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Abstract 6 

 Oil spill contingency planners need an improved approach to understanding and 7 

planning for the human dimensions of oil spills. Drawing on existing literature in social 8 

impact assessment, natural hazards, human ecology, adaptive management, global change 9 

and sustainability, we develop an integrative approach to understanding and portraying 10 

the human dimensions impacts of stressors associated with oil spill events. Our approach 11 

is based on three fundamental conclusions that are drawn from this literature review. 12 

First, it is productive to acknowledge that, while stressors can produce human impacts 13 

directly, they mainly affect intermediary processes and changes to these processes 14 

produce human impacts. Second, causal chain modeling taken from hazard management 15 

literature provides a means to document how oil spill stressors change processes and 16 

produce human impacts. Third, concepts from the global change literature on 17 

vulnerability enrich causal models in ways that make more obvious how management 18 

interventions lessen hazards and mitigate associated harm. Using examples from recent 19 

spill events, we illustrate how these conclusions can be used to diagrammatically portray 20 

the human dimensions of oil spills. 21 

 22 

Human dimensions of oil spill contingency planning 23 
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 1 

Oil spill response planners never disregard the human dimensions of oil spills. In 2 

fact, the National Contingency Plan requires that items of economic and environmental 3 

importance that are threatened by a spill be covered in the plan (Coast Guard 2001). 4 

However, ecological concerns tend to drive contingency planning and human dimensions 5 

lag behind. It is true that critical human dimensions such as public health and major 6 

economic activities such as shipping traffic are prioritized during an emergency response, 7 

but the systematic appraisal of social, political, cultural, and economic risks is not widely 8 

considered in area-based contingency planning processes. We seek to provide planners 9 

with a comprehensive technique to enable them to think through the human dimensions 10 

of oil spill. The technique that we have developed draws on social impact assessment, 11 

hazard management, and vulnerability assessment to portray risks from oil spills and 12 

response activities. 13 

 14 

Understanding change in coupled human-environmental systems 15 

 16 

 Human communities are linked with ecological systems in multiple ways (Liu and 17 

others 2007). These interconnected systems are susceptible to change from natural 18 

disasters and human endeavors. Being able to predict changes before they happen helps 19 

people prepare for, mitigate, or prevent unwanted changes. Of course, there are a number 20 

of challenges associated with predicting change (Turner and others 1990). The first is that 21 

individuals and society are always in a state of change. It can be difficult to discern which 22 

changes were caused by a discrete event and which were going to happen anyway. 23 
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Second, the baseline information that is needed to measure the degree of change is 1 

sometimes absent (Hall-Arber and others 2001). Third, there are scalar challenges 2 

associated with the wide variety of social units to which change happens. Change can 3 

happen to individuals, to families, groups, communities, states, nations, and/or cultures 4 

(Gibson and others 2000). Fourth, there is the challenge of identifying appropriate 5 

indicators. There is no consensus as to what are the appropriate variables or how to 6 

measure them. Some are easy to measure, but others are inherently complex and 7 

multifaceted--for example, Òquality of life.Ó 8 

 9 

In the applied fields of policy and decision-making, several approaches have 10 

developed around roughly the same objective: to predict consequences of extreme events 11 

(Burdge 2004, Becker 2001, Teigland 2000, Finsterbusch 1985, Liestriz and Murdock 12 

1983).  While there have been periodic episodes of learning and cross-fertilization across 13 

fields, to a good extent these literatures have developed independently and therefore have 14 

their own theoretical foundations, concepts, variables, and indicators. Three fields of 15 

study are most relevant. Social impact assessment has focused the most on the impacts of 16 

large-scale interventions to humans. Natural hazard management has focused mainly on 17 

characterizing hazards and risks. Vulnerability analysis has focused more on the human 18 

susceptibility and response to environmental change.  19 

 20 

Social impact assessment 21 

 Social Impact Assessment (SIA) was developed in the 1970s as a supplement to 22 

Environmental Impact Assessment and is a mandated component of the Environmental 23 
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Impact Statement under the National Environmental Policy Act (NEPA) (Branch and 1 

others 1983). Its original purpose was to identify and characterize the likely future 2 

consequences to individuals, groups, organizations, and societal systems of a proposed 3 

action (Burdge 2004, Becker 2001). Although today some argue that the goal of SIA is to 4 

improve sustainability or promote human development, at the core of the practice are 5 

methodologies intended to detect, characterize, and measure social changes due to 6 

physical infrastructure projects or proposed policy amendments (Becker and Vanclay 7 

2003). Social impact assessments are done for projects intended to serve the public good, 8 

projects such as dams, pipelines, or urban renewal. They are also required when federal 9 

regulations are modified as in the case of fisheries management. The goal of SIA is to 10 

explicate the unintended negative consequences of these projects and amendments. Over 11 

its four decades, scholarship in the field has made significant progress, generating 12 

taxonomies of impacts and measurement techniques. We discuss these taxonomies below. 13 

 14 

Natural hazard and technological risk management 15 

The field of natural hazards and disaster risk management emerged in the late 16 

1970s (Burton and others 1978). It sought to understand not only how people and 17 

communities are impacted by natural disasters, but also how human behavior is culpable 18 

in creating vulnerability to natural events (Wisner and others 1994). For instance, 19 

hurricanes are a regularly occurring natural event, but they do not become hazardous to 20 

humans until people build houses on barrier islands that are highly vulnerable to 21 

damaging storms. The major contribution of research in this field has been in the 22 

characterization of hazards and hazard events. Hazards are characterized according to 23 
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magnitude, spatial extent, frequency and persistence. Hazard events are conceptualized as 1 

causal chains that begin with a hazard and which cascade through human-environmental 2 

systems, producing primary, secondary, and tertiary impacts (Hohenemser and others 3 

1985). The depiction of the causal chain has also provided a convenient schema to 4 

classify hazard management actions, which has led to the differentiation of preventative 5 

and mitigative management actions. 6 

 7 

Vulnerability assessment for global environmental change 8 

 In the 1980s, a subset of geographers studying disaster management began to 9 

focus their attention on consequences of human-induced global environmental change 10 

(White and others 2001). Human behavior was beginning to be recognized for rapidly 11 

changing earthÕs climatic systems (Turner and others 1990). Vulnerability analysis was 12 

one tool that helped reveal how environmental changes make people, places, and 13 

societies vulnerable to threats (Smit & Wandel 2006, Cutter 2006, 2003a,b, 2000). 14 

Implicit in this field of study was the notion of an Òintegrated human-environmental 15 

system.Ó  This concept emphasized the dynamic interplay of human behavior changing 16 

Earth and the impacts of EarthÕs changes on humans. It also recognized that people had 17 

different susceptibilities to dangers associated with environmental change and that people 18 

had a certain resilience to withstand a certain amount of change without experiencing 19 

permanent harm. 20 

 21 

Defining and measuring human impacts 22 

 23 
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Taxonomies of human impacts 1 

Disasters, accidents, climatic change, and large infrastructure projects have a 2 

multiplicity of impacts that can be thought of having human dimensions. These include 3 

all impacts that are not ecological. Social impact assessment is commonly focused on 4 

interactive systems in communities and institutions. It can (but does not always) exclude 5 

or de-emphasize physical and mental health, economic markets and systems, human 6 

rights, governance and culture. To emphasize the consideration of all impacts, we use the 7 

broader term human impacts. 8 

To ensure that nothing important is omitted when characterizing impacts, planners 9 

often work from taxonomies formatted into a generic checklist of all different types of 10 

impacts. Many publications and guidelines provide such checklists classifying Òimpact 11 

assessment variablesÓ under diverse categories. The variables measure change in all 12 

dimensions of the human condition. In Table 1 we review three examples of the most 13 

widely used taxonomies from the field of social impact assessment. 14 

 15 

TABLE 1  16 

 17 

Taxonomies of human impacts have an implicit structure. Categories mark off 18 

territories into which individual impacts are assigned. The categories help ensure that 19 

there are no systematic omissions in the depiction of impacts. One of the most common 20 

approaches to define categories is based upon the academic disciplines that study human 21 

society. Gramling and Freudenberg divided society into biophysical, psychological, 22 

social, political, economic, and cultural systems (1992). This discipline-based approach is 23 
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strong because it draws on specialized concepts, variables, and indicators developed in 1 

each discipline. Its main limitation is that it is not adept at recognizing impacts that span 2 

traditional academic boundaries. Consequently, it is difficult to assemble an accurate 3 

understanding of some impacts. It is a challenge to measure multi-dimensional impacts 4 

because the concepts and tools needed to do so may not exist and scholars are not well 5 

known for collaborating productively with colleagues outside their area of specialization 6 

(Austin 2008). For instance, impacts to leisure opportunities is not easy to sort into a 7 

disciplinary framework as it has social, political, and economic dimensions. 8 

 9 

In the article Conceptualising Social Impacts (2002), Frank Vanclay reviewed and 10 

criticized existing social impact variable lists. He argued that many of these lists are too 11 

indicator-driven, too focused on things that could be counted instead of things that count, 12 

and too focused on negative impacts. One such list was generated by the 13 

Interorganizational Committee on Guidelines and Principles for Social Impact 14 

Assessment (ICGPSIA, 1994). They listed 30 impact variables. The ICGPSIA took a 15 

bottom-up view, starting with a long list for which data are available and grouping these 16 

into thematic sets akin to Gramling and FreudenbergÕs.  17 

 18 

Vanclay developed a taxonomy whose categories of impacts he argued better 19 

relate to what is relevant to people (Vanclay 2001, 2002, 2003, 2006; van Schooten and 20 

others 2003; see Table 1). For example, way of life refers to the desire of people to have 21 

satisfactory daily lives. Health & well-being, as well as fears & aspirations and the 22 

category called personal & property rights all refer to impacts that are felt directly by 23 
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individuals or groups. While sorting impacts into meaningful groups is a matter of much 1 

discretion, progress is being made in classifying social impacts. This points to a need for 2 

taxonomies that have practical relevance.  3 

 4 

Distinguishing impacts from processes 5 

In keeping with the SIA literature, we define human impacts as: changes in 6 

condition or state of a social entity (ICGPSIA 1994, Vanclay 2002: 191). And we define 7 

social entities as: having agency and the potential to interact with other social entities. 8 

With this definition in mind, we agree with a second observation Vanclay has made about 9 

the existing SIA literature. He noted that variables that are commonly measured in social 10 

impact assessment analysis do not actually measure impacts to people (Vanclay 2002). 11 

For example, the purported impact called Ôpopulation changeÕ does not meet the 12 

definition of an impact. A Ôchange in populationÕ does not change the condition of a 13 

social unit. Population is not a social unit. Population is a quality of a social entity such 14 

as a community. To understand impacts to communities we need to understand qualities 15 

such as Ôchange in population,Õ because population change does lead to impacts. After the 16 

population increases, people may experience longer commute times (due to traffic 17 

congestion); communities may experience higher housing costs; or businesses may 18 

experience increased demand for jobs, products and services. 19 

 20 

If population change is not a human impact or a social entity, then what is it?  21 

Vanclay called it a social process. We prefer the term intermediary process to emphasize 22 

that it lies between the stressor and the impacts in a causal stream. We define 23 
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intermediary processes as human and institutional activities that are an established feature 1 

of human communities and that can be characterized independently of the local context. 2 

Vanclay has listed fifty-two social processes classified under seven categories (see Table 3 

2, Vanclay 2002, van Schooten and others 2003). The distinction between processes and 4 

outcomes is not new. A similar observation has been made in the natural hazards 5 

literature. Early scholarship on causal models noted that hazards events cause harm by 6 

first influencing existing processes (Hohenemser and others 1985). These have also been 7 

called ÒpathwaysÓ (see Kasperson and others 1989).  8 

 9 

TABLE 2 10 

 11 

Distinguishing processes and impacts is important because it leads to more 12 

thorough understandings of how a stressor acts to produce human impacts. Ultimately, 13 

this can help to explain why two different communities that are exposed to the same spill 14 

may experience very different human impacts. Distinguishing processes and outcomes is 15 

also important because the management strategies are different for the two. For example, 16 

it is possible to intervene in the intermediary process of fishing by changing regulations. 17 

If one contaminated area is closed to fishing, another area can be opened so that the 18 

ability of fishermen to make a profit is not hindered. Compensating individuals for 19 

economic losses is a strategy to mitigate the damages of impacts to property or 20 

livelihoods.  21 

 22 



 10 

A taxonomy of intermediary processes that is broadly applicable to oil spills is an 1 

important first step to developing this enhanced understanding of how spills disrupt 2 

communities. In assessing the social impacts assessment of the Exxon Valdez oil spill, the 3 

consulting company Impact Assessment, Inc. distinguished among eleven categories of 4 

processes (Impact Assessment 2001). These are shown in Table 2. Impact Assessment 5 

called these Òsocial factorsÓ but described them in the same way as we have defined 6 

intermediary processes, as things that: Òmediated between the event context and 7 

community impactsÓ (2001: 8).  8 

 9 

VanclayÕs seven categories in Table 2 were developed in the context of estimating 10 

social impacts from planned interventions like dam construction. These projects are 11 

intended to create positive social benefits. The listing of Impact Assessment Inc., on the 12 

other hand, was generated to understand the (largely) negative impacts of the Exxon 13 

Valdez spill on rural Alaskan communities. The latterÕs categories are strong in processes 14 

having to do with social relations, but do not include any economic processes. VanclayÕs 15 

categories are less sophisticated when it comes to social relations, but explicitly include 16 

economic processes. Together they suggest the possibility of creating a more thorough 17 

taxonomy of intermediary social processes associated with the stresses of oil spills. 18 

 19 

Constructing a taxonomy of processes is inevitably complex because processes 20 

tend to involve many different types of social units and occur at many different levels of 21 

abstraction. For example, urbanization is a geographic process and is vastly different 22 

from the socio-cultural process of substance abuse.  23 
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 1 

To generate a taxonomy of intermediary processes, we reviewed existing 2 

literature on oil spills worldwide and existing interview data from spills at Buzzards Bay 3 

(Bouchard 120), Chalk Point (pipeline to PEPCO generating plant), Delaware Bay 4 

(Athos) and San Francisco (Cosco Busan) (Tuler and others 2007). Sources also included: 5 

Arata and others 2000, Byrd and others 2001, Cohen 1995, Dalhamer and Tierney 1998, 6 

Dyer 1993, Etkin and others 2002, Garza-Gil and others 2009, 2006a,b, Garcia-Mira and 7 

others 2006, Garc’a PerŽz 2003, Gill 1994, Gill and Picou 1992, 1997, 1998, Loureiro 8 

and Ribas 2006, Palinkas and others 1993a,b, Picou and others 1992, 2004, Picou and 9 

Gill 1996, 1997, Rodin and others 1992, Suris-Regueiro and Garza-Gil 2007 as well as 10 

dozens of newspaper articles. We also reviewed taxonomies of social processes 11 

developed in fields of social impact assessment and natural hazard management (Dow 12 

and others 2007, Folke 2006, Kasperson and others 2005, Cutter and others 2003a, 13 

Turner and others 2003a, 2003b, Kasperson and others 2001, Clark and others 1998, Dow 14 

1992). Based on these existing data and literatures, we developed a taxonomy of 15 

intermediary processes and linked them to human impacts associated with an oil spill. 16 

This list is presented in Table 3. The Table also includes examples of the indicators that 17 

can be used to measure the impact variables. This is not intended to be a master checklist 18 

of all human impacts associated with oil spills. It is intended to summarize the impacts 19 

that the existing literature reports as being important in the context of recent oil spills. 20 

 21 

TABLE 3 22 

 23 
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 1 

Linking human impacts to ecological systems 2 

Oil spills occur in the natural environment and affect both natural processes and 3 

social systems. Figure 1 is a general conceptual model of how an oil spill stressor creates 4 

impacts by acting on the human-environmental system. The model shows that human 5 

impacts can be created in three ways. First, oil can affect an ecological process that then 6 

harms people directly (see the arrows across the top of the diagram). For example, 7 

shellfish filter feeders bioaccumulate oil toxins, making them unsuitable for human 8 

consumption. People who consume them may experience health impacts. 9 

 10 

Second, oil spill stressors can change intermediary processes either directly or 11 

through affecting ecological processes. For example, bioaccumulation of toxins in fish 12 

may have subsequent effects on the intermediary process of fishing. If fishers cannot fish, 13 

someone in their family may need to take a new job or a child may not be able to stay in 14 

college. 15 

 16 

Third, an oil spill stressor may impact humans directly, that is, without modifying 17 

an ecological or social process. For example, people who are directly exposed to oil 18 

vapors or liquids may experience harmful health impacts.  19 

 20 

FIGURE 1  21 

 22 
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Distinguishing intermediary processes from human impacts allows for a more 1 

sophisticated depiction of how a stressor acts on the human-environmental system. This 2 

also enables us to visualize how the differential vulnerability of communities leads to 3 

different degrees of human impacts at the end of a causal stream. Management 4 

interventions will become apparent from this causal diagram. To develop diagrams that 5 

aptly capture this differential susceptibility, we draw on several contributions from 6 

vulnerability analysis.  7 

 8 

Drawing on vulnerability analysis to understand human-environment systems 9 

 10 

 Vulnerability analysis highlights how stressors arise, how exposures and 11 

susceptibility to the threats are differentially distributed, and how people adapt or cope 12 

with the threats and their effects (Smit and Wandel 2006). Vulnerability studies endeavor 13 

to apply systems thinking and to see individuals embedded in social systems that are 14 

inherently linked to ecological systems (Turner et al 2003a). 15 

 16 

 There are different meanings of the word vulnerability.  Some scholars use it to 17 

describe the ability of an entity to cope with a stressor (Klein and Nicolls 1999). This 18 

definition ends up being very close, if not identical, to the notion of resilience. Others 19 

describe vulnerability as the potential harm an entity may experience (Kasperson and 20 

others 2001) due to a stressor.  This is the approach we adopt. At its most basic level, 21 

vulnerability captures the Òdifferential susceptibility to loss from a given insultÓ 22 

(Kasperson and others 2001: 24). An insult is a force that causes consequences, but 23 
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because not all consequences are negative, ÒinsultÓ is not an ideal term to use. We prefer 1 

to use the term Òstressor.Ó 2 

 3 

Vulnerability is understood as a property of a social entity. It is a multi-4 

dimensional concept that links together three elements associated with the entity and the 5 

stressor. These are: exposure, sensitivity, and resilience. Exposure involves an encounter 6 

with a stressor. Sensitivity and resilience are properties of the social entity that is the 7 

focus of consideration. A sensitivity is a property that determines how the entity is 8 

potentially impacted from the exposure. Resilience is the ability of the entity to resist or 9 

cope with the exposure so as to maintain or improve its condition (Dow 1992, Kasperson 10 

and others 2005, Pidgeon and others 2003, Turner and others 2003a,b, Smit and Wandel 11 

2006, Folke 2006). 12 

  13 

Exposure refers to the presence of a stressor that is capable of impacting a social 14 

entity. Exposure is characterized with temporal and spatial extent, magnitude, duration 15 

and the types of social entities threatened. Table 4 briefly summarizes the characteristics 16 

of oil spill related stressors that generate human impacts. In the Table, we have 17 

distinguished between the spill itself and the response. Other publications spend 18 

considerable effort characterizing spills (Verma and others 2008) and modeling risks 19 

(Price and others 2003). Although social entities are subject to the same spill, they are 20 

differentially exposed depending on qualities of the spill. For example, tourism business 21 

is highly exposed when the spill happens in summer. Fishing is more exposed when the 22 

oil mixes into the water column. 23 



 15 

 1 

 2 

TABLE 4  3 

 4 

 As Hurricane Katrina demonstrated, people exposed to similar conditions may 5 

experience tremendously different impacts. Those that are most exposed may experience 6 

the most serious impacts, however, exposure is not enough to define harm. To explain 7 

why equivalent exposures do not always produce equivalent impacts, the notions of 8 

sensitivity and resilience are employed. 9 

 10 

 Sensitivity refers to the degree to which a social entity is likely to experience 11 

harm when exposed to a stressor. When we talk about sensitivity, we begin with the 12 

presumption that a social entity has been exposed. (Dodging or reducing exposure is dealt 13 

with in the next section.) It is helpful to distinguish among sensitivities that are more 14 

fixed and those that are readily changeable. The former are akin to being traits of social 15 

entities while the latter are akin to characteristics. Social entities have many traits and 16 

characteristics. Which ones are sensitivities is determined by the type of stressor. For 17 

example, if a stressor is a toxin, then sensitivities will concern qualities of individualÕs 18 

health. People who are frail are more sensitive to additional toxic stresses than are 19 

individuals who are healthy. If the stressor is economic, then a whole different set of 20 

sensitivities will be relevant. 21 

 22 

TABLE 5  23 



 16 

 1 

 Fixed sensitivities are more permanent qualities of an entity that determine its 2 

ability to absorb an insult without being impacted. Table 5 gives some examples of 3 

sensitivities associated with economic stressors for different kinds of social entities. For 4 

example, a quality of individuals that strongly influences how much harm they 5 

experience from an economic stressor is experience (Ritchie & Gill 2004). Experience is 6 

relatively fixed; it can change, but only over many years. Experience relates to the 7 

individualÕs wisdom when making choices in new circumstances. Training, on the other 8 

hand, is readily changeable. Training refers to the skills a person has mastered. For 9 

example, fishing crew can train to become carpenters, writers, or stockbrokers. With 10 

multiple skills, their sensitivity to being put out of work is reduced. 11 

  12 

Debt burden and number of employees are characteristics of businesses that affect 13 

how an economic stress impacts them. The former is more difficult to change quickly, 14 

while the latter can be changed rapidly. For communities, economic diversity is a slowly 15 

changing sensitivity, while enforcement of regulations can be changed quickly. 16 

 17 

 The types of sensitivities can be further broken down into dimensions that are 18 

relevant to oil spill hazards. Table 6 lists five dimensions of sensitivities and gives some 19 

examples that are relevant for three types of social entities. 20 

 21 

TABLE 6  22 

 23 



 17 

 1 

 The first category of sensitivity in Table 6 is Ôphysical.Õ This relates to the 2 

stamina of the entity. For individuals, this refers to physical and mental health condition 3 

and wellness behaviors. For businesses, it is related to the actual location of the business, 4 

the physical lines of transport that move product or resources, the reliance on a single 5 

revenue stream, the employment of the firm, and so on. For communities, physical 6 

dimensions include population, housing, existence of structures (like marinas), and the 7 

condition of infrastructure. 8 

 The other dimensions of sensitivity shown in Table 6 are economic, social, 9 

governance, and cultural dimensions. There is an obvious connection between these 10 

dimensions and the taxonomies of social processes shown in Tables 2 and 3. Because 11 

social entities participate in intermediary processes, they have sensitivities to stressors 12 

that affect those processes. For instance, because people participate in economic 13 

activities, they are sensitive to the economic consequences of an oil spill. 14 

 15 

Resilience actions 16 

 Commonly, resilience is defined as the ability of a system to recover or improve 17 

itself after experiencing a stress or perturbation (Gunderson and Holling 2002). In the 18 

context of oil spill disasters, resilience actions are things social entities do to dodge 19 

exposures, shield themselves from exposure, reduce sensitivity, or recover from harm 20 

caused by exposure (Buckle 2006). Some of the words used in the literature for this are: 21 

prevention, coping, response, adjustment, and adaptation. We generally favor the term 22 

resilience actions to stand in for all these words. As Figure 2 indicates, resilience actions 23 
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initiate out of a concern for an experienced or imagined impact and are carried out with 1 

the intention to reduce that impact. As such, they are designed to act upon one of three 2 

different things. First, they can act directly to prevent the stressor itself. For example, 3 

regulations that require all tankers to be double-hulled will  reduce the probability of 4 

subsequent spills. Second, they can act on an intermediary process to interrupt the 5 

transmission of the stressor. For instance, fishers who are prevented from fishing in 6 

certain waters because of a spill may change the gear on their boats so that they can fish 7 

for other species in other waters while their regular fishing grounds are closed. This is an 8 

adjustment to the process of fishing that continues to supply revenue during the disaster. 9 

Third, resilience action can act to reduce the sensitivities of social entities. For example, 10 

captains might train their crew to do all the jobs on the boat so that, if the need arises to 11 

reduce crew size, the vessel can still function. 12 

 13 

FIGURE 2  14 

 15 

  Making a conceptual distinction between preparatory, coping, and adaptive 16 

actions is also useful, however, these distinctions are not further distinguished in this 17 

paper. Preparatory actions are undertaken before the exposure occurs. Coping actions are 18 

undertaken while being exposed. Adaptive actions are taken with the intention of 19 

permanently reducing vulnerability to subsequent hazard events by changing some 20 

fundamental qualities of the human-environmental system. Of course, repeated and 21 

cumulative exposure to stresses or perturbations may overwhelm resilience capacity of 22 

individuals, groups, and institutions (e.g., use up ÒstocksÓ of reserves) leaving them more 23 
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vulnerable to future threats because of increased sensitivity or reduced resilience (e.g., 1 

Kasperson and others 2005).  2 

 3 

Portraying causality 4 

 5 

Direct exposure to oil or inhalation of hydrocarbons can cause direct health 6 

effects, but for the most part oil spills cause human impacts by acting on intermediary 7 

social processes (see Figure 1). The processes are altered and those changes result in 8 

impacts. Tracing the pathways by which oil spill stressors affect intermediary processes 9 

and create impacts is a task helped by using a causal taxonomy of hazards (Hohenemser, 10 

Kasperson, Kates 1985). 11 

 12 

The Causal Taxonomy 13 

 A staged causal taxonomy of hazard events was first developed by Hohenemser, 14 

Kasperson, and Kates (1985). The model views a hazard event as a causal sequence that 15 

can be interrupted and blocked at various stages by effective hazard management 16 

activities. According to the model, hazard events contain the potential for harm while 17 

consequences (or impacts) are the realization of harm. Figure 3 is a schematic of a 18 

generic causal model. 19 

  20 

FIGURE 3 21 

 22 



 20 

 The generation of technological hazards begins with a human need from which a 1 

demand is expressed as a human want. To act on this want, a choice of technology is 2 

made. From here the hazard event progresses through an initiating event to an outcome, 3 

which leads to exposure and ends in consequences (see Garc’a PerŽz, 2003 for an 4 

example of these upstream causal factors related to the Prestige spill). Risk management 5 

options are located in relation to the step in the causal sequence that they seek to block. In 6 

the design of a hazard management strategy, it is wise to consider the entire causal chain 7 

and design interventions at several nodes along the chain (Webler and others 1995). 8 

 9 

 The causal model provides a taxonomy for sorting and comparing concerns that is 10 

oriented toward action since it is based on where risk management interventions can 11 

occur in the hazard stream. The structure of the model serves as a general organizing 12 

concept to explain how an oil spill affects social processes and produces impacts. 13 

  14 

Figure 4 is an illustration of a causal model for an oil spill. The chain starts with 15 

human needs for shelter and heat. In response to that need, people desire oil-based fuels. 16 

To acquire the fuels, the choice of technology of oil tankers is made. The initiating event 17 

is a collision, and one possible outcome of this event is a spill of oil into the water. In this 18 

example, peopleÕs boats are exposed to the oil and the impact is that people must bear the 19 

cost of cleaning their boats.  20 

  21 

FIGURE 4  22 

 23 
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As noted above, the causal chain orients attention to the management actions that 1 

can be taken to break this chain at any location. For example, there are many 2 

management actions in place to try and prevent the occurrence of collisions. If a collision 3 

does occur, there may be little the crew can do to stop the spill, but once the oil is in the 4 

water, booms, dispersants, skimmers, and so on are employed to prevent contamination 5 

of boats or marinas. 6 

  7 

In summary, the causal chain model offers a useful strategy for organizing our 8 

understandings for how the impacts from oil spills come about (Kasperson and others 9 

1989). The model portrayed in Figure 4 is simplistic. More detailed models can be built 10 

that focus on narrow portions of the chain. The basic causal chain model also does not 11 

include information about sensitivity or resilience. Once this information is added, a clear 12 

depiction of the human dimensions of an oil spill appears.  13 

 14 

Depicting the human dimensions of oil spills 15 

 16 

Our taxonomy integrates three elements discussed above: the distinction between 17 

processes and impacts, the framework of vulnerability thinking, and causal modeling. 18 

The approach preserves the systems thinking of coupled human-environmental systems. 19 

It also reveals the dynamic qualities of the integrated system. As such, it goes well 20 

beyond the conceptual approach used in most social impact assessment.  21 

 22 



 22 

 By documenting causality, our approach is oriented toward identifying 1 

management interventions, which makes it amenable as a planning aid. While closely 2 

related to thinking in the natural hazards literature where one finds references to 3 

vulnerability thinking and causal modeling, we know of no citations where the two have 4 

been combined as we have done here.  5 

 6 

 The objective is to develop a way of thinking about the socially disruptive effects 7 

of oil spills that is useful to planners and responders. To do so, this enterprise must meet 8 

three central challenges: 9 

¥ discern important intermediary processes and human impacts from less important 10 

ones; 11 

¥ simplify the causal chains without losing critical information; and 12 

¥ highlight possible and likely dynamic responses of the system. 13 

 14 

 Next, we discuss these challenges and demonstrate how they can be met with 15 

vulnerability causal diagramming by illustrating selected impacts of the Bouchard 120 16 

spill in Buzzards Bay (Massachusetts).  In 2008, we interviewed people who responded 17 

to and who were affected by the Bouchard spill. Colleagues of ours interviewed affected 18 

similar and parties in 2006.  Buzzards Bay was selected for is geographical convenience 19 

and because the spill affected a variety of interest positions. We employ the case study 20 

here merely to illustrate vulnerability causal diagramming. 21 

 22 

Identify important processes and impacts 23 



 23 

 Society is vastly complex and understanding how a coupled human-1 

environmental system reacts to a stressor such as an oil spill involves overwhelming 2 

complexity. To understand socially-disruptive consequences in a locality where oil spill 3 

planning is undertaken, it is necessary to reduce the complexity to a manageable level. 4 

This needs to be done while maintaining an integrated social and environmental 5 

perspective.  6 

 7 

 Our approach is to winnow down social complexity into meaningful pieces by 8 

identifying important and related groups of impacts. We promote the idea of ÒthemesÓ to 9 

group and select processes and impacts that associate around a particular topic. When 10 

focusing on a specific locale, one can learn about important themes from people with 11 

local experienceÑ officials, stakeholders, and citizens. Key themes are not difficult to 12 

discern, particularly if people have had experience with a spill event. When there is no 13 

history of oil spills, people can sometimes draw on experience with other forms of 14 

disastersÑ a chemical leak, hurricane, or red tide, for example. 15 

 16 

 In our experience, knowledge of salient themes is best obtained directly from 17 

people who are intimately familiar with the region. We selected people with different 18 

experience, interest, and familiarity with the community. During interviews with 19 

individuals, we asked them about the likely consequences of spills. We developed an 20 

open-ended interview guide to ensure that all types of themes that may be important are 21 

explored. The elements of the guide comprise a taxonomy of possible impacts and 22 

includes many of the items from Table 3. 23 
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 1 

 In Buzzards Bay one theme that arose was the closure of shellfishing beds and the 2 

implications this had for fishers, their families, and the community. Another theme was 3 

the impacts to people living near the water, who experienced odor and aesthetic impacts 4 

from the oil on shore. A third theme was the impact to regulatory and local governmental 5 

agencies. They experienced both negative and positive impacts. Negative impacts were 6 

associated with individuals in the agencies being overwhelmed, stressed out, and 7 

exhausted by the spill and its response. Positive impacts had to do with agencies now 8 

being in a higher state of readiness because of the experiences they had in dealing with 9 

the spill. Clearly these three themes do not capture every single impact associated with 10 

the Bouchard-120 spill, but they do address the issues that most stakeholders reported as 11 

important. 12 

 13 

Simplify causal chains 14 

 Human-environmental systems are highly complex, and discerning causality can 15 

be next to impossible if complexity is not reduced. It is not helpful to draw causal 16 

diagrams that contain too much detail. The challenge is to simplify the diagram in a 17 

manner that still captures the key causal relations. Parsimony is the watchword here. 18 

 19 

 Our approach is to begin with the absolute simplistic diagram possible. A 20 

simplified causal chain captures the backbone of the thematic. It represents the essential 21 

qualities, elements and relations that, if missing, would discredit the portrayal of the 22 

theme. There is an important distinction between omitting fundamental aspects and 23 
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omitting incidental ones. While the distinction is not always obvious, relying on local 1 

knowledge can help clarify important aspects. 2 

 3 

FIGURE 5  4 

 5 

 Figure 5 shows a simple causal chain that addresses human impacts associated 6 

with the closure of shellfishing beds as a response to the Bouchard-120 spill. In 2006 and 7 

again in 2008, people impacted by that spill were interviewed (Tuler and others 2007). 8 

Two days after the spill, all the shellfish beds located in bay were closed. The threat of 9 

contamination, real or perceived, led to a fishing ban applied to all areas oiled or not. As 10 

a result, shellfishermen could not shellfish for at least 22 days, when half of shellfish 11 

beds were reopened. Notice that the stressor is both the spill and the subsequent response 12 

action to close the shellfish beds. Shellfishermen experienced the closure of shellfish 13 

beds as a stressor. 14 

 15 

 The stressor alters the intermediary processes of fishing and running a business to 16 

make a profit. Fishing is an activity and also a business. It includes buying supplies and 17 

bait, maintaining a boat, hiring and paying crew, selling the seafood caught for a profit, 18 

and paying the boat owner. Closing the shellfish beds affected both of these social 19 

processes and threatened the ability of fishers to make a profit.  20 

 21 

 Impacts of these altered processes began to be felt immediately. Shellfishermen 22 

reported that they experienced the following direct consequences: 23 
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• reduced psychological health (on account of experiencing high levels of stress and 1 

anxiety associated with uncertainty about the future); 2 

• reduced perceived quality of life (due to not being able to fish and having less 3 

income); 4 

• reduced standard of living (due to having to have to reduce family budgets in 5 

response to both immediate reduction in income and uncertainty about future 6 

income). 7 

 8 

Highlight dynamic responses of the system 9 

 Once the fundamental causal chain is built, we begin to add additional layers that 10 

capture important dynamic qualities of the system. The first objective is to identify the 11 

sensitivities that amplify or attenuate the causal effects of the stressor as it moves through 12 

the system.  13 

 14 

  In the causal diagram shown in Figure 6, sensitivities appear as nodes beneath the 15 

causal flow that intervene at certain locations in the causal flow. One way to think about 16 

sensitivities is that they serve as a kind of valve to lessen or increase the hazard flow to 17 

the next node. 18 

 19 

FIGURE 6 20 

 21 

 The first sensitivity in Figure 6 governs the degree to which the stressor affects 22 

fishing. All shellfishermen were initially impacted equally because no one could fish. 23 
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However, fishers who derived 100% of their income from shellfishing in oiled areas were 1 

restricted from fishing some areas for 6 or 7 months. Those who derived only 10% of 2 

their income from fishing in the closed areas were much less sensitive to the stressor of 3 

closures. Sensitivity also governs the impact to standard of living. Families who depend 4 

solely on fishing for income were hit harder than those where the spouse makes a 5 

significant portion of the income in a completely unaffected sector. 6 

 7 

The second element to add to the causal diagram to highlight the dynamic 8 

vulnerability of the system is the resilience actions. These are shown in Figure 7 along 9 

the top of the diagram. These flow upstream from impacts. They are reactions taken with 10 

the intent to: 11 

• reduce or avoid exposure to the stressor; 12 

• intervene in the intermediary processes to reduce the causal effect; 13 

• compensate for the loss; or 14 

• decrease the affected unitÕs sensitivity to the exposure. 15 

 16 

FIGURE 7  17 

 18 

 We conceptualize all resilience actions as originating in a node and acting on 19 

earlier nodes or sensitivities with the intention of reducing the original effect. In other 20 

words, they are intended to act as negative feedback. In the example shown in Figure 7, 21 

the stressor prohibits fishers from fishing in closed areas. One of the fishersÕ first 22 

resilience actions was to stop fishing. Another response was to fish more in unclosed 23 
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areas. Not every fisher is able to take the same resilience actions. There is a differential 1 

capacity for resilience actions among any set of social entities. It is also true that some 2 

resilience actions may backfire. They may actually make the problem worse or create a 3 

new problem. For example, fishing in areas further out may expose fishers to greater 4 

weather-related risks. 5 

 6 

 Figure 7 also includes a resilience action intended to maintain fishersÕ personal 7 

income. By laying off crew, they reduce their expenses, thereby enhancing their ability to 8 

make a profit. Of course this action has increased consequences for crew, so it does not 9 

solve a problem, but it shifts risks onto other people.  10 

 11 

 The causal diagrams with vulnerability information will facilitate discussions 12 

among planners and responders and improve planning for disaster response. For example, 13 

responders who close areas to fishing might immediately begin to consider where fishers 14 

can alternatively go to fish and help facilitate finding alternative areas for fishers to fish 15 

during the temporary closures. Responders and planners might anticipate crew layoffs 16 

and be ready to implement a program to hire or compensate laid-off crew for lost wages 17 

so that impacts are not experienced. 18 

 19 

 It is certainly possible that people may hold conflicting interpretations of causes, 20 

consequences, and underlying conditions and that, especially during a planning process 21 

these may lead to alternative scenarios that conflict with one another. There are three 22 

ways to handle such problems. The first and easiest way to cope with multiple and non-23 
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conflicting interpretations is to be fully inclusive. This will expand the complexity of the 1 

diagram, therefore it may be helpful to have people assign important rankings to portions 2 

of the diagram. This will most likely lead to conflicts. Second, when there are conflicts it 3 

is important that propositions (about state, causality, or importance) are vetted with 4 

evidence wherever possible. Making vulnerability causal diagrams will help clarify 5 

exactly what evidence is needed. The diagrams also help make clear the precise content 6 

of a personÕs argument. Third, when evidence is lacking and subject beliefs conflict, then 7 

dialogue is needed to ensure that there is adequate peer review of logic, reasoning, and 8 

sincerity. An open and balanced dialogue can expose inconsistencies, inaccuracies, or 9 

insincerity in peopleÕs propositions. The diagrams serve as a visual aid to help clarify 10 

exactly what people are saying, to guide deliberation, and to document points of shared 11 

understanding. In this way, effective deliberation produces more robust vulnerability 12 

causal diagrams. 13 

 14 

Conclusion  15 

 16 

Area contingency plans can be improved if planners fully recognize the human 17 

dimensions of spills and response activities. Taxonomies of impacts and intermediary 18 

processes, vulnerability information, and causal chains of hazard events provide planners 19 

with tools they can use to reach improved understandings.  20 

 21 

 Drawing on existing literature, we demonstrated how it is possible to 22 

systematically think through the human dimensions of oils spill. Vulnerability causal 23 
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diagrams such as the one illustrated in Figure 7 can be made for any aspect of human 1 

impacts associated with oil spills. These diagrams comprise stressors, intermediary 2 

processes, impacts, sensitivities, and resilience actions. For the most part, planners can 3 

make these diagrams drawing on existing data and knowledge. The taxonomies above in 4 

Tables 3 and 6 are based on existing reports of spills and spill responses. These are not 5 

intended to be checklists. They should be thought more like a menu of possibilities that 6 

can be consulted in a study of a particular site to inform the investigations. They can also 7 

be used as a list of probes for interviews. These are ingredients to use in making the 8 

vulnerability-causal diagram. 9 

 10 

 A more systematic understanding of the factors that drive or shape vulnerability to 11 

spills and spill response activities will benefit contingency planning. For instance, quick 12 

access to current information on employment and housing availability may allow less 13 

disruptive clean-up responses. In the long-term, improved understanding of human 14 

impacts will improve damage assessments. It will give insight on the pathways by which 15 

negative and positive impacts emerge, who experiences them, and the long-term 16 

prospects for recovery. In addition, Òlessons learnedÓ from experiences with a particular 17 

spill may be more readily transferred to new spill events when the underlying context-18 

dependent causal pathways that lead to human impacts is better understood. 19 

 20 
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Table 1. Taxonomies relating to human dimensions 
impacts. 

Vanclay (2002) ICGPSIA 
(1994) 

Gramling and 
Freudenberg 
(1992) 

Environment  Population 
Biophysical and 

health systems 

Health and well-

being  

Fears and 

aspirations 

Individual and 

family 

Psychological 

systems 

Community 

Way of life 

Community and 

institutional 

structures 

Social systems 

Political systems  
Political and 

social resources 

Political/legal 

systems 

Personal and 

property rights 

Community 

resources 

Economic 

systems 

Culture   Cultural systems 



 Table 2. Taxonomies of intermediary processes. 

Vanclay (1999) Impact Assessment, Inc (2001) 

Demographic Demographic 

Economic Political structure 

Geographical Leadership 

Institutional and 

legal  
Multiplex social ties 

Emancipation 

and 

empowerment 

Kinship 

Socio-cultural Community cohesiveness 

Other Organizational resources 

 Extra-community resources 

 
Information & communication 

resources 

 Legal resources 

 Emergent organizations 



Table 3. A taxonomy of process and impacts associated with oil spills 
Intermediary Social Processes Affiliated Impacts  
Category Name of Process Example Impact Variables Example Indicators 

Migration or 
resettlement 

Prosperity 
Quality public education 
Frustration 
Sense of community 

Per-capita income 
Teacher-student ratio 
Traffic congestion 
Civic pride 

Population and 
demographics 

Change in make-up of 
population 

Gender relations 
Cultural relations 
Cultural integrity 

Sexual harassment 
Cultural stigmatization 
Network density 

Buying and selling of 
housing 

Autonomy and security 
Living comfort 
Sense of community 
Property values 

% that own a home 
Satisfaction with housing 
Number of seasonal residents 
Property valuation 

Property 
ownership 

Buying and selling of 
businesses Economic sustainability 

Length of time business has 
been owned by same party 

Satisfaction with commute  
Interruption in ferry service 
Cost of commute Waterway 

transportation Cost of transportation 
Scheduling inconveniences 

Shipping transport costs 
Number vessels stopped 

Land transportation Daily mobility practices % of roads closed 

Transportation 

Dredging Condition of waterway % dredging goals met on time 
Beach use (surfing, 
diving, sunbathing, 
swimming, jogging...) 

Leisure and recreation 
opportunities 

Number of days with no access 
Number of trips cancelled 

Boat launching 
Leisure and recreation 
opportunities 

Number of days with no access 
Shore access 

Volunteering Anger and frustration 
Difficulty volunteering to 
cleanup 

Water consumption Access to public goods Number of days with no water 

Industrial Receiving and 
shipping 

Disruption of local economy 
Cost of lost revenue 
Layoffs 
Temporary closures 

Fishing (where, when, 
how to fish) Way of life interrupted Number of days 

Consuming shoreside 
services 

Revenue 
Debt 

Value in currency 

Hiring / firing crew 
Employment 
Social relations 

Number crew employed 
Opinion on crew relations 

Commercial 
Fishing 

Making a profit 

Mortgage defaults 
Standard of living 
Nutrition 
Mental health 
Family stress 

Number of defaults 
Number of nights dining out 
Protein consumption 
Emergency room visits 
Changes in family structure 

Interpersonal conflicts 

Moral outrage 
Stigmatization 
Upsettedness 
Perception of safety 
Social justice concerns 
Social violence 

Content of public discourse 
Perceptions of social relations 
Risk perceptions 
Crime statistics 

Social 
interaction 

Collaboration and 
communication 

Anomie  
Inequality 

Perceptions of cohesion 
Activity in civic associations 

Legal Filing of lawsuits Community conflict 
Number of lawsuits 
Perceived harm of lawsuits 



Filing insurance 
claims 

Value of damages incurred 
Cost to company 

Number of claims filed 
Monetary value 

 

Compensation 
payments 

Equity of compensatory 
payments 

Race/class distribution of 
payments 

Protect welfare 

Fear and uncertainty about 
impacts 
Policing costs (to close-off 
access, to manage gawking) 
Adequacy of services & 
infrastructure 

Risk perceptions 
Expressions of outrage 
Costs of emergency policing 
Perceptions of government 
competence 

Acquisition of 
legitimization 

Trust and credibility 
Legitimacy 
Costs and effort given to 
communicating with public and 
media 
Cost and effort coordinating 
volunteers 
Corruption in government 
Public participation in 
policymaking and response 

Perceptions of trust in 
government 
Satisfaction with speed and 
quality of cleanup effort 
Costs expended 
Subjective measure of anger 
Presence of protests 
Expectations of government 

Interagency 
collaboration 

Trust and confidence in other 
parts of government 
Costs and attention given to 
communication and 
collaboration 

Perceptions of trust and 
confidence by agencies 
Costs expended 

Effort Burn out of staff 
Number of days lost at work 
Turnover of staff 

Taxing and fee 
collection Financial hardship Decline in tax revenues 

Government and 
governance 

Social welfare 
spending 

Demand for public services 
places hardship on government 

Change in number of requests 
for service 

Living in a 
contaminated area 
Consumption of water 
and food 

Public health 

Contacting oil 

Acute or chronic health 
problems  
Subjective well-being 
Mental health 

Lost days at work 
Doctor visits 
Fertility rate 
Psychological measures 

Stigma of community as 
disaster area (bad place to live, 
tourism) 

Perceptions of stigma inside 
and outside of community 

Stigma of seafood from region 
Perceptions of seafood 
contamination 
Change in sales volumes 

Distress about harm to animals 
and nature Feelings about harm 

Distress about damage to 
community 

Feelings about harm 

Psychological 
Rationalization of 
event 

Distress about damage to 
personal property 

Feelings of loss 



Service & sales 

Revenue 

Business failures/new starts 

Economic diversity (increased 

dependency on existing 

employers) 

Changes in revenue 

Changes in volume of goods 

Business failure or creation rate 

 

Purchases (new inventory, 

growth) 
Capital outlays 

Shoreside 

business 

Purchasing & hiring 
Employment 

Unemployment rate 
Type of jobs lost or created 

Personal action Volunteering 
Need to train and coordinate 

volunteers 
Number of volunteer requests 

Making meaning and 

living one’s identity 

Cultural affrontage 

Cultural identity 

Marginalization 

Loss of heritage 

Perceptions of affrontage 

Identity changes 

Perceptions of marginalization 

Heritage objects damaged 

Culture 

Perceiving beauty Aesthetic values Subjective valuations of beauty 

 



Table 4. Characteristics of stressors associated with oil spills. (Impact Assessment Inc. 2001) 
Stressor Qualities Indicators 

Type of oil Class of oil 

Type of area impacted 
Water, shore, beach, riparian, 
property 

Spatial extent 
Area or distance measures 
Thickness of oil 

Time of year Season 
Duration Days 

Oil spill event characteristics 
 

Weather 
Wind direction, tides, currents, 
temperature, severity 

Number of workers Number 
Duration of activity Days 
Communication Satisfaction of communities 

Involvement of volunteers Satisfaction of volunteers 
Hiring local people Equity, expenses 

Spill response characteristics 

Structure and organization of 
clean up  

Location of authority, units 
involved 

 



Table 5. Examples of sensitivities for economic stressors. 

 More fixed More changeable  

Individual Work Experience Training 

Business Debt burden 
Number of 

employees 

Community Economic diversity 
Enforcement of 

regulations 

 



Table 6. Taxonomy of sensitivities by type.  

Dimensions Individual Business Community 

Physical 

Age, health, reliance on 

subsistence fishing for 

nutrition, occupation 

Type, location, transport 

routes, employment 

Location, infrastructure, 

population, support 

services, housing 

Economic 
Debt burden, credit 

score, income 

Resource dependency, 

access to markets, price 

and cost stability 

Economic diversity, 

resource dependency, 

tax dependency, 

unemployment rate 

Social 

Kinship relations, 

knowledge of social 

services, social relations 

Business reputation, 

stigma, perception of 

products 

Social network, density, 

community 

cohesiveness, volunteer 

base, crime. 

Governance Influence, involvement 
Legal expertise, 

influence 

Trust, credibility, 

collaboration, leadership 

resources, experience 

with disaster response, 

communication 

channels. 

Cultural 

Risk perception, identity 

dependency on cultural 

resources 

Cultural affiliation Cultural conflict 

 



 
 
 
 



 

 

 

 

 



 

 

 



 
 
 



 


