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Highlights

What are the main findings?

• Pipeline and maritime disruptions generate the most consistent negative effects across
U.S. financial indices.

• In contrast, attacks on production infrastructure show limited or negligible market
reactions.

• Notably, despite initial negative responses, rapid information dissemination through
media and trading systems helps investors reassess risks and contain broader
financial spillovers.

What are the implications of the main findings?

• Policymakers and investors should exercise caution in decision making by distinguish-
ing between attack types, recognizing that transportation disruptions pose greater
risks than production-related incidents.

• Timely and verified information can serve as a tool for more measured decisions,
reducing the likelihood of overreaction and limiting unnecessary financial contagion.

Abstract

Despite extensive research on geopolitical risk and financial markets, limited evidence
exists on whether and how different types of attacks on energy facilities and related
infrastructure are reflected in the immediate responses of financial markets, and whether
the continued diversification of these attacks influences the pattern and behavior of financial
market responses. This study addresses this gap by examining the differential impact of
five categories of attacks—infrastructure, ports and vessels, cyberattacks, pipelines, and
security-related incidents—on U.S. financial markets. A systematic review identified attacks
between 2015 and 2025, comprising 56 events and 168 observations across the three-day
event window, and OLS and panel regressions with the daily closing prices of four major
U.S. stock indices (S&P 500, NASDAQ, NYSE, and Dow Jones) were employed to examine
abnormal returns. Methodologically, the study contributes by disaggregating attacks
into distinct categories, revealing that treating them as homogeneous shocks obscures
meaningful differences in market sensitivity. Pipeline and maritime disruptions generate
the most consistent negative effects, while production infrastructure attacks yield limited
reactions, as spare capacity and reserves can offset localized damage. Transportation
disruptions are harder to compensate due to restoration time and insurer reluctance to
operate in high risk zones. While attacks trigger negative responses, rapid information
dissemination helps investors reassess risks and contain spillovers. These insights can assist
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policymakers and investors in adopting more measured decisions that limit unnecessary
contagion while emphasizing transportation security in risk management.

Keywords: financial markets; risk management; geopolitical risk; attack heterogeneity;
information asymmetry

JEL Classification: Q41; Q43; Q48; G33; G14

1. Introduction
1.1. Background

In recent years, geopolitical tensions have increasingly emerged as a recurring source
of global instability, affecting various regions through armed confrontations, attacks on
critical energy infrastructure, disruptions to maritime transportation routes, and threats to
international supply chains (Caldara & Iacoviello, 2022; Chalissery & Naushad, 2026). The
diversity of these events in terms of their frequency, duration, and severity has generated
mounting pressures on the global economy, influencing fiscal policies, reshaping economic
priorities, and complicating long-term development planning (Hodula et al., 2024; Lu et al.,
2020). Notably, many of these episodes have occurred in major oil-producing areas and
strategic energy corridors that are essential to the stability of global petroleum supplies
(Polemis & Bentsos, 2025).

Meanwhile, the range of targets has expanded considerably, extending beyond con-
ventional physical assets to include maritime routes, pipeline networks, and cyber systems
(Dinler, 2026; Pietrek, 2022). This expanding range of targets reflects a structural shift in
how geopolitical conflicts are waged, with energy infrastructure increasingly serving as
both a strategic asset and a vulnerability. This structural shift has intensified the exposure of
global energy systems to disruptions that are not only more frequent, but also more varied
in their nature and consequences. The diversification of attack vectors complicates the
assessment of supply risks and introduces new layers of uncertainty into energy markets.

Yet, this growing complexity in the nature and scope of attacks has not been accompa-
nied by a parallel evolution in the understanding of markets, analysts, and policymakers
of this evolution and diversity. The prevailing understanding remains largely confined to
broad indicators or isolated event analyses, which offer limited insight into the diverse
threat landscape and often fail to differentiate between distinct categories of attacks or
their specific channels of impact. This limited understanding is not merely an academic
shortcoming; it has practical consequences for how investors and decision-makers inter-
pret events and translate them into strategic responses. The challenge lies not only in the
diversity of attacks, but also in the absence of a coherent framework that integrates these
multiple forms of threats into a unified assessment. As a result, markets and analysts still
tend to treat such events separately or selectively, rather than capturing their full scope and
interconnected implications.

1.2. Research Problem

Although geopolitical tensions have continued to exert a significant influence on
energy markets, with geopolitical risks increasingly amplifying oil price fluctuations (Y.
Qin et al., 2020), and despite ongoing efforts to accelerate the transition toward alterna-
tive energy sources (Debnath et al., 2025; Khan, 2025), oil remains a fundamental pillar
of the global energy system, accounting for nearly one-third of worldwide energy con-
sumption and retaining its position as the dominant energy source (S. Al Mustanyir, 2025;
Xue et al., 2025).
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At the same time, recurrent geopolitical disruptions affecting major oil-producing
regions and strategic transportation corridors continue to expose the world economy to
episodes of energy market instability and sudden increases in oil prices, generating eco-
nomic pressures that affect governments, businesses, and households alike (Chakraborty,
2024; Darwiche et al., 2025; Luo & Sun, 2024). These pressures extend well beyond commod-
ity markets, transmitting across economic and financial systems and increasingly turning
geopolitical disturbances into a recurrent source of macroeconomic and financial instability
worldwide (Asadollah et al., 2024; Ji et al., 2026; Luo & Sun, 2024).

The challenge, however, lies in the fact that these disruptions are no longer limited
to a single type of threat, making it difficult to anticipate how each category of attack
translates into financial market pressure. Conceptually, the market impact of an attack may
depend on several factors, including the speed with which the damaged infrastructure
can be restored, the availability of alternative supply routes, and the degree of uncertainty
surrounding the operational consequences of the incident. These factors are likely to vary
across attack types, which may lead investors to form different risk assessments depending
on the nature of the disruption.

1.3. Significance of the Study

The recurring nature of these attacks, coupled with their increasing diversity, under-
scores the growing relevance of understanding how financial markets respond to different
types of energy infrastructure disruptions. Despite the frequency and variety of such
incidents, prior research has not systematically examined whether investors distinguish
between attack categories when forming expectations about supply disruptions and their
broader economic consequences. This issue is particularly significant given that different
types of attacks—whether on production sites, transportation networks, or cyber systems—
carry different implications for supply continuity, restoration timelines, and the associated
uncertainty in financial markets. Without a clear understanding of these differential effects,
policymakers and market participants may lack the necessary evidence to calibrate their
responses to specific types of threats, potentially leading to either overreaction or insuffi-
cient attention to critical vulnerabilities. A review of the existing literature provides the
foundation for identifying the gap more precisely.

1.4. Literature Review
1.4.1. Cross-Domain Effects of Geopolitical Developments on Economic and
Financial Outcomes

Geopolitical developments have been examined in the literature through their im-
plications across a wide range of economic and financial domains. Prior studies have
considered their effects on commodity markets (Özdemir et al., 2025), investment behavior
and investor sentiment (He, 2023; Wang et al., 2024), fiscal policy and financial stability
(Chakraborty, 2024; Martin, 2025), energy security (Zhang et al., 2023), international trade
(Atacan & Açık, 2023), and technological innovation (Góes & Bekkers, 2022). This body of
work reflects the breadth of economic areas that are commonly associated with geopolitical
developments, without isolating their effects within a single dimension of analysis.

Within this context, crude oil markets have received considerable attention due to
their strategic importance in global energy systems. Existing research has examined how
geopolitical developments are reflected in oil market behavior, including oil price volatility
(Monge et al., 2023; Zhang et al., 2023), supply disruptions (Bjørnland, 2022; Kim, 2022),
strategic inventory adjustments (Galkin et al., 2025), demand shocks (Olaniran, 2026),
pressures on energy firms (Agbede et al., 2024), OPEC policy responses, and investment
dynamics within the oil sector (Islam et al., 2025).
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1.4.2. Financial Market Evidence on Geopolitical Shocks

When considering financial markets, prior research has provided a rich body of
evidence on the effects of geopolitical developments across a wide range of events and
geographical settings. Existing studies have examined these effects in different economic
environments, including advanced and emerging markets as well as specific groups of
countries (Elsayed & Helmi, 2021; Nasouri, 2025). Attention has also been directed toward
a broad spectrum of asset classes and financial segments, encompassing equity and bond
markets, investment activity, banking systems, cryptocurrencies, foreign exchange markets,
and gold (Banerjee et al., 2024; Chiang, 2021; Ji, 2025; Khan, 2025; Korsah et al., 2024; Qadri,
2025; Singh & Roca, 2022).

Previous research has further investigated market responses over different time hori-
zons, covering both short- and long-term effects (Chen, 2025). In addition, existing evidence
has extended to a variety of sectoral settings, including technology, manufacturing, agri-
culture, and other industries (Ghavidel Doostkouei et al., 2024; Shawon et al., 2024). The
breadth of this literature underscores the widespread relevance of geopolitical develop-
ments and highlights the sensitivity of diverse financial market segments and economic
structures to geopolitical shocks.

1.4.3. Geopolitical Risk and Energy Market Interaction

A growing segment of the literature has shifted toward formal representations of
geopolitical uncertainty using constructed indicators such as geopolitical risk indices, war-
related measures, and broader uncertainty proxies (Jin et al., 2023; Zhang et al., 2022). This
development has enabled empirical research to move away from purely narrative inter-
pretations toward more comparable and systematically measurable forms of geopolitical
exposure in energy markets.

At the same time, attention has also been directed toward how energy markets adjust
under conditions of stress and disruption, particularly through the behavior of energy-
linked commodities during turbulent periods (Degl’Innocenti et al., 2025; Maghyereh &
Al-Zoubi, 2026). In addition, a complementary line of research has highlighted reverse
effects, where movements in energy commodities themselves reshape broader pricing
behavior and market dynamics (S. Al Mustanyir, 2026). These studies therefore reflect
two main lines of evidence on the interaction between geopolitical uncertainty and energy
markets and energy commodity dynamics.

1.4.4. Information Diffusion and Market Sensitivity to Energy Infrastructure Attacks

In markets exposed to geopolitical disruptions affecting oil infrastructure and key
production regions, the implications for price behavior are often shaped by the immediate
nature of the event and the extent of perceived operational disruption (Morão, 2025; Nelson,
2025). While the full assessment of physical damage, supply interruption duration, and
broader economic consequences typically unfolds over time (Reuters, 2026a, 2026b), market
pricing processes tend to adjust at a much faster pace in response to incoming signals.
Formal institutional disclosures are often delayed and tend to vary in the level of detail
provided, which increases the relevance of alternative information sources in shaping
immediate market interpretation (Reuters, 2024).

Market reactions are therefore largely driven by rapidly circulating information orig-
inating from international news agencies (Armstrong et al., 2021), digitally mediated
communication flows such as social media platforms (Ma et al., 2025), and direct exchanges
within oil trading networks (N. Lane et al., 2022). Alongside these channels, price formation
is influenced by benchmark movements in crude oil markets (Imsirovic, 2022), behavioral
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patterns such as herding among traders, and short-term liquidity pressures within financial
systems (S. H. Al Mustanyir, 2026).

Beyond human-driven channels, information processing is increasingly shaped by
automated mechanisms embedded in modern trading and monitoring systems. These
include algorithmic risk-alert frameworks operating in exposed operational environments
(Yang et al., 2021) and high-frequency trading systems that react instantaneously to abrupt
market movements (Min & Borch, 2022). The interaction between these channels alters the
speed at which information is absorbed into prices, which may lead to variation in market
reactions depending on the nature of the underlying disruption.

1.4.5. Critical Synthesis of Previous Findings

A number of studies have examined the effects of geopolitical developments on finan-
cial markets using aggregate risk indicators, such as the geopolitical risk index (GPR) or
war-related measures (Jin et al., 2023; Zhang et al., 2022). These studies generally found
that higher geopolitical risk is associated with negative market returns and heightened
volatility. However, the use of broad indices might not allow for a distinction between
different types of geopolitical events, such as attacks on energy infrastructure versus diplo-
matic tensions or military conflicts. Other studies have focused on specific conflict events,
such as the Russia–Ukraine conflicts or the Israel–Hamas conflict, and reported mixed
findings: some found significant negative effects on equity markets (Alsagr et al., 2026;
Hoffmann et al., 2025), while others found weak or insignificant responses (Bhattacharjee
et al., 2025; Yudaruddin et al., 2025). This inconsistency suggests that the market impact of
geopolitical events may depend on the nature and context of the event, rather than on the
mere occurrence of geopolitical risk. Consequently, the use of aggregate indicators may
obscure important differences in how various types of geopolitical events are perceived
and priced by financial markets.

Studies also differ considerably in their methodological approaches, which might
explain some of the variation in the reported findings. While some researchers employed
event-study frameworks with short windows (e.g., 3 to 5 days) to capture immediate market
reactions (Hoffmann et al., 2025; Yudaruddin et al., 2025), others used longer horizons or
panel regressions that allowed for the isolation of event-specific effects (Abedin et al., 2024;
Alsagr et al., 2026). The use of different expected-return models—ranging from simple
market-adjusted returns to more complex CAPM-based specifications—might contribute to
the inconsistency of results across studies (Chen, 2025; Singh & Roca, 2022). Methodological
choices regarding the handling of clustered events might also contribute to variation in
findings, as few studies have addressed the potential dependence between events occurring
in close proximity, which could bias standard errors and overstate statistical significance
(Petersen, 2008). These methodological limitations suggest that caution is warranted when
interpreting the cumulative evidence on geopolitical risk and financial market reactions.

Despite the valuable contributions of the studies discussed above, a common limitation
across much of this literature is the treatment of geopolitical attacks on energy infrastructure
as relatively homogeneous events. Most empirical work either focused on aggregate
geopolitical risk indicators or examined specific conflicts without distinguishing between
attacks on production facilities, transportation networks, or cyber systems (Jin et al., 2023;
Zhang et al., 2022; Alsagr et al., 2026; Hoffmann et al., 2025). This aggregation might mask
important differences in how financial markets respond to each type of disruption. For
instance, an attack on a pipeline might have different implications for supply continuity
than a cyberattack on a refinery’s control system, yet these distinctions have not been
systematically explored empirically. Moreover, the mechanisms through which different
attack types affect investor sentiment and market liquidity remain largely unexplored in
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the existing literature (Bhattacharjee et al., 2025; Yudaruddin et al., 2025). Consequently,
the theoretical and empirical understanding of how attack heterogeneity translates into
heterogeneous financial market responses remains incomplete, highlighting the need for a
more disaggregated approach.

1.5. Research Gap

Despite the extensive body of research devoted to geopolitical developments and their
economic and financial consequences, an important gap remains in the literature. Previous
studies have primarily examined aggregate geopolitical risk indicators, oil price shocks, or
broad conflict events. However, while the literature has acknowledged that geopolitical
conflicts increasingly involve attacks on different components of energy supply chains, it
has not systematically investigated whether these different attack types generate distinct
patterns of financial market reactions. The implicit assumption in existing research has been
that geopolitical disruptions affecting energy infrastructure can be treated as homogeneous
events, yet the growing diversity of attack vectors suggests that investors may perceive
and respond to each category differently. Consequently, empirical evidence remains scarce
on whether and how the heterogeneity of attacks targeting energy facilities translates into
differentiated financial market responses and investor behavior.

1.6. Research Objectives

Given the increasing relevance of ongoing geopolitical developments and their impli-
cations for financial markets, along with the contributions of prior literature, this study
extends existing work by investigating how different types of attacks on energy facilities
and related infrastructure are reflected in the immediate responses of financial markets, and
whether the continued diversification of these attacks influences the pattern and behavior
of financial market responses. Specifically, the study aims to examine whether financial
markets react differently to distinct categories of energy infrastructure attacks, and to
identify which attack types generate the most pronounced responses. In doing so, this
study contributes to the literature by disaggregating geopolitical attacks into meaningful
categories rather than treating them as homogeneous shocks, thereby offering a more
granular understanding of investor sensitivity to energy infrastructure disruptions.

1.7. Research Motivation

The motivation for this study stems from the observation that despite the increasing
frequency and diversity of attacks on energy infrastructure, there is limited empirical
evidence on whether and how financial markets differentiate between these attack types in
their pricing and risk assessment processes. This study may offer important implications
for policymakers, investors, and financial institutions by providing evidence on whether
financial markets respond differently to different types of geopolitical attacks on energy
infrastructure. Such insights can contribute to improving risk assessment frameworks and
market monitoring practices in environments characterized by heightened geopolitical
uncertainty. The findings may also assist financial market participants in identifying
which types of attacks are more strongly reflected in market reactions, thereby supporting
more informed pricing, allocation, and risk management decisions under conditions of
elevated uncertainty.

The timeliness of this study is underscored by the intensifying geopolitical tensions in
the Middle East, particularly the ongoing disruptions in the Strait of Hormuz (Bahgat, 2026;
López-Niño & Montero-González, 2026). These developments have prompted a reassess-
ment of long-standing assumptions regarding the reliability of energy supply chains and
the adequacy of existing contingency measures. As policymakers and investors confront
these challenges, the need for systematic evidence on the underlying patterns, potential
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solutions, and less visible vulnerabilities becomes increasingly pressing, particularly to
inform practical applications and strategic decision-making (Chukwu et al., 2025; Ghosh
& Ghosh, 2025). Empirical evidence from this study can help bridge the gap between
observed patterns and actionable insights for decision-makers.

1.8. Structure of the Paper

The subsequent sections of the paper are organized as follows. Section 2 presents the
methodology, including the systematic review process, sample construction, and empirical
approach. Section 3 reports the descriptive and quantitative results. Section 4 discusses the
findings and their implications. Section 5 concludes the paper by summarizing the main
contributions, acknowledging limitations, and offering directions for future research.

2. Methodology
A systematic review methodology was employed to build a dataset capable of address-

ing the research aim, focusing on how attacks on oil facilities translate into movements in
financial markets (Garcia & Berton, 2026; Leroux & McCullogh, 2023). The chosen approach
emphasizes structure, transparency, and replicability, consistent with the core purpose of
examining the effects of physical disruptions to energy infrastructure on investor behavior.

Given the absence of a single, unified database that systematically records geopolitical
attacks on energy infrastructure, relying on a single news source or data repository would
be insufficient for capturing the full range of relevant incidents. To ensure comprehen-
sive coverage, this study draws on multiple information sources, including international
news agencies, academic databases, trade publications, and official reports. Constructing
a dedicated dataset through a systematic review process, while resource-intensive and
demanding, offers the greatest assurance of data quality and transparency. This approach
enables the study to trace each incident across multiple sources, verify its accuracy, and
maintain a clear audit trail of the selection process, thereby enhancing the credibility and
replicability of the empirical analysis.

The review process was structured through five consecutive phases, each aimed at
securing thorough coverage and pertinence of the gathered materials. These phases fol-
lowed a transparent and replicable protocol, comprising identification, screening, eligibility,
verification, and final selection, with each phase applying specific inclusion and exclusion
criteria to ensure that only direct attacks on oil facilities were retained. These phases were
deliberately shaped to identify incidents bearing directly on oil facilities and the accom-
panying reactions in financial markets, all while preserving a disciplined and replicable
framework (Qasba et al., 2023). This structured approach is consistent with established
guidelines for systematic reviews in financial event studies (Garcia & Berton, 2026; Leroux
& McCullogh, 2023).

The initial phase involved selecting core databases that would form the foundation
of the search. LexisNexis and Factiva served as primary sources, chosen for their access
to verified international news from reputable outlets including Reuters, Bloomberg, The
Times, and The Wall Street Journal. To supplement these, Google Scholar, ProQuest News
& Newspapers, and EBSCO were incorporated to capture academic articles, trade journals,
dissertations, theses, and official reports. This multi-source strategy was intended to
secure a broad range of material formats, supporting the identification of a diverse set of
relevant incidents.

A set of search terms was applied across the selected databases to retrieve materials
aligned with the research focus. The terms comprised attack on oil facilities, disruption of
oil supply, attack energy infrastructure, oil facility sabotage, oil market response to attacks,
and financial market reaction to oil attacks. These were chosen to capture incidents where
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attacks on oil facilities could influence financial markets. Following the retrieval process,
titles, abstracts, and full texts were examined to determine relevance. This phase resulted
in 30,519 materials.

In this phase, materials were examined according to their format and the time frame
of the incidents they covered. The collected items spanned news articles, reports, books,
trade journals, dissertations, theses, and scholarly journals. This variety was sought to
incorporate multiple perspectives: news items offered immediate accounts, academic
works contributed analytical depth, and trade publications along with official documents
provided specialized context. The study confined attention to events occurring between
2015 and 2025. This interval was selected since it represents a period marked by frequent
and varied attacks on oil facilities, covering a wide range of attack types across different
energy assets. Restricting the scope to these years helped maintain consistency across
incidents while reflecting contemporary dynamics in both attacks and financial market
conditions. This phase resulted in 706 materials.

Moving forward, materials were assessed to confirm the accuracy of each reported
incident. Verification involved ensuring that the documented date matched the actual
occurrence rather than the publication date. Only events with a direct impact on oil facilities
were kept; indirect incidents—such as labor protests or unexecuted threats—were set aside.
This process helped ensure that the remaining materials provided reliable information
aligned with the study’s focus on measurable financial market effects. At the same time,
duplicate records describing the same incident were identified and consolidated, retaining
a single entry per event. Additionally, in the event that an attack involved more than one
type of energy facility or related infrastructure, it would have been excluded; however, no
such cases were identified during the review process. This phase resulted in 94 records.

In the last phase, incidents taking place within a five-day span of one another were not
carried forward, as overlapping time frames could blur the distinct market response tied to
each attack. Financial markets often digest new information swiftly, and keeping closely
timed events might distort the observed effects. This exclusion criterion aims to mitigate
the potential bias arising from clustered events, as the dependence between observations
can affect the reliability of standard errors and statistical inference, a concern addressed
in the econometric literature on clustered data (Colin Cameron & Miller, 2015). This step
resulted in 56 events, which constituted the final sample derived from the systematic review
in this study.

After completing the systematic review phases, the remaining 56 events were exam-
ined more closely. Each event corresponded to a distinct attack on oil facilities during the
study period. Based on the nature and target of each incident, the events were grouped
into five categories. Infrastructure attacks covered attacks directly targeting oil facilities,
including refineries, storage tanks, and wells, with 10 attacks. Ports and vessels attacks
involved strikes on oil tankers, shipping vessels, and port facilities used for loading or
storage, totaling 12 attacks. Cyberattacks consisted of technological disruptions affecting
control systems, servers, or digital networks linked to oil operations, accounting for 14 at-
tacks. Pipeline attacks included strikes on oil and gas transportation lines, with 12 attacks.
Security-related attacks comprised armed assaults, hostage situations, or threats that en-
dangered personnel working at oil facilities, representing 8 attacks. These five groupings
outline the range of attacks included in the final dataset.

To examine how financial markets respond to attacks on oil facilities this study relied
on four major U.S. stock market indices as reference points: The Standard & Poor’s 500
(S&P 500), the Nasdaq Composite (NASDAQ), the New York Stock Exchange (NYSE), and
the Dow Jones Industrial Average (Dow Jones). These indices were selected to capture
broad market performance across different sectors; the S&P 500 provides a comprehensive
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measure of the overall U.S. equity market, NASDAQ captures technology-heavy and
growth-oriented segments, the NYSE reflects large-cap and diversified firms across multiple
sectors, and the Dow Jones represents established industrial and blue-chip companies.
Together, they ensure a well-rounded representation of investor sentiment and market
dynamics. Daily closing price data for these indices were obtained from Yahoo Finance
(Yahoo, 2026), covering the period from January 2015 to December 2025 to align with the
temporal scope of the dataset.

Abnormal returns (AR) were calculated as the difference between the closing price of
each index on the event day and its price on the preceding trading day. A daily frequency
was adopted since financial markets tend to incorporate new information quickly, with
price adjustments often taking place within hours of an event; using daily data captures
such immediate shifts more effectively than weekly or monthly observations (Demirer
et al., 2015; Joo & Park, 2021; P. Qin & Bai, 2022). Abnormal returns are estimated using the
following formula:

ARi,t = Pobs
i.t −

–
P

prev
i,t−1

where:

ARi,t = Abnormal return of index i on day t;
Pobs

i.t = Observed closing price of index i on day t;
–
P

prev
i,t−1 = Closing price of index i on the trading day immediately preceding day t.

Thus, for each attack, three abnormal returns are computed: on the event day (day
0, relative to day −1), on the first day after the event (day 1, relative to day 0), and on the
second day after the event (day 2, relative to day 1).

The event window was set to three days for each attack: the day of the incident (0),
the following day (1), and the second day after (2). A narrow window was chosen since
financial markets tend to absorb new information quickly; extending the period beyond
three days could introduce price movements stemming from unrelated developments
rather than the attack itself (Hamilton, 2009). This three-day window is therefore consistent
with the study’s focus on capturing immediate, event-driven price adjustments, rather
than longer-term valuation effects that may be influenced by other factors. For each of
the 56 events, abnormal returns were computed for day 0, day 1, and day 2 across all four
indices, resulting in a total of 168 observations across the examined windows. This design
supports a focused analysis of market reactions to attacks on oil facilities while preserving
a direct temporal connection between each event and the corresponding price movement
(Miller, 2023; Sasikumar & Sundaram, 2024).

The 56 events were grouped into the five previously defined categories—infrastructure
attacks, ports and vessels attacks, cyberattacks, pipeline attacks, and security-related
attacks—to examine how each type influences financial markets. Abnormal returns were
analyzed separately for every category alongside the full sample. This treatment allows the
study to move beyond treating all attacks as uniform, capturing instead the distinct market
responses tied to each category and identifying which categories exert stronger effects on
financial markets.

To examine whether abnormal returns on event days differed from those on other
trading days, an ordinary least squares (OLS) regression was applied. For each of the four
indices, a dummy variable specification was used across the full time series from January
2015 to December 2025. Three separate dummy variables were created, corresponding to
the three days within the event window (day 0, day 1, and day 2); each dummy took a
value of one on the relevant event day for any of the 56 attacks and zero otherwise. This
approach isolates the average difference in abnormal returns between event and non-event
periods, which aligns with the objective of comparing event-day returns against the broader
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time series (Colin Cameron & Miller, 2015; Wooldridge, 2010). The p-value was reported to
indicate the probability of observing a difference under the null hypothesis, which states
that the coefficients on all three event dummies are jointly zero. The regressions were run
separately for each index and repeated across the five attack categories as well as the full
set of 56 events. Significance levels of 1%, 5%, and 10% were applied. All estimations were
carried out using STATA.

A panel regression model was used to further explore how financial markets re-
sponded to attacks on oil facilities over the three-day event window. The data were
organized as a panel where each attack represented a cross-sectional unit, and the three
days following the attack (day 0, day 1, and day 2) formed the time dimension. The
trading day immediately before each attack (day −1) served as the baseline, capturing
abnormal returns prior to the incident, against which abnormal returns on the event days
were measured. A random effects specification was chosen under the assumption that
event-specific characteristics were uncorrelated with the explanatory variables, providing
efficient estimates while accounting for unobserved differences across events (Baltagi &
Baltagi, 2021; Hsiao, 2022).

To confirm the appropriateness of this choice, the Hausman test was conducted, and
the results did not reject the null hypothesis (p > 0.05), indicating that random effects was
a suitable specification for the panel data in this study. Furthermore, all standard errors
were computed using robust estimators to account for heteroscedasticity, and the potential
dependence across events was addressed by clustering standard errors at the event level,
as multiple observations from the same attack may not be independent (Petersen, 2008;
Colin Cameron & Miller, 2015).

The explanatory variables were dummy indicators for each event day (day 0, day 1,
and day 2), with the baseline day (day −1) as the reference. The p-value for the difference
between each event day and the baseline was reported to reflect the probability of observing
such a difference under the null hypothesis, which states that the market response on each
event day relative to the baseline is zero. The regressions were estimated using STATA,
with significance assessed at the 1%, 5%, and 10% levels. The same analysis was carried
out separately for each of the five attack categories and for the full sample, allowing for a
detailed examination of how different types of attacks influence financial markets.

Financial markets are known for their frequent ups and downs, yet this study did not
seek to explain the underlying sources of that volatility. The focus remained on detecting
abnormal returns in the days immediately following attacks on oil facilities. Two different
empirical strategies were applied to capture patterns from distinct perspectives, offering
a broader view of any observed effects. Even with this combined approach, short-term
price shifts may still arise during the event window; such movements are viewed as part
of the normal market backdrop rather than the direct cause of the measured abnormal
returns. This stance enables the study to detect observable market responses to attacks
while recognizing the naturally fluid character of financial markets, and it accounts for
standard methodological considerations in event-study frameworks—especially when
assessing the size and statistical reliability of abnormal return estimates.

3. Results
3.1. Descriptive Results of Financial Markets’ Responses

During the period from May 2016 to December 2025, the financial markets experienced
several attacks on oil facilities, which had a noticeable impact on major stock market
indices. Financial markets reacted rapidly to each event, with differences in the magnitude
of responses across indices reflecting the sensitivity of financial markets to geopolitical
shocks related to the energy sector.
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With regard to the temporal distribution of events, the longest periods of calm—
defined as the absence of sabotage attacks on oil facilities—were observed between mid-
2017 and mid-2018, as well as throughout 2020, during which no incidents were recorded.
The highest concentration of attacks occurred during several distinct periods: from mid-
2016 to mid-2017, from mid-2018 to the end of 2019, from the beginning of 2021 to the end
of the first quarter of 2022, and from the beginning of the fourth quarter of 2022 until the
end of the study period in December 2025, as illustrated in Figure 1.
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Figure 1. The S&P, NASDAQ, NYSE, and Dow Jones responses in the first three days of attacks on oil
facilities (2016–2025). Source: Yahoo Finance (Yahoo, 2026).

Turning to the S&P 500, over the period 2016–2025, the index recorded a maximum
change of 83.7 points on the first day, 96.74 points on the second day, and 75.03 points
on the third day, while the minimum changes were −274.45 points, −322.44 points, and
−89.1 points, respectively. In terms of the averages, the changes amounted to −10.90 points
on the first day, −2.10 points on the second day, and 4.93 points on the third day.

For the NASDAQ index, the maximum changes reached 469.31 points on the first day,
401.9 points on the second day, and 313.04 points on the third day, while the minimum
changes were −727.9 points, −418.14 points, and −225.28 points, respectively. The average
changes amounted to −39.73 points on the first day, −7.48 points on the second day, and
17.18 points on the third day (see Figure 1).

With respect to the NYSE index, the maximum change reached 261.9 points on the
first day, 331.5 points on the second day, and 291.4 points on the third day, while the
minimum changes were −370.7 points, −235.3 points, and −263.7 points, respectively. The
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average changes were −28.41 points on the first day, −4.79 points on the second day, and
14.24 points on the third day.

Similarly, the Dow Jones index recorded maximum changes of 406.39 points on the
first day, 846.24 points on the second day, and 548.75 points on the third day, while the
minimum changes were −890.01 points, −503.53 points, and −475.92 points, respectively.
In terms of the averages, the changes amounted to −84.79 points on the first day, 4.74 points
on the second day, and 18.74 points on the third day.

3.2. Quantitative Results
3.2.1. OLS Regression Results

Overall, the OLS regression results indicate that the aggregate impact of sabotage
attacks on oil facilities is most pronounced on the first day following the events, with
negative abnormal returns observed across all major U.S. stock indices. Pipeline-targeted
attacks emerged as the primary driver of statistically significant market reactions, while
attacks targeting infrastructure, ports and vessels, cyberattacks, or security-related incidents
did not show significant effects.

For the total number of attacks, the S&P 500 exhibited a statistically significant negative
return on the first day (p = 0.02, coefficient = −13.1). Similarly, NASDAQ showed a
significant decline (p = 0.03, coefficient = −48.2). The NYSE also demonstrated a negative
response, reaching significance at p = 0.08 (coefficient = −33.9), while the Dow Jones
Industrial Average recorded a significant drop (p = 0.02, coefficient = −99.4) (see Table 1).

Pipeline-targeted attacks produced notable negative responses across all indices. The
S&P 500 showed significant declines on the first day (p = 0.02, coefficient = −28.4) and
second day (p = 0.00, coefficient = −32.5). NASDAQ recorded declines on the first day
(p = 0.03, coefficient = −102.2) and second day (p = 0.00, coefficient = −134.2). NYSE
displayed significant decreases on day one (p = 0.02, coefficient = −81.6) and day two
(p = 0.05, coefficient = −96.1). The Dow Jones index also reacted strongly, with significant
negative coefficients on the first day (p = 0.02, coefficient = −207.4) and the second day at
marginal significance (p = 0.07, coefficient = −163.5) (see Table 1).

3.2.2. Panel Regression Results

The panel regression results lend support to the negative market responses observed
on the first day following attacks. Across the indices, aggregate attacks showed negative
coefficients, which are consistent with the OLS findings. Attacks on ports and vessels
and cyberattacks resulted in significant or marginally significant negative effects on some
indices, whereas attacks on infrastructure, pipelines, and security-related incidents showed
no statistically significant effects(see Table 2).

The panel regression results are broadly in line with the OLS findings in terms of the
immediate negative market responses, particularly on the first day following sabotage
attacks. Across the indices, aggregate attacks consistently showed negative coefficients. For
the total number of attacks, the S&P 500 showed a significant negative coefficient of −19
(p = 0.02; mean = −10.9), NASDAQ −73.9 (p = 0.04; mean = −39.7), NYSE −42.6 (p = 0.10;
mean = −28.4), and Dow Jones −123.6 (p = 0.02; mean = −84.7) (see Table 2).
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Table 1. OLS results for the S&P, NASDAQ, NYSE, and Dow Jones responses to attacks on oil facilities
(2016–2025).

Evt
A

ll
S&P NASDAQ NYSE DowJ

p Coef p Coef p Coef p Coef

0 0.02 ** −13.1 0.03 ** −48.2 0.08 * −33.9 0.02 ** −99.4

1 0.44 −4.3 0.48 −16 0.60 −10.3 0.81 −9.9

2 0.64 2.6 0.70 8.6 0.66 8.6 0.92 4.09

cons 0.01 2.2 0.01 8.5 0.06 5.5 0.02 14.6

Evt

In
fr

as
tr

uc
tu

re

p Coef p Coef p Coef p Coef

0 0.23 −15.8 0.16 −74.4 0.53 −29 0.29 −105.9

1 0.64 6.2 0.49 36.2 0.68 18.5 0.49 69.4

2 0.56 7.6 0.64 24.2 0.46 34 0.85 19.1

cons 0.02 1.9 0.02 7.3 0.11 4.6 0.05 12.3

Evt

P
or

ts
,V

es
se

ls

p Coef p Coef p Coef p Coef

0 0.69 −4.8 0.88 −7 0.69 −16.7 0.69 −4.8

1 0.23 14.6 0.32 48.2 0.22 51.7 0.23 14.6

2 0.64 5.5 0.72 16.9 0.75 13.3 0.64 5.5

cons 0.03 1.8 0.03 7 0.12 4.5 0.03 1.8

Evt

C
yb

er
at

ta
ck

s p Coef p Coef p Coef p Coef

0 0.45 −8.5 0.53 −28 0.66 −17.2 0.39 −72.4

1 0.81 −2.7 0.92 −4 0.70 −14.9 0.79 −21.9

2 0.66 −4.9 0.81 −10.7 0.46 −28.7 0.48 −59.2

cons 0.01 2 0.02 7.5 0.08 5.1 0.04 13.1

Evt

P
ip

el
in

es

p Coef p Coef p Coef p Coef

0 0.02 ** −28.4 0.03 ** −102.2 0.02 ** −96.1 0.02 ** −207.4

1 0.00 *** −32.5 0.00 *** −134.2 0.05 ** −81.6 0.07 * −163.5

2 0.78 3.29 0.87 7.4 0.75 13.4 0.89 12.1

cons 0.01 2.1 0.01 8.3 0.05 5.5 0.02 14

Evt

Se
cu

ri
ty

p Coef p Coef p Coef p Coef

0 0.70 −5.64 0.67 −25 0.96 2.30 0.88 −16.5

1 0.75 −4.74 0.80 −14.4 0.69 −20.3 0.67 −47.2

2 0.67 6.21 0.74 19.2 0.53 32.4 0.69 43.8

cons 0.02 1.93 0.02 7.3 0.10 4.7 0.05 12.3

***, **, and * indicate significance at the 1, 5, and 10% levels, respectively.
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Table 2. Panel regression with random effects results for S&P, NASDAQ, NYSE, and Dow Jones
responses to attacks on oil facilities (2016–2025).

Evt

A
LL

S&P NASDAQ NYSE DowJ

µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −10.9 0.02 ** −19 −39.7 0.04 ** −73.9 −28.4 0.10 * −42.6 −84.7 0.02 ** −123.6

1 −2.1 0.26 −10.2 −7.4 0.22 −41.6 −4.7 0.56 −18.9 4.7 0.59 −34

2 4.9 0.61 −3.2 17.1 0.51 −17 14.2 0.99 0.04 18.74 0.67 −20

cons 0.09 8.1 cons 0.08 34.2 cons 0.43 14.2 cons 0.25 38.8

Evt

In
fr

as
tr

uc
tu

re

µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −13.8 0.6 −11.3 −67 0.46 −72.8 −24.3 0.83 −13.4 −93.5 0.70 −58.5

1 8.1 0.52 10.7 43.5 0.59 37.7 23.2 0.55 34.1 81.8 0.42 116.9

2 9.6 0.17 12.1 31.6 0.53 25.8 38.7 0.21 49.6 31.5 0.47 66.5

cons 0.79 −2.5 cons 0.9 5.7 cons 0.74 −10.9 cons 0.64 −35

Evt

P
or

ts
,V

es
se

ls

µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −2.9 0.08 * −17.3 −0.06 0.5 −36.9 −12.2 0.10 * −60.5 −52.1 0.04 ** −176.9

1 16.5 0.76 2 55.2 0.5 18.3 56.3 0.80 8 136.9 0.85 12.2

2 7.4 0.41 −6.9 24 0.75 −12.8 17.9 0.20 −30.4 51.3 0.22 −73.4

cons 0.11 14.4 cons 0.33 36.8 cons 0.06 48.3 cons 0.03 124.7

Evt

C
yb

er
at

ta
ck

s µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −6.5 0.10 * −22.8 −20.4 0.09 * −104.7 −12 0.70 −24.5 −59.3 0.29 −106.8

1 −0.71 0.28 −17 3.5 0.21 −80.7 −9.8 0.68 −22.3 −8.7 0.58 −56.3

2 −2.8 0.19 −19.1 −3.2 0.14 −87.4 −23.6 0.55 −36 −46 0.39 −93.6

cons 0.17 16.2 cons 0.07 84.2 cons 0.78 12.4 cons 0.55 47.5

Evt

P
ip

el
in

es

µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −26.2 0.32 −30.9 −93.8 0.37 −111.5 −90.6 0.4 −83.9 −193.4 0.30 −198.8

1 −30.3 0.33 −35 −125.8 0.24 −143.5 −76.1 0.59 −69.4 −149.5 0.53 −154.8

2 5.4 0.96 0.82 15.8 0.98 −1.8 19 0.75 25.7 26.1 0.88 20.8

cons 0.72 4.6 cons 0.73 17.7 cons 0.90 −6.6 cons 0.95 5.3

Evt

Se
cu

ri
ty

µ AR p Coef µ AR p Coef µ AR p Coef µ AR p Coef

−1 Base Evt Base Evt Base Evt Base Evt

0 −3.7 0.16 −6.7 −17.6 0.42 −20.4 7 0.40 −21.7 −4.2 0.28 −41.5

1 −2.8 0.69 −5.8 −7 0.86 −9.8 −15.6 0.34 −44.4 −34.9 0.43 −72.2

2 8.15 0.78 5.1 26.5 0.72 23.7 37.2 0.91 8.38 56.1 0.89 18.8

cons 0.71 3 cons 0.91 2.8 cons 0.48 28.8 cons 0.56 37.3

**, and * indicate significance at the 1, 5, and 10% levels, respectively.

For attacks on ports and vessels, significant negative effects were observed on the
first day for several indices: the S&P 500 showed a negative coefficient of −17.3 (p = 0.08;
mean = −2.9), NYSE −60.5 (p = 0.10; mean = −12.2), and Dow Jones −176.9 (p = 0.04;
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mean = −52.1). Cyberattacks affected the S&P 500 with a coefficient of −22.8 (p = 0.10;
mean = −6.5) and NASDAQ −104.7 (p = 0.09; mean = −20.4) on the first day.

4. Discussion
The descriptive patterns observed across the four major U.S. indices reveal that finan-

cial markets exhibit significant sensitivity to geopolitical attacks on energy facilities, yet
this sensitivity is characterized by considerable volatility and asymmetry. The maximum
positive changes across the indices—reaching 83.7 points for the S&P 500, 469.31 points
for NASDAQ, 261.9 points for the NYSE, and 406.39 points for the Dow Jones on the first
day—demonstrate that markets can react with pronounced upward swings. However, the
occurrence of substantially larger negative movements, with minimum values reaching
−274.45 points for the S&P 500, −727.9 points for NASDAQ, −370.7 points for the NYSE,
and −890.01 points for the Dow Jones, indicates that financial markets exhibit a stronger
downside sensitivity to geopolitical shocks affecting energy infrastructure. This asymmetric
reaction pattern aligns with evidence that geopolitical conflicts generate immediate nega-
tive pressures on equity markets, particularly when they threaten energy supply chains
(Alsagr et al., 2026; Hoffmann et al., 2025; Pandey et al., 2023).

Consistent with this pattern, the average changes across all four indices revealed
a consistent negative market response on the first day following attacks, followed by
gradual recovery over the subsequent days. The S&P 500 recorded average declines of
−10.90 points on the first day, moderating to −2.10 points on the second day before turning
positive at 4.93 points on the third day. Similarly, NASDAQ showed average decreases of
−39.73 points on day one, −7.48 points on day two, and a recovery to 17.18 points on day
three. This pattern suggests that while financial markets react negatively to geopolitical
attacks on energy facilities, the impact is often short-lived, consistent with historical ev-
idence that geopolitical shocks typically cause losses that fade over time (Bhattacharjee
et al., 2025; Hoffmann et al., 2025; Yudaruddin et al., 2025). This rapid adjustment reflects
the efficiency with which financial markets process new information and reassess risk
perceptions, though the initial negative response indicates that investors price in immediate
uncertainty regarding potential supply disruptions (M. Al-Awadhi et al., 2025; Pandey
et al., 2023).

The dataset constructed for this study captured the full spectrum of attacks across
the study period, encompassing five distinct categories—infrastructure, ports and vessels,
cyberattacks, pipelines, and security-related incidents. This broad classification ensured
that the analysis reflected the diverse range of threats facing energy supply chains, rather
than being confined to a single type of disruption. The temporal distribution revealed that
the sample was not uniformly spread across the decade; instead, it exhibited pronounced
concentration during certain periods, interspersed with extended intervals of relative calm.
These patterns are consistent with the episodic nature of geopolitical tensions, which tend
to flare up during specific geopolitical cycles and subside during others, as documented in
prior research on geopolitical risk and energy market stability (Hkiri et al., 2026; Hodula
et al., 2024; Jin et al., 2023).

The longest periods without recorded attacks occurred between mid-2017 and mid-
2018, a phase characterized by relative geopolitical stability in major oil-producing regions
(Abdel-Latif et al., 2020; Hodula et al., 2024). Similarly, the year 2020 witnessed no attacks
on oil facilities, which likely reflects the global redirection of attention and resources toward
managing the COVID-19 pandemic, as governments and markets prioritized public health
and economic stabilization over geopolitical confrontations (Amoutzias et al., 2022; Karamti
& Belhassine, 2022). In contrast, a notable escalation in attacks began in 2022 and continued
through to the end of the study period, coinciding with the Russia–Ukraine conflict and
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the subsequent restructuring of global energy markets (Pan & Sun, 2023; Yudaruddin &
Lesmana, 2024). This temporal pattern underscores that the sample captured not only a
diverse array of attack types, but also varying intensities of geopolitical activity across
the study period, providing a robust foundation for analyzing financial market responses
under different geopolitical conditions.

Turning to the OLS estimates, the results provide robust evidence that financial mar-
kets respond negatively to geopolitical attacks on energy facilities, consistent with the
descriptive patterns observed earlier. When considering the aggregate effect of all attacks,
the OLS estimates revealed a consistent negative response across all four indices on the
first day following events, indicating that financial markets react swiftly and negatively to
geopolitical shocks affecting energy infrastructure, regardless of the specific type of attack
(Hoffmann et al., 2025; Yudaruddin & Lesmana, 2024). The S&P 500, NASDAQ, NYSE,
and Dow Jones all recorded statistically significant declines, with coefficients ranging from
−13.1 to −99.4 points. This broad-based negative reaction aligns with the descriptive
findings that financial markets exhibit immediate sensitivity to geopolitical uncertainty.
The absence of significant effects beyond the first day for the full sample suggests that the
initial negative response does not persist, consistent with the efficient market hypothesis
and the notion that markets quickly assimilate information and adjust expectations within
a short period (Bhattacharjee et al., 2025).

Beyond the aggregate effect, the OLS estimates revealed that not all attacks are equal
in their impact on financial markets, supporting the study’s central premise that attack
heterogeneity matters. This finding is consistent with prior research documenting vary-
ing effects of geopolitical developments across commodity markets, investment behavior,
and financial stability (Özdemir et al., 2025; He, 2023; Chakraborty, 2024; Martin, 2025).
Pipeline-targeted attacks emerged as the primary driver of statistically significant reactions,
generating negative abnormal returns across all four major U.S. indices on the first and
second days following the events. This finding aligns with previous evidence that disrup-
tions to energy transportation networks trigger immediate concerns over supply continuity
and economic stability (Alsagr et al., 2026; Yudaruddin & Lesmana, 2024). Notably, the
persistence of negative effects over two days suggests that damage to pipeline infrastruc-
ture may have a more prolonged impact on financial markets, as the disruption to crude
oil and refined product flows extends beyond the initial shock before markets begin to
recover. This prolonged reaction is consistent with studies on geopolitical risk and energy
market interaction, which highlight how supply disruptions translate into sustained price
pressures and investor uncertainty (Monge et al., 2023; Zhang et al., 2023; Jin et al., 2023).

In contrast, attacks on infrastructure, ports and vessels, cyber systems, and security-
related incidents did not yield significant coefficients in the OLS framework, suggesting
that financial markets perceive these forms of disruptions as less immediately consequential
for broader economic activity and corporate profitability (Bhattacharjee et al., 2025). This
differentiated pattern confirms that markets distinguish between attack types based on
their perceived capacity to disrupt energy supply chains, and by extension, financial
market stability, reinforcing the importance of disaggregating geopolitical events rather
than treating them as homogenous shocks.

Beyond the aggregate confirmation, the panel estimates revealed that the relative
importance of attack types differed from the OLS findings. While pipeline-targeted attacks
were the primary driver of negative returns in the OLS framework, they did not yield
significant coefficients in the panel specification, suggesting that their effect may be less
robust when accounting for event-specific heterogeneity. Conversely, cyberattacks, which
were insignificant in the OLS estimates, produced negative effects on the S&P 500 and
NASDAQ on the first day, indicating that financial markets may react to technological
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disruptions when isolated from broader time-series noise. This difference likely reflects
the panel model’s ability to filter out unrelated market movements by benchmarking
each attack against its own pre-event baseline, thereby capturing effects that OLS, which
compares against the full time series, may obscure (Hoffmann et al., 2025). The emergence
of cyberattacks as a significant factor in the panel framework may also reflect the difficulty
markets face in assessing the operational impact of such incidents, where uncertainty about
technological damage can drive initial negative reactions that are later revised as more
information becomes available (Alsagr et al., 2026).

The significance of ports and vessels attacks in the panel framework, despite their
insignificance in OLS, suggests that maritime disruptions—while not always triggering
broad market reactions—can generate immediate negative responses when evaluated
against the pre-incident baseline. This pattern may reflect the role of shipping routes
in global energy logistics, where disruptions to tanker movements and port operations
introduce uncertainty about supply delivery timelines, even if such disruptions do not
always materialize into sustained price effects (Abedin et al., 2024; Alsagr et al., 2026).
Infrastructure attacks and security-related incidents remained insignificant across both
methodologies, suggesting that financial markets may perceive these forms of disruptions
as less directly threatening to corporate profitability and broader economic activity, either
because they do not immediately impair energy supply chains or because their effects are
perceived as localized and containable (Bhattacharjee et al., 2025; Goyal & Soni, 2024).

A notable pattern emerged regarding how financial markets perceive threats to energy
logistics. Pipeline and maritime disruptions consistently generated the strongest finan-
cial market responses, while infrastructure attacks remained largely insignificant across
most specifications. This divergence likely reflects an ingrained market perception that
production infrastructure often operates with sufficient spare capacity, making localized
damage more readily compensable through excess supply buffers, alternative sources, or
inventory drawdowns. This interpretation is supported by the literature on geopolitical
risk and energy market interaction, which emphasizes the role of strategic inventories and
spare capacity in mitigating supply shocks (Monge et al., 2023; Zhang et al., 2023).

In contrast, disruptions to transportation networks—whether through pipelines or
shipping routes—are perceived as more difficult to offset quickly, particularly given the
reluctance of insurers and vessel operators to navigate high-risk areas, which can pro-
long logistical bottlenecks, and the extended time typically required to restore pipeline
operations following damage. Unlike production facilities, where output can often be
rerouted or replaced from other fields, transportation networks are more constrained in
their substitutability, as pipelines have fixed routes and maritime chokepoints lack immedi-
ate alternatives. This structural vulnerability makes transportation disruptions more likely
to translate into sustained supply shortfalls, a pattern consistent with evidence that energy
supply chains are particularly sensitive to logistical bottlenecks (Atacan & Açık, 2023;
Zhang et al., 2023). The persistence of this pattern suggests that investors have gradually
internalized the idea that transportation vulnerabilities pose a greater and more lasting
threat to energy supply chains than damage to production facilities themselves, underscor-
ing the primacy of logistics-related risks in financial market assessments of geopolitical
attacks affecting energy supply chains.

Turning to the comparative behavior of the four indices, the results show that while
the aggregate negative response was consistent across all indices, notable differences
emerged in their sensitivity to specific attack types. The NASDAQ exhibited a unique
reaction to cyberattacks, likely reflecting its pronounced concentration of technology and
growth-oriented firms, where cyber incidents targeting energy systems highlight broader
digital security weaknesses that could affect technology companies (Abedin et al., 2024).
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The S&P 500 also showed a response to cyberattacks, consistent with its broader sectoral
composition that includes a significant technology weighting, while the NYSE and Dow
Jones did not exhibit significant reactions, reflecting their lower exposure to technology
sectors. Across the remaining attack categories, the four indices exhibited largely similar
patterns of response, with no significant differences in their reactions to infrastructure, ports
and vessels, pipeline, or security-related incidents. This overall similarity likely reflects the
high degree of integration and correlation among major U.S. equity indices, where shocks
to energy infrastructure transmit broadly across the financial system (Hoffmann et al., 2025;
Marangoz et al., 2025).

The differential responses observed across attack categories can be interpreted through
the lens of perceived risk versus actual disruption. This distinction is well-documented
in the literature on financial market evidence on geopolitical shocks, which shows that
investors react not only to the materialization of disruptions but also to the uncertainty
surrounding their persistence and economic consequences (Elsayed & Helmi, 2021; Nasouri,
2025). Pipeline attacks generated the most consistent negative reactions across financial
markets, reflecting their direct and tangible threat to energy transportation networks, which
markets perceive as critical to supply stability (Yudaruddin et al., 2025). Ports and vessels
attacks produced significant effects in the panel framework, suggesting that maritime
disruptions introduce uncertainty about logistics and delivery timelines, even if their
impact is not always sustained (Ferrari Minesso et al., 2026).

Cyberattacks, while significant for technology-heavy indices, showed more limited
effects, consistent with the difficulty markets face in assessing operational damage and their
tendency to react to uncertainty rather than confirmed disruptions (Gheorghe & Panazan,
2025). In contrast, infrastructure and security-related incidents remained insignificant,
suggesting that markets perceive these as either localized, containable, or lacking direct
implications for broader economic activity (Yudaruddin et al., 2025). This pattern indicates
that financial markets differentiate between attack types based on the perceived persistence
and economic materiality of their effects, rather than reacting uniformly to all geopolitical
events. This differentiated response aligns with prior evidence that geopolitical shocks
transmit across financial systems in heterogeneous ways, depending on the perceived
materiality and duration of the disruption (Chiang, 2021; Singh & Roca, 2022).

The rapid negative responses observed across all indices on the event day, coupled
with the subsequent fading of these effects for most indices by the first and second days
following, provide evidence consistent with the semi-strong form of market efficiency,
where asset prices swiftly incorporate new publicly available information (Hoffmann et al.,
2025). The immediate repricing on the event day and the first day following indicates
that financial markets assimilate geopolitical shocks affecting energy supply chains with
considerable speed, with the initial negative reaction being gradually adjusted as markets
reassess the materiality of each event (Yudaruddin et al., 2025).

This pattern aligns with the broader literature on geopolitical risk transmission, which
emphasizes that equity markets tend to absorb geopolitical shocks rapidly, with losses
typically dissipating over time as the market reassesses the materiality of the disruption
(Hoffmann et al., 2025; Marangoz et al., 2025). The speed of adjustment observed here,
rather than reflecting overreaction, appears to represent an efficient information assimila-
tion process, where prices oscillate briefly as initial risk assessments are refined against
incoming evidence (Marangoz et al., 2025).

The speed with which financial markets registered negative returns on the event day—
often before any official confirmation of the attacks—underscores the growing influence
of instantaneous information dissemination channels on equity price formation. News
wires and social media platforms circulate breaking developments within minutes, while
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algorithmic trading systems and institutional dealing networks convert such signals into
price actions almost immediately (Abedin et al., 2024; Alsagr et al., 2026). Such dynamics are
well-recognized in the literature on information diffusion, where the interaction between
news flows and trading algorithms has been shown to amplify short-term market sensitivity
to geopolitical developments (Armstrong et al., 2021; Min & Borch, 2022; Yang et al., 2021).

This pattern is consistent with the view that geopolitical events can trigger sharp
market movements through information-driven trading, even before their economic con-
sequences are fully understood (Bhattacharjee et al., 2025; Marangoz et al., 2025). This
rapid adjustment process reflects the efficiency of financial markets in assimilating new
information, consistent with the form of market efficiency documented in prior research
(Section 1.4.2; Chen, 2025).

The rapidity of these responses, observed across all four indices on the event day,
indicates that financial markets do not wait for verified assessments from official entities;
instead, they operate on intelligence flowing through digital platforms and proprietary
trading feeds. This velocity of information fosters short-term volatility while facilitating
swift price discovery, although it can also inject noise that may be corrected once authorita-
tive reports become available (Hoffmann et al., 2025; Marangoz et al., 2025). These findings
are in line with the notion that contemporary equity markets are increasingly shaped by
high-frequency and algorithmic trading, where speed advantages and automated sentiment
extraction from unstructured news shape price trajectories well before the full implications
of energy-related disruptions are confirmed (Abedin et al., 2024; Alsagr et al., 2026).

This study contributes to the existing literature by providing empirical evidence that
financial markets do not respond uniformly to geopolitical attacks on energy infrastructure,
but rather differentiate based on the type of incident. By disaggregating attacks into distinct
categories—infrastructure, maritime, pipeline, cyber, and security—the analysis demon-
strates that the heterogeneity of these events carries significant implications for market
behavior, challenging the conventional approach of treating geopolitical shocks as homoge-
nous. For policymakers, the findings highlight the need for differentiated monitoring
frameworks that account for the varying financial market impacts of different attack types,
particularly prioritizing pipeline and maritime disruptions due to their more consistent
negative effects. For investors, the results underscore the importance of incorporating
attack-specific risk assessments into portfolio decisions, especially given the rapid infor-
mation transmission and short-lived nature of most market reactions, which suggests that
overreacting to unconfirmed reports may be costly. For financial risk management, the
study reinforces the value of distinguishing between transient uncertainty and confirmed
supply disruptions, enabling more targeted hedging strategies that align with the specific
characteristics of each attack type rather than broad geopolitical indices alone.

A further implication of these findings relates to the strategic vulnerability of oil-
dependent economies, as underscored by current disruptions in the Strait of Hormuz
(Bahgat, 2026; Ferrari Minesso et al., 2026). The current study confirms that transportation
networks are the most sensitive nodes in energy supply chains, and that their exposure to
geopolitical shocks transmits directly to investor sentiment, market stability, and govern-
ment fiscal positions. While the dataset covers the past decade, the fact that transportation
networks emerge as the primary channel of disruption even during a period of relative
stability—compared with the current turmoil in the Strait of Hormuz—adds weight to the
policy relevance of these findings. The observed patterns are not contingent on extreme
conditions, but rather reflect structural vulnerabilities that are likely to be magnified under
the heightened tensions observed today.

Oil-exporting countries should therefore move beyond contingency planning and
accelerate the implementation of alternative transport routes, including new pipelines,

https://doi.org/10.3390/ijfs14090251

https://doi.org/10.3390/ijfs14090251


Int. J. Financ. Stud. 2026, 14, 251 20 of 24

railway linkages, and diversified shipping corridors (Chukwu et al., 2025; López-Niño &
Montero-González, 2026). This transition should not be delayed by domestic constraints
such as local content requirements, cost–benefit considerations, or maintenance concerns,
which, while legitimate, should not overshadow the strategic imperative of ensuring supply
security. The recurring nature of geopolitical tensions in key maritime zones underscores
that these are not isolated shocks but persistent risks that, if left unaddressed, will continue
to impose significant costs on global economic stability. Policymakers must therefore
treat transportation security as a foundational element of long-term fiscal and economic
planning, and prioritize the removal of regulatory and operational barriers that slow down
the development of resilient energy infrastructure.

Despite the contributions of this study, several limitations should be acknowledged.
The analysis relied on daily closing prices, which do not capture intraday price dynamics or
the precise timing of market reactions that may occur within trading sessions. In addition,
volatility dynamics were not modeled, limiting the ability to assess the persistence of
uncertainty triggered by different attack types. Also, the classification of incidents into
five categories, while systematic, may have oversimplified the multifaceted nature of
real-world events that often combine multiple characteristics. Furthermore, the three-day
event window, though appropriate for capturing immediate market responses, does not
extend to longer-term adjustments or delayed effects. Finally, concurrent macroeconomic
developments or policy announcements may have coincided with the attacks, and the
analysis does not isolate their influence. Addressing these limitations in future research
would enhance the understanding of financial market responses to geopolitical attacks on
energy infrastructure.

5. Conclusions
This study provides novel empirical evidence that different categories of geopolitical

attacks on energy facilities generate divergent responses across U.S. financial markets.
The findings reveal that financial markets have increasingly internalized the critical role
of energy transportation networks, where disruptions to pipelines and maritime routes
are perceived as more difficult to compensate than damage to production infrastructure,
given the extended restoration timelines and the reluctance of insurers and vessel oper-
ators to operate in high-risk zones. The key results confirm that pipeline and maritime
attacks produce the most significant negative reactions, while production infrastructure
and security-related incidents show limited or negligible effects. Theoretically, this study
contributes by disaggregating attacks into distinct categories, demonstrating that treating
them as homogeneous shocks obscures meaningful differences in market sensitivity.

While markets react negatively to attacks overall, the rapid information dissemination
through media and trading systems enables swift price adjustments, mitigating prolonged
uncertainty. These insights offer policymakers and investors a framework for integrating
transportation security into risk assessments, while demonstrating how timely information
can support more measured and forward-looking decisions that limit unnecessary financial
contagion. From a policy perspective, the findings highlight the need to safeguard energy
transportation networks, enhance financial risk monitoring systems, and develop attack-
specific measures for investors. Moving from assessment to implementation, the findings
should be translated into concrete measures, particularly in light of ongoing geopolitical
tensions in the Middle East. This includes accelerating the development of alternative trans-
port routes and removing regulatory barriers. For investors, the results support the use of
differentiated hedging strategies and caution against overreacting to unconfirmed reports.

Future research could extend these findings by incorporating intraday data and volatil-
ity modeling to capture more granular market dynamics. Among the limitations are
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the use of daily closing prices, the three-day event window, and the classification of at-
tacks into five categories. Future work could build on this foundation to provide a more
comprehensive understanding of financial market responses to geopolitical attacks on
energy infrastructure.
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