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The Nature of Disaster from an Ecological Perspective
When disaster strikes, individuals, families, and entire communities are subjected to powerful forces of harm.  Yet, exposure to disaster impact is only the opening salvo.  As the disaster unfolds, and far into the aftermath, affected populations grapple with loss and change, consequences that persevere long after the risk for physical harm has dissipated.  This trilogy of forces--exposure to hazard, massive personal and societal loss, and profound and enduring life change--characterize the nature of disaster.  Thus we define a disaster as an encounter between a hazard (forces of harm) and a human population in harm’s way, influenced by the ecological context, creating demands that exceed the coping capacity of the affected community (Quarantelli, 1985, 1995, 1998; Noji, 1997; W.H.O., 1999; Landesman, 2001; Somasundaram D, et al., 2003; Shultz et al., 2006).

Disasters are population-based phenomena.  According to Raphael (2000), “Disasters can have widespread and devastating impact on individuals, families, communities and nations.”  Disasters are collective, community-wide events, necessitating simultaneous consideration of issues residing within a person, or between persons, or between persons and their community and society.  We propose an ecological frame of reference to concurrently consider the interplay, interrelationship, and interdependence of these factors as they pertain to disaster’s forces of harm: exposure, loss, and change.  Our disaster ecological approach aligns with the tidal shift now occurring within the field of public health that recognizes that human health status is determined not only at the individual level, but just as powerfully by a broad, multi-layered spectrum of factors comprising the social and environmental “context” (Blakely and Woodward, 2000; Kaplan, 1999, 2004; Karpati, et al., 2002; Krieger, 1994, 2001; Mackenbach, 1993; McMichael, 1999; Pearce, 1996; Poundstone, Strathdee, & Celetano, 2004; Susser, 1994, 1998; Sussser and Susser, 1996; Woodward, 1996).  Disaster ecology examines the interrelationships and interdependence of the social, psychological, anthropological, cultural, geographic, economic, and human context surrounding disasters and extreme public health events such as severe storms, earthquakes, acts of terrorism, industrial accidents, and disease epidemics (Kaplan, 1999).  
Psychosocial reactions to trauma are recognized to be among the most long-term and debilitating outcomes of disasters (Norris, 2005; Ursano, Fullerton, & McGauhey; 1994).  The extent and extremity of psychosocial responses, ranging from transient fear and distress to chronic psychopathology, relate directly to the nature of disaster itself and to the complex interplay of factors including the exposure of vulnerable human communities to massive forces of harm or widespread perception of imminent threat.  Exposure, loss, and change—the forces of harm—represent disaster consequences and powerful stressors (Table 1).
INSERT TABLE 1 HERE

This chapter describes the evolution of a disaster ecological framework for portraying the impact of disasters on human populations.  We begin with a detailed look at exposure to hazards —categorized by type, intensity, time and place factors—providing the most extensive presentation on this topic within this volume.  Issues of loss and change are discussed in detail throughout many chapters and are treated briefly here.  We discuss the multiple levels of factors that may influence disaster-related public health outcomes on a proximal to distal continuum, including individual/family, community, and societal/structural levels.  Examples of individual/family factors are demographics, family structure, socio-economic position, disaster-specific behaviors and response roles.  Community context includes community infrastructure and disaster preparedness, social support networks, social environment, civic society, and community socioeconomic status.  Societal/structural context includes the physical and built environment, political structure and governance, cultural context, and national or multi-national disaster preparedness and response.  
Evolution of a Disaster Ecology Framework

Along the historical path toward a disaster ecology model, two conceptual formulations have provided critical building blocks, the “epidemiological triad” (Last, 2001; Fox, 2003) and the Haddon matrix (Haddon, 1972, 1980).  We discuss both prior to outlining our disaster ecology model (Figure 1).

INSERT FIGURE 1 HERE

Epidemiological Triad: Causal or Exposure Pathway Models
Epidemiology is defined as “the study of the distribution of a disease or a physiological condition in human populations and of the factors that influence this distribution (Lilienfeld, 1994).  Epidemiology originated as the study of infectious disease epidemics.  The classic “epidemiological triad,” consisting of agent, host, and environment, was introduced to explain the spread of disease throughout a community, to identify points of intervention to halt transmission, and to guide field epidemiologic investigations.  For example, the influenza virus (infectious disease agent) is readily spread to susceptible humans (host) through respiratory exposure in communal settings or public gatherings (environment).  As we comprehended more about the causal or exposure pathway of disease transmission, a fourth element was added to depict essential intermediaries (i.e., vehicles or vectors) necessary for transmission of certain infectious agents through the environment.  Some biological agents infect susceptible hosts via such “vehicles” as contaminated water (cholera), food (salmonella), or blood (hepatitis B).  Other infectious agents rely upon a living arthropod “vector” (mosquito or tick) to harbor, transport, and mechanically inject the agent when feeding upon an unsuspecting human host.  The infectious agents that cause malaria (Plasmodium species), West Nile disease (West Nile virus), and Lyme disease (Borelia burgdorferi) are transmitted in this manner (Butler, et al., 2003; Rundell & Christopher, 2004; Reissman et al., 2005) 
Applying the agent-host-environment triad to the realm of disasters requires bridging the chasm from infectious disease agents to physical forces of harm.  Such an analysis was performed for investigating earthquake-related traumatic injuries (Logue, Melick, & Hansen, 1981; Ramirez & Peek-Asa, 2005; Peek-Asa, et al., 2003).  Depicting the agent as the energy transferred from the earthquake, the environment as the buildings and structures in which humans are located at the time of ground shaking, and host factors as the demographics, behavioral response, and physiological robustness of individuals; these investigators examined interactions among the three components to elucidate the “causal pathway to injury” (Ramirez & Peek-Asa, 2005).

The Haddon Matrix: Analyzing the Triad Factors by Event Phase   
Haddon (1972; 1980) extended the epidemiologic triad to the field of injury prevention and control.  In an automobile crash, the motor “vehicle” itself serves as the object for an injurious transfer of kinetic energy (agent) to the driver (host) with the likelihood and severity of harm strongly influenced by such elements as road conditions, vehicle speed, and use of seatbelt (environment).  Haddon’s primary contribution was to examine the anatomy of a motor vehicle crash, and associated human injury, in time sequence; pre-event, event, and post-event.  He considered the interrelation of agent, host, and environment within each phase in order to identify strategies for injury prevention and intervention.  His analysis was structured as a two-dimensional table with columns labeled “host”, “vehicle”, and “environment” and rows representing pre-event, event, and post-event time phases, an elegant formulation that bears his name, the Haddon Matrix (Figure 1).  Runyan (1998) proposed a third dimension to the model, giving a cubic appearance to the matrix.             
In 2003, the authors of the Institute of Medicine (IOM) report, Preparing for the Psychological Consequences of Terrorism (Butler, et al., 2003), a landmark publication in the field of disaster psychiatry, extended the Haddon Matrix analysis to acts of terrorism—and specifically to psychosocial outcomes.  Within their framework, terrorists (vector) perpetrate a threat or violent act (agent), targeting individuals or populations (host), within a “physical and social environment.”  A more sophisticated analysis might view psychological “terror” as the agent, with terrorists using the threat or overt infliction of harm as the vehicle to incite terror.
The IOM expert panel populated a Haddon Matrix consisting of affected populations, “terrorist and injurious agent” (an intentional fusion), and “physical and social environment” arrayed by disaster phase to map the psychosocial impact of a terrorist attack and separately, to map intervention strategies that might be implemented to mitigate the psychosocial impact of a future event.

Others have used the Haddon Matrix for public health readiness and response planning, including pandemic influenza preparedness, and have expanded the columns to treat physical and social environments separately in approaching (Barnett, et al, 2005a,b).    The Centers for Disease Control and Prevention (CDC) used modified Haddon Matrices to promote strategic planning for public health response and recovery functions and to help map out a comprehensive research agenda.    Innovations applied to the model included the concept of “collective efficacy” and community resilience as part of the environmental context to describe proactive, community-based health protection strategies (Reissman et al., 2005; Pfefferbaum et al., in press; Watson et al., 2005).
Disaster Ecology Model
To model disaster ecology, we will apply a causal and exposure pathways approach incorporating the elements portrayed in the epidemiologic triad and Haddon Matrix.  To account for the diverse types of disasters and emergency events, we will use disaster-specific terminology that is applicable across all hazards.  

We recast agent in terms of “hazard” or “forces of harm”.  Host expands to “affected communities and populations,” the term used in the IOM report.  The physical and social environment acquires multiple dimensions and layers of “ecological context” to account for a variety of socio-cultural relationships and the interdependence within and between communities (Figure 2).
INSERT FIGURE 2 HERE


Second, we recommend strengthening the emphasis on what historically has been the short stump of the triad’s three-legged stool of the epidemiologic triad, the “environment.”  We propose to expand environment to ecological context and to greatly strengthen the focus on this component.  Consider for example, at a time of intensive focus on terrorism, that the socio-cultural context is the dominant determinant of what sets terrorists on their course, while the interaction between the mechanism of harm (an explosive, for example) and persons in harm’s way is quite secondary when considering intervention strategies.  

Fortunately, the emphasis on ecological context is gaining momentum as increasing numbers of investigations and sophisticated analyses are conducted from the perspectives variously described as eco-social (Krieger, 1994), eco-epidemiological (Susser and Susser, 1996), and social-epidemiological (McMichael, 1999).  

To the progressive evolution of the triad and matrix formulations, the disaster ecology perspective offers the prospect of disaster-specific focus and terminology coupled with full appreciation for the co-equal, and sometimes predominant, importance of the ecological context dimension.  Also, the simple clarity offered by the Haddon Matrix, with its appeal for planning and preparedness, can be supplemented by more in-depth, multi-level analyses being developed by social epidemiologists that will better define points for intervention to diminish disaster likelihood, in the case of human-generated events, and the devastating impact of disasters of all types.
The disaster ecology model, depicted in Figures 2 and 3 serves as the basis for the remaining discussion that will focus sequentially on hazard factors, followed by three levels of ecological context factors:  individual/family, community, and societal/structural.
INSERT FIGURE 3 HERE

Disaster Ecology Model:  Exposure to Hazards (The Forces of Harm)
Exposure to the forces of harm represents the defining disaster event and a strong predictor of adverse medical and psychological effects (Galea and Resnick, 2005).  This is represented as the inner circle on the disaster ecology diagram (Figure 2).  The spectrum of hazards can be described across multiple dimensions of type, magnitude, frequency, and locale; each of these descriptors provides a measure of exposure for human populations encountering these harmful forces.  Directly relevant to the field of disaster psychiatry, the degree of psychosocial impact varies by disaster type and generally increases with increasing magnitude and frequency of disaster occurrence (Norris, et al., 2002a, 2002b).
Moreover, loss and change associated with disaster are powerful forces of harm that create overt hardship and exacerbate stress, continuing the psychosocial impact of disasters far beyond the period of time when the disaster hazards are exerting their effects (Table 1).  The protraction of loss and the relative permanence of change partially explain why psychosocial effects are prolonged relative to the time of direct exposure and physical harm.  Through loss, many more persons are affected psychologically than physically, extending the reach of the disaster numerically, temporally, and geographically.  These forces are integrated into the discussion of the multiple levels of context and are a principal focus of other chapters.     
Forces of Harm:  Disaster Type   
An expansive range of events qualify as disasters, capable of exerting destructive force and causing damage, injury, disease, death, and loss of infrastructure (Noji, 1997).  The universe of extreme events is frequently divided into two broad categories, natural disasters and human-generated disasters (Rutherford, W.H. & de Boer, J., 1983) (Table 2).  Norris and colleagues determined that disaster type matters (Norris et al., 2002a,b; Norris and Kaniasty, 2004).  These reviewers conclude that large-scale mass violence events, in which harm is intentionally perpetrated, are associated with more severe psychosocial impairment than are natural disasters and that within developed nations, technological disasters are more harmful psychologically than are natural disasters.

INSERT TABLE 2 HERE

Natural disasters
Natural disasters, in which harm to human populations is primarily caused by the forces of nature, can be further categorized into hydro-meteorological disasters (typically weather-related) such as floods and windstorms; geophysical disasters such as earthquakes and tsunamis, and volcanic eruptions; droughts and related phenomena; and pandemic waves of disease (CRED, 2005; Guha-Sapir, Hargitt, & Hoyois, 2004).  

The United Nations Development Program provides a strong statement regarding the impact of natural disasters:  “In the last two decades, more than 1.5 million people have been killed by natural disasters. Worldwide, for every person killed, about 3,000 people are exposed to natural hazards.  Some 75 percent of the world’s population lives in areas affected at least once by earthquake, tropical cyclone, flood or drought between 1980 and 2000. At the global level, and with respect to large- and medium-scale disasters, these four hazard types (earthquakes, tropical cyclones, floods and droughts) account for  approximately 94 percent of total mortality,” (UNDP, 2004).

Human-generated disasters
Disasters caused or exacerbated by human action are subdivided into intentional versus non-intentional events based upon the presence or absence of purposeful human causation.  Industrial disasters, transportation disasters, and progressive or precipitous destruction of ecosystems reflect failures or side-effects of human-devised technologies (frequently referenced as “technological disasters”), failures of human judgment, or even flagrant human neglect.  However, harm and destruction are not intentionally perpetrated.  Several particularly memorable technological disasters are the accidental toxic gas release in Bhopal, India and the nuclear meltdown in Chernobyl, Russia.   

In contrast, intentional harm is a defining feature during acts of mass violence including declared war, civil strife, ethnic or religious conflict, and acts of terrorism.  Terrorist actions threaten harm, or overtly inflict harm, with the intent of provoking widespread fear that extends beyond those who are directly targeted (Ursano, et al., 2002, Butler, et al., 2003).  Civilians, rather than soldiers or police, are increasingly targeted, and represent a growing proportion of casualties, from all types of mass violence, especially acts of terrorism.    
Disasters have been described as “extreme event(s) at the interface of natural and human systems,” (Sarewitz and Pielke, 2002).  Some extreme events generate compounding consequences and pervasive human suffering on a scale that warrants use of the term “complex emergency”.  According to the World Health Organization and United Nations, a complex emergency has been defined as, 

“a humanitarian crisis in a country, region or society where there is considerable breakdown of authority resulting from internal or external conflict which requires an international response that goes beyond the mandate or capacity of any single agency…complex emergencies are typically characterized by: excessive violence and loss of life; massive displacements of people; widespread damage to societies and economies; the need for large-scale, multifaceted humanitarian assistance; the hindrance or prevention of humanitarian assistance by political and military constraints, and considerable security risks for humanitarian relief workers in some areas,” (W.H.O., 2005; U.N.D.P., 2004). 

Disaster consequences frequently derive from interaction between both natural and human factors.  Tropical cyclones are particularly disastrous when they strike densely-populated, low-lying coastal areas where many live in structurally vulnerable, ramshackle housing (Shultz, et al., 2005).  In the case of Hurricane Katrina in 2005, New Orleans sustained damage but withstood the pummeling storm surge and battering hurricane winds.  However, post-storm failure of the human-engineered levee system produced massive flooding which was to become the major hazard, claiming more than 1,000 lives and devastating infrastructure.  New Orleans essentially survived the natural disaster, but succumbed to a technological catastrophe.  
The reverse pattern was observed following twin explosions at the Chernobyl nuclear reactor on April 26, 1986 (Hatch, et al., 2005).  Radioactive Cesium137 was released from the incinerating site for 10 days, a classic human-generated event.  However, geographical dispersion of airborne radioactive material extended over much of the former Soviet Union, Scandinavia, and Europe, a function of strong and highly variable winds.  

In a similar vein, The United Nations Development Programme described the term ‘hazard’ as “a natural or human-made event that threatens to adversely affect human life, property, or activity to the extent of causing a disaster,” (WHO, 1999) and offered the following five-fold typology:
Natural-physical 

hydrometeorological and geophysical disasters

Natural biotic, biological
pest infestations, epidemics, pandemics

Socio or pseudo natural 
human transformation of the natural environment

Man-made technological
contamination, explosions, conflagrations

Social 



conflict including war, civil strife, violence
Forces of Harm:  Magnitude

Globally, the cumulative impact of disasters can be estimated using multiple measures.  The public health consequences of disasters can be assessed in terms of mortality, morbidity (injury, disease, psychosocial impact), and disruption of health care infrastructure.  During the 1995-2004 decade, cumulative disaster-associated mortality associated with 5,989 registered disasters totaled 901,177 deaths, an average of 150 deaths per disaster (CRED, 2005) worldwide (Table 1).  These disasters generated 2.5 billion person-events in which an individual was affected by disaster (physical harm, displacement, property loss), with some individuals affected by multiple disaster events.  Injury predominates as the major form of disaster-associated morbidity but disasters may also involve infectious disease outbreaks as the defining event.  The precise pattern of morbidity is dependent upon the type and intensity of the event interacting with the vulnerabilities of the affected populations. Disasters are also expensive; CRED has estimated total economic costs associated with the 5,989 disasters occurring during 1995-2004 at $739 billion.  

Absolute magnitude
Increased physical magnitude of a hazard is associated with increased physical harm and destruction, and concomitant psychosocial impact.  Specifically, severe, lasting, and pervasive psychological effects are likely when a disaster causes extreme and widespread damage to property, serious and ongoing problems for the community, and there is a high prevalence of trauma in the form of injuries, threat to life, and loss of life (Norris, et al., 2002a,b).  
However, examined from the opposite perspective, Norris and colleagues (2002a,b) offer the following insightful caveat:  events that involve 1) few deaths or injuries, 2) create limited destruction and property loss, 3) during which social support systems remain intact and function well, and 4) involve no indication of human neglect or malicious intent are likely to have minimal psychosocial impact on the affected population.  A high proportion of disaster events fulfill these criteria.  Disaster events of such magnitude that they cause great harm, necessitate large-scale response, and generate extensive media attention are relatively few in number; yet these exceptional incidents tend to become the focus for published research studies regarding physical and psychosocial consequences. 

Relative magnitude
Events of identical type and equal physical magnitude may pose very different challenges for populations of different sizes, and for communities with ample versus limited response capacity (UNDP, 2004).  Norris and colleagues (2002a,b) noted that the scale of the disaster relative to the size of the community is relevant.  Describing this phenomenon as the “impact ratio” the point made is that a disaster that causes harm to 100 persons has a very different level of impact for a community of 500 versus a community of 500,000.  
This point finds its way to the very core of disaster terminology.  Quarantelli (1985) defined disaster as a "crisis occasion where demands exceed capabilities," and he offered the following continuum of labels for disasters of varying magnitude relative to community resources (Quarantelli, 2006):
Crisis:  
Capacity exceeds demands—with capacity to spare

Emergency:
Capacity meets or somewhat exceeds demands

Disaster:
Demands exceed capacity

Catastrophe:
Demands overwhelm and may destroy capacity 

Immediately following the extreme damage wrought by Hurricane Katrina along the Gulf Coast, Quarantelli (2005) described six distinctions that place catastrophe in a qualitatively different realm from disaster:  1) much of the built structure of the community is damaged or destroyed including operational headquarters for emergency response organizations; 2) local officials are unable to perform their usual job functions; 3) destruction is frequently so widespread that nearby communities are impacted and unable to offer aid; 4) community functions and vital services markedly disrupted and shortages may become acute; 5) mass media “socially construct” the event, selectively broadcasting negative consequences, anti-social behaviors, and damaging rumors to a national audience while local coverage is limited or absent; and 6) the expansive magnitude of the event demands attention from national leaders, infusing the catastrophe with political implications of blame and responsibility.  While disaster preparedness has become a major theme of homeland security initiatives in developed nations, catastrophe preparedness remains beyond reach by the very nature of the capacity-obliterating destruction that defines such an event (Lakoff, 2005).  
Measures of magnitude
The greater the magnitude of the hazard, the greater is the potential for causing harm, but the hazard must impact vulnerable human populations to precipitate disaster.   Consider that while more than 500,000 earthquakes are detected by ultra-sensitive instrumentation each year, the majority are of minimal intensity or occur far from human habitation.  Less than one percent (3,000) are even perceptible to human populations, among which 7 to 11 will cause significant loss of life (Alexander, 1996; I.F.R.C., 1996; Ramirez & Peek-Asa, 2005).

It is apparent that forces of harm come in gradations.  Scales have been devised to measure magnitude and intensity.  For hurricanes, the Saffir-Simpson Scale classifies tropical cyclones into tropical depressions, tropical storms, and five categories of hurricanes based on specific cut-points of wind speed and central pressure (Shultz, et al., 2005).  Accompanying the scale are estimates of the height of coastal storm surge and a narrative description of the degree of damage likely to be sustained by physical structures subjected to the full brunt of the storm.  Similarly, the Fujita scale provides an intensity assessment for tornadoes, describing the width of the tornado’s destructive swath and the distance traveled along the ground, accompanied by wind speed and damage estimates.

Magnitude and intensity are measures of an earthquake's strength.  Magnitude, measured on the Richter scale, is the total energy from seismic or elastic waves radiated from the epicenter (Alexander, 1993; Ramirez and Peek-Asa, 2005). However, as a single, summary exposure measure for the entire earthquake event, this metric is not useful for predicting harm to individuals who are distributed over a broad geography.  Measures of intensity such as peak ground acceleration and Modified Mercalli Intensity (MMI), assess the earthquake effect at specific locations (Noji, 1997) and, where sensors are available, these measures may accurately predict earthquake injury and death (Shoaf et al., 1998; Mahue-Giangreco, et al, 2001; Peek-Asa, 2000, 2003). 

For human-generated events, quantity measures are often used to denote magnitude or dose of exposure.  For example, the destructive force of bombs and blast devices are measured as a multiple of the explosive power of a ton of dynamite (trinitrotoluene).  The greater the quantity of explosive, chemical, nuclear, or biological agent released, the greater will be the destructive potential.  

Forces of Harm:  The Time Dimension

Generally, harm, destruction, and psychosocial impact will increase with increasing frequency and duration of disaster events, and subsequent destruction of infrastructure and services leading to prolonged disruption.  Multiple simultaneous or serial events will have more profound, and possibly synergistic, impact than single events.  Concatenation and compounding of multiple forces of harm will extend the impact period, expand the magnitude of destruction, and exacerbate the complexity of the recovery process.  Multiplicity may come into play with or without hazard impact; the perception of ongoing threat and possible distortion of one’s sense of safety, may be prompted for example, by the approach of a series of menacing hurricanes during a highly active tropical storm season, or by sporadic ominous statements released by a terrorist organization.   
Lack of warning precludes defensive or protective actions that could mitigate the approaching forces of harm or move citizens from harm’s way.  In contrast, knowledge that certain types of hazards are rare or alternatively that the hazards are cyclical, restricted to specific seasons, or are preceded by ample warning periods increases predictability and perceived control—and diminishes stress.

Frequency and Trends

Disasters are common phenomena.  Once every 19 hours, a natural disaster is recorded in the international disaster registry located at the Centre for Research on the Epidemiology of Disasters (CRED) in Brussels, Belgium (CRED, 2006).  Once every 25 hours, a human-generated “technological” disaster is registered.  

CRED maintains the EM-DAT Emergency Disasters Data Base (CRED, 2005), as the mechanism for compiling and sharing information on disasters worldwide.  To be included as a disaster recorded in the EM-DAT data base, at least one of the following four criteria must be met: (a) 10 or more people reported killed, (b) 100 or more people reported affected, (c) declaration of a state of emergency, or (d) request for international assistance.  Greater attention to disasters and an increasing sophistication in our ability to detect them produce the appearance of an explosive, exponential increase in disasters (Figure 4).  
INSERT FIGURE 4 HERE

Technological advances and expansion of international communications coupled with enhanced global cooperation have increased the completeness of disaster reporting (Guha-Sapir, Hargitt, & Hoyois, 2004).  Furthermore, a significant trend toward increased reporting of small and medium impact disasters has swelled the numbers of disaster records.    The largely-artifactual upsurge in numbers of disaster events, particularly from the 1960s forward, also coincides with the emergence of the field of disaster management (Kirschenbaum, 2004).  Proliferation of governmental, non-governmental, and university-based disaster management and response services has generated intensive demand for disaster reporting since the very announcement of a disaster launches these programs into action.  
EM-DAT organizes and counts disaster events by country.  Thus disasters affecting many nations generate multiple registrations.  Hurricane Mitch, a single tropical cyclone that ravaged Central America in 1998, appears in the EM-DAT data base as a collection of seven country-specific disaster records.  The tsunami of December 26, 2004, the highest fatality event of its type in recorded history, generated 12 country-specific disaster entries.  Approximately one-in-six disasters in the data base is a multi-country event (Guha-Sapir, Hargitt, & Hoyois, 2004).     
It is the aim of EM-DAT to systematically define and routinely report disasters in a timely manner with high fidelity and consistency worldwide.  It is anticipated that in future, the number of natural disasters annually will reach something resembling a steady state, or perhaps a gradual upward trend as increasing numbers of persons continue to migrate and settle in disaster-prone regions.  During the five years, 2000-2004, 3,199 natural disasters and 2,790 technological disasters were registered with CRED.  On average, for each of these five years, 9 cyclones, 12 hurricanes, 17 typhoons, 11 tornadoes, 32 earthquakes, 154 floods, 20 landslides, 57 industrial accidents and 225 transportation disasters were recorded.  While EM-DAT does not track terrorist events, the recently established U.S. Department of Homeland Security’s Counter-Terrorism Center compiles such incidents and reported an average of eight terrorist events per day in 2004.
Seasonality and Cyclicity
Many types of natural disasters, particularly the large class of hydrometeorological events, tend to be seasonal.  Tropical cyclones seasons are determined by annual fluctuations in ocean temperature (Figure 5).  Winter storms are seasonal by definition and flooding occurs with spring thaws, rainy seasons, or monsoons.  Some infectious diseases such as influenza circulate globally, rising and falling on a seasonal basis within a particular geographic area.     
INSERT FIGURE 5 HERE

Severity of certain forces of harm may also vary over multi-year periods.  One notable example is the 20 to 40 year cycle of hurricane frequency and intensity.  Increases in numbers of named tropical storms, hurricanes, and major (Category 3 or higher) hurricanes, occurred in the Atlantic Hurricane Basin during the 1940s, 1970s, and again during the early 2000s.  As another example, influenza causes illness and death on a seasonal basis annually.  Influenza viruses periodically emerge from animal reservoirs and mutate in such a fashion to cause infection in humans.  When genetic drift and adaptive mutations result in a highly-virulent strain, an influenza pandemic erupts (as no humans have immunity).  This has led to deadly flu pandemics three times in the past century; thus highlighting current concerns about the evolving avian flu designated H5N1 from SE Asia. .   

Duration of Impact/Duration of Disruption
A time factor of great import is duration of impact and duration of disruption.  Impact varies from seconds (earthquakes and landslides, conventional bomb blasts) to minutes (tornadoes, flash floods, tsunamis) to hours and days (hurricanes) to weeks and months (riverine flooding, volcanic eruption, pandemics and bioterrorist disease outbreaks) to years (famine, drought) to decades and centuries (radioactive contamination).  Moreover, the period of disruption of vital services may be protracted if power is disrupted, and schools and businesses are closed due to damage.  Population displacement is one of the hallmarks of humanitarian crises and complex emergencies.  In some cases persons can never return home due to physical destruction so catastrophic that the area is deemed unsalvageable.  Events such as extreme contamination, profound depletion of vital resources, or change in ownership following warfare or ongoing militant threat may displace and dispossess persons in a manner that may be life-long.  

Multiplicity


While isolated, discrete disaster events may produce widespread consequences, overall, multiple events exert greater effect than do single events.  This has been explicated in relation to terrorism (Ursano, 2002; Butler et al., 2003).  We distinguish three patterns of multiplicity:  simultaneous, sequential (consecutive), and cascading (Shultz, et al., 2006).  Multiple events may occur simultaneously.  A signature tactic of the terrorist organization Al Qaeda tactics involves same-time strikes on multiple targets:  (a) bombing two American embassies in Kenya and Tanzania in 1998; (b) hijacking four civilian aircraft on September 11, 2001; (c) attacking three hotels in Amman, Jordan in 2005.  Another variation on the theme of multiplicity involves repetitive assaults over time, especially when it is difficult to assess individual risk of being targeted.  This was demonstrated with the serial sniper shootings in the metropolitan areas of Washington DC, Maryland, and Virginia in 2002 (Grieger et al, 2004), and the anthrax bioterrorism in 2001 involving spore-laden envelopes mailed through the U.S. Postal Service (Jernigan et al., 2002)—both events were protracted over several months.  In the realm of natural disasters, repeated strikes by the same type of disaster are not uncommon. From August through November of 2004, the State of Florida was struck by a succession of four destructive hurricanes (CDC, 2004).  Similarly, Guam endured a series of five consecutive typhoons in 1992 (Staab et al., 1996).  

Multiplicity may appear as a cascade or concatenation of disaster events.  The succession of the forces of harm related to Hurricane Katrina striking the Gulf Coast in 2005 included extraordinary storm surge, inundating rains, powerful hurricane force winds, levee failure, massive flooding, and onshore flow of hazardous materials from damaged oil platforms.  These hazards amplified and compounded into overwhelming health concerns and significant doubts about economic and socio-cultural recovery.
Predictability
The time factor is also relevant in terms of warning periods.  Most types of natural disasters provide minimal warning periods (tornadoes, tsunamis, flash floods, volcanoes) or none at all (earthquakes, slides, tsunamis in areas without warnings systems). Notable exceptions are tropical cyclones, riverine floods, and winter storms, events that provide sufficient warning to prepare and protect lives and property.  Acts of terrorism and many acts of warfare are conducted without warning to maximize both the devastation and the terror provoked.  
Forces of Harm: The Place Dimension

There are definable geographical boundaries that prescribe where disasters may—and may not—occur and, by extension, which populations may sustain impact.  Similarly, terrain and topographic features mark areas of risk for certain types of disasters.   
Geography and Topography
One of the most distinguishing features of disaster occurrence is geographic distribution.  For example, tropical cyclones form seasonally in seven hurricane basins distributed as twin belts just north and south of the equator.  Tropical cyclones require multiple simultaneous climatic conditions for cyclogenesis, most fundamental of which is warm ocean water.  Human populations susceptible to powerful hurricane strikes are those living in coastal regions at the perimeter of the hurricane basins.  Populations living in vast inland areas and along coastal areas that border perennially cool waters are spared from the worst ravages of hurricanes, typhoons, and cyclones (Shultz, et al., 2005).  
While tropical systems can maintain momentum over considerable distances inland, the destructive force of tsunamis is restricted to several miles inland from the coast, yet the affected coastline may extend for thousands of miles along the perimeter of multiple continents.  Likewise, earthquakes are concentrated in regions where the tectonic plates that compose the earth's surface abut and interact (Simkin, et al, 2004; Kious & Tilling, 1996; Noji, 1997; Adams, 1990) (Figure 6).  Ramirez and Peek-Asa (2005) describe the geospatial dimensions of earthquake risk: “Populations located above plate activity are at greatest risk of earthquake-related morbidity and mortality, such as communities along the Pacific Rim…, along island chains…, and boundaries between certain continents.”

INSERT FIGURE 6 HERE

Tornadoes form at the intersection of unstable air masses and the most active tornado belt on Earth is in the United States Midwest.  Landslides and mudslides require steep, mountainous terrain while winter storms and avalanches occur in low temperatures and high elevations.  Flash floods and riverine floods, the most deadly of natural disasters, require a combination of meteorological and geographical features for their propagation.    
The World Bank's “Natural Disaster Hotspots: A Global Risk Analysis displays a series of composite maps and corresponding analyses of the worldwide distribution of risk for single and multiple hazards, disaster mortality, and economic loss (World Bank, 2005).  Graphical depiction demonstrates that portions of the world’s population are at heightened risk and high vulnerability for the onslaught of a variety of disasters while other populations live in zones of nominal risk.
The Asia-Pacific region experiences the greatest absolute and proportional mortality due to earthquakes, tropical cyclones and floods.  The only comparable loss of life is sustained in Africa associated with drought and exacerbated by the dynamics of complex emergency including armed conflict, extremes of poverty and epidemic disease (UNDP, 2004).  Africa also sustains loss of life from flooding.  Latin America and the Caribbean are principally affected by tropical cyclones, flooding, and associated landslides and mudslides. 

Currently, wars and civil conflict are raging in multiple venues.  Refugee and internally displaced populations frequently reside in makeshift housing at elevated risk for harm, vulnerable to the ravages of natural hazards.  Acts of terrorism likewise have geographic foci; much of the world’s surface is spared from such atrocities while certain pockets remain hotbeds for frequent acts of terror.  Within nations threatened by terrorism, risk for attack varies remarkably by locale; a function of terrorist tactics, target selection, and population concentration.  
Extending the previous discussion, topography further defines the boundaries for disaster occurrence.  Low-lying areas are susceptible to flooding, while coastal areas are prey to wave action and storm surge.  Steep terrain and mountainous areas are prone to landslides and mudslides in response to heavy rains or seismic activity.  In northern latitudes and high altitudes avalanches may occur.  Dust storms and sand storms sweep arid plains and deserts.  Regarding acts of terrorism, terrain, geology, and topography are all relevant factors in determining availability and choice of targets, availability and choice of weapons materials, and availability of remote and inaccessible hiding places between attacks. 

Area and Path

The area of impact may be geographically focalized, or may expand to cover a vast area, or may extend over extraordinary linear distances.  The 9/11 attack on the U.S. was geographically constrained to several dozen blocks in lower Manhattan, Pentagon City, and a small acreage in Shanksville, Pennsylvania.  Hurricane Katrina, in contrast, affected 600 miles of Gulf of Mexico coastline and pierced deep into the southern states before losing force and momentum.  The track of destruction of hurricanes and tornadoes can extend for hundreds of miles over land.  The tsunami of December 2004 devastated coastlines on multiple continents and the entire circumference of the island nation of Sri Lanka.  Drought, such as that in the Darfur area of Sudan, may stretch over large territorial expanses. 

Forces of Harm: Summary

Forces of harm are powerful primary stressors in their own right, and the consequences of disaster impact typically result in disruption of function that creates a cascade of secondary stressors.  Hurricane Katrina, striking the U.S. Gulf Coast in 2005, provides a “forceful” example of the hazard or forces of harm dimension (Table 3).  

INSERT TABLE 3 HERE

Forces of harm associated with a disaster can be considered from many perspectives.  The degree and extent of harm is directly related to the type of disaster, the magnitude and intensity of the event, the frequency and duration of exposure to the forces of harm, and the geographic scope and scale—and so too are the psychosocial impacts (Norris et al, 2002b, Science, 2005).   
Disaster Ecology Model:  The Ecological Context of Disaster Risk and Protective Factors


Disaster risk is the product of hazard and vulnerability.  We now describe multiple levels of factors that influence disaster risk with the disaster ecology model, providing illustrations of factors that populate each of the layers.  Individual and family factors are viewed as relatively proximal.  Community context and societal/structural context factors are described in later sections.  It is important to understand that many factors come into play at multiple levels.  For this discussion, we present a flexible layering of factors; risk and protective factors are richly and dynamically interconnected.  For simplicity, we have categorized factors into just three levels--individual/family, community, and societal/structural; other socio-ecological models have created a more detailed set of tiers (Figures 2,3).  

Ecological Context: Individual/Family Factors

Forces of harm—exposure to hazard, loss, and change—are brought closest to home within the realm of individual and family factors.  Frequently families weather the storm or battle the pandemic on the home front.  Losses are most acute when harm or death comes to a spouse, child, or other close family member.  Losses for one family member ripple through the household, the extended family unit, and the neighborhood.  Change is also experienced with particular intensity by partners, families, and close gatherings of friends.  
Disaster impact on citizens and whole populations varies by individual and family characteristics such as age, gender, race/ethnicity, education, occupation, employment status, and income.  Gender and race/ethnicity will be discussed as examples.  Also highly relevant are the disaster mitigation, preparedness, response, and recovery activities and behaviors in which individuals and families engage.  This includes such protective actions as developing a family disaster plan, stockpiling survival supplies, responding to disaster warnings, evacuating when instructed, sheltering in place, protecting property from harm, and developing a family contact and communications plan.  Also included at this level, we consider the opposing risk behaviors that place individuals in harm’s way (e.g. failure to heed warnings or evacuate, risk-taking during impact and post-impact periods).  A proportion of the community is composed of full-time disaster response professionals.  Many other community members will assume emergency response functions within their occupational roles at the time of a disaster.  Others will train to develop disaster volunteer skills.  Despite ample options for citizen engagement in personal, family, and community preparedness, the stark reality is that few nations have a broadly trained public that can mobilize rapidly in time of disaster.  
Gender
Gender inequalities are notable throughout many cultures and contribute to disparities in disaster impacts (WHO, 2002; Kumar-Range, 2001). Women bear a disproportionate burden of disaster vulnerability due to biological and gender role differences.  W.H.O. (2002) notes that gender differences are pervasive throughout all aspects of the disaster cycle:  “The differential impact of disasters on men and women may be due to socially determined differences in women’s and men’s roles and status, due to biological differences between the sexes, or due to an interaction of social and biological factors.” 
Women’s heightened vulnerability is related to their lower socioeconomic status, limiting abilities to provide adequately for their families and access to critical resources.  Moreover, a higher proportion of women live in poverty, greatly diminishing their ability to protect themselves against disaster hazards.  Within the family, women’s control over life decisions for themselves and their children may be severely restricted.  Within the community, women lack political influence, a byproduct of disempowerment.  Women are more vulnerable in the wake of disaster when care-giving demands increase, and access to resources decrease (Kumar-Range, 2001).  Conversely, the care-giving roles (that ironically increase women’s susceptibly), and women’s ability to establish formal and informal networks, are instrumental for household and community recovery following disasters (Morrow, 1997).

While most studies highlight the relative disadvantage for women in disasters, men’s “protector” roles may demand considerable risk-taking during rescue and recovery phases placing men at elevated risk at such times (WHO, 2002). 
Race/ethnicity

Review of the literature paints a picture of increased vulnerability and risk to disasters for racial and ethnic communities in the U.S.  Fothergill, Maestas, and DeRoune (1999) contend that, “In terms of racial and ethnic communities, we believe that there are links between racism, vulnerability and economic power in the disaster context.”  Based on earlier work (Fothergill, 1996), these authors expand “the cyclical framework of the human ecology perspective which uses the following categories: preparedness, response, recovery, and mitigation,” to a typology of eight categories based on the stages of a disaster. They reviewed the scientific literature and found mixed results generally trending toward disadvantage for race/ethnic minority populations for each of the disaster stages (1) heightened perception of personal disaster risk; (2) lack of preparedness; (3) less access and response to warning systems; (4) increased physical impacts due to substandard housing, (5) poorer psychological outcomes; (6) cultural insensitivity on the part of emergency responders; (7) marginalization, lower socioeconomic status, and less familiarity with support resources leading to protracted recovery; and (8) diminished standard of living, job loss, and exacerbated poverty during reconstruction (Fothergill et al, 1999).
Ecological Context: Community Level Factors
When thinking about disasters, the local "environment", or perhaps better put, the local "context" may determine the likelihood of a disaster itself and the rates of disaster consequences.   These features of the local context interact with, and shape, one another and may be considered as features of a socio-ecological model that explains the consequences of disasters.  We discuss key features of the local environment that are critical to our thinking about the epidemiology of disasters and its consequences.
Elements subsumed under community context include the local political structure and governance, and related community infrastructure including health and social services and local emergency management.  Gaining increasing emphasis in recent years is the concept of citizen training and empowerment to assume disaster response roles through such mechanisms as Community Emergency Response Teams (CERT) and Medical Reserve Corps (MRC).  Key elements of community context that will receive expanded discussion are social support, community socioeconomic status, social environment, and civic society. 
Social Support

Substantial research has demonstrated a central role for social support as a resource influencing risk of psychopathology post disaster (Kaniasty and Norris, 1993; Norris and Kaniasty, 1996).  In a longitudinal study in China, social support was associated with lower prevalence of PTSD throughout a one-year follow-up of earthquake victims (Zhao et al. 2000) and social support moderated stress processes after the Three Mile Island disaster (Chisholm et al. 1986).  One study showed that although social support was protective for psychiatric disorders after the Three Mile Island disaster, it was not protective for the development of affective disorders (Solomon, 1985).   Social support that individuals receive from post-disaster mobilization efforts is thought to counter the diminishing expectations of support often experienced by victims of major life events (Fullerton et al. 1992).  One study has suggested that a disaster fortifies social cohesion with a tendency towards perseverance and strengthening of core values (Norris and Kaniasty 1996).  The relation between these factors and others, discussed here, that may predispose groups toward vulnerability or resilience is likely complex.  

Community Socioeconomic Status

Post-disaster evidence has demonstrated an association between individual poverty and lower perception of risk, poorer preparedness, limited warning communication, greater physical and psychological impacts, and more limited access to emergency response and recovery resources after disasters (Forthergill and Peek, 2004).  While the disaster literature has focused almost exclusively on individual poverty, rather than community deprivation, an abundance of public health research demonstrates that aggregate community socioeconomic status is associated with health independent of individual socioeconomic position.  Community socioeconomic status encompasses multiple domains including high rates of poverty and unemployment (Berkman and Kawachi, 2000), and lower education and income levels (Krieger, 1994; Berkman and Kawachi 2000).  
Empirically, low community socioecological status, frequently also referred to as community deprivation, is a determinant of health outcomes including health-related behaviors, mental health, infant mortality rate, adult physical health, coronary heart disease and mortality; even after accounting for individual level factors (Diez-Roux, 2001; Pickett and Pearl, 2001; Diez-Roux et al. 1997).  
Community deprivation may be associated with differential access to quality medical care (Mandelblatt et al. 1999), limited availability of other salutary resources, such as healthy food (Cheadle et al. 1991; Sooman et al. 1993), and psychosocial stress accompanying chronic shortage of essential resources (Williams et al. 1994).  These mechanisms influence health in the disaster context.  Post-disaster, when both formal and informal resources are limited, societies with a priori fewer resources are less likely to have access to health and social services or food reserves.  Similarly, post-disaster circumstances are more likely to heighten preexisting stressors and potentially lead to poor coping and health-compromising behaviors (e.g., substance abuse). An example of these mechanisms at work is provided by the differential response capacities and recovery trajectories of two towns impacted by the 1992 earthquakes in Humboldt County, California; with the less affluent community unable to mount a sufficient response, resulting in a more constrained and prolonged recovery phase. (Rovai, 1994).  

Social Environment 

The social environment has been broadly defined to include “...occupational structure, labor markets, social and economic processes, wealth, social, human, and health services, power relations, government, race relations, social inequality, cultural practices, the arts, religious institutions and practices, and beliefs about place and community” (Barnett & Casper, 2000, p 465).  This definition, by its very complexity, suggests that there are multiple ways in which the social environment may affect health.   Limited social cohesion may predispose persons to less adaptive coping and adverse health consequences (Kawachi & Berkman, 2001; McLeod & Kessler, 1990). 
Social capital effects are thought to offer general economic and social support on an ongoing basis and also make specific resources available at times of stress.  Social capital has been shown to be associated with lower all-cause mortality (Kawachi et al., 1997; Skrabski, et al., 2004), reduced violent crime (Kennedy et al., 1998), and self-reported health status (Subramanian et al, 2004).  Persons who live in segregated communities may have disproportionate exposure, susceptibility, and response to economic and social deprivation, toxic substances, and hazardous conditions (Williams & Collins, 2002). 

Pre-disaster community cohesion is a basis upon which post-disaster recovery can be built (Torry, 1986; Oliver-Smith, 1996; Pfefferbaum et al, in press; Reissman et al 2005).  In addition, preexisting social stressors, influenced by racial/ethnic and socio-ecological strains, may influence post-crisis interactions during the recovery phase.  Preexisting social stressors may also influence social interactions between disaster-affected communities and those attempting to provide post-disaster aid.  This was evident in the aftermath of Hurricane Katrina in New Orleans in September 2005, as national television captured relief workers repeatedly exacerbating tensions in a racially segregated city. Also, in the context of limited post-disaster resources, some of the social stressors could be mitigated by enforcing or rewarding equitable distribution of resources.  
Civic Society  

Although related to features of the social and cultural environment, civic society frequently plays a distinct role in shaping a context that is salutary for population health. Civic society defines the space not controlled by government or the market where residents interact to achieve common goals.  Several participants in civil society influence the health of populations.  Community-based organizations (CBOs) or non-governmental organizations (NGOs) have a long history of working to improve living conditions both in their own home countries and internationally (Halpern, 1995).  CBOs such as neighborhood associations and tenant groups who provide services, mobilize populations, and advocate for resources, could be re-purposed during a crisis to work in concert with each other to protect the health and safety of the community (Reissman et al 2004).  
Places of worship and faith-based organizations offer social support, safe space and political leadership (Lincoln & Mamiya, 1990; Thomas et al. 1994).  In many instances, civic society may well be the only formal societal structure standing in the aftermath of a disaster that has the population's respect and trust.  Particularly in human-made disasters when public suspicion of formal governmental authority may be high, civic society can serve as an honest broker and cultural ambassador, delivering aid and helping to rebuild the social and physical environments.  For example, during the extended conflict between Israel and Lebanon in the 1980s and 1990s, local civic institutions, many predating the conflict, played a central role in providing health and social services to local populations in contested territory. 
Ecological Context: Societal/Structural Factors

Beyond the community level, broader societal and structural factors influence disaster severity and consequences.  Here we revisit geography, discussed previously during the explication of the hazard component of the ecological model, and now viewed as part of the environmental context.  The physical, engineered and built environment is an important factor in relation to human settlement patterns.  Cultural context, political structure and governance, and health and social services infrastructure, resonate across all levels but are discussed here as societal/structural factors.  Related factors include the legal and policy environment at national and international levels, socioeconomic status and development, and issues such as structural violence within and across populations.
Geography

Although disasters are a global phenomenon, the impact of disasters remains grounded in local context. As noted earlier in this chapter, geographic factors render specific areas at particularly high risk of disasters.  Areas that are below sea level or close to bodies of water that change levels frequently (e.g., the Gulf Coast region in the US, river Deltas in Bangladesh) are particularly prone to flooding. Similarly, human settlements in arid areas (e.g., Southern Australia) are vulnerable to fires (Gillen, 2005).  The threat of disasters in such areas is endemic, and floods, bushfires, and earthquakes are cyclical events, with varying degrees of intensity in different seasons.  In some areas, the exigencies of geography dictate the unavoidable risk for recurrent disasters; complete resettlement of human populations into lower risk areas is the sole option for elimination of disaster risk.  
Geography also plays an important role in structuring the post-disaster response.  News of a disaster event in isolated communities may take far longer to reach aid agencies or the media, as in the case of the Darfur famine of 2004-2005, than in more accessible locations.  The ability of agencies to provide aid may be limited in geographically distance or difficult locales.  For example, it took more than a week for aid efforts to reach some victims of the devastating 2005 earthquakes in the Kashmir region of Pakistan that killed an estimated 54,000 people (Agence France Presse, 2005).
Physical Environment  

There are multiple features of the physical environment that are associated with human health, with a vast empiric literature demonstrating links between the physical (human-engineered and natural) environment and well-being, within the physical, psychological, and spiritual realms.   
The physical environment is a central feature of context for post-disaster recovery.  As an immediate consequence of a disaster, structures like buildings, bridges, and skyscrapers may be vulnerable to natural or human-made disasters, as recent earthquakes in Japan and Iran and the September 11, 2001 terrorist attacks on New York City demonstrated respectively.  Features of the physical environment directly influence disaster outcomes (Daley et al. 2005).  The cities of Kobe, Japan and Bam, Iran sustained earthquakes of comparable magnitude in 1995 and 2003, respectively.  While the buildings in Kobe were structurally engineered to withstand earthquake tremors, those in Bam collapsed wholesale.  Absolute numbers of deaths and mortality rates were substantially higher in Bam.  Infrastructure can be damaged after an earthquake or hurricane, straining already taxed systems and contributing to adverse health consequences.  Lengthy time periods for reconstruction of the local physical environment may contribute to prolonged community suffering after a disaster, limited job opportunities, and a torrent of other factors slowing, and possibly compromising, the recovery of population physical and mental health.
Cultural Context
The impact of culture on health-related beliefs and practices is difficult to describe and quantify, especially in the post-disaster period..  "Culture" as a notion lends itself to diverse definitions and interpretations. For the purposes of this chapter we consider culture to be "shared, learned behaviors and meanings that are transmitted socially" (Marsella & Christopher, 2004, p 529).  Social relationships associated with formal civic and religious institutions are elements of the cultural context that may shape health.  Similarly, religiously sanctioned or endorsed behaviors and practices have the potential to influence health in the pre-disaster context.  For example, religious prohibition of alcohol use is associated with much lower rates of alcohol dependence among Muslims compared to non-Muslims (Cochrane & Bal, 1990).  Evidence suggests that other manifestations of a dominant culture, such as patterns of social congregation in public places, are associated with social transmission of health behavior and norms (Henrich & McElreath, 2003).  Complex social security networks, which serve to minimize risk of resource shortfalls, have also been identified as important informal sources of assistance that are called upon during disasters (Shipton, 1990).  Importantly, this “moral economy” of sharing is also linked to community socioeconomic status, which, in turn, influences the efficacy of informal support networks. Less affluent communities may be less able to mobilize material resources (i.e., instrumental social support) to assist others than more affluent communities (Hadley et al. under review).  Strong cultural norms about societal organization, altruism, and diversity may influence social cohesion post-disaster and contribute to communal efforts to restore symbolic structures, social hierarchies, and services to their pre-disaster state.  Conversely, destruction of culturally significant places may be associated with communal grief (Bode, 1989), that has been in turn associated with elevated rates of depression in the aftermath of disasters (Goenjian et al. 2001). 
Political Structure and Governance  
Political structures and systems of governance establish the parameters (e.g., taxation, federal-state relations) that shape many of the other contextual factors that impact health.  Democratic governance is associated with greater governmental openness and responsiveness to domestic criticism and there is some evidence that such regimes are less prone to state failures. For example, analyses of state failures in Liberia and Somalia that predisposed their citizens to disasters show that these events are more likely to occur in partial as compared to fully democratic regimes (Esty & Ivanova, 2002).  There is also evidence that disasters occurring in alternate political systems are substantially mitigated by effective governance.  
A feature of political structures that relates directly to the mitigation of disaster is the effectiveness of political structures and governance.  At the extreme, there are a few societies worldwide without an effective government of any sort.  For example, Somalia has not had a central government since 1993.  In its stead, informal organizations established along clan lines provide a loose form of governance and respond to mass disasters such as famines by providing relief for persons in affected communities and brokering international aid. Within well-established national political structures, there have been several recent examples of both effective and ineffective governmental response to disasters.  In the U.S. as an example, some environmental and consumer regulations have been loosened, and many previously public services (e.g. sanitation, water, health care) have been privatized (Katz, 1989; Gans, 1995). Limited regulation of municipal water supplies has been considered at least in part responsible for water-borne disease outbreaks in different North American cities (Krewski et al. 2002; Corso et al. 2003; Garrett, 2000).  Problems with the domestic response to Hurricane Katrina in August/September 2005 have been widely attributed to significant changes within central governmental authority and to poor coordination among federal, state, and municipal levels of government (Nates and Moyer, 2005). 
Health and Social Services Infrastructure
Pre-disaster availability of health and social resources is inextricably linked to post-disaster recovery.   Affluent countries and communities are characterized by a broader array of health and social services compared with poorer counterparts (Casey et al.2001; Felt-Lisk et al. 2002).  In the U.S., even the poorest communities have dozens of social agencies, each with a distinct mission and service package.  Many of the public health successes in wealthy countries over the past few decades including reductions in HIV transmission and tuberculosis control have depended in part on the efforts of these groups (Freudenberg et al. 2000).  In poor communities, or less wealthy countries, social and health services are frequently susceptible to changing national and donor fiscal realities and service reductions frequently coincide with times of greater need in the population (Felt-Lisk et al. 2002; Friedman, 1989).  

The scope and magnitude of disasters are associated with the extent of disruption of health and social services.  When health and social services continue to function post-disaster, the contribution of these resources to preserving or restoring health in a population is self-evident.  However, these preexisting resources are also relevant in devastating disasters where most formal resources are destroyed because local health and social service practitioners have indigenous knowledge, acceptance by local community members, and are much more likely to be able to provide continuity of care than are services provided by outside aid agencies (Fissel & Haddix, 2004). 

Ecological Context: Summary


The rich complexity of environmental features at community and societal levels interplay with all phases of disaster mitigation, preparedness, response, and recovery.  Consideration of the context is instrumental for disaster psychiatrists and providers of disaster behavioral health support.  Context largely determines the extent of disaster impact, and in turn, the extent of natural supports and community resources that can be tapped in times of disaster. 

Concluding Comments
Systematic consideration of the defining components of disaster, presented from a socio-ecological perspective, can guide efforts aimed at mitigating the consequences of these events, diminishing the pervasive psychosocial impacts, and improving the health of populations worldwide.  We have advocated for promoting an ecological approach to better understand the avenues of prevention, mitigation, and recovery.  Doing so will facilitate the ongoing movement to integrate public health and behavioral health strategies for disaster preparedness and will allow us to identify and leverage other sectors of government and civic life, whose interdependence and interrelatedness is essential in times of disaster such that we can protect and improve community or population-level health and well-being.  Understanding the dynamic nature of disasters as the interplay between forces of harm—exposure to hazard, loss, and change—and vulnerable human populations in harm’s way, richly influenced by the ecological context, is a fundamental underpinning for the effective practice of disaster psychiatry. 
References
Adams, R.D. (1990). Earthquake occurrence and effects. Injury, 21, 17–20.

Agence France Presse. (2005) Musharraf defends handling of devastating pakistan quake. Available at: http://web.lexis-nexis.com/universe/document?_m=6509211fbe72cf882063e380faffa66e&_docnum=1&wchp=dGLbVlz-zSkVb&_md5=715c332a1eb5c90f4eeb04ec85375da7. Accessed October 27, 2005. 

Alexander, D. (1993).  Natural disasters. New York: Chapman & Hall, Inc. 

Alexander, D. (1996).  The health effects of earthquakes in the mid-1990s. Disasters, 20, 231–247. 

Alexander, S.E., Ehrlich, P.R. (2000). Population and the environment. In: W.G. Ernst (ed.) Earth systems: processes and issues. Cambridge, England: Cambridge University Press. 
Barnett, D.J., Balicer, R.D., Blodgett, D., Fews, A.L., Parker, C.L., Links, J.M. (2005a).  The application of the Haddon Matrix to public health readiness and response planning.  Environmental Health Perspectives, 113, 561-566.
Barnett, D.J., Balicer, R.D., Lucey, D.R., Everly Jr., G.S., Omer, S.B., Steinhoff, M.C., Grotto, I. (2005b). A systematic analytic approach to pandemic influenza preparedness planning.  PLoS Medicine, 2, 1235-1241.

Barnett, E., Casper, M. (2001).  A definition of "social environment". American Journal of Public Health 91, 465. 

Berkman, L., Kawachi, I. (eds.). (2000). Social Epidemiology. New York, NY: Oxford University Press.

Blakely, T.A., Woodward, A.J. (2000).  Ecological effects in multi-level studies.  Journal of Epidemiology and Community Health, 54, 367-374.
Bode, B. (1989).  No bells to toll destruction and creation in the Andes. New York, NY: Scribners.
Butler, A.S., Panzer, A.M., Goldfrank, L.R., Institute of Medicine Committee on Responding to the Psychological Consequences of Terrorism Board of on Neuroscience and Behavioral Health. (2003).  Preparing for the psychological consequences of terrorism: A public health approach.  Washington, D.C.: National Academies Press.  

Casey, M.M., Thiede Call, K., Klingner, J.M. (2001). Are rural residents less likely to obtain recommended preventative healthcare services? American Journal of Preventive Medicine, 21, 182-188. 

Center for Research on the Epidemiology of Disasters (CRED) (2005).  EM-DAT Data Base. Brussels, Belgium: Universite Catholique de Louvain.
Centers for Disease Control and Prevention.  (2004).  Epidemiologic assessment of the impact of four hurricanes—Florida, 2004.  MMWR, 54, 693-697.
Cheadle, A., Psaty, B.M., Curry, S., et al. (1991). Community-level comparisons between the grocery store environment and individual dietary practices. Preventive Medcine 20, 250-261. 
Chisholm, R.F., Kasl, S.V., Mueller, L.. (1986). The effects of social support on nuclear worker responses to the three mile island accident. Journal of Occupational Behaviour, 7, 179-193. 

Cochrane, R., Bal, S. (1990). The drinking habits of Sikh, Hindu, Muslim and white men in the west midlands: A community survey. British Journal of Addictions, 85, 759-769. 

Corso, P.S., Kramer, M.H., Blair, K.A., Addiss, D.G., Davis, J.P., Haddix, A.C. (2003).  Cost of illness in the 1993 waterborne cryptosporidium outbreak, Milwaukee, Wisconsin. Emerging Infectious Disasese, 9, 426-431.

Daley, R.W., Brown, S., Archer, P., Kruger, E., Jordan, F., Batts, D., Mallonee, S. (2005).  Risk of tornado-related death and injury in Oklahoma, May 3, 1999. American Journal of Epidemology, 161, 1144-1150.
Diez-Roux, A.V. (2001).  Investigating neighborhood and area effects on health. American Journal of Public Health, 91, 11783-11789. 

Diez-Roux, A.V., Nieto, F.J., Muntaner, C., et al. (1997).  Neighborhood environments and coronary heart disease: A multilevel analysis.  American Journal of Epidemiology, 146, 48-63. 

Esty, D.C., Ivanova, I., (eds.). (2002). Global environmental governance: options and opportunities. New Haven, CT: Yale School of Forestry and Environmental Studies.

Felt-Lisk, S., McHugh, M., Howell, E. (2002).   Monitoring local safety-net providers: Do they have adequate capacity? Health Affairs, 21, 277-283. 

Fissel, A., Haddix, K. (2004). Traditional healer organizations in Uganda should contribute to AIDS debate. Anthropology News, 45, 10-11. 

Forthergill, A., Peek, L.A. (2004). Poverty and disasters in the United States: A review of recent sociological findings. Natural Hazards, 32, 89-110. 
Fothergill, A. (1996) Gender, risk and disaster. International Journal of Mass Emergencies and Disasters, 3, 49-56.

Fothergill, A., Maestas, E.G.M., DeRoune, J.A. (1999). Race, ethnicity and disasters in the United Status: A review of the literature. Disasters, 23, 156-173 
Fox, A. (2003). Glossary of Epidemiological Terms.  Internet Journal of Pediatrics and Neonatalogy, 3(1).

Freudenberg, N., Silver, D., Carmona, J.M., Kass, D., Lancaster, B., Speers, M. (2000).  Health promotion in the city: A structured review of the literature on interventions to prevent heart disease, substance abuse, violence and HIV infection in U.S. metropolitan areas, 1980-1995. Journal of Urban Health, 77, 443-457. 

Friedman, F. (1989).  Donor policies and third world health. International Health Development, 1, 16-17. 

Fullerton, C.S., McCarroll, J.E., Ursano, R.J., Wright, K.M. (1992).  Psychological responses of rescue workers: fire fighters and trauma. American Journal of Orthopsychiatry, 62,:371-378.
Galea, S., Resnick, H. (2005)  Post-traumatic stress disorder in the general population after mass terrorist incidents: considerations about the nature of exposure.  CNS Spectrums, 10, 107-115.
Gans, H. (1995). The war against the poor: The underclass and antipoverty policy. New York, NY: Basic Books.

Garrett, L. (2000).  Betrayal of trust: The collapse of global public health.  New York: Oxford University Press.

Gillen, M. (2005).  Urban governance and vulnerability: Exploring the tensions and contradictions in Sydney's response to bushfire threat. Cities, 22, 55-64. 

Goenjian, A.K., Molina, L., Steinberg, A.M., et al. (2001).  Posttraumatic stress and depressive reactions among Nicaraguan adolescents after Hurricane Mitch. The American Journal of Psychiatry,158, 788-794. 
Grieger, T.A., Fullerton, C.S., Ursano, R.J., Reeves, J.J. (2003).  Acute stress disorder, alcohol use, and perception of safety among hospital staff after sniper attacks.  Psychiatric Service, 54, 1383-1387.

Guha-Sapir, D., Hargitt, D., & Hoyois, P. (2004).  Thirty years of natural disasters:  1974-2003: The numbers. Center for Research on the Epidemiology of Disasters. Louvain-la-Neuve, Belgium: Presses Universitaires de Louvain.

Hadley, C., Borgerhoff Mulder, M., Fitzherbert, E. (2006). Seasonal food insecurity and perceived social support in rural Tanzania. Under review
Haddon, W. Jr.  (1972).  A logical framework for organizing highway safety phenomena and activity.  The Journal of Trauma, 12, 193-207.

Haddon, W. Jr.  (1980).  Advances in the epidemiology of injuries as a basis for public policy.   Public Health Reports, 95, 411-421.

Halpern R. Rebuilding the Inner City. A History of Neighborhood Initiatives to Address Poverty in the United States. New York, NY: Columbia University Press; 1995. 

Hatch, M., Ron, E., Bouville, L., Zablotska, L., & Howe, G. (2005). The Chernobyl disaster: Cancer following the accident at the Chernobyl nuclear power plant.   Epidemiologic Reviews, 27, 56-66.

Henrich, J., McElreath, R. (2003). The evolution of cultural evolution. Evolutionary Anthropology, 12, 123-135. 

International Federation of Red Cross and Red Crescent Societies (1996). World disasters report 1996. New York, NY: Oxford University Press. 
Jernigan, D.B., Raghunathan, P.L, Bell, B.P. et al. (2002). Investigation of bioterrorism-related anthrax, United States, 2001: epidemiologic findings.  Emerging Infectious Diseases, 10, 1019-1028.
Kaniasty, K., & Norris, F. (1993). A test of the support deterioration model in the context of natural disaster. Journal of Personality and Social Psychology, 64, 395-408.

Kaplan, G.A. (1999). What is the role of the social environment in understanding inequalities in health? Annals of the New York Academy of Sciences, 896, 116-119. 
Kaplan, G.A. (2004).  What’s wrong with social epidemiology and how can we make it better? Epidemiological Reviews, 26:124-135.

Karpati, A., Galea, S., Awerbuch, T., Levins, R. (2002). Variability and vulnerability at the ecological level: Implications for understanding the social determinants of health.  American Journal of Public Health, 92, 1768-1772.

Katz, M. (1989).  The undeserving poor. From the war on poverty to the war on welfare. New York, NY: Pantheon. 

Kawachi, I., Berkman, L.F. (2001). Social ties and mental health. Journal of Urban Health. 78, 458-467. 

Kawachi, I., Kennedy, B.P., Lochner, K., Prothrow-Stith, D. (1997).  Social capital, income inequality, and mortality. American Journal of Public Health, 87, 1491-1498. 
Kennedy, B.P., Kawachi, I., Prothrow-Stith, D., Lochner, K., Gupta, V. (1998). Social capital, income inequality, and firearm violent crime. Social Science & Medicine, 47, 7-17. 

Kious, J.W., Tilling, R.I. (1996). This dynamic Earth: the story of plate tectonics. Denver, CO: US Geological Survey. (http://pubs.usgs.gov/publications/text/dynamic.html). 

Kirschenbaum A. (2004).  Chaos Organization and Disaster Management. New York: Marcel Dekker, Inc.

Krieger, N. (1994).  Epidemiology and the web of causation: Has anyone seen the spider? Social Science & Medicine, 39, 887-903. 
Krieger, N. (2001).  Theories for social epidemiology in the 21st century: an ecosocial perspective.  International Journal of Epidemiology, 30, 668-677.
Krewski, D., Balbus, J., Butler-Jones, D., et al. (2002).  Managing health risks from drinking water - a report to the Walkerton inquiry. Journal of Toxicology and Environmental Health, 65, 1635-1823. 
Kumar-Range, S. (2001). Environmental management and disaster risk reduction: A gender perspective. United Nations: Division for the Advancement of Women (DAW).  Available at http://www.un.org/womenwatch/daw/csw/env_manage/documents/BP1-2001Nov04.pdf     Accessed November 30,  2005.
Lakoff, A. (2005).  From disaster to catastrophe: The limits of preparedness.  In: The Social Science Research Council website: Understanding Katrina: Perspectives from the Social Sciences.  Accessed 11/28/2005 at http://understandingkatrina.ssrc.org/Lakoff/.
Landesman, L.Y. (2001). Public Health Management of Disasters: The Practice Guide. Washington, D.C.: American Public Health Association.
Last, J.M. (ed.). (2001).  A Dictionary of Epidemiology, 4th edition. New York: Oxford University Press. 
Lilienfeld, D.E, Stolley, P.D. (1994). Foundations of Epidemiology, Third Edition. New York, Oxford University Press.
Lincoln, C.E., Mamiya, L.H. (1990).  The Black church in the African American experience. Durham, NC: Duke University Press. 

Logue, J.N., Melick, M.E., & Hansen, H. (1981).  Research issues and directions in the epidemiology of health effects of disasters. Epidemiologic Reviews, 3,140–162.
Mackenbach, J. (1993).  Public health epidemiology.  Journal of Epidemiology and Community Health, 49, 333-334.
Mahue-Giangreco, M., Mack, W., Seligson, H., et al. (2001).  Risk factors associated with moderate and serious injuries attributable to the 1994 Northridge earthquake, Los Angeles, California. Annals of Epidemiology, 11, 347-357.

Mandelblatt, J.S., Yabroff, K.R., Kerner, J.F. (1999). Equitable access to cancer services: A review of barriers to quality care. Cancer, 86, 2378-2390. 

Marsella, A.J., Christopher, M.A. (2004).   Ethnocultural considerations in disasters: An overview of research, issues, and directions. Psychiatric Clinics of North America, 27, 521-539. 
McLeod, L., Kessler, R. (1990).  Socioecological status differences in vulnerability to undesirable life events. Journal of  Health and Social Behavior, 31, 162-172. 

McMichael, A.J. (1999).   Prisoners of the proximate: Loosening the constraints on epidemiology in a age of change.  American Journal of Epidemiology, 149, 887-897

Morrow, B.H. (1997). Stretching the bonds: The families of Andrew. .In Hurricane Andrew: Ethnicity, Gender, and the Sociology of Disasters, eds. W.G. Peacock, B.H.Morrow, and H. Gladwin. Routledge, London. Pages 141-170.
Nates, J.L., Moyer, V.A. (2005). Lessons from hurricane Katrina, tsunamis, and other disasters. Lancet, 366, 144-1146. 

Noji, E.K. (ed.) (1997).  The Public Health Consequences of Disasters.  New York: Oxford University Press.

Noji, E.K.. Earthquakes. In: Noji EK, ed. The public health consequences of disasters. New York, NY: Oxford University Press, pp. 35–78. 

Norris, F., Friedman, M., Watson, P., Byrne, C., Diaz, E., Kaniasty, K. (2002a). 60,000 disater victims speak, part 1: An empirical review of the empirical literature, 1981-2001. Psychiatry, 65, 207-239. 
Norris, F., Friedman, M., Watson, P. (2002b). 60,000 disater victims speak, part 2:  Summary and implications of the disaster mental health research. Psychiatry, 65, 204-260. 
Norris, F.H. (2005).  Psychosocial consequences of natural disasters in developing countries:what does past research tell us about the potential effects of the 2004 tsunami?  White River Junction, VT: National Center for PTSD,  U.S. Department of Veteran’s Affairs. (World Wide Web URL: http://www.ncptsd.org/facts/disasters/fs_tsunami_research.html).

Norris, F.H., Kaniasty, K. (1996).  Received and perceived social support in times of stress: A test of the social support deterioration deterrence model. Journal of  Personality and  Social Psychology, 71, 498-511. 
Norris, F.H., Kaniasty, K. (2004).  Social support in the aftermath of disasters, catastrophes, and acts of terrorism.  In R. Ursano, A. Norwood, and C. Fullerton (eds.), Bioterrorism: Psychological and Public Health Interventions, Cambridge, Cambridge University Press, pp. 200-229.
Oliver-Smith A. (1996). Anthropological research on hazards and disasters. Annual Review of Anthropology, 25, 303-328. 

Pearce, N. (1996).  Traditional epidemiology, modern epidemiology, and public health.   American Journal of Public Health, 86, 678-683.

Peek-Asa, C., Ramirez, M., Seligson, H., et al. (2003).  Seismic, structural, and individual factors associated with earthquake related injury. Injury Prevention, 9, 62–66.

Peek-Asa, C., Ramirez, M.R., Shoaf, K., et al. (2000).  GIS mapping of earthquake-related deaths and hospital admissions from the 1994 Northridge, California, earthquake. Annals of  Epidemiology, 10, 5–13.
Pfefferbaum, B., Reissman, D.B., Pfefferbaum, R.L., Klomp, R.W., Gurwitch, R.H. (In press).  Building resilience to mass trauma events. In Doll L, Bonzo S, Mercy J, Sleet D (eds.):  Handbook on Injury and Violence Prevention Interventions Cross-Cutting Intervention Issues. New York: Kluwer Academic/Plenum Publishers.
Pickett, K.E., Pearl, M. (2001).  Multilevel analyses of neighborhood socioecological context and health outcomes: A critical review. Journal of Epidemiology and Community Health, 55, 111-122. 
Poundstone, K.E., Strathdee, S.A., Celentano, D.D. (2004).  The social epidemiology of human immuno-deficiency virus/acquired immunodeficiency syndrome.  Epidemiologic Reviews, 26, 22-35.

Quarantelli, E.L. (1985).  Social support systems: Some behavioral patterns in the context of mass evacuation activities.  In B. Sowder (ed.) Disasters and mental health: Selected contemporary perspectives.  Rockville, MD:  National Institute of Mental Health, pp. 122-136.  

Quarantelli EJ. (1995).  What is a disaster? six views of the problem. International Journal of Mass Emergencies and Disasters, 13, 221-229. 

Quarantelli, E.L. (ed.) (1998).  What is a Disaster? Perspectives on the Question.  London: Routledge.

Quarantelli, E.L. (2005).  Catastrophes are different from disasters: Some implications for crisis planning and managing drawn from Katrina.  In: The Social Science Research Council website: Understanding Katrina: Perspectives from the Social Sciences.  Accessed 11/28/2005 at http://understandingkatrina.ssrc.org/Quarantelli/.
Quarantelli, E.L. (2006).  Emergencies, disasters, and catastrophes are different phenomena.  Accessed 1/31/2006 at http://www.udel.edu/DRC/preliminary/pp304.pdf
Ramirez, M. & Peek-Asa, C. (2005).  Epidemiology of traumatic injuries from earthquakes.  Epidemiologic Reviews, 27, 47-55.
Raphael, B. (2000).  Disaster Mental Health Response Handbook: An Educational Resource for Mental Health Professionals Involved in Disaster Management.  Sydney, New South Wales, Australia:  NSW Health.
Reissman, D.B. (2004). New roles for mental and behavioral health experts to enhance emergency preparedness and response readiness.  Psychiatry, 67, 118-122.

Reissman, D.B., Spencer, S., Tannielian, T., Stein, B.D. (2005).  Integrating behavioral aspects into community preparedness and response systems.  In:  SEQ CHAPTER \h \r 1Y. Danieli, D. Brom, & J. Sills (eds.) The Trauma of Terrorism: Sharing Knowledge and Shared Care, An International Handbook. New York: Haworth Maltreatment and Trauma Press.  (Published simultaneously as the Journal of Aggression, Maltreatment and Trauma, Vol. 9, Nos. 1 /2 and Nos. 3/4.
Rovai E. (1993).  The social geography of disaster recovery: Differential community response to the north coast earthquakes. Association of Pacific Coast Geographers. Yearbook 56. 
Rundell J.R., Christopher, G.W.  (2004). Differentiating manifestations of infection from psychiatric disorders andfears of having been exposed to bioterrorism.  In: R.J.Ursano, A.E. Norwood, & C.S. Fullerton (eds.) Bioterrorism: Psychological and Public Health Interventions. New York: Cambridge University Press, pp. 88-108.
Runyan, C.  (1998).  Using the Haddon Matrix: Introducing the third dimension.  Injury Prevention, 4: 302-307. 

Rutherford, W.H., de Boer, J. (1983).  The definition and classification of disasters. Injury,  15, 10-12.
Sarewitz, D. & Pielke Jr. R.A. (in press).  Extreme events: a research and policy framework for disasters in context.  International Geology Review.

Science (journal).  (2005).  Dealing with Disasters (special section of brief articles.).  Science, 309, 1029-1046.  Retrieved on 2/1/06 from URL: www.sciencemag.org/sciext/disasters. 
Shipton, P. (1990). African famines and food insecurity: Anthropological perspectives. Annual Review of Anthropology, 19, 353-394. 

Shoaf, K.I., Sareen, H.R., Nguyen, L.H., et al. (1998). Injuries as a result of California earthquakes in the past decade. Disasters, 22, 218–235.
Shultz, J.M., Espinel, Z., Smith, R.G., Cohen, R.E., Flynn, B.W. (2006).  Disaster behavioral health: all-hazards training.  Miami, Florida: DEEP Center, University of Miami Miller School of Medicine.

Shultz, J.M., Russell, J., Espinel, Z.  (2005). Epidemiology of tropical cyclones: The dynamics of disaster, disease, and development.  Epidemiologic Reviews, 27, 21-35.
Simkin, T., Unger, J.D., Tilling, R.I., et al. (2004). The dynamic planet: world map of volcanoes, earthquakes, impact craters, and plate tectonics. Denver, CO: US Geological Survey. (http://pubs.usgs.gov/pdf/planet.html). 

Skrabski, A., Kobb, M., Kawachi, I. (2004).  Social capital and collective efficacy in Hungary: Cross sectional associations with middle aged female and male mortality rates. Journal of Epidemiology and Community Health, 58, 340-345. 
Solomon, Z. (1985).  Stress, social support and affective disorders in mothers of pre-school children: A test of the stress-buffering effect of social support.  Social Psychiatry, 20, 100-105.

Somasundaram, D., Norris, F.H., Asukai, N., Murthy, R.S. (2003).  Natural and technological disasters. In B.L. Green, M.J. Friedman, J. de Jong, S.D. Solomon, T.M. Keane, J.A. Fairbank, B. Donelan, E. Frey-Woulters (eds.) Trauma interventions in war and peace: Prevention, practice, and policy.  New York: Kluwer Academic/Plenum Publishers, pp. 291-318.

Sooman, A., Macintyre, S., Anderson, A. (1993). Scotland's health - a more difficult challenge for some?  The price and allocation of healthy foods in social contrasting localities in the west of Scotland. Health Bulletin, 51, 276-284. 
Staab, J.P., Grieger, T.A., Fullerton, C.S. et al. (1996).  Acute stress disorder, subsequent posttraumatic stress disorder, and depression after a series of typhoons.  Anxiety, 2, 219-225.
Subramanian, S.V., Kim, D.J., Kawachi, I. (2002).  Social trust and self-rated health in U.S. communities: A multilevel analysis.  Journal of Urban Health, 79, S21-34. 
Susser, M. (1994).  The logic of ecological: 1: The logic of analysis.  American Journal of Public Health, 84, 825-829.

Susser, M. (1998).  Does risk factor epidemiology put epidemiology at risk? Peering into the future. Journal of Epidemiology and Community Health, 52, 608-611.
Susser, M., Susser, E. (1996).  Choosing a future for epidemiology.  II. From black boxes to Chinese boxes and eco-epidemiology.  American Journal of Public Health, 86, 674-677.

Thomas, S.B., Quinn, S.C., Billingley, A., Caldwell, C. (1994).  The characteristics of northern black churches with community health outreach programs. American Journal of Public Health, 84, 575-579. 

Torry, W.I. (1986). Economic development, drought, and famine: Some limitations of dependency explanations. Geojournal, 12, 5-18. 

United Nations Development Program (2004). Reducing Disaster Risk: A Challenge for Development.  United Nations Development Program, Bureau for Crisis Prevention and Recovery.  www.undp.org/bcpr.
Ursano, R.J. (2002).  Terrorism and Mental Health: Public Health and Primary Care.  Presentation at the Eighteenth Annual Rosalyn Carter Symposium on Mental Health Policy.  Status Report: Meeting the Mental Health Needs of the Country in the Wake of September 11, 2001.  November 6-7, 2002.  The Carter Center, Atlanta, GA. 
Ursano, R.J., Fullerton, C.S., McGaughey, B.G. (1994).  Trauma and disaster. In R.J. Ursano, B.G. McGaughey, C.S. Fullerton (eds.) Individual and community responses to trauma and disaster: the structure of human chaos.  Cambridge, UK: Cambridge University Press,  pp. 3-27.

Watson, P.J. (2005).  Interventions following mass violence and disasters: strategies for mental health practice.  In: E.C. Ritchie, M.J. Friedman, and P.J. Watson.  NewYork: Guilford Press.
Williams, D.R., Collins, C. (2002).  Racial residential segregation: A fundamental cause of racial disparities in health. In: Race, ethnicity and health: A public health reader. San Francisco, CA: Jossey Bass,  pp. 369-390. 

Williams, D.R., Lavizzo-Mourey, R., Warren, R.C. (1994). The concept of race and health status in America. Public Health Reports, 109, 26-41. 
Woodward, A. (1996). What makes populations vulnerable to ill health?  New Zealand Medical Journal, 109, 265-267.

World Bank (2005).  Natural disaster hotspots:  A global risk analysis. Washington, DC:  World Bank Group.
World Health Organization/EHA/EHTP (1999).  Emergency Health Training Programme for Africa. Training Modules. Geneva, Switzerland: World Health Organization.

World Health Organization (2002). Gender and health in disasters. Available at http://www.who.int/gender/other_health/en/genderdisasters.pdf   Accessed November 30,  2005.
World Health Organization (2005).  Health action in relation to crises and emergencies.  W.H.O. Fifty-Eighth World Health Assembly, Provisional Agenda Item 13.3. Geneva, Switzerland: World Health Organization.

Zhao, C., Wang, X., Gao, L.,  Li, J., Zhang, H., Shen, Y. (2000).  Longitudinal study of earthquake-related PTSD in North China.  Chinese Mental Health Journal,14, 361-363.
Table 1.

 Forces of Harm:  Exposure to Hazard, Loss, and Change
	Disaster Stressors Associated with the Forces of Harm

	Exposure to Hazard
	Loss
	Change

	· Perceived threat of harm

· Disaster warning

· (or) Lack of warning
· Shopping/stockpiling

· Evacuation/sheltering
· Perception of personal threat to life
· Exposure to physical force of disaster

· Personal physical harm
        Injury

        Disease
· Witnessing: 
        Widespread destruction
        Mass casualties 
        Death/injury of others        
· Exposure to:

        Grotesque scenes

        Noxious agents

· Human causality


	· Bereavement
· Separation from loved ones

· Physical harm: 

     Pain, debility

     Loss of function

· Loss of home, worksite

· Property damage

· Lack of basic necessities

· Loss of personal possessions

· Loss of social support

· Resource loss/financial loss

· Loss of employment, income

· Loss of independence

· Loss of control


	· Disruption of services
· Physical displacement

· Separation from essential health care, medications

· Lack of utilities

· Lack of transportation

· Unemployment, job change

· School closure

· Displacement

· Financial hardship
· Disruption of community

· Personal, community bereavement

· Shortages, rationing

· Occupying forces/military rule

· Refugee conditions

· Social violence

· Community poverty

· Post-disaster disease outbreaks


Table 2:  Disaster Classification
	Natural Disasters

	
	Hydrometeorological Disasters (Weather-related)

	
	
	Floods and Related Disasters

	
	
	
	Floods

	
	
	
	Landslides/mudslides

	
	
	
	Avalanches

	
	
	Windstorms

	
	
	
	Tropical cyclones (hurricanes, cyclones, typhoons, tropical storms)

	
	
	
	Tornadoes

	
	
	
	Storms:  thunderstorms, winter storms

	
	Geophysical Disasters

	
	
	Earthquakes

	
	
	Volcanic Eruptions

	
	
	Tsunamis/Tidal waves

	
	Droughts and Related Disasters

	
	
	Extreme Temperatures

	
	
	Wildfires

	
	
	Droughts

	
	
	Famine

	
	
	Insect Infestation

	
	Pandemic Diseases

	

	Human-Generated Disasters

	
	Non-intentional/Technological

	
	
	Industrial Accidents

	
	
	Transportation Accidents

	
	
	Ecological/environmental destruction

	
	
	Miscellaneous Accidents

	
	Intentional

	
	
	Declared War

	
	
	Civil Strife

	
	
	Ethnic Conflict

	
	
	Mass Gatherings

	
	
	Terrorism

	
	

	Complex Emergencies

	

	Source: Shultz, Noji, Rosenfeld (eds.) (2006).  
The Public Health Consequences of Disasters, 2nd Edition, 
New York: Oxford, University Press.


Table 3:  

Hazards: Forces of Harm:

Hurricane Katrina, Gulf Coast, USA, 2005
	Type
	Definition
	Catastrophe/Complex Emergency

	
	Classification
	Hurricane (Tropical Cyclone)

	Magnitude

	Intensity
Saffir-Simpson Scale
	Florida landfall:  Category 1

Peak intensity: Gulf of Mexico:  Category 5

Louisiana landfall:  Category 3-4

Mississippi landfall: Category 3

	
	Size
	Large storm:  500 mile diameter

	Time Dimension
	Frequency
	No previous strike of this magnitude in recorded history.  However hurricanes repeated strike the area (see Figure 5).  Multiple tropical storms and hurricanes have struck Florida and the Gulf Coast each year during the past several years.

	
	Multiplicity
	Multiple tropical storms and hurricanes have struck Florida and the Gulf Coast each year during the past several years.  During 2005, the Gulf Coast was impacted by T.S. Arlene, T.S. Cindy, Hurricane Dennis prior to Hurricane Katrina and by Hurricane Rita later in the season.

Sequence of impacts:  storm surge, rain, wind, eyewall impact, wind, rain, flood from levee break

	
	Seasonality
	Atlantic Basin hurricane season: June 1-November 30

	
	Cyclicity
	Strike occurred during the peak of a 30-40 year cycle of increased hurricane frequency. 

	
	Predictability
	Predictable with days of advanced warning. Unpredicted change of course-striking the Florida coast and moving sharply southwest over Miami-Dade County (forecast track was due west).  Track in Gulf of Mexico toward New Orleans held very steady on the middle of the predicted storm path.

	
	Duration of impact
	Florida:  Surge: 1 day; wind: several hours

Gulf Coast:  Surge:  2 days, wind: 1 day, flood: weeks

	
	Duration of disruption
	Florida:  1 week

Gulf Coast: undetermined--months to lifetime

	Place Dimension
	Geography
	Atlantic Basin Hurricane

Increasing intensity in Gulf of Mexico due to passing over Northern Loop Current of warm water.

New Orleans surrounded on all sides by bodies of water.

	
	Topography
	Concave shoreline of Gulf of Mexico produces very high storm surge.

Below water level construction

Inadequate construction of levees to contain flooding

	
	Scale/scope
	500 mile diameter storm

Impact along 600 miles of Gulf Coast shoreline

Total 1,000 mile trajectory:  Caribbean, Atlantic, Florida peninsula, Gulf of Mexico, landfall in Louisiana, Mississippi, Alabama, continuation of strong storm into northern United States.

	Source: Shultz, Noji, Rosenfeld (eds.) (2006).  The Public Health Consequences of Disasters, 2nd Edition, 
New York: Oxford, University Press.


FIGURE 1:  Epidemiological Triad and Haddon Matriz
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FIGURE 2:  Disaster Ecology Model (Option 1)
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FIGURE 2:  Disaster Ecology Model (Option 2)
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FIGURE 3:  Detailed Disaster Ecology Model   
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FIGURE 4:  Frequency of Reported and Registered Disasters
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FIGURE 5:  Seasonality:  Atlantic Hurricane Basin Tropical Storms & Hurricanes
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 FIGURE 6:  Place Characteristics:  Worldwide Seismic Activity
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