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Executive summary

This volume presents the Disaster Management Cycle and its phases: Prevention, Mitigation, Preparedness,
Response, Recovery and Rebuilding. It uses one of the main lessons learned after the Indian ocean tsunami of
December 2004 - the lack of coordination among agencies - to recommend an integrated approach that uses
assessments (including biodiversity, ecosystem, livelihood and economic valuation) to ensure that a holistic
picture is obtained during the disaster management cycle. It emphasises that it is only when a holistic approach is
used that reducing all types of vulnerability (physical, environmental, social and attitudinal vulnerability) becomes
possible. Therefore, in the long term, it is only through integrated assessments that risk can be minimised. A
holistic approach also allows for identification of gaps throughout the disaster management cycle. In addition, an
integrated approach in disaster management demands involvement and collaboration not among local sectors but
also at national and regional levels.

Models of both non-integrated and integrated assessments are described briefly. The process for integrated
assessments (how it should be done), sourced directly from Springate-Baginski, et al. (in press), is also presented
in the form of a framework and steps to be followed.

Using the framework of the Millennium Ecosystem Assessment, which links clearly ecosystem well-being and
human well-being, and the main drivers of the loss of ecosystem services (over-exploitation, invasive alien species,
habitat degradation, pollution and climate change), this volume presents steps that must be followed during each
phase of the disaster management cycle. It emphasises that policy decisions and actions taken during prevention
and mitigation have enormous and far reaching impacts on all stages of post disaster management. All decisions
and actions taken after a disaster will be justified based on information gathered and actions taken during the
pre-disaster phases of prevention and mitigation. Therefore, the success of post disaster management depends
entirely on pre-disaster management.

This volume stresses how critically important it is, therefore, to plan and implement actions to reduce the
impacts of natural disasters during pre-disaster phases to minimise impacts after a disaster. The end result should
be that environmental safeguards are incorporated into every stage of the disaster management cycle, as well
as into general development.







The second volume of this manual deals with each of the components of the disaster management cycle, lists
steps and raises questions that must be asked at each step in order to integrate environmental concerns into
disaster management. The steps and questions are designed round the framework of the Millennium Ecosystem
Assessment and its identified threats.

The Disaster Management Cycle (the DRM cycle)

The Indian Ocean tsunami of December 26, 2004 was one of the most horrific tragedies of recent human history.
The details of the tsunami’s immediate impacts in coastal countries of Asia and Africa were shocking: 186,983,000
people died and 42,883 were reported missing. There was a massive displacement of populations, as well as
extensive damage to infrastructure and coastal natural resources. In India, 235,377 homes were reported to have
been damaged or destroyed; in Indonesia, 141,000; in Sri Lanka 103,836; in the Maldives, 8,074; in Thailand,
4,806; in the Seychelles, 500 and in Somalia 1,400; and. In the province of Aceh, Indonesia alone, 600,000
people lost their livelihoods (http://www.un.org/News/Press/docs/2005/hab196.doc.htm; http://en.wikipedia.org/
wiki/2004_Indian_Ocean_earthquake).

In addition to this enormous toll on human lives and livelihoods, the tsunami also damaged ecosystems that
provided vital protection to coastal communities. Terrestrial coastal ecosystems and wetlands, as well as key
marine ecosystems - such as coral reefs and sea-grass beds - suffered seriously from the tsunami. The loss of
these ecosystems resulted in the loss of ecosystem services and thereby reduced the options of people to rebuild
their livelihoods.

‘Four provinces of Andaman Sea coast of Thailand impacted by the tsunami - namely Trang, Krabi, Phang Nga and
Ranong - were selected and a rapid assessment was carried out to review indicative costs associated with the loss
of ecosystem services including environmental goods, reef-based fisheries (a joint value of mangroves, reefs and
sea grasses) as well as the costs of physical rehabilitation of damaged ecosystems.

The results of the study showed that there were significant economic costs related to damages to coastal ecosystems.
In particular, Phang Nga, which suffered the highest damages to its coastal ecosystems, also suffered the highest
economic costs ranging from 10.47-11.15 million USD. Damages to non-timber forest products from mangroves were
607,010 USD; damages to reef fisheries 262,060-942,650 USD; the loss of coastal protection by damage to coral
reefs was 9,213,000 USD and to mangroves, 286,470 USD. It was estimated that the economic costs of damages to
mangroves in Phang Nga to almost 6.1 million USD, in Net Present Value."”

This study showed empirically that ecosystem services are not only of direct value to people, but also offer tremendous
indirect benefits in terms of supporting and regulating services (IUCN/UNEP, 2006).

The devastation caused by the tsunami has served to highlight the dangers of other, recurrent natural hazards -
such as intense rainstorms, cyclones, floods, fires, and worsened droughts - which are predicted to increase in the
future. (Refer to section on Climate change in Volume 1.) Because natural hazards cannot be stopped, learning
to reduce vulnerability to these hazards and reducing/eradicating natural disasters that stem from these recurrent
natural hazards becomes important. Learning to manage these disasters — disaster management — therefore,
becomes critically important.

The goals of disaster management are to

1. ‘Reduce, or avoid, the potential losses from hazards
2. Assure prompt and appropriate assistance to victims of disaster and
3. Achieve rapid and effective recovery’ (GDRC, 2008).

' Net Present Value is the sum of discounted net benefits - i.e. benefits minus costs - which shows whether a project generates more benefits than it incurs costs.
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In ordertoachieve thefirstgoal, itis necessary to prevent, prepare for, mitigate and minimise effects of a natural disaster.
Therefore, before a natural disaster, the phases of Prevention, Mitigation, and Preparedness are essential.

Before a natural disaster:

Prevention

Prevention includes the safeguards that you establish to stop the effects of a disaster. These include policies and
legislation that affect urban planning and are not damaging to human and ecosystem well-being.

It is usually difficult to prevent entirely a natural disaster and therefore, the next two steps become important.
Mitigation

Mitigation reduces risk from natural disasters. Zoning and proper land use management — for example, building with
a set-back on a coastline or leaving intact stands of mangroves and public education — are examples of mitigation.

Preparedness

Preparedness aims to reduce to the minimum level possible, the loss of human lives and damage to built and natural
infrastructure through the prompt and efficient actions to response and rehabilitation. Effective preparedness
allows communities and institutions to provide a quick, organised response to disasters and include early warning
systems, planned evacuation routes and sites etc.

After a natural disaster:

Achieving the second and third goals occurs after a natural disaster. Response (Relief), Recovery, and Rebuilding
then become essential.

Response (Relief)

Response (Relief) is the collective actions carried out immediately after a disaster with the objective of saving lives,
alleviating suffering and reducing economic losses. For example, relief includes getting people to safe locations,
provision of food and clothing etc.

Recovery

Recovery is the activity that returns humans and built infrastructures to minimum living/operating standards and
guides long-term efforts designed to return life to normal levels after a disaster. This includes building temporary
housing and provision of basic household amenities.

Rebuilding

Rebuilding is the long term response to a disaster. In this phase, permanent infrastructures are rebuilt, ecosystems
are restored and livelihoods are rehabilitated (GDRC, 2008).



All these disaster management phases are inter-linked and are cyclic — i.e., one phase cannot be effective
in isolation of the others. In other words, the phases before an event — prevention, preparedness and
mitigation — are as important as response, recovery and rebuilding.

Figure 1: The Disaster Management Cycle (Source: GDRC, 2008)
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Because of the cyclic nature of DRM, a lot of steps that need to be taken in one phase are repeated in another.
For emphasis, this repetition is preserved in this volume.

Each step can be grouped into two phases as follows:

Figure 2: Phases in the Disaster Management Cycle
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The importance of integrated assessments in DRM (Why?)

In the rush to provide relief and aid in the aftermath of the Indian Ocean tsunami of December 2004, not only
were environmental concerns ignored but it was also apparent that many institutions worked in isolation, leading
to omissions, duplications in research and implementation, piecemeal results and a lack of accountability. An
integrated approach that includes biodiversity, ecosystem, livelihood and economic valuation is recommended to
ensure that a holistic picture is obtained during the disaster management cycle.

Figure 3 below shows a non-integrated assessment model while Figure 4 shows an integrated assessment module.

Figure 3: Schematic diagram of a non-integrated assessment model
(Sourced directly from Springate-Baginski, et al., in press)
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‘The fully integrated assessment model (Figure 4) presented below has the advantage that exchange of ideas
takes place at all stages from defining objectives, through carrying out fieldwork, to data analysis and presentation.
Its disadvantages may include the time and difficulty it takes to plan and conceptualise and the intellectual and
professional demands it places on participants. This model helps environmental conservation and development
stakeholders to move away from a situation where they are making decisions on the basis of a series of biodiversity
assessments, economic valuations and social development reports that have been carried out by different groups
of people, who were commissioned separately by programme or project planners, did not consult one another,
worked in different places and at different times to each other, using different methods, analytical tools and scales
of working, and were each able to provide only a part of the information required and who left gaps which had to
be filled by information derived from guesswork, inapplicable generalisations or vested interests’ (Sourced directly
from Springate-Baginski,et al., in press).

Figure 4: Schematic diagram of an integrated assessment model
(Sourced directly from Springate-Baginski, et al., in press)
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Itis only when a holistic approach is used that reducing all types of vulnerability (physical, environmental, social and
attitudinal vulnerability) becomes possible. It is only through integrated assessments that risk can be minimised in
the long term. A holistic approach also allows for identification of gaps throughout the disaster management cycle.
In addition, an integrated approach in disaster management demands involvement and collaboration not among
local sectors but also at national and regional levels.



The process for integrated assessments (How?) (Quoted directly from Springate-Baginski, et al., in press)

A framework for integrated assessments and steps to be followed in such an assessment are given below.

=N

Identifying the management context and questions to be addressed.
Forming a multi-disciplinary team.

Identifying the information required.

A. Preparation
Framing the study and take sampling decisions.
Planning within the constraints.

Collation of secondary data and pre-existing literature.
B. Field assessment Conducting the fieldwork.

Integrated data management and storage.

C. Analysis, Write-up and Presentation Integrated data analysis.

© © O N o g b~ W N
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Integrated presentation of results.

A. Preparation involves:
1. Identifying the management context and questions to be addressed.
» This focuses the assessment and
* involves multiple stakeholders.
» The management issue should encompass both environmental and social issues.
» From this general issue, specific questions should be developed.

2. Forming a multi-disciplinary team:
+ This team should involve both specialists and generalists. Ideally, the team leader is in the latter category
» Together they should bring the following expertise:
i. biodiversity and ecosystem surveying,
i. economic valuation,
iii. livelihoods surveying and participatory research methods,
iv.  possibly ethnobiological methods and
v.  geo-referencing and spatial mapping.
vi.  All should recognise the value-addition of the integrated approach and be willing to stretch themselves
in order to achieve it.

3. Identifying the information required:
» The information should provide adequate data to answer questions identified.
» The information should be the subset of all information which forms the intersection of biodiversity/livelihood
/economic values relevant to the overall management issue.
» The information should be feasible to collect.

Figure 5: Identifying the information required
(Sourced directly from Springate-Baginski, et al., in press)
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Framing the study and taking sampling decisions:
Framing is

Defining the assessment boundaries (defining the methodology);
Defining the geographic boundary (defining space); and
Defining a temporal boundary (defining time).

Sampling is

Selecting species groups to survey;
Defining the socio-economic boundaries; and
Identifying which ecosystem values to quantify.

Planning within the constraints:
There are many constraints within which integrated assessments have to be carried out.

Time constraints (deadlines, other obligations);

Funding constraints (budget);

Expertise constraints (skills and experience of team);

Political constraints (permits, permissions, access, conflicts);
Institutional constraints (networks etc.);

Social, cultural constraints (festivals, languages, customs); and
Natural constraints (seasonal factors and risks).

Collating secondary data and existing literature:
It is important during a survey to gather existing information.
a. Gathering Information:

Types of information:

— Species information should aim to include information on taxonomy, geographic range, population size
and trends;

— Trade and value of species or species products: CITES, livelihoods reports;

— Resource use: livelihoods reports, FAO;

— Wealth/poverty status: census data, livelihoods reports, government/district data, health statistics (from
health organisations) or studies from NGOs/medical centres in the area;

— Livelihoods information: World Health Organisation, government agencies;

— Maps: government mapping agency, aerial photography companies, NGOs that have produced maps
as part of their reports.

Sources: reports and ‘grey literature’ of government and other agencies, government data and maps,

online databases (‘red list’, books and miscellaneous materials).

Follow an integrated search - materials may be relevant to one or more disciplines.

Refer to key informants/experts for help.

. Reviewing Information:

Clarify current state of knowledge and information gaps.

Field assessment:

Conducting the fieldwork:

Develop an integrated fieldwork plan;

Develop and adapt integrated field tools;

Train the fieldwork team and pilot the plan and tools;

Do the fieldwork;

Maintain rapport with respondents based on mutual respect. Observe research ethics;
Maintain field team networking and communication.



C. Analysis, Write-up and Presentation:

8. Integrated data management and storage protocols:
« Data should be carefully and systematically compiled into a user-friendly archive, inter-referenced and
backed up.
» Data loss is a surprisingly common problem. In an age of effortless back-up it is hardly professional. It is
easy to avoid by establishing a regular back-up system.
» The ‘clean’ dataset should be kept separate from sets used for analysis.

9. Integrated data analysis:
» Each aspect of the assessment should be analysed
» Then the analysis should be integrated through team discussions.

10. Integrated presentation of results. This should include:
* Recommendations from analysis of results;
* Internal feedback;
* Local feedback;
» National feedback.

The importance of integrated assessments in disaster management

An integrated approach that includes biodiversity, ecosystem, livelihood and economic valuation is essential to
ensure that a holistic picture is obtained during the entire disaster management cycle.

It is only when a holistic approach is used that reducing all types of vulnerability (physical, environmental, social
and attitudinal vulnerability (see Volume 1) - becomes possible. It is only through integrated assessments that
risk can be minimised in the long term. A holistic approach also allows for identification of gaps throughout the
disaster management cycle. In addition, an integrated approach in disaster management demands involvement
and collaboration not among local sectors but also at national and regional levels, leading to development that is
geared at a landscape level, yielding the ‘big picture.’ This ultimately, is the most effective approach.

‘After the Indian ocean tsunami of 2004, a serious problem that emerged was a lack of coordination among agencies:
between government and non-government agencies, among donors and between national and local governments.

This lack of coordination extended to various sectors as well. For example, the fisheries sector had little influence on
national governments regarding the issue of boats (see page 33, this volume). Meanwhile, environmental organisations
tried to convert the converted by reaching out only to the environmental community, developing guidelines and checklists
which few outside their sector, value or even read. They found it difficult to accept the unfortunate fact that the very word
‘environment’ is viewed by the mainstream development sector as an ill-afforded luxury. Architects designed houses
that did not reflect cultural needs or were environmentally friendly; builders paid scant respect to existing laws and
environmental standards.’

The end result was, largely, confusion, duplications and omissions, that retarded recovery and hindered restoration
(IUCN, 2006).
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Pre-disaster management: Prevention
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Prevention includes the safeguards that you establish to stop the effects of a disaster. These include
assessments, policies and legislation that affect urban planning and are not damaging to human and
ecosystem well-being.
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Policy decisions and actions taken during prevention and mitigation have enormous and far reaching impacts
on all stages of post disaster management. All decisions and actions taken will be justified based on information
gathered and actions taken during prevention and mitigation. The success of post disaster management depends
entirely on pre-disaster management. It is critically important, therefore, that great attention is paid during these
pre-disaster phases to minimise impacts after a disaster.

In the pre-disaster phase, it is essential to map all natural and socio-economic resources. In this way, a community’s
dependence on a resource and its use of the ecosystem services provided can be assessed. The mapping should
be carried early enough so that it can serve practically as an important contribution to the decision-making process
and will not be used to justify a decision already made.

It is also important to carry out this mapping in such a way that allows for comparisons across time and space so
that changes can be monitored. This means that we must be able to measure our knowledge (assess) and also be
able to describe (map) it. With reference to natural disasters, we need to collect and integrate baseline information
so that comprehensive comparisons can be made after a disaster.

Aframework has been proposed thatincludes four sub-assessments: on biodiversity; ecosystem services; economic
values; and on livelihoods and human well-being (Kallesge et al, 2008). (See Figure 1 page 2 of Volume 1.)

‘The Biodiversity Assessment establishes the composition and structure of the ecosystem, its status and health.
The Ecosystem Service Assessment focuses on identifying the services being provided by the ecosystem, as
well as the expected impacts on the provision of these services from changes in biodiversity composition and
structure. The Livelihood Assessment describes the elements and factors that determine human well-being in
relation to the services provided, the economy and other factors. Finally, the Economic Assessment values the
significance of ecosystem services as shown through their contribution to the various elements of human well-
being’ (Kallesge et al, 2008).

Figure 6: Framework for an integrated assessment
(Source: Kallesge et al, 2008)
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A combined integrated assessment of all four components allows managers to establish a baseline on the status
of ecosystem well-being and human well-being in order that informed and planned decisions are made in relation
to management interventions.

A working checklist for an integrated assessment is presented in Annex 1, but the steps listed below should be
followed in the process of collecting information:

a) Biodiversity Assessment: (see Volume 3 for detailed techniques)

Step 1: Identify the extent and type of natural habitats.
* What is the type of ecosystem: lowland rain forest, coral reef, sand dune, mangrove?
+ What is the distribution and extent of habitats within these ecosystems?

Step 2: Identify species diversity (species richness? and abundance?®) of plants and animals.
+ How many different species of animals?
» How many different species of plants?
» How many individuals per species of animal?
* How many individuals per species of plant?

b) Ecosystem Services Assessment:

Step 3: Identify ecosystem services provided: for example,

+ What are the provisioning services: i.e., what are the goods provided by the ecosystem — food,
timber, fuelwood, medicines, other non timber forest products (NTFPs), water etc. What is the
number of households/individuals that use/depend on the above services?

+ What are the supporting services: i.e., how much primary production is there? In addition, the
yield (amount of fish catch, fruit yield) also indicates the how good the supporting service is.

* What are the regulating services: i.e., is the ecosystem providing protection from natural hazards,
such as prevention of floods and sequestering carbon?

* What are the cultural services provided by the ecosystem? Is it used for recreation/tourism/
education?

Step 4: Use indicators to assess the above. For example,

» The quality and quantity of fish, vegetables and fruits, for example, indicate the extent of the
ecosystem’s provisioning services.

» Species diversity and quality of vegetation indicate the extent of the ecosystem’s supporting
services.

» The extent of tree cover (i.e. number of trees per km?, height and the width of the trunk etc.),
vegetation stands, protection by vegetation of built infrastructure etc. indicates the extent of the
ecosystem’s regulating services.

» Assess the demand for recreation and education: i.e., the number of tourist-related built
infrastructure and educational facilities such as outreach stations indicate the extent of the
ecosystem’s cultural services. In addition, the extent of traditional knowledge practiced also
indicates the extent of the ecosystem’s cultural services.

Step 5: Assess direct drivers of ecosystem loss. For example,

» Is there over-exploitation? Are there harmful fishing practices (dynamiting, small net fishing),
illegal felling of trees, coral mining, overuse of a single resource? (This can be assessed if a
reduction of numbers is noted in Step 4.)

* Is there habitat destruction? Is there clear-felling, filling of wetlands, land reclamation, road and
infrastructure building or any other alternative use?

» Are invasive alien species spreading?

* Is there pollution? Has solid waste accumulated? Is there water pollution: foul smell, foaming,
eutrophication?

2 Species richness is the number of different species in a habitat.
3 Species abundance is the number of individuals of each species.
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c) Socio-economic Assessment (Livelihoods and Economics):

Step 7: Assess household benefits from ecosystem services.

Does the household benefit from any provisioning services? If so, which and for what purposes?
Does the household benefit from any supporting services? If so, which?

Does the household benefit from any regulating services? If so, which?

Does the household benefit from any cultural services? If so, which?

Step 8: Identify livelihood dependence on provisioning services.

For provisioning services, list how much of the household cash and non-cash income is obtained
from natural resources as part of their whole income.

From where do households get the cash and non-cash income that is not obtained from the
provisioning services of ecosystems (what are the other livelihoods)?

What is the proportion of cash and non-cash income from provisioning services to cash and non-
cash income from livelihoods not related to natural resources?

For provisioning services, list how much (what percentage) of natural resources are used by the
household and how much (what percentage) is proportion is sold/traded.

Is there seasonal variation in provisioning services during the year? If so, when?

Step 9: Assess the impacts from ecosystem loss on human well-being.

What are the impacts of ecosystem losses on the livelihood of dependent households/individuals/
communities?

Would the safety (food security, adequate and safe water supply, protection from extreme weather
events etc) of households/individuals be affected by ecosystem loss?

Would the health of their households be affected negatively by ecosystem loss (through loss of
provisioning/supporting/regulating services)?

Would the social relations of their households suffer with ecosystem loss? (i.e., reduce time
allocated for community common work, initiate/increase conflict with each other for resource
extraction etc)?

Would their freedom of choice and action be reduced with ecosystem loss?

Would their household lose basic materials for good life with ecosystem loss?

Will government expenditure on social welfare and security increase due to loss of environmental
services?

Step 10: Ensure that gender sensitivity is mainstreamed into the above steps, as relevant.
For example, traditionally, it is women who collect fuelwood and women who collect water.
Therefore, they are likely to know best about use, quantities and quality.




Once integrated assessments have been carried out, mapped assets have to be ranked. Ranking, however, is
country-specific exercise, although three general criteria may be used a) uses and economic value, b) uniqueness,
and c) pre-existing threats.

The following questions may be asked based on the above criteria:

Which species/ecosystem has the most number of uses?

Which species/ecosystem is the most economically valuable?

Which species/ecosystem is the most over-exploited?

Which is the greatest threat to ecosystem services?

Which is the ecosystem service that impacts the most number of people?
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Which sector of the community is most affected by the above?

* Assets which serve a greater number of uses and produce economic value may be assigned a higher
importance rank than those which serve less uses and produce less economic value.

» Unique assets are more important than those which are more common (and hence easier to replace). the post-
disaster scenario than those which were not under threat.

« After this, policy and legislation protecting ecosystems and services become important. Both local legislation
and international treaties have impacts on the conservation of the natural environment.

The next phase in prevention is risk analysis and hazard mapping.
Hazard Mapping Assessment
Hazard maps show where a natural hazard is likely to occur. They also map the intensity of occurrence.

Most often hazard mapping is defined as ‘the process of establishing geographically where and to what extent
particular phenomena are likely to pose a threat to people, property, infrastructure, and economic activities’ (Coburn
et al., 1994). However, this omits the integral need to assess threats to ecosystems as well.

Therefore, with the integration of environmental issues into disaster management, this definition should read to
mean that hazard mapping is the process that establishes where and to what extent a natural hazard is likely to
pose a threat to humans, biodiversity, property and infrastructure (both natural - ecosystems and man-made), to
livelihoods and economic activities.

The following questions need to be asked

» What: what kind of hazard occurs? For example, a heavy rain causes a flood, a landslide or a debris flow.

» Where: where does the hazard occur? For example, tidal surges affect coastal areas; landslides are more
common on hill slopes. Which ecosystems are affected?

* How large is the scale of the hazard?

* How intense is it? For example, there is a heavy rain of 500mm in one day, or lava flow of 300,000m3.
+ How does the phenomenon develop or spread? Is it rapid, slow onset or cyclic?

* When does it occur or when is it likely to occur?

+ What is the frequency or probability of occurrence? For example, there is a heavy rain that occurs once for 30
years, or a great volcanic eruption that occurs once for 200 years.

* Who suffers from a disaster?

* How high is the grade of disaster?

» How many deaths, building damage or collapse?
* How much is the total loss?
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Using spatial information to plan for disaster management:

Disasters have a spatial nature and hence, the use of geographical data at various points in the disaster management
cycle can serve as a powerful tool for more effective and efficient planning and response at various points in the disaster
management cycle.

Management of spatial information used in disaster management is carried out through a Geo-Spatial Information System
(GIS), which is a collection of computer hardware, software, and geographic data for capturing, managing, analysing, and
displaying all forms of geographically referenced information. There are various kinds of spatial data used to increase
disaster risk understanding including various types of multilayered geographically referenced information such as aerial
photographs, satellite imagery and digital maps (R. Roberts, personal communication).

Spatial data can be used in a GIS to produce visual displays of hazard risk and vulnerability to facilitate planning
to reduce the impacts of disasters on humans and infrastructure. Hazard maps can also show where major public
works, roads, hospitals, schools and other major infrastructure are situated to reduce the degree of risk. In newly
developing areas, hazard maps can be crucial in ensuring that key infrastructure, human settlements and tourism
facilities are located out of high risk zones. In already developed areas, while complete avoidance of hazardous
areas may not be possible, hazard maps can be very useful in planning for evacuation and for employing different
or additional design standards for structures to ensure that they can withstand shocks or to ensure that only non-
critical components are lost to such hazards. GIS can be used also to identify ecologically sensitive areas.

Hazard maps can be also very important in identifying the sources and causes of hazards at a location that
increase the degree of potential damage from various types of disasters. For instance, using a simple GIS model,
land cover maps, overla