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ABSTRACT

TAKING A SYSTEMS APPROACH TO RISK ASSESSMENT AND
DISASTER RECOVERY: THE MONTSERRAT CASE

By

Jack Lewis Rozdilsky

In 1995, the Soufriere Hills volcano began to erupt on the Eastern Caribbean
island of Montserrat. Most of Montserrat’s urban centers located on the southern two-
thirds of the island were completely destroyed and over 60% of the island’s population
evacuated. Currently, all reconstruction is taking place in a zone of lesser volcanic risk
on the northern one-third of the 39 2 square mile island. In 2005, the island’s population
is approximately 4,690 people, new towns are beginning to be constructed in the north,
and Montserrat is struggling to recover as the volcano remains active. During the early
stages of recovery, a goal was set to reconstruct the island to a level of development that
can support 10,000 people, the approximate pre-crisis level.

This study asks the question “Is the post-disaster redevelopment goal for
Montserrat of reaching a population of 10,000 persons feasible, given development
constraints and continued risks?” In order to address that question the method of system
dynamics modeling is applied. System dynamics modeling is based after the work of
Forrester and it involves development of feedback models to analyze structural
relationships that drive behavior over time. In this study, a Montserrat Urban and Risk
Model is developed and simulated under four risk scenarios. The basis for the method of
this study is urban dynamic modeling, and it is expanded on to include both geographic

and risk components.






Given the limitations of the model, it is suggested that the goal of 10,000 pérsons
may be too high for Montserrat. By experimenting with the model under various risk
circumstances, it was determined that a goal of reachihg population levels of 6,500 to
7,500 people may be more feasible, given the island’s limits. The model indicated that
land fraction occupied is a main concern since as the island rebuilds and the population
grows, nearly 100 % of the land becomes occupied during the next 35 years. Itis
suggested that policy steps be taken to limit development in order to reduce the land
fraction occupied. That strategy would not limit future opportunities for redevelopment

in the context of continued hazard risk.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction To Dissertation

Approximately 500 to 700 natural disaster events are recorded each year. Only a
few of these natural disasters are categorized as ‘great’ natural catastrophes that result in
death or losses so high as to require outside assistance, according to Munich RE, a
reinsurance firm which deals with catastrophic loss claims (Munich RE, 2000). During
the past 50 years, there has been a dramatic increase in the number of catastrophic
disasters. In the 1950s, there were 20 ‘great’ catastrophes. In the 1970s, there were 47,
and in the 1990s there were 86 (Abramovitz, 1990). The December 26, 2004, earthquake
of magnitude 9.0 at the Sumatra-Andaman Islands illustrates the extent to which natural
catastrophes are an ever-present threat. While the earthquake was measured as the fourth
largest since 1900, the subsequent tsunami caused one of the worst disasters in the last
century with more than 283,100 people killed' (United States Geological Survey, 2005).
A need exists for better understanding the process of recovery from natural disasters.

One of the ‘great’ natural catastrophes of the late-1990s was the volcanic
eruptions on Montserrat, British West Indies. Montserrat is an island territory located in
the Leeward Island group of the Lesser Antilles in the Caribbean Sea. After hundreds of
years with no volcanic activity of significance, the volcano began an eruptive period in

1995. By 1996, the disaster quickly overwhelmed the response capabilities of the small

' In addition to severe damage and casualties caused by the earthquake in northern Sumatra, Indonesia. and
the Nicobar Islands, India, the tsunami caused more casualties than any other in recorded history. As
reported during March 2005, disaster recovery is taking place across 10 countries in South Asia and East
Africa. More than 283,100 people were killed, 14,100 are still missing, and 1,126,900 were displaced by
the catastrophe (United States Geological Survey 2005).






island, forcing massive evacuations and numerous aid packages from the British
Commonwealth and overseas donors. While most of the devastation took place from
1996 to 1998, the volcano still remains active at the time of writing. A 2003
observation of the crisis states, “To date, the eruption continues unabated, thereby
prolonging one of the longest-duration volcano crises in the world” (Komorowski and
Tilling, 2003).
1.2 Montserrat and the Volcanic Disaster

The Montserrat volcanic crisis was chosen for study, because it illustrates one of
the few situations of direct impacts of volcanoes on cities during the Twentieth Century. -
In considering how society can develop strategies for dealing with the hazards that
volcanoes represent to cities, it has been suggested that after determining vulnerability of
a city due to volcanic hazards, public officials must develop long-term risk mitigation
strategies through appropriate land use planning, zoning and building codes, and the
development and practice of contingency plans (Miller, 2001). Long-term recovery
planning in response to Montserrat’s volcanic disaster involves the abandonment of the
existing urban areas and the creation of new towns in areas with lesser volcanic risk.

Most of the development on Montserrat took place on the southern two-thirds of

the island, in close proximity to what was thought to be an extinct volcano. The land area
of the island is 39 'z square miles and the 1991 population (prior to the volcanic crisis)
was 10,400 persons (Physical Planning Unit, 1999).

In August of 1995, with the venting of ash clouds and explosions at the volcano, it
became clear that a larger eruption was imminent. Prior to the 1995 events, no eruptions

of that magnitude had been observed on Montserrat since Europeans arrived in the
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Caribbean. Unfortunately, as much of the development on Montserrat had taken place in
close proximity to the volcano, as volcanic activity dramatically increased in 1996 and
1997, the disaster was catastrophic to human settlements on Montserrat. The sheer level
of destruction was unprecedented as the island’s major cities, including the capital city
were destroyed. During the eruption, much of the population fled under emergency
conditions. It was reported that as few as 2,850 people remained on Montserrat during
the height of the crisis (Development Unit, 2001). During the Twentieth Century, few
places have experienced the sheer levels of physical destruction and social dislocation
faced by Montserrat.

Disaster recovery on Montserrat involves completely rebuilding all aspects of life
in zones of lesser volcanic risk. The northern one-third of the island has been designated
as a safe zone. New towns are being created from scratch to house the population and
replace the urban functions that were destroyed by the volcano. While volcanic activity
has somewhat diminished, the volcano still remains active. During the past few years,
the boundaries between safe and unsafe zones have been set and areas for new
development have been designated. As the island rebuilds in the northern safe zone, the
2005 population is 4,690 persons (Government of Montserrat, 2005).

A target approach to development planning on the island has been adopted based
on attracting people back to the island and encouraging population growth. An overall
target of 10,000 persons equates to the on-island population prior to the onset of volcanic
activity and is considered by the government of Montserrat to be realistic in terms of the

carrying capacity of the northern part of the island (Physical Planning Unit, 1999).
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1.3 The Research Problem - Can Montserrat Reach Its Redevelopment Goal?

The primary research problem is, “Is the post-disaster redevelopment goal for
Montserrat of reaching a population of 10,000 persons feasible, given development
constraints and continued risks?”

In defining the existence of a problem. Ackoff establishes five necessary
conditions (Ackoff, 1962):

1) An individual or decision maker who has the problem

2) The outcome that is desired by the decision maker (i.e., an objective)

3) At least two unequally efficient courses of action which have some chance of

yielding the desired objective

4) A state of doubt in the decision maker as to which course is best

5) An environment or context of the problem
While many problems can be considerably more complex than the minimal conditions
needed to describe a scientific problem as outlined above, the above steps can assist in
defining the nature of a problem.

In conceptualizing the problem of Montserrat's disaster recovery, we can first
consider the individual or decision maker who has the problem. In this case, the problem
is not in the realm of the individual, but a group of individuals, represented by a
government entity with an interest in sustainable disaster recovery. This study will
assume a single ‘decision maker’ that is a governmental entity which has the ability to
make policy influencing Montserrat’s disaster recovery.

The outcome that is desired by the decision maker, or the objective, is to reach a
development goal of restoring the island's population to approximately 10,000 people (or
the pre-crisis population) subject to development constraints and continued risk

conditions. Given, the situation on Montserrat, this outcome will need to be achieved by

a phased repatriation of the population and the consequent construction of facilities
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needed to support that population.

The third aspect of defining a problem is at least two unequally efficient courses
of action which have some chance of yielding the desired objective. Ackoff (1962)
stresses that for a problem to exist, there must be a real difference between the choices
available to the decision maker. There are various strategies by which the island’s
population can be restored to 10,000 persons. For this study, a model will be developed
and simulated under different risk conditions. Output from the simulations will help to
determine policies for long-term disaster recovery.

The condition of a state of doubt in decision making is apparent with the case. As
the situation of Montserrat’s disaster is unprecedented, it is difficult to foresee all of the
possible interactions that may either contribute to or detract from the redevelopment goal.
While development goals have been stated, this author suggests that it is an open question
as to whether such goals can be met. It should be noted that this question is not meant to
imply doubts about current development activity on Montserrat. Maintaining human
settlements while moving forward with post-disaster planning on an island with an active
volcano has been a very difficult task which has demonstrated both the resiliency of
Montserrat’s governmental entities and its citizenry. However, this author would agree
with statements made by one of the pioneers in urban dynamics modeling who, when
considering the dynamics of cities in the northeastern United States, argued
“Evolutionary processes have not given us the mental skill needed to properly interpret
the dynamic behavior of systems of which we have now become a part”(Forrester, 1969).

The environment or context of the problem is the volcanic disaster recevery on

Montserrat. However, applications of this work may also apply to other cases of
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catastrophic disasters where urban areas are destroyed and the nature of the disaster
makes it necessary to shift population to safe zones and create new cities, as the risks
remain too high to rebuild on the sites which were devastated.

In addition to the primary research question, secondary questions are related to
exploring the implications of various policy scenarios that be can implemented to
repatriate approximately 5,500 persons to the island (given that approximately 4,500
persons are now on the island). Such questions will be explored by investigating the
capacity of the island to absorb the new population in terms of a Montserrat Urban and
Risk Model.

To make this study unique, urban dynamics modeling methods will be expanded
on by adding spatial and risk components relevant to the case of Montserrat.
Assumptions will be made that different zones (within the safe zone) have different
degrees of risk. That is, development areas closer to the volcano will have Ia zg:reater risk.
This study will illustrate how the Monstserrat Urban and Risk Model acts under scenarios
of varied risk.

Output from quantitative modeling will be able to provide data which can be
applied to answer the question of “Is the post-disaster redevelopment goal for Montserrat
of reaching a population of 10,000 persons feasible, given development constraints and
continued risks?”

1.4 The Research Method — System Dynamics Modeling

The research method for this study will be system dynamics modeling. Within

the context of systems science and systems thinking, system dynamics is a very specific

type of modeling method that is based on the work of Jay W. Forrester. Forrester first
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introduced system dynamics modeling in his 1961 book Industrial Dynamics, in which he
defined system dynamics as:

“The investigation of the information-feedback characteristics of (managed)

systems and the use of models for the design of improved organizational form and

guiding policy”(Forrester, 1961).

System dynamics models are most effectively used for the general purposes of
broad policy making and design for aggregate systems (Meadows & Robinson, 1985).
The models are comparatively simple to understand and contain only top-level details of
the systems being simulated. A main practical application of system dynamics modeling
is that it can be used to conduct and evaluate policy experiments in an environment which
is free of having real-life consequences (Kelly, 1998).

System dynamics models have four benefits in analyzing societal problems: 1)
feedback loops are seen as the underlying structure of dynamics of behavior; 2) feedback
loops have been identified as responsible for the counterintuitive behavior and policy
resistance observed in real social systems; 3) feedback loops provide an intuitive and
accessible description of mathematical models created to study the behavior of complex
systems; 4) feedback loops enable the creation of self-contained theory where patterns of
dynamic behavior are understood as consequences of the internal structure of causally
closed loops (Richardson, 1991).

In this study, the system dynamics model will be especially useful as it allows for
push and pull factors to be considered. One example of push and pull factors is the, "so-
called urban push factors - the principal reasons why people are motivated to leave urban
areas and the rural pull factors - the principal reasons why people are attracted to rural

areas”(Schultink & Winoto, 1996). A key point to this study is that push and pull factors
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will act to bring people to or drive people off the island. The system dynamics modeling
method will permit for the analysis of the push and pull factors.

In investigating the research question, alternate appyoacbes to systerﬁ dynamics
modeling could include other forms or geo-spatial analys.is. In the case of Montserrat,
built-out type analysis may be used to estimate the maximum amount of development

-that could occur under the existing land use controls. However, large amounts geospatial
data would need to be created from scratch to complete such an analysis.
1.5 The Need for a Systems-Based Approach to Hazard Research

Strategies for managing hazards have often followed traditional planning models;
that is study the problem, implement the solution, and move on to the next problem
(Mileti, 1999). Despite the continued application of the traditional, linear models for
managing hazards, disaster losses are rising as the world is becoming increasingly
complex and interconnected.

In the recent second natural hazard assessment, Disasters by Design: A
Reassessment of Natural Hazards in the United States, one of the suggestions was that:

“Hazards researchers and practitioners would do well to take a more systems-

based approach to understanding the complex interactions between the natural

environment and human perceptions, actions (including what people build and

where it is located), and organizations”(Mileti, 1999).

Mileti goes on to describe this systematic approach to the problem as focusing on
interactions among system elements and on the effects of its interactions. In addition, a
systematic approach examines a variety of factors. as well as integrating time, feedback,

and uncertainty. This study suggests a need for a systems approach to hazard and risk

reduction.
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1.6 Research Assumptions and Limitations

The limitations to this study are defined by the application of the system
dynamics modeling method. The system is a group of functionally interrelated elements
forming a complex whole (Sterman, 2000). However, a limitation of .the model is that it
is not designed to model the entire physical or social system of Montserrat during the
disaster recovery. The usefulness of the model lies in the fact that it simplifies reality and
creates a representation of it that can be understood. A truly comprehensive model would
be just as complex as the system itself and just as inscrutable (Sterman, 2000).

In this study, assumptions are made to define the key variables in the model.
Information gathered from primary source documents and relevant literature will be
applied in assigning values to the variables. The key variables studied in the Montserrat
Urban and Risk Model are related to land use and risk.

While the model considered economic factors through variables concerning
business structures and jobs, it did not corisider the amourit of British development aid
that is supporting life on the island. This study assumes that overseas aid to Montserrat
will remain at level adequate to support the redevelopment of the island.

Also, it is important to note that when it is possible, system dynamics modeling
would take place as an interactive process between the modeler and the client. In this
study, while information from the situation on Montserrat informs the model, the model
is not being created through an interactive process with persons on Montserrat.

Additional information concerning the assumptions made in this study is detailed

in Chapter 5 and the Appendix.



1.7 Organization of the Study

Chapter Two provides a background on the Montserrat case. Information is
provided concerning the island of Montserrat, the volcanic disaster itself, and elements of
post-disaster uncertainty. Chapter Two provides information to inform the analysis.

Chapter Three provides the literature review. Relevant literature will incorporate
elements of the hazard and risk assessment paradigms. The concept of disaster will be
discussed, hazards and hazard research will be described, and risk will be discussed in the
context of hazard. Chapter Three provides the conceptual foundations for this study's
approach to disasters, hazards, and risk reduction.

Chapter Four is the methods chapter. After a background discussion on systems
thinking and systems science, the system dynamics method will be described. Key
elements of system dynamics, based on the work of Forrester, will be highlighted. As an
introduction to the modeling methods, a simple model of population dynamics will be
presented.

Chapter Five both depicts and describes the Montserrat Urban and Risk Model.
The basic urban dynamics model on which the model is based is described. Also.
adaptations to the urban in terms of geography and risk will be described. The Appendix
will provide detailed definitions of the model.

Chapter Six is describes the risk scenarios that are simulated in the Montserrat
Urban and Risk Model and provides the output from the model runs. Specific scenarios
risk scenarios will be described and the initial comments on the results of the model run

will be provided. Highlights of the model’s output under various scenarios will be
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provided in Chapter Six and full reports of the model’s output are provided in the
Appendix.

Chapter Seven provides an analytical review of the results of the model runs.
Highlights of the model runs are isolated and a discussion on the meaning of the models
output is provided.

The final chapter, Chapter Eight is the research summary, recommendations and
conclusions. Based on the scenarios considered, the question of “Is the post-disaster
redevelopment goal for Montserrat of reaching a population of 10,000 persons feasible,
given development constraints and continued risks?” is answered by stating that 10,000
persons may be an overly optimistic goal. The study will conclude with comments on
applications of the model beyond the Montserrat case, comments on possible areas of

expansion for the model, and future research needs.
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CHAPTER TWO

THE MONTSERRAT VOLCANIC DISASTER

2.1 Introduction

The circumstances of the Montserrat volcanic disaster are adopted as the real-life
situation on which this study is based. The purpose of this chapter is to provide a context
for understanding Montserrat’s volcanic disaster. The island is described along with its
primary natural hazard, the Soufriere Hills Volcano. As the volcano is the root cause of
the Montserrat disaster, some background is provided concerning the basic geological
forces behind the eruptions. After describing the volcano itself, the volcano disaster and
its impacts are described by addressing selected aspects of economic, social, and physical
planning uncertainty created by the crisis. In conclusion, one aspect of the crisis is
detailed, regarding how the disaster may be considered as a permanent feature of
Montserrat’s landscape by officials of the United States Government.
2.2 Why Montserrat Was Chosen for Study

During the time I was completing the doctoral program, the Montserrat volcano
erupted. I began to investigate the Montserrat volcanic crisis in 1997. During, pre-
dissertation research, I was able to draw initial conclusions concerning the disaster
recovery on Montserrat.

After a February 2001 presentation of initial findings at the Cities and Volcanoes
2 Conference (Rozdilsky, 2001) in Auckland, New Zealand, I was able to discuss the
Montserrat situation with other presenters involved in both response to volcanic hazards

and scientific study of volcanoes. Comments were made concerning the uniquencss of
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the Montserrat volcanic crisis, since these types of crises are few and far between. Due to
the long-term geological time frames in which eruptions occur, there are few
opportunities to study eruptions during a given lifetime. The Montserrat volcanic crisis
has been illustrative of one of the few direct interactions between human settlements and
volcanoes during the Twentieth century.

In addition to other small island states, Naples, Italy, a few cities in Central
America and Indonesia, and Auckland, New Zealand face serious volcanic risk. In
considering how society can develop strategies for dealing with the hazards that
volcanoes represent to cities, it has been suggested that after determining vulnerability of
a city due to volcanic hazards, public officials must develop long-term risk mitigation
strategies through appropriate land use planning, zoning and building codes, and the
development and practice of contingency plans (Miller, 2001) .

While the frequency of these volcanic disasters is low, if the disaster occurs it will
likely be catastrophic. Long-term contingency planning for responding to these disasters
will likely involved abandonment of existing urban area and creation of new urban areas
in zones of lesser volcanic risk. The study of Montserrat’s experiences provides a body
of knowledge to assist in future post-disaster planning efforts.

2.3 Montserrat, British West Indies

Montserrat is an island territory located in the inner arc of the Leeward Island

group in the Lesser Antilles of the Caribbean Sea, located 25 miles southwest of Antigua

(see Figure 1). Physically, the island is volcanic in origin and the terrain is dominated by

13
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extinct volcanoesz, lush green hills, villages along the coasts, and famous black sand clear
water holiday beaches (Fergus, 1989). The island’s land area is 39 /2 square miles.
Three mountain ranges dominate the skyline, the northernmost Silver Hills, the Centre
Hills, and the southernmost Soufriére Hills®. Plymouth was the principal city of the
island. Plymouth hosted the island’s center for sea transportation (an unsheltered harbor)
and the island’s center for air transportation was a small airfield on the east side of the
island (see Figure 2).

Prior to the volcanic crisis, most of the island’s population base resided on the
southern two-thirds of the island. The 1991 population of Montserrat was 10,625
persons. Of that population, 2,766 or 26% of the total population resided in an area now
known as the northern safe zone (Physical Planning Unit, 1999). The other 74% of the
population lived in close proximity to the Soufriére Hills. The city of Plymouth® was the
capitol city and administrative center for the island. Despite being only approximately
three and one-half miles west of the Soufri¢re Hills volcano, most of the citizenry did not
feel threatened as the volcano was considered to be ‘extinct’.

In the late 1980s, Montserrat’s economy was characterized as follows,
“Montserrat is classified as a developing county, but it balances its recurrent budget and
its people enjoy a creditable standard of material prosperity in spite of the insubstantial
base of its externally-oriented economy” (Markham & Fergus, 1989). Economically,
Montserrat had a light manufacturing sector, an agriculture sector (especially sea-island

cotton), a tourism industry, offshore banking, an offshore medical school, and a regional

? This description is cited from a 1989 Montserrat Guide. One of the three “extinct’ volcanoes is no longer
‘extinct’.

? The highest point of the island was in the Soufriére Hills at Chances Peak with an elevation of 3.002 feet.
Currently, the volcanic eruptions have substantially changed the topography of the Souftriére Hills.

‘ The 1991 population of Plymouth was 1,083 people.
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broadcasting / recording center. In the early 1980s, the economy for the island was called
‘relatively buoyant’ and the island felt little need for British budgetary aid (Fergus,

1989). However, by the late 1980s, the island had a trade deficit of about US$24. million.
The trade deficit was balanced by remittances of émigrés living abroad’ and the incomes
of foreign expatriates (Berleant-Schiller, 1991). The functioning of the island’s
economic system entirely disrupted during the volcanic crisis.

Socially, Montserrat’s population is similar to other to that of the other Eastern
Caribbean Islands. A dominant demographic influence of the old sugar and slave
colonies is present. However, Montserrat remains unique as it was settled by English
and Irish Catholics, who in the 1630s found refuge on the small island from Protestant
prosecution. To this day Montserrat maintains an Irish Legacy, part superficial and part
more permanent (Fergus, 1994). The ‘Emerald Island of the Caribbean’ moniker as well
as most local surnames® and geographic place names are Irish in origin. In the late 1990s,
the island’s population was composed of a majority of Afro-Caribbean persons, and a
minority population of expatriates’ (British, American, and Canadian) and British civil

servants. During the volcanic crisis, the entire social structure was turned upside down as

* Montserrat has been called a ‘prototypical emigration society’ (Berleant-Schiller, 1991) meaning that
during most of the Twentieth Century as the plantation system declined and population had to be balanced
with resources many families encouraged the emigration of young people to ensure the survival of the
society as a whole as well as the émigré. Many small-island states have well developed émigré
communities where out-migration becomes a goal towards which young persons strive.

® As slaves had no surnames, when the British abolished slavery on Montserrat in 1838, the former slaves
often adopted the only names they knew, that of their masters. Thus on Montserrat many Afro-Caribbean
persons have Irish surnames (Fergus, 1994). Some commentators have claimed the ‘Emerald Island’
concept is more designed to attract tourists that actual demographic scholarship.

7 During the 1960’s Montserrat was promoted as in England and North America as an idyllic place to retire
or build a second home. Part of the idyll was an English speaking Caribbean colony without an active
independence movement (Berleant-Schiller, 1991). As Montserrat was deemed safe for outside investment
by foreigners, the island became a destination for ‘residential tourism’. Expatriates who have remained on
Montserrat during the disaster have a genuine interest maintaining the island’s quality of life.
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many of the island’s residents, from all social groups, were evacuated under emergency
conditions.

Politically, Montserrat is a British crown colony. The island has a locally elected
government along with a British Governor who is the crown representative. For the most
part, during the late Twentieth century the island had full self-government until a 1989
revision of the constitution in which more power was granted to the British Governor. In
general, Montserratians have preferred to remain a British Overseas Territory rather than
face the risks of an independent statehood founded on limited resources (Berleant-
Schiller, 1991). Geopolitically, Montserrat finds itself in the unique position of being one
of the few remaining remnants of the British Empire. Globally, there are only 16 non-self
governing territories® in existence (Richardson, 2003). The volcanic crisis has reinforced
the island’s dependency on Britain.

This author would be remiss in not mentioning that immediately prior to the
volcanic crisis, Montserrat was just beginning to fully recover from the natural disaster of
Hurricane Hugo. On September 17, 1989, Hurricane Hugo hit Montserrat directly. As a
result of the direct hurricane impact, 98 % of the houses (50% severely) were damaged,
and 20% of the houses were destroyed completely. Nearly, a quarter of the population
was left homeless. A British government disaster team estimated losses to be at
£282,750,000 (Markham & Fergus, 1989). All sectors of Montserrat’s infrastructure and
economic base were severely damaged. Unfortunately, post-Hugo reconstruction
continued right up to the time the volcanic crisis started. It was reported that builders

were still painting the new library in Plymouth, the rebuilt government headquarters had

¥ In 2003, the 16 non-self-governing territories were Anguilla, American Samoa, American Virgin Islands,
Bermuda, British Virgin Islands, the Cayman Islands, the Falkland Islands, Gibraltar, Guam, Montserrat,
New Caledonia, Pitcairn, St. Helena, Tokelau, the Turks and Caicos, and Western Sahara.
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yet to hold a legislative council meeting, and the improved hospital has yet to receive a
patient (Pattullo, 2000).
2.4 The Soufriére Hills Volcano

This section addresses the origin of the natural disaster on Montserrat, the
Soufri¢re Hills volcano. There is substantial scienti‘ﬁc literéture on the eruption of the
Soufriére Hills (Scientific Advisory Committee on Montserrat Volcanic Activity, 2004).
Three main collections of scientific information have been published: Volume 25 of
Geophysical Research Letters (Aspinall et al., 1998); Memoir 21 of the Geological
Society of London (Druitt & Kokelaar, 2002); and, Volume 44, Issue 8 of the Journal of
Petrology, 2003. For the purposes of this study, that work will not be reviewed in detail,
rather select sources will be drawn upon as necessary. Both a simplified overview of the
primary geologic processes of the volcano and a brief explanation of key events in the
eruptive sequence are provided here, as thi‘;‘ information is relevant to understanding the
context of the analysis provided by this study.

As Montserrat exists in a multiple hazard environment, the island has been
impacted by disasters prior to the volcanic eruptions. The most recent of these disasters
was the impact of hurricane Hugo in 1989. The volcanic disaster has two major
differences from the other disasters. For example, with a hurricane, the disaster event is a
singular event. Once the disaster occurs, the recovery then takes place in a sequential
process. Also with other events, once the disaster strikes, recovery takes place at the

location where the damage occurred. In the volcanic crisis, the disaster is ongoing where

there are times of disaster, followed by times of calm, and then times of disaster (again).
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Also, due to the nature of the volcanic hazard, once the disaster occurs it is often
impossible to rebuild at sites which were damaged.

Geologically, the activity at the Soufriére Hills volcano has been characterized as
fairly typical of that at many historically active volcanoes constructed of lava-dome
complexes’. However, what sets the Soufriére Hills eruption apart is its continuous
activity. In a 2003 summary of impressions from a meeting of Montserrat’s Scientific
Advisory Committee it was stated that, “We also believe that the odds are small that the
current eruption will cease within the next six months; from worldwide experience. the
activity is much more likely to continue for years, if not decades (Komorowski and
Tilling, 2003).”

Geographically, the Soufriere Hills volcano is located at a subduction zone. At
subduction zones, tectonic plates collide and one of the plates is pushed down into the
interior of the earth and melts. Montserrat lies along the boundzlary of the Caribbean Plate
and the South American Plate. This fact is important because it directly relates to the
types of hazards presented by Montserrat’s volcano. At subduction zones, the lava is
relatively cool'® and contains volcanic gas. These characteristics cause the lava to exhibit
characteristics of stiffness and extremely slow movement. As this Andesite lava slowly
moves toward the surface at the volcanic vent, it tends to pile up slowly around the vent
forming a large pile of lava called a lava dome (Lea and Sparks, 2001).

Eruption events on Montserrat have been caused by specific events: vulcanian

explosions or the collapse of the lava dome (Nakada. 2000). Vulcanian explosions are

% Similar volcanoes to the Soufriere Hills are Unzen (Japan), Merapi (Java, Indonesia), and Mount Hood
(U.S.A.) (Komorowski, 2003).

' The relative ‘coolness’ of the magma at the Soufriére Hills Volcano is 850 centigrade as compared to the
magma at Hawaiian type volcanoes which have temperatures of 1200 centigrade (Lea & Sparks, 2001).
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small to moderate blasts that eject material to heights up to 20 kilometers on the order of
minutes to seconds. These explosions are characterized by violent blasts, the ballistic
ejection of rocks, atmospheric shock waves, and large ash plumes that can reach tens of
kilometers in altitude (Morrissey & Mastin, 2000).

In addition to the eruptive events of vulcanian explosions, a collapse of the lava
dome results in eruptive type events consisting of pyroclastic flows and surges. When
the lava dome builds up the extent that it cannot support its own weight and
gravitationally collapses, volcanic material flows outward from the collapsed dome in an
explosive-like fashion. These explosions expel mixtures of hot lava blocks, ash, pumice,
and volcanic gasses that descend the slopes of the volcano at high rates of speed. Such
pyroclastic flows are amongst earth’s most dangerous natural phenomenon''. On
Montserrat, scientific teams placed instruments in the path of pyroclastic flows and the
data recorded indicated that these flows reached speeds 6f 15 to 30 meters per second and
with temperatures ranging from 99 to 250 centigrade (Nakada, 2000).

In considering the sequence of events leading up to the eruptions, it is now
understood that precursors to the volcanic crisis were observed with the measurement of
small earthquakes from 1992 to 1995. However, during the time periods of 1933-1937
and 1966-1967 thousands of small earthquakes were also measured, but none of those
had led to large eruptions so such seismic activity did not necessarily indicate a pending
eruption. The reactivation of the volcano in the mid-1990s took many people by surprise
as no precursor activity was noted in the days immediately preceding the activity

(McNutt et al., 2000) .

' Pyroclastic flows have been responsible for some of the worst natural disasters in history. On the nearby
island of Martinique, in May 1902, the city of St. Pierre was engulfed by a pyroclastic surge from the
nearby Mt. Pelee. The entire population of the city nearly 28,000 people was killed in minutes.
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Most accounts of the volcanic crisis indicate that it started in July 1995. On July

18, groundwater heated by magma flashed into a steam driven explosion, and this

phreatic explosion sent an ash cloud over Plymouth. The situation was described as

follows:

“An unusual day in Montserrat, especially for those living in southern areas. On
that afternoon, residents gradually became aware of an unusual roaring sound,
quiet but persistent, coming from the mountains. At first it could have been taken
for the sound of a distant aeroplane, except that it didn’t go away. Residents of
some areas reported falling ash, and there was an unusually strong smell of
sulphur. People began to wonder if the unthinkable was about the happen — the

volcano coming back to life” (Buffonge, 1996).

It was reported that the situation got progressively worse on August 21, 1995,
when a larger explosion sent a cloud of black ash over Plymouth. With that event, most
people evacuated the capital (Lea and Sparks, 2001). As of August 1995, it was clear
that the volcanic crisis had the potential of becoming a serious disaster.

In November of 1995, lava reached the surface and a red-hot glowing Andestic
lava dome was observable. In late-1996 and early-1997, the dome built up to the extent
that the unstable pile of lava began to collapse on itself, bringing the first dome collapse
in March of 1996. As the dome continued to rapidly build, dome collapses began to
occur with greater frequency. In May 1996, a pyroclastic flow from a dome collapse
reached the Caribbean Sea and began to build a delta of new land (Lea and Sparks, 2001).
Then, the largest dome collapse recorded to date occurred on September 17-18, 1996. In

a scientific report the event was described as follows:

“The profound dome collapse led to conduit depressurization and then to an
intensive, explosive, nearly vertical eruption column that lasted for nearly an
hour. Conduit overpressures are estimated as 20 MPa. The eruption created an
ash plume at least 11.3 kilometers high, leading to several encounters with
civilian aircraft. A shower of hot ballistic rocks as large as 1 meter in diameter
rained on the community of Long Ground. 2 kilometers east of the crater,
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shattering roofs and igniting houses. Thankfully, the community had been
evacuated several months earlier” (Montserrat Volcano Observatory Team, 1997).

Even after the dome collapsed multiple times in 1996, during the first one-half of
1997 it continued to replenish itself with new andesitic magma. In April 1997, the island
was divided into seven volcanic risk zones (see Figure 3). On June 25, 1997, a lava dome
with a volume of approximately 5 million cubic meters collapsed sending lava and
pyroclastic flows over the northern flanks of the volcano at speeds of over one-hundred
kilometers per hour. The flows and associated surge clouds covered about 4 square
kilometers and damaged between 100 to 150 houses. This event also caused causalities
as it as reported at the time there were eight people were confirmed dead, 11 people were
missing, and five people who suffered serious burns (Montserrat Volcano Observatory
Team, 1997a).
On July 31 and August 1, the capitol city of Plymouth succumbed to pyroclastic
flows. Ever since the June eruptions, Plymouth had been under increased threat with
pyroclastic flows following the path of Fort Ghaut'?, a ravine that runs through the city.
The situation was described as follows:
“Although some houses besides the ghaut in upper Plymouth and Gauges had
been previously burnt, this was the first time so many buildings had been set
ablaze. Residents of the safe areas flocked to vantage points in Salem and Friths,
from which they could view the orange glow that marked the destruction of
Plymouth (Buffonge, 1997).”
Then from August 3-12, 1997, a series of continuous large volcanic explosions

ccurred. The lava dome growth from August and September 1997, from ended in the

bllapse of about 9 million meters of lava in a pyroclastic flow that destroyed the island’s

rhaut is a local term describing a deep ravine that runs down the side of mountain. During the eruptions,

uts served as channels for pyroclastic flows.
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airport (Lea and Sparks, 2001). At this point, most of the island’s critical infrastructure
had been destroyed including the island’s, seaport, airport, and capital city.
Following that large event, with little if any precursor activity, during late October
and early September 1997, a series of vulcanian explosions occurred at approximately 10
hour intervals. Intotal, 76 large explosions occurred and ash clouds were sent up to
40,000 feet with pumice fragments falling all over the island (Montserrat Volcano
Observatory Team, 2001).
The lava dome continued to grow to its largest volume to date (approximately 110
million cubic meters) and then largest eruptive event of the entire eruption occurred.

This event occurred on Boxing Day'® 1997. The large lava dome had been growing over
an area of weaker rocks. When these weaker rocks failed a large volcanic landslide
occurred undermining the dome and resulting in an unprecedented volcanic blast

completely devastating a 10 square-kilometer square area of southwestern Montserrat.
Entire villages were blown apart, and what was left was swept to the sea (Lea and Sparks,
2001). It is interesting to note that during the Boxing Day dome collapse a tsunami was
generated as the blast and subsequent volcanic material reached the sea. Part of the small
wave reached portions of Montserrat’s shore where objects were displaced including a
small boast and a stone table (Montserrat Volcano Observatory Team, 1998).
One of the most important measures of the size of volcanic eruption is the volume .
f erupted magma. During the last six months of 1997, the rate of the eruption increased
about 7 cubic meters per second, an amount of material that is hard to imagine. To
p the public understand the rates and volumes of the 1997‘eruptions. scientists

cribed the rate as the number of automobiles erupted every day. It was assumed that

»xing Day is on December 26.
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an auto has a volume of 7 cubic meters. Given that there are 86,400 seconds in a day, the
volcano at the height of its 1997 activity was erupting an equivalent volume of 100,000
autos per day (Lea and Sparks, 2001). |
From March 1998 to November 1999, there was a 20 month period with no lava
extrusion into the dome (Scientific Advisory Committee on Montserrat Volcanic
Activity, 2004a). However, despite the situation of no new lava being extruded, eruptive
type events still occurred since a large lava dome was already built up. Over time, that
lava dome would weaken and weather eventually leading to another collapse. The
situation was complicated by heavy rainfall and wind speeds of approximately 100 miles
per hour related to passage of Hurricane Georges on September 1, 1998. The rainfall
caused lahars, or volcanic mudflows and flash floods (Montserrat Emergency
Department, 1998). Large amounts of loose unconsolidated volcanic material were
transported from the upper flanks of the volcano to lower areas following gﬁauts and
previous pyroclastic flow paths. Areas such as the city of Plymouth began to be slowly
buried under volcanic debris. In one of the more significant events of that period. on
July 20, 1999, a large dome collapsed occurred with pyroclastic flows in already
devastated area and an ash cloud reaching 35,000 feet traveling as far the Island of Saba'*
(Montserrat Volcano Observatory Team, 2001).

By the year 2000, most of the major volcanic events had occurred and the
oundaries of the exclusion zone and the safe zone had generally been established. In
neral the island was divided into three zones. The southern one-third of the island was
exclusion zone and at the highest risk. This zone surrounding the volcano is off limits

11 times. A central zone was established as a zone of medium risk and as volcanic

e island of Saba is a part of the Netherlands Antilles approximately 100 miles northwest of Montserrat.
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conditions changed, it boundaries were redrawn into an area called the daytime entry

zone on the central western coastal area of the island. The daytime entry zone has limited
occupation. The northern one-third of the island is called the northern safe zone, and it is
a zone of lesser risk. This zone has full occupatioﬁ and all activities on the island take
place in this area.

Given that the risk zones and ongoing crisis settlements patterns were generally
established by 2000, volcanic events will not be described in the amount of detail as the
events of 1995-2000. From 2000 to 2001, there was variable dome growth, and a notable
dome collapse occurred in July 2001. In the period between July 2001 and July 2003, the

longest time between major collapse events was observed. This long period of sustained
dome growth at relatively low flux rates created the conditions necessary to achieve a
-very large dome size (Scientific Advisory Committee on Montserrat Volcanic Activity,
2004). Again, in July 2003, a major dome collapse occurred. By July of 2003, the dome
had reached its largest size since 1995. The volume of the dome was estimated to be
200,000,000 cubic meters the summit height was about 1100 meters above sea level. At
least 60% of this dome collapsed during an 18-hour period over July 12-13, 2003. This
was by far the largest collapse event of the eruption (Scientific Advisory Committee on
Montserrat Volcanic Activity, 2004). The pyroclastic flows generated from this large
dome collapse impacted areas in the exclusion zone which were already off limits. but
iirborne ash from this dome collapse fell on western and northwestern Montserrat. The
sh cloud was reported to have reached 40,000 feet and rock and ash in the form of ‘wet
ud’ rained down on the entire island collapsing some roofs (Reuters Newswire, 2003).

h reached as far as the U.S. Virgin Islands. as it was reported that on St. Croix, a man
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died when his car swerved off the road because of poor visibility due to the ash (Roach,
2003). Following the July 2003 event, the volcano was very quiet for nearly 8 months
until a March 3, 2004 event involving collapse of part of the remains of the dome
emplaced in 1997, together with explosions, destroyed the "domelet" from the previous

July (Scientific Advisory Committee on Montserrat Volcanic Activity, 2004a).

In 2004, in a period where little new magma has been extruded, the question has

been asked, “Is the eruption over?” In order to attempt to provide an answer to that

question, the Montserrat Volcano Observatory has developed a set a criteria based on
measurements and observations. A scientific advisory report from a March 2004 stated

“Applying the criteria to observations from August 2003 to March 2004, it was
concluded that the eruption could not be considered to be over. This does not
mean that the dome will definitely start to grow again, only that the volcanic

system is not inert, and still has the potential to erupt. We use the term "stalled"

A stalled volcano may remain at a stop, or it may resume surface activity”
(Scientific Advisory Committee on Montserrat Volcanic Activity, 2004).

At the time of writing, the latest scientific assessment concerning the state of the

volcano completed in September 2004. It was stated:
“We consider that the volcano is still capable of producing explosions or

extruding more lava. This does not mean that it definitely will do so. We estimate

that the probability that it will NOT explode or extrude lava within the next year
is about 40%. ... Thus the eruption cannot be considered over yet. This does NOT

mean that the volcano will definitely start to erupt lava again in the next months
to years. We consider that, although the volcano appears quiet outwardly, at depth
it continues to show signs of being active and could re-start lava extrusion again
in the next months”(Scientific Advisory Committee on Montserrat Volcanic

Activity, 2004a).
Currently, there are two main causes for volcanic hazards for the foresecable

uture. If there is a situation with no sustained dome growth hazards faced are explosions

ith ash and rock fallout, pyroclastic flows from explosive column collapse. In the

ecrnative scenario of continued dome growth, the volcanic hazards faced are explosions




with ash and rock fallout, pyroclastic flows from explosive column collapse, and
pyroclastic flows from dome collapse (Scientific Advisory Committee on Montserrat
Volcanic Activity, 2004b).

One definition of a disaster is “A process / event involving a combination of a
potentially destructive agent(s) from the natural and / or technological environment and a
population in a socially and technologically produced condition of environmental
vulnerability (Oliver-Smith, 1996, pg. 305). Montserrat’s volcanic crisis clearly exhibits
many characteristics of a disaster, in the worst-case scenario. The potentially destructive
agent arises from the natural environment, the Soufriére Hills volcano. Montserrat’s
human settlements were historically developed on the southern two-thirds of the island,
in close proximity to the Soufriére Hills creating a socially produced condition of
environmental vulnerability. Locating human settlements in close proximity to volcanoes

is not an uncommon practice, as volcanic soils support some of the world’s most

important cash crops'> (Ping, 2000). In the case of Montserrat, the delicate balance of the

long quiet volcano with the preferred location for settlements in proximity to the volcano

was violently interrupted with the recent volcanic events.
Going on 10 years after the initial events precipitating the volcanic crisis, the
situation is still dynamic. These circumstances make the Montserrat disaster unique and

present many uncertainties for the long-term redevelopment effort on the island.

2.5 The Disaster’s Impact on Montserrat’s Population

In addition to observing the sheer amount of physical destruction on the island,

observations of Montserrat’s population decline during the crisis also highlight the

' It is estimated that while volcanic ash soils cover slightly less than 1% of the earth's surface, their
importance to civilization is great as volcanic soils support agricultural production for more than 10% if the

total world population.
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magnitude of the disaster. Since 1946, the population of Montserrat has been declining
and it was estimated that the population would fall below 10,000 by the year 2000
(Development Unit, 1995). In the 1980s, the island’s population was approximately

12,000 personé, and in the early 1990s, the population was approximately 10,000

persons.

Figure 4, Montserrat population trends for the last 25 years, illustrates the effect
that the volcanic crisis had on the island’s population. In 1995, at the start of the volcanic
eruptions, the population was 10,400 persons (Development Unit, 1995). Once the crisis
commenced, the population drastically declined as the southern two-thirds of the island
was destroyed. Many persons left by their own means as the situation deteriorated from
1995 to 1997. In addition, a voluntary evacuation was initiated by the British
Government at the height of the crisis. This author found many conflicting population
figures for dates during the volcanic crisis. Such conflicting data is typical of a disaster
situation with rapidly changing situations. For that reason, Table 1 provides the sources
for the population data points, and a running average is line is plotted in Figure 4 to
illustrate the general trend. For example in 1997, it was reported that 74% of the
population had to be evacuated from their original residences and the population reached
an all time low of 2,850 people (Development Unit, 2001). Another data source listed the
November 30, 1997, population as 3,338 persons (Statistics Department, 1998). It is
likely that with the chaos of the disaster during 1996-1997, the population figures
drastically fluctuated on a month-to-month basis. By 2001, as the situation has somewhat

stabilized, the population leveled off at approximately 4.400 to 4,700 persons. At the
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YEAR POPULATION SOURCE

1979 12,073 Patillo, P. (2000)

1985 11,852 Caribbean / Central American Action (1986)
1991 10,625 Physical Planning Unit (1999)

1994 10,400 Patillo, P. (2000)

1995 10,400 Development Unit (1995)

1996 8,069 Physical Planning Unit (1999)

1997 2.038 Development Unit (2001)

1998 4,400 Physical Planning Unit (1999)

1999 4,471 Development Unit (2001)

2001 4,470 Montserrat Volcano Observatory (2001)
2002 4,775 Montserrat Volcano Observatory (2002)
2003 4,483 Government of Montserrat (2005)

2004 4,690 Government of Montserrat (2005)

Table 1. Sources for Population Data Used in Figure 4
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time of writing, the population figure cited for the island will be 4,690 persons
(Government of Montserrat, 2005).

Related to population, Montserrat had experienced casualties during the volcanic
crisis. Due to the foresight of the Government of Montserrat and the British Government,
combined with the advanced warnings from scientists at the Montserrat Volcano
Observatory, casualties have been kept to a minimum. However, on June 25, 1997, the
massive dome collapse and its associated pyroclastic flows inflicted the first and only
direct volcano-related causalities to date. On that day, it was reported that nine people
were initially killed and 17 were missing. As land rescue was out of the question, since
the pyroclastic flows left superheated deposits that would not cool for weeks, helicopter-
based search and rescue missions airlifted 30 persons to safety (Buffonge, 1997). In all,
19 persons were eventually confirmed dead (Pattullo, 2000).

It should be noted that all the casualties occurred in the exclusion zone, which
was evacuated for over a week prior to the deaths. For reasons, varied from fatalism to
distrust of authorities, to persons unable to comprehend or act on warnings some people
did not heed ample warnings and remained in the small villages of Harris, Windy Hill,
Stratham, Farrells, Bramble Villagem Tuitts, Bethel, Farms, Spanish Pointe, and Trants,
as well as some of the surrounding agricultural lands. It has been reported that some of
the farmers killed reoccupied off-limits areas to tend to their rich volcanic soil plots.
They avoided official checkpoints, set up to prevent travel into hazardous areas, to tend to
their farms. Such farmers have been described as, “Hard working folk who were
reluctant to leave their crops and livestock to live in evacuation shelters in the safe zone,

and depend on tinned food and government handouts” (Buffonge, 1997, pg. 37).
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While not meant to diminish these tragic events, the extent by which casualties
were minimized on Montserrat is indicative of both advances in late-Twentieth century
science and the foresight of emergency management authorities on the island. For
comparison, one could look to the 1902 Mt. Pelée eruptions, on the nearby island of
Martinique, where the city of St. Pierre was engulfed by pyroclastic surges. In that
disaster 28,000 people were killed. Volcanic hazards such as those faced on Montserrat
are one of nature’s most dangerous phenomena. Fortunately, urbanized areas at highest
risk from the Montserrat volcano were evacuated prior to their destruction.

2.6 Uncertainty Created by the Volcanic Disaster

This author would be remiss in not acknowledging that beyond the sheer level of
physical destruction caused during the volcanic eruptions, social and economic
dislocations caused during the crisis bring with them a set of problems equivalent in
complexity and importance to the physical aspects of the disaster. While this portion of
the chapter does not represent a full survey of those issues, economic, social, political,
and physical planning case examples are presented to illustrate how the volcanic disaster
has created uncertainty at a variety of levels for Montserrat’s recovery.

2.6.1 Post-Disaster Economic Uncertainty on Montserrat

In a paper presented seven years after the volcanic crisis started, an apt summary
was provided summarizing the social and economic transformations that have taken place
with the disaster (Greenaway, 2002). As cited directly from Greenaway, a comparison
between pre- and post-volcano economic conditions was made.

Prior to the 1995 start of the volcanic crisis, Montserrat was characterized as

follows:
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e A positive economic growth of 5.26% in 1994 following the Post-Hugo
rehabilitation

e Per Capita GDP of EC'®$14,165 (US$5,200) - GDP EC$147.32m with a
population of 10,400

e A vibrant and growing tourist sector contributing over 30% of GDP

e Good economic infrastructure with plans for further expansion in the air transport
sector

e Balanced recurrent budget with small surpluses

e Good educational infrastructure with plans 99% access to education

¢ Excellent modern health facilities

o A fully functioning off shore medical school

In fall 2002, the same indicators were described as:

¢ Erratic economic growth

e Per Capita GDP of EC$15,383 (US$5,661) - GDP EC$75.96M with a population
of 4,938

e A struggling tourism sector contributing approximately 10% to GDP

e Poor economic infrastructure with severe limitations in air and sea transport

e Budget deficits financed by budgetary aid

o Reduced educational facilities with limitations on access to tertiary education

e Minimum standard health facilities

e Social welfare programme

e No major private sector investment

' The currency used on Montserrat is Eastern Caribbean Dollar of ECS$. The currency is set as fixed rate of
EC$2.70 = USS$1
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Clearly, the volcanic crisis had entirely disrupted the functioning of the island’s
economy. The nature of the volcanic eruptions, with the lack of a definite end-point,
negatively impacts development prospects for the island. The issue of economic viability
is important to Montserrat. A figure of £200 million has been quoted in official circles as
the level of aid allocated to Montserrat up to the year 2000. Greenaway has suggested
when one calculates that amount of aid in comparison to a population figure of 4,500
persons and an equivalent of £44,000 per person is being spent by the British
Government to support life on Montserrat. That amount of spending per person raises the
question of whether it is worth spending those sums of money on a country that may of
may not be financially viable (Greenaway, 2002).

2.6.2 Post-Disaster Social Uncertainty on Montserrat

As the disaster has forced a massive off-migration, the social fabric of the island
has been torn in ways that may be impossible to repair. This author suggests that just as
Montserrat needs to undergo physical reconstruction and island must also undergo a
social reconstruction. While such social forces add a layer of complexity to the post
disaster redevelopment, one way to consider the situation may be by looking how larger
social forces impact the ongoing-crisis.

Montserrat's disaster recovery is a case where larger social forces are interacting
with, and influencing, the recovery process. One aspect of globalization, deterritorial-
ization, is a useful concept to apply in order to understand some of the social dynamics
influencing reconstruction on the island. The development of post-disaster new towns on
the island and the social dynamics of Montserrat's post-disaster communities are ex-

plicitly linked. No matter how much effort goes into the physical planning of post-
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disaster new towns, social circumstances driven by external forces may create problems
that make living in the reconstructed areas problematic.

The phenomenon of globalization is not new to the eastern Caribbean. Life on the
islands became linked to the European-style state system in the mid-16th century, when
European explorers first traveled to the Caribbean and Latin America. Since 1500, the
forces of capital and coercion marked the arrival of a framework for connecting and
integrating geographies via classes, the state, and markets (Watson, 1993). Presently, a
phenomenon called globalization is effecting both the internal and external decisions that
define the social structure of nations. While definitions of globalization vary, the term is
used to signify the fact that something profound is happening and that a new world
economic, political, and cultural order is emerging. This phenomenon can be
characterized by a series of paradigmatic shifts in societal organization. They include
intensive high technology production, the internationalization of economic diplomacy,
innovation mediated production driven by incessant technological change, global
production shifts, and ecological crisis (Axtmann, 1998). Existing conceptual frameworks
for considering the interactions of nations cannot adequately account for these factors that
affect individuals, groups, classes, nations, and geography as a whole. Issues of
globalization in the Caribbean center on pivotal questions of nation, nation-state,
sovereignty, hegemony, theoretical construction, and the capacity of the nation-state to
manage domestic and global change (Watson, 1993).

One aspect of globalization, deterritorialization, is especially relevant to the
Montserrat disaster. Deterritorialization is a recent approach to understanding the chaotic

cultural processes in today's world (Appadurai, 1996). Before the volcanic crisis.
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Montserratian society faced both tensions and fears related to cultural absorption by
polities of a larger scale. As the volcanic crisis unfolded during the late 1990s, the off-
island migrations caused by the disaster along with the infusions of foreign assistance for
the relief efforts created fears among some Montserratians of the local culture being
absorbed by Western influences. Part of the origin of these fears may be based on the fact
that returning disaster refugees bring back with them ways of the world that are foreign to
Montserrat.

In situations of deterritorialization, laboring populations are brought into the
lower-class sectors of relatively wealthy societies, while sometimes creating exaggerated
and intensified senses of criticism or attachment to politics in the home state.
Deterritorialization affects the loyalties of groups (especially in the context of a complex
diaspora), their transnational manipulations of currencies and other forms of wealth and
investment, and strategies of the state. This loosening of hold between people, wealth,
and territories fundamentally alters the basis of cultural reproduction (Appadurai, 1996).
As the post-disaster reconétruction based on land-use and economic development plans
rebuilds the necessary physical appurtenances for society to function, one could ask the
question, “What plans or programs are being implemented to rebuild the damaged social
fabric?” Currently on the island, the culture of coping with crisis has taken hold, while
those who have evacuated, and are now returning, are bringing back with them a new
cultural mixture of values and attitudes that mayor may not be compatible with the value
systems existing on Montserrat.

As Montserrat recovers, one of the critical factors influencing the success of the

newly constructed human settlements will be how Montserratians cope with the chaotic
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patterns of population movement both between the island and points abroad and between
points on the island itself. The writer suggests that a double-deterritorialization has taken
place on Montserrat.

According to 1999 data, about 6,500 people, or 51 % of the island's pre-disaster
population was living elsewhere. In 1998, the Government of Montserrat Statistical
Department estimated'’ that approximately 47% of the people who evacuated went to the
United Kingdom, 39% went to Antigua, 13% went to other Caribbean countries, and
about 1 % went to the United States. It is comparatively simple to travel from Montserrat
to England (taking about one-half of a day) or to evacuate the entire island by sea (taking
a few days), as compared with coping with the social impacts of these off-island
migrations (which takes years). In theory, those families who left Montserrat for Britain
can return to their homeland, but if they resided in one of the devastated towns on the
southern portion of the island they will find their home community umecognizabl;. Cities
on the southern portion of the island have been completely devastated and they are now
being buried by the combination of material deposited from the pyroclastic flows and
other loose material eroding from the flanks of the volcano. Many of the geographic
locations of these cities are unrecognizable, as the volcanic activity has completely
changed the physical landscape of the southern portion of the island. People returning
will need to both adapt to the loss of their community and integrate into the new cities
being created in the northern safe zone. Notwithstanding the land and resource limitation
questions, questions also exist on how these people will integrate back into Montserratian

culture. These deterritorialized populations will have already negotiated new commodity

'” Estimates were provided to the author from communication with the Government of Montserrat Statistics
Department.
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patterns and they will have recalibrated their existing patterns of knowledge and practice
to living abroad. Specifically, young persons evacuated from Montserrat during 1997,
and subsequently living in the environs of British cities for the past few years, will adapt
to the ways of European metropolitan culture. If these young people decide to return, it is
an open question concerning what cultural patterns they will bring back with them, and
whether these cultural patterns will smoothly fit into the existing Montserratian culture.

In addition to the issues of deterritorialization related to evacuation off the island,
a different type of on-island deterritorialization is simultaneously taking place. This de-
territorialization consists of people being evacuated from the southern portion of the
island to the northern portion of the island. During height of the crisis, while a majority of
people left the island more than 3,000 others made the choice to stay on Montserrat,
relocate temporarily, and then permanently to new communities in the northern safe zone.
Just as those who left the island had to negotiate a new spatial setting, new neiéhbors, and
new communities, people §vho remained faced also faced the deterritorialization of being
completely uprooted and moved to the northern portion of the island. While this
deterritorialization is not as dramatic as a deterritorialization from the West Indies to
Europe, there are similar impacts of having to negotiate new territorial boundaries and
identities.

Clearly different social groups on the island will be developing different needs,
due to their specific post-disaster coping activities. The associated break-up of families
and communities after the disaster has meant that individuals are now much more
dependent on the state than in previous times. One of the goals of the planning document,

The Sustainable Development Plan: Montserrat Social and Economic Recovery
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Programme - A Path to Sustainable Development 1998 to 2002, is to review the whole
structure of (social) welfare so that it can be more efficiently coordinated, better targeted,
and delivered more economically with the ultimate goal of reducing dependency in the
long term (Government of Montserrat & Her Majesty's Government - United Kingdom,
1997). While social factors such as deterritorialization may seem complex to
comprehend, considering such factors can help those people concerned with Montserrat's
reconstruction move closer to constructively addressing the social uncertainties created
by the disaster.
2.6.3 Post-Disaster Political Uncertainty on Montserrat

Any complex disaster recovery situation clearly has political implications and
Montserrat is no exception. In the study of industrial disasters, questions have been
raised concerning the assumptions about a return to ‘normal’ that underlie cyclical
equilibrium models of disaster (Couch, 1996). It has been suggested that some disasters
are essentially open-ended processes that may per.sist indefinitely. At least for the present
time, the case of Montserrat’s volcanic crisis appears to look like that. Given the
changing state of the volcano, much uncertainty constantly overshadows policy decisions.
Some commentators have criticized the widespread assumption amongst hazards
researchers that public leaders want scientists to help them reach good decisions by
eliminating uncertainty (Mitchell, 1999). It is been suggested that manipulation of
uncertainty is a core political device that few leaders willingly surrender (Waterstone,
1993).

During the height of the volcanic crisis, rumors had circulated that a total

evacuation of Montserrat was being planned. While contingency plans were in place to
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evacuate the entire island under an extreme emergency, officials did not see the need to
activate such plans (Buffonge, 1997). However, given the mere existence of such plans,
persons taking a cynical perspective claimed that the British Government had a vested
interest in a total evacuation of the island, as exercising that option would cost less than
continually supporting a grant and aid based society. As scientific predictions concerning
the volcano carried with them a degree of uncertainty, claims have been made that such
uncertainty was being manipulated.

One example of a political controversy known as the ‘golden elephants row’ is
described here as it is illustrative of the realities that can affect, for better or worse,
progress towards disaster recovery on Montserrat.

In 1997, as the volcanic crisis was at its peak and Plymouth was being incinerated
by pyroclastic flows, a voluntary evacuation scheme was put in place by the British
government. Under the scheme, those who persons who wished to live on other
Caribbean islands would have their transit paid and be provided up to £2400 (~US$3870)
per person. People who chose to evacuate and resettle to England would have their fares
paid, be given work permits, and have access to welfare for two years. For people who
chose not to evacuate, the British Government promised £40.5 million for development
aid in the future. However, the evacuation scheme was communicated to the islanders in
a blunt manner, creating alarm and mistrust. Some islanders interpreted the actions as
Britain trying to force them to leave the island by a sinister mix of bribes and delay in the
provision of new housing (Anonymous [The Economist], 1997).

The locally elected government expressed public displeasure at the amount of aid

the British Government was providing for relocating individuals and lobbied for
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increased aid. The Montserratian Government presented a list of needs to British
Government’s Department for International Development (DFID) including more houses,
a new hospital, a new airport, helicopter service, roads; a transport network in the north,
and restitution fund for uninsured assets, and support for financial services (Pattullo,
2000).

Clare Short, the Secretary of State for International Development, reminded the
Government of Montserrat of the need for fiscal restraint despite the trying times on the
island. On August 24, 1997, in an interview with Miss Short that was published in the
London Observer newspaper titled “Short’s Golden Elephant Gaffe over Volcano Isle”
she accused the Government of Montserrat of being greedy. She stated:

“(The Government of Montserrat was) talking mad money, they say 10,000,

double, treble, and then think of another number. It will be golden elephants next.

They have got to stop this game. It is bad governance. It’s hysterical

scaremongering, which is whipping people up”(Wintour & Hillmore, 1997).

Later Miss Short apologized by saying, “I was foolish enough to use that startling
phrase that I now regret”(Black, 1997). The London Economist stated, “For sheer
tactlessness towards a stricken people facing the loss of their homes and livelihood, this
statement must go down as one of the most brazen in the annals of diplomacy”
(Anonymous [The Economist], 1997). However, they go on note that Miss Short was
also faced with the difficult task reconciling the neglect of the previous administration’s
underfunding of the colonies needs and squaring her department’s limited budgetary aid
with the expensive new Montserrat commitment. The Economist editorial goes on to
summarize that political state of affairs in August 1997 as:

“Quite how this crisis will develop is as unclear as the size of the Soufriére

volcano's next eruption. One certainty is that it will end up costing the British
taxpayer a great deal more than the £50 million which Ms. Short has proclaimed
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is all the government can afford. Frank Savage, the island's British governor, says

Britain will neither order Montserratians off the island nor force them to stay. But

at present the islanders are faced with an impossible choice: a tiny sum of money

to leave everything behind, or else stay without adequate shelter. Mr. Savage
unwittingly sums up neatly what most locals believe is wrong with Britain's

policy. The volcano is dictating the pace”(Anonymous [The Economist], 1997).

Since those events, both the British DFID and the Government of Montserrat have
worked to mend relationships and both governments are now cooperating to reconstruct
the island in the northern safe zone. The ‘golden elephant’s row’ was one of the more
widely publicized controversies and all sides learned from the unfortunate affair.

This author has noted that as the disaster continues, residents on the island
continue to have varied reasons for discontentment that may find political or legal outlets.
For, example a developing controversy surrounds the decisions concerning exactly where
the lines and are drawn dividing the exclusion zone from the safe zone (Davison, 2003).
Some property owners have expressed discontentment as their property that was once in
once declared to be safe is now declared to be in an exclusion zone. During October
2002, decisions were made dividing a village into safe and unsafe zones. The decision
was very unpopular among some expatriates whose villas fell on the wrong side of the
line. As a result, scientists have worried that they could be vulnerable to litigation over
advice they provide to the Montserrat Government (Stone, 2003) .

Social discontentment. can lead to a potentially volatile political relationship
between the colonial power and it subjects. Any policy decisions made need to take into

account potential political implications that can lead to distrust which acts to impede the

recovery process itself.
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2.6.4 Post- Disaster Physical Planning Uncertainty on Montserrat

Once the disaster situation somewhat stabilized, the Government of Montserrat
was able to engage in physical planning efforts to reduce the uncertainty related to how
the island would redevelop. With the existing conditions on Montserrat, physical
planning has necessarily been reactive and decisions have been made in response to
urgent needs in a crisis situation (Physical Planning Unit, 1999). As the crisis was going
into its third and fourth year, it became apparent that land use planning needed to shift
from a reactive to a proactive basis. In 1998 and 1999, the Montserrat’s Physical
Planning Unit created a Physical Development Plan for North Montserrat, 1999-2008.
The purpose of the document was to facilitate planning on a proactive basis. Future land
development plans for Montserrat were based on the assumption that all future
development needs will be met in the island’s northern safe zone which is an
approximately 15 square mile area.

A target approach to development planning on the island has been adopted based
on attracting people back to the island and encouraging population growth. An overall
target of 10,000 persons equates to the on-island population prior to the onset of volcanic
activity and is considered realistic in terms of the carrying capacity of the northern part of
the island (Physical Planning Unit, 1999).

From the perspective of built environment, the island’s destruction was nearly
complete. Every aspect of life needed to be recreated in the northern safe zone. For
example, in Plymouth facilities lost included entertainment services; bakeries; bars;
business and professional buildings; clothing shops; hotels; personal services facilities;

restaurants; retail services centres; wholesale outlets; distributive trade centres;
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educational and community facilities; health and welfare facilities; industrial facilities;
public and protective services centres; utility infrastructure; warehousing facilities; and
sporting facilities (Physical Planning Unit, 1999). In addition to Plymouth, the villages
of Bethel, Bramble, Farms, Gingoes, Spanish Pointe, St. Patricks, and Trials were totally
destroyed. The island’s airport, many houses of worship, the American University of the
Caribbean’s offshore medical school campus, and island’s main radio towers and
communication masts were also destroyed. Besides the infrastructure elements lost, a
total of 3,213 households lost their homes. In total, 7,243 persons were displaced from
the southern portion of the island (Physical Planning Unit, 1999). In summary, the entire
island needed to be re-planned from scratch.

During the crisis, the island was divided into multiple risk zones which shifted
based on the degree on volcanic risk. Under such circumstances it was difficult to engage
in any proactive physical planning activities. At the time of writing, the island is divided
into three zones with the boundaries of the northern safe and exclusion zone well
established (see Figure 5). The exclusion zone is entirely off limits except for the
purposes of national security and scientific activities. The exclusion zone is not suitable
for inhabitation. A small zone on the central western coastal highlands has been declared
as a daytime entry zone. In this zone, if the volcanic risk is minimal, the zone is opened
during daytime hours for persons to gain access their property. In this zone there are
many observable effects of the volcanic eruptions. The northern safe zone is open to full
occupation, and all redevelopment activities take place in this zone. The zone is mixture

of older underdeveloped villages and new towns.
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The physical development plan proposed to develop new activity centers at the
following locations: Little Bay, Geralds, Lookout; Cudjoehead / Brades / Manjack, St.
Peters, St. Johns, and Salem. At the time of writing new developments are taking place
simultaneously in all of those urban centers.

Physical planning on Montserrat has faces challenges. Older villages in the north,
such as St. Johns, are relatively underdeveloped. These older villages share the same
problems as older town centers on many Caribbean islands. These towns are one to two
éenturies old, in a state of decay, and have an overloaded infrastructure. Traffic
congestion, parking problems, and pedestrian-vehicular conflicts can also be severe on
narrow, winding, very steep streets (Hudson, 1989). Such difficulties make large-scale
urban planning projects difficult in existing villages. As a result is island is de-centered,
with a series of linear small villages strewn wherever there is suitable land (and
sometimes where there is not suitable land)(Dittmer, 2004). In some of the new
Montserrat new towns, the urban pattern has been viewed as not consistent with the
typical Eastern Caribbean urban patterns. One observer commented on the urban pattern
at the new towns at Davy Hill and Lookout as follows, “These areas resemble
Montserratian Levittowns with identical homes placed in geometric patterns on the steep
hillside. The developments ignore West Indian lifestyles by eliminating the space and soil
for house yard gardens that were so pivotal to traditional life before the volcano erupted
(Pulsipher, 2001)”

Despite planning difficulties in post-disaster Montserrat, Il‘{}l_Ch credit needs to
given to planners on Montserrat for moving forward to quickly x:;-i)lan an entire society

under adverse circumstances. One could look toward more developed countries and find
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similar problems of sprawl, unplanned developments, and questionable design in much
more resource rich environments where there is not an ongoing crisis. As new towns are
being constructed on Montserrat, the main physical planning uncertainties will come not
from the planning process itself, but from other economic, social, and political
circumstances which may interfere with plan implementation.

2.7 A Permanent State of Crisis of Montserrat

To conclude the chapter describing the case of Montserrat’s volcanic crisis, I will
highlight one February 2005 episode that illustrates how volcanic crisis may be
considered as permanent situation, at least from the perspective of the U.S. Department of
Homeland Security.

On February 24, 2005, this author was contacted by radio station WBUR'® for an
interview on the Morning Edition news program regarding Montserrat refugees being
sent back to Montserrat. In 1997, up to 300 Montserratians were granted Temporary
Protective Status (TPS) to enter the United States. TPS status is granted to permit
refugees to enter the United States on a temporary basis to flee dangerous situations, such
as natural disasters or political instability. Since 1997, Montserratians’ TPS status had
been renewed seven times. The Department of Homeland Security (which now manages
immigration issues) has revoked TPS status for those persons who fled the Montserrat
volcano. On Sunday, February 27, 2005, TPS status expired for Montserratians residing
in the United States. Homeland Security Department officials said, “The volcanic
eruptions can no longer be considered temporary (on Montserrat) and TPS status is not
meant to cure or resolve situations are indefinite with no realistic end in sight” (Desai.

2005). The refugees must either now leave the United States and return to Montserrat or

'8 WBUR is a Boston National Public Radio affiliate
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immigrate to Great Britain. Persons affected are claiming that after living in the United
States for seven years, they still have nothing to return to on Montserrat and it is not
feasible for them to immigrate to England. In the Boston area, approximately 100
refugees are being affected and their future is uncertain at the time of writing.

This situation is relevant to this study, as it illustrates how for immigration
purposes the situation on volcanic crisis on Montserrat is no longer considered to be
temporary. As the crisis on Montserrat becomes to be considered as permanent, is an
open question of how redevelopment of the island will proceed under a permanent crisis

situation?
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CHAPTER THREE

LITERATURE REVIEW: HAZARDS, RISK, AND DISASTER

3.1 Introduction to Literature Review

This literature review concerns the overlapping topics of hazard, risk, and
disaster, as they are key concepts in this study. The field of natural hazard studies and
disasters has its roots in human ecology, but it has diversified to include fields as
geography, sociology, anthropology and beyond. Studies of hazards and disasters are
often segmented into applied academic disciplines. Similarly, while general literature
exists on the concept of risk, the field of study has also been segmented into the applied
areas such as risk perception, risk communication, and risk assessment. Like the physical
properties of strength and friction, risk fully evolves when mobilized by forces, such as in
this case the destructive powers of hazards. Mostly, risk remains an abstract concept, and
the public are congenitally unable to view the probabilities rationally (Alexander, 2000).

Clearly, the complexities of hazards, risk, and disaster lend themselves to an
interdisciplinary approach. As this literature review illustrates, there are many ways in
which these topic areas overlap. However, each of these areas of study also has its own
distinct roots and specific disciplines which have driven key advances in thought.

A useful table illustrating the relationship between hazard and risk was developed
by Cutter (Cutter, 2001). Table 2 represents a comparison of common elements of both
risk assessment and hazards analysis as it illustrates how many of the same questions are
addressed from both perspectives, but the methodologies used to respond to the queries
are radically different (Cutter, 2001). She suggests that the major obstacles to the

integration of risk assessment and hazards assessment paradigms are the methodological
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divides and the exclusive use of a reductionist analytical framework found in risk
analysis. In risk analysis, the importance of the quantitative methods and models often
excludes people as dynamic factors. On the other hand, it is also noted that the hazards
paradigm must move beyond a simple descriptive methodology (quantitative and
qualitative) to a more integrated analytical framework that permits the assessment of
larger and more complex databases and more robust empirical field studies.

This study will incorporate elements of the hazard and risk assessment paradigms.
Therefore, relevant literature in both the hazard and risk field will be highlighted. This
literature review starts with definitions and then discusses aspects of disaster and risk
research.

3.2 Key Definitions: Hazard, Risk and Disaster

When considering hazard, risk, and disaster, I will start with a set of definitions
common amongst practitioners '°. From a practitioner viewpoint, a hazard is defined as a
“Source of danger that may or may not lead to an emergency or disaster, and it is named
after the disaster / emergency that could be so precipitated.” Risk is defined as
“Susceptibility to death, injury, damage, disruption, stoppage, and so forth.” A disaster is
defined as an “Event that demands substantial crisis response requiring the use of
governmental powers and resources beyond the scope of one line agency or
service”(Haddow & Bullock, 2003).

Expanding those definitions from a domestic to international perspective, UNCHS
HABITAT? has also defined hazard, vulnerability, and risk in the following ways. A

hazard is “The probability that in a given period in a given area, an extreme potentially

1% Common definitions of hazard, risk, and disaster were established by the National Governors Association
in 1982.
%0 United Nations Commission for Human Settlements, Settlement Planning for Disaster, Nairobi, 1981.
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damaging natural phenomenon occurs that induces air, earth or water movements, which
affect a given zone. The magnitude of the phenomenon, the probability of its occurrence
and the extent of its impact can vary and, in some cases, be determined.” Related to
hazard, vulnerability is defined as “vulnerability - of any physical, structural or
socioeconomic element to a natural hazard is its probability of being damaged, destroyed
or lost. Vulnerability is not static but must be considered as a dynamic process,
integrating changes and developments that alter and affect the probability of loss and
damage of all the exposed elements.” Using that schema, risk is defined as, “Risk can be
related directly to the concept of disaster, given that it includes the total losses and
damages that can be suffered after a natural hazard: dead and injured people, damage to
property and interruption of activities. Risk implies a future potential condition, a
function of the magnitude of the natural hazard and of the vulnerability of all the exposed
elements in a determined moment” (Maskrey, 1989).
3.2.1 The Concept of Hazard - Definitions

Burton, Kates, and White (1978) explain hazards as an interaction between
natural systems and human systems that can either create resources or hazards. Figure 6
illustrates that relationship between resources and hazards from nature and humans. For
example, a flood or volcano may destroy farmland while fertilizing a field. The hazard is
the risk encountered in occupying a place subject to flooding or volcanic eruptions.
Under this model the natural systems are neither benevolent nor malicious and it neither
prescribes nor sets constraints on what can be done with it. Humans transform the

environment into resources and / or hazards, by using natural features for social,
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economic and aesthetic purposes (Burton et al., 1978). Using a similar approach, natural

hazard can be defined as:
“An interaction of man and nature, governed by the coexistent state of
adjustment in the human use system and the state of nature in the natural
events system” (Kates, 1971).

3.2.2 The Concept of Risk - Definitions

Risk has been defined as. the likelihood, or more formally the probability, that a
particular level of losses will be sustained by a given series of elements as a result of a
given hazard impact (Alexander, 2000). The elements at risk consist of populations,
communities, the built environment, the natural environment, and economic services that
are under threat of disaster in a given area. Definition of total risk (Office of the United
Nations Disaster Relief Coordinator., 1980) consists of the sum of predictable deaths,
injuries, destruction, damage, disruption, and the costs of repair and mitigation. It can
also be regarded as:

Total risk = ( X elements at risk) * (hazard * vulnerability)

In this formula for risk, vulnerability is also a factor to consider. It loosely refers
to a potential for losses or other adverse impacts. Vulnerability also refers to the
potential for casualty, destruction, damage, disruption, or other forms of loss with respect
to a particular hazard element. In some cases vulnerability and risk have been difficult to
differentiate since risk creates a situation of vulnerability, whereas the existence of
vulnerable elements in the light of known hazards poses a risk. Secondly, although the

presence of vulnerability can usually be estimated without of knowledge of risk levels, it
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cannot be quantified without predicting the extent of damage and hence estimating the
strength of the hazard is tantamount to estimating risk (Alexander, 2000).

Situations of environmental hmrds can be considered as similar to other
circumstances where modification or intensification of land use occurs during economic
development activities, in that both situations stress the environment. Realistic risk
assessment must be based on key indicators that effectively define the comparative
developmental potential, environmental constraints, and anticipated economic and
environmental effects (Schultink, 2001). In such risk assessments, Schultink suggested a
modified risk equations to assess the composite indicator of environmental risk:

n
Rn=X1n*pn* vnty
i=]
Where:
r = the expected value of the magnitude or degree of risk
p = the exposure probability
v = the vulnerability of the target population
t = the potential risk reduction factor
n = the number of risk variables involved

This equation can be used to inform risk management activities that guide policy
efforts to reduce risk through education, regulation, and mitigation.

Another framework in which to consider risk is to use the relationships between
the severity of the environmental hazard, probability, and risk. Threats to human activity
can be considered in terms of prioritization of severity. It is normally accepted that
threats to human life are the most serious risk. Therefore, one way of prioritizing risk is:

1. hazards to people — death, injury, damage, stress

2. hazards to goods — property damage, economic losses

3

hazards to the environment — loss of flora and fauna, pollution, loss of
amenity
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The relationship between hazard and it probability can then be used to determine the
overall degree of risk (Moore, 1983). Figure 7, adapted from Moore, illustrates the
relationship. Using this construct, the highest dangers are associated with threats to
human life, followed by threats to goods, and then threats to the environment.

This viewpoint represents an anthropocentric (or human-centered) perspective,
founded in the dominant western industrial-scientific worldview. This dominant world
view has been summarized by as (Catton and Dunlap, 1980):

1. People are fundamentally different from all other creatures on the Earth, over
which they have dominion (defined as domination).

2. People are masters of their destiny; they can choose their goals and learn
whatever is necessary to achieve them.

3. The world is vast, and thus provides unlimited opportunities for humans.

4. The history of humans is one of progress, for every problem there is a solution,
and thus progress need never cease.
An ecologist provided some corollaries to this worldview, in terms of its approach

to solving problems (Ehrenfeld, 1978):

All problems are soluble.

All problems are soluble by people.

Many problems are soluble by technology.

Those problems that are not soluble by technology, or by technology alone, have
solutions in the social world (of politics, economics, etc.).

5. When the chips are down, we will all apply ourselves and work together for a
solution before it is too late.

el el S

When considering disasters, they are a problem for people, and technological
fixes can be applied to solve the problem. Much disaster research is therefore strictly
based in the anthropocentric domain. This anthropocentric approach is reflected in the
way that disasters are described, as on occasion one can find disasters referred in a
context such as the battle against some type of natural phenomenon, as if humans are

fighting against the flood or volcano. As the reach of technology is now global, and
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technology has the potential to alter to planet in ways which can induce ‘natural’ hazards
(climate change), in order to understand disasters, it is necessary to realize when the
anthropocentric perspective is being applied. In addressing environmental problems,
anthropocentric thinking can sometimes complicate or worsen the situation, and the same
may also apply to disaster problems.
3.2.3 The Concept of Disaster - Definitions

While disasters have been studied by social scientists and physical geographers
for nearly seven decades, multiple foci have emerged from various fields. An
anthropologist, Oliver-Smith states, “The definitional debate regarding disaster is
significant because it prompts an exploration of the past and emerging dimensions of
disaster in an increasingly hazardous present, as evidenced in new forms of hazard and
rapidly changing human-environmental relations and conditions”. (Oliver-Smith and
Hoffman, 1999). This section of the literature review will comment on. various aspects of
the concept of disaster which are central to th-is study

In the 1970s, when the United States’ first national assessment of natural hazards
was completed, a commonly excepted definition of disaster was:

“... an event, concentrated in time and space, in which a society, or a relatively

self-sufficient subdivision of a society, undergoes severe danger and incurs losses

to its members and physical appurtenances that the social structure is disrupted

and fulfillment of all or some of the essential functions of society is

prevented”(Fritz, 1971).
This functionalist viewpoint directed disaster research and strongly influenced national
policy (Mileti, 1999). Much of the disaster research and policy during that time period
focused on aspects preparedness and the immediate response after the disaster. This view

of disaster draws strongly on sociology, based on research grounded in the strategic

bombing studies of World War II. Much contemporary disaster research in the 1950s and
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1960s was completed under the auspices of civil defense, as it was surmised that
peacetime disasters include many physical impacts comparable to nuclear weapons
effects. Therefore, natural disaster events could serve as laboratories fér observing how
individuals and communities cope with conditions of acute stress. That rationale has
been continuously debated for years (Kreps, 1989). The Fritz definition has served the
test of time since it balances attention to physical harm and social disruption, and it
implies that different kinds of events involve social definitions of those unfavorable
conditions (Barton, 1969). Sociologists interpret disasters as special types of societal
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