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Preface

This manual is designed to assist those concerned with preparing for emergencies
at the local level. It explains what emergency preparedness is and how to achieve
it in an effective, appropriate way. It is intended principally for:

— local organizations and managers responsible for emergency planning
(e.g. health sector administrators, directors of public works organiza-
tions, hospital administrators, and heads of volunteer organizations);
and

— national and international officials involved in emergency management.

National civil protection bodies, emergency management organizations, and
sectoral departments, such as public health authorities, are responsible for ensur-
ing the safety and security of a nation’s people, resources, and environment in the
face of hazards. It is at the community level, however, that the full effects of
emergencies are felt, and it is there that definitive achievements in emergency
preparedness can be made. It is difficult for national and international emergency
organizations to form an effective working relationship with a community that is
unaware of its hazards and unprepared for emergencies.

The key to emergency preparedness is the involvement and commitment of all
relevant individuals and organizations at every level — community, provincial,
national, and international. This multisectoral approach means that many organi-
zations accept clearly-defined responsibilities and the need to coordinate their
efforts. Without their involvement and commitment, emergency preparedness
becomes fragmented, inefficient, and poorly coordinated.

Self-evidently, one of the principal effects of any emergency will be on the health
of the population. Preparedness within the health sector was felt to be beyond
the scope of this manual; a separate WHO publication devoted entirely to health
sector preparedness is planned.

The term “emergency” in this manual is used in the broadest possible sense. One
person’s emergency may be another’s mere incident, and disasters cause prob-
lems above and beyond smaller emergencies. Nevertheless, the processes of
emergency preparedness can be used to develop systems and programmes for
coping with every scale of adverse events. Similarly, the same preparedness
processes can be used for enhancing the safety of a building, a community, or an
entire country.

This manual explains the processes of policy development, vulnerability assess-
ment, emergency planning, training and education, and monitoring and evalua-
tion for use in a wide range of emergency management applications.
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Chapter 1
Introduction

Decision-making for emergency preparedness

The increase in global vulnerability

Major emergencies and disasters have occurred throughout history and, as the
world’s population grows and resources become more limited, communities are
increasingly vulnerable to the hazards that cause disasters. Statistics gathered
since 1969 show a rise in the number of people affected by disasters (see Fig. 1).
However, since there is little evidence that the actual events causing disasters are
increasing in either intensity or frequency, it can only be concluded that vulner-
ability to disasters is growing.

Emergencies and disasters do not affect only health and well-being; frequently,
large numbers of people are displaced, killed or injured, or subjected to greater
risk of epidemics. Considerable economic harm is also common, and Fig. 2
shows how economic and insured losses have risen since 1960. This has led to
a restructuring of the insurance industry, with insured parties bearing more
costs, and governments assisting the insurance and reinsurance markets (2).
Uninsured and economic losses are creating immense burdens on communities,
economies, and governments. As Fig. 3 shows, these disasters are not confined to
a particular part of the world; they can occur anywhere and at any time.

A disaster can be defined as any occurrence that causes damage, ecological
disruption, loss of human life or deterioration of health and health services on a
scale sufficient to warrant an extraordinary response from outside the affected
community or area (3).

A recent Latin American study indicated that for each disaster listed in officially
recognized disaster databases, there are some 20 other smaller emergencies with
destructive impact on local communities that are unacknowledged. Hence, the
actual harm caused by emergencies and disasters probably far outweighs the
accepted disaster statistics."

Disasters are causing greater harm to people, communities, and countries every
decade, affecting current populations and existing infrastructure and threatening
the future of sustainable development.

Clearly, neither communities nor governments can aftford to wait for emergencies
and disasters to occur before responding to them. The suffering caused by injuries

"' Maskrey A. Communication at Seventh Scientific and Technical Meeting of the International Decade for Natural Disaster Reduction,
Paris, 1995.
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Fig. 1. Number of people reported annually as affected by disasters’

400 million

300 million <

200 million o

100 million

WHO 97542

6970 717273 747576777879 80 818283848586 878889 9091929394
Year

?Reproduced from reference 7 by permission of the publisher.

Fig. 2. Economic and insured losses from natural disasters, 1960-1996°
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Fig. 3. Number of disasters with natural and non-natural triggers by global
region in 1994°
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and deaths, social and economic disruption, and the destruction of the environ-
ment can be reduced through various measures designed to reduce vulnerability.

The effects of inappropriate humanitarian assistance

Often, the international community’s reaction to disasters is to provide large
amounts of humanitarian assistance and increased aid to the affected countries or
communities. This might appear a fairly simple solution — to reduce short-term
suffering and allow the community to rebuild. Figure 4 shows how humanitarian
assistance has increased over the last three decades, from US$ 3 million in 1969 to
US$ 3.2 billion in 1993. In 1995, it exceeded US$ 4 billion. Estimates show that,
in 1980, global humanitarian assistance formed less than 1% of total overseas
development assistance and that this figure had increased to 7% in 1993 (4).
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Fig. 5. How humanitarian assistance can increase vulnerability
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Frequently, humanitarian assistance takes the following course. It is not re-
quested by the affected country and not integrated with the country’s normal
services or with community development. Assistance funds are diverted from
those otherwise provided for development, thus reducing development opportu-
nities in areas most vulnerable to emergencies and disasters. Delivery channels
that parallel existing national channels are established for allocating and manag-
ing these assistance funds, leading to inefficiency and undermining existing
development programmes. Hence, humanitarian assistance that is not properly
coordinated at the national and community level can increase vulnerability and
lead to greater dependence on further assistance, further social crises — and a
need for more humanitarian assistance (sce Fig. 5).

Badly coordinated humanitarian assistance clearly is not the answer and is a poor
investment of time, resources, and money. Effective emergency preparedness,
however, built in at an early stage, can establish the necessary structures and
processes for an affected country to integrate humanitarian aid — provided only
when requested — within its infrastructure in a cost-effective manner.

Vulnerability reduction and the focus on communities at risk
Coordinated efforts are also needed to halt emergencies and disasters by tackling
the source — the deteriorating environment, the hazards that bring harm to
communities, the vulnerability of communities to those hazards. Such efforts
may be collectively termed “vulnerability reduction”.

Vulnerability concerns the interaction between a community, its environment,
and hazards. A community is the smallest social grouping in a country with an
effective social structure and potential administrative capacity. The environment
is the surrounding support system and processes. Hazards are the potential
sources of emergencies of natural, technological, or social origin. A community
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interacts with its environment and its hazards. This interaction can be positive,
resulting in vulnerability reduction and in development, or negative, resulting in
a series of crises and emergencies, as well as setbacks in development initiatives.

Vulnerability to emergencies and disasters is a function of the degree of exposure
to hazards and of people’s capacity to cope with hazards and their consequences.'
Community vulnerability has two aspects: susceptibility, the degree to which a
community is exposed to hazards, and resilience, the community’s capacity to
cope with hazards. It is possible for a community to have either high or low
susceptibility and resilience.

For example, many communities are susceptible to frequent severe earthquakes
because of their geographical position and geological environment, while others
do not experience them. Of the susceptible communities, some, like San
Francisco, and many communities in Japan, are highly resilient and some, like
Armenia, less resilient. This difference in resilience can be due to:

— different abilities of buildings, and various elements of the infrastruc-
ture, to withstand seismic loads;

— differences in emergency preparedness (i.e. the degree to which a
community is organized to cope with emergencies);

— the extent of the resources that can be applied to an emergency;

— the degree to which the province or nation can sustain economic and
social damage.

The vulnerability of units smaller and larger than a community, such as individual
buildings, organizations, national economies, and political structures, can also be
described in terms of susceptibility and resilience.

Vulnerability reduction requires a number of coordinated activities, including:

— policy development;

— vulnerability assessment (to describe the problems and opportunities);
— emergency prevention and mitigation (to reduce susceptibility);

— emergency preparedness (to increase resilience).

Without vulnerability assessment, communities will not know in what way they
are vulnerable and how hazards may aftect them. Without emergency prevention
or mitigation, communities are exposed to unnecessary risk. Without emergency
preparedness and response mechanisms, an emergency can escalate into a disas-
ter, causing great harm and setting development back years. These aspects of
vulnerability should all be addressed by any national policy (see Fig. 6).

Vulnerability assessment, also known as “hazard analysis” and “risk assessment”,
is based on a series of techniques for determining the hazards that may affect
a particular community, and the impact they may have. It also determines
what factors make the community vulnerable to emergencies and disasters, by

"Vulnerability is different from “vulnerable groups”, such as the aged, women, children, the sick, and the poor. An assessment of
vulnerability may identify and describe vulnerable groups, but this is only part of the overall picture. Vulnerable groups have differing
degrees of susceptibility and resilience, and exist within the context of communities that themselves have differing degrees of
susceptibility and resilience.
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Fig. 6. Vulnerability reduction
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Fig. 7. Number of cases of malaria following Hurricane Flora, Haiti, 1963°
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analysing the community’s social, infrastructural, economic, and demographic
composition.

Emergency prevention and mitigation involve measures designed either to
prevent hazards from causing emergencies or to lessen the likely effects of emer-
gencies. These measures include flood mitigation works, appropriate land-use
planning, improved building codes, and relocation or protection of vulnerable
populations and structures.

Emergency preparedness requires that emergency plans be developed, personnel
at all levels and in all sectors be trained, and communities at risk be educated, and
that these measures be monitored and evaluated regularly.

For example, Fig. 7 shows the prevalence of malaria before and after a hurricane.
Malaria is just one of the health aspects of this emergency, and health is just one
of the sectors affected. Emergency preparedness is required in the health sector
to deal with the rapid changes in environment and disease brought about by
emergencies.

A lack of preparedness will strain medical services and may ultimately impair
development through increased morbidity and mortality in the population.
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Because communities may be vulnerable to a broad range of hazards, the all-
hazards approach should also be adopted. This approach entails developing
strategies for all of the needs created by different types of potential emergencies.
Each possible hazard can cause similar problems in a community, and actions
such as warning, evacuation, mobilization of medical services, and assistance with
community recovery may be required during and following emergencies. Thus,
emergency preparedness can be based on common strategies and systems for the
many different types of emergencies and disasters that might harm a community.

Certain hazards are of neither natural nor technological origin. Many forms of
social exclusion can lead to social unrest, economic disruption, and violence.
Such social exclusion may be caused by marginalization of the poor, tension
between different ethnic and cultural groups, and other social inequities. One of
the primary aims of development programmes with an integrated emergency
preparedness component is to defuse potentially explosive social situations, and
ensure the safety and security of the community.

Thus, vulnerability reduction addresses susceptibility by dealing with the causes
of emergencies and disasters, and resilience, by strengthening communities that
are still at risk.

Vulnerability reduction and development

Just as inappropriate humanitarian assistance can increase vulnerability, so vulner-
ability reduction can protect and enhance development. But how are vulnerabil-
ity, hazards, and emergencies related to development?

It has been said that the purpose of development is to broaden people’s range of
choices. At the heart of this concept are three essential components:

— equality of opportunity for everyone in society;

— sustainability of opportunity from one generation to the next;

— empowerment of people so that they participate in and benefit from
development processes (6).

Vulnerability to hazards is not spread equally throughout communities, and
vulnerability reduction thus helps ensure equality of opportunity by reducing
the susceptibility to harm of vulnerable groups. Emergencies are a direct threat
to development, diverting development money to humanitarian assistance and
damaging the structures that assist development. Vulnerability reduction is, like
development, a process of empowering communities to take control of their own
destinies.

Investing in vulnerability reduction protects human development achievements.
Emergency preparedness also helps stricken communities limit the consequences
of major emergencies and overcome them at an early stage, allowing develop-
ment to resume.

Figure 8 illustrates how prepared communities can maintain and improve their
level of development, despite emergencies. A prepared community will react to
a potential disaster effectively, perhaps limiting it to the level of an emergency.
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Fig. 8. The effects of disasters on the development of prepared and unprepared
communities
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Note: Emergency management and development are linked. Prevention and preparedness measures
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Response and rehabilitation are humanitarian activities which should contribute to sustain-
able development. Emergency management is a continuing process which is relevant not only
at the time of the disaster impact, but also as an integral part of sustainable development.
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Thus, although the event may affect community development, its impact will be
tempered. An unprepared community, however, may take years to recover from
a severe setback in development.

Preparedness is a feature of many successful organizations in the world today.
When a new or existing programme in an organization is being assessed, the risks,
costs, and benefits are analysed. This allows the organization to ensure that its
investment is protected, leading to a more secure future. These risk-management
practices can be applied to communities: vulnerability reduction and emergency
preparedness components should be built in to each new development, and
whenever existing developments are reviewed (see Fig. 9).

The comprehensive approach combines prevention (and mitigation), prepared-
ness, response, and recovery (rehabilitation). It is important that all sectors and
organizations are active in each of these areas.

The responsibility for vulnerability reduction
Vulnerability reduction is often perceived as the exclusive domain of one organi-
zation, sector, or level of society and government. But a disaster — by definition
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Fig. 10. Vertical and horizontal integration of vulnerability reduction
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— exceeds the coping capacity of an entire community, and no single sector can
manage vulnerability. Therefore, vulnerability reduction must be integrated into
every sector of a country at every level — government, the private sector, and
nongovernmental organizations (NGOs) — that is, both vertically and horizon-
tally. Policy and standards for vulnerability reduction should come from the
national level but implementing the various measures should begin at the com-
munity level (see Fig. 10). Six sectors at each administrative level should be
involved in implementation, with a representative task force to coordinate the
work. These sectors are: communications, health, police and security, search and
rescue, social welfare, and transport and “lifelines”.

Other sectors, such as education and environment should be included as appro-
priate, bearing in mind that vulnerability reduction must be integrated within the
political and administrative context of each country.

The most successful management system for emergencies and disasters will be
multisectoral and intersectoral. The multisectoral and intersectoral approach is
one in which all organizations — government, private, and community — are
involved in emergency management. Emergency management may entail differ-
ent priorities for specific organizations (8), including;:

— protecting their own interests and personnel;

— protecting the community from hazards arising from the activities of
the organization;

— providing a public service to protect the community from likely hazards.

However, the emergency management work of each organization must be
brought under a single, coordinated umbrella. If this approach is not applied,
emergency management becomes fragmented and inefficient (7). The multisec-
toral and intersectoral approach will also help link emergency management to
development, by institutionalizing emergency management and the use of its
principles in development projects.
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A key aspect of the multisectoral approach is that emergency management
neither duplicates normal government administration nor acts independently of
government. The control of government organizations should not be considered
except in exceptional emergency circumstances.

In particular, it is imperative that organizations are not limited to the areas
of emergency management in which they seem most active. So-called
“response” and “relief” organizations should participate in all aspects of emer-
gency management, including vulnerability assessment, prevention, mitigation,
and preparedness.

Despite governmental and organizational involvement in emergency manage-
ment, the community link remains the most critical one. Policy and standards
must be defined by the national government, but communities should be allowed
to develop and implement their own vulnerability reduction and emergency
preparedness programmes because they will be the first to respond to emergen-
cies. Provincial and national levels will support communities in their work, and
the national government will provide the connection with international organi-
zations and other countries.

Community emergency preparedness

The need for community-level emergency preparedness is illustrated by the live
rescue rates following the Great Hanshin-Awaji (Kobe) earthquake of 17 January
1995 (see Fig. 11). Sixty-five percent of live rescues were accomplished in the
first 24 hours. Within the first 3 days, the Kobe Fire Department had made 86%
of their live rescues (9). Similarly, in the 1988 Armenian earthquake, 65% of the
live rescues were made within the first 18 hours (10).

Only those in the immediate vicinity of an emergency or disaster, i.e. community
members, can respond quickly and effectively. A community prepared for emer-

Fig. 11. Live rescues made by the Kobe Fire Department following the Great
Hanshin-Awaji (Kobe) earthquake’
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gencies can rescue people rapidly and provide life-saving first aid: reliance on
external assistance will lead to greater loss of life and harm to the community.

Because the community provides initial rescue and first aid, its capabilities should
never be underestimated and with effective emergency preparedness these can be
used to their utmost.

“It is the victims of disaster who take action first to protect their lives,
whether digging a neighbour out of the rubble after an earthquake or
sifting through the city garbage to find things to sell and food to eat when
drought turns grinding poverty into famine. If disaster relief is to be success-
ful, it must build upon this tenacity for survival, working in partnership with,
not imposing upon, the disaster victims.” (77)

It has been shown that mortality rates in some types of emergencies can be
reduced by 10% by simply placing the injured in the “lateral safety” or “coma”
position. External humanitarian assistance may arrive too late, and may not be
appropriate. If preparedness measures are taken seriously, families and the whole
community will learn this type of self-reliance.

Local communities are at the centre of immediate response and recovery activi-
ties. Empowering local authorities to reduce a community’s vulnerability and
increase preparedness makes the most effective use of its action. Every level of
government and each organization should support communities in this work,
through the multisectoral approach.

The individuals in a community are responsible for maintaining its well-being.
External assistance may be expected but it should not be relied on. Community
members, resources, organizations, and administrative structures should be the
cornerstones of an emergency preparedness programme. Listed below are some
reasons that communities should prepare for emergencies (7, 11):

e Members of a community have the most to lose from being vulnerable to
disasters and the most to gain from an effective and appropriate emergency
preparedness programme.

e The positive effects of preparedness programmes can be best measured at
the community level.

e Resources are most easily pooled at the community level and every commu-
nity possesses capabilities. Failure to exploit these capabilities is poor
resource management.

e Those who first respond to an emergency come from within a community.
When transport and communications are disrupted, an external emergency
response may not arrive for days.

e Sustained development is best achieved by allowing emergency-aftected
communities to design, manage, and implement internal and external
assistance programmes.

e Excessive or inappropriate external assistance can destroy self-reliance
and normal social and economic patterns, as well as increase both
vulnerability and dependence on provincial, national, and international
organizations.
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This does not mean that each community should introduce a disaster management
programme. Most communities are adequately prepared to deal with the harm
caused by minor emergencies because experience has taught them to establish the
necessary systems and resources. Existing routine emergency experience, organi-
zation, and resources can be built on to create disaster management preparedness.

Emergencies arise every day worldwide. An emergency can be defined as:

"A sudden occurrence demanding immediate action that may be due to
epidemics, to natural or technological catastrophes, to strife or to other
man-made causes.” (3)

Emergency management strategies can be used to prevent and respond to
disasters. Methods for coping with severe road traffic accidents can be adapted to
disaster rescue and medical services. The emergency management infrastructure
can be employed to manage potential disasters since disasters are but the extreme
end of the spectrum of harmful events.

"Disasters are an extreme example of normal processes. The normal sea-
sonal hunger turns into famine, the normal annual flood reaches its 20-year
high point and the normal rise and fall of economic fortune plummets into
economic collapse.” (77)

Emergency management systems and strategies can be used to prevent disasters,
despite limited resources for such activities, by better organizing established
community resources and building on existing capabilities.

What is emergency preparedness?
Emergency preparedness is:

“a programme of long-term development activities whose goals are
to strengthen the overall capacity and capability of a country to
manage efficiently all types of emergency and bring about an or-
derly transition from relief through recovery, and back to sustained
development.” (3)

The development of emergency preparedness programmes requires that the
community’s vulnerability be considered in context. Emergency preparedness
can be ensured by creating a supportive political, legal, managerial, financial, and
social environment to coordinate and use efficiently available resources to:

— minimize the impact of hazards on communities;
— coordinate an efficient transition from emergency response to recovery,
according to existing goals and plans for development.

Thus, emergency preparedness and emergency management do not exist in a
vacuum. To succeed, emergency preparedness programmes must be appropriate
to their context. This context will vary from country to country and from
community to community, but some relevant aspects are shown in Fig. 12.

There are a number of aspects to any management activity; in the context of
emergency preparedness programmes they are:
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Fig. 12. The context of emergency preparedness’
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— content (the elements of an emergency preparedness programme);

— form (what the emergency preparedness programme looks like, and how
it fits into real life);

— principles (the criteria used when making decisions about emergency
preparedness);

— process (the methods used to develop preparedness).

Emergency preparedness includes the following elements:

— legal frameworks and enabling policy for vulnerability reduction;

— the collection, analysis, and dissemination of information on
vulnerability;

— strategies, systems, and resources for emergency response and recovery;

— public awareness;

— organizational and human resource development.

These elements should be developed at community, provincial, and national
levels. A capacity in each of these elements is a precondition for effective response
and recovery when an emergency or disaster strikes. Without these elements,
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there will be no link between emergency preparedness and efficient emergency
response on the one hand and recovery and development on the other. Develop-
ing and implementing an emergency preparedness programme will also produce
significant secondary gains in encouraging local political commitment, commu-
nity awareness, and intersectoral cooperation.

The basic principles of emergency preparedness are outlined below:

e It is the responsibility of all.

It should be woven into the context of community, government, and NGO
administration.

It is an important aspect of all development policy and strategies.

It should be based on vulnerability assessment.

It is connected to other aspects of emergency management.

It should concentrate on process and people rather than documentation.
It should not be developed in isolation.

It should use standard management techniques.

It should concentrate not only on disasters but on integrating prevention
and response strategies into any scale of emergency.

The process of preparing for an emergency (see Fig. 13) is a series of related
methods for preparing a community, an organization, or an activity for emergen-
cies. Each part of the process is explained briefly below (and most are discussed
in greater detail in subsequent chapters).

Policy development (Chapter 2) includes developing emergency management

legislation, normally established by a national government. It will mainly relate to
the responsibility for emergency preparedness and special emergency powers.

Fig. 13. An emergency preparedness process

Develop policy -—
Assess vulnerability —
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v

Train and educate |

!

Monitor and evaluate

WHO 97554



INTRODUCTION

There is also a need for provincial and community organizations to develop
policy relating to their specific geographical area. Similarly, private organizations
and NGOs with emergency management responsibilities should develop appro-
priate policy in full partnership and consultation with the local authorities.

Vulnerability assessment (Chapter 3) can be used to identify those parts of a
community that are vulnerable and in what ways; hazards that may affect a
community and how they affect it; factors that render a community vulnerable
and how vulnerability may be reduced; and the hazards that should be considered
for emergency prevention and preparedness. Vulnerability assessment is also
useful for response and recovery and for prevention and preparedness. It can be
used to suggest areas that may have sustained damage and assist in assessing harm
to the affected community, and provide a baseline for recovery and development
strategies, by describing the “normal” state of a community.

Emergency prevention is based on vulnerability assessment and concerns the
technical and organizational means of reducing the probability or consequences
of emergencies, and the community’s vulnerability. Emergency planning (Chap-
ter 4) consists of determining;:

— response and recovery strategies to be implemented during and after
emergencies;

— responsibility for these strategies;

— the management structure required for an emergency;

— the resource management requirements.

Training and education (Chapter 5) concern training personnel in every aspect of
emergency management and apprising the community of the kinds of hazards
and the actions that may be required during emergencies, and the ways in which
it can participate in emergency management.

Monitoring and evaluation (Chapter 6) determine how well the preparedness
programme is being developed and implemented, and what needs to be done to
improve it. Monitoring and evaluation are continuous processes, and any conclu-
sions drawn should be included in policy development, vulnerability assessment,
emergency management, and training and education.

Each section of this emergency preparedness process can be followed
sequentially, but in practice, policy, vulnerability assessment, and emergency
plans are often developed simultaneously. All of these activities should, however,
be linked to ensure proper coordination.

Community participation

A community is composed of a group of people and the environment that
supports them. For the purposes of this manual, a community will be defined as
the people and environment contained at a local political and administrative level.
This level needs to be small enough to allow community participation but there
must be sufficient resources to permit realistic planning. Often planning will take
place at several political or administrative levels simultaneously.
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Because this manual is intended to be used in different countries, the following
generic framework for government and administration has been assumed:

— community (the lowest administrative level within a country, corre-
sponding to a village and its environs, county, town, or district);

— province (corresponding to a region or state);

— country (the national level).

Factors that may be relevant in assessing the vulnerability of a community and the
ways in which it can recover from emergencies are demography, social structure,
culture, economy, infrastructure, and environment. What is missing from these
factors is the feeling of common interest, the social networks, and the shared
experiences that exist within a community. Since communities are groups of
individuals, most of whom need social interaction, there are many emotional and
other mutual bonds between community members. These bonds form networks
that may be difficult to analyse. They are, however, a very meaningful part of a
community and play a significant role in its well-being.

There are also interactions between communities — the result of social, eco-
nomic, or cultural ties. Thus, communities are not isolated but interconnected in
a variety of ways. The effects of an emergency on a community will therefore be
felt outside its strict administrative boundaries.

If one of the main principles of community emergency preparedness is commu-
nity participation, how can this participation be ensured? Community participa-
tion should achieve the following;:

— promote community awareness and education to reduce vulnerability
and increase preparedness;

— allow the use of local knowledge and expertise, provide opportunities
for participating in decisions that concern the community, and ensure
policies and practices that allow for self-determination and maximum
community involvement in response and recovery planning;

— ensure cooperation between professional personnel and volunteer
members of the community;

— make use of the existing structures, resources, and local networks
wherever possible, and of the community’s own material and physical
resources, particularly local suppliers;

— allow national and international organizations to channel resources
directly to the community through predetermined and agreed
procedures.

WHO describes community participation in the following ways:

"Marginal, substantive and structural participation. Participation can be
characterized in terms of three stages: marginal, substantive, and struc-
tural. . . . In marginal participation, community input is “limited and transi-
tory and has little direct influence on the outcome of the development
activity”. Substantive participation is characterized by the community being
actively involved in determining priorities and carrying out activities, even
though the mechanisms for these activities may be externally controlled. In
structural participation, the community is involved as an integral part of the
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project and its participation becomes the ideological basis for the project
itself. In this latter case, the community plays an active and direct part in all
aspects of the development process and has the power to ensure that its
opinions are taken into account.

Spontaneous, induced or compulsory participation. Experience has also
demonstrated that participation can be characterized as spontaneous, in-
duced or compulsory. In general, “spontaneous” participation refers to
local initiatives which have little or no external support and which, from the
very beginning, have the power to be self-sustaining. “Induced” participa-
tion, which appears to be more common, results from initiatives which are
external to the community and which seek community support or endorse-
ment for already defined plans or projects. “Compulsory” participation
usually implies that people are mobilized or organized to undertake activi-
ties in which they have had little or no say, and over which they have no
control.

Cooperation and power-sharing. Participation can also be classified on the
basis of whether government is actively seeking cooperation or wishes to
promote power-sharing. Where cooperation is sought, people are usually
granted the right to receive information, to protest, to make suggestions
and to be consulted before decisions are implemented. In power-sharing,
the community is understood to have the right to share in all decision-
making and has the power to veto ideas that are not in line with its own
objectives.""

It should not, however, be assumed that a community represents a unified point
of view. Often there are major conflicts of interest and the most vulnerable
community members are excluded from decision-making. Real community par-
ticipation requires methods for actively involving even the most marginalized
community members, e.g. the disabled, homeless and displaced individuals,
immigrants, and — in some societies — women.

The multisectoral, intersectoral, and all-hazards approach should be a partnership
of relevant organizations and sections of the community, based on identifying
vulnerabilities and planning action to reduce them. Within this framework, each
partner accepts the responsibilities for which it is mandated, but within objectives
defined by the community.

Project management

Whether for developing and implementing an entire emergency preparedness
programme or for conducting a vulnerability assessment or emergency planning
project, project management methods are often required. These methods are
used to ensure that the project is:

— appropriate (it sets out to do something worthwhile);
— effective (it achieves the required results);
— efficient (it is completed on time and with the available resources).

' Community action for health. Geneva, World Health Organization, 1994 (background paper for 47th World Health Assembly, May
1994).
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Project management methods are not an end in themselves and project manage-
ment should not take over a project. Any project has a series of inputs and
processes that produce outputs, which result in outcomes.

Inputs include people’s time and energy; their perceptions of vulnerability and of
emergency management requirements; money and resources; and commitment
and perseverance. Processes, in this instance, are the processes of emergency
preparedness. Outputs include:

— an understanding of the hazards and their likely effects;

— a community that is aware of these hazards and of its vulnerability;

— people who are aware of their responsibilities in emergency prevention,
preparedness, response, and recovery;

— commitment to an emergency plan;

— enhanced emergency preparedness.

The outcomes of appropriate and effective emergency preparedness are the
improved protection of life, property, and the environment, and the ability to
sustain development.

There are three major parts to project management: project definition; project
planning; and project implementation (13). These are described in Annex 1.

Summary

e Globally, the number of disasters is increasing with growing community
vulnerability.

e Inappropriate humanitarian assistance can lead to reduced development
assistance, increased community vulnerability, and further social crisis.

e Community vulnerability is a function of susceptibility and resilience.

e Vulnerability reduction can decrease the risk of emergencies and disasters by:
— decreasing susceptibility (emergency prevention and mitigation);

— increasing resilience (emergency preparedness).

e Vulnerability reduction also requires policy development and vulnerability
assessment.

e Vulnerability reduction can protect and enhance development.

e Emergency management can be described by:

— the comprehensive approach;
— the all-hazards approach;
— the multisectoral and intersectoral approach.

e The aims of civil protection, humanitarian action, and emergency manage-
ment are very similar, and the same preparedness processes can be used for
cach. The health sector plays a key role, regardless of the system adopted by
a country.

e Emergency preparedness is required at every level within a country, particu-
larly at the community level.

e Community participation in emergency preparedness is essential for its
success.

e Emergency preparedness processes can be used for any community, organi-
zation, or activity.
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e Emergency preparedness should be developed to suit the context of the
community.

e An emergency preparedness programme should be guided by project
management methods.
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Chapter 2
Policy development

Policy

Policy is “the formal statement of a course of action”. Policy development is
usually a “top-down” process, in that the central authority will prepare policy,
and further decentralized policies may then be required. Policy is strategic in
nature and performs the following functions:

— establishes long-term goals;

— assigns responsibilities for achieving goals;
— establishes recommended work practices;
— determines criteria for decision-making.

Policy is required to ensure that common goals are pursued within and across
organizations, and that common practices are followed. Without agreed policies,
efforts are fragmented, leading to lack of coordination and poor results.

While policies tend to be “top-down” (that is, authorized by higher levels), imple-
mentation of the strategies that arise from a policy tends to be “bottom-up”, with
higher levels assisting lower levels. Policy may also be created at all administrative
levels of an organization or country, and be developed in consultation with those
who are required to implement it. This ensures that a policy is realistic and
achievable, and gains the commitment of those responsible for its implementa-
tion. Policy must be monitored and evaluated, and possibly revised. Specific
responsibility for this should be allocated and evaluation criteria established.

Emergency preparedness policy

Policy development in relation to emergency preparedness can be broken down
into principles, form, content, and process.

The emergency preparedness policy principles recognize the following (1):

e the rights of individuals and collective rights;

e the nature of the hazards, community, and vulnerability in the geographical
area covered by the policy;

e cxisting related policies, including development, health, and environmental
policy;

e cxisting legislative and organizational responsibilities;

e resource limitations;

e accepted emergency management concepts, including:
— the comprehensive approach;
— the all-hazards approach;
— incorporating emergency preparedness into development planning;
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— developing emergency management capabilities at the community level;
— community participation in emergency preparedness;

— building upon existing emergency capabilities;

— the multisectoral and intersectoral approach;

— public attitudes.

The form of emergency preparedness policy will vary both from country to
country and between provinces in a given country. Policy may consist of commu-
nity agreements, sectoral or intersectoral agreements, a provincial government
decision, a national government executive decision, or legislation. The form
should, however, maximize multisectoral participation. It is essential to emer-
gency preparedness that all relevant organizations and levels are consulted to
ensure joint commitment to community safety and well-being.

One process for emergency preparedness policy development is outlined below:

e A decision is made that policy is required and policy development is
authorized.

e A qualified person (with a knowledge of policy development and emergency
preparedness) is selected as the policy process manager.

® The policy process manager analyses the environment, culture, and
administration of the area under his or her jurisdiction.

e A multisectoral team is selected to represent all of the organizations with an
interest in emergency preparedness.

e The policy process manager and policy team consider the various
emergency preparedness policy issues and document their decisions.

® The decisions on policy directions are publicized and debated in as many
forums as possible.

¢ Final decisions on policy are made and formalized by the appropriate authorities
(national legislature, national executive, provincial government, etc.).

e Policy is disseminated widely.

The next section, on emergency management policy, covers some of the options
and questions on issues in emergency preparedness policy. It is suggested that the
policy process manager does not give these lists of options and questions to the
policy team. Rather, she or he should use them to prepare for policy development
within the specific country context. The issues are summarized in the left-hand
column of Table 1, with the recommended options shown in the right-hand
column.

These policy issues may create considerable discussion and even disagreement
among those responsible for emergency management, and countries and com-
munities can choose any of numerous options to address them. The issues are
detailed below, with options and discussion questions that can be used as a guide
to policy and planning decision-making.

Issues in emergency management policy

The options and discussion questions below are meant only for the policy process
manager to help him or her to be prepared for policy development meetings, and
guide the process to reach the recommendation listed in Table 1.

21
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Table 1. Policy issues and recommended options

Policy issue

Recommended option

1.

10.

11.

Emergency preparedness
and development planning

. National emergency law

and other relevant
enabling legislation

. National emergency

management organization

. Responsibility and major

mission of national
emergency management
organization

. Tasks of the emergency

management organization

. Community and provincial

emergency preparedness

. Health sector emergency

preparedness

. Involving other groups

and citizens in emergency
management

. Managing resources

Evaluating an emergency
preparedness and
response programme

Priorities in implementing
emergency preparedness

Emergency preparedness should be incorporated into all
sustainable development objectives and projects.

A national emergency law is required with references to
emergency management in other laws. Definition of
"emergency” should be broad, and the language of the law
should be as simple as possible.

A national emergency management organization that is
separate from other government agencies is preferable.
Responsibility should also be decentralized to provincial
government.

The mandate of the national organization, and its provincial
counterparts, should cover all aspects of emergency
management, including health.

The organization should institutionalize emergency
management in other organizations rather than attempt to
undertake all emergency management work itself. It should
undertake a number of tasks, but maintain a generalist
approach.

The national level should develop policy and standards for
emergency preparedness at all levels of government.
Provincial and community-level emergency preparedness
should be developed according to the policy and standards.

Health sector emergency preparedness should be coordinated
with other sectors, the national level developing policy and
standards, and the provincial and community levels
implementing programmes. Public, private, military, and NGO
health-service providers should be part of the same
preparedness programme, as should each discipline within the
health sector.

All citizens should be involved in emergency management in
some way, ranging from active participation in vulnerability
assessment and emergency planning, to receiving information
on emergency preparedness.

Resources for emergency management should be based on
existing resources. Emphasis should be on training and
information-sharing in emergency management in all sectors
and at all levels.

Performance indicators for emergency management should be
developed to suit the national, provincial, and community
environments.

Priorities should be based on either expressed or actual needs.
This will require at least basic research into vulnerability and
immediate needs.
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Emergency preparedness and development planning
Options

e Do not institute emergency planning; leave the situation as it is.

e Keep emergency planning and development planning separate.

e Incorporate emergency planning into development planning.

e Initiate separate emergency planning but coordinate it with development
planning.

Discussion questions

e Why give emergencies, which are statistically infrequent, priority over other
social needs?

e What are the advantages and disadvantages of each option?

e What does emergency planning mean? What does development planning
mean? Which concept should be used and why?

e What are the goals and objectives of planning of any kind?

e How can emergency planning be linked to sustainable development?

A national emergency law and other enabling legislation

Options

e Do not pass a new law. The country or community (or both) has survived
without such legislation.

e DPass a new law that deals with emergencies only.

e Dass a law that deals not only with emergencies, but all hazards, including
chronic as well as sudden risks, war or military situations as well as civil
problems, and so on.

e Keep the terms of the law short and general; do not make it long and
detailed.

® Define emergencies in terms of physical agents (e.g. flood, cyclone, explo-
sion) or in terms of social effects and vulnerability (e.g. casualties, property
losses, social disruption).

e Indicate gradations of emergencies; distinguish between everyday emergen-
cies, disasters, and catastrophes. Are the differences quantitative or qualita-
tive or both? What is the value of these distinctions?

Discussion questions

e Should the passage of a law be the first step in emergency preparedness?

e What would be gained or lost by adopting one or other of the various
options indicated?

e What political considerations should be taken into account in attempting to
pass any emergency legislation?

e Should consideration be given to the purposes of and problems in making
fine legal distinctions?

e Given the variable nature of emergencies, might it not be wise to leave a
degree of ambiguity or obscurity in defining an “emergency”?
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The national emergency management organization

Options

Make the armed forces the national organization responsible for emergency
management.

Give the responsibility to a special policy planning group in the prime
minister’s office.

Increase the authority of some existing ministry (such as developmental
planning or the ministry in charge of the police) to undertake emergency
management.

Create a new, national-level cabinet position with emergency management
responsibility.

Create a separate independent agency directly responsible to the president.
Pass a national law, but decentralize responsibility to an organization in
each of the provincial governments.

Have no national organization, but make emergency management a “bot-
tom-up” responsibility, to be undertaken by groups at the community and
provincial levels.

Give the responsibility to an NGO already operating nationwide and
emergency-oriented (e.g. the national Red Crescent or Red Cross Society).

Discussion questions

Why is there a need for a formal organization?

How important is its location in the governmental structure?

What are the advantages and disadvantages of the different options?

What might be the case for using an established group or creating a new
one for emergency purposes?

Should consideration be given to establishing an organization that is partly
protected from political pressure?

Should a national-level organization be composed exclusively of specialists
with relevant skills; professionals in public administration; political appoint-
ees; a combination of various skills and backgrounds? How might the
personnel be recruited? Might the higher levels be composed of political
appointees and the rest of the staff obtained through civil service
examinations?

Responsibility and major mission of the national emergency
management organization

Options

The organization should be responsible for all aspects of emergency man-
agement, prevention/mitigation, preparedness, response, and recovery.
The organization, while responsible for all aspects of emergency manage-
ment, should focus primarily on prevention/mitigation.

The organization should deal only with prevention/mitigation.

Equal emphasis should be placed on structural mitigation measures (i.e.
physical measures such as building dams) and non-structural mitigation
measures (i.e. social measures such as training governmental officials on
appropriate land use patterns or building codes).
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e Emergency management should look forwards rather than backwards,
concentrating on preventing and mitigating possible future emergencies
rather than looking at past problems.

Discussion questions

e Is it possible to focus, in a meaningful way, on only one aspect of emer-
gency management? Is there a difference between prevention and mitiga-
tion? If so, what are the implications for emergency management?

e [s the distinction between structural and non-structural measures (which to
some extent is a distinction between physical and social activities) a mean-
ingful one? Are not all such measures fundamentally social in nature, in that
they require informing people and teaching them to do the right things?

e Should thought be given to how to project future emergencies, especially
since they are likely to be somewhat different from past ones?

e Should consideration also be given to the possible relationship between the
organization’s major mission and the infrastructure or personnel that might
be required? (For instance, a focus on mitigation/prevention may require
professional knowledge of land use, zoning, building codes, and construc-
tion practices.)

Tasks of the emergency management organization
Options

¢ The organization should be almost exclusively an emergency planning
group.

e In addition to emergency management, the organization should have
regulatory/supervisory tasks (such as ascertaining whether dams have been
properly constructed or whether building inspectors have the appropriate
emergency-relevant knowledge).

¢ The organization should be primarily concerned with emergency planning
during normal times, but should also have operational or management tasks
during national emergencies.

¢ The organization should have a very broad mission; it should undertake a
wide variety of functions, including policy setting, planning, provision of
resources, gathering of information, monitoring, operations, and training.

Discussion questions

e Is a planning focus likely to lead to emphasis on the production of docu-
ments rather than on the planning process itself?

e [f multiple tasks are to be undertaken, is there a logical or practical priority
ranking that can be assigned to them?

e Should the implications of having a one-mission versus a multiple-mission
organization be explored?

Community and provincial emergency preparedness

Options

e No formal attention should be paid to creating lower-level counterpart
preparedness; provincial and local community governments would be
responsible for this initiative.
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Only national-level entities and tasks should be discussed and decided at the
present time. A decision on whether lower-level preparedness ought to be
examined should be made later.

National-level and lower-level entities and preparedness should be devel-
oped in parallel and simultaneously.

While national-level activities should be given first priority, the national
emergency legislation should set forth activities at the provincial and local
community level that might be developed later.

Discussion questions

What would be the positive and negative consequences of having (or
mandating) a multilevel structure and preparedness programme?

To what extent should lower-level structures and preparedness be similar to
or parallel those at the national level?

What are the implications of a primarily urban-based agency trying to
initiate emergency preparedness for a mostly rural population?

Health sector preparedness

Options

The health sector does not prepare for emergencies.

Preparations are made for emergencies, but each part of the health sector
conducts its own preparedness programme.

Health sector preparedness is not coordinated with other sectors.

A national emergency management cell is established in the health sector,
to develop policy and standards.

The health sector responds to emergencies at the national level only.

The provincial level of the health sector responds to emergencies, assisted
by the national level.

Discussion questions

How can the health sector fit in with multisectoral emergency preparedness?
Who is responsible, within the health sector, for emergency preparedness
and response?

Should private, public, military, and nongovernment health providers
coordinate their emergency preparedness programmes?

What is the most efficient way of organizing health sector emergency
preparedness?

Does the ministry of health have the legislative power to coordinate emer-
gency preparedness?

How do community health organizations communicate with the national
health level?

Who is ultimately responsible for health sector emergency preparedness?

Involving other groups and citizens in emergency
management

Options

Others should not be formally involved.
Only other government organizations should be involved.
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e Besides the government, the private sector and NGOs should also be involved.

e There should be a selective involvement of key community officials.

e All citizens should be involved in emergency management in some way.

e All should be involved but there should be a definite sequencing for
involvement in the planning process.

Discussion questions

e How is the credibility of emergency management to be established in
government bureaucracies?

® Are there special problems in securing the involvement of industry and
industrial workers in emergency management?

e Is it worth using national heroes, celebrities, and educational campaigns to
increase citizens’ awareness?

e What degree of citizens’ involvement in any emergency management
programme is there? What kind of involvement? For what reasons? Some
argue that without extensive citizen participation (or at least interest), no
meaningful emergency management programmes can be undertaken.
Others argue that, strategically, it is best to start a programme with a core
of key community officials or leaders.

Managing resources

Options

* There should be funding for institution-building and other community
activities and entities relevant to emergency prevention.

® A cadre or core of specialists in emergency management should be quickly
established.

e A full range of facilities and equipment (e.g. training centres, computers
with appropriate software) should be provided for the emergency manage-
ment organizations.

Discussion questions

e Should direct funding be provided for increasing and strengthening coping
mechanisms for emergencies at the local community level?

e What are the advantages and disadvantages of sending officials abroad for
training in emergency management?

e Should emergency training centres and programmes be developed within
existing educational institutions or should new organizations be created?

e Is it casier to fund non-structural activities (e.g. training or educational
programmes) than structural measures (e.g. building dams), since the latter
often require considerable capital investment as well as maintenance costs?

e Should thought be given to whether information distribution and sharing
should be considered as a resource allocation mechanism?

Evaluating an emergency preparedness and response
programme

Options

e Set milestones and deadlines for meeting specific goals.

e Obtain feedback from citizens.
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e Undertake research.
e Require periodic reports be made to the government.

Discussion questions

e Does a focus on deadlines, schedules, and reports lead to a concern with
administrative matters rather than with the quality of what is being at-
tempted?

e What are the relative advantages and disadvantages of having insiders (i.e.
members of the organization involved) or outsiders evaluating a pro-
gramme? Can candid and honest organizational self-assessments be ob-
tained?

e Should there be an examination of the type of research and social science
that would be most useful for emergency planners? What should be the
relationship between researchers and emergency managers? Does an interest
in applied research preclude supporting basic research?

Priorities in implementing emergency preparedness

Options

e A systematic national emergency vulnerability assessment is the highest
priority.

e A mass information or educational campaign about emergency planning is
necessary and should be given early priority.

e Priorities should be set in terms of the sectors that are most important in
the society.

Discussion questions

e In what ways might symbolic activities (such as proclaiming a national
emergency day, a public address on the topic by a senior figure, statements
of support by well-known figures) be important first steps in initiating an
emergency planning programme?

e Since everything cannot be done at once, should the casier tasks or those
offering the greatest long-term advantage be undertaken first?

e How should the choice be made between planning for a likely emergency
and planning for a more unlikely catastrophe?

e How will political considerations affect decision-making on setting of
priorities?

Summary

e DPolicy is strategic in nature, concerns the establishment of long-term goals,
assigns responsibilities for achieving goals, may establish recommended
work practices, and may determine criteria for decision-making.

e Policy development is a process.

e Emergency management policy should be developed in line with accepted
emergency management principles.

e DPolicy should be widely debated.

e Policy issues include:

— emergency preparedness and development planning;
— national emergency law and other relevant enabling legislation;
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— national emergency management organization;

— responsibility and major mission of the national emergency management
organization;

— tasks of the emergency management organization;

— community and provincial emergency preparedness;

— health sector emergency preparedness;

— involving other groups and citizens in emergency management;

— managing resources;

— evaluating an emergency preparedness and response programme;

— priorities in implementing emergency preparedness.

Reference

1. National emergency management competency standards. Canberra, Emergency Management
Australia, 1995.
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Chapter 3
Vulnerability assessment

Introduction

The value of vulnerability assessment

Vulnerability assessment (also known as “hazard analysis”, “threat assessment”,
and “risk assessment”) is a procedure for identifying hazards and determining
their possible effects on a community, activity, or organization. It provides
information essential for:

— sustainable development (because development will be undermined
without programmes and strategies to reduce vulnerability);

— emergency prevention, mitigation, and preparedness (without knowl-
edge of what is likely to go wrong, and what the effects will be, it is
impossible to be eftectively prepared and difficult to prevent problems);

— emergency response (many emergencies seriously disrupt transportation
and communications, and information may become either unreliable or
non-existent; vulnerability assessment will suggest where most of the
damage might occur);

— emergency recovery (vulnerability assessment can provide a baseline that
describes the prior condition of the community, against which the
effectiveness of recovery work can be compared).

There are numerous ways of assessing vulnerability. The process described in this
manual consists of a series of steps, each containing a number of techniques.
Some of these steps are hazard identification, community and environmental
analysis, and hazard description. In turn, there are techniques for identifying
hazards, for describing the people, property, and environment they may affect,
and for describing hazards.

The meaning of “vulnerability”

Vulnerability is the result of a number of factors that increase the chance that a
community will be unable to deal with an emergency. Not all sections of a
community are vulnerable to hazards, but most are vulnerable to some degree.
Vulnerability comprises two aspects — susceptibility and resilience.

Susceptibility concerns the factors operating in a community that allow a hazard
to cause an emergency; examples of such factors range from a community’s level
of development to its location in an earthquake-prone area.

Resilience is the community’s ability to withstand the damage caused by emer-
gencies and disasters; it is a function of the various factors that allow a commu-
nity to respond to and recover from emergencies.
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Communities and the individuals of which they are composed have a number of
general needs during and after emergencies, of which personal safety is the most
obvious. Thus, caring for the injured and protecting people from further harm
are of paramount importance, together with providing food, drink, and shelter.

The meaning of “hazard”

In emergency management, “hazard” has various definitions. This manual de-
fines “hazard” as any phenomenon that has the potential to cause disruption or
damage to people and their environment.

Other definitions within the context of emergency management include:

— a threat to people and what they value;

— a threat to life, well-being, material goods, and environment from the
extremes of natural processes and technology;

— potential for an agent or process to do harm.

Common to all these definitions is the potential for harm. A hazard is not an
event — it is the potential for an event. Thus “flood”, in a general sense or even
as applied to a particular place, is a hazard. An actual flood is an “incident”,
“emergency”, or “disaster”, depending on the damage it causes or how well it is
managed. A vulnerability assessment relating to a flood in a particular community
examines the potential for flood events and the possible effects of such events.
Analysing a flood that has occurred is not a vulnerability assessment because each
event is unique, and emergency management based on a specific event will
contain too many unjustified assumptions. What is true of one flood will not
necessarily be true of another.

Communities, environments, and hazards

In terms of emergency management, a community has an intimate relationship
with its environment and its hazards. The following example illustrates how a
community interacts with its environment and hazards. People move into a hilly,
forested area, with a medium to high annual rainfall, and clear land for agriculture.
Before the forest was cleared, rainfall was absorbed and trapped by vegetation and
accumulated humus before it could run offinto creeks and rivers. Forests and many
other natural ecosystems, such as swamps, act as sponges during heavy rain by
storing water, some of which then evaporates or is released slowly. While there is
still the potential for flood, only the heaviest rain will cause serious flooding. Once
a forested area is cleared, drainage characteristics change. There is less vegetation
and humus to collect and store water, so the water runoff is greater. There is also
more erosion, and the profile of the river bed is altered by the accumulation of silt.
When heavy rainfall occurs, therefore, there is a greater likelihood of serious
flooding, which may lead, in turn, to further changes in the drainage system.

If part of this community lives on or near flood plains, and the settlement took
account only of the flood characteristics that existed before forest clearing,
problems might occur, including:

— severe floods leading to loss of life and destruction of buildings, bridges,
roads, dams, and livestock;
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— removal of valuable topsoil from agricultural areas and, hence, decreas-
ing productivity;
— river siltation, leading to changes in the navigability of the river.

Thus, changes in the environment caused by the community alter the hazards in
the area, and the changed hazards may then have effects on the environment, the
community, and the community’s vulnerability. It is essential, therefore, to
examine how the community, the environment, and the hazards interact when
performing a vulnerability assessment.

Even normal population growth can increase vulnerability, by forcing communi-
ties into marginal and hazardous areas.

The process of vulnerability assessment

The purpose of the process
There are several reasons why a rational process for assessing vulnerability is
needed:

— to explain to others what is being done and how they can participate;

— to ensure that significant aspects of the vulnerability assessment are not
missed;

— to justify the validity of the results, demonstrating that analysis has been
thorough (this is particularly important when funding for emergency
management is sought).

The steps in this process should be followed consecutively and information from
each step used in subsequent ones (see Fig. 14).

Parts of the process
The parts of the vulnerability assessment process are as follows:

e The project definition determines the aim, objectives, scope, and context of
the vulnerability assessment, the tasks to be performed, and the resources
needed to perform them. This is described in Annex 1.

e The formation of a representative planning group is essential to vulnerability
assessment and emergency planning. Without this group it will be difficult
to gather the required information, obtain the commitment of key individu-
als, and allow the community to participate.

® Hazard identification reveals the hazards that exist in the community
(although it is unlikely that all of the hazards will be discovered).

® Hazard description presents the hazards that exist in the community. The
same hazards may manifest themselves differently in different areas and
communities because there is an interaction between hazards, the particular
community, and the environment.

° A community and environment descviption outlines the relevant information
about the people, property, or environment that may affect or be affected
by the hazards. More hazards may be identified at this stage.

e A description of gffects is an account of community vulnerability — what is
likely to happen in an accident, incident, emergency, or disaster involving a
single hazard or multiple hazards.
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Fig. 14. The vulnerability assessment process
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* Hazard priovitization determines the hazards that should be dealt with
first, and those that can be dealt with later or ignored, on the basis of their
likely effects and community vulnerability.

* Recommendations for action are the link between vulnerability assessment
and other emergency management activities. Planning, training and educa-
tion, and monitoring and evaluation should be based firmly on the results
of the vulnerability assessment.

* Documentation of all results and decisions is necessary to justify the recom-
mendations, and any further emergency preparedness work.

Some problems in assessing vulnerability

Some of the common problems encountered in performing vulnerability assess-
ments relate to data, lack of knowledge, attitudes, project scope, and rigid
adherence to the process.

® Data — Unavailability of data on some hazards; data of unknown reliabil-
ity; too much data on other hazards; too much data on communities and
difficulty in determining which are relevant.

* Knowledge — Lack of knowledge in the community or the planning group
of the methods of vulnerability assessment; lack of knowledge of specific
hazards.
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o Attitudes — A lack of cooperation from some agencies, particularly re-
sponse agencies, who may perceive vulnerability assessment as an academic
exercise only.

e Project scope — Poor definition of the area covered by the vulnerability
assessment; trying to analyse too much; determining the amount of detail
required in the hazard and community descriptions; presenting unrealistic
and unachievable recommendations.

* Rugid adherence to process — Forcing the hazard and community descrip-
tions into too rigid a framework — some of the characteristics suggested in
this manual will not work with some hazards and communities; following
the process in a lock-step manner and not allowing a return to earlier steps
when required.

o Frustration with the process — It is possible that the planning group and the
community will become frustrated with the vulnerability assessment process
(problem analysis) and want to start emergency planning (problem-solving).
It may be possible to begin planning and implementing vulnerability
reduction while a formal vulnerability assessment is being performed, but a
complete vulnerability assessment remains desirable.

Alternative processes

The vulnerability assessment process described here — and the planning process
described in Chapter 4 — is one way of analysing and solving emergency
preparedness problems. Another approach, which can be used to help start more
formal vulnerability assessment and emergency planning, is the “community
needs and resource maps” method. This method encourages community partici-
pation at the grass roots by:

— encouraging people to describe their problems;

— developing a preliminary list of community risks and needs;

— using field visits to verify risks and needs, and then creating maps that
illustrate the problems and the available resources;

— establishing a local committee to make plans to deal with the identified
risks and needs.

While this method is useful, the formal processes of vulnerability assessment and
emergency planning allow for a more accurate description of hazards and vulner-
ability and better emergency preparedness.

The planning group

Why a planning group is necessary

Once a project definition has been developed, forming a planning group is the
second step in the vulnerability assessment process. Why is a planning group
essential to the development of appropriate vulnerability assessments and em-
ergency plans?

e Firstly, rapid access to diverse information is essential. It is possible to
gather this information through correspondence, interviews, and telephone
calls, but this will take time. Assembling the people who can provide
information will make information-gathering more efficient.
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e Secondly, no one is expert in everything and the contributions of experts in
particular fields are required. Local experts may become the greatest critics
of a vulnerability assessment if they are ignored.

e Lastly, if the vulnerability assessment is to be taken seriously, the commit-
ment of all relevant personnel is essential. Allowing people to contribute to
the vulnerability assessment objectives and to work together towards a
common goal are effective means of gaining this commitment.

Before a planning group is selected it is important to find out whether one
already exists. There may well be a group of people who are responsible for safety
and crisis or emergency management in a given community. If such a group
exists, it may be ideal for the purposes of preparing a vulnerability assessment
because it may already have sufficient resources, the necessary authority, appro-
priate representation, an efficient reporting system, and sufficient expertise.

The suitability of any existing emergency management group should be assessed
on the basis of the above criteria, as well as by reference to the project definition.
Any shortcomings in the planning group will need to be addressed.

A planning group need not be fixed in its membership. The group will evolve
according to its activities, and the end result will be a group of people committed
to emergency preparedness in their community, who will be able to work
together during actual emergencies. However, changes in the planning group
composition, although desirable, may cause problems. Groups of people who
work together will often develop a strong sense of unity and newcomers may
often find it difficult to win the group’s acceptance or feel comfortable working
with it. Understanding this potential problem is already a partial solution; group
members must welcome new members and avoid forming barriers between
themselves and the community.

The planning group may also serve as a formalized emergency committee. Each
member must therefore have sufficient authority to represent his or her organi-
zation in preparedness and response.

Working with the planning group

To work effectively with the planning group, the following should be considered.
Firstly, the project definition will provide the group with a description of its aim,
objectives, scope, and authority to take action. The group should be informed of
the process for developing the vulnerability assessment. It will need to know the
benefits of the assessment and the nature of the final product. The group will also
need to understand how long the vulnerability assessment will take to develop
and what resources will be used.

The following aspects of planning group meetings should be resolved:

— the authority of the group;

— the method of reporting;

— the means of communicating meeting dates and times;
— the frequency and timing of meetings;
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— the conduct of meetings (chairing, agenda, minutes, recommendations,
and follow-up actions);
— any educational requirements of the group.

It is essential that the planning group members discuss the project definition and
make alterations if they see fit.

Once a planning group is assembled, it may be found that the individual
members, coming from varied backgrounds and with different responsibilities in
emergency management, have remarkably different perceptions of risk.

Risk perception

Risk perception is about the relationship between hazards, knowledge, and
people’s attitudes. It is impossible to be totally objective when assessing vulner-
ability or developing emergency plans, and so it is necessary to understand some
of the different ways people approach the subject — they may have very difterent
views on the nature and extent of the risk that a particular hazard presents, and
on what constitutes vulnerability.

It is important to consider people’s perceptions and attitudes in vulnerability
assessment because these will strongly influence their actions. This inevitably
leads to the question of whose perceptions of risk are right — and, indeed,
whether there are right and wrong perceptions. Some may suggest that the
opinions of experts in a given field must be correct, but such opinions are still
based on individual perceptions. In addition, experts are not always exposed to
the risks they are studying, unlike members of the community.

Table 2 shows some of the reasons for differences in risk perception between
technical people and the general community.

Table 2. Factors relevant to the technical and cultural attitudes to risk®

Technical attitude Cultural attitude

Trust in scientific methods, explanations and ~ Trust in political culture and democratic process
evidence

Appeal to authority and expertise Appeal to folk wisdom, peer group and traditions

Boundaries of analysis are narrow and Boundaries of analysis are broad; includes use of

reductionist analogy and historical precedent

Risks are depersonalized Risks are personalized

Emphasis on statistical variation and Emphasis on the impacts of risk on the family and

probability community

Appeal to consistency and universality Focus on the particularity; less concern about
consistency of approach

Where there is controversy in science, Popular responses to scientific differences do not

resolution follows status follow prestige principle

Impacts that cannot be specific are Unanticipated or unarticulated risks are relevant

irrelevant

“Reproduced from reference 7 by permission of the publisher.
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People with technical training or inclinations will tend to view hazards and
vulnerability in terms of abstract risk. Risk is often described by the likelihood of
a given harm, for example the probability of fatality from a hazard. Table 3
illustrates some typical individual fatality risks.

The general public, however, which does not have access to the data that permit
numerical calculations of the probability of harm, will tend to use factors like
those shown in Table 4.

If a hazard is characterized by a number of the factors on the right-hand side of
Table 4, the public is likely to perceive it as a serious problem. This is not an
irrational response, but a response based upon people’s feelings and experience.

Difterent people think about hazards and vulnerability in different ways, and may
use different criteria for judging their seriousness. The uncertainties of risk and
vulnerability preclude correct perceptions of risk, although some perceptions may
be more realistic than others. It is important to understand people’s perceptions
in order to develop appropriate emergency management strategies and to work
with a diverse planning group.

Table 3. Risk to individuals®

Individual Individual
fatality fatality
Hazard risk level® Hazard risk level®
Smoking 10 cigarettes a day 5000 X 10°°®  Taking contraceptive pills 20 X 10°°
(UK)
Cancer (all causes — Australia) 1800 X 10~  Homicide (Australia) 20 X 10°°
All natural causes, age 40 (UK) 1200 x 10™°  Working in radiation industry ~ 17.5 X 107°
(UK)
Any kind of violence or 300 X 10°*  Homicide (Europe) 10 X 10°°
poisoning (UK)
Influenza (UK) 200 X 10°®  Floods (northern China) 10 X 10°¢
Accident on road (driving in 125 X 10°°  Floods (USA) 22X 10°
Europe)
Accident at home (Australia) 110 X 10°®  Accident on railway (Europe) 2x10°
Struck by motor vehicle 50 X 10°®  Bushfire (Australia) 1x10°
(pedestrian — USA)
Leukaemia 50 X 10°°  Earthquake (California) 05X 10°°
Earthquake (Islamic Republic of 43 X 10°®  Bites of venomous creatures 0.2 x10°°
Iran) (UK)
Playing field sports (UK) 40 X 10"  Storm and flood (Australia) 0.2 x10°°
Accident at home (UK) 38 X 10°®  Hit by lightning (UK) 0.1 x10°
Accident at work (UK) 23 X 10°®  Wind storm (northern Europe) 0.1 X 10°°
Floods (Bangladesh) 20 X 10°®  Rupture of pressure vessel 0.05 X 10°°
(USA)

“Reproduced from reference 2 by permission of the publisher. Copyright John Wiley & Sons Ltd.
b A fatality risk of 1 X 107® means that there is a 1 in 1 million chance of an individual being killed
as a result of a particular hazard in any given year.
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Table 4. Factors relevant to hazards that may affect
people’s perception’

Perceived as unimportant Perceived as serious
Voluntary Involuntary

Natural Man-made

Familiar Exotic

Not memorable Memorable
Common Dread

Chronic Catastrophic
Controlled by individual Controlled by others
Fair Unfair

Morally irrelevant Morally relevant
Detectable Undetectable
Visible benefits No visible benefits
Trusted source Untrusted source

“Reproduced from reference 3 by permission of the publisher.

Hazard identification

General

Hazard identification determines the hazards that may affect people in a commu-
nity. This third step in the vulnerability assessment process provides information
for further analysis. Hazard identification is not straightforward — people may
have quite different perceptions of what constitutes a significant hazard. For this
reason seeking the views of a number of people in the community is essential.

A group technique for identifying hazards

Hazard identification should be undertaken by a group of people, such as a
planning group, with expertise in the area of work and a commitment to the
safety of that area. One quick method to determine people’s perceptions of the
most serious hazards and avoid the pitfalls of “groupthink”,’ is the following:

e Each person in the group should be asked to write down the 10 hazards (in
the area being investigated) that most concern them, and be given a few
minutes to do this.

e When they have finished the first task, they should rank, in terms of “seri-
ousness”, the hazards they have listed as “high”, “medium”, and “low”
(using their own definition of “seriousness™).

e Each person should then say what he or she has written down (without the
ranking) and answers should be recorded on a blackboard, whiteboard, or
large sheet of paper. Duplications should not be recorded; if very similar
hazards are mentioned, planning group members should refine what they
mean. Suggestions must not be belittled, but recorded uncritically.

e When each person has contributed, a table similar to Table 5 should be
drawn up.

e Group members should be asked about each hazard listed; the numbers of

' “Groupthink” is a phenomenon that can occur in highly cohesive groups — to minimize conflict, the members of the group concur
and restrict their thinking to the norms of the group. No one wishes to be seen as out of place. This can limit the range of ideas and
views that the group could otherwise generate.



VULNERABILITY ASSESSMENT 39

Table 5. Hazard ranking

In terms of “seriousness”

Hazard high medium low
Hazard “a” 2 3 0
Hazard "b” 0 0 1
Hazard “c” 4 0 1
Hazard “d” 0 2 0

people who consider each hazard to be high, medium, or low in seriousness
should be recorded.

The numbers recorded in the table indicate how people in the planning group
feel about the hazards in the community and may reflect accurate knowledge on
their part. The numbers certainly reflect the group’s perception of which hazards
are a problem. The numbers have no meaning outside the context of the
planning group meeting and certainly should not be used for any other purposes.

This technique has the following benefits.

e It allows everyone to have their say and avoids some of the problems of
“groupthink”. If everyone is allowed to contribute, the likelihood of
developing a meaningful vulnerability assessment is greater.

e [t encourages interaction between people who may not know each other
and may encourage all group members to continue contributing.

e It prompts the members of the planning group to think analytically.

e [t demonstrates to all members of the group that people have divergent
points of view concerning hazard and risk and will to some extent validate
these different points of view.

e [t increases members’ commitment to the vulnerability assessment because
they have had a chance to contribute.

Other techniques for identifying hazards

Other techniques for identifying hazards include:

— researching the history of emergencies in the community, by consulting
histories, newspapers, records, and older community members;

— inspecting the community for evidence of previous emergencies, existing
hazards, and existing vulnerability;

— examining literature or interviewing people from similar communities;

— requesting information from provincial or national governments.

Hazard description

General
Five basic characteristics can be used to describe most hazards:

— intensity (how big, fast, and powerful);
— frequency (the likelihood of a hazard causing an event of a given
magnitude);
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— extent (the area that a hazard may affect);
— time frame (warning time, duration, time of day, week, year);
— manageability (whether anything can be done about it).

For each hazard, these characteristics may mean different things. In a cyclone, for
example, intensity might relate to wind speed, whereas in an earthquake, inten-
sity relates to the number and strength of earth tremors. The example in the
following section deals with flooding.

Description of a flood hazard

Flood intensity
Flood intensity may be described by height, class, depth, flow rate, and speed.

Height. Flood height is often described in relation to a fixed marker, such as a
post with heights marked on it, often placed in an arbitrary position near the
river. Thus, a river height of 4 metres at one point on the river may be a fairly
normal height, whereas the same height at a different place will indicate that the
river is in flood.

Class. Floods may also be described in terms of classes. Definitions will vary from
country to country, but the following are typical:

e Minor flooding — flooding that causes inconveniences, such as the closure
of minor roads and the submergence of low-level bridges.

e Moderate flooding — low-lying areas are inundated, requiring the removal
of livestock and evacuation of some houses; main traffic bridges may also be
submerged.

e Major flooding — extensive rural areas are flooded, with properties and
towns isolated; large urban areas are also flooded.

In flood warnings, both the heights and the flood classes are often given for
different points on a river; local people who receive the warnings may use their
prior experience of either description to decide how to act.

Depth. Another way of describing the intensity of floods is to relate flood heights
to the floor levels of buildings that may be affected. This gives an idea of depth
and is very useful for planning evacuation, land use, and building protection.

Flow rate. Flow rate describes the volume of water flowing past a particular point
in a given time period, and the units are either cusecs (cubic feet per second)
or cumecs (cubic metres per second), where 1 cusec = 0.028 cumecs, and 35
cusecs = 1 cumec. This method of description is often used in relation to dam
safety, as a very high flow rate over a dam with insufficient spillway capacity may
lead to dam failure.

Speed. Flood intensity may also be described in terms of the speed of the water
at a given point. This is a useful measure since speed, coupled with water depth,
will indicate the scale of damage of which the moving water is capable. Figure 15
shows the speed and depth of flowing water that can cause failure to various
building types.
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Fig. 15. Critical flood speed and depth for building failure’
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“Reproduced from reference 4 by permission of the publisher.

Table 6. Flood frequency likelihood

Definitions of average recurrence interval  Definitions of annual exceedance

(ARI) probability (AEP)

(a) the average or expected value of the (a) the probability of exceedance of a given
period between exceedances of a given discharge within a period of 1 year
discharge

(b) the expected time interval (usually in years) (b) the probability in any year that a flood of a
between floods of a given level given level will occur

Floods occurring in flat areas, where the water moves very slowly, are obviously
less likely to cause structural damage.

Describing the speed of floodwater also makes it easier to determine when and
where rescue boats can be used — boats will not make headway against water
that is moving at the normal speed of the boat or faster.

Flood frequency or likelihood

Flood frequency or likelihood is often described in terms of average recurrence
interval (ARI) and annual exceedance probability (AEP). These two terms are
defined in Table 6 in two ways: (a) in strictly correct, engineering terms (5), and
(b) less formally.

Annual exceedance probability is usually expressed in terms of “1 in 100”7, “1 in
507, etc. or of 1%, 2%, etc. chance of occurrence in any one year, and rivers

may be described using a flood frequency curve, an example of which is shown
in Fig. 16.
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Fig. 16. An example of a flood frequency curve’
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?Reproduced from reference 5 by permission of the publisher.

The horizontal axis of the graph shows the annual exceedance probability as a
percentage, and the vertical axis shows the logarithm of the peak flood discharge
(in cumecs). The diagonal line is the flood frequency curve, which indicates the
estimated or expected probability of a given discharge for this particular river.
Taking one point on the curve, the probability of a peak discharge of 10 cumecs
(shown as 1.0, i.e. log,;,10; 100 cumecs would be shown as 2.0, i.e. log,,100) is
about 50%. The flood frequency curve is based on data from a number of floods
over a period of years. It is usual, however, for actual recorded flows or discharges
to cluster above and below this line.

The means for describing flood frequency thus includes an element of the
description of intensity (in this case, discharge in cumecs).

Flood extent

The extent of a flood is best described using a map. Some flood maps may be
used to describe the flood hazard for an entire country, or they may detail
particular sections of rivers. The more detailed flood maps should ideally show
the following information:

— one or more historical major flood levels;

— the flood levels for a variety of annual exceedance probabilities, typically
5% (1/20), 2% (1,/50), and 1% (1,/100);

— some of the roads and structures and details of land use in the area;

— flood levels that are considered to represent minor, moderate, and
major floods;

— flow rates at particular points in the river for given flood levels.
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A table showing the major historical flood events, attached to the flood map,
would also provide essential information in describing flood extent.

Flood time-frame
The time-frame of flooding refers to:

— how much warning time there is (the time-lag between detecting or
predicting the flood and disseminating information about it);

— how much lead time there is (the period between receipt of the warning
and action being taken);

— the time of year when floods are more likely to occur;

— the length of time over which the flood will continue to cause damage
and hamper response efforts.

Flood manageability

Flood manageability is a measure of the degree to which floods can be prevented,
prepared for, responded to, and recovered from. This will vary enormously from
river to river and from area to area.

Conclusion

This description of flooding shows that some hazards can be described reason-
ably thoroughly. This is not true, however, of all hazards. When the characteris-
tics of intensity, frequency, extent, time-frame, and manageability do not seem
to fit a hazard or if they appear incomplete, analysis using an inappropriate
model should not be attempted. If these characteristics do not suit the hazard,
they should be removed, or new characteristics considered, as necessary. The
descriptors used should be the most appropriate for the hazard.

Description of technological hazards
Technological hazards are caused by the processes and materials of life in an
industrialized world. They include:

— the transport of people and materials (by road, rail, air, or sea);
— the use of heavy or fast-moving machinery;

— the use of high pressure, high temperature, electricity, etc;

— the manufacture, storage, use, and disposal of hazardous materials.

The reasons for performing industrial hazard analysis depend on the perspective
of those involved, and are summarized in the following paragraphs.

The community, including some members of the government, expects industry
to be completely “safe”. Attitudes towards the safety of industry tend to difter
from attitudes towards safety in other activities, such as driving and sports, and
are often unrealistic. Often, certain industries are targeted, while other less safe
ones are ignored. For example, the degree of concern about industries involved
in radioactive-related activities may be disproportionate compared with concern
about other types of industries.

Industries are under increasing pressure from the community and government to
minimize the risk of employee accidents and larger hazardous events that could
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affect the community. One measure that allows them to appear responsible is to
perform hazard analysis.

Hazard analysis, coupled with comprehensive safety systems, has the potential to
increase the viability of industry. Those industries that are aware of the principles
of risk management may have differing degrees of concern about the risks
involved in their activities, and may see sufficient benefit from the risks posed to
allow them to continue at their current levels, or may consider the cost of
reducing the risks to be too high. Industries that are unaware of the degree of risk
involved in their activities or of the principles of risk management would prob-
ably resist any expenditure on hazard analysis or comprehensive safety systems.

A wide variation in the degree of safety of different types of industry, and in the
interest that industrial management would have in performing hazard analysis,
may therefore be expected.

Various government agencies may have the following involvement:

— ensuring that industry poses little threat to public safety from fire,
explosion, or toxic emissions;

— ensuring that workers’ safety is within acceptable limits, with regard
largely to minor accidents and injury and chronic toxic effects;

— ensuring that public health is not affected adversely by chronic and
acute toxic effects of industry;

— ensuring that damage to the environment (including people) in the
form of dust, smoke, noise, odours, gas, and liquid pollutants is
minimized;

— ensuring that land-use proposals (concerned with large areas rather than
specific industries) involving hazardous industry zoning are appropriate;

— ensuring that emergency planning is appropriate for hazardous industry
and surrounding areas.

Quantitative and qualitative hazard analysis
Technological hazards can be analysed and described either quantitatively or
qualitatively.

Quantitative analysis (or “quantitative risk assessment™) uses statistical, math-
ematical, and engineering concepts to arrive at the probability of a specific level
of harm. For example, the probability of fatality caused by living within 500
metres of the industry may be described as 1 X 10~° per year.

This form of analysis is useful for making decisions about the siting of hazardous
industry, because it provides an estimate of the risk, which can be compared with
risk criteria; this is called “risk assessment”). It requires the use of mathematical
and statistical techniques, a knowledge of engineering, and familiarity with the
particular type of industry. It is not necessary to perform a quantitative hazard
analysis of an industry to develop emergency preparedness strategies for that
industry and the surrounding community. However, those involved in emer-
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gency management should have some knowledge of quantitative hazard analysis
i the scope and interpretation of such analyses are to be appropriate.

Qualitative analysis, using techniques such as those described in this chapter, will
provide much useful information for emergency preparedness including;:

— the types of hazard arising from the industrial activity;

— the nature of those hazards;

— the way in which those hazards may affect the community and the
environment;

— the hazards that are the most serious, and should therefore be consid-
ered first and most urgently for emergency preparedness.

Because of the importance and widespread use of quantitative industrial hazard
analysis, a general description of some of the methods is given below. An example
of hazard description, using the qualitative hazard analysis techniques outlined
earlier in this section, is also provided.

Quantitative industrial hazard analysis methods
Figure 17 shows a quantitative process often used in industrial hazard analysis.

Defining risk criteria

Risk criteria are defined for the industry’s possible impact on workers and the
community (6, 7). These criteria are the minimum acceptable risk levels, and may
take five forms:

Fig. 17. A quantitative industrial hazard analysis process
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— individual fatality risk criteria;

— individual injury risk criteria;

— societal risk criteria;

— risk of property damage and accident propagation criteria;
— biophysical environment risk criteria.

Table 7 shows the individual fatality risk criteria and Table 8 the injury risk
criteria accepted in many countries (7).

Societal risk criteria combine the probability of a hazardous event with the
number of people killed. This takes into account the population density in
the vicinity of a hazardous industry, and is otherwise known as an “F-N” curve,
the cumulative frequency (F) of killing #» or more people (N). No limits of
acceptability for this criteria have been set in most countries and each case is
judged by the individual risk levels and the population density.

Property damage and accident propagation criteria as well as injury risk criteria
are based on heat radiation level and explosion overpressure. These criteria are
intended to reduce risk to neighbouring structures and activities, particularly
those of a hazardous nature, and to people, especially in residential areas. The
criteria often used are shown in Table 9 (7).

The upper limit for heat radiation in industrial areas is that at which:

— there is a possibility of fatality from instantancous exposure;

— there is spontaneous ignition of wood after long exposure;

— unprotected steel will reach thermal stress temperatures that can cause
failure;

— pressure vessels need to be relieved to prevent failure.

The upper limit for explosion overpressure is that at which houses would be badly
cracked and /or made uninhabitable.

Consideration should also be given to lower-risk events that might generate
higher levels of heat radiation and explosion overpressure.

The biophysical environment risk criteria typically dictate that industrial develop-
ments should not be sited near sensitive natural environmental areas where:

Table 7. Individual fatality risk criteria

Individual fatality
Land use or activity risk per year
Hospitals, schools, child-care facilities, old-age housing 0.5 x 10°°
Residential, hotels, motels, tourist resorts 1x107°
Commercial developments, including retail centres, offices, and 5x10°
entertainment centres
Sporting complexes and recreation spaces 10 X 10°°

Industrial 50 X 10°¢
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Table 8. Injury risk criteria’

Probability

Cause of damage Land use Level per year
Heat radiation Residential ~ 4.7kW/m’ 50 X 107
Explosion overpressure  Residential ~ 7kPa 50 X 107"
Toxic concentrations Residential May cause serious injury 10 X 10°°

May cause irritation to eyes/throat, 50 X 107"

coughing, or other acute physiological

responses

“Reproduced from reference 7 by permission of NSW Department of Urban Affairs and Planning,
Australia.

Table 9. Property damage and accident propagation

criteria

Cause of damage Land use  Level Risk

Heat radiation Residential ~ 4.7kW/m’> 50 X 10°°
Industrial ~ 23kW/m* 50 X 10°°

Explosion overpressure  Residential ~ 7kPa 50 X 107°

Industrial 14kPa 50 X 107°

— the effects of the more likely accidental emissions may threaten the
long-term viability of the ecosystem or of any species within it;

— the probability of impacts that may threaten the long-term viability of
the ecosystem or of any species within it is not substantially lower than
the background level of threat to the ecosystem (7).

Again, these criteria need to be interpreted rather freely and applied on a case-
by-case basis.

Defining potentially hazardous incidents
The types of incident usually examined by hazard analysis include:

— fire (including flash fire);

— vapour cloud explosion (confined or unconfined);

— boiling liquid /expanding vapour explosion (BLEVE);
— dust explosion and other types of explosion;

— toxic gas escapes;

— toxic fumes from fires.

Hazards to the biophysical environment, however, have been largely ignored in
many studies.
Techniques for hazard identification include:

— past experience (limited to common and known hazards);
— engineering codes and standards (incomplete and generally limited to
minor hazards);
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— company and historical records (limited by the completeness of
databases and to known hazards);

— checklists (limited because they are closed sets and may stifle more
rigorous techniques);

— hazard index methods (e.g. Dow Chemical Company Fire and Explo-
sion Index; Mond Fire, Explosion and Toxicity Index; Instantaneous
Fractional Annual Loss (IFAL) technique; these methods are also used
to determine severity and techniques for loss control);

— failure modes and effects analysis (FMEA);

— hazard and operability study (HAZOP);

— event and fault tree analysis (also used in severity and probability analysis).

FMEA and HAZOP are the recommended analytical techniques (&) and are
supplemented by the others. HAZOP is briefly described below.

Hazard and operability study. The HAZOP is a form of hazard identification. It
involves the study of flow—piping and instrumentation diagrams, section by
section, by a team of engineers and technicians who participate in the plant
design and will be involved in its operation. The study evaluates deviations from
the normal operation of the plant, their consequences, and the efficacy of control
systems. The following list of keywords may be used in a HAZOP.

e high flow e plant items (operable, water, vacuum, fuel,

e low flow maintainable) vents, computer,

e high level e clectrical (area other)

e low level classification, e cffluent (gaseous,

e zero flow, empty isolation, earthing) liquid, solid)

e reverse flow e instruments (sufficient e noise (sources, is it a

e high pressure for control, too many, problem, control
(venting, relief rate) correct location) measures)

e low pressure * toxicity e fire/explosion
(venting, relief rate)  ® services required (air,  ® safety equipment

e high temperature nitrogen, water, etc.) (personal, fire

e low temperature e materials of detection, fire

e impurities (gaseous, construction (vessels, fighting, means of
liquid, solid) pipelines, pumps) escape)

e change in ® commissioning e quality and
composition, change ® start-up consistency
in concentration, 2-  ® shutdown (isolation, e output (reliability and
phase flow, reactions purging) bottlenecks)

e testing (equipment, e breakdown (power, e cfficiency/losses
product) failure, air, steam, e simplicity.

Not all keywords apply to a particular section of a process or industry. The
keywords, tailored for chemical processes, are intended as a checklist, but also as
prompts for investigating possible process deviations. HAZOPs can be done only
by those with sufficient experience and expertise to understand the plant proc-
esses thoroughly.
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Determining severity

The method for determining the severity (assessing the effects) of an identified
hazard depends on the type of incident, e.g. fire, vapour cloud explosion,
BLEVE, dust, explosion, toxic gas escape, or toxic fumes from fires. The follow-
ing is an example of a typical methodology for fires:

e Identify source, e.g. leak or spill of the product.

® Determine the nature of the fire, e.g. a jet flame around a leak or a pool
fire.

Assess the heat of combustion and amount of heat radiated.

e Assess whether the flame is likely to impinge on critical structures or areas.
e Compare heat radiation with tables of effects.

e Determine the need for, and best means of, protection.

The amount of heat radiated may be determined using the point source method or
view factor method. The result from either method is an intensity in kilowatts per
square metre (kW,/m?), which can be compared with the effects for different
radiant heat levels in Table 10. A more detailed description of the effect of heat
radiation on the human body is given in Table 11.

Thus, injury to people, or fatality, is dependent not only on the level (intensity)
of radiant heat (in kW/m”) but also on the duration of exposure. A further
factor is the variation of the effects of heat on different people. The sensitivity
of individuals in any given population to a harmful effect varies, and can be
described using a mathematical model (e.g. probit function).

Severity determination for each type of event has its own techniques, methodolo-
gies, and assumptions. The end result of the severity determination step will be
an assessment of the degree of damage or harm (often including probability
statements regarding the degree of harm) from each identified event.

Table 10. Effects of heat radiation

Heat radiation

level (kW/m’) Effect
1.2 Equivalent to heat from summer sun at noon
1.6 Minimum level at which pain can be felt
5 Will cause pain in 15-20 seconds and at least second-degree burns after
30 seconds
6 Probability of person being able to take cover is 50%
12.5 Heats wood to temperature where pilot ignition (e.g. spark) will start fire
13 Probability of person being able to take cover is effectively zero
25 Spontaneous ignition of wood. Thin insulated steel sections can reach a

temperature at which thermal stresses cause failure
75 100% fatality — 5 seconds
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Table 11. Effects of heat radiation on humans’

L Approximate time (in seconds) to:
Heat radiation level

(kW/m’) pain 1st-degree burns 2nd-degree burns
1.6 150 — —
3.1 22 — —
4.7 14 20 30
6.3 9 14 22
9.4 5 8 14
12.6 4 5 8

“Reproduced from reference 9 by permission of the publisher.

Determining frequency

The determination of the frequency of events is based on the frequency of
causes and is often described using “fault trees”. If two causes are required to
produce an event, the probability of the event occurring is the product of the
probability of the causes. If two causes can produce the same event independently,
the probability of each is added. Note that a cause of an event may itself have a
cause. In order to attach a probability to any event, the fault trees must be traced
back to causes with probabilities that are known or can be estimated. The more
complex fault trees will often have the same cause for one or more events, and
Boolean algebra is then needed to reduce the chains of cause and effect to an
equation.

Data on the probability of occurrence of various events that cause hazardous
incidents are highly comprehensive for some processes but non-existent for
others. Many companies have databases of these events, which are generally
confidential. Where data are not available, educated guesses are made.

Random number simulation analysis (RNSA), also known as the Monte Carlo
method, uses a fault tree or similar logical model, but assigns probabilities as
ranges, rather than as specific values; this gives more realistic results.

Once the probability of an event has been determined, the probabilities of the
various consequences of the event should be determined. “Event trees” are the
usual tool for determining the consequence probability. A common method
using event trees is the technique for human error rate prediction (THERP),
which concentrates on operator error in process control.

Calculating total assessed risk

Calculating the total assessed risk consists of two parts: combining the probability
of an event occurring and the probability of its various possible consequences
(e.g. an event may have a probability of x, and the probability of fatality of an
individual at a given distance may be y — thus the risk of fatality would be the
product xy); and combining all the various risks associated with a particular plant
or industry, expressed as risk contours, societal risk curves, and total risk of
harmful explosion overpressure at given points, etc. The calculations involved in



VULNERABILITY ASSESSMENT 51

estimating the total risk of a particular industry are normally sufficiently complex
and lengthy to require a computer. Their results are expressed in the same terms
as risk criteria.

Comparison with risk criteria
The risk analysis results are compared with the risk criteria (risk assessment) to
determine the types of actions required to reduce risk.

Limitations and accuracy of quantitative hazard analysis

The outputs of quantitative hazard analysis suggest a degree of accuracy and
reliability that they do not have. Furthermore, no two hazard analyses will yield
the same answers for a given industry. The reasons for this are many, and include
the following.

® Quality of data on event probability. The causal events for hazardous inci-
dents are assigned probabilities, based either on experience or on educated
guesswork. In either case, these events and their probabilities are central to
the probability of occurrence of the hazardous incident, and any inaccuracy
in causal event probability can greatly influence the end result.

o Assumption and conservatism. At many stages in the calculations and logical
techniques used, assumptions must be made as to prevailing or expected
conditions. To correct for error in these assumptions, most hazard analysts
will be conservative in their estimates. The degree of conservatism will
greatly affect the end result.

o Compounding of errors. Any error in assumptions or original probabilities of
causal events will be compounded in further calculations. Because the
calculations tend to contain many steps, each with a known or unknown
degree of probable error, and the end results of the calculations are gener-
ally combined to give overall risk levels, the final degree of probable error
can be very large. For example, a calculated risk of fatality at a given place
relative to a hazardous industry can be in error by as much as one or two
orders of magnitude (i.e. differ by a factor of 10 or 100).

Qualitative industrial hazard analysis methods

A qualitative analysis will identify hazards, and describe the hazards, the commu-
nity, and likely effects on people, property, or the environment. Intensity,
frequency/likelihood, extent, time-frame, and manageability might be used as
hazard descriptors in the analysis.

Intensity
Typically, industrial hazard analysis deals with three intensity aspects of techno-
logical hazards: explosion overpressure, heat radiation, and toxicity.

Heat radiation has already been described (see page 49). Explosion overpressure
is the blast of compressed air that emanates from an explosion and is expressed
in kilopascals (kPa). Toxicity is much more difficult to quantify, as most data
are based on estimates of the effects on humans or experimental animals. A
number of indicators for toxicity are used, including immediate danger to life and
health (IDLH), 50% lethal dose (LDy,), and 100% lethal dose (LD,,). Toxicity
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of a substance is also dependent on the effects of a given dose of toxic material
on a given individual. This variable effect is often described using a probit
function.

Frequency or likelihood

In a qualitative hazard analysis, the frequency or likelihood of an event is
described in words such as “highly likely”, “likely”, “possible”, “unlikely”, etc.
These words may be related to time periods, for example, “highly likely” may be
defined as likely to occur once in any given year, where “unlikely” may be defined
as once in a lifetime.

Extent

The likely extent of an industrial hazard analysis is a function of consequence and
distance, or risk (consequence X probability) and distance. It can be described in
terms of distance from the industrial site or the likely affected area.

Time-frame
Time-frame refers to:

— the time of day, week, or year when an emergency is likely to occur;
— the length of warning time;

— the length of time for which the surrounding area may be hazardous;
— the duration of the emergency operation and community recovery.

Manageability

The manageability of an industrial hazard for emergency preparedness purposes
indicates what can be done about the hazard in terms of planning, training, and
education, and carrying out drills. Regarding prevention, manageability of indus-
trial hazards can be described in terms of the following types of controls, often
called the “hierarchy of control”:

— eclimination (process or material);

— replacement (process or material);

— reduction (quantity of material, pressure, temperature, etc.);
— engineering control (over process or material);

— separation from people, property, or environment;

— administrative control;

— emergency procedures;

— personal protection.

Other hazard descriptions

Further examples of ways of describing hazards are given in the tables on the
modified Mercalli scale, Beaufort scale, tsunami scale, dangerous goods classes,
etc. in Annex 2.

Hazard and risk mapping

Maps are among the best ways to present vulnerability assessment results. They
provide a familiar spatial dimension, and the characteristics of a given hazard can
be overlaid on other types of information, such as features of the environment
and a community’s relevant characteristics.
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Table 12. Types of map

Map type Information shown
Hazard map Shows relevant hazard characteristics, including extent
Risk map Similar to hazard map, but also shows probability of occurrence of a

hazardous event

Vulnerability map Shows distribution of the elements of the community that may be
harmed or damaged

There is some confusion about the terminology associated with hazard maps,
with different disciplines using different names for the various types of map.
Table 12 shows some of the more common types and indicates the information
that may be shown on them. The degree of complexity of these maps varies, as
well as the degree of expertise and the time and resources needed to develop
them.

The value and use of hazard, risk, and vulnerability maps may be influenced by
a number of important factors such as scale (and detail), units of measurement,
and sampling (of data). However, provided that these factors are taken into
account, hazard mapping is a powerful tool in helping describe the nature of
hazards.

Scale

The scale of a map is the proportion that the map bears to the geographical area
shown. Small-scale maps show large areas with little detail, large-scale maps show
smaller areas with greater detail. Small-scale hazard maps that cover a large area,
such as a province or country, are valuable for prioritizing areas that may need
further analysis or are likely to require emergency planning. They are therefore
useful for developing policy and for making decisions on emergency manage-
ment resourcing. Large-scale hazard maps are of value for detailed emergency
management work.

Units of measurement

The units of measurement used on a hazard map should be practical for emer-
gency management purposes. For example, an earthquake hazard map can show
the probability of either peak ground acceleration, which is the amount of
ground movement, or intensity, in terms of the modified Mercalli scale.

The modified Mercalli scale is more useful for emergency management
becauseit indicates what people’s reactions might be and the types of damage
that may occur. Moreover, given most people’s perception of risk and under-
standing of technical terminology, it is better to express results in a more
accessible manner. The modified Mercalli scale is more concrete, and therefore
more readily understood. It is also more useful than the Richter scale, since the
latter measures the seismic energy released by an earthquake, not the earth-
quake’s effects.
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This highlights a general principle of vulnerability assessment, as well as of hazard
and risk mapping: the results of a vulnerability assessment should be expressed in
terms that are of greatest value to emergency management, and those terms
should be concrete and understandable.

Sampling
Sampling refers to both the number of areas from which data have been collected
and the period of time over which the data were collected for a given area.

The accuracy of hazard maps is clearly dependent on the extent of the sampling
(in terms of area and time span) on which they are based. For example, accurate
and scientific earthquake data, particularly for low-intensity earthquakes, have
only been gathered during the latter half of the 20th century (although it is
possible to infer sources and intensities of earlier earthquakes from historical
documents). Since earthquakes of a damaging intensity are relatively infrequent,
the analysis of past events and probability predictions of future events should be
treated with an appropriate degree of scepticism. That is, areas that are shown on
these maps to have a low probability of earthquake may, in fact, have a medium
to high probability.

Describing the community

Why describe the community?

The purpose of vulnerability assessment is to describe the interaction between
hazards, the community, and the environment in order to develop programmes
and strategies for protecting the community and the environment. Without
knowledge of the community and environment, it is impossible to describe their
vulnerability.

The characteristics shown in Table 13 are among those that can be used to
describe a community.

Demography

Demography is the study of the statistics of human populations. Of the large
quantities of data often available on the population of any given community, only

Table 13. Some community characteristics

Demography Culture Economy Infrastructure Environment

Population and age  Traditions Trade Communication Landforms
distribution Ethnicity Agriculture/ networks Geology

Mobility Social values livestock  Transportation Waterways

Useful skills Religion Investments networks Climate

Hazard awareness Attitudes to Industries Essential services Flora and fauna

Vulnerable groups hazards Wealth Community assets

Health level Normal food Government

Education level types structures

Sex distribution Eating habits Resource base

Power structures




