formal classification test, and the structural map has passed 
no forecasting test either. The clustering diagnostics can be found in Exhibit E1.
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Over longer horizons, the rolling equity correlations display the same pattern. The 
pairwise correlations calculated over 60 trading days still indicate a strong common 
oil factor. At the same time, the within–minus–cross-bloc gap between the US and 
European majors varies with time: 0.153 during the specified Hormuz window from 
February 24 to July 16, 2026, compared with 0.111 in 2025. There are two key 
points. The first is that a hedge based on a long-term unconditional correlation can 
be mis-sized if cross-bloc co-movement changes. The second is that even when the 
sector as a whole moves in one direction, individual firms can still experience very 
different outcomes since the bloc gap does not eliminate the main common factor. 
This history can assist hedge decisions, but it cannot replace the physical and con-
tractual structure that generated the exposure. The correlation diagnostics can be 
found in Exhibit E2, and the full regime rules, event labels, and limitations are given 
in Appendix E.

PORTFOLIO IMPLEMENTATION

Five changes to practice are recommended. First, trace each exposure through 
the production network before relying on the holdings list, since direct-only screen-
ing understates propagated stress severalfold in the median scenario and by far 
more when the direct footprint is small. Second, choose the propagation operator 
to match the particular kind of shock being considered, as an incorrect operator 
reallocates losses to the wrong country–industries rather than just rescaling them. 
Third, keep the node-to-firm audit trail so that any overall figure can be challenged 
in terms of weight, node, or source. Fourth, hedge the channels separately, using a 
structural hedge for the quantity part and a financial hedge for the price part, since 
a single correlation-based hedge leads to mis-sizing in both cases. Fifth, read the 
commitments and guarantees notes before concluding that holdings within a sector 
are diversified, as the disclosed positions that determine how a dislocation is borne 
or monetized are not captured by any market-based risk measure.

Adopting these outputs requires no new systems. The severity map supplies 
scenario weights to the stress-testing framework the desk already runs. The channel 
diagnosis assigns each exposure to the correct risk budget, whether that budget sits 
in the physical book or in the market overlay. The firm map points out cases in which 
a sector sleeve that is meant for diversification ends up concentrating exposure in 
one particular node. An allocation committee can keep its sector-level view and still 
reallocate among the firms that carry that exposure through different structures. Each 
of these steps depends on the scenario and on the defined data perimeter.

Decision Sequence

A portfolio implementation follows six steps, and Exhibit 11 summarizes the 
pipeline they execute in five stages: Steps 1 and 2 together define and resolve the 
scenario in Stage 1, and Steps 3 to 6 correspond one-to-one to Stages 2 to 5.

	 1.	 Fix the entries for the scenario, the signs, the weights, the horizon, and the 
economic direction.

	 2.	 Allocate the entries to the available ICIO nodes. Stop if any sectors are not 
mapped.

	 3.	 Run the correct quantity operator. Where needed, also run the unit-cost 
price dual.

	 4.	 Map node responses to the firm’s production, revenue, asset, and contingent 
footprints.



The Journal of Portfolio Management  |  119Emerging Risks 2026

	 5.	 Combine the exposures at both the position and portfolio levels. Retain the 
contributions from each node.

	 6.	 Select structural and financial hedge candidates. Then size them using the 
sensitivities specific to each instrument and the liquidity constraints.

The portfolio report must contain the direct vector, the cascade vector, the oper-
ator, the firm weights, the contribution from each node, the total exposure, and any 
unresolved remainder. A single-number score can be of use for ranking only once the 
audit trail has been established.

Reading the Output

Three types of output are required. The severity map shows where the scenario 
reaches the portfolio. The channel diagnosis tells whether the exposure is a physical 
quantity, a unit cost, or contingent monetization. The hedge sheet lists the instrument 
or operating action and records the parameter used to size it. A company can show 
up in more than one channel with opposing signs. Combining all the channels into 
one absolute-loss score destroys that information.

For P14, a diversified oil-major portfolio should not be hedged only with oil-price 
options. The options cover benchmark and margin exposure, but they do not replace 
shut-in production, constrained logistics, or counterparty performance. Structural 
hedges include production outside the Gulf, alternative refining feedstock, storage 
and transport capacity, and the balance-sheet capacity to carry working capital. The 
right mix depends on whether the portfolio is net long upstream barrels, net short 
refinery feedstock, or long optimization capacity.

The map also nominates structural hedge candidates. A country–industry that 
gains under the scenario, such as a substitute supplier picking up rerouted demand 
in Exhibit 8, marks a position whose physical output rises when the stressed hold-
ing’s output falls. Choosing a structural response depends on the specific scenario 
and looks ahead. A correlation-based hedge, on the other hand, is calibrated to past 
episodes that may not share the scenario’s mechanism.

EXHIBIT 11
The Chokepoint Stress-Testing Pipeline

NOTES: Each stage records its assumptions and unresolved remainder, so any aggregate can be challenged at the stage that 
produced it. The six-step decision sequence in the text executes stages 1 through 5; the rerouting stress test in Exhibit 8 supplies 
the adaptation bound in stage 5.

SOURCE: Author construction.

Pipeline Stage

1. Specify the scenario

2. Propagate through
the network

3. Map to ÿrms

4. Aggregate to the portfolio

5. Design hedges and test
adaptation

Principal Inputs

Policy precedent; targeted country–industries;
shock direction and severity

OECD ICIO 2021 matrix; operator matched
to the shock’s direction

Production, revenue, and asset footprints;
contingent positions from ÿlings and the Global
Legal Entity Identiÿer Foundation (GLEIF) registry

Position weights

Instrument sensitivities; liquidity and mandate;
rerouting stress test

Signed, weighted shock vector (library of
30 standardized scenarios)

Country–industry quantity and price responses

Firm-level channel exposures, with the unresolved
remainder retained

Position and portfolio exposure by channel,
with country–industry contributions preserved

Structural and ÿnancial hedge sheet with severity
and adaptation bounds

Output
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Reading for Risk Oversight and Policy

The outputs produced by the pipeline are useful to stakeholders other than those 
on the portfolio desk. A chief risk officer receives an audit trail that also functions as 
model documentation. The board is given a contract-review agenda, and a supervisor 
acquires a concentration measure that cannot be seen in any individual filing. All of 
these readings rest on attributes that are already part of the pipeline rather than on 
additional analysis.

The assumptions recorded at each stage and the unresolved remainders within 
the pipeline form the documentation for a chief risk officer, and the review process 
amounts to rederiving the results. The portfolio report contains the direct vector, 
the cascade vector, the operator, the firm weights, the node-level contributions, the 
total exposure, and the unresolved remainder. The accompanying workbook holds the 
node-level response vectors for these items. A reviewer can, therefore, reconstruct 
any reported aggregate from its underlying inputs. The challenge points are spe-
cific: The scenario entries, the operator selection, and the firm weights can each 
be contested on their own, rather than considering the whole process as a single, 
indivisible model.

The same characteristics apply when incorporating chokepoint scenarios into 
an enterprise’s stress-test inventory. Every item in the scenario library is associated 
with a documented policy precedent. It carries a standardized specification: the 
targeted country–industries, the signs and weights, the declared direction, and a 
comparison magnitude of 6%. Institutions choose the entries whose precedents 
and targeted country–industries match their mapped footprints and then substitute 
the standardized magnitude with an approved level of event severity. The resulting 
shared-chokepoint exposure becomes a measure of concentration that is not picked 
up by issuer and sector limits. Since the aggregation stage keeps the contributions 
at the node level, the total exposure of the portfolio to any one node can be directly 
ascertained, and the rerouting stress test bounds how much of that concentration 
substitution could relieve.

The contingent register sets out the commitments and guarantees that deserve 
board review before further obligations are taken on in geographies that depend on 
chokepoints, and the register rules define how these reviews stay current. A new obli-
gation enters the register only when a disclosure names the entity and a filed amount 
attaches to that name. The annual filings define the baseline for measurement, and 
the current reports keep the information up to date without making retroactive adjust-
ments. A statement of no material change keeps the previous position rather than 
resetting the value to zero.

For regulators, the fragmentation result is the basis of the systemic reading. 
When many institutions have structural exposure to the same chokepoint, a local 
disruption can cause that exposure to be repriced simultaneously across all the 
institutions concerned. The information available at the firm level does not show the 
concentration. Although this article does not suggest a disclosure standard, it shows 
that the exposure map can be assembled entirely from public filings. Supervisors 
can, therefore, calculate the shared exposures across institutions with the methods 
described in this article.

DISCUSSION AND LIMITATIONS

This model fixes the production network and lets the firms within it adjust. The 
rerouting stress test relaxes only one margin, and its feasible sets, capacity multiples, 
and allocative behavior are assumptions about how firms respond, not estimated 
values. Appendix F extends these limitations and reports the associated sensitivities. 
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It should be read as a bounded sensitivity. The type of shock also matters for the 
horizon. A tariff is an elastic deformation: When the tariffs are lifted, cost structures 
revert. An export control that severs supply relationships is a plastic deformation: Once 
severed, these linkages are generally not restored, and firms that have adjusted their 
operations do not switch back (Crosignani et al. 2024). The distinction also separates 
this framework from correlation-based stress testing. A DCC-GARCH model updates 
only after a price movement and then mean reverts toward its long-run correlations 
(Engle 2002). That behavior suits elastic episodes and misses plastic ones, where 
the correlation regime that generated the history no longer exists. Fixed coefficients 
are, therefore, most trustworthy inside a quarterly decision horizon, before plastic 
adjustment accumulates. Longer-horizon adaptation requires updated input–output 
tables, a computable general equilibrium model, or a paired post-realignment scenario 
(Hallegatte 2008; Baqaee and Farhi 2019; Burfisher 2021).

Aggregation is a second boundary. The ICIO oil and gas extraction activity (code 
B06) and refining activity (C19) cannot identify specific fields, grades, products, or 
contracts. A rerun on GLORIA, the Global Resource Input–Output Assessment data-
base, opens several Gulf states as separate nodes, but it also changes the database, 
the vintage, the construction, and the level of aggregation. It is a cross-database 
sensitivity. It can neither replicate the result nor prove that the rest-of-world fold is 
harmless. The comparison is shown in Exhibit H6.

Firm mapping is the largest practical uncertainty. Customer geography is not 
production exposure, production exposure is not supplier dependence, and segment 
assets exclude contracts and trading positions. Quantities enter the node map only 
when the disclosure links a named entity to an amount. Missing attributions remain 
unresolved rather than being set equal to zero.

The firm outcomes are also ex post accounting measures with different defini-
tions. They establish directional heterogeneity. A cross-sectional regression would 
require comparable outcome definitions. Formal validation would involve preregistering 
the scenario, freezing the firm map before the event, defining a comparable outcome, 
and assessing predictive power for rankings across multiple events.

Amplification ratios require the direct denominator beside them, and market 
correlations require a causal boundary. Next steps include a prospective multi-event 
test of whether a frozen structural exposure ranking predicts abnormal dispersion 
beyond sector, oil-price, and balance-sheet controls (di Giovanni and Hale 2022).

CONCLUSION

Geoeconomic risk becomes a portfolio issue when a single policy action affects 
firms through various physical, price, and contractual channels. The decision unit 
is, therefore, the named firm’s mapped country–industry footprint, and not just the 
industry label.

The evidence points to a conditional claim. There is no universal network multi-
plier. In the 30 standardized scenarios, typical propagation is multiple times that of 
direct exposure, but the extent and the location depend on the scenario, the direc-
tion of propagation, and the size of the direct footprint. In P14, the demand-pull and 
supply-push operators place refinery stress in materially different locations.

Hormuz illustrates the importance of that distinction. An effective near-closure 
can exist alongside partial transit, bypass routes, and firm outcomes that do not sort 
by any common market or balance-sheet measure. Although information is provided 
by physical footprints and disclosures linked to amounts, this still does not turn 
the model into an earnings forecast. The consequence extends beyond any individ-
ual portfolio. When many holders share exposure to the same chokepoint, a local 
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disruption can reprice a common structural exposure across many holders even if 
the individual firms are affected in different ways. The combination of concentrated 
dependence and dispersed holders means that geoeconomic fragmentation becomes 
both a financial stability issue and a portfolio concern.

The discipline consists of four steps, and the ExxonMobil–TotalEnergies 
example in Exhibit 10 serves as a practical illustration of how to apply these steps 
to an actual event. The first step is to identify the shock by specifying the affected 
country–industries, the nature of the shock (a cut in demand, a restriction on supply, 
or an increase in costs), and its severity. The second step spreads the shock through 
the production network using the operator that corresponds to the type of shock, 
moving upstream in the case of a demand shock and moving downstream for sup-
ply or cost shocks. The third step links the affected country–industries to named 
firms through the disclosed information on production, revenue, and contingent posi-
tions. Only amounts that a disclosure links to a named entity enter the map, and 
any amounts that cannot be attributed remain as an unresolved remainder rather 
than being set to zero. The fourth step hedges each channel with the appropriate 
instrument, using structural measures for lost volume, such as non-Gulf production, 
alternative feedstocks, and storage and transport capacity, and financial instruments 
for price, with sizes determined by instrument sensitivities and liquidity. Since firms 
within the same sector hold different positions in the network and carry different 
contingent books, a single shock leads to unequal outcomes for different firms. 
A committee handles the remaining uncertainty through the audit trail that runs from 
scenario to holding, allowing any aggregate to be questioned at the level of weight, 
node, or source, and turning a geopolitical headline into a portfolio decision that the 
committee can examine. The uncertainty stays visible at every step.

GUIDE TO THE APPENDIX

This Appendix carries the formal derivations, source-construction tables, com-
plete scenario summaries, rerouting sensitivities, market diagnostics, accounting- 
perimeter exhibits, and cross-database sensitivity referenced by the main article. 
Appendix exhibits are numbered by appendix letter, for example Exhibit B1. The native 
exhibit workbook remains the formula-level source of record.

APPENDIX A

TECHNICAL FRAMEWORK

Pressure, Propagation, and Payoff

Geoeconomic pressure is a policy or strategic action: a tariff, export control, transit 
restriction, sanction, investment screen, or forced rerouting. Stress is the change in 
an economic or financial state produced after that action reaches a specific exposure 
(Oet 2016). The distinction prevents a common category error. Calling an action a “quan-
tity shock” does not establish that every affected firm experiences a physical shortage. 
A quantity restriction can raise input prices, improve the revenues of unimpeded produc-
ers, reduce output at downstream refiners, or create trading gains for intermediaries. 
The action defines the scenario; the production network and the firm footprint define 
the incidence.

The Clayton et al. papers play distinct roles. Their coercion-and-fragmentation model 
explains why integration can create strategic dependence (2024). Their research agenda 
defines geoeconomics as the use of economic strength for geopolitical or economic 
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goals (2025b). Their formal framework locates geoeconomic power in coordinated threats 
across trade and financial relationships (2026). Their separate firm-level evidence on 
geoeconomic pressure documents heterogeneous responses to tariffs and export con-
trols (Clayton et al. 2025a). This article does not replace those strategic or empirical 
models. It supplies the portfolio measurement bridge from a specified pressure scenario 
to country–sector propagation, named-firm incidence, and hedge class.

The framework, therefore, separates three objects. The scenario specification identi-
fies the shocked country–sector nodes, signs, weights, family, and propagation direction. 
The network operator maps that vector to all country–sector nodes. The firm map assigns 
each node response to a named firm’s disclosed or reconstructed footprint. The separa-
tion makes assumptions observable. An analyst can challenge a scenario entry, an oper-
ator choice, or a firm weight without treating the whole exercise as an indivisible model.

Chokepoints arise where limited substitution meets network centrality (Farrell and 
Newman 2019). The firm-level counterpart is a position whose exposure is concentrated 
at a node that transmits widely or cannot be bypassed inside the decision horizon. 
The same node can matter through different channels to different firms. A Gulf crude 
producer is exposed to shut-in volume and higher benchmark prices. A refiner is exposed 
to feedstock cost and utilization. An integrated trader may monetize location and timing 
spreads. Aggregating the firms into one oil-and-gas sector erases the decision-relevant 
differences.

Quantity Operators and the Price Dual

Let Z denote the n × n matrix of intermediate transactions and x the vector of gross 
output. Define the technical-coefficient matrix A = Zx̂−1, where each column records inputs 
required per unit of buyer output. Define the allocation-coefficient matrix B = x̂−1Z, where 
each row records the distribution of a seller’s output across users. Zero-output cells are 
excluded or guarded before division. The quantity operators are standard input–output 
constructions (Miller and Blair 2009; Acemoglu et al. 2012). The contribution here is the 
direction-aware integration, not the operators.

Exhibit 2 in the main article summarizes the economic question, operator, and 
response direction. The derivations that follow record the matrix definitions, similarity 
identity, and scaling checks.

For a demand-pull shock, ΔxL = (I − A)−1Δf. For a supply-push restriction, this imple-
mentation uses ΔxG = (I − BT)−1Δs. For a primary-input-cost vector, Δp = (I − AT)−1Δc. The 
transposes follow the stored row/column conventions and are verified in code. The 
Ghosh inverse and the Leontief price dual are linked by an output-diagonal similarity 
transformation, and Dietzenbacher (1997) shows why the supply-driven formulation has a 
coherent price interpretation. Because the physical-quantity reading of the Ghosh inverse 
is debated, the article uses its output as an allocation-based downstream sensitivity: 
Given the observed allocation structure, it shows where a supply restriction lands among 
users, and the price dual carries the cost interpretation. That equivalence does not 
eliminate the need to state units, shock placement, and the economic question before 
interpreting an output vector. On the 2021 grid, the similarity identity holds numerically 
to a maximum relative deviation of 5 × 10−15.

The model is linear. Multiplying every element of a shock vector by k multiplies every 
response by k. Cascade-to-direct ratios are, therefore, invariant to the chosen 6% stan-
dardization: On this grid, the ratios are unchanged to a maximum deviation of 2 × 10−14 
across magnitudes from 2% to 30%. Standardization supports comparisons. It does not 
claim that 6% is the realized size of every event.

The motivating episode supplies an observed scale check. Benchmark oil prices rose 
approximately 57% during the 2026 Hormuz disruption (US Energy Information Admin-
istration 2026a). Applying a 57% vector to the same fixed network would multiply the 
reported level responses by 9.5 relative to the 6% baseline while leaving amplification 
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ratios unchanged. Because a benchmark-price move is not identical to an ICIO quantity 
restriction or primary-input-cost vector, 57% is a sensitivity anchor, not a literal P14 
calibration. The 6% value is retained as a moderate single-digit comparison standard, 
and a practitioner should replace it with an approved event severity.

Firm Footprints

For firm i, let wis be the share of the relevant firm exposure assigned to country–sector 
node s. The scenario exposure is

Ei(X) = Σswisϕs(X)

where φs(X) is the response at node s under scenario X and the selected operator. The 
economic meaning of wis must match the shock. Production or asset location is pre-
ferred for a physical input interruption. Customer revenue can be suitable for a demand 
contraction. A supply-chain-weighted map may be required for a fabless designer whose 
customer geography and production dependencies diverge. Contingent commitments, 
guarantees, offtake contracts, and trading capacity form a separate layer because they 
may not be visible in segment revenue or on-balance-sheet assets.

This mapping is the principal descent from a country–sector stress measure to a 
named firm. It is also the principal source of model risk. The method, therefore, preserves 
the mapping basis, source date, aggregation choice, and unresolved residual instead of 
presenting a single opaque exposure score.

The contingent bridge applies two independent evidence gates. The entity gate 
records a name, country, and ownership interest from a Form 10-K Exhibit 21 subsidiary 
schedule, a subsidiary or joint-venture note, or business description. The amount gate 
asks whether a guarantee or contractual-obligation note attaches a filed amount to that 
name. Only a row that passes both gates can enter an amount-weighted node calculation. 
Ownership is retained as identity and mapping evidence. It is never substituted for an 
exposure amount. The verified name is then resolved in the Global Legal Entity Identifier 
Foundation database, which supplies the Legal Entity Identifier, legal country, registra-
tion status, and any disclosed accounting-consolidation parent. Third, legal country and 
business activity are mapped to an ICIO node, with an explicit rest-of-world fallback when 
the country is absent from the 81-economy grid. Fourth, the amount is joined to the 
labeled node response, and the unresolved remainder is retained. GLEIF can enrich an 
identified name. It cannot discover an unnamed joint venture or allocate an issuer-level 
pool. A named asset elsewhere in a filing, therefore, passes the entity gate but remains 
ineligible for amount weighting unless the obligation note links that asset to an amount 
(Global Legal Entity Identifier Foundation 2026).

From Exposure to Hedge Class

Quantity exposure is best addressed by structural actions: supplier diversification, 
inventory, alternate logistics, production capacity, or a position whose physical sensitivity 
offsets the stressed holding. Price exposure is best addressed by financial instruments: 
futures, options, spreads, foreign exchange, or contractual pass-through. The distinction 
is imperfect, since financial claims can reference quantity-sensitive assets and structural 
changes alter price sensitivity, but it prevents one historical hedge coefficient from being 
asked to offset two different mechanisms.

Let ΔVQ and ΔVP denote the portfolio’s quantity and price components. If sh is 
the per-unit scenario sensitivity of a chosen structural hedge and δput is the delta 
of the selected put, illustrative hedge notionals are NS = |ΔVQ |/sh and NF = |ΔVP| /δput.  
These formulas are sizing identities. They produce an actionable notional only after 
the firm map, candidate instrument, horizon, liquidity, and option parameters have 
been fixed.
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APPENDIX B

DATA, FILINGS, AND REPRODUCIBILITY

OECD ICIO Network

The structural input is the 2021 reference-year table from the OECD 2025 edition of 
the regular Inter-Country Input–Output (ICIO) database. OECD describes the ICIO system 
as a globally consistent mapping of production, consumption, investment, and trade flows 
by economy and activity (OECD 2025). The regular production grid contains 81 economies, 
including a rest-of-world economy, and 50 ISIC Revision 4 industries (United Nations Statis-
tics Division 2008): 4,050 country–sector cells. The reported calculations retain that full grid.

The production calculation resolves each scenario entry to an available node label, 
normalizes the configured entry weights, and computes the direct and inverse responses. 
Output weights are applied when aggregate direct and cascade stress are compared. 
The analysis stores the full node labels and response vectors, so that every reported 
aggregate can be traced back to its country–sector contributions.

Annual input–output coefficients can be refreshed with monthly trade indicators 
through temporal disaggregation and biproportional updating (Chow and Lin 1971). The 
results reported here use the 2021 structural matrix. A monthly refresh changes coeffi-
cients and levels only when it is actually executed, and annual results are not relabeled 
as monthly estimates.

Scenario Library

The library contains 30 standardized scenarios, Q01–Q15 and P01–P15. Each sce-
nario records a name, family, shock direction, targeted country–sector entries, entry 
weights, and a 6% magnitude. Entry weights allocate the scenario vector. They are not 
estimates of the eventual price/quantity mix. A configured family is a narrative classifi-
cation, not an arithmetic channel share. Standardized scenario construction follows the 
market-driven scenario tradition (Golub et al. 2018).

All 30 scenarios resolve and solve under both quantity operators on the full 4,050-
node grid, including P01, P05, and P11, which use the J62_63 activity code.

Direct stress is the output-weighted absolute size of the normalized entry vector. 
Cascade stress applies the corresponding inverse and uses the same weights. The 
amplification ratio is cascade divided by direct. This definition makes very small direct 
footprints capable of producing very large ratios, so absolute cascade magnitude must 
accompany any ratio-based ranking.

P14 Hormuz Specification

P14 is a dual price-family scenario targeting Saudi and rest-of-world oil and gas 
extraction and water transport. The quantity restriction is negative. The price-dual calcu-
lation applies the absolute restriction as a unit-cost increase. P14 is reported under the 
Leontief and Ghosh quantity operators and the price dual. The vectors answer different 
questions and are not added mechanically. The P14 specification and firm-mapping files 
used here are dated July 18, 2026, after the February 2026 disruption, and no frozen 
pre-event specification or decision rule exists. The exercise is, therefore, a retrospective 
channel reconciliation and carries no prospective-validation claim.

The firm bridge uses an issuer-anchored ExxonMobil map. ExxonMobil’s estimate that 
a full-quarter closure would remove approximately 750,000 barrels of oil equivalent per 
day, against 4.736 million of total 2025 production, gives a 15.8% closure-at-risk share, 
allocated 10.58% to the rest-of-world Gulf node and 5.25% to the United Arab Emirates 
node in proportion to disclosed volumes, with 84.16% on the US crude proxy. The anchoring 
estimate is a post-event disclosure, so the map is retrospective. The disclosed Qatar–UAE 
footprint of 19.9% serves as the sensitivity case: It moves the modeled quantity response 
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from −0.188% to −0.228% and the price response from 0.171% to 0.210%. Refining nodes 
are reported separately. The calculation demonstrates the mapping arithmetic. It does 
not forecast consolidated earnings.

The restricted-block diagnostic multiplies 2021 ICIO crude-to-refining flows by 
assumed strait-dependence shares of 0.60 for Saudi Arabia, 0.70 for the United Arab 
Emirates, and 1.00 for the rest-of-world Gulf node. It does not use the 20.9-million- 
barrel throughput statistic. The resulting full-year proxies are 18.0%, 32.2%, and 25.9% 
of entry-node gross output.

Multiplication by 93/365 yields 4.6%, 8.2%, and 6.6%. The duration is an illustrative 
one-quarter horizon. Observed transit never fell to zero. The International Energy Agency 
reports 2.7 million barrels per day of direct transit in March–May. Using that mean as a 
proxy for April–May and June trackers of 4.2–4.7 gives (61 × 2.7 + 30 × June)/91, or a 
provisional second-quarter bracket of 3.2–3.4 million barrels per day. The June trackers 
are principally crude-focused and are imperfectly matched to the IEA all-oil series. The 
bracket is an author reconstruction and plays no calibration role in the ICIO arithmetic 
(International Energy Agency 2026; Bousso 2026; investingLive 2026).

Supporting Inventory for Main Article Exhibit 4

Marker positions are approximate. The inventory records issuer-disclosed assets 
and bypass infrastructure, and the claim register retains the filing, presentation, source 
date, and verification status for each item. Transit context follows International Energy 
Agency (2026) and Bousso (2026).

	 1.	 Ras Laffan, Qatar: Pearl gas-to-liquids (GTL); QatarEnergy liquefied natural gas 
(LNG) interests and guarantees disclosed by Shell, ExxonMobil, TotalEnergies, 
and ConocoPhillips.

	 2.	 Jubail, Saudi Arabia: SATORP, the Saudi Aramco–TotalEnergies joint-venture 
refinery, and its Amiral expansion, including TotalEnergies’ 37.5% interest and 
$2.584 billion guarantee.

	 3.	 Yanbu, Saudi Arabia: SAMREF and YANPET, reached through the East-West 
pipeline without Hormuz transit.

	 4.	 Abu Dhabi, United Arab Emirates: Disclosed BP and TotalEnergies liquids 
production; bypass access through Fujairah.

	 5.	 Basra and Rumaila, Iraq: Disclosed BP and TotalEnergies production interests.
	 6.	 Strait of Hormuz: Roughly 20 million barrels per day before the conflict; an 

effective near-closure after February 28, 2026, with partial transit continuing  
(US Energy Information Administration 2026b; International Energy Agency 2026; 
Bousso 2026; investingLive 2026).

	 7.	 Oman: Disclosed BP and Shell assets whose export route does not require 
strait transit.

Firm-Level Stress, Contingent Positions, and Outcome Data

The firm-level panel contains 42 quarter-ends from 2016 Q1 through 2026 Q2 for 
ExxonMobil, Chevron, ConocoPhillips, Shell, BP, and TotalEnergies. Balance-sheet inputs 
come from the Securities and Exchange Commission (SEC) Electronic Data Gathering, 
Analysis, and Retrieval (EDGAR) interface for eXtensible Business Reporting Language 
(XBRL) company facts (US Securities and Exchange Commission 2026a). For the filers 
reporting under US generally accepted accounting principles (GAAP), the panel reads 
total assets, total liabilities, common equity, current debt, and long-term debt from 
Forms 10-K and 10-Q. For the filers reporting under International Financial Reporting 
Standards (IFRS), it uses the corresponding IFRS concepts from Forms 20-F and 6-K. 
The latest filing value available at each quarter-end is carried forward, and a filing- 
lag field records the age of the observation in days. The 2026 Q1 IFRS balance-sheet 
observations are 90 days old because those issuers report annually or semiannually.
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Distance to default is reconstructed from four public inputs. Quarter-end equity value 
equals closing price times ordinary shares outstanding, after applying the Shell and BP 
depositary-share ratios. Equity volatility is the annualized standard deviation of adjusted 
daily log returns over the trailing 252 trading days. The distress barrier equals current debt 
plus one-half of long-term debt, and the risk-free rate is the one-year constant-maturity 
US Treasury yield. The Merton contingent-claims equations are solved for implied asset 
value and asset volatility at a one-year horizon, and distance to default is reported in 
standard deviations and as a within-firm empirical percentile (Merton 1974; Gapen et al. 
2004). Equity prices are adjusted daily series from the Yahoo Finance chart interface, 
Treasury rates are from the US Department of the Treasury, and share counts and debt 
inputs are taken from the same point-in-time issuer filings.

The contingent-position register uses a two-clock, accounting-aware filing architecture. 
Annual 10-K and 20-F reports provide the common FY2024 measurement baseline for the 
six-firm comparison, and current reports update the information set without backcasting 
later facts. The foreign-issuer perimeter is not limited to EDGAR. The executed pipeline 
downloads and checksum-caches official BP, Shell, and TotalEnergies annual and interim 
IFRS reports, extracts page-level candidates, and retains local publication time stamp, 
time zone, report page, note label, and official URL. A nearby 20-F or 6-K is linked as a US 
audit mirror but cannot replace the home-market source. For US GAAP issuers, the search 
perimeter separates Accounting Standards Codification (ASC) 450, 460, 410, 420, 440, 
326, and 842 (Financial Accounting Standards Board 2026). For IFRS issuers, it separates 
International Accounting Standard (IAS) 37 provisions and disclosed contingent liabilities, 
IFRS 9 guarantee carrying amounts and credit-loss allowances, IFRS 12 joint-venture com-
mitments, purchase and contractual commitments, and IAS 34 or IAS 10 event updates 
(IFRS Foundation 2021, 2022, 2023a, 2023b, 2024). Accrued amounts, recognized car-
rying amounts, possible-loss ranges, contractual maxima, allowances, and unrecognized 
commitments remain distinct fields. A “no material change” statement continues the prior 
position rather than creating a zero. Silence is missing information. A candidate becomes 
a node weight only after issuer review confirms an explicit amount-to-project or amount-to-
entity link. Exhibit B1 lists the public data sources and the construction applied to each.

The retrospective market-channel validation uses the same adjusted daily equity 
prices for the six firms, identified by ticker: XOM (ExxonMobil), CVX (Chevron), COP 
(ConocoPhillips), SHEL (Shell), BP, and TTE (TotalEnergies). Log returns are converted 
into 60-trading-day rolling pairwise correlations. The within-US series averages the 
three US pairs, the within-European series averages the three European pairs, and 
the cross-bloc series averages the nine US–European pairs. The plotted within-bloc 
measure averages the two within-bloc series. The gap equals within-bloc average minus 
cross-bloc average. To identify elevated co-movement consistently, the exhibit defines 
a common-correlation index as the mean of the within-bloc and cross-bloc series. A high 
common-correlation regime is a run of at least four weekly observations in which the 
centered eight-week mean of that index is in the full-sample upper quartile (cutoff 0.806). 
Blue bands are selected mechanically by this rule. Divergence uses a dual trigger because 
a large gap and a low cross-bloc correlation are complementary manifestations. A quali-
fying week has either a centered three-week gap at or above its full-sample 85th percen-
tile (cutoff 0.158), or a centered three-week cross-bloc correlation at or below its 15th 
percentile (cutoff 0.563) while the centered gap is at or above its median (0.097). The 
median-gap floor prevents a marketwide low-correlation interval from being misclassi-
fied as bloc divergence. An episode requires at least four consecutive qualifying weekly 
observations. For gap-tail episodes, the dotted line is placed at the raw weekly gap max-
imum, and for an episode selected only by the cross-trough condition, it is placed at the 
raw weekly cross-bloc minimum. Separate gray bands retain the Red Sea and Hormuz 
disruption windows. The design tests whether correlation structure is state-dependent. 
It does not test whether the P14 shock map or the named events caused the observed 
correlation pattern, and no counterfactual, event-study estimator, or formal forecasting 
test is imposed.
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Numerical and Reproducibility Checks

All headline statistics were recomputed from stored node, portfolio, market, filing, 
contingent-position, and Global Legal Entity Identifier Foundation inputs. The SEC event 
ledger contains 482 relevant filings from January 1, 2024, through August 1, 2026, 
and 396 precede the event under the strict date rule. Exhibits H2–H4 report the separate 
accounting-pipeline coverage, candidate, and amount-role counts. Those counts measure 
review workload, not exposure, and alternative and component amounts are never added. 
All timing, deduplication, coverage, and amount-role controls pass.

APPENDIX C

COMPLETE SCENARIO RESULTS

Amplification Depends on the Operator and Scenario

Across all 30 scenarios, median amplification is 4.07 under Leontief and 5.13 under 
Ghosh. The corresponding ranges are 2.17–62.12 and 2.15–427.94, and the median 
Ghosh-to-Leontief ratio is 1.45. Exhibit C1 reports the conditional medians and ranges. 
The results reject a universal multiplier.

Observed trade diversion motivates a quantity rerouting stress test, but it does not 
establish a general price-dominance result. After China imposed export licensing on 
gallium and germanium in July 2023, Chinese germanium exports to Belgium rose approx-
imately 224% while direct shipments to the United States fell (Stimson Center 2025). 
The sanctions literature documents related intermediated-trade patterns (Chupilkin 
et al. 2025, 2026), while substitution remains especially limited for technology-intensive 
controlled products (Crosignani et al. 2024). The P14 rerouting stress test, therefore, 

EXHIBIT B1
Public Data Sources and Construction

NOTE: ADS means American depositary share; DB means distress barrier; DD means distance to default; IFRS means International 
Financial Reporting Standards; US GAAP means US generally accepted accounting principles. 

SOURCES: OECD ICIO, SEC EDGAR company facts and issuer filings, adjusted daily equity prices, US Treasury rates, and author 
calculations.

Dataset

Balance sheet
and debt

Equity value
and volatility

Risk-free rate and
distance to default

Contingent
commitments

Realized 2026Q1
outcomes

Public Source and Construction

SEC EDGAR company facts; 10-K/
10-Q or 20-F/6-K XBRL concepts

Archived Yahoo Finance adjusted
daily prices; ÿling-derived shares and
ADS ratios; trailing 252-day volatility

One-year US Treasury constant-
maturity yield; Merton solve with
DB = short-term debt +
0.5 long-term debt

SEC annual ÿlings for US issuers;
ofÿcial annual and interim IFRS reports
plus SEC audit mirrors for foreign
issuers; amount-role text extraction
with retained source snippets

Company 10-Q/6-K ÿlings and
ofÿcial results releases

Frequency/Timing

Quarterly for US ÿlers; annual/
semiannual IFRS values carried
forward with a ÿling-age ÿeld in days

Daily inputs sampled at
quarter-end

Quarter-end

Annual, applied point-in-time

Event-quarter accounting
outcomes

Filing frequency and taxonomy
differ by accounting regime

BP share count is dividend-implied
after 2020; European ÿrms trade
as ADSs

Model-dependent barrier and
lognormal-asset assumptions

Disclosure perimeter and taxonomy
differ by issuer; maxima, carrying
amounts, and unbounded positions
are nonadditive

GAAP, adjusted earnings, and
replacement-cost proÿt are not
directly comparable

Principal Limitation
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changes the quantity network only. It reports no rerouted price dual and makes no claim 
that price dominance survives rerouting.

APPENDIX D

DETAILED P14 OUTPUTS AND REROUTING

P14 amplifies 2.37 under Leontief and 7.05 under Ghosh. Exhibit D1 reports the 
selected node values, and Exhibit 7 in the main article plots the quantity and price chan-
nels. Gulf extraction nodes contract in quantity and rise in the price dual, while refinery 
responses depend materially on the quantity operator.

Rerouting and Substitution

The rerouting stress test reallocates severed Gulf purchases only to suppliers already 
observed in each buyer’s trade set. Capacity is parameterized as a multiple of baseline 
inflow rather than measured physical spare capacity, and the allocation parameter is not 
calibrated. Each reallocation rewires the quantity operators and injects its own demand 
shock, and any unabsorbed balance is stranded.

The main manuscript reports the country–industry incidence. In the tight-capacity run, 
the summed modeled gross-output response changes from about –$380 billion under 

EXHIBIT C1
Scenario Amplification by Family, Direction, and Operator

NOTES: Values are cascade-to-direct amplification ratios for all 30 scenarios on the corrected full 4,050-node grid. Parentheses 
contain the within-group minimum and maximum.

SOURCES: Author calculations from the OECD ICIO 2021 reference-year matrix; corrected run completed August 1, 2026.

Family

Price
Price
Price
Quantity
Quantity

Shock Direction

Demand
Dual
Supply
Dual
Supply

n

10
1
4
1

14

Leontief Median (range)

2.86 (2.17–62.12)
2.37

5.97 (3.01–8.64)
20.26

4.60 (2.54–44.96)

Ghosh Median (range)

3.67 (2.15–427.94)
7.05

11.62 (5.45–23.32)
37.73

4.46 (3.58–50.88)

Median Ghosh/Leontief

1.32
2.98
2.14
1.86
1.20

EXHIBIT D1
Selected P14 Quantity and Price Responses

NOTES: Negative quantity values indicate contraction; positive price-dual values indicate higher unit cost or output price under the 
specified cost shock. Quantity and price responses are percentages and are not additive.

SOURCE: Author calculations from the labeled P14 node responses.

Node

USA_B06 (crude extraction)
USA_C19 (reÿning)
SAU_B06 (crude extraction)
ARE_B06 (crude extraction)
ROW_B06 (crude extraction)
GBR_C19 (reÿning)
CHN_C19 (reÿning)
IND_C19 (reÿning)

Quantity: Leontief (%)

−0.016
−0.017
−1.323
−0.006
−1.584
−0.003
−0.021
−0.016

Quantity: Ghosh (%)

−0.028
−0.106
−1.314
−0.010
−1.545
−0.005
−0.412
−0.220

Price Dual (%)

+0.017
+0.060
+1.248
+0.010
+1.473
+0.058
+0.185
+0.456
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severing alone to about –$90 billion after rerouting. These are linear-model gross-output 
responses, not GDP, welfare, observed loss, or an empirical recovery estimate.

On the tested grid, stranded flow is 38.6% at a capacity multiple of 1.5 and 0% at 2.0, 
and the transition lies between 1.75 and 2.0. The tested grid supplies no calibrated 80% 
physical threshold. Allocation concentration varies with the uncalibrated behavioral param-
eter, so supplier shares cannot be transferred across regimes. Exhibit D2 traces the 
modeled P14 quantity response by cascade round under severing and rerouting.

APPENDIX E

MARKET AND BALANCE-SHEET DIAGNOSTICS

ExxonMobil and TotalEnergies provide the worked descent from country–industry 
nodes to named firms. TotalEnergies’ map is built from disclosed pre-event production 
volumes, while ExxonMobil’s headline map anchors to the issuer’s own closure-at-risk 
estimate (approximately 750,000 of 4.736 million barrels of oil equivalent per day, 15.8%, 
a post-event disclosure), with the 19.9% disclosed Qatar–UAE footprint carried as a 
sensitivity. The first-quarter outcome signs differ under noncomparable issuer definitions. 
TotalEnergies supplies an amount-linked Amiral/SATORP guarantee, and ExxonMobil 
identifies relevant Gulf entities without allocating its issuer-level obligation pool to 
them. BP remains the corrected contingent-intensity extreme at 18.615%. The six-step 
worked arithmetic appears in the main article’s Paired P14 Application. The market and 
balance-sheet diagnostics that follow here extend it.

EXHIBIT D2
P14 Quantity Propagation by Cascade Round

NOTES: Cumulative quantity responses by cascade round; US extraction is on the left axis, and Chinese and Indian refining are on the  
right. Dashed lines show severing alone. Rerouting uses observed supplier sets, parameterized capacity, and an uncalibrated 
allocation rule. The chart describes model sensitivity, not observed adaptation.

SOURCES: OECD ICIO 2021; author calculations. Data: Workbook sheet ChartData CascadeRounds.
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The paired result sharpens the oil-major puzzle. Broadly comparable modeled physical 
channels coexist with opposite reported outcomes because business architecture and 
accounting transform node stress after it reaches the firm. The example also shows 
what GLEIF can and cannot do. SATORP’s registry record makes the country assignment 
auditable after the fi ing supplies the name and amount. The registry cannot allocate 
ExxonMobil’s or BP’s unallocated issuer-level pools, even when the filings identify rele-
vant entities elsewhere. The node map, amount-linked contingent positions, unresolved 
remainder, and earnings bridge must remain visible together.

The Market and Balance-Sheet Boundary

The firm-stress panel supplies a disciplined negative result. Pairwise distance-to- 
default correlations over 2024–2026 range from 0.88 to 0.99, with a median of 0.94. 
This high co-movement is consistent with shared oil price, interest rate, and equity 
volatility inputs, but the correlations do not identify the source or relative importance 
of those inputs. In 2026 Q1, within-firm distance-to-default percentiles span approxi-
mately 0.54–0.64, and none is extreme relative to its own history. The systemic-risk-style 
sensitivity is zero in all firm-quarters, so that bank-capital-shortfall metric does not sep-
arate these six firm-quarters under the stated specification.

To ask whether contemporaneous market responses reproduce the reported sign 
split, Ward hierarchical clustering partitions the six standardized observations into a 
Chevron–ConocoPhillips cluster and an ExxonMobil–Shell–BP–TotalEnergies clus-
ter (Exhibit E1). Labeling the first cluster “down” and the second “up” matches five 
of six reported signs, with ExxonMobil the exception. With six observations and k = 2 
selected for comparison, this is descriptive and does not establish classification or fore-
casting performance. All six equity returns were positive, so equity-return sign alone did 
not sort the accounting-outcome signs.

The filing-derived contingent layer separates the cross section more sharply, and its 
information is different in kind. Under the matched-vintage FY2024 convention, contingent 
intensities are 18.615% for BP, 7.7% for TotalEnergies, 5.2% for ConocoPhillips, 5.1% 
for Shell, 2.1% for ExxonMobil, and 0.3% for Chevron. The two leaders are firms whose 
reported first-quarter results emphasized integrated, trading, or optimization gains, and 
their lead is stable across every specification tried. The middle of the ranking is not. 
ConocoPhillips ranks above Shell in the base case, moves further above it at 5.46% under 
the mutually exclusive breach ceiling, and falls below it at 4.93% when its residual-value 

EXHIBIT E1
Hormuz-Quarter Market Responses, Unsupervised Clusters, and Reported Outcomes

NOTES: Response variables are measured from 2025 Q4 to 2026 Q1: the change in contingent-claims distance to default in standard 
deviations, the quarter’s equity return, and the change in trailing 252-day equity volatility. Clusters are Ward hierarchical clusters  
with k = 2 computed on standardized response variables. Read the last two columns together: The clusters match five of six  
reported signs, with ExxonMobil as the exception. With k = 2 and six firms, the partition is descriptive, not a classification, causal,  
or forecasting test. Outcome percentages follow issuer definitions and comparison periods.

SOURCES: First-quarter 2026 results (BP 2026b; Chevron 2026b; ConocoPhillips 2026b; ExxonMobil 2026b; Shell 2026d; 
TotalEnergies 2026c), adjusted daily equity prices (Yahoo Finance 2026), and author calculations.

Firm

ExxonMobil
Chevron
ConocoPhillips
Shell
BP
TotalEnergies

Change in DD (s.d.)

−0.24
−0.12
−0.05
−0.40
−0.22
−0.36

Equity Return (%)

+38.6
+34.3
+39.0
+26.6
+35.3
+39.1

Change in Equity Vol.

+0.014
+0.008
+0.006
+0.022
+0.020
+0.020

Cluster

2
1
1
2
2
2

Reported 2026Q1 Outcome

Down (−45%)
Down (−37%)
Down (−21%)
Up (+24%)
Up (+113% quarter-over-quarter)
Up (+29%)
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guarantees are excluded. ConocoPhillips’ earnings fell 21%, so the ranking does not 
separate the gain group from the decline group.

This result is descriptive, not causal, and its sensitivity to horizon, filing vintage, 
denominator date, disclosure perimeter, inclusion of non-geoeconomic guarantees, 
and alternative contractual ceilings is part of the result rather than a robustness failure 
to conceal. IFRS commitment tables can be broader than US GAAP disclosures, and the 
extracted items mix purchase obligations, guarantees, and facilities with different trigger 
probabilities. A contractual maximum is a stress ceiling, not an expected loss. A high 
contingent intensity does not predict a positive sign in every scenario: The same commit-
ments that monetize a short price dislocation can transmit loss in a counterparty failure, 
sustained closure, or demand collapse. The evidence supports contingent positions as 
a scenario-screening variable, not a universal “higher is safer” ranking.

Retrospective Channel Validation in Market Correlations

Exhibit E2 shows a persistent common sector factor and a time-varying geographic 
gap. During the specified Hormuz window from February 24 to July 16, 2026, average 
within-US correlation is 0.826, within-European correlation is 0.738, and cross-bloc cor-
relation is 0.629. The within-minus-cross gap is 0.153, compared with 0.111 in 2025.

Applying the stated high-regime rule identifies eight periods: the 2015 oil glut; the 
late 2018 sell-off and OPEC+ cut agreement; the 2020 COVID-19 shock and OPEC+ reset; 
the late 2020 vaccine and reopening phase; the 2021 global energy crunch; the 2022 
Ukraine-related energy crisis; the spring 2023 combination of banking stress and OPEC+ 
cuts; and the second-quarter 2025 tariff shock followed by the Israel–Iran escalation. 
Moving from the former 80th-percentile cutoff to the conventional upper quartile adds 
the early 2019 interval, whose centered common-correlation peak of 0.814 lies between 
the two cutoffs, without adding any other regime. These names summarize contempo-
raneous conditions documented by EIA and IEA; they are not causal assignments to the 
equity-correlation series (US Energy Information Administration 2016, 2019, 2021, 2022, 
2023a, 2023b, 2025; International Energy Agency 2021).

The dual-trigger rule identifies nine divergence episodes and places one numbered 
marker in each: the August 2015 oil-price collapse; the 2017 tension between OPEC 
cuts and resurgent US shale output; the 2017–2018 US tax-reform accounting gains at 
ExxonMobil and Chevron; the December 2019–January 2020 cross-bloc trough during 
deeper OPEC+ restraint and US–Iran risk repricing; the 2022 Ukraine shock and unequal 
Russia-exit exposure; the October 2023 US oil-major merger wave; the spring 2024 
Guyana arbitration and Pioneer closing; the early 2025 BP strategic reset; and the 2026 
Hormuz near-closure. The December 2019 episode qualifies for nine consecutive obser-
vations under the cross-trough condition although its centered gap never reaches the gap-
tail cutoff, so a gap-only screen would miss it (International Energy Agency 2020). Issuer 
fi ings and official releases make the remaining firm-specific interpretations plausible, but 
the numbered list remains a screening aid rather than an event-study result (US Energy 
Information Administration 2016, 2018, 2026a; BP 2022, 2025; Chevron 2018, 2023; 
ExxonMobil 2018, 2022, 2023, 2024; Hess 2024; Shell 2022; TotalEnergies 2022).

The exhibit supports two narrower propositions. First, a hedge calibrated to a long 
unconditional correlation can be mis-sized when cross-bloc co-movement changes. Sec-
ond, the same sign of sector return can coexist with materially different firm outcomes 
because the gap does not remove the dominant common factor. The recurring high 
regimes in 2015, early 2019, 2020–2023, and 2025 show that elevated co-movement 
is not unique to one geopolitical shock. The numbered divergence episodes add a com-
plementary point: Divergence may appear as an unusually wide within-minus-cross gap or 
as a sustained cross-bloc trough while within-bloc correlation remains materially higher. 
The December 2019–January 2020 episode illustrates the latter case and would be 
missed by a gap-only screen. Accounting changes, portfolio transactions, legal claims, 
and geographic exposure can also produce bloc separation even when the common oil 
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factor remains positive. Conversely, the Red Sea and Hormuz windows demonstrate why 
a named disruption need not coincide with a high common-correlation regime: The more 
relevant signal can be a widening within-minus-cross gap. This is why the evidence is 
presented as retrospective channel validation rather than a causal event estimate.

APPENDIX F

EXTENDED LIMITATIONS AND SENSITIVITIES

The fixed-coefficient model does not reroute trade or substitute inputs endogenously. 
That restriction is most transparent over a short horizon, when substitution may be limited, 
but the direction of bias is not fixed: Omitted substitution can overstate losses, while 
omitted bottlenecks, inventories, nonlinear capacity constraints, and price feedbacks can 
understate them. Over longer horizons, analysts should update the production structure 
or use a model with endogenous substitution and capacity adjustment (Hallegatte 2008; 
Baqaee and Farhi 2019; Burfi her 2021). A reroute must be specified explicitly as a paired 
scenario because the baseline matrix propagates the stated loss but cannot relocate it.

EXHIBIT E2
Within-Bloc and Cross-Bloc Return Correlations

NOTES: Weekly averages of 60-trading-day rolling pairwise correlations within and across blocs, plus the within-minus-cross gap. 
Regime bands and numbered events are descriptive screening devices, not causal assignments.

SOURCES: Adjusted daily equity prices through July 16, 2026; EIA, IEA, issuer, and SEC sources listed in this Appendix. 
Data: Workbook sheets Correlations and Correlation Events.
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The rerouting stress test relaxes one fixed-coefficient margin without estimating 
behavior or physical spare capacity. Its recovered share is a linear-model result conditional 
on the selected feasible sets, capacity multiple, and allocation parameter.

The ICIO activity aggregation is coarse relative to many chokepoints, and 
product-targeted policies are diluted when they are averaged across a 50-industry sector 
(Cox 2025). Electronics C26 contains products with radically different substitution possi-
bilities, while oil and gas extraction B06 does not distinguish fields, grades, or contractual 
destinations. Product-level trade and firm facility data can refine the entry and firm maps, 
but they should not be presented as if they were part of the published ICIO table.

A GLORIA rerun separates Qatar, Kuwait, Iraq, and Oman, but it also changes data-
base, vintage, construction, and aggregation. It is a cross-database sensitivity, not a clean 
fold-only robustness test or replication. Exhibit H6 reports the comparison (Industrial 
Ecology Virtual Laboratory 2023).

Firm mapping remains the largest practical uncertainty. Customer geography is not 
production exposure, and production exposure is not supplier dependence. Segment 
assets omit contractual and trading positions. Filing systems are also not accounting 
standards: EDGAR is the primary repository for US issuers, whereas IFRS specifies finan-
cial report content and home-market rules determine continuous disclosure for BP, Shell, 
and TotalEnergies. The pipeline, therefore, uses official issuer or regulated-information 
reports as the foreign-issuer source perimeter and treats Form 20-F or 6-K as a second 
audit path. Archive interfaces and time-stamp precision differ by market, so report check-
sums, local time stamps, time zones, pages, and accessions are retained separately. 
The 950 automated IFRS hits are review candidates, not exposure estimates. Absence is 
never coded as zero, recognized carrying amounts are not added to contractual maxima, 
and a named project receives no weight without an explicit amount link. These controls 
expose unresolved pools and disclosure uncertainty rather than forcing false precision.

Amplification ratios are sensitive to small direct denominators. The analysis reports 
levels, denominators, and operators together and uses medians for group summaries. 
Outliers such as P12 are economically informative because direct screens can miss 
narrow chokepoints, but they should not dominate claims about typical loss magnitude.

The 2026 firm outcomes are ex post accounting measures with different definitions. 
GAAP earnings, adjusted earnings, and underlying replacement-cost profit are not directly 
comparable. They are used to establish directional heterogeneity, not to estimate a 
cross-sectional regression. A formal validation would pre-register scenario maps, freeze 
firm weights before the event, define a comparable outcome, and test prospective ranking 
performance across multiple episodes.

Finally, the market-correlation exhibit is descriptive. Rolling windows overlap, event 
dates are not randomly assigned, and the series contain common oil-price and macro-
economic factors. The next empirical step is a matched event study or state space model 
that tests whether a structural exposure ranking predicts abnormal cross-firm dispersion 
beyond sector and oil-price controls. Translating node responses into firm-level equity 
returns through a spatial mapping of the kind developed by di Giovanni and Hale (2022) 
is likewise future work, and no estimated return-mapping coefficients are reported in this 
article. The portfolio examples instead use disclosed or explicitly reconstructed revenue 
and production-geography weights, with residual and proxy assignments retained.

APPENDIX G

SCENARIO RESULTS AND REPRODUCIBILITY

The complete per-scenario results, including direct footprints, both operator ratios, 
and solver status, are provided in the Scenario Results workbook sheet. Exhibit C1 
reports the conditional medians and ranges, and Exhibit 6 in the main article plots the 
scenario-level operator comparison.
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The numerical audit begins with the 2021 OECD ICIO matrix, the 30-scenario specifi-
cation, the labeled P14 node responses, the six-firm adjusted-price history, and the point-
in-time filing extractions described in the main article’s data and methodology section. The 
filing code preserves each accession and source date, resolves names through cached 
GLEIF records, and writes the annual entity ledger and higher-frequency SEC overlay. The 
accounting module writes the taxonomy, candidate queue, deduplication links, reviewed 
positions, continuation records, and cross-source event links. The home-market module 
writes the report manifest, fi ing ledger, candidate fi e, SEC mirror reconciliation, and 
summary. The native workbook exposes the executed report ledger, all 950 candidates, 
the 15 mirror links, and formula-driven checks. Every transformation preserves issuer, 
accounting regime, source note and page, date or time stamp, amount role, economic- 
position key, analyst status, and reason for inclusion or exclusion.

The analysis does not rebuild the OECD transaction matrix from a second raw down-
load. The 2026 earnings figures are checked against official company releases or SEC-
filed results. No result is presented as a causal event estimate, deterministic earnings 
forecast, endogenous substitution response, or final hedge recommendation.

APPENDIX H

ACCOUNTING AND HOME-MARKET DISCLOSURE PERIMETER

The unit of observation in the contingent-position layer is an economic position, not 
a filing mention. A single lawsuit may appear in both a financial statement note and legal 
proceedings, a home-market announcement may be furnished later on Form 6-K, and a 
quarterly filing may report only that no material change has occurred. The pipeline pre-
serves those source records but assigns one economic-position key and one canonical 
measurement. The review queue, therefore, supports discovery without turning repeated 
text into repeated exposure.

The amount architecture is deliberately nonadditive. A recognized provision or guaran-
tee carrying amount is already represented in total liabilities and, therefore, in distance 
to default. A disclosed contractual maximum describes stress capacity, not another 
balance-sheet liability. An expected-credit-loss allowance measures a different component 
again. Alternative ceilings on the same guarantee are carried as separate scenarios, 
never summed. Exhibit H1 records the role assigned to each quantity. In this article, 
C remains a narrow, reproducible proxy: purchase obligations due within one year plus 
disclosed guarantee maxima. Contingent intensity divides that proxy by total assets 
plus total liabilities, a measure of the balance sheet’s total footings that is less sensi-
tive to leverage differences across the six firms than equity would be. The numerator and 
the denominator are drawn from the same FY2024 filings. Legal, environmental, lease, 
credit-loss, and joint-venture positions remain tagged scenario layers unless the stated 
definition is expanded.

Within the filing and event-disclosure perimeter summarized in Exhibit H2, the exe-
cuted SEC scan covered all 60 selected submissions and returned 738 candidates across 
the required US generally accepted accounting principles and International Financial 
Reporting Standards topic classes. The independent official-report scan covered 15 
annual and interim reports from BP, Shell, and TotalEnergies, parsed 3,481 pages, 
and returned 950 page/topic candidates. Candidate counts measure review workload, 
not exposure. Deduplication and measurement occur at the economic-position level. 
The broad-position review retained  10 accounting positions, and the amount-role 
audit separately resolved 15 uniform FY2024 named positions across ConocoPhillips 
and TotalEnergies. Exhibit H3 shows principal examples, and Exhibit H4 reports the 
cross-regime named-position comparison. Complete report coverage, candidate queues, 
amount-role records, and source links remain in the native workbook.
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The official-report adapter downloads immutable Portable Document Format (PDF) 
copies, validates the PDF signature, stores a SHA-256 checksum, extracts page text, and 
applies conservative topic dictionaries. A parallel SEC note adapter parses complete filing 
text for US GAAP guarantees and purchase commitments. Both processes favor recall. Can-
didate observations remain ineligible for aggregation or node weighting until analyst review 
assigns an economic-position key, amount role, continuation history, and explicit entity 
or project link. The ConocoPhillips parser also distinguishes the ordinary Australia Pacific 
LNG (APLNG) delivery maximum from its mutually exclusive intentional-or-reckless-breach 
ceiling and preserves the QatarEnergy guarantee as unbounded rather than zero.

The cross-regime comparison is intentionally based on a uniform FY2024 pre-event 
vintage and economic positions rather than tagged numeric facts. Named attribution 

EXHIBIT H1
Nonadditive Accounting Measurement Roles

NOTES: The same contract can have more than one amount role. Contractual maximum, recognized carrying amount, and allowance 
are not summed.

SOURCES: Financial Accounting Standards Board (2026), Accounting Standards Codification; IFRS Foundation (2022), IFRS 9;  
IFRS Foundation (2021), IFRS 12; IFRS Foundation (2023b), IAS 37; author classification. ECL means expected credit loss;  
JV means joint venture.

Amount Role

Accrued provision

Guarantee carrying
amount

Reasonably possible
loss

Contractual maximum

ECL allowance

Unrecognized
commitment

Accounting Treatment

Recognized obligation

Recognized under ASC 460
or IFRS 9 when applicable

Disclosed range or upper
bound

Disclosed maximum
potential payment

Recognized credit-loss
allowance

Disclosed purchase, capital,
or JV commitment

In Total Liabilities?

Yes

Yes

No, unless
separately
accrued

Usually no

Yes

No

Scenario Use

Balance-sheet stress

Balance-sheet stress

Legal or environmental
scenario

Contingent-intensity or
tail scenario

Credit deterioration

Liquidity or operating
scenario

Control

Do not add to contractual maximum

Retain separately from maximum
payment

Never infer midpoint when estimate
is unavailable

Do not treat as expected loss

Keep apart from undrawn commitment

Use stated maturity bucket only

EXHIBIT H2
Issuer Filing and Event-Disclosure Perimeter

NOTES: IFRS governs report content but is not a continuous filing system. Home-market and SEC records are linked to one economic 
event; the earliest official announcement controls event timing, and the SEC accession remains the US audit mirror.

SOURCES: Financial Conduct Authority (2026), DTR 2.2; European Parliament and Council (2014), EU Market Abuse Regulation Article 
17; US Securities and Exchange Commission (2026b), Form 6-K; author pipeline. RNS means Regulatory News Service; FCA means 
Financial Conduct Authority; DTR means Disclosure Guidance and Transparency Rules; AMF means Autorité des marchés financiers.

Issuer

ExxonMobil, Chevron,
ConocoPhillips

BP

Shell

TotalEnergies

Accounting

US GAAP

IFRS

IFRS

IFRS

Immediate Of�cial Channel

SEC 8-K plus periodic reports

RNS/FCA-regulated disclosure

RNS/FCA-regulated disclosure

AMF-regulated or issuer release

SEC Role

Primary repository

20-F baseline;
6-K mirror

20-F baseline;
6-K mirror

20-F baseline;
6-K mirror

EDGAR ÿling or acceptance time;
preserve accession

Earliest ofÿcial home-market
time stamp

Earliest ofÿcial home-market
time stamp

Earliest ofÿcial French-market 
time stamp

Pipeline Timing Rule



The Journal of Portfolio Management  |  137Emerging Risks 2026

appears under both US GAAP and IFRS in this six-issuer review. That observation rejects a 
deterministic claim that either regime prohibits attribution, but it does not identify an 
accounting-regime effect: Issuer materiality, portfolio structure, and reporting choices 
remain confounded in a sample of six firms.

The FY2025 fi ings sharpen the same point in the fi ers’ own tagged data (BP 2026a; 
Chevron 2026a; ConocoPhillips 2026a; ExxonMobil 2026a; Shell 2026a; TotalEnergies 
2026a, 2026e). All six issuers dimension their guarantee and commitment disclosures, 
but four do so along axes that carry no geography: ExxonMobil by obligation type, Chevron 
by site, BP by asset class, and Shell by class of provision. Only ConocoPhillips and 

EXHIBIT H4
Cross-Regime Named-Position Attribution on a Uniform Pre-Event Basis

NOTES: FY2024 observations available before the February 24, 2026, event. Counts are analyst-reviewed economic positions, not 
filing mentions or tagged facts. A zero count means that no amount-linked named position was identified in the executed review; it 
does not mean zero contingent exposure. ConocoPhillips’ $610 million ordinary Australia Pacific LNG (APLNG) delivery ceiling and 
$1 billion intentional-or-reckless-breach ceiling are mutually exclusive; the table, therefore, reports $1.416 billion and $1.806 billion 
as alternative named-position totals, not an additive $2.416 billion. The QatarEnergy guarantee has no maximum limit and is excluded 
from the dollar sum but retained as an unbounded position. TotalEnergies’ named total is a component of, not an addition to, the 
$22,317 million issuer guarantee pool. Contractual maxima are stress ceilings, not expected losses.

SOURCES: FY2024 issuer filings; author extraction and reconciliation.

Issuer

ExxonMobil
Chevron
ConocoPhillips
BP
Shell
TotalEnergies

Named
Positions

0
0
5
0
0

10

Basis

US GAAP
US GAAP
US GAAP

IFRS
IFRS
IFRS

Quanti�ed

0
0
4
0
0

10

Ordinary
Maximum

($M)

n.a.
n.a.

1,416
n.a.
n.a.

20,587

Alternative
Maximum

($M)

n.a.
n.a.

1,806
n.a.
n.a.

20,587

Interpretation

No amount-linked named position identiÿed; not zero exposure
No amount-linked named position identiÿed; not zero exposure
One unbounded position; ordinary and breach maxima are alternatives
No amount-linked named position identiÿed; not zero exposure
No amount-linked named position identiÿed; not zero exposure
$1,730M of the $22,317M guarantee pool remains unallocated

EXHIBIT H3
Executed Position Examples

NOTES: Amounts are US dollars (USD), millions. The Amiral amount is a component of the TotalEnergies guarantee pool.  
Excluded means excluded from this article’s defined C proxy, not economically irrelevant.

SOURCES: Issuer filings and announcements (Shell 2025b; TotalEnergies 2025b, 2025d); author extraction and reconciliation.

Position

ExxonMobil
FY2024 pools

BP FY2024 pools

TotalEnergies pool
and Amiral

Shell Kazakhstan
disputed ÿne

TotalEnergies
climate fund

ConocoPhillips
FY2024 register

Amount and Role

$5,500M one-year purchases;
$7,883M guarantee maximum

$89,256M one-year purchases;
$1,240M guarantee maximum

$22,317M guarantee pool;
$2,584M Amiral component

$735M disclosed upper bound
for Shell share

$100M announced contractual
commitment

$7,500M one-year purchases;
$1,986M ordinary guarantee
maxima; $2,376M breach-
alternative case

Treatment in C

Both included at
issuer level

Both included at
issuer level

Pool included once;
component not readded

Excluded from narrow C

Excluded from narrow C

$9,486M base or
$9,876M alternative;
never summed

Node Treatment

No node weight:
no project amount

No node weight:
no project amount

Amiral eligible: explicit
project-amount link

Separate legal-event
layer

Pre-event, but no
operating-node weight

APLNG amount-linked to
AUS_B06; QatarEnergy
guarantee unbounded

Source/Timing

2024 Form 10-K ÿled
Feb. 19, 2025

2024 annual report/
Form 20-F, Mar. 6, 2025

2024 URD/Form 20-F,
Mar. 31, 2025

Ofÿcial supplement,
Nov. 11, 2025

Issuer release,
Nov. 14, 2025

2024 Form 10-K ÿled
Feb. 18, 2025
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TotalEnergies dimension positions by named counterparty, and they report under different 
accounting standards. BP provides a same-standard counterexample to any claim that 
International Financial Reporting Standards alone determines project attribution: It reports 
under those standards yet dimensions obligations by commodity category. In this six-is-
suer review, named attribution co-occurs with project-specific joint-venture financing, but 
the sample does not identify a binding determinant.

Home-market interim disclosure raises two questions that must remain separate: 
whether a filer publishes a separately identifiable interim contingency note and how 
much operating detail its event disclosure carries. Exhibit H5 answers both for one 
named periodic document per issuer. In these three documents, project-level guarantee 
detail and country-level outage detail appear together for one filer, but the comparison 
does not identify a reporting gradient. The documents cover different products, periods, 
and physical exposures, so the result is document-scoped and describes heterogeneous 
public observability rather than a firm trait or exposure ranking. BP’s outlook language 
also flags an interaction the decomposition holds apart: Price volatility can change the 
volumes a firm may lift under production-sharing agreements, so the price and quantity 
legs are not always independent.

A matched-venture contrast makes the continuation rule concrete. ConocoPhillips 
reports named APLNG guarantee maxima under US GAAP. Origin Energy, a co-venturer 
reporting under IFRS in Sydney, states in its half-year contingent-liabilities note 
(Origin Energy 2026) only that there has been no significant change since the prior year 
end, which continues the prior position and carries no amount. The pair holds the venture 
constant but not ownership share, materiality, or reporting history, so it is a disclosure 
contrast and does not isolate the accounting standard.

EXHIBIT H5
Home-Market Interim Documents: Contingency-Note Presence and Event-Disclosure Detail

NOTES: Fields are coded from the three named documents only, which are different products over different windows, so the compari-
son is document-scoped and identifies neither a firm-level reporting trait nor the true exposure ranking. Shell’s separate first-quarter 
investor presentation of May 7, 2026, read in an archived copy, does quantify the regional position: approximately 20% of production 
(about 550,000 barrels of oil equivalent per day) from the Middle East, about 10% Qatar-related, Pearl GTL at 140,000 barrels of oil 
equivalent per day with Train Two damaged, and a 30% interest in QatarEnergy LNG N(4).

SOURCES: Issuer documents named in the first column (TotalEnergies 2025c, 2026b; Shell 2026c; BP 2026b); BP Q1 2026 report 
page 5 (BP 2026b); Shell first-quarter 2026 results presentation, May 7, 2026 (Shell 2026b); author coding.

Issuer, Venue,
and Document

TotalEnergies. Paris.
Half-year ÿnancial
report (6-K exhibit),
2025 and 2026.

Shell. London.
Q2 and half-year 2026
unaudited results
announcement.

BP. London. Q1 2026
stock exchange
announcement
and results report.

Contingency Note

Yes; headed “other
risks and contingent
liabilities” in both
years

No; the condensed
note set contains none

No: notes 1–10
contain none

Effect Disclosed

Yes; production shut-in
and an export constraint

Yes; lower volumes named
within the earnings bridge

Yes, but netted: production
broadly ”at as Gulf of
America output offset
the disruption

Magnitude Given

About 15% of production
shut in at end-March;
210,000 barrels of oil
equivalent per day average
2026 Q2 effect; 5% to 10%
total, conditional on Strait
of Hormuz exports

Not in this document

2025 regional production
of 411,000 barrels of oil
equivalent per day
(BP share); gross disruption
effect not separated from
offsets

Geography
and Assets Named

Qatar, Iraq, offshore
United Arab Emirates;
SATORP reÿnery
restarted at half
capacity after early
April incidents

Qatar, as the impact
of the con”ict on
Qatari volumes,
in this document

Abu Dhabi 208,000,
Oman 124,000, and
Iraq 79,000 barrels
of oil equivalent per
day in a Middle East
implications table
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A joint venture also has two reporting sides. ExxonMobil’s subsidiary schedule 
names its Saudi ventures with stakes but no amounts, while Saudi Basic Industries 
Corporation (SABIC) and Saudi Aramco report their own sides of the same ventures with 
amounts under International Financial Reporting Standards on the Saudi exchange (SABIC 
2026; Saudi Arabian Oil Company 2026). Joining on the entity name links ExxonMobil’s 
venture identity to counterparty-side amounts and financing context. It does not quantify 
ExxonMobil’s exposure. For ventures inside the stressed region, the counterparty side 
reports SABIC-share carrying amounts of about $664.5 million for YANPET and about 
$1.363 billion for KEMYA; Aramco-share assets of SAR 927 million and liabilities of 
SAR 348 million for SAMREF; and Aramco-share assets of SAR 2.691 billion and liabilities 
of SAR 14.430 billion for SATORP/Amiral. SAR denotes Saudi riyals. The SATORP/Amiral 
records triangulate the venture across different disclosures: TotalEnergies reports a $2.584 
billion guarantee, Aramco reports its own share of venture assets, liabilities, and project 
debt, and TotalEnergies later reports the refinery’s operating status. These are related 
but nonequivalent quantities, and none independently confirms another filer’s exposure.  
The venture-by-venture links appear in the exhibit workbook’s Counterparty Join sheet.
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