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Abstract
The 2010 Deepwater Horizon “British Petroleum (BP)” oil spill was a mega-disaster
characterized as the petroleum industry’s largest-volume marine oil spill in history. Following a
“wellhead blowout” that destroyed the drilling platform, 4.9 million barrels of petroleum ﬂowed
into the Gulf of Mexico over 87 days and the spill expanded to cover 68,000 square miles of sea
surface. However, despite the expansive scope of the event, systematic surveys of affected coastal
populations found only modest effects on mental health and substance abuse. An established
trauma signature (TSIG) methodology was used to examine the psychological consequences in
relation to exposure to the unique constellation of hazards associated with the spill. A hazard
proﬁle, a matrix of psychological stressors, and a “trauma signature” summary for the affected
Gulf Coast population—in terms of exposure to hazard, loss, and change—were created speciﬁcally
for this human-generated ecological disaster. Psychological risk characteristics of this event
included: human causation featuring corporate culpability, large spill volume, protracted duration,
coastal contamination from petroleum products, severe ecological damage, disruption of Gulf
Coast industries and tourism, and extensive media coverage. The multiple impact effect was
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notable due to prior exposure of the region to Hurricane Katrina. These stressors were
counterbalanced by the relative absence of other prominent risks for distress and psychopathology.
Coastal residents did not experience signiﬁcant onshore spill-related mortality or severe injury,
shortages of survival needs, disruption of vital services (health care, schools, utilities,
communications, and transportation), loss of homes, population displacement, destruction of the
built environment, or loss of social supports. Initial acute economic losses were partially offset by
large-sum BP payments for cleanup and recovery of the coastal economy. Not only did Gulf Coast
populations display remarkable resilience in the face of daunting challenges, the behavioral health
impact of the Deepwater Horizon spill appears to have been blunted by the absence of major
evidence-based risks for psychological distress and disorder, the exemplary response, and the
infusion of economic resources.

Introduction
On 20 April 2010, an explosion and ﬁre occurred on the Deepwater Horizon, a ﬂoating deep-sea
oil-drilling platform, operated by Transocean and leased to British Petroleum’s (BP) Macondo
Prospect in the Gulf of Mexico.1–3 The inferno blazed for 36 h, destroying the platform, claiming
the lives of 11 oil rig workers, and severely injuring 17 others. The charred superstructure
collapsed and sank into the Gulf, producing a “wellhead blowout” as the oil inlet disconnected at a
seaﬂoor depth of 5,100 ft. Over the subsequent period of 87 days, before the wellhead was
successfully capped on 15 July 2010, more than 4.9 million barrels of petroleum (210,000,000 US
gal; 780,000 m3) ﬂowed into the Gulf.4 Although surpassed by the spill volumes of the 1910
Lakeview Oil Company “gusher” in Kern County, California (an on-land spill)5 and the 1991 Gulf
War oil spill and inferno unleashed in Kuwait by invading Iraqi forces,6 the Deepwater Horizon
surpassed all previous petroleum industry marine oil spills and created an ecological megadisaster.1–3
In terms of disaster classiﬁcation, the Deepwater Horizon spill may be characterized as a
nonintentional anthropogenic (human-generated) technological disaster involving a hazardous
materials spill (petroleum and dispersant chemicals) that generated severe ecological impact.7,8
Human-generated technological disasters have the potential to create signiﬁcant risk for
psychological distress and a range of mental health consequences equaling and often exceeding
the effects produced by natural disasters.10–14 Adding to the fact of human causation, the
investigation by the Presidentially appointed National Commission on the BP Deepwater Horizon
Oil Spill and Offshore Drilling determined that the spill was preventable.1 As the event unfolded,
US President Barack Obama declared: "This oil spill is the worst environmental disaster America
has ever faced… Make no mistake: we will ﬁght this spill with everything we've got for as long as
it takes. We will make BP pay for the damage their company has caused. And we will do
whatever's necessary to help the Gulf Coast and its people recover from this tragedy."15
Given the anthropogenic nature, the scale, and the magnitude of this event, the disaster
behavioral health (DBH) consequences of the Deepwater Horizon oil spill were anticipated to
feature prominently among the public health effects. Supported by earmarked “behavioral health”
funding from BP,16 the Substance Abuse and Mental Health Services Administration (SAMHSA)
and the Centers for Disease Control and Prevention (CDC) set out to document the mental health
and substance abuse effects using large, representative samples of coastal residents in the oil spillaffected states of Louisiana, Mississippi, Alabama, and Florida.17 Surprisingly, ﬁndings were
modest and equivocal, prompting the authors to conclude that the behavioral health impact of the
spill was not as “widespread” as expected throughout the spill-impacted Gulf coast.17
In the present study, an established methodology of trauma signature (TSIG) analysis18–31 was
applied to this landmark ecological disaster. TSIG analyses have been conducted on a wide
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spectrum of disasters, including natural,20–25 nonintentional technological, hybrid,26,27 and
intentionally-perpetrated28–31 variants. In the present case study, TSIG analysis sheds light on the
counterintuitive ﬁnding that a hazardous materials spill of epic proportions apparently caused only
moderate behavioral health effects for the general population of the affected states.
DBH consequences of oil spills: review of the literature. As previously reviewed in detail,17,32
DBH consequences have been routinely documented along with physical health effects after oil
spill disasters.32–36 Mental health effects were investigated in the 1996 Sea Empress oil tanker spill
in Wales37,38 and the 2002 sinking of the Prestige oil tanker off the coast of Galicia, Spain.39–41
However, the richest source of behavioral health literature, prior to the Deepwater Horizon event,
focused on the 1989 Exxon Valdez tanker spill in Prince William Sound, Alaska.42–49 Strong
parallels have been drawn by the researchers who investigated the Exxon Valdez disaster, linking
their lessons learned to the Deepwater Horizon spill.50–52 Now, several years since the rupture of
the Deepwater Horizon wellhead, the DBH literature speciﬁc to this event continues to accrue.53–65
One of the most pronounced concerns for Gulf Coast residents was the “multiple exposure”
effect.7,8,66–74 The geographic region most affected by the Deepwater Horizon oil spill included the
same Gulf Coast counties that were most devastated by Hurricane Katrina in 2005.75–78 The
possible compounding effect of successive “hits” from both disaster events had been widely
speculated to elevate risks for signiﬁcant psychological consequences.53,59,79–82 Indeed, a study of
individuals living in the Louisiana parishes (counties) that received the heaviest shoreline
petroleum contamination showed a statistically signiﬁcant association between level of prior
impact from Hurricane Katrina and the likelihood of symptoms of posttraumatic stress following
Deepwater Horizon.59
The psychological impacts of oil spill disasters can persist for years following the event.48,49 One
year following the Exxon Valdez spill, for example, there were signiﬁcant increases in rates of
anxiety disorder, posttraumatic stress disorder (PTSD), and depression among residents with a high
level of exposure to the spill and its cleanup efforts.44 Elevated levels of depression, intrusive
stress, avoidance, and family conﬂict continued to be evident 8 years post-spill.49 Additional
community-level consequences persisted for decades. Long-term damage to the ecosystem affected
families and communities economically and socially. For example, some families whose
livelihoods depended on the natural environment were forced to relocate or live apart because of
the ecological damage caused by the spill.49
The degree and duration of exposure to petroleum products and dispersant chemicals may predict
the presence and severity of psychological stress and distress. Of particular interest for
investigation is petroleum exposure for the oil spill cleanup workers in relation to mental
health.83–87 For example, following the Exxon Valdez spill, exposed cleanup workers had
signiﬁcantly higher rates of generalized anxiety disorder, PTSD, and major depression compared
with nonexposed controls.44
Recent studies have examined the health and psychological consequences of the Deepwater
Horizon spill.53–65 Four months after the spill, the Louisiana Department of Children and Family
Services funded a study to implement a mental health needs assessment in the four most impacted
Louisiana parishes.59 Despite the limitations of using a nonrepresentative convenience sample,
ﬁndings were instructive: respondents who expressed concerns about the oil spill or who had
experienced occupational, family, or social disruptions due to the spill, had higher scores on scales
of posttraumatic stress, depression, and anxiety symptoms—after controlling for Hurricane Katrina
impact, place satisfaction, and individual rebound resilience.59 A survey of residents in Mobile
County, Alabama found higher levels of spill-related psychological stress in respondents who
indicated that the spill posed threats to their economic future, family health, and family ﬁnances
and in survey participants with commercial ties to natural resources and direct exposure to oil and
contaminants.52 These results were shown to be comparable to the mental health impacts observed
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following the Exxon Valdez oil spill, further validating the importance of understanding the risk
factors commonly associated with social and psychological consequences of oil spill disasters.52
Upon request from the states of Alabama and Mississippi, the CDC conducted the Community
Assessment for Public Health Emergency Response (CASPER) survey in the immediate aftermath
of the spill in 2010 and replicated the survey in 2011.61,62 Using questions from the Behavioral
Risk Factor Surveillance Survey (BRFSS) to provide 2009 pre-spill comparisons, investigators
surveyed representative samples of the populations of coastal Mississippi counties and Baldwin
and Mobile counties in Alabama. Respondents in the CASPER sample self-reported higher
proportions of physically and mentally “unhealthy” days, limited activity days, and depressive
symptoms immediately post-spill in 2010 compared with 2009 pre-spill BRFSS data for the two
states.61,62 By 2011, these proportions had all decreased markedly toward baseline but remained
above 2009 levels.62 Following the 2011 replication, authors concluded, “These results suggest that
mental health services are still needed, particularly in households experiencing decreased income
since the oil spill.”62
Acknowledging the importance of psychosocial health effects during oil spill disasters, BP’s
Trust Fund reparations to the Gulf Coast speciﬁcally designated $52 million for behavioral health,
with $42 million apportioned to four Gulf Coast states and $10 million directed to SAMHSA to
conduct research and programming.16,88,89 Joining forces with the CDC, SAMHSA used some of
these resources to conduct survey research with representative samples of residents in 32 coastal
counties across the four affected states of Louisiana, Mississippi, Alabama, and Florida.17 To
assess effects of the oil spill on substance use, SAMSHA added 2,000 interviews in these states to
the ongoing National Survey on Drug Use and Health (NSDUH). A critical design element was the
ability to compare substance use rates for pre- and post-spill time periods. NSDUH results showed
modest past-month increases in marijuana and alcohol use. There were also increased self-reports
of depression and suicidal thoughts and plans, but only among 18–25-year olds. There were no prespill/post-spill differences in cigarette use, nonmedical use of pain relievers, substance use disorder,
psychological distress, any mental illness, serious mental illness, suicide attempts, or utilization of
mental health services.17
Simultaneously, to examine behavioral and mental health effects, CDC ﬁelded the Gulf States
Population Survey (GSPS), a telephone survey of 38,000 residents, comparing persons living in
coastal and noncoastal counties within each of the four states. Persons living in coastal counties
more commonly reported decreased income or job loss due to the spill. However, there were no
differences between coastal county and noncoastal county residents in terms of chronic mental or
physical health conditions or health behaviors.17 SAMHSA and CDC co-authors summarized their
ﬁndings with the statement, “…this mixed picture could indicate that the behavioral health impact
of the Gulf Coast oil spill may not be widespread across the entire population of the counties most
affected by the spill” (p. 4).17
TSIG analyses presented here were intended to bring perspective to these important but
somewhat unexpected ﬁndings of nominal mental health and substance abuse effects at the level of
the affected region.

Methods
18–31

TSIG analysis
was applied to examine the psychological and mental health effects of the
Deepwater Horizon oil spill.18 TSIG analysis is deﬁned as “an evidence-based method that
examines the interrelationship between population exposure to a disaster, extreme event, or
complex emergency, and the inter-related physical and psychological consequences for the purpose
of providing timely, actionable guidance for effective DBH support that is organically tailored and
targeted to the deﬁning features of the event.”18
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Brieﬂy, for each individual disaster event, TSIG analysis looks at disaster survivors’ exposures
to empirically documented risk factors for psychological distress and mental health disorders.9–14
Consistent with the Disaster Ecology Model,7,8 which forms the theory base for TSIG analysis, the
assumption is that each disaster exposes the affected population to a novel constellation of “forces
of harm.” In turn, forces of harm are subcategorized into exposures to hazards, losses, and changes.
Once deﬁned, the disaster’s unique “signature” of exposure risks may serve as a key predictor of
needs for mental health and psychosocial support.18 Unlike the current post hoc case study
conducted several years after the spill, when TSIG analysis is performed in “real time,” as a
disaster is unfolding, results can be used to guide the immediate, on-scene DBH response.18
The TSIG analyses reported here entailed the following steps: retrieval and synthesis of
published reports describing the Deepwater Horizon oil spill to produce a hazard proﬁle; review of
the scientiﬁc literature on evidence-based risk factors for psychological distress and mental health
disorders for persons exposed to technological disasters and especially oil spills; enumeration of
spill-speciﬁc exposures and stressors; creation of a TSIG summary, based on the estimated
psychological severity of exposures to hazards, losses, and changes; and identiﬁcation of major
psychological risk factors that were present or absent in this event.
Hazard proﬁle (Table 1). TSIG hazard proﬁles use an epidemiologic approach to disaster
description that incorporates hazard, person, place, and time dimensions. Type of disaster was
based on classiﬁcation schemes used by the Centre for Research on the Epidemiology of Disasters
(CRED)90 and the World Association for Disaster and Emergency Medicine.91

Table 1

Deepwater Horizon Oil Spill: Hazard Proﬁle
Event characteristic
Event description
Event deﬁnition

Industry description
Spill characteristics
Hazardous materials
Volume of spill
Surface area of spill
Magnitude
Dispersant volume
Place
Location
Coordinates
Coastline affected
Depth of wellhead
Time
Date/time: explosion
Date: wellhead capped
Duration of ﬂow

Deepwater Horizon “BP” oil spill
Nonintentional anthropogenic (human-generated) technological disaster
involving a hazardous materials spill (petroleum and dispersant chemicals)
that generated severe ecological impact
“Wellhead blowout”
Petroleum: Louisiana Light Crude
Chemical dispersant: “Corexit”
4.9 million barrels (210,000,000 US gallons; 780,000 m3)
68,000 square miles; 176,120 km2
Largest-volume marine oil spill in history
1.84 million US gallons; 7,000 m3
Gulf of Mexico near Mississippi River Delta, USA
28° 44′ 17.30″ N, 88° 21′ 57.40″ W
Gulf of Mexico coastline for states of Louisiana, Mississippi, Alabama,
Florida: 32 coastal counties with direct contamination
Seaﬂoor: 5,100 ft (1, 555 m) below surface (∼1 mile)
20 April 2010
09:45 CDT (14:45 GMT): time of initial explosion
15 July 2010
87 days
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Table 2

Deepwater Horizon Oil Spill: Onshore Disaster Exposure and Stressor Matrix in Relation to
Categories of Exposure
Type of
exposure

Disaster exposures and stressors

Hazard

Scale, scope, and duration: largest petroleum industry marine oil spill in history
Multiple exposure effect: prior exposure to Hurricane Katrina, economic crisis
Preventable human causation with corporate culpability
Prolonged negative media coverage elevated sense of risk
Uncertain future health effects
Additional exposures:
Contact with petroleum, dispersants, and contaminants
Direct exposure to oil and petroleum products (especially cleanup/recovery workers)
Direct exposure to dispersant chemicals (especially cleanup/recovery workers)
Exposure to smoke from burning oil (especially cleanup/recovery workers)
Exposure to odors/vapors
Direct contamination of Gulf Coast products
Fear of contamination
Stressors of working on cleanup/recovery crews
Working in personal protective equipment (PPE)
Heat stress
Direct exposures to petroleum, dispersants, contaminants, and smoke/vapors
Ecological impacts
Visible harm/death to wildlife
Visible harm to shoreline ecosystems
Below-the-surface harm to ecosystems
Fears about effects on Gulf Coast ecology

Loss

Multiple loss effects (compounding losses from Katrina, global economic crisis, oil spill)
Losses sustained by area economy and Gulf Coast industries
Job loss, unemployment, and competitive disadvantage
Gulf Coast economic losses
Fishing industry losses:
Closure of ﬁshing areas
Loss of ﬁsh and shellﬁsh stocks
Stigmatization of seafood products
Tourism industry losses
Beach contamination
Closed beaches
Decreased tourism
Closure of area hotels, restaurants, and related industries
Other impacted Gulf industries:
Real estate
Oil/petroleum industry jobs
Other Gulf water-dependent industries
Losses sustained by Gulf ecosystems:
Visible loss/damage to fragile ecosystems
Visible loss/harm to wildlife and vegetation
Feared reduction/extinction of endangered species
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Table 2
(continued)
Type of
exposure
Change

Disaster exposures and stressors
Stigmatization of Gulf Coast region and Gulf Coast products (seafood, ﬁsh products)
Change in employment patterns:
Job loss, reduced hours, unemployment in Gulf industries
Job creation for cleanup and recovery operations
Introduction of new coastal technologies
Media presence and focus
Media stories focusing on anxiety, loss, and stress
Major changes to Gulf Coast economy

Review of the literature on psychological risk factors for oil spills. The disaster mental health
literature on human population exposure to oil spills was searched to identify evidence-based risk
factors. A summary of this literature was presented in the introduction.
Exposure and stressor matrix (Table 2). Based on review of the scientiﬁc literature and news
accounts, a table was constructed of disaster stressors experienced by Gulf Coast citizens during
the impact phase of the Deepwater Horizon oil spill. The resulting “stressor matrix” classiﬁes
exposures to hazards, losses, and changes.
TSIG summary (Table 3). A composite TSIG summary table was constructed, displaying the most
signiﬁcant evidence-based psychological risk factors, grouped under the headings of hazard, loss,
and change. The table presents exposure severity ratings for these risk factors. The ratings use
order-of-magnitude (10-fold) differences between adjacent categories. Based on CRED’s database
of international disaster events, dating from 1900 to the present,90 ratings of “extreme” for a
speciﬁc risk factor are reserved for disasters that produce consequences at that order of magnitude
only several times every 50 to 100 years. “Very severe” ratings reﬂect the order-of-magnitude
threshold reached with a frequency of 1 or several times within a 10- to 20-year period, while
“severe” ratings occur 1 or several times within a 3- to 5-year period.
Psychological risk factors: present or absent (Table 4). Considering the evidence-based disaster
risk factors that most strongly and consistently predict psychological distress and impairment,9–13
Table 4 contrasts those risk factors that were present and prominent with those that were absent or
minimal during the Deepwater Horizon oil spill.

Results
Results of the TSIG analyses are presented in Tables 1, 2, 3, and 4 and summarized here.
Hazard proﬁle (Table 1). The hazard proﬁle presents the event description including the disaster
classiﬁcation and the time of onset, duration, volume of petroleum products and chemical
dispersants released, geographic location, surface spread, and coastal populations affected. The
Deepwater Horizon spill was the largest-volume marine petroleum spill in history.
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Billions in costs, but all paid by BP

National ﬁnancial losses

Exposure to change
Evacuation/displacement/
relocation to shelters

Very few or no evacuations with long term
displacement

Estimated severe losses for 200,000 workers

Severe ﬁnancial losses

Bereavement

Loss of primary dwelling

All infrastructure remained intact.
All vital services operational
Coastal populations in 32 counties;
others in the states
Totally human-generated event

Very few persons experienced
sense of threat to life
No life-threatening onshore injuries
due to spill
Coastal cleanup workers: ∼1,000.
Inﬁrmary visits/month for 8 months
Several onshore suicides/no lifethreatening injuries due to spill
500,000 Gulf Coast population

100,000 coastal dwellers and
45,000 cleanup workers
400,000 Gulf Coast population

Deepwater Horizon oil spill
characteristics

Several onshore suicides due to spill
(11 deaths on oil rig)
Few onshore deaths. 50 ﬁrst-line relatives
of 11 dead oil workers
No or very few losses of primary dwellings

Exposure to loss
Mortality

Exposure to hazards
Direct petroleum product/
dispersant exposure
Minimal exposure to spill
products
Strong fear reactions
perceived life threat
Severe, life-changing
physical injury
Minor ailment requiring
medical attention
Witnessing death or severe
harm to humans
Witnessing grotesque scenes:
dead wildlife
Exposure to post-impact
severe environment
Multiple high-intensity
impacts
Human-generated
contribution

Risk factors for psychological
distress and mental disorders

Table 3

Low
G1,000

Low
G1,000
Low
G4,000
Low
G1,000
Low
G10,000
Low

Low
G10,000
Low
G10,000
Low
G10,000
Low
G100
Low
G1,000
Low
G1,000
Low
G1,000
Low
G1,000
Low
G10,000
Low

Exposure severity

Moderate
Q1,000

Moderate
Q1,000
Moderate
Q4,000
Moderate
Q1,000
Moderate
Q10,000
Moderate

Moderate
Q10,000
Moderate
Q10,000
Moderate
Q10,000
Moderate
Q100
Moderate
Q1,000
Moderate
Q1,000
Moderate
Q1,000
Moderate
Q1,000
Moderate
Q10,000
Moderate
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Severe
Q10,000

Severe
Q10,000
Severe
Q400,000
Severe
Q10,000
Severe
Q100,000
Severe

Severe
Q100,000
Severe
Q100,000
Severe
Q100,000
Severe
Q1,000
Severe
Q10,000
Severe
Q10,000
Severe
Q10,000
Severe
Q10,000
Severe
Q100,000
Severe

Very severe
Q100,000

Very severe
Q100,000
Very severe
Q4 million
Very severe
Q100,000
Very severe
Q1 million
Very severe

Very severe
Q1 million
Very severe
Q1 million
Very severe
Q1 million
Very severe
Q10.000
Very severe
Q100,000
Very severe
Q100,000
Very severe
Q100,000
Very severe
Q100,000
Very severe
Q1 million
Very severe

Extreme
Q1 million

Extreme
Q1 million
Extreme
Q4 million
Extreme
Q1 million
Extreme
Q10 million
Extreme

Extreme
Q10 million
Extreme
Q10 million
Extreme
Q10 million
Extreme
Q100,000
Extreme
Q1 million
Extreme
Q1 million
Extreme
Q1 million
Extreme
Q1 million
Extreme
Q10 million
Extreme
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No loss of essential services

No damage to vital infrastructure

Severe impact on tourism, ﬁshing, shellﬁsh,
and oil industries
Rapid recovery: tourism, ﬁshing, shellﬁsh,
and oil industries
Severe, extreme, and enduring

Loss of essential services

Disruption of critical infrastructure

2010 impact on Gulf Coast industries

2011–present impact on Gulf Coast
Industries
Enduring ecological impact

Deepwater Horizon oil spill
characteristics

Risk factors for psychological
distress and mental disorders

Moderate
Moderate

Low

Moderate
Q10,000
Moderate
Q10,000
Moderate

Low

Low
G10,000
Low
G10,000
Low

Exposure severity

(continued)

Table 3

Severe

Severe

Severe
Q100,000
Severe
Q100,000
Severe

Very severe

Very severe

Very severe
Q1 million
Very severe
Q1 million
Very severe

Extreme

Extreme

Extreme
Q10 million
Extreme
Q10 million
Extreme

Table 4

Deepwater Horizon Oil Spill: Psychological Risk Factors for Gulf Coast Residents: Comparison
of Risk Factors that were Present/Prominent vs. Absent/Minimal
Types of
exposure

Present and prominent

Absent or minimal

Hazard

Human-generated hazardous materials event
Preventable human causation
Expansive scale, scope, and duration
Exposure to hazardous materials
Multiple impact event (Katrina, economic
crisis, BP oil spill)
Contamination of Gulf waters, coastlines,
and beaches
Damage to machinery and equipment
Extreme ecological damage
Witnessing harm to wildlife, vegetation,
habitat, and ecosystems
Current, future health fears
Negative media publicity

Severe, life-changing injury
Single or multiple injuries to loved ones
Witnessing harm to other humans
Fear of life threat for self or loved ones
Fear of injurious harm for self or loved
ones
Evacuation/sheltering
Need for rescue
Entrapment
Extreme fear or panic reactions
Exposure to undetectable hazards

Loss

Short-term severe impact on Gulf economy
Impacts on speciﬁc Gulf Coast industries
(e.g., tourism and ﬁshing)
Family economic hardships
Job loss or reduced income
Fears regarding economy
Short-term loss of access to beach/coastal
recreational areas
Small number of episodes of self-harm

Mass mortality
Single or multiple deaths of loved ones
Traumatic bereavement
Complicated grief
Separation from loved ones
Long-term negative economic impacts
Long-term family economic hardships
Loss of home
Loss of basic necessities
Loss of vital services

Change

Fears regarding stigma
Fears regarding changes to lifestyle

Displacement
Loss of critical infrastructure
Structural destruction

Exposure and stressor matrix (Table 2). Psychological stressors were subdivided into those related
to exposures to hazards, losses, and changes. Regarding hazards, in addition to deﬁning features of
the event (large scale, multiple exposure effect, human causation, negative media publicity, and
uncertain future health effects), the stressors were those of direct contact with petroleum and
related products, environmental/ecological damage, and rigors of working on the cleanup crews.
Loss-related stressors included the “multiple loss effect,” losses for speciﬁc Gulf industries and the
broader economy of the area, and ecosystem impacts. Change-associated stressors included stigma
of the area and its products, changes in employment patterns and opportunities (including the
introduction of new technologies), and the protracted presence of media.
TSIG summary (Table 3). The TSIG summary contrasts the major evidence-based psychological
risk factors, subsumed under the categories of exposures to hazards, losses, and changes, and
ranked according to “exposure severity.” Exposure severity is highly variable, ranging from low to
extreme; however, it is notable that the majority of the risk factors have a ranking of “low” or
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“moderate” severity. The use of the severity rankings allows this table to display the contrasts
between the psychological risk factors in play and not in play.
Psychological risk factors: prominent and absent (Table 4). The table presents lists of exposures
and stressors that are known to be evidence-based risk factors for psychological distress and
disorders divided into two groups: those that were present and prominent during the Deepwater
Horizon oil spill and those that were absent or minimal. Psychological risk factors are classiﬁed
into exposures to hazards, losses, and changes.
Prominent psychological risk factors that were clearly present during the Deepwater Horizon oil
spill were the deﬁning features of the event: large scale, multiple exposure effect, human causation,
negative media publicity, and uncertain future health effects. Equally important is the litany of risk
factors that were absent. Onshore, throughout the Deepwater Horizon oil spill, Gulf Coast residents
did not experience: mass mortality, life-changing injury, witnessing harm to other humans, fear of
life threat, exposure to undetectable hazardous materials, loss of homes, displacement, separation
from loved ones, widespread physical destruction in the community, disruption of critical
infrastructure and vital services, or lack of basic necessities.

Discussion
Risk factors for psychological consequences: present and prominent
TSIG analysis examines both the distinguishing features that set a disaster event apart as well as
the presence and degree of severity of known risk factors for psychological distress and mental
health consequences. More than most disaster events, in the case of the Deepwater Horizon oil
spill, it was possible to dichotomize exposures into those that were present or absent, “in play” or
“not in play.”
Five deﬁning characteristics that predicted the likelihood of signiﬁcant DBH effects will be
discussed: (1) expansive scale and prolonged duration, (2) multiple exposure effect, (3) preventable
human causation, (4) prolonged negative media publicity, and (5) the uncertain future health effects.
Expansive scale and prolonged duration. The Deepwater Horizon disaster was the petroleum
industry’s largest-volume marine oil spill.1,4,92 For Gulf Coast residents, the ominously expanding
oil spill created signiﬁcant stress. Aerial and satellite photos, and animations of the expanding oil
slick, added to the distressing imagery. As the oil reached the coastline, the ecological damage to
plant and animal species, and to fragile wetlands habitats, became grotesquely visible.
Photographic and video images repeatedly displayed waterfowl, shrouded in a coating of viscous
oil, struggling and perishing along the coastline.93,94
Multiple exposure effect. The brunt of the Deepwater Horizon oil spill was borne by many of the
same Gulf Coast residents who had experienced the wrath of Hurricane Katrina in 2005 and strong
tropical cyclones in 2008.59 Meanwhile, these coastal citizens were in the throes of the most severe
global economic crisis in 80 years at the time the oil platform exploded.95
Research indicates that multiple high-intensity impacts are more stressful than an encounter with
a singular event.7,8,66–74 Exposure to prior adverse experiences or traumatic events appears to
sensitize people to react more negatively following subsequent trauma.70–72 The Adverse Child
Experiences (ACE) study has found robust correlations between cumulative exposure to adversity
in childhood and deleterious physical and mental health outcomes in adulthood.73 Additionally,
childhood exposure to a natural disaster predicted elevated symptom levels for common mental
disorders in adulthood.68 Prior exposure to violence predicted poorer mental health following the
impact of a natural disaster, the 1988 earthquake in Armenia.71
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The spill struck the economic heart of the coastal Deep South, with strongest effects experienced
in the tourism,96 ﬁn ﬁshing, shellﬁsh culture,97, and energy/petroleum industries. The instantaneous
and severe impact on the marketability of Gulf Coast products and services set in motion strong
fears that stigmatization of the region would threaten the viability of coastal livelihoods long term.
Preventable human causation. The Deepwater Horizon explosion and oil spill represented a
cataclysmic failure of human technology.1–3 Although contingency plans for hazardous materials
spills had been previously developed, none took into consideration uncontrolled spillage from an
offshore well, rather than a vessel or onshore facility.2,4 Human negligence, lack of foresight,
cavalier disregard for predictable risks, and corporate culpability were prominently on display.1–3
Such hallmarks of a human-generated disaster magniﬁed the psychological reactions.9–13
Prolonged negative media publicity. Media personalities converged on the Gulf Coast, with
network news anchors frequently broadcasting live from the Gulf shoreline. The coverage of the
event was extensive, ever-present, and protracted. With story lines focusing on BP’s share of the
blame, the media scrutiny was investigative and intense. Media stories “stirred the pot,” playing on
the coastal anxieties regarding economic ruin, lasting damage, and stigma, as newscasters
presented a series of personal tales of hardship. The Deepwater Horizon spill maintained “top
story” status for 14 consecutive weeks, an unparalleled feat in the annals of disaster journalism.98
Forty-seven percent of news coverage focused on impact, cleanup, and containment; 27% dealt
with BP’s role and culpability; and 17% dealt with the Obama administration response.98
An ocean-ﬂoor camera was installed to visualize the illuminated, spewing wellhead and cable news
networks displayed a 24/7 real-time, screen-within-a-screen image of the seaﬂoor gusher. Broadcasting
the prolonged, relentless accumulation of petroleum product both on the surface and submerged in the
ocean depths ampliﬁed the sense of threat. Only when the wellhead was capped were the underwater
cameras turned off, and abruptly, the Deepwater Horizon media coverage dissipated.
Uncertain future health effects. Scientists have begun to examine the range of possible health
consequences of signiﬁcant exposures to the chemical constituents of petroleum and dispersant
products and aerosols, including various forms of cancer, neurological disorders, and special
susceptibilities for persons with genetic polymorphisms.99 Rumors of harmful exposure to vapors
and aerosols were fairly common in the early weeks and some coastal residents sought medical
consultations for symptoms they believed to be related to contact with oil washing ashore or
breathing foul-smelling air. However, the great majority of residents factually perceived that the
spill did not pose threat to life or threat of severe bodily harm. Ongoing surveillance will be critical
to monitor the health status of Gulf residents, especially the cleanup workers.99

Protective factors buffering psychological consequences
Several opposing forces may have counterbalanced the psychological risk factors described
above. First, some prominent disaster risk factors that strongly predict psychological distress and
impairment were not present in the Deepwater Horizon oil spill. Second, the nature of the disaster
allowed the infrastructure of coastal communities to remain intact. Third, the disaster response was
exemplary. Fourth, substantial BP ﬁnancing was made available to underwrite losses, pay for the
cleanup efforts, and support Gulf Cost economic recovery.
Absence of powerful psychological trauma risk factors. Juxtaposed against the psychological effects
related to the enormity of this ecological catastrophe was a pronounced absence of a number of major
psychological risk factors that predict severe psychological consequences across a range of disasters
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and extreme events. Importantly, the expression of distress and the risks for severe disaster-related
psychopathology may have been diminished because Gulf Coast residents did not experience acute
threats to their lives and physical integrity. The following powerful stressors—common predictors of
psychopathology—were not in play during this event: mass mortality, life-changing injury, witnessing
harm to other humans, fear of exposure to invisible or undetectable agents, and fear of death or grievous
harm to self or loved ones.
This ﬁnding, presented in two compare/contrast columns in Table 4, is also powerfully
portrayed in the traumatic signature summary appearing in Table 3. Notice that the majority of the
exposure severity ratings for the Deepwater Horizon oil spill are “low” or “moderate.” This
contrasts starkly with previously published TSIG analyses of other mega-disaster events: the 2010
Haiti earthquake (natural disaster),20 the 2011 Great East Japan Disaster (hybrid disaster),26 and the
protracted armed conﬂict in Colombia leading to massive internal displacement (intentional
anthropogenic disaster);31 all have a preponderance of exposure severity ratings—for the same risk
factors—in the “very severe” and “extreme” categories.
Apart from 11 deaths associated with the conﬂagration onboard the Deepwater Horizon drilling
platform, and anecdotal reports of possible spill-related suicides,100 there were very few onshore
civilian deaths clearly attributable to the oil spill. Apart from the 17 serious injuries sustained by
workmen on the oil rig, there were almost no life-threatening injuries associated with the spill.
Individuals who were most likely to experience oil-spill-associated health effects were the
45,000 persons who comprised the Gulf cleanup workforce. Although cleanup crews were outﬁtted
with personal protective equipment (PPE), a proportion of workers did not comply with the
donning and wearing of the protective gear and enforcement was variable. The most common
ailments that prompted a visit to the inﬁrmary were heat stress, respiratory complaints, skin
conditions related to contact with petroleum and dispersant products, sprains, and similar non-lifethreatening, non-life-changing conditions.81,83,84,97
The health effects for Gulf Coast cleanup workers, including possible psychological outcomes,
are being carefully monitored. The National Institute of Environmental Health Sciences (NIEHS),
part of the National Institutes of Health, has embarked on the Gulf Long-term Follow-up Study
(GuLF Study), described as, “the largest study ever conducted on the potential health effects
associated with an oil spill, with nearly 33,000 participants.”101 This follows the initial surveillance
of Gulf workers during their tours of duty by the Department of Labor’s Occupational Safety and
Health Administration (OSHA), working in close cooperation with investigators from the National
Institute for Occupational Safety and Health (NIOSH) and the Ofﬁce of the Assistant Secretary for
Preparedness and Response (ASPR).102
Throughout the Deepwater Horizon oil spill, the hazardous materials tended to be observable to
the senses. Unlike other human-generated chemical, radiological, or biological agent events, the
Deepwater Horizon spill did not generally expose citizens unknowingly to dreaded hazards that
were colorless, odorless, unseen, and undetected.
The boundaries of petroleum product and dispersant chemical contamination were restricted to
the Gulf waters and coastal shorelines, so most citizens of the affected states had limited or no
direct exposure.17 Typically, coastal residents could see the oil and contaminants and avoid contact.
Persons who were engaged in the cleanup operations received training and were provided with
PPE. The GuLF Study currently provides ongoing surveillance for the majority of cleanup workers
who opted to join the study; their exposures and health outcomes will be carefully monitored to
provide insights into potential long-term health—and mental health—effects.101,102
An exceptional feature of the Deepwater Horizon oil spill was the fact that, because there was
limited onshore physical harm to humans, the psychological effects could be prioritized and isolated for
focused investigation. This research opportunity coincided with the availability of earmarked BP
funding for behavioral health research16,88,89 to produce the well-designed and carefully executed
mental health and substance abuse surveys conducted by SAMHSA and CDC.17
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In summary, major psychological risk factors, particularly those relating to physical harm, were not
prominently in play. There was almost no onshore spill-related mortality or severe injury. Coastal
residents did not experience realistic fears of life threat for self or others. Most were not directly
exposed to hazardous petroleum products. With minimal physical harm, the importance of studying the
behavioral health effects of the oil spill was recognized, well-funded, and rigorously investigated.17
Intact coastal community infrastructure. During 2010, there were serious spill-related economic
impacts on ﬁshing, tourism, and other industries dependent on the Gulf waters. Nevertheless,
despite the effects on Gulf ecosystems and industries, community infrastructure remained
operational throughout the spill. There was no major structural damage, destruction of the built
environment, or loss of homes. Persons were not evacuated, displaced, relocated, or separated from
loved ones. There was minimal disruption of essential services. Major components of critical
infrastructure such as communications, transportation, utilities, schools, and health care (including
mental health care) operated at full capacity. Gulf residents did not lack for basic necessities.
Therefore, this additional set of risk factors commonly seen in natural disasters—and especially
evident when Hurricane Katrina collided with the Gulf coast—was not a factor during the Deepwater
Horizon oil spill. Furthermore, perhaps one of the strongest assets that buffered the effects of the spill
was the deep and abiding community attachment that pervades the Gulf Coast cultures.64,65
Exemplary disaster response. Local and national disaster response assets performed exceptionally
well.1,2 Disaster response was swift, efﬁcient, and a model of command and control. The US
President was rapidly on-scene, the acclaimed FEMA Administrator brought the full force of his
agency’s response to bear, and the Coast Guard spearheaded the incident command structure.1,2
The media and the general public were apprised of each new development. The response instilled
conﬁdence and the responders were welcomed as they guided a technologically savvy and
coordinated set of cleanup and recovery operations.
Financial injection and economic rebound. BP was actively engaged operationally and ﬁnancially
in all aspects of the response to stop the ﬂow of petroleum, limit ecological damage while the spill
was in process, and clean up the Gulf. This brought an infusion of funding, talent, and technology.
Funding was prioritized for projects with favorable prospects for rapidly boosting the local
economies.103 A number of the Gulf industries most affected by the spill appear to be ﬂourishing.
For example, the 1-year restriction on ﬁshing allowed the ﬁsh stocks to reach record numbers and
after a major downturn in 2010, tourism rebounded to proﬁtability with record numbers of visitors
by 2011 thanks in part to very effective promotion and beachside renovation. The timing was also
fortuitous; the forward economic momentum in the Gulf coincided with the ongoing upturn of a
mending economy. All in all, the Gulf Coast experienced an innovative, multi-strategy, resilienceenhancing response buoyed by substantial funding. The timing and speed of the economic
turnaround was noted by the SAMHSA/CDC investigators as a possible factor explaining what
appears to be robust community mental health throughout the region.17

TSIG analysis
TSIG analysis continues to evolve as a methodology. The ultimate goal is to develop a system
that operates in real-time to rapidly inform mental health and psychosocial support (MHPSS) based
on conversion of early and available disaster intelligence into actionable guidance. The present
study is one of a series of case studies developed to provide perspective on important disaster
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events globally and to create the platform for advancing the science of TSIG analysis.18–31
Researchers from ﬁve continents have participated on this series of TSIG case studies. Numerous
additional “TSIGs” are underway and a Delphi process is planned for 2014 to further reﬁne TSIG
methodology based on input from an interested cadre of international DBH experts.
At present, limitations in TSIG analyses also reﬂect limitations in the ﬁeld of DBH. These
include the needs to better deﬁne and quantify exposures, and to translate exposures (to hazards,
losses, and changes) into empirical predictions of likely psychological outcomes. For example, the
exposure severity ratings are an early and inexact approach to enhancing quantiﬁcation and their
reﬁnement will be a focus of Delphi discussions. For the present study, TSIG analysis provided a
framework for examining the deﬁning features of the Deepwater Horizon oil spill and identifying
the evidence-based psychological risk factors that were present and absent during this event.

Implications for Behavioral Health
The Deepwater Horizon oil spill was—and is—an ecological disaster of daunting magnitude that
struck the Gulf Coast of the United States as its citizens still struggled to recover from Hurricane
Katrina while weathering a severe economic recession. Behavioral health impact has been a
consequential feature of previous oil spill disasters. Speciﬁc to the Deepwater Horizon spill,
surveys ﬁelded in heavily impacted communities (some including cohorts previously assembled to
study the psychological effects of Hurricane Katrina) initially documented increased symptoms of
distress, anxiety, posttraumatic stress, and depression52–63,103 although reported symptom levels
diminished substantially by 2011.61,62 By contrast, the well-designed SAMHSA/CDC surveys
employing large, representative population-based samples drawn from the four spill-affected states,
and focusing on mental health and substance use indicators, did not ﬁnd widespread behavioral
health impacts from this technological disaster.17 Although the Deepwater Horizon spill may be
rated as a mega-disaster in terms of ecological impact, this event does not appear to have produced
geographically pervasive, severe, and enduring behavioral health effects.
The SAMHSA/CDC surveys represent a one-time opportunity to take a broad, objective, and
systematic view of a disaster in a manner that reveals the geographic boundaries of psychological
impact. The Deepwater Horizon oil spill was the rare disaster event with a culpable party, BP, both
able and incentivized to fully underwrite the containment, the cleanup, the recovery, and the
scientiﬁc studies that would monitor the health and environmental effects. Even as the BP-funded
SAMHSA/CDC surveys were underway, BP was pumping economic resources into the region.
When applied to disaster stress, Hobfoll’s conservation of resources (COR) theory posits that
“people strive to retain, protect, and build resources and that what is threatening to them is the
potential or actual loss of these valued resources.”104 It is reasonable to assume that the stressors
associated with 2010 economic impacts of the spill on the Gulf economy were at least partially
redressed as economic resources were made available and as many Gulf industries rebounded
(sometimes surpassing pre-spill levels of proﬁtability by 2011 and beyond).105 Of course, it will be
critical to examine the degree of “saturation” of the recovery at the county, community, and family
levels to determine whether some have not shared the collective beneﬁts.
The behavioral health implications are clear. Despite the expansive dimensions of the
Deepwater Horizon spill and the yet-unknown long-term effects on Gulf Coast ecology, (1)
the extent of physical human harm appears to be limited, (2) the initial resource loss appears
to have been signiﬁcantly replenished at the regional level, and (3) large, well-conducted
studies demonstrate that the “behavioral health impact” is neither severe nor widespread
across the area.
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